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RNAIi  MODULATI ON OF RSV, PIV AND OTHERRESPI RATORY
VI RUSES AND USES THEREOF TECHNI CALFI ELD The i nventi on
WO edoae2s9s 0 the field of respiratory viral thePE@pySzn038269
conposi tions and nethods for nodul ating viral
replication, and nore particularly to the
down-regul ati on of a gene(s) of a respiratory virus by
ol i gonucl eotides via RNA interference which are
adm ni stered locally to the lungs and nasal passage

f o | ao=aY.
RNSLEIOBDT AN or REOBRG AND HT¥ RIS S AYO RV VIRUSES AND
nat ur al functlon the r EREO ract is exposed to a
sl ew of airborne pathogens that cause a variety of

respiratory ail ment spé¢msicAnfmepn of the
respiratory tract is t he nost common cause of

infantile hospitalization in the devel oped wor | d with
arhegsyéntian eelaied to0be ﬁa}dmfaespsrm@rai tlerany andeowgogitions and

metho{sﬁéwogﬁggtggylﬁﬂﬁ%q{%ﬁ ! eS ’ d)ge }?ﬁ%ﬁ% af t‘[l@ dole r@latlon ofa

gene(s?@ﬁzﬂfeﬁp@itoﬂyeﬁﬁls b?bﬁg()hlicldoﬁ@é‘sswm Ropetbeferedch Q&udhrkfre &dministered
he upper and |ower respiratory tracts, |eading. to

locallydp dhplunghandrmssl passage v drabatis mﬁra;xafa@p@ﬁﬁﬁ@mlcai YVE
s. 3 (Suppl 1), S15-S20 (2002), Easton, AJ.,
1n]ect1§?§1%{a(7?no§?.i n. Mcrobiol . Rev. 17, 390-412 (2004)). RSV
alone infects up to 65% of all babies within the first
year of life, and essegti within the first 2
years. It is a signi figén@kigglﬁ%ﬁgf nor bi dity and
nortality in the elderly as well. Inmunity after RSV

| BY eGtuef itk fatieil filkklion tiepkgiatorpradtds é)'tptbged @rcklew of airborne
therefore, repeated infections occur in all

pathoggpsihscausn ¥iiely ekfseRiTaoryiag RSy \Brab HEFFUORiof £ e rgprratory tract i
the mquégcﬁmlnbé géé%é? E:)E n?ﬁl\ﬁ% ?@gﬂ@%ﬁbﬂ ¢h @8 Qe@e%;%ﬁ?rdrﬁf \?fth bﬁ‘ estimated

or effective treatnent vaccin
91 OO(Bzgﬁmmlsddnﬁ’ﬁ\bﬂsas tHedé$) atlonget ol F0OrM n éurndan résqmmtouiﬁ s;emtglsal virus
(RSV)(agg@gyal u%%%?%%g&)%gg;g s gggptévl fd 1e§§§ gry ﬂﬂ%q;s tmher they
o HBndAs shd'Brohshioliti
e B ua T or el Chers Ly gf P g B P ot
(OpenhithP\JlMuRea)ilaRgsn 3e(Supp! 1)oB1 B2 (R08D), Eastom| s8] s cicth., &En.

o 0,520 08B ARV RS 28, b gin e

year of*}ﬁi: anc?ésséﬂuall Gl vAthidMne Rk 0)eardRaVis aklani Bt dae of morbidity and *
(2 Both RSV and Pl V contai n nonsegnent ed

mortalnie!gwathe\ﬁéd@bfraa rvwllRNmng@wdra@@r BAY m@pmtglstr@lth%@omplete nor lasting,

MY/ XOVi
and iR AR Bt QU Ry I PliBofmd RSV
bronclbBYLAE e ﬁﬁéiy ‘t&@év@[!ip WH_d%an‘glalha |astﬁﬁll2@zit6151nm;fé aReseatchdor effective
high rate due to_the lack of a replicational

treatmpntcﬁ@ﬂ ~Veeeins pgpihb RAYN1as bees ongeangianes Holvus deqgdesswsith fepgsuccesses
(Openthawd, BTN %28 ®28!d @186 1), $15-S20 (2002), Maggon, K. et al, Rev. Med. Virol.

14, 149-168 (2004)). Currently, no vaccine is clinically approved for either RSV or PIV. Strains

of both viruses also exist for nonhuman animals such as the cattle, goat, pig and sheep, causing
loss to agriculture and the dairy and meat industry (Easton, A.J .,‘et al., Clin. Microbiol. Rev. 17,
390-412 (2004)).
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in designing a reliable vaccine or antiviral
(Sullender, WM din. Mcrobiol. Rev. 13, 1-15

W@ 206052596 Promi si ng i nhibitors of the RSV fusiPeI/US2005/038269
protein (F) were abandoned partly because the virus
devel oped resistant nutations that were nmapped to the
F gene (Razinkov,V, et. al., Antivir. Res. 55, 189-200
(2002), Morton, CJ. etal. Virology 311, 275-288
(BAPRENV- anBRIY cohiaitsRhsifatid aibgative tshatERNMl ghomes and belong to
proteins, adding to the difficulty of obtaining

the Pasestyrotiridee familyl Anmueher af fﬁﬁweswéélﬁsﬁﬁwséﬁh%&f’k@bu@d to the

dlfﬁcug es gi‘ Ijrevg\ﬁtltrorgx :ar?@ kjmfrza?)éﬁ gﬂlg’ g@%&{%@fﬁ&ﬁﬂ‘ b H‘Jgg rhte 'd{lg{ol the lack of

a rephclatlol\ﬁlfp@dof 1dadlingZ8 8 e [ (HORNEN) genbng bfeﬁentinga significant challenge
I munol %gr of both, and es eC| aI ly that of RSV, is
in demgmqg, R &l Va@@n@p@pﬁyp@é@p . Chip, Micgebig) | Rev 13;1-15

(2000)%\I ﬁl%hijmhéﬂ}b%ﬁﬁ Oji o]ﬁgegégﬁf ﬁﬂ%%& P;TW acban#lorgh ﬁ)gxt%fgrbgcause the

virus dBé‘él’o;FHthamtﬁlﬁ nﬁﬂatmg tt}:jam esrd maged }ththE iFngena (Rariov VAt étoal); Antivir.
vacci ne- enhanced di sease (Pol ac

Res. SEL18 0B B0020 o35 Colos c(lzﬁoozégy b3k gy b

assocﬁé@ntﬁ%@pul&ﬁ%{){éﬁ{s A tﬁlaocﬁfﬁc‘ﬁ Z Qlll;]{ bintfY celflée V_ﬁla?matenal for

over al emis underscored e recent closure
mccmaﬁorﬁ{Bmukli)Er ebdl., divologRIV2 kil36§il43r(h9;989;]3)gkalﬁ et The/ R@g{ 74, 669-

675 e CRRt s, 55 B bR Bt R BB PR P BERE ] oo
and es@ia@fy R QI RISNS is &Jﬁﬁisﬁﬁyf coﬁpleB(Pee%ﬂ:Q IES Er 0@l shiral2Bkhinol. 16,

inifcal M crobiological Reviews 13: 84.) Two of

25-34 20838 Pbb'mseLd\é,, ctdle FVl(dl uEh, 883 1-3gt (@)Q?é) t%{%qﬂféh’tlatured RSV

f
ptcfLAS SR L0 R B4 55 B B DS i .

al. J. 3P 1@3919'6 k35186120028, anA kigk Bhéhoniefon Ms(teh hbﬂ@er tested nor ruled out
pr ot ei n, and the M (22 kDa) protein are associ at ed
for PIW The errall prodiensiswarerseored by the rersnt ¢lagiie of anpplyw of pptiyBSY
bio harma Poe Ssponse. The N (maj or nucl eocapsi d associ at ed
P pro §’ P (phosphoprotein), and L (major polynerase
pr ot e| n) proteins are found associated with virion
Rife RSVerehuvhe bampiides ucingtestrapd of adgative ddfike RNe thisds 15,222

pr.esunabl artjci ate in host- virus intera n
mucleofilgs adpnash aubHelds flov it Baicr BTcis (FHRS) Afmdnd Bofwhlkh, 2000,
Cllmc§1ﬁ\éﬁ:‘t&ﬁolﬁ%¥:§l f)‘?&vézi PAIE4, ﬁf‘wb '?)tfﬁlegé’\ﬁro@ﬂlso thed Hh’sﬂc?fn) afd G

ycoprotein been
(attachmmesit) giys.cqxr(gems eaerﬁl&gnaaﬁ\mpﬁam gioresns Mdrthainiobti 1mgpomnt for inducing

t.heRSV G and. wi_t e
protectBRULY O SEUG o] PYGEPFRBOHERE: (1 YAE ) Py nofe he M2
(22 kﬁyr&t&n%%%%oaaa@& Lthasd birg %K\"Zel@ﬁe it 98 #SLindd & SPotective immune

gl'ycoprotein conprises 289-299 am no acids (dependin

resporsa. REW §mpjmr niileepapsith assoeinted rmq’tamélﬂ @hawho}brotem) and L %maJ or

polymﬁasgar%«inxg)r prggei a dfoglgg ﬁ@%gﬁ* l at 5 m allshke txsflh rn%%Isﬁugtural

proteu‘jﬂ KSR NS 2] pRshuBbisly |p&1§ﬁﬁf&h%s@ﬂﬂlsﬁﬁﬂéhfcﬂ@@bﬂ%@ﬂot present in
forms. Successful nethods of treati ng RSV infection

infectignevieigns.ent | y unavai | abl e (Maggon and

Human RSV strains have been classified into two major groups, A and B. The G

glycoprotein has been shown to be the most divergent among RSV proteins. Variability of the

2



10

15

20

25

Bari k, 2004, Reviews in Medical Virology 14:149-68).
Infection of the lower respiratory tract wwth RSV is a
W@ i0bA62506 t i ng condition in nost cases. No def Pei/Ub2005/038269

guidelines or criteria exist on howto treat or when
to admt or discharge infants and children with the
di sease. Hypoxia, which can occur in association with
RSV infection, can be treated with oxygen via a nasal

RSV G: Q&Hﬂr&em%%ﬂ'aﬁ@kmﬁﬁ%é%Rgv gk @lps GBIV & toWe ikiportant to the

piratory failure, shock, or recurrent apnea can
ability |06R18V tooausalyedryy oMcsmfylﬁreaﬂeaﬁsa @rgb@oplromn sarepresesia’9-299
ave sho steroi d

omino ik {gy BTGB St b g R Gy R E et SRRt g highy

glycosgﬁ d%ﬂt’lﬁ qu%ﬁué‘gf@d tssl aE Qell B@héﬁ%ﬁﬁltﬁﬁm%\ﬁ&ﬁams The glycoprotein
ronchiolitis. Thus corticosteroids one or in

exists m@ﬁmﬁwétand)memb[f&nekhoun@ﬁmlsl ators, may be useless in
t he managemant of bronchiolitis in otherw se heal t hy
u\égc%,tf@h ﬁld d I ea@}nm\' 1nflecc{? é‘ﬁe %rg ézglgerﬁgj rkggﬁﬁbyg (E\/Paggon and

Barik, 004 Reopih D@M@ﬂwaldpﬁﬁﬂhgasl 41 B6R) Aiddtien ofthe lovdasedpanery tract
al so been used. Ribavirin, a guanosine anal pgue wth

with R\t ip ¢ ispliliming wnﬁylonna@%@‘@ﬁe%kle defipitiye é&r@elrlr?ﬁ | EraferigKist on
how tog%e‘t glr \?Hen\é\ftougfngg)\{ él\?s;cﬁﬁg? n%ﬂtg R (Elgle a%/lg@%lgg\%megs%%%oxla, which
can occ@iif hssotllanc_gn wéh lRleVSmfécltloﬂ;uah be anited W;thtolxygamséa ohasal cannula.

ribavirin, i restricted to | rom sed
Mechagiga| wentilation dor e Ollen it eapieaiosy Sailes, éﬁ?ﬁqﬂn% rectgfent apnea can lower
mortal?t?véﬁﬁl'lé fcidd® re@Er%kcsbﬂérQ b trgw RS s@r%?zﬁ sﬂﬁﬁé@%a@é Gfdwif tht steroid
ow ser retr concentrations, but trials in
therapi deqsi ntoh hffew dlecdhnlla:ai coursd ¢flinfREY abd cibhéroadnittsd trethe hospital with

M S R
in the fﬂﬁﬁig%ﬁf%ﬂ%r&%%dlﬁﬁqﬂ 8th9MMéaﬁh§’ (invieB 81088 fetichtd A lif8nts and

i mmune globulin for RSV | owerrespiratory- tract
chlldrerrrWJéln: um@mlyh@\ﬁ@r@brsdmbmrbf dibeasss,shdwassirbathaptlimenary dysphasia and
ef.i, ci ffects. In devel oped countries, the
asthmy, rsgeé?l fﬁ SoREEP P¥Sfler - respiratory-tract infection is
generally limted to synptomatic therapy. Antiviral

t Rﬁ)ﬁﬁmﬁ h Budndbiak biyalbgud wigttlardtiviral activity, has been used to treat 1nfants and
e- t hr eat eni ngsituations due to its hi gh cost and t

ChﬂdTth‘élﬂll ReY pndipEisminrs tammik HS0adyit maggsefisp priguating its use bave
shown c%ﬂﬁfcﬁ'gg ‘?Ssuﬁg()ﬁg ﬁfbs’c éentr%?? tﬂpﬂls@ otf Iﬁ?ﬁ\ﬁﬂﬂ 1gmﬂﬁstncted to
he on ower
immuﬁdmmpghmmchp'airehts@nd tcRﬂ;IAsa Whe afeesewelq idr "RNAI" is a
terminitially coined by Fire and co-workers to

O D e L
concel‘rr?attfo%j %@%a’lsﬂﬁx% gﬂﬁﬁ'ﬁec{ &hfd?ene\;nt@RSVN%BHé}ﬁola:%]hasQ G that

Shor t di rects genespecifi
Vlta:rmrno% suppﬂmwloptpr@wéd:s 1% heani¢inleifeat. rfhnlytp@rtqénab ok 1500 mg/kg

o8 B0 R e BB B9 e

respir&tBiyestt AffeARNGI0PLRE fAled QYkIIvAshsahtidRhéReMtdfects.
agents. However, to date, these have remai ned nostly
as
In developed countries, the treatment of RSV lower-respiratory-tract infection is

generally limited to symptomatic therapy. Antiviral therapy is usually limited to life-threatening

3
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suggestions with no denonstrate proof that RNAI can be
used therapeutically. Therefore, there is a need for

W@ 2d0e/06230 ef f ecti ve vacci nes agai nst RSV, espeRCHIUE2005/038269
for infants and children. There is also a need for
t herapeutic agents and nethods for treating RSV
infection at all ages and in i nmunoconprom sed
i ndividuals. There is also a need for scientific

situatidHR a0 fSits'1RglE Bt Atd ©BfthZBck SrRoR$AERUnl effcacYTTH BVl SHHROs R ries,
to RSV so ?ﬁat t he pat hogenesis of the d?g%ase %gn be

oxygersis it reain tlemapyswier AValgblep and theroapevey t© leyermertadifis through
.acci nes can be facilitated. The present invention
Ixmmﬁﬁyércones previ ous shortcomngs in the art by
provi di ng nmet hods and conpositions effective for
MR i@ bifeen @ or PRBVEN i g Ayt olel bly Fire @hd edvwoyMeksab describe
expanded to other_respiratory viruses.

b
the ob%g‘@éipm thebfiquple-strranded BEErdsRING 2 AT ipckogrng remsessiomevhgn t is
introd¥d Rﬁ@wg’ I}]Ilg ggﬁb"’}?azl)}esj o4 386-savi®9 %ogthtlgwr% cﬁ%e]pts gene-

reduce vel's'in vivo and a
specifit Jyosaipaistiitional sikendiyg 0f mintyi Ggaliass iwluding etisb@ss, dnd has

further nonstrated that nore than one virus can be
providgy e ipcl g%@mdaf%aew MFRN%&S&B@% SHeeestef aspehod of
develoBRgaheR L1408 1 iHRrapb ViR %Sﬁ@ NElGRLrOR dal2iheENava éhndithd 1‘%1c>st1y as

can be inhibited thro intranasal admnistration o
suggesidifi widlyso tismorstrategirbofabat RN Aiarae bt esel therdpéuicalty: at i on
of such agents. Further, it is shown that effective

Viqal. titer .reduction can, b chieved with t ha
oHisefpri Bl RGO toB tolf A piles T S ke bt RN espedtiy for

infantshintifcB@8A. THINAs a8 ARed BreRdaitit REmEs dnd MRS forlth@ting RSV
present invention provides general and specific

' infectipn prdlsAiges akinamauretoappsonninerd indivédualseThare isplyocronpeil figy scientific

| ey: VvV _or P tei evel:s -

methof Bl SROPA AP EnplfpreBfort 5 06f iy 8l encsi of e
diseas¢Teaii Bl studded; Bnd@scréenigfantheltpes ddeniidiand sactaies b wpftilieed. The

to other respiratory viruses. The present nvention
present B Rt ONTCPIMEH BRAVIRES shaggamargs it thecashiy rrevidipggretbeds and
compSAHERE LR e shXRink By A S BUE DR BT in gl B cxpunded
to othqraespiratatyavitused. NSpeifgaitye tiof priXEMt iveltiod anahcehthe Nrt@y providing
: SH, nd genes of RSV._ The i agent preferably.
IRNA e%ﬁﬁ*b%%@éw E%fgl AR [BErdnecReynd 536 6%’%?5&1 vHognde; sgowing of
therap@kticZatiVitF B REs HRS of HifcHRUDI & i@ MR 1N RASre B3R one virus

el ther Have blunt ends or nore preferably have
can begweatel @ngmirehtlt- 4 nucl eotides fromone or both 3' ends

of the agent. Further, the i RNA agent can either

contain only naturally occurring ribonucl eotide

subunits, or can be synt$¥@MMARYS0 as to contain one

or nore nodifications to the sugar or base of one or

re of the ribanucl eotide subupits that is jnclu
el B eon i BrsAR R S pt A, g By can be
inhibife@ t}ﬁf§u§h°in9§n£51,t a’ﬂﬁhﬁﬁtritﬁ)n_aoflﬂl_@ﬁf‘%ehﬁ,aﬁs Wwal %}%&Qelﬁp
i nprove stability, distribution

administration of such agents. Further, it is shown that effective viral titer reduction can be

achieved with more than one virus being treated concurrently using two different iRNA agents.
Based on these findings, the present invention provides general and specific compositions and

methods that are useful in reducing RSV or PIV mRNA levels, RSV or PIV protein levels and
4
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or cellular uptake of the agent, e.g. cholesterol. The
i RNA agents can further be in isolated formor can be
w@aoob/06fs9@ phar maceuti cal conposition used forPE@TES2005/038269
nmet hods descri bed herein, particularly as a
phar maceutical conposition fornmulated for delivery to
the lungs or nasal passage or fornulated for parental
adm ni stration. The pharmaceutical conpositions can
RSV aﬁcppf\/a{rl?al Bikes 'a s‘ﬁBfe@t %?NA A nRBEAISsuch A6l &P MPhese ﬁndmgs can be
nmbodi nents, will” contfain two or nmore i RNA agents,
apphecbtacdthmmpxﬂatog@ﬂmdeao a different respiratory virus,
such as RSV and PIV The present invention further

f..RSV, PIV o
R erSFRITrHpbssr-Oiep DT RATINS 2 Ton S o s S ing
Jeast 13TBSHHRASusHulclebd@estolf en@@ﬁthy Fé}fes HPRBHHPNI& dthet@bspadtolyvirus,
RNA interference to sel ec |ve14}5/(Séﬂ rade the viral

particugrirniae P gere IV el Vazng tb@NpG,l , anfd genegPdiSV. The IRNA

n th tiv
agent S ARLBE oy e i R Rreter Selh Ko o s o icgg he
doubleFSfr@IﬁdwﬁRNACﬂgEﬁlCdah)éltm haveBluht @ids 6amokprPRfabI iavE 00dthangs of 1-
11? adm nistering to a subject one of
4nu01q0Héeﬁ woa@eh o éhﬁ}dﬁﬁ’éﬂl?talgélﬁl conposi tions of the
present invention. Reduction of viral nmRNA in a cells
lﬁﬁ‘%lﬂt %ha:' RN L RAVGH Ped &n{aﬂ?oﬁgﬁyﬁmalﬁfocyﬁrﬁg% riB6Ricfoflde
roduée and 7n an organi sm ts’in a décrease In
subumtsepxi aané)blsymghmzedlso 23 toerrontaTmend:‘malmb amdd'mzbmssttnaheesughn g base of

one or gt} e SPgAIGPHGE BbpHE B CE Srtader eI AGeTts g HONA agent can be

furtherRhEMHSES E[E% BQ dgached 1d LELRN Qﬁat‘i&%léc?eﬁ% nﬁﬁro{m‘!\@’calﬂht}lmfs&lbutlon
respiratory viral nRNAin a cell, each one com ng from

or celldanhiftiksradiite agent,s.g- dhq)éesmr@ls dile INNAregdsts gan further bein isolated form
h d f
R AT NN N

particu¥drTyUi@Sphafinftetdal c@ffbstich BANRAIeS €t dehvérpeo &qum]g@for nasal
contacting a cell wth two of the antiviral i RNA

passagagéﬁxrmutafcedt ﬂaepqwéeleqdmlmﬁwmm drhe pSamacnﬁtqab@ynmﬁﬁlobé can contain

oo BLECTB A1 SO0, bl . AR REP IR 00 s,

each oﬁmiréclfﬁﬂﬁcoaq&mrantqés;ﬁﬂa&)rp vE6ERBhHcH RSV @ PIWReduct i on of
viral mRNA fromtwo different viruses in a cel I S

results in a reduction in the anpunt of both v ?
p?f&tl@ﬁwnbmaﬁ@@cfuﬂ%@rwd%ﬁﬁn@}hwrf%wflu%&thetlqul AL RSV, PIV or

other rgﬁ)‘ffa § @1r Rgﬁ hGell nﬁhevérre?ént He{hﬁﬁigi}@ an%cgcéﬂu'iéf hanisms

emonstrate this wt RSV an )
1nvolve1cbmdm&1Asnterfaxﬂ:nc€rm0$bleamved)y| deéradeRhAv'ag}enRNA ifihai 1l and are comprised

of the %ﬁli’/ o? %gl?q,ci@% p Férg}tg rO\le}g S é?l%%ﬁ%l I%EI c angtsz).ﬁgkpep Il)rieseegt 1Ingention

Such Iﬁ&H&ﬁSdah ib@ B?ef&fmeﬁnﬁrebﬁ‘%&@ﬁ O or (,ecmg)e geﬁt}ﬁné@&hé’ denAdian subject
NA conpositions can be used wth any dosage and/or

by adnﬁlmstmingtto @ﬁutdecs @nc bEtdhe NRNAI agenmé)hmdcems:aMQmp@mons of the present

1nventﬁoﬁp£})ﬂ,eflgﬂ{ V{I‘ﬁ Ald%g &é&{uﬁse Edﬂ; g {eehgt:;t&ng 21{;@ LSRG Viral
proteirPpkdtidedl st QR oPfandih, irEMfs ROL Bbcredbl id fepliedinkivinal fiRr. The
inhibit viral replication in

Examples demonstrate this with PIV and RSV and this can be extended to other respiratory

viruses.
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respiratory tissues. This finding can be applied to
other respiratory virus, such as PIV as shown in the
wE2@apb236 and to ot her routes of | ocal deliverBCT/US100%038269
l ungs, e.g. via inhalation/nebulization. The details
of one or nore enbodi nents of the invention are set
forth in the acconpanyi ng drawi ngs and the description
bel ow. Ot her features, objects, and advantages of the
| ThegRdse inVérition B 1RP Eﬁfvﬁl@i nkthe R fdak&ludias ¢k 1kd] 8Nswd dt8nore
~drawings, and fromthe clains. This application
respiraiqyy s plorRNAsin gl cellgacle e eoting Frewe diffateahtiss. Braprpwenianetbods

1 | ' r. in.their i f.or _al .
wilize SRR b8 b i BT B ki ety y8ra e vira
mRNATfrdmhalb diffepént airuibes\in & adll ﬁid%%oxﬁ%is‘éﬂ ¥Othe 68D of BasmmhF @fcell with
anal ysis of total proteins of RSV-infected A549 cells
two of thsaniyiel)iRiwA pepissithe messat inpention: Spelumethpd gen be prfermed
. in._t i ; P .
dirott YTREER of Eo gL AR Rl Y SlecPhy bRl BENgptect o
of the IRN A egdneofl tew plesent Invettiva. fRedbctivinng vidal mBN@afieh Swo \different
.___\as aﬂm nistered 4 hrs after si RNA, (,bi ) )
virusessf g s eg R 8 e pdiston 1y s amAuiRefbpihrdiat gtel predygedang in an
organi Rl 8 FBOioplicdify VIR PHEE: [T
demongigate thig with 8X¢ epd RSNandrwak@arent 4ddfinisasticadrfiiRN#t pestd. This
wi t ho any tr.ansfection re nt. Asterisks indicate
embodfpgil 3F e iecn{IRTTILER G potaphisy o LNANREHECRE U Ded
in Table 1. Figure 2. Knockdown of viral antigens in
STH8\Aethé @ aing @ofpbiifiens! of ik W-drftioH] e.4. FiNe dtdilod@bh@RNA)
Virus was admnistered 4 hrs after siRNA, and viral _
compogiHpPY AP ONs e Witk rBY. lesdsbgnd/ordprredatiomdaseradihstedn, ag yeb s with

. q .eep, .-RSV: red | a (1 .

any rolt 30 Barnica I SesPrbo e Posti st R shgget herin of
intranas¥\dinidieedtidg  of pn RNA agkithinREY abllianiol iRy Nir(ﬂ%aa_ﬁ)cation in

. HPI'\V3-infected, probed with HPIV3 anti body. e
respirafQsy figsiiehgThip findingcan hergprlied ta giher fgypirajy ¢1rus sch gsPI¥)as shown
: : [ I S L T- to. (4)
inthe BT ot 1§ LITDEN ot okl AR LERPER vigl Ra i us
inhalationdmedhilizafié® (6) | uc-si RNA plus Transl T-TKO, (7) none;

(8) si RNA#4 plus Transl T-TKO Representative |ung

ti,ssues re at 5 days p.i. Bar = 400 um ) ..

AR T b SrvaomrortioaRigsts Gbe Furaianit® o ek inibs -

S ineSdrawifes Wad e s @PRBAbSlo® GtREALath DU, 3hd Advantages of
acc?mdaysﬂg;(_%rt\gr ggi RNAead?n' ni st ration Usi n% | 'abe! ed ’%%nggan ages_o
the invengrorawilbbeodpparent rowidkis dgwiription, RevdmBingdj ahdrfoum theaddims. This

. showi ng specifici of detectjon (c) IN siRNA (10 .
apptie OB HRE o RSl Pl bt PolicRh tefntgrgpocs
theireﬁtﬁétﬁbrﬁilﬁﬂ?bsésype | (IFN-a) or type Il (IFN- g) above

the threshold of detection (~10 pg/m ), whereas in

control lungs, RSV-infection activated type Il and |ow

level s of typgRIEF bESeRIPFION G AWANGS RNA#4; 3,

Luc siRNA; 4, no siRNA but RSVinfected (wth error bar

shown). Lungs were obtained 2 days after si RNA

dtighrg bt Fidnaiion ohadi-diral giRNAs ex vivo. (a) Immunoblot analysis of total proteins of

RSV-infected A549 cells (ex vivo) with profilin as the internal control. The numbers in the box

represent levels of target P mRNA following siRNA treatment, expressed as percentage of untreated

levels. In the following three panels, virus was administered 4 hrs after siRNA. (b) Pulmonary
6
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after infection (n = 4 for each graph) (d)
si RNA- nedi at ed i nhi bition of dual infection by RSV and
woHRI0¥8623e¢ er mi ned by i ndirect inmmunohi stol ogy ¥Qr/E82905/038269

RSV; red, HPIV3). (1, 5) no siRNA;, (2, 6) siRNA#l, 5

nanonmol e (70 ug); (3, 7) siRNA#4, 5 nanonole (70 ug);

(4, 8) siRNA#l and si RNA#4, 5 nanonole each. (1-4)

probed with RSV P anti body; (5-8) probed with HPrv3
infecti®¥tyi@ YR SViififdete@icAGE DEstletifdhidpdihy. &) PRIncHaRM¥ectious virus in

and lung tissues were exam ned at 4 days p.i. Bar =
HPIV34mectedmiFé gur 8 6 eaC e ppint)v €d)vAs @l (b) exeeisithatoakest siRiNGwas

. Si RNA .concentration in dual ,infection b V and., ...
acmini B3 RS SRR i e o™ B s MmTmE Braviqep 009
SIRNA¥ iaQescrbed iPrhprenary i mmunobl ot with goat antiviral
anti bodi es. The respective viral N protein band

intensity was quantified and expressed as_percentage L.
dfiguye, kdeun agviral aatigeanl %gﬁlA\-ﬁr@a@Qd mpgne lung without IFN activation.

() VIBETR SRS 4t o Ry AR, S0 e \erb U EHET Y Bl o
immurisBiétolodyi dféurlzarat 4 Y s\Bi. (Sean|aVe rel; HOT3)arn€) sham-infected, probed with
ure 4. Relief of l.un and reductijon

shown, Fi i eat hol ogy C .
RSV Popiipriva 6 AES Heipfeeteds probs-ridiirR YR wiibetsy SbHPRY -nfected, probed with
oS08 B B BAPH SRE L7055 v
TransIT&FIE0 peigaits (4) STRAMMAL, dioaeagent; b msgaive cotonlsiRNAMLS TrasIT-TKO; (6)
. i ni ster rs. after  si 70 . reated . .
- A QG 7 e oSt R VAP 1 B35 GBI geitatve s tssues

were afl_% @y IRy wiohedt. §F) AfBeRAsd\@land PEMRNAHT iv@éér(%t"e'éted by Northern analysis

'her'apeutic effect of siRNA in RSV disease. anges in
of varying athowys efgbightungRiNA I8} 2 guysradansifNA aduhinisiraiéon ehimg labeled RSV P DNA

RSV, i nf ecti.on i Lce.. Standard error bars e _shown: .
as protfy- A piRpg St SYo NS i v SR Poutin ecr R B EaY g sirA 10
nmole®f 150 i\Per(fhsbdid adiadtivale palnhdtary IR 4 difiet HESCRIFRTA) N type 1T (IFN-7)
For ease of exposition the term™nucleotidé” or _
above thejthisshedd edddtersion (sl Gspgmi), whereasiadoneeldimes, RSVeihéactprcectivated type

ran gy 2055 SRR BRI AL 4B SR DN b bt

infectedr(ivixrtiot Batshe®n). Arunghwekestthidal 2 bgfseifier GRNA hdininfk@ration and 4 days
case of a nodified RNA or nucleotide surrogate, also

after infegtion (¢ 5 4fopBRRbfgrarh) ik s A arediased ihibitigaaialual infection by RSV and

o SRR BT N T A ) o .
siRNA#, Sinamehidie €10 FANAS, MpdRNiAgd, Risonwile (TMOalgdadi B)esiRNA#1 and siRNA#4, 5

nanon\%gqr %acc)].%ﬁm' Hra%elfdh\glfﬂpvﬁy&‘vgﬁ ﬁ%{@@?&% ;?:)ilp?c?t\%ﬁ ir\];irgxeliﬁgﬁg{ agé)%dy. Virus was
adminf¥RPid A £d ;RNASRRNAD A4 ﬁlrﬁngﬁg werd 5%%%@@@9 ?gp BLP£de0 um.
['es 1 nclu I C

preferred exanple e those ave greater

resistance to nucl ease degradation than do unnodified
RRlgure Rrifagetitivle sicalnphidgionrat high siRMA sentedntrttitmiredual Rfection by RSV

ar di.ficatign, a nodif.ication jn a single strand -
and HENE oMb R By PR et e BT il dmunoblotwith
goat aldfifal Stlbatiley. THe r8igtatiee Fikdl ANEBEbin Bard intensity was quantified and expressed as
percentage of siRNA-untreated lung samples. Virus was administered 4 hrs after siRNA, and lung

tissues were at 5 days p.i. (n = 4 for each data point). Black bar, RSV; white bar, HPIV3. Standard

errors are as shown.
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nodi fi cation which includes one or nore phosphate

groups or one or nore anal ogs of a phosphate group. An
WO cRbeAgent ' sonetinmes referred to as an " RNAPCHUS29D5/038269

(abbreviation for "interfering RNA agent”) as used

herein, is an RNA agent, which can down-regul ate the

expression of a target gene, e.g., RSV. Wile not

wi shing to be bound by theory, an i RNA agent nmay act

(Big@ees. (elRP6LluRE pAhSIWEPAId refudiBh BRI SiBna hAGEUEISIFNA#] -treated
ost-transcri ptional cl'eavage of a target nRNA

mice. (abRespiraiosy raés; o )Radmorary histopathalogy€) Riukptriepg. P < 0.002 in all assays; n =

re-transcription or_pr.e-transl ati onal. nechani.s
4 foraft R bR Sab i B er S PR B ERR MR g e 0 ).
Mice tidBied withaRg@he cohtielRUBNA Svelle indisting@shabR fontlRINACuntreated (data not

stranded (ds) i RNA agent. If the i RNA agent is a
shownkj ngl e strand it is particularly preferred that it

include a 5 nodification which includes one or nore

t L - : f

R e R ot O S AP G e g R RO Bt and )

pulmoszany viRNAitergimning RISVeinfacE omrad@ice p Sehdad siroghaes #elskew; e. = 6 for each data

. may i ncl ude a_ du xed region, .forned by
pomt. :Th’? F“g-x‘gf diegteshe fi?yn‘E}J,S?@.\Ié.(,m P'e) 3RyIsEatiogy i ncl ude, a
hai rpi n or panhandl e structure. Single strand i RNA
agents are preferably antisense with regard to the
DETATIIERD

target nol ecul e. EYRIPTIONbr evi ati on for
"doubl e stranded i RNA agent"), as used herein, is an

I HNARAE R pdMH o nd R&hH ug\?ﬁeﬁﬁ@@oxﬁ%@n@?&ﬁd@ﬂ@ sometimes used herein
_ preferably two, strands in which interchain
in refetepér fodinz at inore manorhatomuhunitsgifan RVA dgeit.ek vail beahdersiood that the

T, | sol.ated i RNA ,agents desgri bed herejn, ingludi
usage qfJfic |RR “BhERELrolRe G USSR MEreTL . ol A58 0GR PEHFARNA or
nucleofide SuirfoRh@EAIsORRE to 8 nibdifidhulBNotie OF AdAghRRep1E@ment moiety, as

conveni ence, such RNAis also referredto herein as
furthertdgscribbelowb et agielos meselposBits. a gene is al so referred

to as a target gene. Preferably, the RNA to be

b TR P SRR L e RO AT 28 Frtcosce

surrogitbs aBlof which a8d dRBri@ai¥eih Or SielvdliCowinin theSTOIN Y EBetic art. While
specific_manner, a target gene. "Silencing a target ]
numerepsfaedifeh RN Asiiad gre ueeupy arg derribed prefaired exgmples include

those v@ga{ RlyveSREh&HLS %@tqumh{aﬁa[;ﬁ gegfggaglgo%m{ﬁngﬁc{dgﬁd RRRS

en not- I n con

Preferrad dxanplseincivtie dfosé thashavkQo’ sd@maRAcatién% mbdi¥rat@din a single
70% 80% _or. 90% | ess of guch gene product when ,
strand gysthaes BFTGRPRIK a0h nEEEHRNS QECTbEi S SarticBlaty & FRglastranded, a -
modifi€&on WA hcR@ss SRl orhese ﬁQéf)th%tg‘??J ot Bnd GEmB3GRhtoesHES

product of the target. ggne can, é)r exanpl e, be a
phosphatssgremger RNA (nRNA), a protein, or a regulatory

element. In the anti viral uses of the present

i nvention il enci ng of a,target, e wll result in a
AN Reseh i eenra b P gt E sePhii atiEgecion r
“interf%lﬁ{g‘ERNA ageREVEd koM herin! g A RNA ent, WhI@Bn U8wh-regulate the
ecrease
expression of a target gene, e.g., RSV. While not wishing to be bound by theory, an iRNA agent
may act by one or more of a number of mechanisms, including post-transcriptional cleavage of a

target mRINA sometimes referred to in the art as RNAI, or pre-transcriptional or pre-translational
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in the nunber of viable virus produced by a cell or
found in an organi smundergoing the silencing of a
WO R0al6259¢ get gene. Reduction in the cell ul ar BEOUSL008638269

virus produced will preferably lead to a decrease in

t he anmount of measurable virus produced in the tissues

of asubj ect undergoing treatnent and a reduction in

the severity of the synptons of the viral infection.
mechahifh) AHGRKA Lent Bf nRﬂhﬁI%%%lnglé“éﬁ%HH bp&n%au@é ﬁerertﬁinecrnre %ﬁlands

to as "antiviral i RNA agents". As used herein, a
e.g. it ganle'a d@ﬁéﬂr%ran@eda(ldy) B agent. HéthgeRb@x ageainis afinglt strand im

parien N el LR TR Py GRuTat o sy S meggphoiphat

gafoupsﬂiaaﬁ@oﬁ@B@Sanalro%I 6@@5&1& é@%“@ﬂp' n the art and include
the F, G SH and enes. As used herein, a

"PIV gene" refers to any one of the genes identified
e pirapd\iRNAsagsal rwisqddieecicd m Ba RN Aceery g\flmh igmade up of a

e SRR ey REOE OOBER Ao TIPS e s

be, or uﬁsludks adlahpmejrlpanhahd&mrnahm Windl¢ steand iRNar aEgeht@ alt FrefBRsly
e in cells of the respiratory system

amme”ﬁ%&’ﬁh\’i? L?Wé%ﬁ&@ lechlet are not linmted to RSV, PIV,
i nfl uenza, met apneunovi rus, adenovirus, and

COPQNTRKIA hienf' G(‘dﬁttfeﬁﬁhéﬁi%@‘doﬂ%%l étﬁﬁ&jedhﬁg’\?} %en{’ﬂ G5 udd Yerein, is

"conpl enentary” Is used to | cate a
an lRI\@e@eE‘EWblfCh oaplydes mene thai bye, sod hrefdrattly swastrendsrid which interchain

eC| f| bi ndi n et ween a conpound of the
hybndlz AR "%ﬁ&egé&} %f‘ﬁ*@ X %}&Ct}ﬁ?r ecule, e.g. an RSV, PIV
or other respiratory viral nRNA nol ecul e. Specific

bl“H&dM]@ed HROUA lagént@d&sefibd dHepdth, i8E6HI8E d9IRNA agents and siRNA agents,
onplenentarity to avoid non-specific binding of the

can mf‘é‘ﬁti;%’r?@?% O€ & BT 16N 6. gnd)ryﬁl% gegradaipme foe sonmnl@nce such RNA is
also reﬁﬂﬁg kg h%@l?l a's ﬁlevﬁklg] o bR %1 erce onguc % %Deﬂg 18 aggoersége{rreegﬁo eﬁ q}gl‘get gene.

siologic con

Preferabbis &)GSRNA to e @ﬂﬂﬁlﬂd is;a geme ptotRBtof a@lenddbechbes RSB e, | N
vitro assays, under conditions in which the assays are

erfor d. The non-target sequences typically differ
used Pergity, 10F RSP cBeritis ROMY pelets tp dieeability gh an meeat to silence, in

| Co. t "
a sequégﬂg @;?ecgﬁi:t rg?rg{g% a%u%%\f %ééleg ;@?én@ E{ gte tg}étF%ﬁ{l}g ﬁleé;?s{}ﬂw'whereby
a cell cofitatriveg adiox sagreting = ecttadeprotihet of freduebi gameofhea npt mtoenﬁact with
encaded by t target RNA j cI.The PNA age
the age 4 R a0V (45 SO Byt figh 80%, or
90% leSFMEueR Bér gt W}h@ﬁ‘ @bﬁtﬁ(ﬁéd wiR tﬁel'h%eﬁta BOESmPAREY 10 dmilar cell
the target RNA and the | RNA agent anneal, preferably

which has H%bmnwonsﬂbhdmlﬁn@e ageut) Smh/;abglucmbf {hetisIEAt gank chn, fizrsmample,
i on exact nentarity. A
beamgsg%#g% | Blﬁc‘elxr}{]q%%g’répﬁ)ré’ 5?)1}“3‘9]1? A can”incl ude an

internal region (e.g., of at |l east 10 nucl eoti des)

tIh ahe aIﬁl ﬁmagdswf dembeaentaitiont ﬁleﬁcfh%w @targbt he Witfyesult in a
in some enbodi nents, the i RNA agent

feductl%@b | ‘fliaé ter'yingha el s ated dierein, fgidactiarcineatal iter” refers to a decrease
in the P bPAGEIe viels bIdICEERPs o' oML AARE RN i B EwRE B2

_ exac 4Fy T's roun
silencifgofp viralitdrpétrgede.NRedietibh dethe @ENlulien&ind oF eirdisibegicl 8611

preferably lead to a decrease in the amount of measurable virus produced in the tissues of a

9
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difference. Preferred i RNA agents will be based on or
consi st or conprise the sense and anti sense sequences
w@e@eioeksos i N t he Exanpl es. As used herein, "esBenUSzD$/§38269

identical” when used referring to a first nucleotide
sequence in conparison to a second nucl eoti de sequence
nmeans that the first nucl eotide sequence is identica
to the second nucl eoti de sequence except for up to

subjecOiiflerdoiMy, tRatrhdHi BRI Mah&Rnl i eheSiBSIt, bEfhE RpthBis B the viral

) .adenosine replaced by uracil). As used herein, a

infections LIRN agentseffdhespressnbiniertion| araalsorerareid sorasffadavigd iRYA agents”.
treatment for a disorder nediated by viral expression,

S V_Q |V .nf i on_ar upder goi ng f.reat men .
DGRl aohol b DeBELlnily Rha PRk Rt bR R kv vims
genoms (Becflseg AR, R ardiTy. BTeNalEd, 2066 Clindsl BifbbiBRofal ROWews 13:371-
orse, nouse, rat, d oat. In the preferred

: 09, p1g, g
84). Tg%cganw reagileknoye; léghe griang inelideithe Ks GuSHoMa &), Biand L genes.
treating RSV infection, PIV infection, or other
r oy W . [ f er { . . .
o ARint o BV B2k (5l S o e G i the IV virs
genome (ehecbenBank Aatesiipn #NCEM1 A9 d Thesepnés hy rdabidy RE@SEMARe art and
. 0 i fus Nt supj ect and 2) whose outcone can
lnclud%%eépijeét éd bMFegﬁe?‘Pfgttgﬁ%esl evel of viral protein
present. As used herein, "co-adnministration" refers to
FNWRY BERI, PMspifutcry ViRl Seterd W0/iRkes TREGARGRR co®G t%ep
_aggrtlcular two or nore i RNA agents. The agents can be
respirafasy S¥stare dSuah varus¢sigtlade frat arameulimited toRETHAIV indlnesrad

inistered at,.the same ti he agents can be
metapl%glﬁ]t%gilﬂﬁg 8§?nr? VI 3P P EOREINE ‘%‘Fgg%sgﬁaiadm ni st er ed
serially to a subject. So long as the two agents can

bies whed Beded therterih&coipireaitargt istuided ®ARBIchte ARufidMht H¥¥ee of
agents are said t e co-adm ni stered. Because iR

ob
complegraiartysihiha stabla adeperfic bindpesruss betwiecs e vempoundafshe

: ; ], iyl [ t ' nposi-tjon,. in
t
imendBALEH 3 TS ol 1 D5 LRy SR SROS ALY ik arva
molecul@nfyoesific landing tdquired 1 arfficivatylegfeelof 8embRARNAREGEIORAbid non-specific
bindi da% OE, for some instances, only once for the entire .
inding Reths GHBRTENG CEIRAER FRqTghragh sdgencee udsy condifigmean which specific

bindin@ @RS N8 RERS ?ﬁ‘}sidl@%@ﬂtcbﬂéﬂtibﬁﬁ Hased0 81‘! ESvo assays or therapeutic

denonstration of targét gene silencing of a
treatme;ne,gpin_n dtema;e ofiin aitropeesysi mdei venditiins dwivhghlthe adsays are performed.
e oo LS B e R g aShagoseoe of ar

adm ni stration/inhalation or systemcally/parenterally

Visgusedheeli, e irag abbie i§ enhidibfe donfMmERAryOto ¥ fr RNA, e.g.,

infection. The Eresent invention is furthér extende
target BN . gucrctarget RRMAT ¥ maBNAY ifithe RN Aagewireduces fierpmodnction of a

- Vi I ﬁﬁﬁ'& t .pfbo virus infections wth
prOtelncéo c g%%anﬁ’ﬂg% ng%eltt on o]EH3 {1%19 p?her%‘é&@ ?@Hﬁmﬁ& 8%9&’.6 %’é%“‘géi on
compldni@sey’ @titibe thhSRMSveMtdigng SuRGitls) colthy taPEP RNIE S ANhe target

i RNA ,%%Ient that can be ' )
RNA and the iRNA agent anneal, preferably to form a hybrid made exclusively of Watson-Crick
base pairs in the region of exact complementarity. A “sufficiently complementary” iRNA agent
can include an internal region (e.g., of at least 10 nucleotides) that is exactly complementary to a

target viral RNA. Moreover, in some embodiments, the IRNA agent specifically discriminates a
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used in treating viral infection, particularly
respiratory viruses and in particular RSV or PIV
WO nfoeo625e6, in isolated formand as a phar naceR€T/U81005/038269
conposition described bel ow. Such agents will include
a sense strand having at |east 15 contiguous
nucl eotides that are conplenentary to a viral gene and
an antisense strand having at |east 15 contiguous
single-Rtdédtiab ddBgericBatn fhis QOTRISRRN ot &ty GiakR @é@AﬁE Eaed
sequences. Particularly useful are I RNA agents that
complegegngary tefonndinghemgionde.ge yiidic e nidenidehed) Repnglenurigédde
. \-_or . R O her ..t.arget. genes i.n RSV incl ude the
aittorell. ERfa {N oG it SR BERES R bt Basenve o
antisen€e sdquenéedprovideffidihe ddmblegenes. Exenplified agents are
provided in Table 1. Candi date i RNA agents can be
desi gned by perform ng, for exangl e, a gene wal k
dbatsyd herepk "gspntiplly identieah exhenrised vifemring éo v Brshisual¢ngide sequence
. ' I ] cl osel.y spaced.
incompiTn 454 88 nd AL AR Ao AL B B i BN RRFRES s
identictlrta tissceetdrelhuckgiidsegaench exgpn &5 ab el oad) Bwé 65thed. nuER6de
. of t?e i RNA agents can be tested and eval uated for the
substituans(§-5- AdgnQssiaTcrlagrdibyiacibe t ar get gene expression
(see bel ow, "Evaluation of Candi date i RNA agents"). An
| ANAe a T 3fd | i
e R R e R 36 g regment fora
disordes yeadiites] byaviral Rkjessien suahaus RS ole¥iVgnfedtiaic aronmderggingdreatment
he relative nmelti te rature of the candi date .
thy%&ﬁ?"‘é@. 1O BEHEP Y f{lf il ion ek DIS R e AR B i as 2 primate,
cow, hé¥ee¢, nhdige, LrBITHES, @E%‘ I58atalin RS reXerr8EMBEdikbR:, BRE1SERSE2 human.
strand than at the 3' end of the antisense strand.
Accordingly, the present invention provides i RNA )
dbfeibed hergimp rraingdRSV infertionsPTVaimctinm caotlics raspizatetyrvame infection,

s G5B ISl EbudSand s e
by the pegrice ofithetvirus asthe €fij 6@ dn@ RPWRoseltdNRUY2h be Affedte®b PRARCIng the

roma respiratory virus, particularly the P protein
level Oéﬁﬁ&rwmm% PIV. Exenplified i RNA agents include

those that conprise 15 contiguous nucl eoti des from one

Hs 1588 hAQENtSo-RERNIHE ol e bRl SlimidiBErHAR FH

of zgs'n iRNA’ agent sLou}q%fk bg qugldrﬁl%;gtg? ECJ a[sglgiet%f&;l%, ore
agents,}@d {rypartigylai®yo @5nor2 IRNAGgents. The agentsanmhibe @sntiained in a single

length., It should.be equal to or |ess than 50, 40, or :
pharmagE0alcarpbosTR oo R Rrre i P Bpien Glbe gbsarégnd contained
in sepatafe fdm@tiod And BdrdRist@BE sy Qo £ sdbjeHCks %ﬂgda‘élst?é #Wo agents can be

| ength. In several enbodinments, the agent "W
detected Glﬁ'g‘lei syleje¢iGat tlirciaatsttinde shef voragents aef saidhie tegerddsninistered.

Table | . The sense strand of an i RNA agent shoul d be
- r 1 16 17, 18, .19 25 29 .40, or. .
34BN oo nERBle et hlinstih s udile St pog A Histering
the iRNI& agerit bainpoéitiord On by tahbed, ReS pokeb1d 10 ddBRAILHRE the composition with

Preferred ranges are 15-30, 17 to 25, 19 to 23, and 19 )
a frequepeyof{ess iancnce gasdgynot, &rponte ipgjances, only once for the entire therapeutic

regimen.
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several enbodi nents, the agent will conprise 15
nucl eotides fromone of the agents in Table 1. The
wa@loubloe2ss6 r anded portion of an i RNA agent shoubPdI/b82005/038269
equal to or at least, 15, 16 17, 18, 19, 20, 21, 22,
23, 24, 25, 29, 40, or 50 nucleotide pairs in |ength.
It should be equal to or less than 50, 40, or 30
nucl eoti des pairs in length. Preferred ranges are
Desi A antl Selti AQ s and 19 to 2 1 nucleotides
s provided in Table 1 are 2
1 nucl eoti de |n Iength for each strand. The i RNA
adepksentanteation & bhSeduncthe ddsmd&trdtmmbtfeargetr@ndﬁhbncmg oba
with a 2 nucleotlde over hapg. on each of the 3' ends of ¢
respiragogy vikg@te rvestellavivgtlacat afftisraien Pitheivags apderal patase ot an
RNA éb%ﬁteélfﬁelt Ba fa"ﬁ ol dem}/salae&ymﬁg%ﬁoﬁgggmcanyn?arasteﬂaﬁ9sia
portion o ese sequences and or fications
inj ectlctrfmlddhe geulticg ‘ere:ettmdnat diagrekinfection. i Teggesnt iGemtion iy @aﬁh@rmtended

nts of the instant invent.ion cl.ude a, region.
to the sp o (R A Pt ouiTg Lt JoPEop0 R and e gfeo e of e s
mfectl&rﬁewﬁl RF-Ringh Rt or w8 ror RloYe ira0Al a%ey nes, of sufficient
length in ternms of nucleotides, at the i RNA agent,
or a fragment thereof, can nedlate down regul ation of
tBrsedprethesd teswlisy th inysniédon spseifigelly prevides aniRAHyagest thetyan be

e N e

1nfect1él§ ﬂxelsoﬁ&di fSrnlil BiliCAsn ﬁ}&hnhdmm:éﬂ composittonodestibéd &emwpl Séch agents
However , i.S not necessary that there be perf

will inglyggn ﬁ‘?ﬁ%’ét'éﬁnidth?"lﬁéta@\]@éﬁ 1p |t gaxuss BYdsotidesthat aﬁ%cqwl@@ﬁn’m toa
viral g?ﬁet anhgﬁlgﬁﬁgehgesﬂﬁﬂg %5?&18 ] c&H{f&bﬁé xﬁﬁieoh@?s‘%ﬂ;ﬁ% e
agent, or "a cf eavage product thereo _
complethé¢reat t¢ thgsemestrapbeighemtes i Patiailaty usefud are iR ARM&INts that comprise
cl eavage of an RSV nRNA. Theref or e i RNA agents 9
a nuclgatide peguipngstfrqmthert pioiFi ae}e&ééisf %fﬁ‘%léft 3?} rtpigetgpngs n RSV
a n i i a dL
R L A VR R TR A M
genes.eEsammtlifiet] lagentdan proaded iagablkefl. ned bel ow, to one of the
sequences of a viral gene, partlcularly the P proteln

e A e ot R Bt Pifipe A sdemilant ache walk

analysiisl&%d Vit g&@)fhé@‘b\fiﬁ ket 64 BRERMAS afget. OvRRBHIAS, d¥acent, or closely
| aced by uracil), while essentially retaining the

spacedacmmdudw agents mnqsp@nmﬂ%albqresgme@zﬁ theriramgeribed aegipmpaarbe generated
e |OM/ e t
ond e Bt ST PRERIE i o S RG SRR Bl I B o reute
the targét%eﬁeammm (Sde b%ldw,r“@lvalg@tﬁkﬁm ofnwnmdatﬂ iIBRNA agehes” P
protein gene of RSV or PIV, but 1, 2 or 3 base
m smatches with respect to either, the target vira

mRRARN B AgeRen B rinaEE Aes ghed basrdeonsqauenne ilgf%qx,gaélon and desired
charachr{sAOY TR SxArRbie QHLEREN Fgéﬁ% gl 841?&%1 dnBd Bék%r&lﬁ'%fb%e Yél%}ﬁ’e melting

sequence, particularly in anti sense stra
tempesatwre pb e chndidatatieplek n Geherali g tig dugllex shgitldrimvan dowdr melting

presen e erably in a termnpal,regi or .
tempeF 2P ahél S rch 0 t&i@ﬂﬁlﬁ@ﬂ%ﬂ stighd jhan gt the 3, 5a¢ ebite gRscate srand.
and/or 3' termnus, nost preferably within 6,
Accordlngly, the present invention provides iRNA agents comprising a sense strand and

antisense strand each comprising a sequence of at least 15, 16, 17, 18, 19, 20, 21 or 23
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5 4, or 3 nucleotides of the 5 -term nus of the sense
strand or the 3" -term nus of the anti sense strand. The
W@ ense625v¢ and need only be sufficiently conpl eP&EnUS2095/038269
wth the anti sense strand to naintain the overal
doubl e stranded character of the npblecule. It is
preferred that the sense and anti sense strands be
chosen such that the i RNA agent includes a single
nucleoﬁﬁésaﬂﬁclpfs eb%ﬁ@élfngerﬁi%gﬂ t8 rthfeﬁﬁ&FaH%’i/e QQE?OI%BH of theﬁé%m a
nol ecul e, such as those exenplif
respiragoyy NRMé\pa@emltarlyc tthavrn@lrsgameeoﬁRuSN an PI\é eﬁmmtﬁed m@N A agents

includ 1 G5 olngb | E6kub B SR 8P Py e STsoreifpBt

Table12- 3 nucl eoti des. Most enbodi nents will have a 3

overhang. Preferred si RNA agents will have
si ngl e- stranded over hangs, ggeferabl 3' overhangs, of
M heganijseres SEAPERBIANA ASen sBoUkIbs el tees at lonst Bag6 A7, 15, 19,

25,25 0850 REARGBOEH 8l IR wERGH T ARSI EG: S

nucleotii¢sdn Jength. tHheferr@btangesafre 1 30517 @235 1Do A3hend M0 J1anglbtides in
bei ng staggered. 5 -ends are preferably
length.p Hwyerat Wg%déraew élﬁee%geétjvvﬂ]ewgameeflému@lﬁ@d@a fpenaag of the agents in
Table {€9i on i s between 15 and 30, nost preferably 18, 19,
20, 21, 22, and 23 nucleotides in length, e.g., in the
si RNA agent range di scussed above. Enbodi nents in
Whiechnselsrandvof st iRNAdsgent sholnb 1sd dNAl tage at least @5,] lionike i, 19, 25, 29,

40, or 8RBt aBiad o ehee b DS AR Do e Bucleottes i

1engthr9fwérfeaqm@gw BteS1 5940, qv%%@s 18ab 99, ardN® 8L BBk dés th Rngth. In
over hang are al so within the invention. Evaluation o

severalGapliidgments,itingagewilscomprisn d b dacleotideblfroryeretof dizenpgosts in Table 1.
eval uated for |ts ability to down regulate target gene

r candi da ent
S’fr(}gevq%gﬁ lEtan ogrqtjéaal aggnt ng’ I%bg e&ual H{J?Hﬁasp 1?616 17,
18,1903, b1, 2(21;1@3 214a$5 Qeem iopf e ati€ldotietpaird in Whith. MEeshblti®elegthl to or
th the vi rus of |nterest e.g., a virus containin

less th@rh%() 149f‘§€37{0 rglélegtldesmatré rrhlgpgthe P;;efemepderaggeq arg k30, 17 to %5, 19 to 23,
t struct fromwhich target vira
a“d19té22%9§g§§%Fﬁ? gqaﬁﬁgs preventing the need for a
viral infectivity nodel. The level of target gene
eﬁmm&t’s (provpilteiddn Tebledrde 2 bhhdwdting in denigticior vachistrie The iRNA
can be conpared, e.

agents Fﬂ’iﬁﬁt& a{% e oﬂd? ae,lgqtle SfFanged pgiqn wikh a 2|mlc]gept1$esov%giang on each of
the 3 Qﬁfs%ﬂﬂeﬁ%@nﬂ absd HRnRMRYPL nRbifNAs d@§c‘i’ﬁ)@ Het‘afn t¥iobtdth equivalent

expressed fromthe target gene is |ower | ow ng
agents comprising wi leist e pertioRNA tlaage sequendes and br mdlﬂmetlmsrto tlwd ed
i RNA nt down regul ates target gene
Ohgomegfﬁt’edg?a%eﬁ anq'ﬁgl%fg&/el of target viral RNA or viral

protein in the cell or viral titer in a cell or tissue

C@énebalyflBleSRNANGRnRbf Ay insRhT Ak lie i @ee FREIR%AERiGient

the level of target RNA can be determ ned by Northern
compleggpesttardyisp {fsiviral g@pes gethe sz@,t@m PR on onBI]\bla@d ayg qfsufficient length

n ternJ, @g&%&g@e,g ﬁ'tﬂe {ﬁ@&t 8 h fra CRQ% 1Lthegl\lg’t can é(dg%te ngn regulation

i'on assay’
of the stecificvimaegenef @he antisense strands of the iRNA agents of the present invention are

preferably fully complementary to the mRNA sequences of viral gene, as is herein for the P
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exanpl e, by Western bl ot analysis or
I mmuno-fl ouresence. Viral titer can be detected
wo beepsv@ pl aque formati on assay. Stability tRSL/USZNN5/038269
nodi fication, and retesting of i RNA agents A candi date
i RNA agent can be evaluated with respect to stability,
e.g., its susceptibility to cleavage by an
endonucl ease or exonucl ease, such as when the i RNA
. r . I » - t
Pt e DA ISP Do PR Cplementarity
betweersths CRIFA dgknt and theotaigkd, buittho sorresportdened randt pe suffisienige enable the
. e.qg., cleavage conponent found in.the body of .
iRNA i sl ior pites TelEap Ara s Ay AL IR Sg. By RNA
cleavagk 88 REVeRRNA further i RNA agent can be designed
and/ or synt hesi zed wherein the potential cleavage site
i s made resistant to cleavage, e.g. by introduction of
Bherefon thef IRDGY hgemiso therastanttievenfior inshya ggentecagpriging a sense

2 -O-mathyl _group. Thi.s further i Nt~ C b . :
srand o SRRy YinpPeeBompriyhe aMiritffe i GoB28 | 67 b Rbteotides which
is essentibI@f @bEbalnk dbfiad beRWMRGRI YT théseljoetres epcwibil by partieularly the

desired stability. In Vivo Testing An i RNA agent i
P proteip @ RS @rel?iVagxmiy that noapwEs Gan i, 3 o Biolsohigessesy samlprespectively,

. o Y i iy Ln .
ve s SABORRLEN QoA GRIE L LB AIEUI Yy R i
retainingthd #ilityas imhfitdv RSV expressi@xiarcpltesd hfvaan e defintdbelow. These
agents \Iy NAergggg %oégsg@g%agg%nﬁ%l;g&rgg g%e%\?icﬁgo S}{rllclsgrfeﬁlé s%ﬁgnctelg Sf a viral
S ; . Pl it L N
o, 8 ) T AR D03 PUALS Mk ENI fe
to eithevibeddrget el mRNve sedibidceay datween therensechnid ngtepsesirand are

oo S B e R BT % A B e o,

are modVRSI&atellin HRQSANA rBBOREId L NGesdnt artQidEraBE 1A dkrRliRdl 86g86h or
to a human. As shown herein, the agent can be

regionspe.gf withbl § Sadnird mickotideswifa 5 ahdiba3 | termiass, mastpreferably within 6,

reafi virral ., infectiaon. The i RNA agent K can al be..
5.4, or AP AR O T TR i SEHCPTaR OF P bl GHos of e Htisonse
strand. EMhRlseidel s@BnE Adkd oA} BRI R ERTYdoiphen IS RAT thb @ntidB¥d strand to
agent was taken up into the cell. The eval uation can

maintaig|tepovend] derbladtaaded diarpgter REthstedlpeule.y (e. g., the
hal f-1ife) of the i RNA agent. Evaluation of an i RNA
29§ E{efér%dvthXtQPé: gé}fé’%mf %‘fi'séﬂsg giltrﬁﬁils Y HS&n QiciPat (ROYRNA agent
agent conjugated to a traceabl e marker Fe.g., a

includet b yinghsaant ofupgaiied sepidn @tont bribstheadd 6f thamobduaaichuethose
| abel , guch %31358 32P, 3 P, or H gold particl es; q{ bl
exemplifind; ig diablsal ¢ Thuisean IROYA parvt FRIKIRS SraRe A antigsnse sprandanpieterably
. _ ) ; i nees biodi ; ; | as% verh ;
R kA AR R
2-3 nudepeides. Celiost camtgpdimentgeilthaveta Proesbang.i PrefdredasiRNAlagents will have

. e.q., an i RNA age [,nj ected i pfo nouse canp target . .
sngle-{iifli oLy GLRE G DIV EGEE™: B B PR eghucleatides, i
length one or both ends of the iRNA agent. The overhangs can be the result of one strand being

longer than the other, or the result of two strands of the same length being staggered. 5'-ends are

preferably phosphorylated.
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'RNA, pratefhy B &HP5%E

sequence, which does not target any gene, e.g., any
endogenous gene). Localization/biodistribution of the

WO RNb062Em6 be nonitored, e.g. by a traceabl e | ab€l/US2005/038269
attached to the i RNA agent, such as a traceabl e agent
descri bed aboveThe i RNA agent can be eval uated with
respect to its ability to down regul ate viral gene
expression. Levels of viraI gene expression in vivo

B BRI o O R Bl ottty 5.1
20, 21, m it 28 audastidesid lexgthoe. gxmahmmRNMgem;aam@Nﬂésmg@dtabove

Wher e the ani nal needsti} sacrlfl n or der ked
Embodispgnisss ivhithehe reasieandy af thp gi SFIL R I aﬁrar‘?ﬁYﬂW\ylh ed are

e b4 A d doubl
also 1ncglﬁ{e}eic%lfe gﬁ g gﬁlgbrstr gg" V?frl]%?ﬁgy%l flo %E%ng ouble
strandedl irggidne dnd prefRFabRCR3’ d\karltahg are: ddootrithit tm:nn‘ifmdoﬁ)NA assay,

or RNAase protection assay Al ternatively, or

A=A RS i anaIyS|s on tissue extracts
treated with the i RNA agent Viral titer can be
chedaBaiahie SRINUSHgBSt oan BE BvAsAYd for Radéblﬁﬁamdswwe@@as tarfs dene
herein are isolated i RNA agents, RNA nol ecul es,
expressieio Uik @xmplamadldgﬁenlgl\lé\-agpmam b profvmsj Frsdoatasterafh a cell,
e.g. a hm?%? ceﬁ kﬂba% h e% ‘?rﬁ‘sﬁa;:l %&R&r Wlﬁ @% mgeg;@ zlc‘ﬁl(s?hs e V#ﬂ? oPmterest e.g.,a

virus cdmahing ehedthiRer Ydnse Aﬂmmecﬂvélygme RBIAc astramsidcted wﬂwcomﬂrm from
have been nopdified, e. i nprove efficacy,

which {gegel, e gensyis ghpiPessd; thes @revqnagaf@spee@ifﬂwnfai @éeom&y model. The
by t

level of tﬁ{%%{ eg% §§@§£@$‘%r$° éﬂ%g&;ﬁs Grﬂtﬁgtaés?)glga%m %ﬁ&te GRRA agent can

be compmicéfd. & Dn aarneRNAepm level @ssmhtitenl If yt 18 ﬂﬁemanm that thiaamount of

whi ch occur in nature, preferably as occur natural
§ Wopnibe freetigate s i felov B Cap Beigy i the IRNA
C . Th
et BR3P PR RROEHGS] Bk Rl Ry IS . o
level oRmsget PiPal RNAS 8r 2itflGrotSmdh thearel oo Nirallrtitsuala callas IISSIDIEtCmbG

detrm TS ST Ry S PRRHE b o B B 085 B Betemined by
NorthefPStbf Aﬁg&is%eﬁe @faﬂ\échbtl&l &cm%wde;mm %ﬁl%@taéé EchilRMAtiRSRT-PCR),

used herein. Mdif RNA as used herein refers to a
bDNAmade&mIoeRNAm@ihctmsw e deve¥ 0ﬁmetem€meiﬁte§mwd¢ﬁ%

ucl ej a bases, sph

examplf . el UParFFR o D o RATER R B P B foted through
plaquerfaﬁrkuh@n awagf er abl y different fromthat which occu_rs_ in

the human body. While they are referred to as nodified

"RNAs " they Wi | | of course_ because of t he

Al degtingnmodifies chleiq 20l IRYA BEES ot RNAS.

Nucl eosi de surrogat es are m)l ecul es in which the

r tibilit

T B —
to cleabige }:;yrmdomnl:lease dhexonocleaset sush)a$ vhkn th&l iRNAomesht 15 nﬁmﬂuced into

vl LR BT SPARSh S0 SL LI 10, Ml 5

modifidtBnCHar@fularly cleavage, e.g., cleavage by a component found in the body of a subject.
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t he ri bophosphat e backbone. Exanpl es of each of the

above are discussed herein. Modifications described
whegoeiosese@n be i ncorporated into any doubl e- stP@ntismos/038269

RNA and RNA-|i ke nol ecul e descri bed herein, e.g., an

I RNA agent. It may be desirable to nodify one or both-

of the antisense and sense strands of an i RNA agent.

As nucl eic acids are polynmers of subunits or nonomers,

RRh spts ﬁda@epﬁsféltI) tRa¥dge Afe ideniHet Lefirthe! iRWAOSRHS cadtbe designed
position which is repeated within a nucleic acid,

and/or evnghesmad woetefni tbapq»tgmtlaéf:leavaga@ée is gadg reskinp io-aleavags, 8gybY

1ntrodu8é% fe at?n r%tn a*lf)lg 81i1| i ﬁlt\%o Flg%%ggteega?a' ﬁtl}{atw rggéwﬂ)nefhls further

iRNA $¢bi @@tbepasdtéd PRStabilityl BEd thikchresss May Be ethtetl AntiBaMRNaAN4Eent is
in fact in nost, cases it wll not. By way of exanple,

found exhihiiang the desiis stebifitonl y occur at a 3' or 5 terninal
position, may only occur in a termnal region, e.g. at
2h@%§#¥#ﬁg%on a termnal nucleotide or in the last 2,
. 4, B, 10 nucl eotides of a strand. A nodification
may occur in a double strand region, a single strand
rAsgiRAVA agent identhixdnas bing, capablpbbighiboimgtRE b gére expression can be

tested )go gﬂ'ﬁclug]?a 1'82121 vgéo ]%&?l%g{%%lnm!( ep(eorﬁaﬁgg:p}ia;p%g g%%éh gg{rgmouse or rat) as

shown i€ th@ieRahples I R RRam e,gthe 11@(IA3ag9&55aﬁ b8 leﬁﬁls@er&?forﬁn%imal and the
nucl eotide or int 2, 3, 4, 5, or

iRNA zgeot exsluatidsvigt respest ﬁoamdnomthh@t}om stelilityi nncbmaﬁﬂetyé@ rdaiit viral,
e strand regi,ons tlcularly at termni.
& RS%F%W%}/“ KPHSEPY Plé%fi?%e Vlf”ﬁ ®ccur on the sense
strand, antisense strand, or both. In sonme cases, the
SERSRNAsheadan IR AERIE ERA direbtly tohByRrdehBssag¥eh as by injection, or

nodi fications or the sane cl ass of nodifications, but
the R4} agerepn baadministraedioriBeanimg! matelde fesame mangenihatit would be

[ ren [ .
ad;rmm@rrlggeﬁgg a gnglaﬁ a%] gﬁ’%\nﬁ hé}gl ff;fagaﬁfng cgrrl]lée éx%fe?ﬁ%? a@rﬁﬁ&?ﬁf-fh& via
inhalati@ns e rs¢anaofltrealing vinnl inectibp.ect i ves for the

i ntroduction of nodifications into i RNA agents is

ab|I|za I on towar s degra ion.in.biolo
éﬂ‘ﬁ o g vpivgieg e Bﬁﬁlﬂﬁgﬁﬁg@&}p%l Ctuation

can 1nd?15dy3d%'férfn?§ng Ghéthe R EI@NQ%%X&%SQMQEQHB'tﬁé@ell\/‘mkﬁrévﬂﬁﬁlon can
further discussed bel ow. her suitable nodifications

also intlodedgageningbeeabibty (bge Kivolredf-bfe) ahthe ENMAzgentt Farkation of an
1IRNA d eSf[ I bed%/ng)fc i@@%"@eﬁ%ye%e ?Aﬁxg @R erﬁfg%&gatg(}]to ar_-‘tmeable marker

(e.g., 2OURREscER M aArRE susleatlpscBial Mflidacti fCabEl §RE abESe??p SEp tor *H;
as the bases described in co-owned PCT Appllcatlon No.

gold pptiTlesSE EodgamIpatBAss fof immunoistodhemdstty2004.  An i RNA
agent can include a non-naturally occurring sugar,

S - - e

S e T
vivo. Faitextidple] theiiRNA f¢a1¢as tapet desenobpdsdnnircie ammed (d3CTan iRNA

Application No. PCT/US2004/ 11829 _fi]ed April 16, 2003.
agent lmcremmow@ camiaTgeh RICHE@S 0T 3t BV 8886 E3THRAVE B MIRR§ENSC

ot useful for

sequerfc et BB A B ORGSR EIORIRID, “or i the
Localizdtioarbiedistvibuti@nofi tRNERIN A can be monitored, e.g. by a traceable label attached to

the iRNA agent, such as a traceable agent described above

16



agent can include a ribose mimc for increased
nucl ease resistance. Exenplary internucl eotide

WO 2ovk@aerss6 and ri bose mmcs for increased nucl PEBEES2005/038269
resi stance are described in co-owned PCT Application
No. PCT/ US2004/07070 filed on March 8, 2004. An i RNA
agent can include |igand-conjugated nononer subunits
and nononers for oI i gonucl eoti de synthesis. Exenplary

@e ﬂﬁkéﬁ%@ e ?v e %I&A%gj ‘%"B?’% %@6 EAR)W 'r@%flét@ Qiral gene
expressi@e Mevels 0f hlaa/l%eﬂe @@(essmn Wetive €an Untasasd, for easpld, by situ

i n co-owned PCT Application No. PCT/%Jg% &%07070 fi eg
hybridigsHiopeardt s isol50an DRRNCRA HER PR B8 FBHINE SRS e
iRNA a%gnta RPRLP ﬁ'{ehaln '11,5?@'6 EdMo b%ml‘:% 4 o éﬁ%% Rat b ﬂleq}%blﬁt éx?lﬁitreated

use agents are ed 1 n co-owned
controlléﬁﬂxhal eall sane N coﬂﬁﬁﬂiﬁddﬁZ Qe OVeET ﬁﬂﬂﬂA edn baddikatetbydny des1red

I th nbodi th b
methods gpidasedtnt bt Miniel Per B NHE R alo Bt Dr N sty PR Adse
pr otectfoﬂrggéagx Altgﬁﬁtlgﬁy‘pdreﬁdl‘ﬁ ?al%y?)ﬁlrél %@n@eﬁfi‘és%i’oﬁ ai@8&mbnitored by

to one of nore o referably two or nore, nore
perfornuing Végstenh Hloabalysir @etisshd extiaals t@ated Md’érthﬁb RNAgeant. Viral titer can
%mﬁl% an a ent capable of attracting, e.g., binding,
be dete @P@P%aa HY-e.g., through ionic or electrostatic
i nteractions); (b) a fusogeni c agent (e.g., an agent
qﬁmEe,ﬁfstﬁusi ng and/ or being transported through a
ce nenbrane); and (c) a targeting group, e. g , a

cell or tissue targeti agent, ., al ect
pemideEnarclisaten SNBSS, 2 AUYA molerult (Bl stranded:

single- gtpa%%fe@ tﬂ%%ﬁéd?atggﬁ%ﬁ % n'h?oqt Hssﬂbﬂ BEa Virﬁ:\%n Q:g R protein of

very age are descr
RSV oﬁp}\nvvned PCT Application No. PCT/US2004/07070 filed on
March 8, 2004. An i RNA agent can have non-canoni cal

g@é&%@% %glfs??@qrbet V@ Ioté&%w%%%o ¥ &?dfal{ékgé a5 g/gﬁ 8% RNA which

8® 8ies.
v RSB Sl R B0 i oot

Unmo&ﬁedREh’hmﬁmreob aooleealsen mhghshacmeponenis Rlﬁlﬂaeerglémc acwl, gamely

sugars,?\@é?ss I\Iﬁe}] %E%at%}?!?)tpeéltggr ee‘ai%qgr?%\/gggﬁgg{ﬁaﬁ Iﬂgensgjgle as %at which occur in

nature rﬁéfe?’ib?}né‘seoc'cftr ARurh O i thE Vunbh S BYBRO TR drifas &é‘férr&l)fdi hi¢ or unusual,
such sites to inhibit cleavage. For exanple,

th
but nairallyglcewting RNA's agmodified RN AKGS8e, e.&5, Lighagh ez‘gzl @@9@\ Nygfeic Acids

erve as \V’ sites
s 28, s . SERE S KRR i R R RV By
becaudedh&de bire t@pichiRNhe 2GRN S a@og—trants&l@tﬁmﬁ&ﬁo@ﬁddtmh) are within the term
antisense strands of the i RNA agent, can jnclude, for,

unmodifiethBNA, apusegdgrein- eModifisd RNA ap isedheapin pefers to a molecule in which
one or(r%%? BE g%%ég{p%%%ﬁ? %)fe t@g 98381 agldgnam&p%ugars,wgé's?ﬁﬁﬂl ph8éhtie

moieties, are different from that which occurs in nature, preferably different from that which

occurs in the human body. While they are referred to as modified “RNAs,” they will of course,
because of the modification, include molecules which are not RNAs. Nucleoside surrogates are
molecules in which the ribophosphate backbone is replaced with a non-ribophosphate construct

that allows the bases to the presented in the correct spatial relationship such that hybridization is
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or replaced with a nunber of different "oxy" or

"deoxy" substituents. Exanples of "oxy"-2' hydroxyl
w@emapo2sedi fi cati ons i nclude al koxy or aryl oxyPCIRS2005/038269

e.g., R=H alkyl, cycloal kyl, aryl, aralkyl,

het eroaryl or sugar); polyethyl eneglycols (PEG, O(CH

"2CH20) nCH2CH2OR;, "l ocked" nucleic acids (LNA) in which

the 2' hydroxyl is connected, e.g., by a nethyl ene

substaxgxﬁhg/lﬁﬁnla% > '\x}frﬁ}ﬁ 1sASeeﬁ3@"itﬁ ‘a'?lb@f)hésbﬁdtéﬁdéﬁbéﬂebé’ )8 € nShlgMrged mimics of

am no, di al ky am no,
the ribdpabgrhateibatishone. aE)ydmp’msnwf each el the above ars, disrusssd darejt.
am no, or diheteroaryl am no, ethylene d| am ne,

|k
HREOR g 0T O P ey rla R Byt oo RovA and
RNA- I%Yﬁcﬁéﬂu%esﬁﬂ%ﬂﬂereﬁme ) anHRIN@I @84ty [Tt @By BOdes@rtible to modlfy one or

i heteroaryl am no, et yI ene di am ne, pol yani no).
both oﬁtbe aiseveo rud sensh sirands PEBRRATA agdniieds BetieaRein @re@ﬁlyywrs of

oo RO ROE T B PR 1 SRRty By

repeatdd(imtﬁiﬁ) & QudTeid |a61|de£1 g\ h’fbdlﬁtﬁtlﬁl@ blsthasple &@Jh@fphhhl maittg, or the non-
i fication. Deox nodi ficatigns include hydr

lmkmg(ﬁ? o2 phrspRate Pvinte Bw@mescaswﬁﬁhmowléat&m ‘b‘élrotcP‘&ﬁt i OF the subject
pOSlthEﬁé&eﬁﬂgﬁ&ﬁelé ?cla IBﬁt 191¥ﬁe(r§/a51§31 1H%<.tt Hﬁﬁ?stogas 11?{1&)‘(3’ B%isway of

examphl, ¥ yodification ﬁhagabiﬂyloamm a 3hext Ertemyindlyplositian yrhamniyj pceur in a

termingl e R £ i s DA EICH SR R 98 I g AR s & Supp
nucleoghé%ydf%%% &'nﬁddlfﬁ'éaﬁmx 0@&&% Q@YY btrarr¥gioH] \@agle strand

am no teroar am no, or di heteroaryl am no),
region; orl‘xhlﬁ‘()i@) R4R pi'laaplqubthlqaya:dno&ﬁkgﬂon ahpyibn-liakiag Ky position may only

het ero or .su C
ocenr 008 PE Bo Y1 0y PG AFRBD & (SRS €5 Pibpagyion on2
termm@lrlﬂcleoﬁhé(@ﬂ'ﬁi Iheagt 2k Ky sy by 1M SddtiaBY of¥Estrand, or may occur in double

opt |onallysubst|tuted ‘W t h e.g., an amno

strand MSmglc whdick lyzglom, phdicnbdy st @smnmuﬁmﬂagl}'aa godification may occur on
the s P54, R vt SERP Dieociae 0¥ piref epd el will ave
the sarfi®fioklifeatibrRe AN 1445 68mboifleafidtisNRitii® bihet Edienme sakse and

nmore phosphate |inker nndlflcatlons (e.qg.,
antlserph @‘gfgmowﬁlt hﬂVg gtfge)rent Tdifiestieny, legd in @(pmﬁgq:sie% it may be desirable to

that contain two or nore

nmdﬂ%o?lc?gg gﬂie Iggéggﬁfn certain enbodi ments, al

t he pyr|n1d|nes of an i RNA agent carry a _

2Tworptlinkiobjictives, foathe intheluc iRt frgedificativas afto IRNAagents is their

_enhanced r SIS ance éo endonucl eases E hanced
stabiligjiondanads dearadahin an BRlp e 5 HRonRERIcEpd ey BRRYAISPH
' Mokl Emic 28 ﬁl%%'mhi%h Febuther @REdsed

pharmtgﬁgoépql%ﬁﬂgﬂne agepr}}{aﬁﬁé ?? yl 10% pe di nugl eot i %I
belowwieezismitdbeemodifdaimmsite aaugdr haedl o beczkbnuez bEat iIRINA agant are

sy r BT NISHRE BTN s oo A

1RNA?E&1’[ %Qﬂ in‘éﬁsze %tnoh%ﬁfral @ccﬁm@ﬁa'sg isner AR08 bHARs described in co-owned
3') dinucleoti wherein the 5' -cytidine is a

PCT Aaiphm:iuhrrf Ne PGITIS804/ 65,82&1 ﬁlbé Aotil H$,2004. An iRNA agent can include a

ridine-uridine-
non—natura y occurring sugar, such as ;S non-car gh))drate cyclic carrier molecule. Exemplary
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di nucl eoti de, wherein the 5 -uridine is a 2'-nodified
nucl eotide; or at |east one 5 -cytidinecytidine- 3
W@ 20060025% ) di nucl eoti de, wherein the 5 -cyti dPCEUSR0%038269
2' -nodi fied nucleotide. The i RNA agent can include at
| east 2, at least 3, at least 4 or at least 5 of such
di nucl eoti des. The inclusion of furanose sugars in the
ol i gonucl eoti de backbone can al so decrease

feature BERdHGd @AY bécard c%%%g&g Gor vd8in iRNA Q@ﬁ&tar@@d@cﬂ%dflﬁl £é-BRhed

nodi fied by inclu cationi c group, or
PCT Applicatien Ne- @m@@%m&@lﬁARrﬂeMBZO%er m nus Wi t h a

3 -3" linkage. In another alternative, the 3'-term nus

am no%ﬁ?lﬁgq%qa%a%ﬁﬂte C[Egg}%%é(%%ka eg g ' th Icl%ir]al Bﬁ?s%'horot}ﬂoate

11nkage3 useEﬁﬂ bxanmblﬁg) hiydléase edsBamageln adlitiog, d1ah t}i@eﬂtematbxéw BEiRNA
conj ugate such as naproxen or

agent C% uwme@ﬁﬂbOﬁealynmwrfplblmreé%@é Auelpasgrepistance | Bxeapjarytiyteucleotide
hnkage?ataﬁ& hﬁ@éen%mﬁksoﬁk iﬂdﬁea&é?]ﬁm%f&gﬁg%&%%zc% o &{g}:x%e{a%l/ Pg-o{vvged PCT

onucl eot
Apphcaihm Ne. P(ﬁEf;JSZ@JmmgO fited dne¥ierch@y2004C conj ugat es or
nodi fied sugars (D-ribose, deoxyribose, glucose etc.)

can. ucl eases imlarl nju ates
‘%f‘ﬁ?%ﬁnf cap m%l‘l‘)i(%ﬂ%ﬂﬁ‘éccf’@d@}?t? Eloepeat/%@emtwﬁvw%aers or

oligom®dofitle BERisb ¥xbRBREY moAomers &R U Hel in S8L6WNABUS. Application
naproxen or ibuprofen, may inhibit exonucleolytic

No. 10@16é63>gfde®9néue¢&’td:&|21094b| ocki ng the exonucl ease from
b| nding to the 5 -end of oli gonucl eoti de. Even

' roup ete 0
2P, oo A E » 220 Sl A s RSy FrasdeT
Applicghan¥ds.&GI/USR00407 000 @itdd ch Marchepsooa:| eases. An i RNA
agent can have increased resistance to nucl eases when

tgg: exed i R agent | ncl udes a singl e-stranded
i}ﬂb W@’ Bysd it aw-pamphipashie mpicty.nExatlar eagphipathic

e VL0 T TR

No. PQHMS%@WO@WMmﬁmehBhEOQMpal red nuclieotl de of the
single stranded overhang that is directly adjacent to

he air c nt ai ns pur' e base,
;‘ﬂ tﬁ%i‘%ﬂ@@?ﬂ% Cﬁ% ¢ cqruplgxed ﬁsrveryagergeat
featureb @ﬂﬁidulafﬁ@o%lek h?hé é’c%h}:lﬂfeﬁ Bdn ORIRL § KBRS enf‘Hfﬂleﬁ% bH€or more of
airs are airs n further enbodi nents,

(Prefer%hhz‘ Feoer @er%mmnﬁ@rm alhghree Qi)o (a)z qonqusmedigent (e g., an agent

capabl%ﬁtﬁ%t&‘ g % \,/gtnﬁgl:gga ?%Cl(glé g@, d;})&? (98 alectrostatlc

1nteracﬁd31’b;§>ctb)TE AisBgeri eeftiC £ 0tnl a@emqsagam B9 fusfhg@Rdloh Beidg ti@Aported
of the antisense strand. I'n one enbodi neEnt, the IRNA

througlag &7l Membrargand (@ ateiRpinseronne. 8; 2 onll ertisse: targatingdgent, e.g, 2

o, R0 E S0 SO S5 RHE, Byo B 1505 Birome. mn
agents nmnplﬂEf&toMﬂe(hheﬂ?&‘géntb@@dbsﬁi@lﬁBdf 1Inﬁbd MeaSPG'IOApmmaﬁdn{ No.
geg@datl an, I(\J/I , by nucl eases, e.g., endonucl eases
PCT/Ug¢ Q)WQI@%%% afqh%&o% t he body of a subj ect. These
nononers are refetred to herein as NRMs, or Nucl ease
RESTRIY 25 &t BaPAR!3E-canonical pairings, such as between the sense and antisense
sequences of the iRNA duplex. Exemplary features of non-canonical iRNA agents are described
in co-owned PCT Application No. PCT/US2004/07070 filed on March 8, 2004.
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Mononers or nodifications. In many cases these
nodi fications will nodul ate other properties of the
w0 Ridévoeagent as well, e.g., the ability to inteP@DUS20$/088269
a protein, e.g., a transport protein, e.g., serum
al bum n, or a menber of the RISC, or the ability of
the first and second sequences to forma duplex with
one another or to forma duplex with another sequence,
ErBance@ nhAERBLesi®lgeul €. Modifications that can be
useful Tor producing i RNA agents that neet the
preferred nucl ease resistance criteria delineated

a“ngé\Ut agent, ecg. LaRdMeagsnt thefrtersets R¥Yecandiavoahageed resistance to

nucleasé Pe wgggn%/c%%%e/s }Sglgt%ﬁcgeg% ?%tgggl%%\taﬁg @ﬁé(s%;]ﬁ nﬁ(xdlfg_/l hl?ch sites to
mhlblt@ﬁmag%hF@@éxaﬁapleTmlnmmlaéwdeWBs nezyde-onigt, soUHe’, or 5°-
dimers with an enriched or pure for a parti cul ar
CC-3 el serie @ slepyage sitesrodi f i ed phosphate group containing a
het eroat om at the nonbridgi ng position, e.g., Sp or
t,
T R R MRSl PR WA e
e.g., thabase bed/&; anfeenstlsizgnde bf the SRNWhgantXcansinGpde dior e(th;ile 2'-modified

orchlrall pure Sp linkage is preferred. Enriched .
ribose ppifgpadior p @Qé?foﬂﬂoat%bnkages g, l‘O r2 g@‘%’&' L gromw (ﬂfgfcé? peppodified
S‘{J%H ke e ai |l bel ow
orrep 1%‘“%‘1%“1} ac dl e?eggew%ﬁo?eg&gatg%ﬁtlugﬁ%r oups to the
sugar, base, and/or t he phosphorus atom of a phosphate
O x apAptlsfdf €6l s $pthak gl gawmomﬁcmmnmu&my pr efyboxy€OR, e.g.,
NRMs i ncl ude nononers at the termnal pos

R = Hgdlylvoxelopkkyl, aryleaaralkyh Beferoagh ewgax&quwhﬁeneé}y&owf’%@

O(CH@&%ﬁz%}%ﬁgg [eJﬂ)t%E %MI AR ?L$A> %‘Hﬂ]ﬂﬁ line pﬂ QIrOXYl i F]onnected,

e.g., bpa nRAF1RE bAdga RS tireL BS80S Sfms B&fe nm@ sg%e@uo AMNE JARENE =
attached at a position on the base wh m nimzes

NH; allptlaminer dalkplamindg hetetaopelyk, @ryﬁmnnordlmbamwgr heti¢rearyl anino, or

t he f t
cincteGata afi Fy B i, Bp o apd b POy Y Pk AR g e
M%Nﬂb%kﬁﬁmﬁlop&lﬁu?ﬂlﬁﬁ Héfer&yll'yp QBylhrh 0, QibryR alitol A&eroaryl
These are discussed in nore detail below (iii

amino ks parat eminonethyjere diemingepelumping)- . It Triptowastertbatr ed
ohgonmﬁgﬁldeg 8(')1%1!&%1#%'0 1&&8?&’%&8 gfé%g[?g% gtOCI—?CIH 6@@ a PEG

conrers ance

denvaﬁb@,%é@@ﬁt ffedsaselastsilifiesdoagialubl ctoibesd mddi@edpl els thlemctbusd e
-NCH3-O CH2-5' and 3' CH2-NH(O)-CH 2-5\: (iV)
Phosp}g’m‘lbrqa&gﬁﬂﬁ@ﬁﬁﬁlc@phosphat es and 5' -bridging

t hi ophosphates. Thus, preferred NRM s can incl uded

hﬁ%‘?‘%@}r{o‘dﬁic‘dﬁ ’m&l\ﬁe Hyd?%éns(?e -RoxIritds@aE3rs, WS, Y@gf particular

a- nucl eosi d ot her preferréd NRM
relevancmﬁb titkeovethang poaass départialty di RNA) chatw ¢ g officte)s acharo (vngﬂz,

lkylagighy o0 GBS pha oYY Ay P D o, teroary
aminoPHOSRAG EQEH} q@l@{z@iﬂl\ﬁﬂr@ﬂmo H‘@E NS, Qﬁ(‘{{/laﬁﬁno

I nverted |1'nkages, e. - or 5 | i nkages;
dlalkylrmxnmmé]e@rmlyﬂ],girﬁlammo[a Idmryl |anklag detero W@HIILHO,QI 1bet©mamh amino), -
NHC(E)SIIQ?IF( = a?k)q dyc‘ioa?ky? Ct u{kylc’ heteroaryl or sugar), cyano; mercapto; alkyl-thio-

alkyl; thioalkoxy; and alkyl, cycloalkyl, aryl, alkenyl and alkynyl, which may be optionally
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descri bed herein having an al pha |inkage; (vi)
conjugate groups. Thus, preferred NRM s can incl ude,
We@2@6/06289¢ ar get i ng noi ety or a conjugated | i gaPdI/us2005/038269
descri bed herein conjugated with the nononer, e.g.,
t hrough the sugar, base, or backbone; (vi) abasic
i nkages. Thus, preferred NRM s can include an abasic
nononer, e.g., an abasic nononer as described herein
R R e s S G L
OCH3gEsGHilje -Cedligl, And 2afke{r¥i | ) 5' - phosphonat es and
5' - phosphat e prodrags. Thus, preferred NRM s include
nononers, preferably at the term nal position, e.
t Fremaximigssiueleass, resisiangsi i Zomedidicatings carppoped of comienatlon with

one or %ﬁge glt)at a[tg{%ﬁ(%i) 8}0 gd oaﬁ%ns %Igé gggsr\%&ﬁpgﬁ%ﬁe) teecstol-cglﬂ,sq/ chimeric”
oli gonﬁﬂecﬂldéﬁz&!d hﬁos@fhat bntas bhOBr @bredliFQeRANSNficdtidng. he

subject's body, e.g, a carboxyesterase or an enzyne

present in the SUbi ect's body &N a phosphat'e
ﬂrl@slft%}g emRodipicats, & félﬁpmwlne@wé R sRNA|agen 6Ty i &-modification,

and thep RNA Q%é:ﬁgth@:élf V\A{ %Iﬁl?lﬁé’éldtr sgaﬂcrel £ Eﬁ'g I a@é’éé%& !Egﬂa%n%(% ﬁ\lcle&se

I oat® ani on tac s a car acen
remstam‘e can plso p hettieved vyt nakifyitg the 51 mucldoddg rrmltmtgg fon extfme) in at least

rotect.ed_p One qr nore different NRM
one 5" ne a@s%lpsﬁsgom 3@ dimciestife wheey e MHAnRIE Tgeedifiest
nucleotifid; @t ﬁaaﬁ%ﬂé‘ 6N68diat- §%1ﬁ5MSaQ@§g dﬁ{ﬁcw%m%lfehﬁﬂg !SOGHdme isa

can be used nore thRan once’in a sequence or In an iR
-mth@@dmuclmds,camaNm 5r-nytidiheadenme37 (FyrGAFY) diaticlestides \hherem the

5oyl Zor ey BRGe R Mies Ly i P has TR0 e

dinucl&orde} wihddEid thd B’ -SRI i§ a@a%da?ﬁ‘édsnd&%%&@ & b 16A% bRNS - (fs}rﬁgme—
introduced into the termnal cl eavage site or in

Cytldlr@’r%éﬁla@j@ 3r)e<§n@1160(§1ﬂ6,a7\/1@quéhﬂ:% ~¢ydidinens &2 smodifigd amcleotlde The
oo S5 i B RS B

si | enC| ng. Nucl ease reS| st ant nodifications include

S’H’iﬁnﬂhhsﬂﬂ offrenbee figassdd tlvligodtclédiRlebatkbone!Sanailéb decrease
?rs whi ch can]&&I at any position. Generally
endom%?ﬂ Yiccdgavases AmBENS agent sAn be ﬁlrﬂvmeéxf@étbmpl%@g 3 eptionic

group,%? iejg \I/ﬂa‘;gé ng tH ﬁ‘l?éled'sﬁig'aﬁﬁi% 3 AR SR éa? Ly llﬂ&g eatn ddlher

te or In e cl eavage region 0 seq uence
altematﬂwé,cthe 3 aelgtﬁhﬂss ande ﬂbjlc&skéd Sz@tﬂtaﬁmﬁﬁnwlkyg @, d. Qey 3C @B-abenoalkyl
se ere in e sequence, . provided. that
daT. OfgF §; ﬁﬂr&aeﬁmm&} Loyt Driciohisio Bl bEpegpund by
theory! '8 doRNBaRIGI ab & P?Bké?xtcﬁ" HIBR b
Eonﬂs es?ﬁ%b?e tg pa the NR Oﬁhnﬁgyc éagggghgﬁ?gé%aé?mge v
stericatlj blockmg\ﬂmg@(on@@easn fiom bindimgue ties'ehd ofoligpescieaide. Even small

alkyl ¢ ?1]11 eat 1%@(?1}1'324 (? &%eir?.‘:grcle{] gglﬁlgézt sioggé(g{a fs ﬁélggr%QDr?lbnolsgn dzeoxynbose
glucosﬁ@&{)@;@%%{dclé%"%t -eRcRhREDt i ng nodi fications will be
I Stripute

Similarly, 5' conjugates can inhibit 5'-3' exonucleolytic cleavage. While not being bound
by theory, a 5' conjugate, such as naproxen or ibuprofen, may inhibit exonucleolytic cleavage by

sterically blocking the exonuclease from binding to the 5'-end of oligonucleotide. Even small

21



10

15

20

25

differently dependi ng on whether the sequence w ||
target a sequence in the subject (often referred to as
wa@eooaneisvecense sequence) or will not target a BEQUSWOE038269
in the subject (often referred to as a sense
sequence). If a sequence is to target a sequence in
the subject, nodifications which interfere with or
i nhi bit endonucl ease cl eavage shoul d not be inserted
alkyl chding, A6/ ERGHS, fbr%ﬂeﬁi&yélﬁﬁc@ﬁjlugﬁés $ranbliféd SBEisabasbose, deoxyribose,
cleavage e.g., the cleavage site or the cleavage .
8IUCOS@@Q+)@W?M@'6%@K¢W@3$GH El bashir et ah, 2001 , Genes
and Dev. 15: 188, hereby incorporated by reference).

TR T TR e

mcludd:mé‘dlr[g@@ﬁtrzmﬁed hfmlédtlﬂs bvéthialgent 4t astdlie@Rdi B preferred embodiments,
npl ementary to the gui de sequence. As used herein

the nWéfF%lél@ Qyehage iscludesel to 4 Breffrli@lh E@P dotnpgsebpnciqofifiess Inp geeferred

embodfa}fl%ﬂrt] pﬁeé ?.1'}1%?%@ V\Ecléﬂfdﬁ yg ﬁ% § ees-gt?agg(?c{ e\% a?lg tlgalfgs drngl\méadj acent to

the temmmhsucﬂeotmde paiotordansi pivink, bags, and ths tétuﬁhﬂ@hcldﬁﬁdeqfalrﬁh@G -C pair,
in either direc Such m)dlflcatlons

|
or at 1N &f T GRIC samplrrs iR lﬁ@ﬂ%awrsfaé@ Congaire, i furth
embodhﬂ&lﬁ %{erﬂd%ﬁslon@@ﬁetﬂ'la?@ g oy B E B of2 uﬁgﬂﬁ:’d rRlElegtlcﬂe@ SE!IIHIIIQQI?

he term nus, uence targets or
exempbe)q@mbmhnmm thhn@trb@mdn oVerhar@eﬁ -GG dmpoﬁ”enreni etnhm)dlments the

bj e Tet h f Lj ds The propgerties o n i RNA,
nucleof e hang i b o Pl R ARG SRS, Tysre gbp et Hig jRNA agent
includdd€hé MbliFSTEA-3266 tHeR!-bRT 8Che Elﬁfseﬁa?é%ﬁﬁﬁdf sudWthhte2-nt overhang 5'-
/introduction of ligands, e.g. tethered ‘'t gands.” A wi de
GC-3'ipdpimeady of entities, e.g., ligands, can be tethered to
aanNA agent, e.g. tothe carrier of a

es ¢ %bm%%%\{/vgﬁq}n e C {) A Slgg{? %’feh have gg?%ldmg(%rﬁf’% ¥atsdl inhibit

degradatio) 8RS, byuldRbdes ig., drfdahudlSasedbriexphif@kése bun@ M fhe b8&y of a
can be coupled at other points to an_ i RNA agent.

subjectoy egk RSBORYT it e & horgiaria R Mpi s NugheaseRessitange promoting
MonorRér€ bERBRIta Al iy 19! cshs@é Ih'%?‘ef m?#t‘%&twrﬁé Wil njlcFﬁha'Ee Sthdrproperties

via an I ntervening
of the JRNA egentds erbods. nﬁa 1ab1,11t}t tkbantleregawdhlaipr@temae Bed tianspoligrotein, e.g.,

rrier via 8 tether The |igand or
serum fllgpwéq, Qg2 aoﬁfglﬁ FRég %ﬁlstﬂl(yrpftt%ﬁrst and second sequences to form
dupléd
o RS R AL S
some enbodi nents, the |ligand may be incorporated into
d\/ﬂ‘)ﬁ@iﬁé@im d;hat chri @emﬁd écm rrgditoan RO Apentsibbumedt thefireferred

nuclea% %E GRee r %r}a illeég Fﬂ % 8%8 \%drﬁnégg gf )rglﬁgeuoijlﬁ_{g? I’ollowmg chemical

and/or @eeaamh@mcal 1B 66RIonk 87 ih8 GugR; Bhse, 2h0/0R FhoPhek Habldots!
tether, e.g., TAP- (CH2)nNI—E may be incorporated into a

gr.ow n]g sense or antisense strand. In a subsequent
dpehyel Gn) thioages, Thps, drefi PlﬁechBMSamp@ﬁe olftclmmle@m@rg mdthran enriched

or pureg@g gg‘riglé;ﬁl%? IHI(E}HI ol (9f 4 ESdl?tea %Hgsr?thg? afeitiek gﬁ]e i 9 hatgroatom at the

roup

nonbridging potiyit egy. Cﬂ;por R}@rat 316 lpseﬁue I, kiheRethidtis delpesitive nbieally

precyrsor |igand-con at ed nononer_ by couplin
occupled by Hie oxygen. gThe atom aJt chan also be S, Se, Nr2¥01 Br3p Whe% X is S, enriched or
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the el ectrophilic group of the ligand with the
term nal nucl eophilic group of the precursor
wo p@anexseqj ugat ed nononer subunit tether. |n pPerf/E82008038269

enbodi nents, a ligand alters the distribution,

targeting or lifetime of an i RNA agent into which it

is incorporated. In preferred enbodinents a |igand

provi des an enhanced affinity for a selected target,
chirall@p@re SpHakakuk BrefGRldl FaticlkRlheahY RiSleast P0BR HOTBRL or P0Mof the

a cellular or” organ conpartnent, ti ssue, organ or
preferred firon Soeh NRMbwd liscessed o nore deteitrpelowd to a speci es

absent such a ligand. Preferred |igands can |rrprove

t(figﬁﬁa&%lg tolf%?e 0 %(z)raetclﬁu C1}1 ogpssl%qﬁ' %@%@Xﬁ tﬁe Shosphorus

rests

atom olf&@hld)sbﬁzﬂé oﬂﬂ;bdiﬁ%ﬂ pBbsphEte bhdk®enOmbey. i 11aR l&%ﬁﬁ’ed dRMPinclude
nmeri ¢ nol ecul e conpri sing any conbi nati on of

monomm%ﬁ%}ﬁ%? tergiagknasBion deeyaizad alrrayabipnin grawpalAsshe Mowidfof eyjantisense

sequent(:%] g@g%a??%'t%gl@n%l Leb?f;‘&%o%ﬂﬁ %e%ﬁp?hh IRM 1 5 %reg?rgl%lg not used at the

5'-end df zagamisdehse equpoenke goup spald 8 at@tiedns a@ogtlon bR the base which
[ but | on;  cross-linking agent

nmoni t g{? di tg#_%
minimiggs inicslernpe G FLHRNS (oBTAtOP A Y RAIEHI0BsS & oba form g face which
teracf
interac I“rl)lggmlé 'c'gilé] ﬁlﬁflégl g)bﬁ‘a%g t§1é ;ﬁﬁé ?Jtralﬁf( @[%gtgﬁe 5%&5“9)% ofa pynmldlne
ora 7~ppsﬁ§ogeqf iappring.efipmpes digussed in moteadghiedowe. g. ,
sarsasapogenin Friedelin, epifriedelanol derivatized
t.hoc

11) Jo rl‘rolﬁllﬂr(l:aﬁa/ é?(sa theatgléw%b h’ElHJI%aQrgierreS ?\gﬁ@§ Hgludetl\%n-phosphate

hnkagd@r @g ?h Tinkd B Qif B Gt ABERhSh cbﬁiﬁﬁ%&éa‘fkrtr@ﬁéiﬁkb IT?(gcleavage than does a
nol ecul es, pol ycati oni cs, t1 des, poI am nes, and

phosphgisghonde Examples inclydg 3h @ﬁzdéﬁ b-fLCloS’ an(hét @HalNHf(Oﬂ -CHp-5

occurring substance, (e.g., human ser um al bum n (HSA),

I e i - Ny i L

(RISIRRTEAY o ORI S B BRI g, protr e
can inohhiet! tisa struotutks;n, cycl odextrin or hyal uronic acid);

am no aci d, or a lipid. The ligand may al so be a

C t nt.hetic nol ecul e, such as a s thetlc

;521 ’;@‘Q aﬂ mk eéyﬁi’%@@. E*B%ﬂsy?aﬁ’ﬂﬂﬁpséd?ﬁdm@(@ r prsfegred
NRM’ PRk N ﬂ%u@ﬁbgées' 28 lad&iPal é%ﬁﬂ%‘sode?ﬁ/h‘lfi fibth P nROlkYd; éfe%l Bes

(PLL), poly L-aspartic aC| , poly utam c acl d
phosphatey n@nehcrsnhate ped moidied Iphysjaﬂlak&élnkmgﬁs I(g' gE thiophosphates,

phosp@{%%lgil'ﬁq.gf%‘g g!?ﬂpslaéh}%‘go)el Ed%r§,ﬁ% ng velied lquﬂé/alggs}/ Ie g.,3-3’ or 5°-5’

linkagd? ﬁbmaﬁ@@vh aR b1pAS ik Ao eh-00RRY
s y th Iene1 %I yclc?))ﬁ (IPE ’a pg lyvi ngﬁﬁglsg%%[g@% the tmcmres

descrﬂﬁéﬂly@r avingean gehalickagehy| acryl |ic acid),
N-i sopropyl acryl am de pol yners, orpol yphosphazi ne.

Eg?)r[fblngug%{e %%{p{%? thﬁg r%nlﬁ%cy ﬂﬂ]p\/gfs) %?% & Eu\él ,Segé ygmrg%tlng moiety or a

conjugmséhgﬁmﬁtﬁscﬂ&dﬂ@i’@ﬁa%lﬁ@gatmﬁh dRhominhdt, RO) WU the sugar, base,
dendrimer polyam ne, arginine, amdine, protam ne,

or backban;oni ¢ noieties, e.g., cationic lipid, cationic
por phyrin, quaternary salt of a polyam ne, or an al pha

hghy £akic ﬁﬁﬁ?ﬁgeg.e Thus, preferred NRM’s can include an abasic monomer, e.g., an
abasic monomer as described herein (e.g., a nucleobaseless monomer); an aromatic or

heterocyclic or polyheterocyclic aromatic monomer as described herein.; and
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Li gands can al so include targeting groups, e.g., a
cell or tissue targeting agent, e.g., a lectin,
w@bkopeoases ein, |ipid or protein, e.g., an antipodys2005/038269
that binds to a specified cell type such as a |iver
cell or a cell of the jejunum A targeting group can
be a thyrotropin, nelanotropin, lectin, glycoprotein,
surfactant protein A, Micin carbohydrate, multival ent
| %@ﬁﬁ%ﬁosﬁﬁ%&és\/ﬁd@ﬁph@h%tp%%s Thus preferred NRM’s include
acetyl - gal act osam ne, N-acet gul ucosan1ne
mononteay, prefeshiepitat e temée] pesitian, v, elmS fp@s;lasm in ghicb 08¢ bamers atoms
noaCJ ent a act ose
of the iRSRELARGs BBl b B Sihtp Iein 28 pich pRTEHBG i og sromws.
are remVed 854 REEL of tBe BdtRNQIFE co&bb&n@ﬁi e s RL%&C@E ﬁodw elsaftdiboxyesterase
B12, biotin, or an tide or peptide m netic.
O an epgyATHEsCERA tbfesqut éb@ﬁk/ %g g2 phesphate prodrusiin svhlqbra carboxy
ules,. havi.n af fi
esterasP SN prBrotheq rORBR R LS G RGO LA il o Wi
attackshi dadﬁ)ntadjaaerﬁ peticfO eth SiRsphatey/ Agl @mﬂihg:m tiee roMeEibn 6£A
endot helial cell, or bone cell. Ligands nay al so
unprotecied (AP rones and hor none receptors. They can al so
i ncl ude non-peptidic species, such as lipids, lectins,
Qﬁ{etlﬁ%/&é af §ent T J caﬁ%@&h%@%ﬁd@dké& MR BARNA agent or into
| act ose, t|va nt gal act ose,
a Sequdﬂcaoéalylﬂ@@% hgant. OAHNRM ;mddi ficatiby kgubangsed amireithan once in a sequence

orim affJU | 4BLE s TRRRA s Bl LN LBk LSO E1o T B0 oot
should%@tshdlﬁh@trac@efptMGW oKiRMAR Qgerf? HufiBx ﬁﬁﬁl‘aﬁéﬁ &4t n%ﬁnt!ﬁlﬁed( B.
The |igand can be a substance €.9, a drug, which can

i.ncrease the uptake of the i RNA agent into the cel
I sorag amppEmenly Iﬁil‘érqulﬁmmnh@re detradugedsiptodhi terminhgleavage site

o o gy Rt LRI 1E s Bkr SER Bsoonp et
desiredbetj@encadr e it e s@¥jeOP | Tis dadtedhce VEMEFdeSdileAEing.
vinbl astine, cytochal asin, nocodazole, japlakinolide,
lLatrunculjn A, phalloidin, sw nhaolide A indanocine,
Qlucispassisiant mpdifigations asdide somgavlyihygandeipdacgd pnkyjay theterminus

and otﬂeksodvﬁlo? pgoeg%#xggp%jﬁg %&%&1 é%dﬁic‘a{loﬁé tﬂét%aﬁ’ ﬂﬁl%hl%éldlzatwn

nol ecu rum pr ot

are useg @nlynmaériotindl negi¢i8A)Ind paferibly hotrad thm@léalvwn‘ﬂte &lr Iimms cfeavage region
di stribution of the con u ate to g target tissue,

ofa seqiehce Wh dargets ggg}gect S Hehsr i]q, e usgd W“@pretlﬁé sense

sequenté, Y)%Vldeq 8 sulRi 86 H&’ﬁ?dl&?nﬁﬁl Rl WIS G AR She INA agent is

used as |igands. For exanple, neproxin or aspirin can
maintahyed u freshmererhbauiidens itlis péstrablaseput thg hiRM etthe Clepvage site or in the

rease resistance, to de radati on. of the con ate
cleavaliE LA T 8 SRR N oot R Pt et PR sdkean
minimi2k offethigeNB¥REIARE, and/ or (c) can be used to adjust
binding to a serumprotein, e.g., HSA. A lipid based

| .igand can be used to nodul ate, e.g., control the
Bp Aefishepses theruictessy- wglata@cq promotiag geadifides gnsewilFesr distributed

dlffere%?gzﬁ%:gdm tolr1 lgxﬁfeﬁxe? {he sleﬁ) %c? :s I galréqg %%n etgcrz]%ltg tﬁ%ﬁlg;é?c&goften

referredl @ 4dv daiticRaye ﬁqﬂerkb)%raf/@lﬁﬁ)t k28 al sb&flﬁnye inGth® @uﬁécﬁ 8518 referred
fromthe bod Alipid or |ipid-based |igand t

to 25 2 BFYASCAUETEIBAL] A3 UENCP &1IQ toregmsaguenss the@ubjaetg arodifiations which
interfelfe WM GAnibit endonuclease cleavage should not be inserted in the region which is
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to the kidney. In a preferred enbodinent, the lipid

based |igand binds HSA Preferably, it binds HSA with
w@2®6062586 ent affinity such that the conjugat er@i/UE200%038269

preferably distributed to a non-kidney tissue.

However, it is preferred that the affinity not be so

strong that the HSA-1igand bi ndi ng cannot be reversed.

In anot her aspect, the ligand is a noiety, e.g., a

subjecio FEST @nedl\ﬁéd:éledv% d @?e Rhd fle¥gSsitedsr UL cl6hge reﬁoﬂ (As@escribed
proliferating % hese are particularly useful for

in Elbashig at 4/ng0di, masezmd Rdvat adB8r hezdzy ihgorporaken bﬁ teferehge). Cleavage of

the targat ggéufrse a{batu mqg?]glé&l%%qo 3 ?SOt %}gﬁ,&rlgipsﬂ\ﬁ,tog 1%5 :1 Ealécleotldes

upstreath bk ﬁrs‘hmuaeotﬁiéd)vﬂfch 1Pch@pletreaip) R the gm&@geqﬁémb N@k Wet herein
are Bvitamn, e.g., folic acid, Bl2, riboflavin,

cleavagg Seirafersgy thedmeleotide oroeither side phithi alsavage siie, on dhrt tergetirem the

n ncl uded are

iRNA g% np yt{a%a vﬁlg%hplg}%pgszﬁs @‘La(flea\iaﬁe Lepion mcans 2 5 egl{éotl(iehvgth 1,2,0r3
nucleohd@aﬁ(ﬂhd deaveGRe lin pigHefaREdtOA.)agent, preferably a

hel i cal ceIIperneation agent. Preferably, the agent is

%%Phlpathlc An exenpl ary agent is. a peptide such as

h grodainalapiorse diedntradpcediaiofhe F?emiraal ECEiAmBLS et therteraipal
if ke [

pos1tloB§rr] Wgtg F’.)ZI IB @e' or ?'})%glggw 612ept{%lﬁ‘gﬁ1hg %186 Wfél@% Ef’éé %T@rr asequence
which Deesmiontargat b dsqueddreintiied subpdct. agent i s pr eferably an

al pha- helical agent, which preferably has a Iipophilic

SESQé‘ilpquoblc phase. 5'-Phosphate nodifications In
LG bodi nent's, i RNA agents are 5
phosphoryl at ed or |nclude aphosphoryl analog at the 5
PrigRopeeti€d 0T4h iRNA- 86 RldRiden g TR alhaol 0pial ﬁtfopéﬂﬂgs can be

) anti sense strand include thosewhich are conpati bl
influenged pndipdoredelor axasele dbidhsintredudtion of Bgindais-@ tethered i gands.
nodi fications include: 5 - nonophosphate

Eé %é‘%‘%%e& %%H—]Ia ?’ qféeg&fgfﬂi?eefefthemgﬁ% %n ANA agent, e.g., 10 the

carrier(of bmgﬂlﬁda)ﬁgﬁg&étﬁ)lél@rﬁbr@cﬂﬁ(rﬁ@]i(x@)npﬁsﬁré des&‘lbe@llﬁm%inrtﬁe context of

hyl at ed _or. non- net hy| a

2 llganfl-f:]g?p}@g@_ngt MANPEFY PEIib! Pﬁ-ﬁ@t(lq)piy@r @fGIFEEj eafitias.cgn pe coupled at other

points B arf gg\? yol-J cap (Appp), and any nodified or
unno nucl eoti de cap structure

(NNO5' - (HO)(O)P O (HOX0)P-0-P(HO)(0)-0-5") ;
Prefeond nivigsh @Eﬁpligtn , (tidsayh oouptlén, petferpbly covalently, either directly or

indirecﬁ‘lgﬁias%h P 519# %gyte% 0 E[%(S)adl ! hwh%&) E ejn%odlments the ligand is

attachdl to M&f 10k B ke @nikd t8@eR ( BhdhiSma’ ok tetBér¥d BEHAlh 8N present on

conbi nation of oxygen/sul fur replaced nonophosphat’e,
the hgmq:,mqgag;dgnmmnqrx w@h@ gsHigand-comingated monomer is 1ncorporated into the

growin stt%;mﬁ) hgl éo gésnpl) d(%))ilr}egl(?n 3 %e gga(n(iﬁ?jy%g]rk&a Ht%sap%?ecufsor
11gand(cb@)4@£ﬂb@)r(o@bi?re&@umt aﬁer atdeydupdew’s phaiaaion: f)gated monomer subunit has
(R=al kyl =net hyl , eth i sopr opyl pr opy etc.

been ingorpyrpiednio Ihg;' g‘[‘OW(l rgl(ldg) Forgxagpe, § mogomer having, e. g an amino-
terminated tether, e.g., TAP-(CH,),NH, may be incorporated into a growing sense or antisense

strand. In a subsequent operation, i.e., after incorporation of the precursor monomer subunit into

the strand, a ligand having an electrophilic group, e.g., a pentafluorophenyl ester or aldehyde
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al kyl et her phosphonat es ( R=al kyl et her =net hoxynet hyl
(MeOCH2-), ethoxynethyl, etc., e.g. RP(OH)(0)-0-5"-).
wab®emersse strand can be nodified in order to PCT/US2005/038269
i nactivate the sense strand and prevent formation of
an active RISC, thereby potentially reducing
off-target effects. This can be acconplished by a
nodi fi cation which prevents 5'-phosphoryl ation of the
> 0 T H y & o
B e R eI IRy Blpling
the electeophilicegrown of thegadavith fha termiret nwgjedRivdicgroupcafileeepriegursor ligand-
) %ﬁ RNA i nt %rfﬁgcegﬂce pat hway. Cell 107, 309-321.)
COMUEACH SO FHOURY FOME- whi ch prevent phosphoryl ation can
al so be used, e.g., sinply substituting the 5 -OH by H
I Atphetrrédéibddidvbats, Al llég@ﬁ@ altdry Ble Mist@butdh J@rdetthKor @ of an
_ may be added to the 5 - phosphate turning it into a
iRNA g plowhishids meprested. tigised erpodirits afemidregdes an
[ & | at | T ' en
candg SRS PR SRl T ORI PO OBl i
celluldk Or GrganlBjregdrtment, @fseucablgin boreghaof theSiodg] dspalgl, oeapdryd fo@ species
the lungs and nasal passage (respiratory tissues) via
absentjsyeid Bg48n or intranasal |y administration, or
parenterally, e.g. via injection.For ease of
a
s R A P Ll Sy R e progerties and may
also inmperges micteasanemmstdnde adhd RbiAtaageatts] od modifiedibldgdrbonucleotide, or a
under st cod, however, that these formul atiqgn .
polymgiicmaleryle GhmPrsiie Aok eqILatoR | Brongmits (R eENFin gy natural or
modifleRNAoRRRItides. €. ., nodified i RNA agents, and such
practice is within the invention. A fornmulated i RNA
conposition can assune a variety of states. In sone
elignapsisdn genord cen msbxictthappeutc modifess € gpdet ¢rdipnging uptake;

A

nuclead®redshieihc€xamiiag nididics NG dafuraldr atuRGUARIHHPRES Seneral examples
i e.g., .in a solution that includes water, this form
includp &ipephilendipgisestaiordsde Lov Yoot Hecigemrilietsenin), derpenes (e.g., triterpenes,
' i - T : I t i . :
o BB N RN S88 Bed IGELIRLY. M o ol
acid, wiatirc Aebiotingpyridaxdl), pebohdrites pidteink, aprbiginf inding @gents, integrin
ueous. phase), or a particle (e.g., a mcroparticle
wulféapaﬁ@/ﬁ%twe%?@tﬁs% palyapynss 0 neBUdOREBES i on) .
Generally, the i RNA conposition is fornulated in a
NBRARLs dahdclid® %m&ﬁnmg fivkhtcd (i &NelgHad RN dib@hin (HSA),
adm nistration. An | preparation can be fornmulated
low-dé¢nsity bpdprotein @A ethglamdim)erartaydrate @25, dextron,tpautlulan, chitin,

.. therapeutic agent .or, an.agent that stabil. z an. i RNA,
chitost gt ek B RN S R o AR TR g ey also be
a recombBi¥ant slyhthe@d RiBlecABERAICH ak BGIMASICRRYAEOE S, a®yhthetid#dT¥amino

) ]ge. 9., to renove dival ent ' o )
acid. Examples of polyamino acids include polyamino acid is a polylysine (PLL),

.ag
targeting

poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride copolymer, poly(L-
lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-(2-
hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl
alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
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cations such as My2+), salts, RNAse inhibitors (e.g
a broad specificity RNAse inhibitor such as RNAsin)
wanwemesporth. 1 n one enbodi nent, the i RNA pr epar/a8100$038269
i ncl udes another i RNA agent, e.g., a second i RNA agent
that can nediate RNAI with respect to a second gene.
Still other preparations can include at |east three,
five, ten, twenty, fifty, or a hundred or nore
polyph8iépghbahenkxd SRAGIARes ihAudO FBlyeYREIFRE p%lyl)%ﬁl’fe (PLL),
agents are directed to the sanme virus but "di'fferent
SPGImlIlQl rsg@tm@eq wehyeesne, pseudonsptids-pelpiyotiepeptidonsiauhic pAyamine,
irected
dencrii S SRS Pinit B Bl o Bt Figridiic
cationi® BorpAiiR)iqueErdyy $8-oRd FoRhmir, bingh A HeRA pa
si mul taneously, or at closely tine intervals, each one
directed to one of the viruses being treated. Treat nent
NegHge samer Retide brgstinparquperae. 4 ebidissucitagetingagent, e.g. a

lectin, lﬁf%}%ﬁﬁﬁl APid! oﬁhﬁb&?g eené gfg'{ aﬁt:‘&ééf gz g[}\c}s kona\{ %)%%fgo a cel?ty%e suchasa

liver cejbdm ametleﬁ t}teg cjansiibjAeatgetiye grovpciebey/a ﬂlfyrd’tfwhﬁ gnelanotropin, lectin,
npl ary routes jnclude inhalation, intrathecal
glycopf?&?lan%l Fant ProtRiny A Mpen sarbaliaste. mplkvalentdeptese,myktivalent
galactogg IN Yt@étyl aﬂ&ﬁ)s%ﬁ'feeﬁra% ﬂéos%lxﬁqﬂﬁlﬂbaci%xﬁ rﬂld}ﬂﬂgehﬁmltwalent
agen s of t resd |nvent|on I's through direct
ﬁlcose,eglmqsykated@blyammaacﬁih,enlhltm@sntgaﬂwmas aﬂanq;faﬁﬁlableplmwhonate

poly BB R QI PRt 5 s R h e vtamin B12, biotn

or an maﬁidelog@%ﬁyéﬁtﬁghﬁn{eﬁg adm ni stration. For exarrpl e,
conpositions can include one or nore i RNA agents and a

pharnaceutlcally acceg@ able carrier. As used herein
tliganda Aeubrjer ote;m;ae gaEbgoproteinsy orpaptftsablge mudgaules huvipg a specific

afﬁmt}} R)} g%g ?% (f .or al%lboglets §é g{algl?l %{dyaﬁﬁ lgﬁ{i‘% Lﬁ,'sg)lgaﬁgé 8?](?%/1)6 such as

a cancetrS::@Il wmusthaml calb?o@ bphd &ull. dabads Rthyaddhdud @Rdniones dddk@rmone
at i bI e VVI t h har maceuti cal adm nistration. The use
receptq;q; rr%

negenepidic speqitsasurhce bpid@allettyls;;\@qrbqbefdrates
Vltamn’?‘su Qéftag[ﬁf\}g Iit%lra] actgpeo%rlfnghlél? al%t&en gl)éa eg\{l F osar{nrr]lg%\l acetyl-

gulucot;ehmnanmlmlelmmaﬁmé orUﬁlﬁtlt/:lﬂeﬂithQéosb nThethaﬁﬂrﬂ@.ﬁ Sk} fopagmple, a
is contenpl ated. Supplenentary active conpounds can

lipopolypacghagide; s atinaienpkrpS MAS ipwse mpestivateral NFkB.

phar maceuti cal conpositions of the present invention

B 1REn@EAH B SEBS@arkd, 8.0 HH@b@/ﬁlcﬁfcaﬂVmé?e deng te&g 8Ffﬁgri‘RNA

whet her | ocal or syst’em c treatnent esire
agent lmpdhe t¢lb ferraxample, bedisrupting the catlis cryt®kela1tonpm ghyay dismpting the
,. 1o (incl thal mc anasal
cell's RS es iSoH Rt ds st apiredit Bl SR, The dpgpan be, for
exampRAfR0H 8iaddrisBA vRibHstiad, i c9tdch &M Q%odﬁbfeaﬁgm%h% Brunculin A,
subcut aneous, int raper| oneal or intranuscul ar

phalloidiy, ewinhehde Ar inlanacieherayosstvint r avent ri cul ar
admnistration. In general, the delivery of the i RNA

ERE ﬁsp%fct, M@:ehggﬁg %seanltipiid Y ﬁgld boars]ed rsnofjecﬁlle t§uc% I'hpuY or lipid-based

molecule preferably binds a serum protein, e.g., human serum albumin (HSA). An HSA binding
ligand allows for distribution of the conjugate to a target tissue, e.g., liver tissue, including
parenchymal cells of the liver. Other molecules that can bind HSA can also be used as ligands.
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delivery into the subject to the site of infection.
The preferred neans of achieving this is through
W@Ra06®62596 | ocal admi nistration to the |ungs orPOEE82005/038269
passage, e.g. into the respiratory tissues via
i nhal ati on or intranasal adm nistration, or via
systemi c adm nistration, e.g. parental
adm ni stration. Fornul ati ons for inhalation or
r g r e
For ex QAL HEBIER) TR TR B 12, AURLYE: FERENt Lofd I8 (Bfheres
resistandieite Hegradatiah 6the eomjagate, [fbif iheresse tatigbtingvr srapgpdrtonth ertarget cell or
itabl e addjtives. For jntrayenpus use, the tot
cell meGghrE o R BhBrDeeisrd O SHIGHEE B SR P BE S5
render the preparation isotonic. The active conpounds

o' ﬁﬁﬂd%@é@l 12L& bsh B Qe foerﬁgdlﬁﬁlaye %dé'ﬂn&b%g bREing®f Tﬁb%onjugate to

lung(s) or nasal passage of a subject by angl suitab
a targehigesns . Foﬂi@eiamelec@hpdwn tpidrhagedolégand ﬁhah bistletodd Atsynore Strongly will

be less AP T B B b PR BB s Rl oy e booy

A hpldC&m@mlmisd ligkHdahattoeis 36 BIS@CIess] sbagle San H@@seaect {a¥et the conjugate
conpound can be aerosolized in a variety of forns,

to thelgdedy. as, but not linmited to, dry powder inhalants,

netered dose inhal ants, or quuid/liquid suspensions

{ g bt {Hfinds HSA

5 ST LS BOC B RN DBk L Bk, e
with a bufficiedi fihsy Mhhaasheanmjugaﬂed;ﬁll bb @refembly distriphediani dop-kidney

wth the selecte dlnclude in_an. a
tissue. g Gexeroyio PESIFRT BeIOE nr’%&a@zﬁsat SHE Rt i Bra-figgh binding
Cannotq;erg\@e)fsequcous secretions, as described in U S Pat.

4,501, 729. The parti cuI ate pharmaceuti cal
corrposl tion may optionally be conbined with a carrier
tlp anpilier aspelitsthe tigarshis ermcm:tamgaoat vitansnswhich i tekeneuprbyes target

cel e AT BRI el st ook B ep o R SFoRlshe gpactrized by

mwan@éarﬂanwﬁeﬂaﬂo@rzey SofithebBerfast drhohSm8lignamk thpd, .ol chiddet Sells.
by wei ght). Partl cles conpri sed of the active conpound

Exemyflany viematsi in¢lnde Yitrenip Aede md Knihariespmplanuiitinipginglgde are B

w4 B3 LR R xebO0 o S BRI hen e
by canb@s®1liangisb aﬁdﬁﬂ@dlb@@HSNHde@if ld@lﬁblt@fﬂﬁopman teLYr onchi

and al veoli of the Iungs I'n general, particles

rangi ng from about to 10 m'crons in size é

phraP T aPegh, the é@gnci Karrellpermeatiopagtucierbly & 31103} gll-

| | : . h

perme e TFele L o SRnfit RN, AT Ol s B g e suchas

tat or amehnbpedsavalfltioavexint iaoepiide, guwanbe tr;od&ednmnhldegm peabfi@mimetic,
articles i.n the aerosol r ef er.abl ni.m ze

invert s RIS PHER pepaﬂsimﬁ P i3e - aigd ?%’(gi; efighelical

agent %g)ré%bli/'\ﬂn' alpt l?écli%ﬁlré:g@ntt @hﬁ:ﬁ%ﬂr‘éf@rabﬁllﬁl@ta' 190philic bh€a hpophoblc

cavity. Liquid pharmaceutical” conpositions
phaseacti ve conpound for produci ng an aerosol may be

prepared by conbining the active conpound with a

Sg’llih%%l)heatevr%gldl 1cat‘ionSUCh as sterile pyrogen

In preferred embodiments, iRNA agents are 5’ phosphorylated or include a phosphoryl

analog at the 5’ prime terminus. 5'-phosphate modifications of the antisense strand include those
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free water. The hypertonic saline solutions used to

carry out the present invention are preferablysterile,
wW@0696239¢ r ee sol utions, conprising from one tRCT/U$1008088269

percent (by weight) of the physiologically acceptable

salt, and nore preferably fromthree to seven percent

by wei ght of the physiologically acceptable salt.

Aerosols of liquid particles conprising the active

which %%&5@@51%%%9@ QelAcR e a1 @ﬁéﬁcﬁfg' iSathnte ABAMRatichy HtIRIS: 5-

a pressure-driven jet nebulizer or an ultrasonic

monophe@lllhfl_ei@‘f()ﬂsa)? -Oes)g5'- dlph?ph@a((ﬂl())@(o)g (gBGHOX@) 0-5); 5
wiphospat (AR G OB BRI s Y Budtiging £ { Gn6iated o

non-métAghed] gma@oisn(@o;(b?mpg{@)(@)w Sor3)(0)R @ts )estam%ﬁom cap

means o ccel eration of conpressed gas, pically air

(Apppb end sprepdified ﬁbtwgmpdaﬁenhmctﬁwtld@ﬁcﬂpwmctom - @eﬁ 6HOB(§D)P -O-

a0 FRPOTEPORERN P 2B BhubRlcr e PO b g Tl D >

monodlmlo@hbspﬁatb GhHoeptior&dithidaie (BOYIHSHS)PW-8Yi 52 phospROMBIHiSIABJ
40% W w of the fornmulation, but preferably | ess

(@Ol S20newy odiionel camniinesioniod ogygsiisalTiycplasempraphombe
dlphosgﬁaeté gﬂ(ﬁtpxg?{c hgt éé gs Spéi{)ﬁaqﬁﬁ]otaﬁﬁcgg %%‘ %ar a—%mgﬁ‘{pﬂgs%hate etc.),

ueous ol ution e 1SO

5'-phoiphbrarm&at&BE((H§DDE{ODR)-N}DSMIE(D)(DKBQ})(G)PL(D-GS fb-)&lktyl}ﬂm@ﬂﬂhitbson
L for eﬁ , sodium chl ori de, Cﬁtlonal addi tives
(R=allytransibrd, @ sléPRfaPylv@@pyls eich &8 BPERIDAO)- 61 1 4ORH(HRQeCH2-), 5-

ot b AP RSP ot . e

RP(OH)(®J-©ri'ng agents and surfactants. Aerosols of solid
particles conprising the active conpound may |ikew se

rodu w t.h any. lid rticul at thera eu
B G e PO R SraB AR epaE iRt Felsfie 3B & A provent
formatﬂﬂlrﬂﬂﬁh%t:@‘fd RS ﬂ{ek%y%fén'tlﬁ ﬁfdﬁcﬁlg' BEFARGHE dffRtst Thi can be
subj ect produce particles are respirable and

accomplyhed hy e nzodiladatioe whichqueomis 5 mbvﬂphowﬂafﬁ@na)f the sense strand, e.g., by

oIS BP0 e RRTRRRS, i emens

and srﬂaﬂﬂﬁteﬁfanﬁg)RNGk Pactir€ il 8E RN G Rrer@e Pehakg rC41B1(8mM309-321.)
insufflator. Suitable fornul ations for admnistration

Other wodificafigns Mdshopreyens Pherpheiyirsiop camaire hetesd, pwaispdy substituting
. lh ver f f

the S-S 1 PR i ES I o Pty e R ) B Bl e

phospHate tubeing it$utd falphbephodicsier Ijﬂ%er (e.g., a netered dose
thereof effective to carry out the treat ments

erein) is contalned i n capsul es or

. agenis te ssuesand cellsa| 4t n or plastic,

mhlch are elther plerced or opened in situ and the

PRYYISIladsk | vered by air drawn through the device upon

imhal atton or by means of a manual |l y-operated punp.

The powder enployed in the insufflator consists either,
sbh organtredesentioddiciang carbeformolatedfonadsamisttitn teragsubject,

oot PR S RS O s BB e vis
inhalafl®i€ordifitrinagallynginediseBtior, WP b&rehtedallg O81RINi S @fedtiioam 0. 1 to
100 w w of the formul ati on.
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A second type of illustrative aerosol generator
conprises a netered dose inhaler. Metered dose

WO pvaloeasse ar e pressuri zed aerosol dispensers, PYPUSHDS/38269
contai ning a suspension or solution fornulation of the
active ingredient in a liquefied propellant. During
“use these devices discharge the formulation through a
val ve adapted to deliver a netered volune, typically

F60Msd O & ogﬁgn Yhe fohﬁulgﬁ&ﬂu&ﬁn}%sftioﬂé? aR@bdetl®dSinSRis dction are

contal nin e ‘active ingredient. Sui t abl e propel | ants
discussémlatge@ewttb rdgaidio ahinodidittl (RN Aagensenlt shomidbeersderstapd, however,
ex di chl or odi f| ugr onet -hane .
thatthes opRE i GOPRIRGISRBAT HEHY G CReRRsioet y Balien RN A g
e.g., mSHiBEIIREEA hRBECAd sulllBrabQEd Ty mathirOtRe WR¥n@6IdI ti onal |y
contain one or nore co-solvents, for exanple, ethano
surfactants, such as oleic acid or sorbitan triol eat
anforoxlattd ARNArrempositielbtan FpuENOR Variptngksiates. [n some examp s, the
composgﬁ%l} i é’l? essz '581%1119 gr@étgﬁmgrlgngf;ogr%gf g?stglﬂﬁe saﬂg/’of ahy 81(011p Ye g Jess
than 80259, 30020, toy 10Vwedtsrd dIninbthep Exanipdé,ne RN Listio ah Iawebusnphase e.g.,in
f or exanpl e, a hospital, hospice, doctar's offic
a solutigny ﬁlwémc&d@s whiehitlis fogmheing the arederiadr iRep Rog gdpmjitragion via
inhalatdg@ctor, nurse, or other practitioner; or a spouse or
guardi an, such as a parent. The nedication can be
provi ded in nmeasured doses or in a dispenser which
dikeiagerons phase bethedrygiodine Chgpositions dmnmmpnrat@é jirity a delivery

effective a i.s .t anmount r sent |
vehicle gp G PO SCUR: PRAEVIALS Safe AR P BoP et § Mhelh iy opmicroparticle
as can b&¥froflardford cfﬁta‘ilﬂfé C%Hﬂbﬁﬁbn)t ‘Géi’x%ra‘ll?recﬁ& FANA Rofpytidie
antici'pated physiol ogi cal response n one enbodi ment,
formulathé impmatiar dhdt ys @ifpatbiewsthative uﬁ@@edﬁnetﬂwﬂ ofrad R ETAtiFA
agents, each one directed to a different respiratory

vjr e.g. RSV a e rrently
AT 9 e P 0 BT P s AREGERTE  Yarote
therapehifi@ légént ok 8n hfwat thaRubilizaehiiRBNgd.g,a Iﬁoﬁhhhaai)ntpdbxgs with iRNA
esired %al liative or curative effect. The ter

to form ﬁﬁﬁ’_rh%c%@i Py awn@e@célpfi%ﬁ@t% g-S#DT ﬁcéﬁgs tq ¥eRove g@ alent
cationsgsﬁ% h :a$ IIR/I ngﬂt sa?[g 1{1@1&9 ﬂ)ﬁtgrst gl & ﬁgfﬂf syg cifie @%%NAhse inhibitor such as

adver se oxi col
RNAsin) a@gbso foitd. t ypes of pharmaceutical excipients that are
useful as carrier include stabilizers such as human

ig:oglrsnﬁal B m nt (ﬂ%ﬁm ggpgréqgﬁg%gﬁ%s 2ot ﬁ%&gﬁ%ﬁent e.g., a second

iRNA Q%ééllt' ﬁﬁ%ﬁl ﬁEdef‘éfRfl\?Alswﬂl% Rlsh&t 8% BecBd g, WHICHAS rp'réﬂ;@ratlons can

't ke. These carriers may be in a crystalline
includeat laasb thybe iy e ftem,rtwemtynﬁ@y,lm adupilsetlor mowé diffeeent YRNA species. In

i.n nts hat ar i cul ar.l
some GRS PHE dageBy 0 Ao Ot Gprr ST O FAE i plfipecs. 1o
anothet eABbMaten RacH 1@{}? Q%entsi@ 'dlr@@cle@ tCRARPRRM FRLESAS d@'héﬂiﬁated in the
monosacchari des suc al act ose, D - mannose, sorbose,

Exampladnotedhdn dag:vimys satbmmhmtéé by sqedmiristering te@IRNA agents
tr ehgll ose

| od
mmultgnq%l) Vog(rﬁs F%ﬁ‘g?’ ttmbeé{l%rva&? 8% glaog'lx ?dx rter tlea z?] 8r?eu8ﬂh§§1ruses being treated.
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pol ysacchari des, such as raffinose, maltodextrins,
dextrans, and the like; alditols, such as mannitol,
wopdoeedsse and the |ike. A preferred group of PCT/US2005/038269

car bohydrates includes |actose, threhal ose, raffinose
mal t odextrins, and mannitol. Suitable pol ypeptides
i ncl ude aspartane. Am no acids include al ani ne and
glycine, with glycine being preferred. Suitable pH

ust uf f ers |n gani c salts prepared
WW it Mcthods Rgut fﬂ&ﬁmQ uch as sodiumcitrate,
sodlun1ascorbate, and the Ilke sodiumcitrate is
pét edrepdsittbn thasagedesAn 1RRAthalg©lﬁtheqﬂd§Eebtﬂnaﬁﬂdbn,i esg.eanaBNA agent

that tagglg %ﬁgf%ﬁ fj?ggn DA ERAR ABGRe tgﬁga Vit 9@0%% Exgyplar routes

1nclud%1?ugalggoxﬁént%ag}egﬁlgpagg %Xxgyg\glﬁraﬁ&og (?Q’C}less tlgd %iar d@l‘ivery The

prefermdmileensodf aBthidnistgend the dRIY A, agedio of thd phesant Mtlmoplth!s)lgfp@mc'i

admmr?‘%atloilgg ?}geylgng gh na%arl pgsgsg% éfg?sng%gg thé(?\)?gi}g)%egtaé %cggf,nistration.
0. 0015, O. 00075 0.00015 nnol e of RNA agent per kg of
bRSl A GBEnt cahBe Hﬁbﬁ)ofﬁ@éﬁntofﬁ%n@&%‘ﬂ?da?co&ﬁdﬁltﬂﬁs suitable for
adm ni stered by injection (e.g., intravenous or

administaticariiscexianple, cornpesitines st ipclude ok qorsrooneyRNrAt agenpig and a

an_inhal ed dgs a topi cal ap
pharm Gefif i R Eeot bR 2550 e PRl e PRl acoeptabe
camerdnsrlﬁfehhed foQndi@ dny\eaf hll GalRelds daépeﬁlcﬂlq’ﬁe@@ c@ﬁ]tlﬁgféearﬁbﬁtﬁd‘nal and
of about 0.00001 ng to about 3 per or
antifungabagepigpisqtoptssagd absomm@pde@mlagﬁ@tswd tag glsﬁa cmabfﬁﬂpée with
phanngct?gﬁ%al gdrg r@%‘?gﬁ ﬁ{eegﬁg Pg %ﬁﬁ %ﬁglig)a aéxd?égge dor %%m?%gutf&rally active
substafd®® i eleki@at ithﬁe . Exept m@dﬁfapzliﬁn@mbn@erdlbﬂﬂaﬁ&hmm agent is

di sorder. In one enbodinent, the unit dose

incompaithigWih Hheegtive campquag jusa thejeaf waﬂlewwogﬁaws cntgmplated.

Suppl gy AR dhn g0 Be intOntPt S0 i nRIBRGKitons,
frequency (e.g., not a regular frequency). For _
el?lwmﬂiaemacteh'a'caj mbmpdsiﬁmsnﬁyhdmeﬁdtﬁnnémtoelrmdy lze ®inigistered in a
tine. | enbodi the effective dose js

numbeggf iy S esRBEADH BRRDP Pl ar PYSHSUF LERBIgp B ered and upon the

area td"'&dt?éa'téd' eSdimihku8hch BEP QQtdﬂSFJé! (m@u@iﬁgbsﬁmmhﬁc intranasal, transdermal,
adm nistered an initial dose, and ohe or nore
1ntrap1ﬂmonare'ham@1@r versateralf Pauq:nﬁeml\mdlag)eematlog 1rg:_11,1dea intravenous drip,
subcutﬁpeéo&lﬁ,rx %ﬁe%gcgnézal or Jnir %ﬁp%&ﬁltaf ﬁ%&t@&?&?n\;ﬁﬁ%%l %xgiﬁtr%iemtrﬁular
adminiag&ssed i nto an si RNA agent, or a DNA whi ch encodes
an i RNA agent, e.g., a doubl e-stranded i RNA agent, or

si RNA agent, or precursor thereof). The naintenance
dbsgengial, dhesdadivary eofébﬁwpgeqtq)\)@he PreapntipgEentign s done to achieve

delweﬁ&iﬁj thE s 5 C]ect @8 ﬁae@ﬂ% fof n?ec’c%loﬁf %]Q ﬁrie'fé'flr%d BbaflQs gChlélln%thlS is through
e regine reating the subjett
either wilédal alrﬁlmmmon tzbothe mnrga ngnzrsgl paseage Oe. §lintogkhe oesﬁﬁatmy/ tisgues via

of bod ight per day, e.g., 70, 6Q,. 50, 40, 30, 20,
1nha1a‘gg9n or 1n ranasal administration, or via systemlc administration, e.g. parenta

administration.
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5 2, 1, 0.5, 0.1, 0.05, 0.01, 0.005, 0.001, or 0.0005
ng per kg of bodywei ght per day. The nmai ntenance doses
wae@epsxsper abl y adm ni stered no nore than oncePEWER3005038269

10, or 30 days. Further, the treatnent regi men may

| ast for a period of tinme which will vary dependi ng

upon the nature of the particular disease, its

severity and the overall condition of the patient. In

rred I

%8 ?.tﬁog‘lﬁ forﬁ%ha%tgr% o gatleﬂt%raﬁi Qm%tﬁﬁérfneﬁtg I@g Hgﬁgg ‘ﬁgglr@ Qrt. Such
formuldibn n%ﬁy inéi8de @énlﬁaq&oﬁ@wlﬁtlone wiich may a1z @ntaiabuffers diluents and

every or 8 days. Following treatnment, the patien

other S'@E&blqﬁéldﬁtYﬁ$ t s dR{TAVEROUS él&totah cqpicentEagiqp Of t%we%ﬁtﬂmfd&ﬁ
onms of the disease state. The
controlgad té?}%n%%ﬂ tg?ﬁl%artdp& l§é{tgHtrcmy either be increased in the
event the patient does not respond significantly to
dlhe metivie cdapagels|dsekissd hﬂemtamaplﬂﬁewlmaymbsted@dp emledg(ﬁ)f or nasal

an aIIeV|at|on of the s t.ons of t
passag LTt bY i wakls Bisaet At Sripeuhiuty BoR 188; oo 7

adm1m(§jt@ﬁ|§§ @eﬂj%sgl gﬁﬁ]ﬁfsfoﬁ%f SesBlr5b10 PRBENS Qomﬂ{k%d 8f e Gk iiecompound or

0ose can nlstere In a S|ng e dose or in two or
active comiudds aé;l;chethe sitbdct mdlales. Thenstivheroawoapbeanprei agrasoliged éf

eci [ f .de to facklitat
varity;od Srifotreh o A bR AR oy ety iieaff e ifefots, or
liquid/ ﬁ’(ﬁilﬂ VEHYnstiRN] TR re§ible pRrtRIS¥ Ry quRESEBNE Mhefatiitles may
e.g., intravenous, intraperitoneal, intracisternal aqr

0pt10na1}yt qoatﬂap@btratmrap@ﬁlc ingsedienss suchwy paulads, Sensamil of phgeanil, with

e e EE ek P SR TR Sl AL cEORgR e o
alrwayaﬂmhs SREKIOAS af débcﬁBétEmS[ﬂ?SuEanNS 4.50HL 7280 e

non-over |l appi ng and non-adj acent with respect to a
naturall occurring target sequenc a tar

€, g
s cariselasn ¥ PharRageiyog) GABPOSIHO LAY Reorg kb b abied i a carier to
aid in @Lﬂﬁrﬁ!}ﬂ Bﬁ/tra‘?lf uﬁﬁﬁﬁﬁtcaﬁﬁ? Sh&Ss! a%u?aﬁ?ﬂ: f!a&og@ rsucrose trehalose,
er ent Plra y occurring target genes.
manmt@k)aﬂw 3 blarded R thgectivetchmipotat grabspbiuedshn pny)smtahlegem(e g.al
an be present in the sane pharmaceutica
t°1IaE%H%8@H§Fon as an i RNA agent that targets a different
gene, for exanple the N protein gene. In another

R RdLI @M prisbder ﬂh@%l\%%ﬁip%uﬁd ﬁ)r PPRELE thd BEsedt fnlertidatshould

Vi ruses, e. g. RSV and PI'V. Fol |l owi ng successf ul
include pa'at]ne nf nespltabtmyzdg thatlisspartitleeok osipmsrélieipelypamalkiqpass through

e 705 P ORGP by PR PSR s 1
general, D4R dsQindiSe SO dbost Bloeld hitrdmiin El@él anéee pdakaiily, less than about 5

ranglngfromo 01 ng to 100 g per. kg of _body . weight 1
mmron(sse sizelsirs respiratgoMartichpreofmenaespiiebieist vorich #e d'n the acroso

tend to gf%l ﬁlotgg ﬁ?rb:%t and bt Sw oD W 8 lzﬂ_];t%glﬁtﬁﬂ/ gpﬁort 133 Q?able ?amcles in the

reatrng or preventi I sor
aerosol %%éﬁfa@ly&nﬁhm&ledl 1Etg‘lrﬁt§d1 admirditiation, 4 perticlesins in fhheange of 10- 500

concentration or ampunt of i RNA agent adm nistered
uM is praferradep AT FEtEHION pA Fieesad caVillet er ni ned
Liquid pharmaceutical compositions of active compound for producing an aerosol may
be prepared by combining the active compound with a suitable vehicle, such as sterile pyrogen

free water. The hypertonic saline solutions used to carry out the present invention are preferably
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for the agent and the nethod of adm nistration, e.g.
nasal , buccal, or pul nonary. For exanple, nasal

wo or0ab2896 ons tend to require nmuch | ower concePCT/EB10051638269
of sone ingredients in order to avoid irritation or
burni ng of the nasal passages. It is sonetines
desirable to dilute an oral fornulation up to 10-100
times in order to provide a suitable nasa

| [ { T
sterile, éﬁ()géﬁr L& S?gﬂlgg é%l? fsil Egﬁg{?‘e‘)}f f{‘gﬁg& Jﬂee gtt%ﬁﬂ;%ncl udi’ng but

physmlogtal]yl em:etpmblet saltt dvel 1I8@¢ erafexyblgffrcnmﬁ)rm tg eevse percent by weight of the
di s der ous treatments, the general health
Phy“d%ﬁ- fw3§%ﬂ> the subj ect, and other diseases present.
Mor eover, treatnent of a subject with a
A@ﬁisa;@ %mlhlﬁa:phﬂﬁcﬁg E&ﬁf»ﬂlg{ AERLRe Bhp aand Sfi0BHiced by any
e-strand NA agent, NA agent
sultable(ree@s sugh py withip gmssur@dgven j&t nelplyzer of Mtragy@mn lizeR See, €.2.,

Into an si R t
us. PoE AR AROR IS R g Sty fRTe oy o
solutior3@g @ﬁsge@sﬁor&l oRbR a@ﬁﬁ@ﬁlgrdd[enpfrmalﬂféﬁ?eﬁthﬁd’emﬁl) mi38éither by means
include a single treatnent or, preferably, can include
of accelgragion jo gorapressee apsyismicelly pir ofjokyees) tepush 2 AP Venid grifice or by
tive dosage of an i RNA agent such as an
feans 6%%&% a%{t&gogled for treatnment may increase or
decrease over the course of a particular treatnent. _
Shiide forinnlat osafgeusedy neladizets cam:istlmédmmetimigngredi@nt iradiquid
carrier, %ac&&%}%g}%m%{t H%{]a nogi%é ‘anég)r(a %/;'ZW ??gﬂ}%te BIF%C " bt gerp?etjgrably less
than ZO%iWVV e 1ﬁ9p1b§%§tg1e{éhd %gpﬁ%fe'id@steﬁ@%%%ééﬂ -free water) or

information fromthe monitoring, an additional anount
a dilutegiquedue aldahiflicspbritoncpnefeoaily made rsawntyebudmybeshyeme@uc with body

endent, on.sever,i t Si ve s_of
fruids by e At RE e e roa By Shorde, Dot AR s R Blervatives
if the f@¥ulRA iR imdde $tekitd fdreRBmpRYAERY BRKsxybensaieimioxidants,
nmonths, or until a cure is effecfed or a dimnution of

flavoring agsaisevadatde eils, ulerneagsdts a@tsmﬁfmtaqu;g ng schedul es
can be cal cul ated from neasurenents of drug
| ati . : enn
U A0 D e bR AR ke BP0 Bl procuce
with an@@&hdil ganﬁeﬁlbﬁdﬂér@;@iuas a@osblrgepatiot. iMOsroagﬁﬁaratéﬂstfbn’ﬂdlmlmstering
dosages, may vary endln on the relative potency
solid peﬁa&al@ﬁealeﬁa@tpeeaﬁﬁ@@rﬁa ectiig ltcsmaﬁekérvﬁmﬂyars éesegeblﬁa%&eﬂemte a

volumepcﬁsa%g)sgﬁco%gﬁg %gla%ggm 2§ nfeftgr&ﬁrl%s\é 3>| r'a}gl?]ér e\tﬁl% 5% ﬁfédsultable for

In vivo ani na IR sore e e ani nal
human adcélisration] Oukeilbsteatig eypemfanﬁd\piracmlh'ataemx@rgseram sLaman

a5 SR PO 5 5 TR ) ol

pOWdGIQ;J Qvlﬁ&?ﬁgff‘gé ASHRAGOGERCHS SR insliT AR '?ﬁé’en%&@% R4l lcavity in the
he conposition for testing i1 ncludes an i RNA agent

mannert dfeet sninéf. bothp et e the pawde@st, 4 metaredidosethareb! effgptivato carry

ST Rl 0 Hod L Ll e TS o
gelatm R Pﬁ@tlc , WicH ¥ %ﬂﬁér%‘erb&i SrWpbh&T inisith ldﬁﬂ iRt RN dRY ddlv8red by air

| owi ng exanpl es,” which should not be
drawn through the device upon inhalation or by.means of a manually-operated pump. The

powder employed in the insufflator consists either solely of the active ingredient or of a powder

blend comprising the active ingredient, a suitable powder diluent, such as lactose, and an
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construed as further limting. EXAMPLES Desi gni ng
antiviral siRNAs agai nst RSV and HPI V3 phosphoprotein
WORNA06ISBRNA agai nst RSV P and si RNAs agai nst HRUK/BS$005/038269
MRNA wer e synt hesi zed chem cally (Bitko, V. & Bank, S
BMC Mcrobiol. 1, 34 (2001)) and their 1C50
(concentration of si RNA produci ng 50% reducti on of
target) ex vivo was determned (Fig. la). The si RNA
optiona? GEHEARE The Q&lde%s%e&ﬁéllltl%ﬁﬁcﬁf}'ecohipﬁg‘,&%&rﬂ- 8116 180 w/ ¥Pthe
RNAs agai nst -P (#1, # and one agai nst HPI V3
formula(t#»A) showed appreci abl e i nhi b| tory activities, and
were selected for further study. The correl ation of

t(%regondl ‘%) %gl}l%@&%\%rﬁéo ger%iﬁrf xenmpl %s; ail%)le e eﬁlodsoge?%er Metered
dose inBA1OWRrBbRE zddNRrdsBI0T RS, Bfidallly e¥nt@fnirds HeuSHMAsRY o¥ bol@ion
al somatched with its activity in the animal (in vivo

formulatignof thqvgt@f;(mgred@ngg]gaalyqugﬁ@imwgglla@t airingdsethese devices ischarge

the fon%lﬁ]lge( (%1 rl]ltéﬁ g e%ﬁfq%f\ﬁto dp ﬂéeerna: nﬁ%{ergﬂ ggglln'?e( ’fy%?ca@? % 1910 to 200 ul,

to prodhdfish?l fid pdrtele gprdy biItMBing @R dctiad ingredidnt.rBitaBle lptop@lldits include
deternmine if the siRNAs that are active ex vivo woul d

certain gllogflugracaspen gemporpdsrionetagae, dishlazedignoromsthans. mal

trichlo E \éﬁlﬁnéj%? 1cir3—¢% ﬁ%@tl aﬁaggﬂﬁ ?néirc] e"§ tl‘é%j dt‘ ’??ef]i%%ﬁlmdmay

add1t1omlb'gbﬁ’$m mma ormadrh ob-equenta rfokr emmpiﬁ) bkhgiyolps‘urfahtantm sielassoleic acid -
’Et nl , Virol. 26, 153-162

or sorb %@8?6 ev%mwémar @@d Sgltﬂhle ﬂéYOTH’Ig aggnis| nfect. Dis. 177,
269- 276 (1998), Haeberle, H A et al. J. Virol. 75,
&zﬁn%@@aﬁ&%ﬁ)& rcMuTe% B’ﬁfl@sd &KAbELY Xiﬁ&ﬁbr?bﬁ%e ,a caregiver. A
conpl exed w th Transl T-TKQ reagent in ranasa

caregivanehndetany lenltiyrinotvdd \mﬂngemgpaamtorthe hwinar f(lloe?'cammc ohospital,

hospicsy T cs PiHig: SRR & BP0 D=Lk WIRA Seboriayet: Fiy g other

practitibfidrSortd SPBuRCbr Puartiih, hiBGhs i Paferf. t TR medibstioRan Bk Wﬁed in
that were effective ex vivo (Fig. la) were high

measurgh psph pin 4 dispanecravishafelvRisg metored)dosedt a dose of 5
nmol e I'N si RNA (averaging ~70 ug for doubl e-stranded

« 4 i ..
g uced t%%?%o nlgg@' @WW&S‘J{@W‘J‘W R gﬁf}{‘ lt%?é(?ﬁ"é’? sition that
is needechtlb PrO0idE dediesined lodé\oif diigy in it Rdjdcoidbe(thdaged tb Bive Xhe anticipated

nmportantly, siRNAs, free of transfection reagents
physwlaglgal TSSRONPE-i SR SMbaskments @sraaﬂrtwaﬂ*a P§fe“01iVF arnoyptﬁ &f two or more
§
IRNA el e e e R L B e I G R PP e
admlnlﬁthndmammentlalto gouhpasi ti ons conpri si ng an i RNA agent.
is to be noted that HPlIV3 does not infect the nouse
readi | El ki n R . .
%ﬁxﬁ nafpd Togialy Fvas e Angeat 34 85" (0B R g fobiect o give
the desir@@ élﬁ@tmrfc%ativ@%ff%@ atively lower HPIV3 replication
[ ? he nmouse lung (Fig. lIc). Use of sucrose-purified
h| gh-titer HPIV3 as inocul umenabl ed the nodel to
ddwsiterye nheasareabeadlyi aneepsableoensrier; mesas tatithe chiyiey can be taken into

the lungs with no significant adverse toxicological effects on the lungs.

The types of pharmaceutical excipients that are useful as carrier include stabilizers such

as human serum albumin (HSA), bulking agents such as carbohydrates, amino acids and
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Several additional features of the Exanple are
applicable to various enbodi nents of the present
WO povef6dsemn. First, the results denonstrate thePCT/US2005/038269
virus-specific effect of the siRNAs (Fig. 1). Even the
nost potent anti-RSV si RNA (#1) only inhibited RSV but
not HPIV3, and vice versa, which al one argues agai nst
a nonspecific antiviral effect of the I'N si RNA
polypeﬁg@éwﬁﬂ aditbtbds e bl #E8SAIS bdhAs bddinRAShibide; AnMheAtke@t hese carriers
at ure 411, 494-498 (2001)), even at the highest dose
may be st apstglBne enaiaplmus Tam ergndy peamedurdioflithedwoi nhi bi t
either virus (Fig. Ib-d). Finally, INsiRNAs with or

N

polypeptilidsy irhinio adidp et ¢dnghiddifdbnytictHof. Sahtle caBOhydasks @tuaddy
respiratory distress), suggesting a favorable )
monospErARTYRs SHALAF celsetopd tlmanagsegiothyseland thegthdisaqcharides sheh as
d Al ri SCI ] ej .
ctos? B a8 kD baSKTET WIRAL 2 055G 601 Bgabli
polysawdtiatides, suh at raffiniose andliddeeti®b, aleirarfspindah@likeg nlditols, such as
.expe[,i ment eaig:h an serve as a redundant, marker of the
manni{g{, yfitok #5d e lk@oﬁrw%fﬁ%?f% gPYP aheasbohy diglns plades hciage, threhalose,
L i . o _
o OGR4 ] S5ELS 8L R B, it
includelglguime mdeglycindiviilt glgcinebeiug padferredpl i cati on, they did
not directly prove abrogation of infection of the |ung

td . . th f . bed [ ' f .bot
| o Kl opotteRs RS Bieer B RmoRRaL P Perpic 1 and
bases, BRI RRbdidhitydts, ¥ddiuMy dsBorbePind tha1Bitd; kbBHmREFatdRYS&erred.

bot h viruses produced robust pul nonary infection. In
representative resultsﬁéFig. 2a), infection was

sPos9ag| HnARYA agarictan he aiminigered pf ewnibdosgilesh temmhoutd S mg per kg

Iyz i RNAH I d,w
of bodkl et Bl ARLLATY0 R0, ST, FEST0 . o 0.1, 0,05, ¢ 0.005,
0.001, ak 6008£81g pat ki obbdilydleiharhd 1d3Pthda 260 RiNdtdof BB AWk (e.g., about
viral titer, siRNA without transfection reagent s

howed
4.4 x 191§ foniee et kg dchadymeighbor fons Bien 1600, 748, 300} &l d B 7hok-5. 075
0.15, (% 0585, 00955805 IRA0% 2 0l M 1951 el Bl

The uratsdase,Aditexanmid, exebe adrhinisTarediisy ihyebleh (.1 Imtragdnowe ohiattamuscular,
. onl resented data for Transl T- TKOconpl exed, si. RNA in
intrathg Ly, BfireE B i P2t 8 IR o OpaiaiRe aolgation.

exciting prospect that IN delivery of pure naked

SHENRry bff SERSA AEBir&ENET 6RbSzan '(@%, afrf&ty 18 WRSHRPf daftbe at a

protection againsSt respiratory pathogens.” This is
dosageper thie etdeaof gboubPHPOQInmg de ahaua A shepdricogan; enpreferably about 0.0001-

t hensel ves Y si de-effects. te here that
0001 BERSE SigE iR 0F Coieéh ferbatind EaibaE b S udfbu g 330 me
peror@ncarrier for intravenous (1V) as well as
Intratracheal (1T) delivery of si RNA and DNA agai nst
i nfluenza virus (Ce, (3 et al., Proc. Natl. Acad. Sd.
dagyage cg\g-}og_ag@g@u(l’g @’:’4;}1)/@ to-ieRee PRPreVerH agligease or disorder.
experience, direct IN admnistration of PEI, with or

\(;T.gtadt?ﬁ% lé[a#b%%liﬁgéﬁ%gés Eér.ﬁpd(gs%%‘il&rﬁﬁisité}e@ 6L frecfdeﬁhy fon oﬁ@éjé &’a(y, eg.,

less than every 2, 4, 8 or 30 days. In another embodiment, the unit dose is not administered with
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IN si RNAs | ocate to the lung and do not activate
interferon To provide further evidence that the viral

WO pdvelos2spON observed in the lung was a direct BOMUS2005/038269
specific effect of the nasally applied si RNA two
ki nds of experinments were perfornmed. First, wewere
able to detect the antisense strand of the si RNAin the
lung tissue (Fig. 2b) by specific Northern anal yses.

: e ED i i f .
o requgRTAL: phCEBEREh b FOBalrd, AR & bRy e =
single tirdb.ed out by the follow ng. Paranyxoviruses in general
encode di verse mechani sns to counteract IFNs; RSV, in
particular, is largely resistant to type | |F .
(p eRg gnbydiment g gﬁg%ﬁéipfq i5 @dpgrsiergd Wi Oﬂr-emtre#\lléﬂnaé jherapeutic
modaliéi hl ender, J., et al., J . Virol. 74, 8234- 8242
000), Ramaswamy, M, et al, Am J . Respir. Cell
Mol. Biol. 30, 893-900 (2004)). Qur early studies
dhone dnbdditnenth e swhijdmlssadwenisteredtan g tialgdnseisnd RSYormore

. . HPIV3 in Ver Il s that contai.n de ions of t) I
maintehe JEHBS! FHAR A ABE Houh SV ROHET ] GOLS Sat st Ta gecnt (-
a precirét?, 4. %.VE I8 @ IRNENgeRaRdc ERfbedrbdeséBdihtdQnsIRMA bbéswe e DNA

_at di fe'rent days follow ng treatnent with various
which ghoRNEsan iIRNA aganhd.gna doublevsiiandad iBNefgohb or siRDEA ageni, pRprecursor

s g hen oS58 SRS Sty R S OB gV v

less of HI@Sipitiad i6¥ey A fha@tenliteFegitne cen MERIAL Sreatingahy@ibgecawith a dose or
possi bilit and_in sone studies joint infection b

doses TR RTHPD VB Kt BEE Hhbagntysieht PEnY-eg- T 0, 50ef0.40; 20, 10,
. L. - 4) ). : ' j

521 D 4% 0 R ORI 0 e

mainten@ide doBis\d3e pefergiy sdrhimisterbEpnmoediditm undeetenyi I, 101 dr80 days.

R A TS T "
- r B . f d

nature B s BRSBTS e pent. Inprofene

embodépents fiecloaagei mayrtzd dedif-éred ho ofors ifahlatite parday, dgh abimore than once

ipst RSV.and HPI V3, respectively, _pr te s to
per 247 6 08 SiaRPESGER o PSRIRRET Grooryetles B S Bhien ol avig paiment
the patidht 861 bORoRftorbdfor Fh&iRePih MOEShAVESLSRISfor ARMatiBh ofMheRymptoms of
were treated with a single kind of siRNA (either # 1

the disoasestife. Tee ddsegeeofithe eronmang mex\either kfcinereased dn theeverttthe patient

of each virus j;n,a mxture of the two, we resorted
does np et st EnlR o edt el it T BB 3G e
alleviaBidRo & He@§miphnd 0Bk dib&Se Sta®esbbRfed! I tilidbeasd @kt hAgbeen ablated,

~using a mxture of antji-RSV and anti-HPI V3 anti bodi es.

or if updegisetl sid¢-eEestomedbsarvrd. | ung tissue was i ndeed achi eved

by this criterion (Fig. 2d). In mce pre-treated with

. . I . V. : .

B

desire@ bt dekidgredepaprivedntitntbe gecHvodrcubistancst [hddsired fo fcilitate

2d). Using a conbination of the two siRNAs (5 nnol e, ;
repeated @ frequgnijgiustongdEmmjantadion of ¢ e8VaY deYiGo ey EhidRp, semi-permane

s g 5 8, GG, Ak BB B B o

advisablet hout any transfection reagent was al so highly
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active (data not shown).lInterestingly, when
excessively high anmounts of one si RNAwere used, the
W@ewbw62596 of t he ot her si RNAwas i nhi bited i n aPcrEk2005/038269

infection assay (Fig. 3). By quantitative real-tine

RT-PCR, the I C50 of si RNA#4 (against HPIV3 P) ex vivo

i ncreased through 15, 35 and 100 nM as the

concentration of si RNA#l (against RSV P) was rai sed

fTh 8 Snb&iRehit ol 1A

val i dated by Do BN A A Dl g ltcall &%?%flggﬁ%ﬁﬁewﬁmmy of
IRNA amﬂp@@m tTh(e ERQIA ot speeieiaa Ihavenef.equetncemth@f argrharegverlapping and

L T e AT T T R

RSV géne Bl &oﬁlzpelﬁ&)dnﬁgnte@& Rl NG RIN £ G8dnY §leXiek E@b@dlﬁ@ﬁﬂ different
both viruses, 50 nnol e of one si RNAf educed the effect
naturallyf ocgummveg|taeesfeendse For hxample aa IRNAgbntrtbattargets me@ pr&ein.gene of

RSV et bGP AR AT U Rl el Pty Wat B kel e et «

dlfferelﬁlrgeii@ ﬁ‘bleéi(ambl% tﬂ@b@r@ﬁﬁﬁg&le ofn aﬁﬂﬂﬁ@ E9BbdiRknt BRERNASg@ s are
Upon_ vi sual inspection the siRNA-t reat ed

SPeClﬁP@S’é‘i@&é%d'lfﬁﬁeéee adt®daehBVappear ed essential ly |ike
uni nfected mce with normal activity, shiny coat and
T ain(rl i K7 Be FBAAICT s hink FAR! Gtet
maintenan‘cb theraplyito prevRigshe reatunence bfithe diseaddAtes m/hﬂ@etﬁeminpmm of the
cr.ease .i.n res onse.to RSV infectiagn (Hae
mV@n“PPJ& adgyinigiered jn mpint ancezéosema&l pO)ne vdPB\gup@rzkg of body
weightsee 18 6,8b7,004jedi atr. Res. 24, 504-507 (1988)).
Leukotri enes, a product of the I'i poxygenase pat hway,
bind to the |eukotriene receptors present in bronchial
St sprceniratidneofdhe iRAY.A agént vernpesition is e amesnisnéftctnyto be effective

S e
concenBatioredr a’nhount Eﬁ@u\a& bgenbReSmindfere Pt &Pénd 49 ﬁﬁ)parameters determined

vl liver, 2nd, et al., J Infect. D s.
for the fm and;thg neezm}fﬂijadnme@@mmdwﬁdsbmdv @Ikt@llmpnanayFor example,

nasal f%iﬁﬁullll%lto?ig felﬁqgtté gé;lulrg %}’}%Eﬁ I'110 e? ¢ fr%ltlé‘o%g 0 d a gllgéW%Yents in order to

avoid 11'“r[tp):m“nt auniiag bfhe lesa&Df)aﬁﬁée rIelsRSi\ﬁedm‘é@ dés@raleﬂ@ Bil¥¥ an oral
dm ni stered anti-RSV si RNA#l at the sane tine as (or
fomulﬁ%qndip to J-1R8\imes 18 oler 19 aride peBitRbl wasal letnelahen-at or y
rate, pul nonary hi stopathol ogy and | eukotri ene
UL bt ' @%??F
observed Sglﬁ?g}; ﬁ%ﬁé&%ﬁ@é;géségfﬂ gglr{de%?fﬁé e%r\?a\{%éutg FCt including
but notdimeitadge éahmsmtb' |0£Itheyd1snasqm‘rchdmlrdaer1 mretiboseedtments, the general health
sha ara ters renmai ned | ow
andlor FEThE 5 flﬁb@iﬂ dheset PiSEL AABALE He1 R A 4esupigg with &
therape‘éh&[}l@ éffeb!{nye RhEUROE 8LiRTA BEST, éiélda BQib1E-Y84nde® ?ﬁl@ﬂ%@&n or
I'n fact, siRNA-treated mce showed no visib
SlRNA@E@}ﬁ $e. giﬁ a@ee;t;prspate@ )ﬂ ldigst 1IRASA aggnt i Gmélcs)rw‘essed into an siRNA

o, QEEAARR HBPALESEoLe A LEd  CTal & o

agent, GliRvdH}ysok MheredtNGsh 1ﬁél@d€ﬁ§1ﬁ§fe'tf€%trﬁé’iﬁ oY ﬁ%f%ﬁbly, can include a series of
post-infection Havi ng shown that siR can prevent

treatmqnéss g Wit elsy b ppriecialied e thejeffesiiive drisageerfon iBNAoageniosuch as an

siRNA agent used for treatment may increase or decrease over the course of a particular

treatment. Changes in dosage may result and become apparent from the results of diagnostic
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i nfection, we asked the question whether they may have
a curative effect once infection has established, as
WO Pios/06259@n i nportant goal in pediatric nedi ciPEI/US2005/038269
this series of experinents, we adm nistered si RNA#l at
vari ous days after RSV infection and the mce were
‘wei ghed daily. Mce are known to | ose weight up to
about 8-10 days follow ng RSV infection, after which
assays &E&é’Sﬁ r}ﬁfeng' ForxaBhRWMh¥ sﬁ‘tfj&ﬁ‘ cth U\?x‘ng}ﬁorg@ﬂ?é?mlﬂﬁué%hng an
er the starting inoculumis too high
iRNA agedeconippsition| Base( daeforrthgjonHrofn thetmaditoridg, a\m adélltlolizﬂ amount of

8-890 (2001 r cohort of mce, the
theﬂﬂﬁ ﬁ%@“ﬁ@@@”@%ﬁ%?@heGﬁnﬁFggﬁiternined days to assay for

i nfectious virus. As expected, the siRNA-untreated

"E&?n%‘i@ 'dEBeﬁHé}ﬁ dn fs&wnty mic&)ésp@ﬁglgaiesi S th@BRsHse dordiich to be treated,

ra oss that continued at
with thle sastse ubtrwnglt d!@sysg gphgsew@ daymacsevenabapris, o fhtilsd qRrgs

rior.t.o .not he. same t
oectefl g sy Ru TR iR AR Nk Bl P F e Seh TR gt
from me@s@aiBntVef @iE avdubi@itioniif HRITodPbF G palilit PeiRoRe of ordinary skill can
receiving siRNA on Day 1 were also quite hard to
easily dtemiipgentimm doseesh oshmmeibnrelogissardiepetilog ratph dpsimum dosages
may Vir? %g% %FP;% o?lgggs\k%gan gt?gl&g Ihv Xﬁco&x%%%ﬂﬁ&s & cﬁlrgé}ﬂ‘@rglly be

estlmaﬁldgia'sé‘dl el 50s fpureive five I@ffeﬂfve\ﬂe tigﬁt; 0 8Bd zrﬂbﬁﬁﬁmmdl abdedd. |In some

days for all treatments. A simlar _picture engerged
embodygRgHS, dhg srsmak odetineluge fragsgenia apisal halPxprest RBWHa g € 8- 2
gene ﬂ%ﬁ] &@ﬁ&%tartgr tp%s‘ﬁ]RMce Tﬁée]g ?%élg L;n%gleaﬁ{:’gnl trel cﬂ:f Héﬁt for the e
correspd‘nﬂmgsdndmge]loulsr RNpe dn anothecettediméitethe eMﬁpcslﬁQn @Sesﬁ:@ includes

Ft%]é'eat msn bef ore fr concomtant .to RSV inf echlton

ani P%Pnf Lisicpp egle%‘@lviab CHSL 4o G 1Tk |ng1&%§% A SgBiPReP that 1s
conserPEliTbetydd @b kLBt RIS VERRMAnGhe dttiGl mbddTBad R thidbGedV RNA in a

was progressively less effective, but the viral titer
humannas al ways | ower than the untreated controls on any

day tested. It appeared that the si RNA, no matter when

Dt PRl PSR e AR By St st notbe

constrpdosgareRtiindting he titer fell bel ow detectable |evels
at earlier and earlier tines the sooner the si RNA was
adm ni stered. For exanple, whereas in the untreated
infected m ce pul nonary BRSYVEEY be detected up to

about 16 days p.i., it could not be det ect ed in the
1 .S f
B RSP RSSO S plenofty 8

had no effect in all experinents (data not shown)
TeRdhagainst REY P andsiRINA s spainst HRIVALP mRéIAR@bferysﬁhmwac@emwally

Bitkopyok e S Ak Bire Rt HRoR Dar B EP aspocrumon ppgRA

du@ng 50RGENREBH ofttak S AR Jcﬁkﬁéﬁnﬂé@i 119§l TRNGRINS sequences and
procu % CUSSI C]\IlThg pri nC|xpaI f?ndl ng ' QIF‘?Q Hﬁaper IS tsﬁgt

IC50 \a\ﬂimsammm@ﬂwblﬁebl @MJ@oBll%NHNAgamstﬁbW -Bdi#1,1e) amrhens 4g91nst HPIV3
(#4) slgc{\xg {eg:taéﬁ 1{‘5@5%{3’02{ g&lg% tv&(/)errg selectgcf: for Qlufte stWS T}%S
correlation of target mRNA with protein, as exemplified for siRNA#1 (Fig. 1a), agreed with an

RNAi mechanism, and as we shown below, the knockdown activity of a siRNA ex vivo also
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when applied post-infection. siRNAs, delivered by
smal |l particle aerosols in a sinple hand-held inhaler,
we@amwehe2sased to prevent or treat pul nonary i nf BCT/US2985/038269
Wil e our manuscript was in preparation, two reports
appeared in which si RNAs inhibited influenza virus,
anot her major respiratory pathogen, in a nurine nodel
(G, Q, et al., Proc. Natl. Acad. ScL USA 101, 8676-
matche@6dth 1(522@&41} 1n-|7tﬁ€rﬁlhh1€15(m ﬁiw?l Thes, t8d ex vitd Qsﬁay 1lies :ﬁ%ﬁ‘ﬂ)le
ScL USA 101 8682-8686 (2004)). In one s
inexpepsive, fuick mrcheonvegient lmll\@laSGfeelsng fQU@A anfyviral SBKNBZ o8 1
(2004)), synthetic siRNAor plasnid DNA expressing

i f TV dIT
?gﬁt%@%s% ?Lﬂl@A? ﬁle Elﬁg ?_[ﬁ Pﬁtj ?ﬁlc%umoin né?usg ung
Proc. Nat | Acad. ScL USA 101, 8682-8686 (2004)),

Fio sirms 1f fhe STRINHe thatereabtivy ehyito odyliatd affebiwetRiriny ek Yctual

ot kS B AT e B2 5 mode

for RSP @fBetidndo ki¥dy RiétRo grgsrsﬁygeﬁﬁg%Q%yOE#A \ ﬂﬁ‘rﬁcﬁo%} c{ e cﬂ@e‘?&se (Graham,

tested 2 days later an i on
B.S., etohsérMed Kmof 6.1 B 2 h9883 1 vaaiSehaikf S.Vhf dtknz @szrms 177 269-

276 4B RS0 20 B ST e ! St s

complefed Wit LI T-YEO® fegecn@lrladadally, 280338 Ilatél*b@aﬁéﬁ%&@éa%ﬁ @nimal with
rel ativel y noninvasive and pal nless, making

10’ pfua#&%bp 1Y 3aplsp fitieanesally r Makistal B&éfegtowﬂemapgm(eﬂm)g could be

oS FRL oMLy AN RIS A L St v

effectlvtehae vhal(Figella) were highty &itRehEndRSSiMhl @UDb,d. AFNREIPLES nmole
RNA (70 ug of doubl estranded RNA) appears to provide
IN Sl@éﬁ%ﬁ%@m %fer flenble-giranded aRNﬁs) paf mewseofiRNA#and sIRNA#4

respectﬁz@%’é?&b% 1€§‘9 'aﬂ@H@ Vg B? ﬁ§ p K ag qugﬁ)é)-t‘é}ﬁg 'individual

Use f newer chem's r
infections (Figs1igo). flimpartantly, $iRNeYs, FrES6F t@ﬁﬂfé@ﬂ@ﬁ RAgents, also s1gmﬁcantly

macoki netjcs, resulting in a | ower dosage.
mhlb‘t%ﬂﬁ'ﬁfﬁ?’%w Xialdiiers Gligr kDs This dempnstsetes ﬁlat:mh@atfomtas@eqntx-vxral

therapyak %@é@ﬁb‘ie wif @ﬁ&laﬂtlé‘bféz?f%lt@&e‘s Iﬁ%%:%o ?&‘ﬁg@%&%ﬁ%é& agent. Itisto

be noteglﬂead HPTE3 Ao¢s et irgfbet theNabduseGe rdadBiy @b RSY, (TR3Eln, 8489 Elkins, WR. &

Murph}g %glgzg%icczg :’18924%2%69 ?%{60&# wﬁnc%éf fhe%@% %orgl%rez rejagiyelydower HPIV3
rephcat(c%QQ 309 moui1eng @’1@ n c%bMéé)MGsuER)QQ ?ﬁﬁﬁécﬂh %ﬁ' it @M’IV% ¢ ido¥ulum

adm ni stration of may result in s
enabledsthe modef teaehicv memrﬂbimfectmmm}m manseslahg.y deI i ver ed
SiRNA is norelikely to be concentrated - if not

] vl 4 he res tory.tiss
BB ot AR 6P B ol e @B RahR § P s Sibodiments of e
present amlenuaﬂi | Bifst e redtitadensaistriediRd Vinar $ecisiv REBEF thehidNASs (Fig. 1).
pports and extends previous finding that chemcally

Even th@ﬁﬂShe%tFatea@ 151%%@@@ Bl palyonhbitep REY i nesHPINS, and vice versa,

i 5 Y18 5 A s AL S B !

1umferasm1RNﬁa(Hlbzrshﬁf S. M’ltet‘ ¥i Natur@d11,viotyi9wi(2 (0 19 €¢dnf dt %e"[ﬁ)ﬁiﬁst dose
detectjon of the si RNAin t he

tested (5(2%8 i Qé e m%lﬁ@)dl% metguhipy eitheradras §Fig Hhddc Finally,ilyisiRNAs
with or (&Fﬂhgut e ?l“ran@ﬁ q‘I?’(P Eéﬁ%gr\?/t@ﬁﬁhf‘n'f d&if Jq%%tc%l?{edtnﬁ b H%lﬁ%?Oé]ilfOl’t (as

Fi gs. i de evidence 't

..,
-
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effect is specific, directed and i s RNA -nedi at ed.
(ii1) Respiratory viruses, such as RSV and PW exhibit
whe@h/oexsbecti vity in tissue tropismin infectiPQr/ukmos/038269
respiratory tissues. Thus, BSf delivery ensures that
the siRNA is targeted to the site of infection - an
ideal condition for pharnacol ogy. Al though RSV and
HPI'V sonetines co-infect, their interactions have
oo TR IRLobERARY, LAPEE S T G RSO A s,
suggesting b feorabiagharmadododydot pattrainl dring dbsdognagypens ex vi vo
(cell culture) argues against, although does not rule
acto s and in.t ani. mal

T nonit e bRl P e et AP A T vird Bolen

1mmurﬁ>%ldt ¥R ‘2{9 ﬁl&((:ﬁ@(‘l‘ kﬁcﬁ@%l titdr, andaﬂle@k‘ore fér 2 éﬂvéﬂ) Expeﬁfnent each can serve
-82 , rrasvvarry

asa remgsipntrmarw df thmthelandlall cgmplessatagso@at@ Eompl)esermﬁd t hus,
should facilitate rather than inhibit PI'V growh.

ot her_ possi bi h of one Vi rus
SRR RERH Siscss S ob S mt S e igiRne  Shch as
conpetition for intracellular resources. On the other

hanhigbugh thd iesspresentba bbdviegloRMéntetRighibitesnyofivivabrepkdation,ghey did
saturable and thus two siRNAs coul d ‘g{ot entl ally

not dlf&%}}mg%e Jhspeationiof BHeqhgB ot He lyng %ssa%\c PriBFL qremh@d vegious
il 454 o gt Son T RO i, i

pfu instidiﬁqh ptri mmma tyueils vmmsley pmdpcaelabhthﬁt pu]atona@i iafectied. yInhegrbsentative

ses of e SiRNAs, i.e., . wWth tens or h ds
results| o 2, ben Sy aaironglk 2Balish s mics A Sep e T ABA 40 ue) of
anti-RS¥V sMA#l Eﬂ»\lﬁ}?le%cf ﬁﬁ@@raﬂWTﬁocﬁﬁﬁiaFFe%u&E&{ SAPIO ihfdction was
m ce. us he observed conpetition is not a matter

also sesh mﬂxeﬁcmnclalanhdiﬂi&fﬁ risMA% sARNRE vkl Hites SIRNA whibonitdrgnsfection

no ange., \Wen .as_ a proph ct,i h
reager] PROA o A g e e an Setio pteBienfid BERSS; £ o same amount
of siRNANvRIcki@date figt aRABATANES: ARNVBKAOISE AT IOCE03, & effdifive as siRNA
di sease process as neasured by body wei ght, pul nonar

complfamimﬂo@;anslifeT%@r aitbeyehpee hm@toebspramtedl datar fgy TremsIHeFRO-
complgxeg%lRﬁ)\ in the re?kt t}{{I 3 aé)% b I?efse %qlgl?lrs pon?‘ct t}pebeg(t%%shg Fg)égs'pgcst%ﬁat IN

men are re SIm

delivetyafpuROikich 6IROOA Clade oTfloditg eerpieslbmaadlifet sybdiatlabpdor@tion against
RSV i nfection., Wen used as a treatnent drug after

respirgiony @gthiogpnse hBis dupartipilarly rapestantes tiepsfeeiqrasegagts themselves may
have s?%réfﬁ‘éﬁ %%o&%{@bé’ﬁ%gg%l?&ﬁ;‘delﬁ@@l&' (ggp%és B%ﬁ{uggééﬁgy Gld as a

owever on of furt gro
carrietvor insravamub (BY ak well aq intek@chaal(l®) ddlileryecfs/RNA £BEITINA against

et L8P RS OTIORARLA. Bhre

our ex?éﬁén%@ taiRkt tl‘lglsﬁ%tld) ¥ Cﬂ‘l%le%tﬁ QRS KthoTRHR NG oﬂen resulted in overt

reatnents s pro tter prognosis.
sickneesfirehfcmdceﬂneﬁsh@mouwe naked si RNA renmins to be
explained. It is possible that the respiratory tissue,

espegcjally the | un tural nmyre receptive to
CRESE N s sutede Bhbine g B Bsi Ve AL becones so
when i nf ect ed.
To provide further evidence that the viral inhibition observed in the lung was a direct and

specific effect of the nasally applied siRNA, two kinds of experiments were performed. First, we
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Lastly, depending on the stringency of siRNA-target
pairing, exposure to si RNAmay cause sel ection of
W@ RMbesesi st ant viruses, and this has been  PCT/US2005/038269
denonstrated in HV (Das, A T. et al. J. Virol. 78,
2601- 2605 (2004)). We have not faced this problemso
far with the si RNAs tested here. The viruses that
coul d be recovered fromthe si RNA-treat ed rrurl ne | ung
were abRIEJFEQ\WME dn'ﬁs&éél&rﬁﬁldf R ASn ﬁ{équﬁ { 25? Lfgemﬁc
the sane 1C50 for the siRNA as the or
Northeflantadysaot Seshmi/mi)e possibidity thet, the efirdrat eﬁf@;t ojf s1RNAs siaRiKe to

B A AT AN S
encodeBV &Y Rbchafige iE Counfbadcd INGY; R%hpi’iﬂ)amﬁi'zﬁ Ns 1drgdde fé@ﬁ’[aﬁ%ltype I

resi stance i s encountered |n e future a Sseco
IFNs (BiNpR) aithaugh, S¢rz§WVB@50’paﬂ1HIFﬁ\h@@1§fw) (8phiendér §. eﬂehu rVegI G, 8234-

s262 G e Bl S BB Gk R SR BB 8) our

early stidfed |shdv@éi1| tﬁﬁt&ﬂ@ﬁRNb@W&ctMe ragdginst N PIPNoE 1|ﬂe\fero cells that
ents. RSV Long strain and human PIV type 3 (HPI V3)

Contany@lgttqna phitvie BN eeve (éria nﬁpshqwn)o ermsl@}ess as Irj@@mted tci@devels of

IFN- a?a%g é@)@/ é& ﬁ\kr?e IEE% tlSS%lES dlﬁejeﬂt@g}fsoﬂylo g tgegéneg% E\z)vrch various

siRN A, 200 @yyndGepictyaton, ofetthﬁltype ok.IFNi(Fid. 2c)72 2655- 2662
(1998)). The extracellular nedia containing |iberated
E}%ﬁggy Vi r s s col |l ected_at about 70 h for RSV and
Somppirely prafectiazasbRIY rARAPIVY gmixed infection

concentrated by precipitation with pol yet hyl ene gl ycol

(AN B P8R bf &@Qes%ﬁﬁfo?ysﬁ'acg ‘B? f%le% Hid fs ahil AC?)BSSHK}E’%/ and in

essentially as describ
some stydigpaomt mﬁectl%By RBY e(nﬂgmj\l)s ha¥ bheerf dmgiosq:ﬁ(émaa,uwmgt al, J. Med.

a ters. in the range of . 108-109.
virol. B4 BOSCD S 1 b Bpelle Vg and ﬁecgwamanbmﬁnswcoma’fmg
RSV ai wéle SIPTUB &nt‘{gdhélha\td Be@h Sosubtbd \Weth@h SRS RIAA R, V¥uld offer
agarose pl aque assay onHEp-2 nonol ayers w th "neutral

51multqa1§gus§1rQQeﬁmq1)gag@g\§ch§ viguses é$chapidt, A\ﬁ? s el abgy. V252, 751 379414683

(2001)(%%%%(1 @ggt R Ané J .%pzalCell ]\%UZ % 7%473 ]2@3%%;6@59, specific

ant1v1rdll%9i§8t)c)f s1Hﬂ%nMRHA@Mfa@B1@§tﬁEBV é@c[THpWU ,Fapeeti I prompted us to
ocessed as recomended by the manufacturer (Bi tl?

test thei togeifgy (oamade O’BWME‘??’@E) B mixgd infertiopef the mithdy both viruses.

Convo RGSLTSFE ol KR LER 80 B B B0 R iy v

to determjlnb ithie, pfu@$ eachedrus atﬂlxﬂul‘ﬁnmh)dntvﬁf, We&gso@taﬂ t® Irﬁtﬂnﬁhémlorescence
. (Bitko, k, S,.BMC Mcrobiol. 1, 34 (2001
microst{ S ispbeshatingiio bigs b B esiesestions & 4l saling using 2
mixtur@FLASR SPULE Hhe! qﬂlP’I‘V@ 'aﬁfiﬁ?dl& M?Ed ﬁg&gBH Bgﬁ%slﬁxggctfﬁsﬁmvas indeed
ornia) an

Chem con (Tenecul a, I 0S
achxeve{d:_lmeﬂl}&mittrmn (®ig. |2ﬁiﬁern nEYe pneetsqamlthv}eélwer BIR&VA#1 or siRNA#4, RSV

and HERY3 (S REGE ReRHERY e PEYGREL o Femin o lso0r chrsezreporied
ﬂuores@e:fﬂrcg F&ﬁ%ﬁhﬁ%}é gﬁg75®e§%ﬁﬂ QorﬁlﬁHﬁtlﬁﬁr ofEhe tv@; ?IRNAS @nmole, i.e., 70

ug of exgh) both types (ﬁ‘dh@:@@@'@e @mpl@a)ad documentlng the inhibition of both viruses
(Fig. 2d). As before, the same siRNA mix without any transfection reagent was also highly

active (data not shown).
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Virus infection and siRNA treatnent. Infection and
Si RNA treatnent of A549 cells grown in nonol ayers were
w@ a0osiexsoout as described (Bitko, V. & Barik, BCT/BRG05/038269
Mcrobiol. 1, 34 (2001)). Intranasal application of
RSV in mce is an established procedure and causes
bronchiolitis. Pathogen- free 8-10 week old femal e
BALB/ ¢ m ce, weighing between 16 and 20 g) were
%@9 . S
forfél nt ectﬁ%ﬁ%&gyéﬁgﬁgxﬁ Ell?tlgt% ?g%?%%ﬁ&éiergﬁ%ﬁ g g& Vity of the
other siiNA wias inhdpied it o ded infeationatdag IQFng 3)0.BY quantithtiveeedictirad RT-PCR,

the ICS S PBARER BRI ) izt Rstosc Tty 15, e A b e
concenﬁﬁﬁorﬁéf@'ﬁﬁﬂ%? (B4 .s%v ??‘ra ¥a‘ij§eh YRt td2d 8906 hh/f‘(tli'lé’ Ra). These

buffer provi decf acturer so that
results ghetsi vadidatadby meamsemwm DﬁHﬁE‘éB Pprdteiulin infiniusoble §Figi 3<l!3d In dual

1nfect1caocifh ml%-?ElldAlnPgnB%lBF qyap g& Tﬂ){ﬁ %(ﬁ%l@g? a?qil\ynp?g%)élﬁcsed an eggentlally
identic&laoh&tgieh: Witkeak @H‘PIQJI@G?@'%) Qﬁéa@ﬁ @11@&9 @fféc‘ﬁ%l& bR Rruses,

a total volume of 4 1 . WWhen si RNA was uSed w t hout
50 nmole p¥ onersiRiNAgediced the reéfn@fOé Stinmie p&thg ether inasnstuidsnannet @ig. 3¢).
with 5 ul of Opti-MEM The sucrose-purified virus was
N | d phosphat e- buffered
gg&?ﬁg%%ﬁg%tgrm n%?%Pf}thﬁ?lggr to infection such that
107 pfu virus was contained in 30 m. Shaminfection
\Barce (il §iBNBdrevented tnfectanEoyiohluperyohaswiictiter ey @rdveited the
and the_virus ﬁgre equal | y_di vi ded

develogifes) of HENB R CAGSEHIEF 8 Wl HBER FeenlnpRctibn e FIBPp et RSV-
exposeﬂ 'rmé‘e act&?%ﬁﬁ a@ﬁé&éd éssén@ﬁﬁ% Yigd uﬁﬁ@d&d%l%th [ﬂPI%QaI §ctwr1[‘gghsh1ny

pfu virus | No special equlp
coat anvl@snmleddb}basg t We tlnnncmeasmred ltleckesylitatdrly wate] ihdurctiony bf leukotriene,
at ura br eat.hi n For dual i on, . RSV and. HPI V3,
and pulfyopary fiP (R H?E%raf%%{té]‘%]:&? TS Shaungp fnskeage in response
to Rsvmhﬁcuéﬁg]wiebé@g ARl 235D Y5 f&dz% @@C{z MZ'WI&‘&H& Bf ePal, Pediatr
nnol e each of si RNA#I Ssi R In the’sang

Res. 244 804rA@ (1:;9§8 ei@ul@tnms,rmtméwpef tmém’osygabwp@dtha\laly bind to the
kot R PAeaP B ot B SRR it L pgtony
secretlcﬁﬁlolf&étﬁm‘dﬁé ﬁaﬂéh%ciﬁﬁﬁiaxﬂl@fdﬂs W RO @Mfion eh@Rfidfeel with RSV

ons were noted, includ |ngl’nasa I’TUCUS i ncreased

(Volovihdhi st b gigtethes ade St S EhHgE V@Ah@ndz 6r. @ndrit ol.i £ ifect. Dis.
f d
187, 1370 (SRBYY, Thikebmfolitls rROAE kT Rt Sfripf

bronchéc’mne’aichSn et almzm infifa€iofl B eﬂﬂﬂnﬁﬁﬁtoﬁyce‘ﬂls dﬁﬁcH %Qﬁl@bt@@t hallmarks
et al Pedi atr. Res. 4- 507

of Seveéelgé‘é) sealgy e‘@%@e adrpinisiorag) a%thBSé’ sgBNﬁé‘l \%ﬂ)@ saee fimged (or prior

o) S 0 g LU A ByBROES OB B

accumlﬂammslnéxmpallvm’lmihhcﬂ @B ABRplvysotserved (Fign oiticsd Vulﬁ@ remained
baagl desqgri bed bel w To d {?erm ne . viral titer, the_ |ung

hear bagaime g ‘i‘w?sf%‘&l ¥ Cﬁmm Ipihase it Sammnrteslomicpil parameters

remam&f"c ewnt r iﬁf@ﬁasi g@ g%{% ifobtggfb)%iloh rHeﬁR)lngtrath%%ﬁ)fﬂ %%%Jﬁ‘é\?lﬁy prevented

illness gid mtumis)os:tportddet sIup?mt,rmRNm tremedemasshyee iovisiplaisighsor!

resplra‘[lorrglrglsgess%tp S f6 vbfléei’(s of observation. Negative control RNA or luc-siRNA (Table 1)

offered no relief in all experiments (data not shown).
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proteins (Burke, E., et al., Virology 252, 137-148

(1998)), 10 ul of the honobgeni zed sanple (before
w@ebeXsegat i on) was added to 10 ul of 2 x SDPEHGER005/038269

sanpl e buffer, the m xture heated at 98 0C for 5 mn,

clarified by centrifugation in a mcrofuge at room

tenperature, and 10 ul of the clear supernatant

anal yzed by i mmunobl ot using goat anti-RSV and

dANtSIRNRE YPe afdckive dh@@irald postBaRblich | FN (Durbin, J.E. et
al. J. I'mmunol. 168, 2944-2952 (2002)), the lungs were

honpgeni zed in_ PBS, processed as above, and seri al
diavingishpwn @R&éwg@redyntgﬁsps;\towy vgal(dm@esgmmtered prior to

an I | of 10
1nfect1c&46%% rrgfrllesa yestion. gééié %ﬁfne}v & é:gratl gff%cé P?(ffslg%déwas
estabhslhled,eld thig 1sm%nbuftirﬁ 64 1ﬁ pédﬁ?d‘lb fhedltthee T EH¢QGicé Bf experiments, we

araffin. Miltip 4 mmthick sections were stained

adminifjted RAMAR W;anpw daye SR SIhtlasdion aed femipeweraiveeighed daily
d
i L ARTBLLES A L SRS LIEE T

either @mmrﬂcwallylrn@m Welgihad@esdmg on whéthemihe staptingehdcslum is too high or
| s and bronchioles. Zero to three

moderat qu @anlg ]%eh N
74 by B 6yt 6 BTS00 DT b Frmianeahon of mice,
the lunP¥ Q&8 38m 91@& 8n g@ﬂ’et&ﬁﬁﬁ& daFY &Y a%sagrlf fol n‘%ﬁm@fgy fA%%k%e%ted the

sur r ound % or nore of the Fcunf erence o
sIRNApagsaed mncebnzuntamed Ittessx ey v etgin Sorciboeich @eiyﬂ pliedllowkh &y a gradual

loss thal Lcjo% ngéle(g l’:lR,l Eap Bcg/ g%(esg }/gg Sﬁ% l]\?{gg?rggte ;}gt\légflgll‘etﬁt(gﬂgnot
shown)l’di‘ﬁﬁthte e8masiniche RIAL (TyQY ¥ssSRHIE apPedrOd ﬁtlnnféﬁte& V&&'Eon%@ I%Gd to

paces per lung were counted foreach ani ma

gain wmv Witheut wateraipRIA) Mobiamise rceiving siRNatoreDay 11 weid alo qulte hard to
30- 35%.0f vas ul ar

dising i A IACH A oI i PeriiBe sl R ss SRy ey 1-

4) shom gondnally &3dlambRkesdort G, @Mﬁ%ﬁﬁ)@mﬁicaﬁthprovement of welght was
nmrunohi st ol 0 (Haeberl e et al Vi rol 5,
observ%l—,aéagg@yqug@li?r;atnleﬁ@ | ung tissue was enbedded in 100%
OCT conpound, and frozen at -80 OC. Sections were cut

e

Day 2, PBS 8, Ib(]) (mﬂéd (Figr S0 Initle SiRINIA - MP@@daﬁlcs,QhéJﬁlﬁet fbsEB@]ﬁS% 5, and
rature, @fter mul ti Ie washes in PBS th

then siIg SippPeked VEtEiablsdevel DRy B¢ 6 FiBOH Fertpentdetre opgappomitant
to RSVtheBﬁ‘dn 1R e R SOt b B! a\ﬂ?ﬂa?ﬁ {ésggdgdﬂhﬂug&eﬁg)n of 31RNA at

PBS contai ning 1.5% goat serum es were
later timgsgh éfeetiontwasipgogressesly lessRBBctive dut the Vimbtlta]n\t/asbaﬂdayicslower than

e ST e SO S A e By o

. adminisére@/slowdd dd%ﬂﬂhéfrallt@ Bf Ritrus ORIt ERES MY 180a lEﬁ@E IZéak Hes.
e

were given final wash in PBS, nounted Wt
SUbseqm@G%DAFﬂr fﬁbb@l@w rd@teﬁ@blede@lﬂjat\ﬁaﬂwe dndbgarfitniomeshesieer the
V. & Barik i al
SIRNA WS RARGERReA bR amtlc, SnERa s e ke migpilinonary RSV
could be dbteeted epl tdybRe n6 aaysei. iheoul A6 defREbdtiNehe Day 1 siRNA-treated

mice after 10 days p.i. As before, negative control siRNA or luciferase siRNA (Table 1) had no
effect in all experiments (data not shown). Together, these results showed that the RSV P siRNA
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lungs with 5 x 1.0 m normal saline (containing 10 ug
i ndonet hacin per m) (Bernhard, W et al. Am J.
WRe®pi06259Cel | Mol . Biol. 25, 725-731 (2001)); POL/EE2005/038269
recovery of BALF per nouse was 4.2- 4.4 nl. Sanples
contai ning visible signs of blood contani nation were
di scarded. Cells were renoved from BALF by
centrifugation at 5,000 x g for 15 mn at 4°C, and
had a cﬁﬁq%g ec%%:\%l%e tadmnﬁ&m@d PG%t—lh eb it 238 th AR YR verelflFays less
ncen I'on of cystelny otrlenes conjugates in
sick anﬂh@oﬁékbtﬂ:qmﬁerdlﬁnehmm&daami cahorisl | SA kit follow ng the
manuf acturer's protocol (R&D Systenms, M nneapolis,
M nnesota). According to the product insert, the
IS ivity of the kit to the various
| eukotrienes was: LTC4 100% LTD4 115% LTE4 63% and

T TR AT B gL e i

intranaﬁallrysoﬁf@tpmﬂdlonm resplicatoryi m@cmmveascﬁeweaﬁrmOng@ﬁcmt@rapy

when a@g‘t &# Igée)nctlo%r isﬁé\ﬁgsp lglﬁlgege ag p%%ictl{a(l)e%(ﬁggs e s}{hple hand-held

inhalerDesi @NREd RYréWaL 6 tVea?pdlﬁlohﬁ@ﬁhiBbtﬁiﬁseW}BleQﬁl@ fdanusthigt was in
following priners were used to amplify HPIV3 P mRNA:

preparzslon CONEATEARACERAINGTIRCARB NG s ipgbited milnenze)virpgmgther major

T S _
N R S
8681 (iwoamlBlnq)Raﬁ &Mpetaxl pP#di:SN&tH@fcﬁdl&:ﬁ US2al 01f, §681-8986U200v)). In one

CGene expre

study (G Qu b iedes AGroAGH Seil HoAdOhatoTeSOR D HAD sioftsfie SRNA or
plasmlﬁ (ﬂl\tl n@re&ﬁ%r gﬁg a@sad stlalréh Qfﬁﬁ?ﬂ%on‘flﬂﬂﬁt{oﬁl of TWd IT routes. In the

ung was extracted
other samcy (ﬂfemp]nhed; My, et\hir threm dewdcad:i iSzialiSe 1 0& 5833686 (3004Y), siRNA

e TR ORI e
1nﬂuer&'a haRdeXYDUES §RbAEE L TR ta 1i3R8helr, Wollvid 2R route. Presence

Statistical analysis. Changes between treatment gr oups
of pulmondre vineewastested dilaysiater anda E0-pe foldunttisitioe mas abseryededth

aifereB SRR DY BEET G T RLES ATV Pl ROE gt fowing

1mpr0\‘ié%¥§1@ Bd SnbB1SatidB00eitBE BFIJUS n&dY (if) TBe MR YRIsbRBYintranasal and
test. Al nunerical data were collected from at | east

theref@e gelatively @omnmvwdmmlmalmg ihemenable tocarsiabalgsor riginbased

therapx o(sfm\gﬁfl g?:lraﬁg%sag%acan y gfe @%%éﬁ%a%?ﬁgﬁg the. p&mtlal risk

of sideSETHRNTER: diana. (Tl@)"[g sihglafdQsd &F MNout 5 hisfcie siReNeC €701 fgadT double-
(n si RNA#l RSV-P 3 5' - CGAUAAUAUAACUGCAAGAdTAT-S 18
strandel RNAY PeTeac DR kinsbeorsotheiligivpatian 21 fevtions A more

comprghen%gé%%éﬁﬂ%%a—&gces(e. g., RSV P) and use of newer chemistry may

lead to siRNAs with significantly lower IC50 and better pharmacokinetics, resulting in a lower

dosage. siRNAs exhibit various degrees of non-specific, off-target effects, especially at high
concentrations (Jackson, A.L. et al. Nat. Biotechnol. 21, 635-637 (2003), Sledz, C.A., et al., Nat.
Cell Biol. 5, 834-839 (2003), Persengiev, S.P, et al., RNA 10, 12-18 (2004), Bridge, A.J., et al.,
Nat. Genet. 34, 263-264 (2003)). This is an obvious concern in therapy, and IV administration of

siRNA may result in systemic side-effects. In contrast, the intranasally delivered siRNA is more
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80 6 3'-dTdTGCGAUGUGGUUCACUAUUA-5" si RNA#3 RSV-P 7
5' - GAUGCCAUGAUUGGEUUUAADTAT-S' >300 8
W3 200d/DFRIUIACCGGUACUAACCAAAUU- 5'  si RNA#4 HPI V3- PPOT/US2005/038269

5' - CGAGUUGUAUGUGUAGCAADTAT-S' 15 10

3' - dTAdTGCUCAACAUACACAUCGUU- 5" si RNA#5 HPI V3-P 11

5' - GAUAGACUUCCUAGCAGGAITAT-3" >300 12

3' - dTATCUAUCUGAAGGAUCGUCCU- 5" Luc-si RNA Luci ferase 13
likely tc5be me§d3m526&41n the respiratory tissues, thus

- d Td TGCAUGCGCCUUAUGAAGCU- 5' gat ive 15

mmlmx@ng thecidecfiaatsdackohABd rehyatiay) by giranasally delivered synthetic siRNA

GAGCU )
s RS R PSSR A
phospthBsZ @4 4ot hivdid file MNhatkm3 34 celbapined (el D.HNoLE ]\fali‘l@zotblﬂezol 22,

NA sequences were based on actual sequencing of the
321- 325/(208@)5 pgathes, qorrelstipn phBBIWHEHCPVILY Wifh spesify wa&ﬁ%dmw

(vig 128 050 A, BEUL 5 B0 RN B oA B Rcpygion (e

2¢), an&ﬁﬂmedpe@ﬁmﬁ'edt bﬁme@lmm(mgsa )i Al proaltie é\ﬂdemca)haVM'ﬁhﬁziral
DIS 1. A nethod_ of redum ng the | evels of a

effect laﬁpﬁaﬁcﬁlrﬁc@ﬁ@d 4 R A-Pafiatedy () REFPIAIQIY VITpses Suglepy Ky avd
[ a

P, Sl ORPE B0 iy 8 el TS G

delivery emspras shat @eﬂlREAsstasgetealrtd tireesitierod irfectiopasan 1d&il condition for

nti guous nucleotides conplenentary to gene froma

P&Y marmmal i an respiratory virus and an antisense

strand having at |east 15 contiguous nucl eoti des

QDL BTREY ALY HPOV St ek 8 \Slindct, 3 inferactiofs MR h@Haiféd largely

claim 1, wherein said manmalian respiratory virus is

ignoreds diheexaqi reasombettied e obgereasrihibitiongf one PRI pharéier ngeds further
study. :IFFE {aﬁ? S Ogalg? prgeléseeﬁcewvo\/\@:e HUI?%Z)[ %uae%%galg% aafﬁ@oggh 8heSRYt rute

out, huibeil ickors andlc)dgiends it HEhiBassuth af taér&obn. dRSY sefueity Bdlibits
fromone of the agents of Table 1. 5. The nmet hod of

interfergn agtiyation ($rhiearer, Lagtal RNEOAJENS234s8248:7 9031 Raraagwamy, M., et al.,
Am. J. RESEPPES Mol Yib P36, 893-900 (2004)), and thus, should facilitate rather than inhibit

PIV growth. Another possibility is that growth of one virus inhibits the other through other

pharmagi]

mechanisms, such as competition for intracellular resources. On the other hand, it is known that
the RNAi machinery in a cell is saturable and thus two siRNAs could potentially compete for a
fixed pool of this machinery (Barik, S. Virus Res. 102, 27-35 (2004), (Hutvagner, G, et al., PLoS
Biol. 2, B98 (2004)). It is to be noted that such competition was only appreciable at relatively
high doses of the siRNAs, i.e., with tens or hundreds of nanomoles (Fig. 3). In contrast, only a
few nanomoles of our siRNAs offered nearly complete protection in mice. Thus, the observed
competition is not a matter of practical concern with siRNAs of IC50 in the low nanomolar

range.

When used as a prophylactic, the siRNA not only prevented the infection but also
inhibited the appearance of various aspects of the disease process as measured by body weight,

pulmonary pathology, respiratory parameters and allergy markers (Fig. 4). The kinetics of the
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subject. 6. The nmethod of claim1l, wherein said i RNA
agent is admnistered via inhalation or nebulization
WO 0008/06250¢ ect . 7. The net hod of claim1l, wherePeT/F82005/038269
I RNA agent reduces the viral titer in said subject. 8.
The method of claim1 further conprising
co-adm ni stering a second i RNA agent to said subject,
wherei n said second i RNA agent conprising a sense
disease g}orcg'{éqn Hﬁ%’é i r?én &€ ?e%t#véfg/ SHRiMr 9H HHSoth Yoo RO irhf@Sopathological
onpl'enentary to gene froma second manmmal i an _ )
changey @S fapiddy followingR S thfetioanWise nsel startwatindnb divg g ftertinfection

et b G hLL e 1L 05 o) SEPL g, 12,80 e
then, h@ﬁe&%ﬁet 'ngo%?iaigﬁg?r 8 P s "i‘es\ﬁltécf?ﬂn a ({?ﬁ(ﬁk‘éﬁ tRandl@covery

1, wherein said first nmammal i an

(Fig. 5)t &%ps, liageemy thai thes'wisloRIN oppottgslyt ofweadment wuistset alhtimes in the
.respiratory virus .is PTV.11. The thod of .¢cl ai.m

RSV-infis AR AEbieh; S S e ot nawmRav ey oGl figeter

prognodiflf Bied d iRt VAreEs Stahdhdided SIRNIO R sdo $6 €Q14nER MIRIpoddible that the

respiratory virus. 12. A nethod of reducing the levels
respiratofy tsswe, lesgeciatlptlhesi Inng, iomterally more repeptixe setbe archsngmalismal

espiratory virus in a.cell. in a subject conprising
molecu{eﬁeﬁ'ﬁeaﬁp%gec&)gl_ega?.nwﬁia%{ngt?,(‘rlteﬁig a first and a second i RNA
agent to said subject, wherein said first i RNA agent
TSP, H&ieRding of eisArisdehaynolf iIRMANGrgat pditag texddure to siRNA may

conti guous nucl eotides conpl enentary, to gene, fr

cause selieptian GHaFRRRATaHstAE Supest Bidyhigihag ee&rﬁ&mgﬁsg%ff(# lgéﬁgle(%asa Al et
L\ [ easl ' i : A

o VR4 SRS R Rl AR R L e o

tested HeRNATlageniseCihamoukl begecoverdSeons theasRIN Advdateg natrivledargg were

15 conti guous nucl eati des, conpl e to. e froma
grown ey eiertaiciaan ouad o PEuBH &%ﬁ%ﬁaﬁ‘ﬁ it he %ﬁﬁ?‘@é fagoniginal
inocul@% Ec‘ga]'fhdnch WANY). Vode }sgi&n%ﬁ@to‘fmﬂ%éggﬁbf @8® gene in six such

enentary to sal nse strand. 13. The met hod of
independeat plhquespneifedR S\Aisdlatdsmstealed rincatvild by pe @eysintah segugnogi(dajg not

s P S REEEnE ST AL, SV i v
IC50 aﬁ%ﬂ ?a?%e?m@ L1 @SBt SHE bethe PHRRAAST A differedtdviral BRNEE EdHASE used in a
of ¢

aim 13, wherein said i RNA agents are adm nistered
multiderigaegintea) theicby resucing e dddaof vinal SESUENEE LI STI NG <110>
Uni versity of South Al abama Col | ege of Medici ne <120>

%@@LATI ON OF RSV, PIV AND OTHER RESPI RATORY
' ND USES THEREOF

Virus, siRNA and other reagents. RSV Long strain and human PIV type 3 (HPIV3) JS
strain were grown on HEp-2 monolayers as described for RSV (Burke, E., et al., Virology 252,
137-148 (1998), Burke, E., et al., J. Virol. 74, 669-675 (2000), Gupta, S., et al., J. Virol 72,
2655-2662 (1998)). The extracellular media containing liberated progeny virus was collected at
about 70 h for RSV and 50 h for HPIV3. The viruses were purified and concentrated by
precipitation with polyethylene glycol (MW 8,000) and sucrose gradient centrifugation
essentially as described for RSV (Ueba, O.Acta. Med. Okayama 32, 265-272 (1978)). The final
preparations had infectious titers in the range of 108-10° pfu /ml and were stored frozen at -80 oc

in small portions. All infectious viral titers (pfu) were determined by agarose plaque assay on
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Burke, E., et al., J. Virol. 74, 669-675 (2000), Gupta, S., et al., J. Virol. 72, 2655-2662 (1998)).

siRNAs were purchased from Dharmacon and processed as recommended by the
manufacturer (Bitko, V. & Barik, S. BMC Microbiol. 1, 34 (2001). The TransIT-TKO® reagent
was from Mirus Bio Corp (Madison, Wisconsin). RSV-P antibody, raised in rabbit, was used in
all immunohistological staining (Bitko, V. & Barik, S. BMC Microbiol. 1, 34 (2001). Polyclonal
RSV and HPIV3 antibodies were raised against purified virions in goat and purchased from
Chemicon (Temecula, California) and BiosPacific (Emeryville, California), respectively; the
nucleocapsid protein (N) is the major viral band detected by these antibodies in immunoblot.
Profilin antibody has been described (Burke, E., et al., J. Virol. 74, 669-675 (2000), Gupta, S., et
al., J. Virol. 72, 2655-2662 (1998)).

Virus infection and siRNA treatment. Infection and siRNA treatment of A549 cells
grown in monolayers were carried out as described (Bitko, V. & Barik, S. BMC Microbiol. 1, 34
(2001)). Intranasal application of RSV in mice is an established procedure and causes
bronchiolitis. Pathogen-free 8-10 week old female BALB/c mice, weighing between 16 and 20
g) were purchased from Charles River Laboratories. Anesthesia for infection or siRNA
administration was achieved with intraperitoneal injection of 0.2 ml of nembutal (5 mg/mt).
Euthanasia was carried out by cervical dislocation following anesthesia with 0.3 ml nembutal.
The siRNA was appropriately diluted in the dilution buffer provided by the manufacturer so that
the desired amount is contained in 1 ul. This was mixed with 5 ul of the TransIT-TKO® reagent
and 35 ul of Opti-MEM (Gibco Life Technologies, Invitrogen, Carlsbad, CA) immediately
before experiment to produce a total volume of 41 ul. When siRNA was used without carrier, the
5 ul transfection reagent was substituted with 5 ul of Opti-MEM. The sucrose-purified virus was
appropriately diluted in cold phosphate-buffered saline (PBS) immediately prior to infection such
that 107 pfu virus was contained in 30 ul. Sham infection was performed with the same volume
of virus-free PBS. Both the siRNA mix and the virus were equally divided into the two nostrils
and applied with a micropipette (i.e., each nostril received 35 ug SIRNA in 20.5 ul and 0.5 x 10’
pfu virus in 15 ul). No special equipment was needed as the mice inhaled all fluid through

natural breathing. For dual infection, RSV and HPIV3 stocks were diluted such that each mouse
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Pulmonary viral assay and clinical measurements. The animals were checked daily
and weighed. Standard RSV symptoms were noted, including nasal mucus, increased respiratory
rate due to congestion and bronchiolitis, a dull coat, ruffled fur and/or loss of fur, and a general
lethargy and malaise. Respiratory rates (breaths per min) were determined by video recording
(Volovitz, B., et al., Pediatr. Res. 24, 504-507 (1988)). Sneezing, sniffing and sighing were
excluded from counting. At various days post-infection (p.i.), lungs were removed for RSV

detection by infectious virus assay, immunoblot analysis, or immunostaining, as described below.

To determine viral titer, the lung was homogenized in DMEM supplemented with 2%
FBS (2 ml DMEM per 100 mg tissue) in cold. The extract was centrifuged at 2,000 x g for 10
min, and serial dilutions of the supernatant were assayed for pfu. For immunoblot of viral
proteins (Burke, E., et al., Virology 252, 137-148 (1998)), 10 ul of the homogenized sample
(before centrifugation) was added to 10 ul of 2 x SDS-PAGE sample buffer, the mixture heated at
98 °C for 5 min, clarified by centrifugation in a microfuge at room temperature, and 10 ul of the
clear supernatant analyzed by immunoblot using goat anti-RSV and anti-HPIV3 antibodies. To
measure IFN (Durbin, J.E. et al. J. Immunol. 168, 2944-2952 (2002)), the lungs were
homogenized in PBS, processed as above, and serial dilutions were assayed by ELISA kits (R&D
Systems, Minneapolis, MN) having detection limits of 10 pg/ml.

For pulmonary histopathology, lungs were perfused and fixed in 10% buffered formalin
and embedded in paraffin. Multiple, 4 pm thick sections were stained with haematoxylin & eosin
and scored for cellular inflammation under light microscopy by two independent researchers.
Inflammatory infiltrates were scored by enumerating the layers of inflammatory cells
surrounding the vessels and bronchioles. Zero to three layers of inflammatory cells were
considered normal, whereas more than three layers of inflammatory cells surrounding 50% or
more of the circumference of the vessel or bronchioles were considered abnormal. The number
of abnormal perivascular and peribronchial spaces divided by total such spaces was the

percentage reported as the pathology score. A total of about 20 spaces per lung were counted for
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For immunohistology (Haeberle, H.A. et al. J. Virol. 75, 878-890 (2001)), the lung tissue
was embedded in 100% OCT compound, and frozen at -80 °C. Sections were cut onto slides,
air-dried, fixed in acetone, were washed in PBS and permeabilized with 0.2% Triton X-100 in
PBS, blocked for 20 min with 10% goat serum in PBS at room temperature. After multiple
washes in PBS the tissue was incubated for 2 h at room temperature with either anti-RSV-P or
anti-HPIV3 antibody diluted in PBS containing 1.5% goat serum. The slides were again washed
multiple times in PBS, and the two antibodies were detected with FITC-conjugated anti-rabbit
and TRITC-conjugated anti-goat immunoglobulin G antibody. After 1 h incubation at room
temperature, the slides were given a final wash in PBS, mounted with the DABCO-DAPI
mounting media and viewed by fluorescence microscopy (Bitko, V. & Barik, S. BMC Microbiol.
1, 34 (2001)).

Bronchoalveolar lavage fluid (BALF), was collected by perfusing the bronchi and the
lungs with 5 x 1.0 ml normal saline (containing 10 ug indomethacin per ml) (Bernhard, W. et al.
Am. J. Respir. Cell Mol. Biol. 25,725-731 (2001)); total recovery of BALF per mouse was 4.2-
4.4 ml. Samples containing visible signs of blood contamination were discarded. Cells were
removed from BALF by centrifugation at 5,000 x g for 15 min at 4°C, and samples stored at -
80°C until further analyses. The concentration of cysteinyl leukotrienes conjugates in the BALF
was determined by an ELISA kit following the manufacturer's protocol (R&D Systems,
Minneapolis, Minnesota). According to the product insert, the cross-reactivity of the kit to the

various leukotrienes was: LTC4 100%, LTD4 115%, LTE4 63% and LTB4 1.2%.

For Real Time PCR experiments, RNA was isolated from HPIV3-infected cells and the
first-strand cDNA made using the GeneAmp RNA PCR Core kit (Perkin-Elmer Applied
Biosystems, Foster City, California). Primers are designed by the Beacon Designer software v
2.13 from Premier Biosoft. The following primers were used to amplify HPTV3 P mRNA: 5'-
GGTCATCACACGAATGTACAAC-3' (SEQ ID NO:1) and 5'-

CTTGGAACATCTGCAGATTGTC-3' (SEQ ID NO:2). Real-time PCR was performed on the
49



10

<221>m sc__feature <222> 20, 21 <22 3> n =
deoxyt hym di ne <400> 8 uuaaaccaau cauggcaucn n 21
WO 20086%96<211> 21 <212> DNA <213> Artificial Seuesmes/03s8269
<220> <223> Synthetically generated ol igonucl eotide
<220> <221>m sc_feature <222> 20, 21 <22 3> n =
deoxyt hym di ne <400> 9 cgaguuguau guguagcaan n 21
<210> 10 <211> 21 <212> DNA <213> Artificial Sequence

iCyclerikPOartiaAR S PORN R Féth BYoIORINSILBaEHicd gH&Q&lb’é} C8RIHS) using the
) <220> <221>m sc__feature <222> 20, 21 <223> n =
iQ Sybd &wseptSwpeiMiixn e Sxprassionugrasacments warscatubtpd usingthe

manuf'fc%u%gr?s s%%fwftrzela%ﬁ (J%QPDH as the internal control.

The antisense strand of siRNA in the lung was extracted and detected by Northern
hybridization essentially as described (Reinhart, B.J., et al., Genes & Dev. 16, 1616-1626 (2002))

using complementary synthetic oligodeoxynucleotide terminally labeled with *2P.

Statistical analysis. Changes between treatment groups or between sets of in vitro
experiments were analyzed by one-way ANOVA and then by Student's # test with Bonferroni
correction. Increases in leukotriene concentrations were determined by the Mann-Whitney test.
All numerical data were collected from at least 3 separate experiments. Results were expressed

as mean = SEM (error bars in graphs). Differences were considered to be significant at P < 0.05.
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Name Target SEQ ID NO: siRNA sequence IC50
siRNA#1 RSV-P 3 5'-CGAUAAUAUAACUGCAAGAJTAT-3'

4 3'-dTdTGCUAUUAUAUUGACGUUCU-5'
siRNA#2 RSV-P 5 5'-CCCUACACCAAGUGAUAAUATAT-3'

6 3'-dTATGGGAUGUGGUUCACUAUUA-5'
siRNA#3 RSV-P 7 5'-GAUGCCAUGAUUGGUUUAAJTAT-3'

8 3'-dTATCUACGGUACUAACCAAAUU-5'
siRNA#4 HPIV3-P 9 5'-CGAGUUGUAUGUGUAGCAAJTAT-3'

10 3'-dTATGCUCAACAUACACAUCGUU-5'
siRNA#5 HPIV3-P 11 5'-GAUAGACUUCCUAGCAGGAJTAT-3'

12 3'-dTdTCUAUCUGAAGGAUCGUCCU-5
Luc-siRNA Luciferase 13 5SCGUACGCGGAAUACUUCGAAT4T-3"

14 3'-dTdATGCAUGCGCCUUAUGAAGCU-5'
Negative 15 5'-UUCUCCGAACGUGUCACGUATAT-3'

16 3'-dTdATAAGAGGCUUGCACAGUGCA-5'
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sequencing of the viral strains in our laboratory; thus, siRNA#2 differs by one nucleotide from
the GenBank sequence (the underlined C is U in M22644). Negative control siRNA sequence

was from Qiagen (Valencia, California).
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WHAT IS CLAIMED IS:

10.

A method of reducing the levels of a viral protein, viral mRNA or viral titerina cell in a
subject comprising the step of administering an iRNA agent to said subject, wherein the
1IRNA agent comprising a sense strand having at least 15 contiguous nucleotides
complementary to gene from a first mammalian respiratory virus and an antisense strand

having at least 15 contiguous nucleotides complementary to said sense strand.

The method of claim 1, wherein said mammalian respiratory virus is selected from the

group consisting of PIV and RSV.
The method of claim 2, wherein said gene from said RSV is the P protein gene.

The method of claim 2 wherein said agent comprises 15 nucleotides selected from one of

the agents of Table 1.

The method of claim 1, wherein said iRNA agent is administered intranasally to a

subject.

The method of claim 1, wherein said iRNA agent is administered via inhalation or

nebulization to a subject.
The method of claim 1, wherein said iRNA agent reduces the viral titer in said subject.

The method of claim 1 further comprising co-administering a second iRNA agent to said
subject, wherein said second iRNA agent comprising a sense strand having at least 15
contiguous nucleotides complementary to gene from a second mammalian respiratory
virus and an antisense strand having at least 15 contiguous nucleotides complementary to

said sense strand.
The method of claim 1, wherein the subject is diagnosed as having a viral infection.

The method of claim 1, wherein said first mammalian respiratory virus is RSV and said

second mammalian respiratory virus is PIV.
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The method of claim 9, wherein the subject is diagnosed as having a viral infection with

said first and said second mammalian respiratory virus.

A method of reducing the levels of a viral protein from a first and a second mammalian
respiratory virus in a cell in a subject comprising the step of co-administering a first and a
second iRNA agent to said subject, wherein said first iIRNA agent comprising a sense
strand having at least 15 contiguous nucleotides complementary to gene from a first
mammalian respiratory virus and an antisense strand having at least 15 contiguous
nucleotides complementary to said sense strand and said second iRNA agent comprising
a sense strand having at least 15 contiguous nucleotides complementary to gene from a
second mammalian respiratory virus and an antisense strand having at least 15 contiguous

nucleotides complementary to said sense strand.

The method of claim1, wherein said first mammalian respiratory virus is RSV and said

second mammalian respiratory virus is PIV.
The method of claim 13, wherein said iRNA agents are administered intranasally.

The method of claim 13, wherein said iRNA agents are administered via inhalation or

nebulization.
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