WO 2006/074346PCT/US2006/000425 RNAIi MODULATION OF RSV

AND THERAPEUTIC USES THEREOF RELATED APPLICATIONS

This apzplication claims the benefit of U.S. Provisional Application No.
60/84* 8 &Y January 7, 2005, which is incorporated hereirf bf/US2006/000425
reference in its entirety. 5STECHNICAL FIELD The invention relates to

the field of respiratory syncytial viral (RSV) therapy and compositions and
methods for modulating viral replication, and more particularly to the
down-regulation of a gene(s) of a respiratory syncytial virus by
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via injection/intravenous. BACKGROUND By virtue of its natural
function the respiratory trac@%%ge@%lé%mw&rbome pathogens

that cause a variety of respiratory ailments. Viral infection of the

respirdigsypraicatitramo shebmefionf $a8iser ofisitaritietivsitalivatoitih36s, filed

mﬂﬁ%mgmqs%mmwﬁ@éﬁ%ﬁ%% ﬁmyah&agﬂssms in the

US at a cost of 3300 M. Human respiratory syncytial virus (RSV) and

parainfluenza virus (P1V) are two major agents of respiratory illness;

together, they infect the upper AR TBNE ARIFIFALDry tracts, leading to

croup, pneumonia and bronchiolitis (Openshaw, P.J.M.. Respir. Res. 3

(Supplrh},ibkhtbaR(21007) e arlarnsf feshirgtb) syaicptMicrabiak Waherdpy and
90-412 (2004)). RSY alone infects up.to 65%.0f all babies within the firs
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occur in all age groups. infants experiencing ronchiolitis are more
FYTPI L VA S SR RIS 98 %asthma later in life. Research for effective

treatment and vaccine against RSV has been ongoing for nearly four
decades with few successes 25(@pefighamhihgdM.. Respir. Res. 3 (Suppl
), S15-S20 (2002), Maggon, K, et al, Bev. Meth Tirol. WO

(HS2000(000426 141493602000,

2006_/9%,%5&'[ {%{5%@% QP irborne
vaccine'is clinically approve or eitherR trains o viruses also

ARSI et ttrah aRPhonS seriFriest Al e VU inficHiemel Shreppiratory tract is
\ mmcgd&ﬁr 7148 aeg{sislugwﬁxﬁm@%%%@ﬁ%a% SB.th X \)5«6%@?93 aftestimated
n. ICIODIOI. xeV. . (0) .contain i i
Bl e A i L PP o R BER P o et virs
R sy printddarmilyrud @) ber tofofeafureganttoe sepitatse slinensetogether, they
aantipvigs dothecificlities efpravention.and abﬁiﬁg;%emgnw AEBRAESs

mutate at a gﬁh rate dueto thé lack of a replicatio roof-rea
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viruses associate with cellular protein; adding to the diffict aining ‘
BEansheel ity are s oo devrenishemuaendrstona lat, mﬁ/fgy Besparch for effective
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25-34 (2003), Haynes, L.M., et at, J. Yirol. 77, 9831-9844 (2003)). Use of
denatured RSV proteins as vaccines leads to "immunopotentiation” or
vaccine-enhanced disease (Polack, KR et at J. Exp. Med, 196, 859-865
(28025904F@34¢erall problem is underscored by the recent clo8GFEUSE 40425
number of anti-RSV biopharma programs. The RSV genorne
comprises a single strand of negative sense RNA that is 15,222
nucleotides in length and yields eleven major proteins. (Falsey, A. R., and
1& RoVsEgh@H0uiinisalMicohiclegicalifeyinwRd Ak v s of both
these proteins, the F (fusion) and G (attachment) glycoproteins, are the
VRSO0 R S R FHE BB AR Al 53 GRuB B P ©

-agnivvitiritynd the Ghiy(smdatichyidiaphofEiex@iotain ethk, Wignaiehopplokein] Bog0-412

(25@4%2 (22 IcDa) protein are associated with the viral envelope but do not
Induce a protective immune response. The N (major nucleocapsid
associated protein), P (phosphoprotein), and L. (major polymerase protein)
prote%?ﬁ%é‘fo‘i?ﬁ@‘%%ﬁ?ﬁ?&?ﬂ‘ FPEAHYH SRR RPHL aspemsisthslans d the

Py 260618346F CX fibRa0G/afi4R b PieteinisudShwndiiibdied to the

dﬂﬁ%ﬁﬂ&a&l&%ﬂ%ﬁ %}ﬁ {Hc%@t'ﬂg%l% %re%gti%g mbllftt ergt n.glt&'ﬂrre %e IEBiE) the lack of
infectious virions. Human strains avenbeen classirned into two major

2 grplifgdonelimepBIcrhiagangrhad prott thei A ek wissnting theeriBesnt challenge
ioieigen HRnRe RRMneratainsi-Masakiitkohtie BIRSY:GoalerRpraEins

S e g S s S e e oo e B S
Visosrioricene2 8Sif06t amtirtipmdits (eapendieadto thS st @minkeg Viag. ah, Antivir.
fmt@szq@t%ot(mmm,nezﬁm}?i@%%ﬁ??;ﬁ%ﬁ%@%%me%o

e glycoprotein

Ma., as well as heparin-binding domains. Ty Xists In )
20EEESH Ly ra e RS- BAdiRE el %%f@@éw&%égmméﬁibﬁgemrﬂ@aﬂﬁ@al for
vRGMaive Bk R, et iy Mpaysilabie (0a0aum), Kbk £S5 Bank, BRI44, 669-

' in Medical \Vir :149-68). i f the lower respijrator,
ST e B T el N Boats o Sy oot
apd Repsin ey dhat i Ve id sxawisifely contpéext @reoblvenRS athmét ok, diseh &ngenol. 16,
2nfantmendreiidien withihe dissaser HyBPXigMBiR)5 a0 QGH HiRtured RSV

association with RSV infection, can be treated with oxygen via a nasa

be , , |
PERITE P VPEC RS AR MRS AF it FRRBIrsd Shyonan (alack, F.P. e

ag o Ekp.ailed CIAGESE BRETER MR | OTke omeatiatityb Sa s erulaysisians e sexielosure
o?%%%er'&'ﬁﬂﬁﬁ\ﬁﬁ%ﬁﬁ%%@%?a%ye shown that steroid therapy does
[

not affect the clinical course of infants and children admitted to the
hospiﬁ%l viéi%%bronchiolitis. Thus corticosteroids, alone Or in combination
with brohERGHFARPS SHEDASES dSMes ST athesrtiye sras N HrBATRibiifis?
nircletitidpavisdehgthlting vieldsridatedipiatierteils ([Btases ANH. 24hC 10 Bremawiti 2000, .
lyi ' Faqle]2 [ , h as bronchopu ry.
R N T e ek B e a6
(¥tesivmsmibeisarseigbswats stoniar sfhrep hieinb e e o didmesatan i aducing
pateb e deRnmith TRS YHb(gasin @ﬁéﬁ&ﬁ@) the:Bd il IR0 AL Y PR S dias M2
its use have shown conflicting results. in most centers, the use

Y tin
Cafiiy R et R ek AT e e
re¢bmssenHee A énsguenebiedcaphie sevenind of RGY, lranohinbiisohag, heed (major
lated. wi Inol concentrations, but trials in_hospitalized
P R L AN A 10 781 288k
supplementation provides no beneficial effect. Therapeutic trials of 1500
mg/kg 9
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WO 2006/074346PCT/US2006/000425 intravenous RSV immune globulin

or 100 ing/kg inhaled immune globulin for RSV lowerrespiratory-tract
infection have also failed to show substantial beneficial effects. In

de WD pBA GatMatries, the treatment of RSV lower-respiratory-t2et/ifieasp0425
is generally limited to symptomatic therapy. Antiviral therapy is usually

limited to life-threatening 5 situations due to its high cost and to the lack of
consensus on efficacy. In developing countries, oxygen is the main

thera Mhen ilable d the only way to lower mortality is through .
R S R S

iEkediamdvoensorkers to describe the observation that double-stranded
RNA (dsRNA) can block gene expression when it is 10 introduced into

Wormsrifrise S RlsiriNai Hice3R4na0a:8ich iAR8) SherasiBA diteg!$he G

R L R 0 o8 O TS O R AP L e
R Gebreuggadienem andeitionthé tevBRIp mgrasieheitass tofbthionapeutio the
AYFY 5F AWE Vs 4GSR HRRSR I IE LR S & gl?&g%o%ﬁf%%%ﬁ@??@-zw

with'no demonstrate proof that RNAi can be used therapeut .
aep aridiidermdisi RIS abhanandenialya e aanss and gighly
ftsanoiaiy famintantsrabdoonities. widierehs alizthmfias ddekibeTpeWiésprotein
agents and n&eth(pdsf rtregt'lgr%l fRSV infection at all ages and in

€. S 11 secreted and mempraneg-po; Oms. . . \pe
Immuno-compromise inaividuals. There is also a need for scientific
methods to characterize the protective immune response to RSV so that

the pathefgaFiirebodo dreayeR S BELior e CUFfSL FEaYP i fMageon K and
ShBuripeR0® AREAtscndMEReITER oy he: laoiiRtdaficdhe: 301 @Seftrespiratory tract

ingeRion.cxeieames preinus ShRSoRIOOS b AL L BIOHIN Gy cison
methods and compositions eﬁectwe_ or mo ulaﬁng or preventing \Va _ .
hate iRt Spebicl Bimieptissenenivbntiond dvidee wihdhardisseysy Glperig, which
BNAaY ﬂﬁ%&b%ﬁ&@%msy ﬁﬁéaﬂentfbtigﬂt% ﬁ%a%ﬁ\»(,ilﬁgtﬁc&?ggﬁ V%HR;Q é@‘{?&i é@émula.
vjvq, as well as heing effective against both major subtypes o ,and a
SR IGP b TSR R BT P KRR P HIGI Reeo I SRFTIvRAgR ¢on ower
ﬂihﬂaﬂitgs%nmtmgiﬁ'rgn_si prbmsibe siwrdhﬂs Homwe,mdvmal{modﬁmnmreshm that steroid
{ﬂé&fﬁ%&gﬂﬁt DEHR R DT QER. DR AR éﬂfﬂk%ﬁ%ﬁ%ﬂt% kﬁ‘mo pital with
agents, as well as by parenteral 4 WO 2006/074346PCT/US2006 000425
bronshirtis Shus ceticRsiERiAtsalape e fearhinriab B hrorebrditaters auBHie useless
fhafe thadebhechEganeiehiR MothatsameerearRiNA Jeve)awith Bolrtieand

d B subt af RSV, Based on these findings,.the present invention .
e o R T on Ry s L P AR THCPBB g nd
REnmidideils AR ¢epratsin levels and RSV viral titers in a subject,
e.g., a 5 mammal, such as a human The present invention specifically

providgsuiRiNA, agamssernsigipgeafitERRaisHNRSse Al beal afceampsisiifnts and
t.least 1 re contiquous nucleoti of .one of the genes of RSY

S R R S R PR P o S LT gl oo v

EhaWumqﬁhgmg ms. Morestoemigols m:ccbé otidesifrsmopnestidied to

ﬁﬁﬂx‘dﬁ@&ﬁrﬁ@%ﬂfi@@ﬂ&i&ﬁ?%&@h%M% %@:&@gﬁm preferably

consists of less than 30 nucleotides per strand, e.g., 21-23 nucleotides,

such as,those provi in Taples 1 (a-¢). The dauble stranded iRNA.agent

oo o R R GRS A e Aot Bo AR GE U e

mm@gmmsrbm_ tonk oriospkiadized dls‘ldfenhw@g &5ty Pém@hle‘p,liiﬁ@ﬂ%bmazgﬁmt
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subunits, or can be synthesized so as to contain one or more

modifications to the sugar or base of 150ne or more of the ribonucleotide
subunits that is included in the agent. The iRNA. agent can be further
mOotidEE 8460 be attached to a ligand that is selected to imRfFEiEs2006/000425
stability, distribution or cellular uptake of the agent, e.g. cholesterol. The
iIRNA agents can further be in isolated form or can be part of a
pharmaceutical composition used for the methods described herein,
BRI PRI IAGRNLE R RIDRO SRR SHRUR e B dGINaY g he
lungs or nasal 20 passage or formulated for parenta?é mlnlstratlon.kf' e
TeRMERTS RS B P i pesialsn Sl st te sheansisiansie herefimaletiegients, and

in some embodiments, will contain two or more iRNA agents, each one
direcledacclntiffeventiss ¢ enttukcat RERBYdoeeordpinatorgiffananfcRSY is
ot inyventi t [ thods for r [ .

G L S i

sityahoR s g Rigtotasianiiv Aelgen af eraraspspresisicinlestisiprng countries,
oshieistths it aedep criadpekne), he Besaptaateder tiliasithes hrough
pr%?é%ﬁ%ﬁ mechanisms involved in RNA interference to selectively degrade
the viral mRNA in a cell and are comprised of the step of contacting a cell
with gne of the antiviral IRNA agents of the present invention. Such '
methDDE AT FEeRet SrReWHitea drarinitialy eneesby Bipscwo norstpiisrato describe
mmswmﬁ%%ggﬁﬁa&ﬂﬁf?@%;@mpéMWgM%mm vlvhen it is
. inistering to a ect.one of the.i g pharm ic
b Ao eb Lo anSr S THNA e g
SHesSit astdrpasiniondhsliseciminunewf vigahisnotéinipdogueedbate, iméhas
p@wamemaaitmta@@fg@é%ﬂcfﬁ.ﬂll%ﬁﬁgh\sméﬁ@ﬁggaémwﬁ{aﬁaﬁ of

d Exlamb%lgs . 5The methods and compositions of the invention, e.g., the
e tREH AT PO AR ElIh pertitio riod o et tias by eraaaiged mostly as
suggeigviomithlatidendestaiberbbftai RN wel Rewedihany amiaiof
administration described herein. Particularly important is the showing
heremiefdrgnrsaliaspiisiatiand sRiRNA A9RRE ADGLUSARNIOcally for
mllpag ?It vire I.Ir&grgllc?#on,m [‘?es irat _gy tissues. 10The details of one or more
emboanIaNEESr tRES ARG e RetbrspRr Wit Aees cafpehofid U Emimg RSV
infgstiah et ddsgiption ibéhonnGthemieatissddndivjents, Tnaaidypbiages Gthgentific
miSINGANNA e pPRRIBALIIAVE iR AR Sellon, RE V18 WINGR, ANAJIOMLILS: me
claims. This application incorporates all cited references, pa eﬁ?s, Aha
diseaserfien Bisiadisthopd sareringdes themmsittisrgeaty foi vbpoeposehe facilitated. The
prEERRITENRESSEBRIONAPRAMINGS: in (K3 v¥ phawing inRiksigaef

RSV using iIRNA agents., iRNA agents provided in Table 1 (a-c) were
o G P AR A ST T P05y AP tICER P present
InfrsatPratyiesss Hech tdolproviding iR prassait sharhiRd\Reaghow providindeiRS Y levels

in VAR 8 G GOl De IS R VSLAAERYGARIE ASIG.AGNEIRNA,

agents were identified. 20FIG. 2; In vitro dose response i ition of’
Sh¥iing (8 AT ARG ey i fithis sfase of@alsemes from Table 1 were tested

for anti-RSV activity in a plaque formation assay as described in the

Examples at four concentrations. AgRa6 Qendent response was found

with active IRNA agent tested. FIG. 3: In vitro inhibition of RSV B

subtype using IRNA agents. iRNA agents provided 25in FIG. 2 were

testoA TP REHEN SV SEA TR EEIB 58 B = et BB aday cn be
ingibitiesthibegh imtheEx armplesrSobtyDR B Avasirhibied by thedreNéal

agents tested. 4
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WO 2006/074346PCT/US2006/000425 FIG. 4: In vivo inhibition of RSV
using IRNA agents. Agents as described in the figure were tested for
anti-RSV activity in a mouse model as described in the Examples. The

IRNvk@g@pigsere effective at reducing viral titers in vivo. HPuB /000425
vivo inhibition of RSV using AL-DP-1730. AL-DP-1730 was tested for dose

5 dependent activity using the methods provided in the Examples. The

agents showed a dose dependent response. FIG. 6: In vivo inhibition

of RSV using iIRNA agents. iRNA agents described in the Figure were

?é“é}‘é‘l&“fé{%"é’rg(fﬁfé SRt iheilrsScaden nhaetont {RAUA aapnisiEem the P, N and L

BdiB o7 REViivg dirhibiiio RN R BVels ity ’ti)fah'ﬁa@ﬂﬂgﬂ% DY AEEREY, Based on these
L ' igure were tested for anti-RSV activity in vjvo as )

O B e S RSPt ey e o

gusieg BE/BRHAdpRIBIGSY pretd. 18V andVRSY ivinibitien nfRENsdSsiRg 2

imNAagRtsSehverad via aerosol. IRNA agents described in the Figure

were tested for anti-RSV activity in vivo as described in the Example.

15FI X ' tion against RSV infection using iIRNA agents. .

R S e R PR s e o
FESRiBp SR rEngity | BT TAM RO DESgRIRTICIRbtidesBopmasahefzenes of
REFOSAHAMI (6, NG0B zs 6F REPORUEIGRY ‘B%iﬁ;ﬁ%‘%éﬂl?&ii%%& rising 15
herein in rteference to oger&é more monomeric subunits of an RN age%t_.

Tt Will D HiIGPEdBs i AP A B SRe A pietsties Rovidiaci Bbladde-ey The iRNA
st wefuehansintvaficin e 8asechbidnaifietRNA 0P NISRRLMRes, such as
%Emﬁﬁieélﬁ%‘ﬁf% ané‘cf“ﬁ’ﬁéftﬁE{bﬁ‘é‘&k%?&%‘ﬁkﬂfAs srrogate rep l%%.en%?mt ends or
moiety, as further described below, at one or more‘positions. RAMSRAT

mge et vreresrhares Al rieistide fiam ersdifibotAN udsiof the agent.
nucleoside surrogate, all of which are described herein or are well known

in the Fusizess firet RN ager¥\taileiftsrvontencmsymadified JoMAB@HBbucleotide
ACIRRSIHR S WY : i -pref exa s.include WO
2006/074346m3%f5%§6%;c8%90%§ : tt)ﬁ%?glg %%éﬁ%é%?@ﬁ%?%ﬁ%@%%‘é%ﬁ base of
PR TE B P s et e R SRRt dRINGRd ipvsfeerstl Skamdidsgent can be

fthacimdtiified that ma?@aglzhwgm_mgslmwi%wﬁp@liﬁﬁﬁ@% siﬁ_b@ﬁf;@l&i%ﬁbuﬁon
I erer ya ' sin al ernang, or, artlcu,ary |
S R e R o
Br et BrbRE RS RetiedbepTpstH phesphatiegiolipds deséibsiblén,
@@mmnﬁpﬁaﬁ%mé&mﬁ@emoﬁ%ﬁ&lﬁ@&"ﬁoﬁ&e&@& PR B aal

FngNA agr?ﬁWmQ §)?n down-regulate the expression of a target gene, .
TRV RACFIHY A8 E RISt o ERbarR2am el o BgRiangan contain
et ynoreRdN magensf andumbbercehihRiNBRISAE! toateilifgo or more i(RNA agents,
LeptHanscrntignalpleayage of a tar RNA sometimes referred to in

the art as 10 RNAI, or pri% rﬁéﬁiﬁﬁ%ﬁé}m elﬁ?é)-rt%'ﬁg?a%]g%ﬁn Oh&FfiSTns.

An iR% agent can be a double stranded (ds) iRNA agent.
€ present mvention further provides methods for reducing the level of RSV viral

mRNA in a cell. Such methods comprise the step of administering one of the IRNA agents of the
present invention to a subject as further described below. The present methods utilize the cellular
mechanisms involved in RNA interference to selectively degrade the viral mRNA in a cell and
are comprised of the step of contacting a cell with one of the antiviral iRNA agents of the present

invention. Such methods can be performed directly on a cell or can be performed on a

S
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A "ds iRNA agent" (abbreviation for "double stranded iRNA agent"), as

used herein, is an iRNA agent which includes more than one, and

preferably two, strands in which interchain hybridization can form a region

of WoFM/sttdisture. A "strand" herein refers to a contigouous PSTAHAMGHE0425

of nucleotides (including non-naturally occurring or modified nucleotides).

The two or more strands may be, or each form a part of, separate

molecules, or they may be covalently interconnected, e.g. by a linker, e.g.

a polyethyleneqlycql linker, to form, but one mole . At least one strand
R B B G T S R AR A A
cSupsisitonarnd tis paseatitventianti Bedwdistrafidral ABabbinh shltsrasatmiprisdugtion
e I5R DARISA VRIS ROSOMRNRGS A4Eaan COMPIRTERAR 18 Mfcating

antisense strandis termed the "sense strand". However, a ds iRNA agent
VA SIS ROBRHER SR Sgle RNA molecule which is, at least partly;
self-complementary, forming, e.g., a hairpin or panhandle structure,
includingpzetiofderd egiaresitivssicftisdsesittientergn tstmaetiodedodsRY Hagewf

Sl %a%@&‘s&l%ﬂ&%é%&@ﬁ%% EHRRIRHEBANGIR BREINGE {RAI AN ith
of the same RNA molecule. 25A thog‘%@m mammalian cells, long ds

AR RPRIS gfedraipishatien CestHRet ey JrPrdaphs EppHant is e dinsrimg herein of
isieleteliatisinihadds RNy eatstdadiel biggeotihailiefarepliasponse,

at leqlst not to an extent that is deleterious to the cell and/or host. The
respiratory {18sues, . L. .

IRNA 2hents of the present invention include molecules which are
sufficientlé short that they do not trigger a deleterious interferon response

in ma aifs eEREe PRI AEbod RIS PA TR DY R BAT SEHIBRRAR e IRNA
aagenia(giog, famniated te desdpihecbhierei ) teefanan)wjenscal aavmsges of

.silence expression of.an RSV gene, while circumyenting a, . .
e S S P e
ppliseionigeiareefcd Aok ateress nalesisorskoaiat appiiseliofR Riyeferences in
tREeRiE-aY SIRMASApeEein. "sIRNA agent” or "siRNA" as used herein, refers
to an iRNA agent, e.g., a ds iRNA agent, that is sufficiently short that it
does not induce a deleterious interferon response in a human cell, e.g., it
has a duplexed regioPBiIEEBESARESIAGHSSHIRSIVENGS The isolated
IRNA agents described herein, including ds iRNA agents and siRNA
agentE]&dn Imeitlia ielstizioc nHRNaugBgeRBLY 2 depntR NRINYe ggadepiomidEdin Table 1

GQyVRRISNES: SUGHRRNA is.Al50 ﬁloaeﬁﬁq{{e%%%e;@sgﬁm A f%lﬁl% Examples.

silenced. Such a gene is also referred to as a target géne. Preferably, the

Feslrealme Gnoreatrsess ge O redentmsrafeR v gind (pakreasrlyerd s fhe first

et b TANC1RrQEURLt ve ARNUSRGNERIR ithaHy@ase "mediates RNAI"
refers to the ability of an agent to silence, in a sequence specific manner,

2 taropang, RileANDAAIAORH AN, PRANB LR AIAER I NBLIRANAR B ative

cell containing and/or secreting a certain product of the target gene when _
955t irh el A cstzd der ani-Borariiaia e e skt Rrratist oy, 2 dorcribed m
B0 Va4 ¥ £380r 666nfiaon8 08 Rk 96%ntRsS efSiieh W/ BuRIHCEWRETRNA
con%:%\ctt(ggl with the agent, as compared to a similar cell which has not

B&en Cohtacted with the agent. Such product of the target gene can, for
examgk% be a messenger RNA (&nRNA), a protein, or a regulator _
elemefC 201 tHEbHEn SRS Ui Brairesawing ihidcecale *gepls provided

ﬁ@l—'g@t DeBR Wﬂizﬁﬁhﬁjﬂéﬁﬁ-&&%%ﬁt}m é@diw}adum?ﬁéi? the 19@«!13@ Fobntiieon assrz]xy as
ubject, As used herein, "reduction in viral titer" refers to a decrease in the
R N I
undergoing the silencing of a viral target(igene. Reduction in the cellular
amount of virus produced will preferably lead to a decrease in the amount
of measurable virus produced in the 25 tissues of a subject undergoing
treatment and a reduction in the severity of the symptoms of the viral
infection. IRNA agents of the present invention are also referred to as
"antiviral iRNA agents”. WO 2006/074346PCT/US2006/000425 As used
herein, a "RSV gene" refers to any one of the genes identified in the RSV
virus genome (See Falsey, A R., and E. E. Walsh, 2000, Clinical

Microbiological Reviews 13:37184) These genes are readily known in the
art and include the N, P and L genes which are exemplified herein.
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5As used herein, the term "complementary"” is used to indicate a sufficient
degree of complementarity such that stable and specific binding occurs
between a compound of the invention and a target RNA molecule, e.g. an
RSVAAPHTEREA molecule. Specific binding requires a sufficieREHEGHAS/ 00425
complementarity to avoid non-specific binding of the oligomeric compound

to non-target sequences under conditions in which specific binding is

desired, i.e., under physiological conditions in the case of in vivo assays

or thaRDGUIC AR O RO M R e Bhre

in which the assays are performe rget sequences yplc
Vgpdesind denanibRE Y aetivat de s mousysadsbas deserihedin fRNEXaapdest iShe iRNA -
agguificianiyrcamnlerarciasyidn @daEsERNA, e.9., atarget mRNA (e.g., a
target RSV mRNA) if the IRNA agent reduces the production of a protein

15 engedsty s gt RN el THSIRNA daem oy oo e s

"exactly complementary fo the tar e.g., fh arg

drRepAeaRaHY HI HERS fbréeémﬂwmm in thytﬁmtm&ae%gmsatbwred a dose

: d\ége,tggnmgaase pairs in the region of exact complementarily. A

"sufficiently complementary" iRNA agent can include an internal region

e AL R R0 RO e G R A @ i R1R e

viral RNA. Moreover, In som
Fweewea%@émma?e%vaagmwemmm@t@@mmm Ewmb%ase the
IRNA agent only mediates RNA: if exact complementarity is found in the
regiof}@.§: Imﬂﬂvmiﬂtﬁﬁﬁxbeoﬁ(m/’ofgiﬂgémgmlédﬂdagﬁﬁet&mﬁ)ed in the
ﬁé‘gfee&rgg iIRNARgeRts will | Qﬁvﬁ??ﬁ%&@aﬁ’ﬁg&ﬁﬁ' QrCom i the sense
and antisense sequences provi In the Examples. As tsed ereln,
"essepijall ntical" § n us ferrrn a first nu leotide sequence
25in co@1 %{‘r VY PRRNSRP é‘ﬁ?etan NeeetHapitliirst
nucleotide se%glence IS |dent|cal to the second nucleotide sequence

exceptféri 1 BrinfiRitionpl BE hyslentihiAsaenstrdabymsebvip aeiesobsiREA

agpiaded iyediadd FNR J0RAMIAIGAREIMS200619004R% as dASYSER the

1?Xerel a "subject” refers to a mammalian organism undergoing treatment
sorder mediated by viral expression, such as RSV infection or

undergqt[orn% treatment prophylactlcall revent viral infection. The

subje B VA Pt et eaiishRas arﬁp FfieRasEWARNrageniao (RN Aregents

déegibetbingbeibtwepsefenesomb almeniidhe: 36 RiQ GbipRIBLIME et RAS.

used herein, treating RSV infection refers to the amelioration of any

biological or pathological endpoints that 1) is mediated in part by the

presence of the virus in the 'Ej@gt%ﬂ REBEIQNcome can be

affected by reducing the level of viral gene products present. Design and

SelecloncesBi\eapasjtions T erprovsheoiie idnistvasetidohistsemetimes used herein

il SRPERIEAH AR RS LSRR GIERHINGO b ot RIPIRIRNMMIA GEDR DN hat the

foIIowmﬁ local administration to the Iu&; and nasal passage of an IR_NA

AR A SO T RSO S P Rt SR IS RS- R the case of a modified RNA or
rsy&teﬂﬁdh:aityégaﬂ’@ aleradlrvieanjediing andethRisesultingeite adpianRtRbviralety, as
ct| ergcr'{h Esent |nvent1r3[ocnr IS further extended to the use of IRNA
agents to more than one respira Sry VI?U% and the treatment of both virus
infections with co-administration of two or more iRNA agents.
-An “RNA agent” as used herein, is an unmodified RNA, modified RNA, or nucleoside
surrogate, all of which are described herein or are well known in the RNA synthetic art. While

numerous modified RNAs and nucleoside surrogates are described, preferred examples include
7
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15Based on these results, the invention specifically provides an iRNA
agent that can be used in treating viral infection, particularly respiratory
viruses and in particular RSV infection, in isolated form and as a
phat@abatidéticomposition described below. Such agents wil PEEIUSAE08/000425
sense strand having at least 15 or more contiguous nucleotides that are
complementary to a viral gene and an antisense strand having at least 15
or more contiguous nucleotides that arc 20complementary to the sense
strand seguence. Particularly use uI are iRNA agents that c ﬁ
thash Yo dedp LA OIS AR f&t@saﬁ% FETRTRS, Eﬁf\e c%%ﬁ‘sﬁé? N-and
Ptegme @.faaﬁbé aglpdevidedlin hakle :1’ eaga) modifldaéidiz hlicelifsntvnitieingle
ventlo fise at »
Scontlguous %iIRC? otlﬁgg?gr%%%e the |RN (% é%%sﬁ tlslﬁﬁwn Eflﬁ?%%sggﬁ%d’lﬁ °
ngifieatiqavd)ichietiedr PBegs merapboseisit @'ahpé@ﬁ MStOB Q3R dpgogs of a

pg§§§ﬁ§pé%gj or comprise the entire sequence provided in the table or can
comprise 15 or more contlguous residues provided in Tablela-c along with

additiQnal. £ nt| t

2006183 4 BB R AS 0 Sagn i FAERA M R el R n v
aﬁ@ﬁb@%@méavahrswjeﬁwxmre&mnfmém%&wwgeﬁaﬂc%&ﬂé@tanﬂung to
Hf@omf@wag@fyp({@dmmta@%m? Maﬁﬁfé&rﬁt@mﬁm?aﬁmw n

. ed accordi 0, sequence O rovided.in

O R e A T o
mcmr@wmemmprutMImdmwmm &‘galﬁ&%@mtmgeal double

§ gggﬁlttlsense strand each comprising a sequence of at least
15 16 17,18, 19; 20,21 or 23 nucleotides WhICh is essentlally identical to,

as defing n of a gene. from a res V|ru articu
the P}N%%gg %éeﬁl éa 3 g\pg@) )‘f}emp e%et% 'ﬁélsu%seﬁeyem’m
mmmmmmaﬂmm@mmgmdm&mmw@sstrendscne\fbicmtercham

RIS éa%%\/d&i@%%;fg@&ﬂ%fﬂd&?r&) structC ASERSRATANG.A B8R u‘a’ﬁééouous
agent should be equalto or at least, 15, 1617, 18, 19, 25, 29, 40, or 5

TEROEEAERUT AR e EHEE RP BT B TR CR ROHTS 1’(5‘“8!’%“%?5) The two or
Rueeaticesnasaginedebet adirangasaretd malébuleéorihe 1 Mdp b3 ouiletly

to 21 Ieotl es n length. Ex mplified iRN enjs.in hose .t
B SR B0 02 INENUE RRRRVIGSRA ARETIE LniE dlosbilak. A

lonss @fﬁth@aaé emdnelmabrsgiomvdyich is sufBcimtyeenn prestam RN ssyRNA. Such

should %ﬁ%&:t%fsé{s@ﬁ%ﬂfs AGdebnd SR BRipASedia tRE SRN A agent which
nucleotides in Iength It should be equal to or le S, than @g 40, or 3

FRTERSHS AR SSHOR AP [ BIRREY ?%*zj B8 © 15 f%%u
Hevev2d, adekBaiitlagein tenglilo. ieXomplifiichilR rsiAgm}ﬁﬁﬁsnrmmub Wioskeighatieast

r U e
B S Lo e e L U AR e ot
EG: JRoUR B dirirre OvEpft gsfersdo opepf tegegionef the RIVA pplesple that is
e nA 80y ROMIsIeaLiie Rals Rdenaia lsheuld be equal to or less

than 50, 40, or 30 nucleotides pairs in Iength Preferred ranges are 15-30,

17t02 %I‘E’%b B A R0, %ﬂs QHB ﬁtéﬂﬁ%gﬁlﬂﬁf@%ﬂtﬁmowe

provide are 21'nuc eot n th for each stra

NRNER W@Bﬂ@h@%@@@éﬁd@%w&%ﬁ%ﬁ%@%ﬁ ifter{gon response, at

nasietideqwrhang.on aagheline t%e%eﬂ%m/shﬁo@g% Fhesaa@e §sthe present
can be modjfied as descrlbed herei

HHERI9H 4@9{1@%@@@% ﬁtgeoq Qort that they do not trigger a deleterious

8
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equivalent agents comprising at least a portion of these sequences (15 or
more contiguous nucleotides) and or modifications to the oligonucleotide
bases and linkages. Generally, the iRNA agents of the instant invention
incHi8 &35t of sufficient complementarily to the viral genePelglTHilcpo0425
N or L protein of RSV, and are of sufficient length 5 in terms of
nucleotides, that the iRNA agent, or a fragment thereof, can mediate down
regulation of the specific viral gene. The antisense strands of the iRNA
iRGRAES RLIDRPIESARLAGONAR 215 B GIPAARY LM GASPIBRCHAN 19 G
amRNA sequences of viral gene, as is herein for the P, L or N proteins o

Fea\e groftraiaten fs drsereddisssin) inamaenslise pelreateaseplenitnearity

emmm‘ff_ '_ fhﬁ]’dBM@eagmilaNﬂfcm&fﬁgh M&t?%lﬁqﬂieﬁ%ﬂd %ﬁgﬁénl#ﬁﬁ&ﬁles
1Ient,to en etAel to.agent ra,ceava;e roduct thereof, to .
Y 30 ot B eSS M AP o Frpgged SIRNA
AEGRENA .siRNﬁqsﬂve_réforéiméﬁmmm'agésiw{meumammefefm ARGRIE agent,
AYAUSTRANRY 4 A SENEMANC AT AN SEASE SHAM PAG0COTNIBRG A

sequence of at least 16, 17 or 18 nucleotides which is essentially ide
TR SRS BRr\Fe o S Idrfedepisrrd e gionetisst AageRaupisetideairy. the
15 P, N or L protein of RSV, such as those agent provided in Table 1
(a-c), laréepted AR N6t apenie dhseriledhoreB riuchebnglds BdiAstganmel and siRNA agents,

chA SRR st e ipLcleQ - AJENARING, 4150
e e
e

PR hiReRlead. Svudhtises BealshroRmeddons e messlinere.
Plabrebbratipdisass bt tlastelSsargariadiciantis 85 gaticplianneyahdPeN or L
‘ s of a viral gene, particularly the P, 20 L or N protein gene of
RSV, but 1, 2 or 3 base mismatches with respect to either the target viral
in.RI;IAA se ’sﬁence ?Cér between the sense and antisense strand are ) ,
introdutey. AR R R RV weeRs Ao dhe Aihive ! sa arentapigiimce. in
atequENtisEnesHisanukr areargcistcinlestetdingheatgeminn iegienm SRddéss whereby
' ermir [ regio 2 Within 6,5, 4, .
e S T e S o i e v

s ag5 D pRRA FfeTasereteh Hirit 4 h- AR s 3% 40%AntP%: 60k T a%RNPMoF
ootihesamisensmeradetiiesennacalianth RROG AR KRR G mitar cell
Vﬁggﬂ[ﬁlem& teaegcwri&gf#hﬁwutitﬁ:nse tstr nd to (rinain in the overall double
Stranded Character of the Mots s product of the target gene can, for example,
b9 @EEISTE BB TIFSPAD 6/000AR 31 hispreferyetbtivait.the sense and
antisense strands be chosen such that the iRNA agent includes a single

stranﬂa@hdmﬁf%d .Lm; iﬂé‘lﬂﬁt ;ﬁ@&&ﬁ#}@iﬂi&ﬂ Gﬁgﬁk@m@g&l BertlGHl At in a
exem M e a:C S, an |l ent .0 talns sense |
T e e R LT el o P By RO e

and antisense stran
refeiie BlergsoietiranystisurhraleratiysaBitood brhard of B diiciaatigiassm
uivieagp edimeants Wil Raved 2 Quethang, Brefer Eﬁ%&ﬁh@ﬁ&n tg’g’\;ﬂl’lus

pg%ve single-stranded overhangs, preferably 3" overhangs, 04,

EFhBi prete iy dragine e diibormoNat Of PR EHR e radfie i the

tiagentf hisebjucethdagsiagnrbenbe: tasultahans sirarddeing JPREeiiliatins of the
vﬂlﬁi her, n?riﬁﬁ r%suh;tspg f‘f\ﬁl‘% srtégengs of the samf? Ien%th ?eingsgtaggered.
51-ends are preferably phosphoriatad OB SCIEHEHS forapiayiral IRNA
agelitexecl region is between 15 and 30, most preferably 18, 19, 20, 21, 22,
and 23 nucleotides in length, e.g., in the siRNA agent range discussed
above. Embodiments in which the two strands of the siRNA agent are
linked, e.g., covalently linked are also ingluded. Hairpin, or other single
strand structures which provide the required double stranded region, and
preferably a 3' overhang are also within the invention. 15Evaluation of
Candidate iRNA Agents
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A candidate iRNA agent can be evaluated for its ability to down regulate
target gene expression. For example, a candidate iRNA agent can be
provided, and contacted with a cell, e.g. a human cell, that has been
infestedondttysravill be infected with the virus of interest, e.g., aPdmABS2006/000425
containing the target gene,. Alternatively, the cell can be transfected with

a construct from 20 which a target viral gene is expressed, thus

preventing the need for a viral infectivity model. The level of target gene

expression pior to ar llowipg contact with the candidate jJRNA agent .
e T LT ot PR s SRPAP TR R ROV virs

can be comparéd‘,"ea.

detemnBecitistyiive Ryandit. & Ry, pootidlinicuinécesiiviegiatifeonwiig:371-
ISl Talo N ' ' Lthen it can be

B L

?WE@%%FWarget viral RNA or viral protein in the cell or viral titer in a

cell or tissue can be determined by any method desired. For example, the

level obsargdhRMA tartche Hetepimimathly) Nostiesrddlcitan algiitentaiegranct

waRSEHRIARGQUAlEL IR R RS aRS LS L%%&%&E%ngo%m%

analysis, or ANAse protection assay. The level of protein can .
a@@wﬁm,afargw@@om}wm@p@mgmm@@m Skeciip binding

W@ﬁt&:\ dﬁfficiﬁﬂa&gkﬁf ' ﬁﬂéﬁﬁiﬂl&ﬁeﬂ%@f@ﬁ&@%ﬁ-pVE%é&?E_QﬁﬂiQEQ%}j@%{f‘g@meﬂc
throu ague formation assqy. Stapllity testing, modjication, anad | ,
e R TR A R U s SR B it -
m&&x@@a@#y‘?@@mié@@s@@mi‘bﬁﬁﬂwﬁmasswgtva‘germpﬂic treatment, or in the
QﬁHéQﬁli&Pl@ﬁé%Q&ﬁ%ﬁﬁ%&%ﬁé&ﬁ%ﬁﬁﬁ%ﬁ%@&%‘ B%Xwﬁ{éhjsfhe non-target

introduced intQ_the body of a subject. Methods can be employed to identi
SR aprdlilgstbietemistimeiatifcparticularly cleavage, e.g.,

cleavage by a component found in the body of a subject. When sites

susce efbhereizy ay Rk deenitificenfBeienthyeriRibueyant tentioget RNA, e.g., 2

dasigaethand/e! syatheripedhvkansiruibRROe! Qﬁ'ﬁ!ﬁ%_@ﬁ@ﬁﬁ&uﬁi 96 protein
res%g(gt to cleavaggb.[ée.irgl. by to_introduction of a 2-modification on the site

SPEsse e dareeh Bk GrBRR P ReROHmAY AR RS aEA L spmpdementary” o
rbtatsted RaVAtalilitie mgbt RN prackks RN hediesates, pasteabliRNAROSHbrid

[ iRifi i hility..1n,Vivo.Testing An iRNA agent
B A e S P ACEn R

1 spEigicathy Femmiamian) RO as saineiadensdetereabtesivn(ammfntleast 10

e (A BGSDL S0, b e I oA Lo
the, iR nt 4 e administered to an animal, and the IRNA agent _
e T S o R G0 GO T Ab R PR o In i
ipAsihithoiRANA apeRSYlygesiins R4sidie:act ectupkenérahtiteis found inlthe region (e.g.,
RN iniste. ot —— S
A A A M ppased
A ESAREsHfoEPER heAoliRrBe stismistetaentssoyifethindle Srrevaples.
herein, the agent can be preferably administered via inhalation as a
means&ﬁuse‘é.ﬁﬁgimfblsmlﬁéaﬁm.rien.tical‘hwmdgmmdbﬁucleoﬁde sequence
avelalaskinndts lanAeaIHIALANIRINERH THR BXEIHAHER SR By cnce i

determining whether the iRNA agent was tai%%en up Into the ce he
ddenticaidm theprowsisyciselideacaatans R dos wanmey. @ or thecranlieide
afibiseriRo A a0arhdsive keplieBidd B A agent in vivo can be facilitated
by use of an iIRNA agent conjugated to a traceable marker
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15 WO 2006/074346Per/U52006/000425 (e.g., a fluorescent marker such

as fluorescein; a radioactive label, such as 35S, 32P, 33P, or 311; gold
particles; or antigen particles for hninunohistocheraistry) or other suitable
det®@ASHHIPd. The IRNA agent can be evaluated with resp&Ef{E5#806/000425
ability to down regulate viral gene expression. Levels of viral gene

expression in viva can be measured, for example, by in situ 5

hybridization, or by the isolation of R_NA from tissue prior to and foIIowing

exposyre to he IRNA L. here the anl al needs to he sacrific
t fora
order‘/zSﬂ Harv%sf‘ﬁig tiss eecr%arr? Ghtreaed ton roI0 iAW Wlf? T ;F s

demisansdiated hrgatalicspiesRNA\soam a@@ﬁl@t@&é@by@mﬁ@m ttqartemod
Hﬁ:{h‘g E)%I’l’!%m ﬁCF&RTMEﬁEFCQ{p’SB Rign Yar muap Nﬁh%%ﬁiﬁmate,

Aase protection assay. Alternatively, or addltlona viral gene
P RIS Bk AREriier&arbyIn PRt RIS 8}6@%@1&,@.& Typpan
tissue extracts treated with the iRNA agent or by ELISA. Viral titer can be
deterninessdisirnpatishiing By V RiftatOhwfeis tythe aradiseritvacfenehipigical or
PRI RN é?a@ﬁi?sr{ﬁt &) s RN HPGRNES: ?E%@%Pt}%‘%ﬁé@n‘ aiBibject and

expression of a viral gene, e.g. the P protein of RSV. 15RNA a%’gnts

Hhathose ntonme fheiate ShRrRb I RE e dee RATA snsppdrsiRRie:

which have been modlfled e g., to improve efficacy, and polymers of

fefie siton einRiNAiadeRISIA refers to a molecule in which the
components of the nuclelc acid, namely sugars, bases, and phosphate
moietigse w&éﬁlﬁrﬁ&mﬁﬁs basanitaihe Heensaumneias dhiatgwhieheatiensing of a
{ggtured refglr as 0c naturialleélln the hu n b(t)n The a&t ha e of an
oy v et A6 Tofiding Weat Ao s el il vl posene

RNAggeeteiiasg vip mmwleqdamxs_m@&y/mb@@mw| ssiRpisaivpaesraloge
Rl JRRR L RUMAL RNASR teniiarnee g0 difie drebiA (R & iMher extended

be ause these are tﬁplcallyt e result of a ost transcriptional

HER RO S SR RS SHHSWES%N%‘S&E & FHEpsH of both virus
Mfmdiﬁmdﬂﬂi/é.oe&dnmdniaﬂoemfmfem tooee IROIAcGgenisnn which one or more of
the components of the nucleic acid, namely sugars, bases, and phosphate

25moiglies) e enedffesans fmmd{?@mmg&mugsﬂnﬂaw& iRE@fesadtythat can be

dlff rent from th ich occurs jn the human bod |le the
A P B T B P Ly A Bl b S Ch LB G s RS nfestion in
madifid &rongrid amyxmmw@glmmmmmmmmm@gems will include a

SHILOGRIES PR PARGUSS 1 WhIC Qoﬁﬁ?gﬁbquﬁaéBb@é?&a%QQ&ﬁﬂﬁmmm to a viral
replaced with a non- rlbo%hosphate construct 16

SORF0T ABATISENTIISE f@g@a?s%étom%%1S§§§§wlm@dﬁﬁé§eméd
ldﬁbﬁhgﬁ&ﬁﬁa@ &p@%&bﬁ@é&h@ﬁ@hﬂ@&lﬂﬁa thatibylangizatiands ixobstaetialiiat consist of,

Sl o hal s scen i 2 bophosphale backbane 6.4 i dhergedy o

m|m|cs or ate hackBote amples o edc
areV@hlsduusé“ebﬂhé(emD Modifications described herein can be incorporated
into any double-stranded RNA and 5 RNA-like molecule described herein,

e.g., a3 AT AGesiitd bitay fesele sifabltotaro 8elifl 6Reracomprise at least 15 or more

contiguous nucleotides from one of the iIRNA agents shown to be active in Table 1 (a-c). In such

agents, the agent can consist of consist essentially of or comprise the entire sequence provided in
the table or can comprise 15 or more contiguous residues provided in Tablela-c along with

additional nucleotides from contiguous regions of the target gene.

11
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both of the antisense and sense strands of an iRNA agent. As nucleic

acids are polymers of subunits or monomers, many of the modifications

described below occur at a position which is repeated within a nucleic

acitt28(6/B7#htsdification of a base, or a phosphate moiety, or #§&/US2006/000425

non-linking O of a phosphate moiety. In some cases the modification will

occur at all of the subject 10 positions in the nucleic acid but in many, and

in fact in most, cases it will not. By way of example, a modification may

only qcc a3 or5'ter inaﬂ1 sition, may,only occur in.a terminal, . .

regon C A e B A o AR R e oo g
chaxigtisistded thé tnfonarttbnamavadtif daiiehlan dg-ocdior kxangtu BlaRIFARgent can
bERAAhR SIBHERSBELEEAOBs A 1 DD dviflea TRAOTRNA QORI in view of the

modification at a non-linking O position may only 15 occur at one or both
SRR RATINR SSABRIGeELlf 28485 inal regions, e.g., at a position on a

terminal nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of a strand, or
may @Cwidingipubteowsien iheendiwingeidesdRil feggoris cpaptisingrlyease strand and

oL RRIHEY s iy 106115}39%{&:@&%%?&%%@ sthg sense %&’,%9'2 pplisense

strand, or both, In some cases, the sense and antisense strand will have
e QA YRISR CSBHE b dRRiSaline 251 4eEnH ARGUFHA 20EHRE A apRe fRR 2
rephentheissnsatrnthAOns S enaGe sirenth vl ave siffereatprgdifratioagsnts
ifellae ﬂxgge%gtcc%%%?i!stewgr ?neo Vo rgbl% ton@?é%'%e% Oggesg nedég%igs' ;t)po%ided
_sense strand. WO prime O%je(]:]'[l es 1or the mtroguction 9
Iplifidafiiofls into iIRNA agents is their stabilization towards degradation in
biological environments and the improvement of pharmacological
propettie sptsegnsplamniad, adiRidnigenchentits; sithoanefisiaet 5iscugsH]) 19,
5-helow. itabl ificat a r, base,.or hackhone of an
e T R S
speleptisispindensti. 1Rysionrediraegns ary F83B0G40 Ah IR1oRhgedtlOdn Ihetpdrotides in
1enpON P NI NG ER181HAS e DRSS ISCH IRBR IAesANE &6 one
ol;—_.’%T Ag lication dNO' PCT/gI_SZOO4/01 ﬁf ﬂled April 16, 2004. An iRNA
L RS SRRSO O AL BRSPS S5, such as a .
non-carbohydrate cyclic carrier molecule. Exemplary 17 WO
2006/6raspsrtrd ol rodBIo6aacns sheildrbe wADA-PratAea 15céfiTads, 19,25, 29,
499259 fRcKsed iIRNARJeNiBoale aseHDR G iNcsoANREdE GF PRRIRILOR in

No, PCT1US2004111829 file k1 3. IRNA agent ¢an inclu

PG S nk R e o LR G
HeerimdrecasiRY A vetotsededidtae thatvedplition S or inctheadiestid¢sBommne of the
sRNAPREGRRRRYLeR HbeRg.MIg for increased nuclease

resistance. Exemplary intemucleotide linkages and ribose mimics for

increased nuclease resistance are . ribed in co-owned PCT Applicatior
N O s S AR e o Rl s Al o 17
lincl§oelligaunrdd-conifg 3fednvshontdmsalsahids maird imsngtinefssfould be equal to or

100V SIEAids: SYHRESIRaE R .n@f%fﬁe@{:&/gségféb@daw 17 0 25, 19 10 23,
co-owned U.S, Application No. 101916,185, filed on August 10, 2004.

aRd) 1R ReR hpkshetidssnaiie I B&structure, such as is described in
co-owned PCT Application No. PCT/US2004/07070 filed on March 8,
2004. The agents provided in Table 1 (a-c) are 21 nucleotide in length for each strand. The

iRNA agents contain a 19 nucleotide double stranded region with a 2 nucleotide overhang on

each of the 3’ ends of the agent. These agents can be modified as described herein to obtain

12
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An iRNA agent can be complexed with an amphipathic moiety. Exemplary
amphipathic moieties for use with iIRNA agents are described in co-owned
PCT Application 15 No. PCT/U82004/07070 filed on March 8, 2004. In
andYReeiFdément, the iIRNA. agent can be complexed to a BERKIERP06/000425
agent that features a modular complex. The complex can include a carrier .
agent linked to one or more of (preferably two or more, more preferably all
three of): (a) a condensing agent (e.g., an agent capable of attracting,
e.?,. binding, a nucleic atclid, te.cg., thro %ionic or elei{gostatic .
Al RO By A He S P H R 15 ° SRR CaSABIR B f g
nesichiodesrang dramsibcatidntrahe hlizaskinoddeiranedpdiuck{edsa targeting
group, e.g., a cell or tissue targeting agent, e.g., a lectin, glycoprotein, lipid
or pf@é&@raﬂﬂl -th@[g@mi b%@hl@ dha@k Rifes: Eﬁ@éﬁ%ﬁ%&ﬁ@@%ﬁ’@ﬁoﬂ%@@t
agents comp lexed to a delivery agent are descri co:0wn )
RIS SCIOCE0bH 67070 Nt GR ISR ol SesospaNgR eng®
imigens ctmblavideg theathoifidel peiings; Saghet thasyk em thelzémdevanesulation
of 9&%&%941gﬁg%@%ﬁgﬁs&éﬁw&ﬁﬁm@g&;@m&% invention are

non-canonical | agents are described in co-owned PCT Application

PReE Tty T sl U it PRI SROH BSOS H it BP9 Cs is herein for the P, L or
NPHIOR/ATY 4BREP OT4WSRAAA0I2RsRrP enc adrobelpasereniplaneariydetween

iR ent, e.g., an iRN ent that targets RSV, cap.have enhanced.
o SOARE S8 RAR R b S R R
agéfihity aoigaeage goideot RIS, soydiract Seeugneetspesifivsilanii egniivdriNAi
cilgnds, efthesiRMAnagent, can include, for example, 2'-modified ribose
units and/or phosphorothioate linkages. E.g., the 2' hydroxyl group (OH)

can bg,modified or. laced with a.number of differen "g)x " or "deoxy"

substi H%r e%.re’ 9xel‘:lxamp e§q8 ngy"‘i a%t ?'8%1/ n%cgu&?ndg%ﬁsc%%n S iasense_
striid dedaintisryse steaydoegh CoRPdsing Rseqpenanal atirerb Aflo}l] eiryR rireliajides which
iNelesQB Rl-sHOA s BefyeidRReHlERIsrfREdutAces of a viral gene, particularly the
0(CH2CIT20),CH2CH20R; "locked" nucl}e{l{g aCidaSggEelgl ). in which the 2'

B UPE AT RGN SR SRS B9 AREERDIR el FEPBhaL Pok BO™e
thamle Yitads evsiegéded paidisii ang aunvalyalicox pe O G tweed Wit N er eugleotides
MINE. = NII2; ino.cli i | ' i
Gl AR RIS e SaE e A, SR
PorgasamB) cHirebremarirndsigehbdrvotidhese aatainiy Gerglerppossess at
1easthexyeiby siaupilss (Wak) (QEH2CH2Qfuédeto PEG A gehaiuRisularly the P,

xhibit nuclease stahilifies co ble ta those modified with the robust .
R HBIGGER i o ORSe P T GETAE A o2 R e (e et il
lhydh_‘é@equéne; deb»¢w¢bm$® stigarsdwhiistnsg etahp arti wmﬁu@dévé(ﬁmmmﬁo the
ﬁyé@élm ReiaNS QiR AN AR RN NG D o fIHArAle HTUNB1EERd in the
NEIZ; alky'lamlno,,dlalky1am|no, héterocyclyl, arylamino, diaryl amino,
tErsRaLisaiaRns, iaterorao A B adFamtlsegigr T resions, e.g., within 6, 3, 4,
d)\&_h%(&h%@&b% Nfb)@FAZQ&ZBJA&HNES,(AMH&&@%Z&MI@,Wm,OQr 3 nucleotides of the
ooy eLeroc el Aming. ALUAIe AN AR NERIRAN . crmn nesd

amino,or amino), yl, aryl,
e byl sinfifie eotinydcomgaganaryywittothmaritsgse sirand to maintain the overall double

stranded character of the molecule.
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alkyl-thio-alkyl; thioalkoxy; and alkyl, cycloalkyl, aryl, alkenyl and alkynyl,
which may be optionally substituted with e.g., an amino functionality.
25Preferred substitutents are 2'-metboxyethyl, 2'-OCH3, 2'-0-allyl, 2'-C-
allywangogvrfizsor. WO 2006/074346PCT/1152006/000425 OnROWAN1@6/000425
increase resistance is to identify cleavage sites and modify such sites to
inhibit cleavage, as described in co-owned U.S. Application No.

60/559,917, filed on May 4, 2004. For example, the dinueleotides 5'-UA-3',
5-UG;3, 5'-CA-3', 5-UU-3' or 5'-CC-3' can serve as cleayage sites.
S e L8 e B AT R HEPa iF LSTE BB By
Behules peiviosited wsuhigd icgieratwpleoihot éedsbfihemolecule, such as those
scefitlingr aoenRg 8.5 -Hish dRvcprlide whereindhe dridine is

2' m]!())%ified_ nucleot%le?at least one 5'%%idinoe-g§{m%s§-3' (ébqﬁgsgﬁ%mds’
wtritrehdy paed inarutpinir oyetitme o B oriodificer ALRYEbHES tat pefrably 2 3"
orehitgofddinncidanineoiberkbiddndinveiaaide sndripindhe. Sepylidines

s a.2-madified nucleotide; at least one.5'-yridine-midine-3’ (5'-UU-3")
N T o PP Ol ey 2 o
fensicatides' inyeitithieonytivi mebath(51ds GF 81y Rdlicheatid Ehabrerhinghetbe the result
shsishinpairiarmagditiednusleptide, e IRNAR0e IR0 Jpalide 2t 1885t

at Iea%ﬁin?; at Ie%g,t or at least 5 of such dinucleotides. In c@ﬁgﬁeﬁeﬂgﬁ% 8

LIRB B ime s ARE S iBheeRh o e RNA agent carry a

21-modification, and the IRNA agent therefore has enhanced resistance to
endonkrefeaaéiengths fordhmdugiteize eicie adstresis tdrud 3hendst preferably 18, 19,

sooplifigatigne TanReuaRe thikaAMbINatian. Wik AS908 AL IAGRROSRIRLE

inker. modifications (e.g., phospharothioate). The so-called "chimeric”
R E A QLA L e R AGERLE IS nfotsiREilsd s

bretinbidsiofaffiranostacs ugats dnathissoligonrs elkolgebide R aan Rige
dgmﬁlgg ic ¢l n iRNA agent can be further

gn%%ae%g%%’ﬁi’ncluding %@%@ c%a?t%\{r/\%lg%}gﬁr p“3 , aosr°b"§’/%#%$§r‘ﬁ ﬁréviﬁ%oﬁmleoside at

the Bligt‘gi{m;%g ith a 3'-3'Ilkae. In another 20 alternative, the

3-ter AT be-Brockes witrarearmoalkyl group, e.g., a 3'

C5-aminoalkyl dT. Other 3' conjugates can inhibit 3 '-5' exonucleolytic

cleavaﬁéf“‘ﬁilgl/‘i‘l‘é ROV hansat seubricsyeREs fpr Hsabdijiooiaen sepvipmgarget gene

glqpéo_mnt r?bibumﬁ?m m@?ddﬁx@g;&\gx%%ﬁet@@ %’g@&gﬁﬁ?ﬂ% Qa/nﬁia@'t&daﬂ% a cell,

ocking the expnuclease fro ing to '-end of gligonueleotide.

MR e e S e T

Viod ifrethisurgpils (Daibess,.dsbxyrtiode, Boilicaseestedsbatdiiika construct from

FHRISQEIRAPEShe is e%%%&'&'a}/th@s 89@&8&?%?%‘& %Mtlé'légnfecﬁyi odel. The
y ! garge,

ex0£ucleol tic cleavage. While not being boun theory, a’ 5" conju

SYeh L e PN RO IO rie R ARg ilming senteri el e cradidatr YA agent can

btewmnpdly hlegkingdiaeygioeiaase fenRitginata theeRratd dhat the amount of
%gggngli;&leotide. Even smaAI fWO 2006/07434_6PCT%%O%/OOMZS alk
chaihs,

. alkyl .
a??l groups. of he er(r)c(’:ti}ctﬁg L ATARS 'SP SRR sgniast with the iRNA
ferribbse lidepRpibosudelubasbea RN Aoyl dokBtdgubkariage aspsexpression. The

level of target viral RNA or viral protein in the cell or viral titer in a cell or tissue can be

determined by any method desired. For example, the level of target RNA can be determined by
Northern blot analysis, reverse transcription coupled with polymerase chain reaction (RT-PCR),

bDNA analysis, or RNAse protection assay. The level of protein can be determined, for
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An iRNA agent can have increased resistance to nucleases when a
duplexed iIRNA agent includes a single-stranded nucleotide overhang on
at least one end. In preferred embodiments, 5 the nucleotide overhang
inchiBe80tEH6 preferably 2 to 3, unpaired nucleotides, In a prREE(PEEL06/000425
embodiment, the unpaired nucleotide of the single-stranded overhang that
is directly adjacent to the terminal nucleotide pair contains a purine base,
and the terminal nucleotide pair is a G-C pair, or at least two of the last
e&%ur gegl nﬁk? men b nur::lﬁe%%sodtled%/%?ﬁ;n%l%ﬁ%ﬁg asel{f?iamﬂ:f l’{'r(gan be dcaected through a
mmmmm@b}n an to exemplary embodiment the nucleotlde overhang
is 5'-GC-3'. In preferred embodiments, the nucleotide overhang is on the,
3'-eng@bike astisensedtiation A0 AeRMREBNMRNA theriBNA agent

includes the motif 5'-CGC-3' on the 3'-end of the antisense strand, such

that a,2s 0 YRERRRA Bgef Cars el SAIRE il KR pa? t@t\l&ﬁ&ﬁ?e@é CREsusceptibility

include modifications so as to inhibit degradation, e 5 nucleases,

L r e S S R A SE S e aslwl‘eﬁ%% 229 B?éE"t“’d“md into
tHTessy air@m@mers eghedferieddeninoptd rSideitivissink MNucieaseceptible to

nce ng,Monomers, the co pes ondin dific
R e O R e it
properties of the iRNA agz;nt as well, e.g., the ability to interact with a

proteil SIS BRSPRESNE R Gtettees e Wenliftedp drier SR higrbedp ifsiened
dﬁdl&@s}mﬂmmnyraﬁﬂhe Iﬁm&haﬁldﬂsemga dxﬂﬂmmteﬂaeﬁﬁtxcfmlamagéupgky

%@d\?{:r{tlon 0 a g&ﬁ)cggcrmm oa '% ?e %er SanenC% ?ﬁg%rther
molecu ne or more erent If ations can uce

iTRbRA RS IR RER b@@tﬁstyﬁuﬁrosa@bwu@nb@lépmqﬁ rpAYRgEiTramA wtelmn iRNA agent is

mediicatipnsma faingadpnale than once in a sequence or in an iRNA
agent. 25NRIVI modifications include some which can be placed only at

the tejpyjﬂg.ﬁ%g o{hers which can go at any position. Some NRM

an inhibit hybridization are preferably used only in
term| ions, an e, preferabl e cleavage site or in the
i v PR b R R
tpsteﬂcﬁot&dycﬂonﬂln@ym vViMGIr200616124 866 CTHL B 20060000 48% antisene, rat or
%ﬁ&t@ ) EENEAR B é’:?ﬁﬁ’g?e@y%%% %%ﬁé‘ﬁ&&@é& ¢ PIRUEERtered to an

ffiiciént t@/brldlzatlon een the two strands of

ds IRNA agent is
PRiHedné elM%ﬁ%@ﬁtﬁémghtrrépa@%t?aﬁéwélwptﬁ@wm%%ﬁ%d its ability

Peavpyeisile @ Rethealeayagsiuioraia senstesirand, as it can
minimize off-target silencing. 5In most cases, the NRM modifications will

be distryedcilfereihdRRNHNAARINDANE HDRLAIS CAMBILECH OPifection, o

sense or antisense strand. If on an antisense strand, mOdIflcatIOI']S

ThEaRR ARl iR ASENHEIEHE dhs aniRed Tagsie 4 A s BRIRE ShbH rpuld be
thentagiondtiisasu megtd@xﬂtaéiﬂnﬁdh@@ﬁi ey agderaily dificieavagna

1sﬂi}le o, the cleaégg %}m aldlgise pbed in Elbashir et al., 2001, Genes
ev 2 BIOFEY Ners ﬁtclf)rpora ednby 10 reference). Cleavage of the

target occurs about in the middle of a 20 or 21 it antisense strand, or

about ThedRY4 AgRIEeARA RS SRS FAnHsrseabmba R AR tgayaiuation
mRMﬁqu&&@ﬁ@WMMMA@@mm RE@SIR e AR tEEdTiekEiluation can

eavage s te refers t t|d e site 0
RN R0 SFTTE EHORE AR 0 B B RANA SO HE PSP o valuaton ofan
RBAdiges mutvmaba@elmgmir’omsam Ah R lmetitlesnjuithind 10 2 jragegble marker
nucleotides of the 16cleavage site, in either direction. Such
modifications can be introduced into the terminal regions, e.g., at the
terminal position or with 2, 3, 4, or 5 positions of the terminus, of a
sequence which targets or a sequence which does not target a sequence
in the subject. Tethered Lieands 20The properties of an iRNA agent,
including its pharmacological properties, can be influenced and tailored,
for example, by the introduction of ligands, e.g tethered ligands.
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A wide variety of entities, e.g., ligands, can be tethered to an iRNA agent,
e.g., to the carrier of a ligand-conjugated monomer subunit. Examples are
described below in the context of  a ligand-conjugated monomer
subumizobe0sas is only preferred, entities can be coupled at oth€T/252006/000425
points to an iRNA agent. Preferred moieties are ligands, which are

coupled, preferably covalently, either directly or indirectly via an

intervening tether, to the carrier. In preferred embodiments, the ligand is

WO, 2006/074346,PCT/LUS2006/000425 attacheq to the carrier via
e el O P AV i B e e e
ghifHiretielsa) yyarbeaertie fonnenuivbiligendastmjug ather mistdenteteision method.
incorporated into the growing strand. In some embodiments, the ligand

may MhadiRNUp egatechi e ¥ pieauiae g NE-ROMUIA IS dJRARYMEE viral gene
eg%kgégsri%a ee\r/e%'&re}g&irsog'éj%%ng-cqnj‘g ated monomer, subunithas 5 |

en INCOTpoTatad Ttd Trecarawieg T IPEr Beaiisth: 1o sraBldpy i st

hybridingtieng or i thrifedienmiRaidditethigrsue priof 18 andbUbR)NETdLhoaay toahe
TROCQHIRHRIBHHINR NG AS6 A AHIRA S5 A0 da L3 Y ?)E&%u%ﬁeated

gl?eration, i.e,. after incorporation of the precursor monomer subunift into_
thEUainer! 3 e faegransee AS TicahFRR A ba detected by any desired
nueintdfincirdiptydny hestiefied addehPdR OM6HBeE LS WaERAMEDMADR @las R8T ase

ligand-con; d b ling iD the .
R R AR
PETRBTHaS MRSk bloh prglibsiomibronratatibtreata@ iy the iRIN/prgéetedly ELISA.

\armhadinensdadigand Migss fie distribution, targeting or lifetime of an
iIltICA agent into which it is incorporated. In preferred embodiments a

Iiganqmvm%ﬂ% gnhanced affinity for a selected target, e.g., molecule,
cell or celltype, compartment, e.g., a cellular or organ compartment,

tissue, organ qr region of the hody, as, e.g., compared to a species absent
such%g fgc%ne  erer %?é??%ﬁé%ﬁé@%&ﬁﬁ%r%é%?&@ﬁﬁ% HytmehiaiRNAL to
zinblispeuificiy gopertissand: nimPalsoeimpf8¥a/nuclease resistance of

the resultant natural or modified oligoribonucleotide, or a polymeric

mole GURAGHIIEY 55 gsHLERM MIBRUS BRETRE AMEI S SESRIER REEIORNA which
and/or natucf.%legr 20modified ribgnucleotides. Ligands in general can

BhCIUe fReTapautiE nTOHIREPES S°a5 BARSHENTE ptaelo gies.

onegisied d\ey refpre e prademdedngybic tnonitoping misifitistinnicic acid, namely
sebassyiking,a Eﬁia%lﬁgﬁ&: resISange. %%ggg{lg;g}n}ggeg N a%qgap v%lijcrl?(l)ccur in
or unusual nucleobases, General examples include ﬁéophl e

RS ARETRR AsiaccupRtinE Y Y e Sy e, hodko T hr aitiasire feried de rvg)oramusual,

bienpeireRy(ecquiiits RISAS S5 gl fRARIBAPeGCnn, Enedelin: apitiosis!anakic Acids

rivati itheeholic acid), vitamj arbohydrates(e.q., a dextran,
ik R S S s S
besaretrilishsdirgyaeRrshirtegytintanmstitgnwolstuespdifcationies; within the term
uReRHRS, RQlyamiResLaRM PRRIEC MRRICSs ys\ég herein refers to a molecple in which
2006/074346PCT1US20061000425  The ligand may be a natura‘ﬂly
OBRELFRTG OF PecomRIAEHE of Lymirdtie HHcieamelysticarad sesy Ardatiesphate
n}rrd*iﬁzseBxeciilffef?ﬂyﬂ?ﬁh?ﬁiﬁtpﬂiyﬂf?mm@ﬁgaﬁﬁﬁ%ﬁﬁ%mm%@ﬁqlﬁﬁwmch
arning acid.is.a polylysin . poly L-aspartic agid, po
o 0 A Rop R e i afourse,
bpetyge dbddrcddigiticnlimdiude pullpmdss whinhydretherRhalei dBdnhjdritdeogates are
VA i (eMPA
polyethylene gchoI%@g%%{ﬁp%%ﬁ%%%%h@%%%%?ﬁ%%%%t{i!%)'\rélg?S ate construct
poly(2-ethylacrylic acid), Nisopropylacrylamide polymers, Or
polyphosphazine. Example of polyamines include: polyethylenimine,
polylysine (PLL), spermine, spermidine, polyamine, pseudopeptide-
polyantine, peptidomimetic polyamine, dendrimer polyamine, arginine,
amidine, protamine, cationic moieties, e.g., cationic lipid, cationic
porphyrin, quaternary salt of a polyamine, or an alpha helical peptide.
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Ligands can also include targeting groups, e.g., a cell or tissue targeting
agent, e.g." a thyrotropin, melanotropin, surfactant protein A, Mucin
carbohydrate, a glycosylated polyaminoacid, transferrin, bisphosphonate,
polygtutasmatesspolyaspartate, or an RGD peptide or 15 ROD peptin&2006/000425
mimetic. Ligands can be proteins, e.g., glycoproteins, lipoproteins, e.g.

low density lipoprotein (LDL), or albumins, e.g. human serum albumin

(NSA), or peptides, e.g., molecules having a specific affinity for a

co-ligand, or antibodies e.g., an antibody, that binds to a specified cell
%éﬂgx%ﬁfﬁ%%ﬁ et dbhrrRiress spiabtsintienstin SHE B hyhrdigetépn is

dstaaR P BMERLH ek 2000 MANE ABEHIISRd iR a8 ASOnHMEAGed mimics of

on-peptidic specjes, such as_ cofactoys, multivalent lactose, multivalent
B R S BB 0 RO R BB R RS et
mannose, or multivalent fucose. The ligand can be, for example, a
lipopoljedidicniirnad cemibpdipatir8n b nmmprattiste asw davhidivzaeted RNA and
RNFAXKS mblig a8 G Rt SHPSIANRS] £ e, difday g abs kM REERRSS one or
th&up}?ekaemogghe iR AZS%%S tigto he cell, for examglig, by, disrupting ¢
R oLine BHOSKE BTN & §BY° ArFi bt éﬁ%%eﬁ%%‘? A5 &% polymers o
swhondtflernemenemdtenynitimedidifedian eatsifddd dougocam He, fasktion which is
Y8R Siax 9RunETSINg , VINRIBEHDR:SYIPCBAASIP, g?&gﬂ% ijlgiety,\% fhe non-

japlakinolide, latrunculin A, swinholide A, indanocine, or rayoservin. }
GrasuBivertAsSadTs/doous cases e mediGpntion il oRam et Rl afiprpubject
wslipids hagedmeie evebS uchaipiadan iddbased snetacwe Aseferahly of
inds,a seru rotein, e.q., human serum_albumin (LISA). Other .
R SRS e Pry iP5 G bl By St
ﬁ@pmkif%mw;ﬁrm @awiﬁi@m@i_twiméir@mlmmmmm &.Gan, @gpr 10
eIGARRepisiRIRE 10 AGIFRAMINRLT AN YERIR PhNRIEESS single strand

Stargeting or transport into a target cell or cell membrane, and/or (c) can
B ot TR I L PREHURIG: ARSI B A5 ssien miy ony
tigandt oan ddotbedtannadylatsy, g eansohile bidine.of the sanjvgaia
. issue. For.e le, A lipid or lipid-based.ligand.that binds to.

R e A R A ot
tHard b Jogls plan tsrns patisy srbnattisantioe B imdaliprrsdifetipasgay occur on
tigaasthabbinds iR ddSArles SRl oAt basisad tontarart G GROMIAISyill have
hcl)gthe kidng}/ “ In a preferred em odim§nt5the lipid based ligand binds

RS RIRTAISH P B A CFER S A B9 CieaonFri S O P e sense and
edtstrgatiravidl Wil prefeldiblpdiswibiitetdots, .90 n kidneyatissumaiioneyebli to
iadgfershiakg, afiinity apthe s strong that the HEA-ligand binding

15cannot’be reversed. In another aspect, the ligand is a moiety, e.g., a
e B R e e ok S
sinbibraiech et quds fegiatiaimnaighidb ghvel rraligmanntr and thenal jgoenidynd,
gi%nnfgggg&%%?@@ Ry VI AMIRS ARG S NIRIN At R e A0S ced
below. Other suitable modifications to a sugar, base, or backbone of an iRNA agent are
described in co-owned PCT Application No. PCT/US2004/01193, filed January 16, 2004. An
iRINA agent can include a non-naturally occurring base, such as the bases deseribed in co-owned
PCT Application No. PCT/US2004/011822, filed April 16, 2004. An iRNA agent can include a

non-naturally occurring sugar, such as a non-carbohydrate cyclic carrier molecule, Exemplary

17



20include the B vitamins, e.g., folic acid, B12, riboflavin, biotin, pyridoxal

or other vitamins or nutrients taken up by cancer cells. In another

aspect, the figand is a cell-permeation agent, preferably a helical
celMserpieaTidmoagent. Preferably, the agent is amphipathic. AREKERIplaHPO425
agent is a peptide such as tat or antennapedia. If the agent is a peptide, it
can be modified, including a peptidylinimetie, 25 invertomers, non-peptide

or pseudo-peptide linkages, and use of 0-amino acids The helical agent is

preferably an alpha-helical agent, which h IGoaeha
fealigrop hbisio-pHvsy SCRHBE ﬁ?ﬁé ﬁl&% na%esr(g‘%uﬁg%a £l

PCRA! Bﬂé%féﬂfﬁo@@i‘magﬁwmw Hlqhsihcey28®8d or include a phosphoryl
analog at the 5' prime terminus. 5'-phosphate modifications of the
a”t'sﬂ‘sﬁﬁ G/ ude, faosewhishtmicampgtiele witho RS chapetbigate
gene silencing. Suitable modifications in {8, {RNA

ln«m)ze@mf@rwr@smpﬁb@mame%)z‘%bﬁ%% AR aisRRteE “

5 adiPROSRRRIG (HDR (RO OriRMEIROrRIBS) (0yi0a8ye SEGE H)éeggﬁ!

methylated or.non-methylate described in co-owned PCT
1 resistance are descri
1“%?‘1% E‘a’g? &Wﬁ)ﬁgﬂg BL85B{EI0)0 (éo 5: 5-adenosine cap

ApBhepinrard HﬁVWI@W@FQjﬁWMfWﬂU LIS cap structure. Other
suitable 5-phosphate modifications will be Icnoen to the skilled person.
10ThgSE0N$R Sisandcaobe: thoelifiechjngetalenen et s tRdmpRquers for
strand and prevent fotatati kg ly-peiedtinlyApplication

- ofisgrshg® %éj & tre 8{‘ @ﬁ%&%ﬁ%ﬁﬁ%d by a modlflcatf)on
10 NNhl@VQD@d\ﬁénfécﬁbxph@ﬂkﬁthy?Q%n of the sense strand, e.g., by
modification with a 5%-0-methyl ribonucleotide (see Nykatjen et at, éZ%ﬂ%l)
ATP rﬁﬂmﬂemﬁg&ﬁ anchsvealZRTE sforihgeRNgh serisdera i HECRRpRed P
int rferen;\? o490 £89%3 R 8, @8bgr modifications which

osphory ation can also be used, e.g., simply substituting the

5 -OH by H rather than 0-Me. Alternatjvely, r bphipatbic
added¥® RS2 HGEPREES T rﬁnlné v¥|Hr%to ﬁi&ég&b&%& {g! TARHBRY Ahphipa

phodlesterélnka?h
Qﬁl%t&@ﬂc@ﬁx!ﬁwﬁhagﬁmagmtmuéssmﬂ@t@@ﬂ?;%’?ﬁ?élgﬁgn‘\ NA

rei0iGanRe fosmidlated for administration to a subject,
o SRR,

Inistration Iocally to the lungs and nasal passage

(respiratory tissues) via inh Ia orin istratoR that
it e T el

fl@ﬁmﬁ@ﬂﬁﬁﬂuﬁm mmmﬁ@;mmp&@fmwgl#ﬂﬁ% %%&ﬁ*b?%%b‘é s i gugor more of
Rrashith reaArbo HamartiiedRdiduasenis ) sbaudehiesngoistgoa agent
'[h att

Wever ese formulatlons compositi %&aﬁ be
practiced stk et &?qulAdé@'eﬁ%ucéeﬁ‘ & (‘i’lﬁéglr &}ﬁaﬁl%%néﬁgyand such

20 Rﬁ?&ﬂ&fo&)ww?mﬁ@@g@ﬂe-@m(e\yaﬁm@zmmmsmma@mwm

A formulated iRNA agent Sey] g&lyg{m@faﬁgaﬁag ag&nt eg.a
s?B?ﬂ‘ég}é%?m %qu Fﬁ%& ti%%)n%s at eggaist@pa iall crystalllne l%r)%fo i y%e RNA

qw@gmpmmmhmm@@@g,@%&%ﬁ%@% ingh 10,8 5j5¢

V%""%% g&%‘é&% SXATRIS, dha RN A-agmel is b avAgRGT S Pfiasiray:,
FO'[I that includes Water tgﬁqform being the preferred form for

a%ﬁﬁ@tiﬁ%ﬁ'@i@gﬂﬂ%lé%?ﬁ e aqueous phase or the crystalline
compositions can be incorporated into a dellvery vehlcle T% I tégos

fi
25 (particulanRISA tipersgar bareplasayopica paiife Y SR e %nd antisense

can be a e"p&%&“ﬁiﬁr&)&ﬂ)&w%&%lwaﬁem)n@mam TR ARt are described

S'eecfhtecomposmon Is formulated in t o I the
|mmwmﬂ%ﬂ@§6ﬁqﬂ%t %]gﬁw% 5&3 gé{gn pr:}e%%{!r%t?o%@gn be

formulated in combination with another agent e.g.,
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another therapeutic agent or an agent that stabilizes an iRNA agent, e.g.,

a protein that complexes with the iRNA agent to form an iR.NP. Still other
agents include cladators, e.g., EDTA (e.g., to remove divalent cations
sudHMEZSYs salts, RNAse inhibitors (e.g., a broad specificitR(RNAze6/000425
inhibitor such as RNAsin) and so forth. 15In one embodiment, the iRNA
agent preparation includes another iRNA agent, e.g., a second iRNA

agent that can mediate RNAI with respect to a second gene. Still other
prepalions.§ 3% 'ﬁ%@gsﬁugggt three, five, ten, twenty, fifty, or a hundred

or more éu#e—nr#mmp@cres-re . In some embodiments, the agents are

directed to the same virus_but different target sequences. In another

embodThiRNt> 827 e AndBRn 288 MRk Es BN rreamhavsirubansedesistance to

mgelnersstrated in the Example, more than one virus can be inhibited by
co-administering two iRNA agents simultaneously, or at closely time

interveds iRpaican dbies tedsionen snafenitisas RS RS AISH . e ERh,

eMe ods and Routes of Delivery A composition that incfudes an IRNA
Hgent of the prasaHtsvafigs iRt ey ern poida: for seamesy/modified
rimseheitielidéngshtephcsothjeatehinie yaridty ol terrEXE BRI ESbe modified

gl g&d tion..intravenous, nasal, qr,oral deljivery. The preferred
me%ins o?% %%@%?ﬁﬁ%‘ﬁmeeﬁ??ﬁﬁxﬁg Y 0P EEST/US2006/000425
agents of the present invention is through direct administration to the

lungsATNESSf PEEAgbdreydmae mRiificaiens nahaderalkatnordarionioioR, e.g.»
B HRAIA agjetvatian, b iNGanporaiesinio ahapnacRuiadl cunpastiens),
%&J@P}E@@ﬂw%ﬁﬂ?n %gmmple compositions can |pclude one or 4
oré IRNA agents and lock %fe%ﬂ%%d@&%ﬁﬁ?é@?a%r?@@rﬂ’gfh@éamwe ’
4wy thetighge agegtphatmacenbiealyhe captatyessiEar OsAMendsad to
' Y Il ,di lon [media, coatings, antibacterial and
S S D R e e hebregeve
EYRepatisTainattish aminse beiczt amrainist atidineEnenyb endhis uthy mediamine,
pandiEse) s (o nplRtARE tldlicBRYACHYE AYRSIRRGRS iﬁl\?’ﬁ“a %%Q%&hye oup
(ﬁ{%@( egg}: far as any conventional media or agent is 10incompatible
K SR ot R R PR Bl Ao SRiBHisReompatable t those
mpohifierplt el :Supp idomhtashactve ebftpaends can also be incorporated
into the compositions. The pharmaceutical compositions of the present

inventiDeoiyamae; ATbRIStRdd B RDUMREL. ALWEYSHE %%%m}ﬁ%%g of particular

. Qvetheglc%cgal org stemic treatment js desired and upon the area to be
freated. AdMINEHARRCHEY SERFERL SRRt §eiktasalapsy; amino (e.g. NH:;

aiistiapirion dindirylproiral, bEerqoaeckyitersbnRace diesa backs) Ristialien Hnely0BSeteroaryl
aiﬂfﬁ@y&nﬁﬁiﬁcfj{@d)ﬂ@f(@ﬁg@%ﬁﬂ%ﬁﬁ t%%hﬁrdﬂ\t)fﬁ@ué z;rail%ggl%%;
dialkylamino, heterocyclyl amino, arylamino, diaryl arlnino, heteroaryl amino,or diheteroaryl
amino), -NHC(O)R (R = alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar), cyano; mercapto;
alkyl-thio-alkyl; thioalkoxy; and alkyl, cycloalkyl, aryl, alkeny! and alkynyl, which may be
optionally substituted with e.g., an amino functionality.

Preferred substitutents are 2'-methoxyethyl, 2'-OCH3, 2'-O-allyl, 2'-C- allyl, and 2'-

fluoro.

19



10

15

20

25

In general, the delivery of the iRNA agents of the present invention is

done to achieve delivery into the subject to the site of infection. The
preferred means of achieving this is through either a local administration

to tHE ﬁﬂ?fé‘g‘@‘*ﬁnasal passage, e.g. into the respiratory tissued Gi{US2006/000425
20inhalation, nebulization or intranasal administration, or via systemic
administration, e.g. parental administration. Foiniulations for inhalation

or pazenteral administration are well known in the art. Such formulation

may Dl BiaiteReHLRUS GOMIKARMNYN BETRSY A8 A OR R AMEEsSs to

. diluents and other suitable additi an example being PBS or Dextrose
. B e SRR b ot atoa 3 S Rot
Qg%ﬁdrbémﬁlteﬁmm ih@ﬁfﬁp&?@l@ﬁ’iﬁ@tﬁm}, 5°-Uhe’aeti/eCC-3’ can
sGoPReHaARiscloser heLe i are R RIRIARY A MINNAIRY 10118 W)UISk Rine
nasal passage of a subject by any suitable means. Active compou}ﬁ S
iy BeeatifkinretEies sy WPl Gbadratms P Cridis 206810804 25A-3)
dhﬁaﬁﬁﬁ%ﬂﬂ@e&ﬂt@@gﬁaﬂeﬁ%m@ﬁmﬁ@fdcx;ﬁﬁéﬂfﬁﬂbiﬁtﬁéiéé@g‘ésﬁ%ﬁﬁ?%ﬁe-3’
1e active compound.or active compounds, which the subject inhales. The
e SO 2 Samet s ronih i WSS ot
cyiiidiscp deniaey3pGivEdr ndimnteytive tehedio dseSinheidineds ar lionddifieiLidcleotide;
aﬁlé&ﬁ%ﬂ@@ﬂﬁid%ﬁﬁ&é@*ﬁ?ﬁﬁﬁ@ﬁﬁnﬁ%@&ﬁ\gfége&rtﬁgﬁquﬁﬁlﬁeeﬁgt&ﬁlﬁ%diﬁed

may 5 optionally contain gther therapeutic ingredients such as amilori

ner therapeutic ingredie ; oride,
PR ERYMHIPH pHEHRTR. it tecsitnadaE oRfpdurkrrisatidy Whemrmbtount
cglifbutiise @ -inbiiiethe:czatidar Itie IROTAvataE SQThGIIYAY 18ACH WS least 3, at least 4
reti ' in Y.S. Pat. Np. 4,501,729, The particulate .
SR LD R O B g e
CaY lomapEfssion endiveiBN A Histeforrhisreshaivabresistages . endonucleases.

dextrose, lactose, sucrose, 10 trehalose, mannitol) may be blended with
the aGbveazinieatinlias LRAMNIS Mas FiateRie 4210 & din dokbihdion with

tj weight)., .. Particles.comprised of the actjive compound for. .. .
o O PIATRRCH AN D dPrsGriPA igsrc
olranTslgetifte ks bpze Sizbeontivitrrlyrsmedididipassibdifighicize mouth or

nose and larynx upon inhalation and into the bronchi and alveoli of the
lungsTha ibbhginertlinackclegsirnging JHgomanumid saclEbRriciA AR &iase

j less t bout 5 microns in si respirable. . . .
e R R R g
SERYB oA e HineThe aneldssidu it tirahdsvatgadhlitidhponirespirable
a@&ﬁi@%mtmeﬁﬁﬁaﬁdﬁwsf&@éd%zﬁﬂﬁm&gaﬁ?f é}é.ﬁ}'e?gﬂi@jsé%ﬁoﬁkyl

erre

arficle size in the range of 10-500 micons is pre 0 ensure retention

ah t#é‘%"a%sﬁf’%%ﬁis ﬁfm%%érrﬁ’é%ﬁ?e&tm?ﬁwmmﬁ getibeing bound by
theompodihaiprepis duding mparcasoimaybe prepatestey spmbiningdbeage by
sReLiey mRnua Wi Sullahls Yakisle, shehas storle PYIOGeR 108, o, sran

water. The hypertonic saline solutions tsed to carry outihe present
aliyehais, ﬁ%Y Brefetapp e neclisneiyericor mofifichs ssoniPridings fdoenyribose,
ghieste:fifiean neseanisthy waiabll.ef the physiologically acceptable salt,

and more preferably from three to seven percent by weight of the

25physiglogically plable sall.. - sAerosols of liquid particles .
comprisin tf’e_ agﬁgg%o?n%gﬁir%g%gy%beé{ %%%%%@gdcﬁéeg‘#\% %uit qeenr%téjgﬁlg,bound
b v Anithor) praisseiel afiveprqaemesbiipmion, anyitkistnionededlte cleavage by

s1See - Blodiish; (Rabx DR brdR DueRYlIZRLS Ao GaEkcialy Ry alARIgnal
devices which transform WO 2006/074346PCT/1JS2006/000425 ;

20
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solutions or suspensions of the active ingredient into a therapeutic aerosol
mist either by means of acceleration of compressed gas, typically air or
oxygen, through a narrow venturi orifice or by means of ultrasonic
agit¥fta0@Nigdble formulations for use in nebulizers consist of RAEBEANE 000425
ingredient in a liquid 5 carrier, the active ingredient comprising up to 40%
w/w of the formulation, but preferably less than 20% w/w. The carrier is
typically water (and most preferably sterile, pyrogen-free water) or a dilute

I solugi r made isotanic, but be )
I oS AN SR TR, acocyivose,
ERfSHRC Opabinsk Addireanmieterse preservatives if the formulation is not
made sterile, for example, methyl hydroxybenzoate, antioxidants,
10flaviomiiRNAgats caolatileindsaded isinaage nivlandssuitaclamiBxed iRNA agent
; : ' ' ising the active compound may Jikewise
e R e N

theradsttiferyiabers forludanlinfemingubli2iadioupaicetherdpuidicsito areferred
ahibjeisidaroty GepRRktiGles iR e sesRirahicianc aans aig R Hﬁ’é&@%&?&m to
a

erosal containjng a predetermined metered dose of a therapeutic at .
e 08 R SRR A RICHPS R SN PN M it B » G-C pat

patticuldreoad tbs blsy fne ratoplisuantadnsuftlasdiepuitamie Gotrpaitations faer
agkpinistrati ipssfavaRnclida.finelyconurtinuted powders which
may be d%figgt}g%dt%ge%?l%ﬂé%n insé%%tgg%lrl tg%gér% f#ﬁ@q{?ﬁ&lﬁa@g 1<13‘aa\r/’“|ty
THehRla e retdha ruslsatide imaahaagds, YhEGdivde preferedemndinachts, the
mmttbegaaﬂaeﬁge&tme Tay @ﬂﬁéhﬁtﬂ@@m” ddﬁ?ﬁéi b@ﬂldaﬁﬁ%éﬂ)t%é iRNA agent

ined in r cartridges, typically made of 20gelatin or plastic, _
o s ol BT ane B ey sbogripe 5
dtadvis tareagh the device upon inhalation or by means of a .
manually-operated pump. The powder employed in the insufflator consists
either BolglyniRiNg agiivedngracienioainhacpovdand|amdcomrising the, vy

ive ingredient, a suitable powder diluent, such as Jactose, and an

B T s R RS i epggonomes
LOOPIRIP recEte AvYEonNucleatedtasbtriey peoubiisiativeae hs obresponding
©6MAERIRLSMNIISES GHRRIRTRY] BRRE BRI MEIGrathIARRINRIGIS AR other

gressurizgc}}? rosol dispensers, typically containing a suspension or

IORTHCH FOPRTURNIONETHE et & Sndie el e HURRFENEL ARSpiSim e 2 transport

Delrngesesthes altevingsrdisehdrge WRISC, or the ability of the first and second ,

/000 rmulation through a yalve

i o e S A Bronce o0

‘ﬁ%ﬁg)&&leé%e particle spray containing the active ingredient. Suitable

propellants include certain chlorofluorocarbon compounds, for example,

dichlofsuifiuoroméitiiemne: NEM mdifiarometipncintiohlosoietsatiuriog haneor into
' 0 e far on: additionally contain one.or

e A B S B peavence

LInAPIR RO RESHE, antioxidant and suitable flavoring agents.

Administration can be provided by the subject or by another person, e.g.,

a caregRidrmadiAcedivs ircani Heoae waittityainvoples i yprouidise Bakeda others
: : ital ice, doctor's office.. qutpatient

e R R S e

RIpiraply sl g iy rmpingl resi ens canshiesie referahisohonabiicelenbyee site or in the

Repviged iomeasiat AR Of tiRka:dispensetahich de ats A-matgiedy e

dose. The term "therapeutically effeg Ive amount” is the amount

present in the composition that is needed to provide the desired level of

drug in the subject to be treated to give the anticipated physiological

response. In one embodiment, therapeutically effective amounts of two or

more 15 iRNA agents, each one directed to a different respiratory virus,

e.g. RSV, are administered concurrently to a subject. The term

"physiologically effective amount” is that amount delivered to a subject to

give the desired palliative or curative effect. The term

"pharmaceutically acceptable carrier" means that the carrier can be taken

into 20the lungs with no significant adverse toxicological effects on the
hinAc
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The term "co-administration” refers to administering to a subject two or
more agents, and in particular two or mom iRNA agents. The agents can
be contained in a single pharmaceutical composition and be administered
at the 2aswe7tisne, or the agents can be contained in separate feanulktiE00425
and administered serially to a subject. So long as the two agents can be
detected in 25the subject at the same time, the two agents are said to be
co-administered. The types of pharmaceutical excipients that are useful as
carrier include stabilizers such as human serum albumin g-|SA), bulking
ainente SifaR. JDeLFHOPR HAaRyHhATA & acrrseandyrspvided that Sufficient
hZBIRErH ek (htaRO0eaD0ARb RalyNaRidass pidimdinstels meuffers;
salts.such as sodi hloride; the like. These carri ein.a
TG B T Yo ML B AR o oL e gl ot
seige ntsuih sdsar eap articul ¢l iigaiidemihgde compatible carbohydrates,
polypeptides, amino acids or combinations thereof. Suitable
carbohyidsa esdachedrdmeadtratehaviesestinitas g alffatosty, depending on
-manpose, sorbose, and the like: disaccharides, such as lactose
TRAEIARE B8 T PEg eSt e e o e Al
o difidatirypropsi-isetareoyittontdrbibit endaolyasacttrirztabosldaipids inserted in the
é@f&%ﬁ&m@%ﬁ%@%ﬁ@@@%&%&c@&% ,é!E.?i@'Q@%géa%aﬁlmm@ region

xylitol, and the [ike. A preferred group of carbohydrates includes lactose,
(P arraded s gl e Retnitiot S GBI SOy BRYS
rofelershe)asnediagaef Aangeacids d fina idthataidiie dad @by Gihet avitbense strand, or
ANEG ot%ell[[t] GRSIEILe T, et WHAR %IB!%&% g&gf&%&%@%{ St Rich is
organic salts preparedl?rom organic acids and bases, such as sodium
conrnlesneseny:in theeotibenis, stinadind smeed hserinrpl esvesaesits prisTe frdhe nucleotides on

éaﬁéa&?eb 75&%8&659&33@(;9&9}%?&@@%@& 8t &%Eﬂg&e%eﬁsss&%g wéﬂch
about 75 mg per kg of bodyweight, or less than about 70, .40,
BRRSteR o3 {OB A PGS Eh BSOS B b ftﬁ%d%“‘r%%ls? %%me
aédvegyvirightitaddiessidhan 200 nrool of IRNA agent (e.g., about 4.4 x
1016 copies) per kg of bodyweight, or less than 1500, 750, 300, 150, 75,
15, 7-%;1&5:1&8&9.@@&5@% 1274 %g%&kéd &%QK%&Q%E@@@Q%Q7§, £ ﬁ@l&lﬁinal
rungl of iRNA agent per kg of bodyweight, The unit dose, for example, can
BN T ey SR o PO AR BTG T e B P i
ekmindies dagaget rasrgesiof 0RSiIbRytkg is used. 20Delivery of an iRNA
agent directly to the lungs or nasal passage can be at a dosage on the
order gfegihobd L@ de about 150 mg/nasal passage. The dosage can be
an amount effective to treat or prevent a disease or disorder. In one

emboGHRent e IBIAGRRS &@ﬁ@;m@m ﬁpsﬁaﬁnq@aidogbﬁ HSRYaRbe

unit dose is administered twice the first day and then daily. Alternatively,

ineansethad il oradies P X e ArHagiction aBLgatds s gvisesediingngs

30 days. In another embodiment, the unit dose is not administered with a
frequeAoyi(e arietytod amiiskcize digandsy raEbe totaredits, ah RDHit aore sgaye the
beadminigiered 8- single ng.Bacausa RN ek mediated SUBRGRGe context of
can persist for several days 32 . .

a ligand-conjugated monomer subunit but that is only preferred, entities can be coupled at other

points to an iRNA agent.

Preferred moieties are ligands, which are coupled, preferably covalently, either directly or

indirectly via an intervening tether, to the carrier. In preferred embodiments, the ligand is
22
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WO 2006/074344KT/1:82006/000425 after administering the iRNA agent
comp%@t?B?ﬁ/QFﬁﬁ*(any instances, it is possible to administer the

composition with a frequency of less than once per day, or, for SOMi&/US2006/000425
instances, only once for the entire therapeutic regimen. In one

embodiment, a subject is administered an initial dose, and one or more 5
majntenance doses of an iRNA agent, e.g., a double-stranded iRNA
SR 0 A R AL e TP e s i o0e e getraNsmdymny Whctvnt on
tivalighel progesserhioiomne: St AAGeR-osuBMA ¥BisHECaReS ARARNA the

agen -« &double-stranded | .agent, or SIRNA agent, or precursor
_there%f%% ﬁ%%}rﬁfe%mat%%gn o%igséﬁgl;g%aggsné% SRR GOt P EFEsor
lightidearyeatedgnopprach atblmssabeth & initiabolddizaAdraiit enaneekagimnenit has
veanisiyslatireatingd Alect wit Odoses ranging from 0.01
eg%{o 75 r%g/kg of bod@% v?éigg ht per (i}:a@;,(% g%%*’?%o]a g&ngaeﬁ%%%tﬁg%?%%fno
tonaged 1her, 6.5 T DI 0061 00e0 b icomoesdittpe elay bk tsosyweighitense
spéumagﬂhmmgafg%aﬁ&gﬁagﬁar%ggtf&rﬁm%Qmiﬁéééﬁ{&?xﬂ&lﬁ}%&ubunﬁ into
every 5- ays. Further, the treatment regimen may last for a

PR R bR R e
8Eﬂ§éaf§§,Sﬁbsmivyb&mﬁaﬁ@d)wtalpmn@idﬁgmiahﬁ@agmmmﬁwﬂwfdupﬁng
tiyelesbmenshae dosear Wtﬁ?tgz%ﬁ\ﬁ%{%%%%éﬂﬁrce ‘%8‘15‘ o D Slrsor ligand-
cdglx §é ., N0 more hant once per 24, 36, 48, or maore hours; e.g., no more

Bt BRCE B s BrEidEer Following treatment, the patient can be

monitored for changes in his condition and for alleviation of the symptoms

of theksefsedemeodimentios digendfattves cormiatipatimayasithes heifetime of an
iRCAeasacin heieven thepatient dgs.AatLesReD L%@ﬁ‘ig%&%'% ;§8§#r'éea%t

£
(o) e

osage lgvels, or the dose may be decreased If an alleviati
esyarﬁ%%‘gﬁfﬁ%tﬁ’ﬁ?é PSR st e soreleratie it erciel aiss, semediamstee s, 2

celbliatent cogaf ondesineensideseffentmarne 6@ BraRk bodyh0BS SBRAMIEN, species
ayggﬂlg[l[\éﬁ\aaig&%_pharmaceutical composition includes a plurality of iIRNA
agent species. The RNA agent species can have sequences that are

non-qye ég@g@gﬁgd nop-adjacent with respect to a naturally occurring

target Sequente, &g o TATSEE SeBiReReE Br tfierton avi gesstlicity arentrées aod may
alsmipuuinyront; daeephstetingof i RN Amgent:speeies iscapes it forsiiesRblde, or a
phBIHERN Y RECHILIRGIaral.98 08 xample, an iRNA agent that targets

the P protein %{gene oﬁferS cgnabf%%%{aegsoenn? i 8“51%1%%’ %Fﬁ\ S fag or natural or
TRSHfig SitRricectfsRNA agent that targets a different gene, for example

the N protein gene. In another embodiment, the iIRNA agents are specific

for difiégands Virgsesalng REWe WRRA0G/R1643465 €T TISA0RRIA0MRR:;
dEBSGRNGERRIAD ST EIR ent cemposition is.an amount sufficient ,

to_be effective in trea{r%g or%%ﬁ%n%ﬁ’g% ﬁg&%&%ﬁ T R Erops-linking agents;
AR TSR A SHaERR R ANSS Y e ter ce ntuichioelerhount GbibiAxamples

imgﬁan@dmmsm@%m&k@!qwg;eaim?s%ﬁmE‘é%!i%ﬁ?ﬁ@&i@%ﬁéoc%@%nm
agent and the method of administration, e.g. nasal, buccal, or pulmonary.
i € A8 Y RGNS ol 07 AR TRl letivetized oo

or ex
agidh d@ﬁmmommﬁwdr?bé@@ﬂedmﬁé mgeralig @V@x_hld dﬁﬁ’i&ﬂ&ﬂrﬁiﬂb@?m&fﬁn or
S : esirable to dilute an oral formulation
o) v aoley BB R Rl (e B fepelestonics
PEBRESP PRI apdmraifrEmiEtosage required to effectively treat a
subject, including but not limited to the severity of the disease or disorder,
previous treatments, the general health2&nd/or age of the subject, and
other diseases present It will also be appreciated that the effective dosage
of an iIRNA. agent such 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
assays. For example, the subject can be monitored after administering an
IRNA agent composition. Based on information from the monitoring, an
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15 additional amount of the IRNA agent composition can be administered.
The invention is further illustrated by the following examples, which should
not be construed as further limiting. EXAMPLES Designing antiviral
siRiWAsvageisss RSV mMRNA 20siRNA against RSVP, N and L PONBS20e800425
synthesized chemically using know procedures. The siRNA sequences

and some inhibition cross-subtype activity and IC50 values are listed

(Table 1 (a-c)). In vitro assay and Virus infection Vero E6 cells were

cultured to 80% confluenc {1 DMEM containing 10% heat- 25inactivate

B, FEERURAN RO ATCH P TBPE PRFSRT e e P56 Y 52
syethetiv-freleniaViEd)) amohintichmigchidaadd) Brappiatofedetmibanasidiasiude

S L o R i el g e pyene et
Y yanrdssepeivelst arvihclipidedoaglvsolisdsppmlyaenditonyl othatrroaleic
Pty i i T S S
e cell monplayer. re incubated a 0 or 6_hours.
SRR B U B TR W PG B o
18albHohatidmsi¢eiich®) casn dr300/ phagphezioe niimgupid e Hpéphaniper inbiiaf
, = | . r C,
ﬂé‘%%@%z%é’sp\ﬁ%y %ié?rer?ove _’g%d Ce|_ig§ﬁ%%§g§§%ek%%%%%@gﬁs _
RABRE e PERHORREDEYG RebiPRIEeRavbEnsT PRI, AtaRinfg20dng Brotamine,
dnesio naielivcepataddat BHays Rt forphleis; Qeatss@lls WRIT a polyamine, or an
immunos aine%ocltfor plaques using anti-F protein monoclonal antibody
@T% CSIRRA %Ielivery and virus infection in vivo 10Pathogen-free 4
week old female BALB/e mice were purchased from Harlan. Mice were
underld#Eds AsinAydnisesbreaerifua Bassrhetiists Presine peed, c.8- » 2
e terdmn) uikizeshby i) tanasak mstdaiontih taticaiedameuibaiaidNA,
either.uncompleted, .or.completed with 5 ul Transit TKO. 150 pg of .
el D S ol P B g pevticeor
MaBdsertisstypmatisntrol (IgG1) were administered intraperitoneal (i.p.) four
hours prior to RSV challenge (106 PFU of RSV/A2). Ten mice per group
were UsgchdAeiniad preighisape rgyompritenad popaysit, 2 gdloantbGity lipoprotein
sinfection. Lungs, were harvested at ost-infection, and assayed
e S R e A TR e
sngojiis| pBlatedatarerbemsl celiantiwdics glaur et a0 idods Smthinda ty dnmeeifedrell type
SRAtRIRIBEED Y eriRalinAckiatefoaBRIMIGEIRIRYEES HRMAORRIGEs and
with hand-held homogenizer in 1 ml sterile Dulbecco's PBS (fl-PBS) an% alent
HOPRORS affiRiOFn SRR SR AR HORSHASHY B9 15 SafacthmtigHEvale
laeipecplat(l danb Bihviet, Nates yhghipliosdmiand aasoybell dosarhihgumnativalent
% . id. with. 1% methylcellul i .
R e R R S e
ESHRREPH A48, \Bueana M eclizeivastiimsbed 25and cells were fixed in
acetone:methanol (60:40) for 15 minutes. Cells were blocked with 5% dry
The ligand can be a substance, e.g, a drug, which can increase the uptake of the iRNA

agent into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the
cell’s microtubules, microfilaments, and/or intermediate filaments. The drug can be, for
example, taxon, vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A,

phalloidin, swinholide A, indanocine, or myoservin.

24
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MillJPBS for 1 hour at 37C. 1:500 dilution of anti-RSV F protein antibody
(131-2A) was added to wells and incubated for 2 hours at 37C. Cells were
washed twice in PBS/0.5% Twcen 20. 1:500 dilution of goat anti-mouse

|g GWAIRAKHE Piosphatase was added to wells and incubated 38CRAUER006/000425
2006/074346PCT/US2006/000425 for 1 hour at 37C. Cells were washed
twice in PBS/0.5% Tween 20. Reaction was developed using Vector's
Alkaline Phosphaiase substrate kit Il (Vector Black), and counterstained

with atox I iS all a ounte in a
Invertﬁjrpmlcrg/séotp%%%ﬁsﬁem %or éﬁﬁsc(ep %%clr@é’ué a%‘ecrl?lgegi Fl%@@ased
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icated times gday 1-4 post viral ¢ haIIen 5 mice per group were
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ehatiepge tmmﬁ\ﬂmsm@mlb@de}lm&r&mmﬂm @) RbVewssigo RiNAt binding

gﬂ%ﬁmﬁ; LNA g provided in Table 1 (a-c) were tested for anti-RSV
activity | fgqu ormation assay as described above (Figure 1) Each
column &bar represents an iRNA age rovided in Table 1 éa C),
columft 1R irschrigangSar hy sadite modulatsneiGotamimlibera @@&ﬁ&ﬁﬁ?—iﬁgm to
atugsotissucAbtivexiRNR, ag@mszvl@re-bd&ﬂﬂf@dmahﬁn% of NEASu@ e whistpig will
RAverakagents weR O RIlRtbaL e Y %g’i S5 SR e bocy.

The results are 15summarize V|tro ose response
fhHnittionipidebased jigardi ot hindsda BSAdess éﬁremime@ = seA i0carest deaaiugate

roeaisdieyn Table 1 were tested for anti-RSV activity in a plaque
formation assay as described above at four concentrations. A dose

depe”ﬂ?&‘;ﬁﬁ&?&ﬁéﬁb‘é’&ﬁa@%ﬁ%%ﬁ@ BEHNE ﬁ%@%&e%@eﬁw ﬁb%)ds HSA

and is summarized in Tables 1(a-c). 20In vitro inhibition of RSV B 'subtype

g %ﬁmea@%ﬁetmhmea%égeﬁ Bl beseeraRKdsHTRRS torpnaaadiney

isduigUrRwewel e iepier-fal maliil aivastbibagainshsuRivae ES AR Bhding
RSV tsgjbté/‘pe B, was inhibited by the iRNA agents tested to varying

grees anarls Summarized in Table 1(a-c). WO
2006/074346PCT/USZOOG/OOQ425 In vivo inhibition of RSV using iRNA
agentSPIRPOREr ARSI BEREY HERighAL B2y ’éﬁé‘%ﬂﬁ@@’@eﬁ?ﬁg@é@m up by
dmge‘tbed al@vepnegemﬁngwlesmsaedréfpﬁi@maﬁ wefel osteddins dlsorders
nt| enze IVI |n aegnceld 0d 1IO The |R a%% were eff ctiv e .
ucmg Viral titers In vivo 3 more é?f%étl Eontral anr%o%l &
be&aelscEaemniaeew@@mwmﬂm mtwévédmmmemmw vitamins

Akihd3hwas iesied, 0F 0856 A5ReNIeAbAEIMDLURIAG MR RAIBOHRe: vitamins or
growded&tﬁ;&ve The agents showed a dose dependent response (Figure

trents BB S Hing in vitro activity were tested for anti-RSV
activity in vivo as outlined above. Several agents showed a reduction in
viral titBransthes sepstwiheheghidn 2 Gropmydaiteicatisn(Ficaleead, a helical cell-
permeation agent. Preferably, the agent is amphipathic. An exemplary agent is a peptide such as
tat or antennapedia. Ifthe agent is a peptide, it can be modified, including a peptidylmimetic,
invertomers, non-peptide or pseudo-peptide linkages, and use of D-amino acids. The helical
agent is preferably an alpha-helical agent, which preferably has a lipophilic and a lipophobic

phase.
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IRNA agents showing in vitro and/or in vivo activity were tested for

anti-RSV activity in vivo as in the treatment protocol outlined above.

Several agents showed a reduction in viral titers of 2-3 logs (Figure 7)
wherogiven7d3d days following viral infection. Sequence ar@EiNss0d/000425
isolates across target sequence 15Method: Growth of isolates and

RNA isolation: Clinical isolates from RSV infected patients were obtained
from Larry Anderson at the CDC in Atlanta Georgia (4 strains) and John
DeVingenzo at the University of Tenn., Memphis (15 strains). When these
were Yrhhasnhate modifications, o hihelial cells (ATCC, Cat# CCL-23) cells, it
was noted that the 4 isolates from Georgia were 20 slower growing than

the 15gwefimsdronboraneisdBAwawts aleds phweniopiaicd ssingladeh phosphoryl

2BRBY AR SRR BYmTE BRGNS B RIiRlM RSP ASARIQWE] include those
ero E6, monkey k.ldneg- epithelial ceIIsééATCC, Cat# CRL-1586) were
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ngpaptipite 4O QEbEIOIUDREPGIONETOOEIJI0NS-Qells fredenosine cap

(ppyssierahy meranine-anthaalister d%6aP IR AR QERM O Hasphate
minutes. RN/ %(ﬁaraltlor]ﬁ;g ere performed by standard procedures

r
né%clg%?r?ast&' hifaEh P F8887°°% Amplification of RSV N gene:
Viral RNAs were collected post-infection and used as templates in PCR

reactiohs STSH M FEr Samadiistigioulu e trsgivambarswas straxhand fiseest
fbriafaffor O tafpRtreite tehah) faniatb R i a o ment Qe RNAIWES be
denat rgdd%t 6§.Etf rs lnﬁjtes in th res%nc of fo v rd and reverse b
ROV GER® SrRSHA LB ST ISR PR B o tRBPTRAVIRI AR SBSE THans 8- oY
1Sisesiiripyith @ Avidrogtn) fiob®lmndtdseal\yEaanchio (200 nkTResyat-&iknts

g%i%:éﬁﬁriﬁed %%/&fgsndard %?&ocols#%%%&%%%?%%%%ﬁ?gﬁa@aﬁ %329? )

Beplionsisich RFFHREPIRsheIe B RTePE s ot AR 20 PR grbstituting
thefhoielelyICansenad QARSAGMENSHIRI A 1P bHaN e Uh B SanserMtiohe 5-
intained. across, the. diverse ulations, which included isolates

'Iﬁ(g%%%t "‘A"g%é %%83 8?3%3%%rlﬁ??e$§%'tingly, when the 4
slower-growing_isolates were analyzed, we observed that one of the 4

2L PAEBES AR SAYERR® ALDP-2017 recognition site.
This 15 mutation changed the coding sequence at position 13 of the RSV
N genkogmplatian|ate from an A to a G. Conclusions: From 19 patient
isolates, the sequence of the RSV N gene at the target site for ALDP2017
has bé&n iteiarmgimedideiRohdicases Abin)l-tbe e coghitinatRiernartifet,

- is 20100% conserved. In one of the.isolates, there.is a.single .
e e e IR o St e

igheh ok erRErenRs b REnTRRIraliietarianatenéaedly, & -gilvigdnissiowobble
between the antisense strand of ALDP-2017 and the target sequence.
Based’encast ufelgraiiziod) g dbiheldtidas izaiositpote aligheiisideinatia tdction are

yvabhle, jt is predicted that ALDRZ01 7 will be effective in silencing th
ﬁ SVSﬁ ga g%n%%&fsr?ég)ig ?é) .unmodl%)e%i 11%41[11\ agents. (l:t s\ﬁoupd Deunder oo& however,
that these formulations, compositions, and methods can be practiced with other iRNA agents,

e.g., modified iRNA agents, and such practice is within the invention.
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Methods Vero E6 cells were cultured to SO% continency in DMEM

containing 10% heat- inactivated PBS. For siRNA introduction, 4 p.1 of
Trangit2006074ee6 added to 50 ul of serum-free 5 DMEM and ineaivatsad 0000425
room temperature for 10 minutes. Then, indicated concentration of SIRNA
was added to media/TKO reagent respectively and incubated at room
temperature for 10 minutes. RNA mixture was added to 200 uI of DMEM

contam QZ% gﬁ\an‘g then t()oSl eg %JQS%I er. Cellt [t? (ﬁbateede)z{;latm les
37C, Eﬁ’ mlx?ure WhS renfoved %y gen e WASH pics,

{wtPoiRDeRiteS B larse par Bl SutationsuHESS) eme 400, pka:hirueuﬁmychmg(e g less
RS Rie3Res0VE! 0% Rmali 3 MCha 30as addedAQaualls aad pueots phase,

adsor ed for 1 hour at 37C, 5% CO2. Virus was removed 0,nd cells were

ashddbioRditreddesaasdhis St sy msiorshfRpm dw adwanjsiration via
biMEddrcontaining 10% PBS media, and incubated for 6 days at 37C, 5%
CO2, Cells were immunostained for plaques using anti-F protein

mono X I
WSS b st e g v

ERifiinfriy RERPPRB RSBl pos (pryisiesalts Bhas) REpRSHCIE] o), Agnisgoparticle
&2 it/ bhd Bppréribik. £B REWBINE &daposition). Generally, the iRNA agent composition is

formulated in a manner that is compatible with the intended method of administration.

An iRNA agent preparation can be formulated in combination with another agent, e.g.,
another therapeutic agent or an agent that stabilizes an iRNA agent, e.g., a protein that
complexes with the iRINA agent to form an iRNP. Still other agents include chelators, e.2.,
EDTA (e.g., to remove divalent cations such as Mg®"), salts, RNAse inhibitors (e.g., 2 broad
specificity RNAse inhibitor such as RNAsin) and so forth.

In one embodiment, the iRNA agent preparation includes another iRNA agent, e.g., 2
second iRNA agent that can mediate RNAi with respect to a second gene. Still other
preparations can include at least three, five, ten, twenty, fifty, or a hundred or more different
iRINA species. In some embodiments, the agents are directed to the same virus but different
target sequences. In another embodiment, each iRNA agents is directed to a different virus. As
demonstrated in the Example, more than one virus can be inhibited by co-administering two
iRNA agents simultaneously, or at closely time intervals, each one directed to one of the viruses

being treated.

Treatment Methods and Routes of Delivery

A composition that includes an iIRNA agent of the present invention, e.g., an iRNA agent
that targets RSV, can be delivered to a subject by a variety of routes. Exemplary routes include

inhalation, intravenous, nasal, or oral delivery. The preferred means of administering the iIRNA
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agents of the present invention is through direct administration to the lungs and nasal passage or

systemically through parental administration.

An iRNA agent can be incorporated into pharmaceutical compositions suitable for
administration. For example, compositions can include one or more iRNA agents and a
pharmaceutically acceptable carrier. As used herein the language “pharmaceutically acceptable
carrier” is intended to include any and all solvents, dispersion media, coatings, antibacterial and
antifingal agents, isotonic and absorption delaying agents, and the like, compatible with
pharmaceutical administration. The use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the compositions is contemplated.

Supplementary active compounds can also be incorporated into the compositions.

The pharmaceutical compositions of the present invention may be administered in a
number of ways depending upon whether local or systemic treatment is desired and upon the
area to be treated. Administration may be topical (including intranasal or intrapulmonary), oral
or parenteral. Parenteral administration includes intravenous drip, subcutaneous, intraperitoneal

or intramuscular injection.

In general, the delivery of the iRNA agents of the present invention is done to achieve
delivery into the subject to the site of infection. The preferred means of achieving this is through
either a local administration to the lungs or nasal passage, e.g. into the respiratory tissues via
inhalation, nebulization or intranasal administration, or via systemic administration, e.g. parental

administration.

Formulations for inhalation or parenteral administration are well known in the art. Such
formulation may include sterile aqueous solutions which may also contain buffers, diluents and
other suitable additives, an example being PBS or Dextrose 5% in water. For intravenous use,

the total concentration of solutes should be controlled to render the preparation isotonic.

The active compounds disclosed herein are preferably administered to the lung(s) or nasal

passage of a subject by any suitable means. Active compounds may be administered by
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Conclusion: All clinical isolates tested were specifically inhibited by siRNA
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administering an aerosol suspension of respirable particles comprised of the active compmmd or
active compounds, which the subject inhales. The active compound can be aerosolized in a
variety of forms, such as, but not limited to, dry powder inhalants, metered dose inhalants, or
liquid/liquid suspensions. The respirable particles may be liquid or solid. The particles may
optionally contain other therapeutic ingredients such as amiloride, benzamil or phenamil, with
the selected compound included in an amount effective to inhibit the reabsorption of water from

airway mucous secretions, as described in U.S. Pat. No. 4,501,729.

The particulate pharmaceutical composition may optionally be combined with a carrier to
aid in dispersion or transport. A suitable carrier such as a sugar (i.e., dextrose, lactose, sucrose,
trehalose, mannitol) may be blended with the active compound or compounds in any suitable

ratio (e.g., a 1 to 1 ratio by weight).

Particles comprised of the active compound for practicing the present invention should
include particles of respirable size, that is, particles of a size sufficiently small to pass through
the mouth or nose and larynx upon inhalation and into the bronchi and alveoli of the jungs. In
general, particles ranging from about 1 to 10 microns in size (more particularly, less than about:5
microns in size) are respirable. Particles of non-respirable size which are included in the acrosol
tend to deposit in the throat and be swallowed, and the quantity of non-respirable particles in the
aerosol is preferably minimized. For nasal administration, a particle size in the range of 10-500

micons is preferred to ensure retention in the nasal cavity.

Liquid pharmaceutical compositions of active compound for producing an acrosol 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
sterile, pyrogen-free solutions, comprising from one to fifteen percent (by weight) of the
physiologically acceptable salt, and more preferably from three to seven percent by weight of the
physiologically acceptable salt.

Aerosols of liquid particles comprising the active compound may be produced by any
suitable means, such as with a pressure-driven jet nebulizer or an ultrasonic nebulizer. See, e.g.,

U.S. Pat. No. 4,501,729. Nebulizers are commercially available devices which transform
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greater than 85%. No isolates were significantly inhibited the mismatch
control siRNA 2153. Silencing in plasmid based assay Method A 24-well
plate is seeded with HeLa 56 cells and grown to 80 % confluence. For
eashoned/imisd ug of RSV N-V5 plasmid with siRNA, (at indicet@ars2006/000425
.concentration), in 50 ul OPTIMEM and add to Lipofectamine 2000
(invitrogen)-Optimem mixture prepared according to manufacturer's
‘instructions, and let sit 20 minutes at r.t. to form complex. Add complex to
cells 10 and incubate 37C overnight. Remoye the media, wash the cells
softiors RS EREPRAS QhithestiecpaRtsaHaR® ﬁ%?%lﬁﬁéﬁf(&ﬁvfwﬂ%@%ﬁfm
opdc8l@atidnd Nobrhpiedsdd sy EATIAID b Yo Pancithoonathmolatewl UéntiR ofifice or by
0.05% $SDS) for 1-2.min Inhibition is quantified by measuring the level of
nﬁglgoé}%t%?ﬁ)rﬁ %%ﬁa §?sné1tcs, detected by western blotting with an anti-V5
antibod¥ WO 2006.1074346P,CT/U82006/0004{1\%}3& ResuItS'_Tran§iﬁnt q
plasriHIE PSR ops O HERi REPBILZE GBI R Ky ORI R A
cfirizhl e B)ctiveRugieiiettot ohatiii®/op Ad DPAO/L7olCie\oOxbB@iorinbiv {@ef@ably less

than 20% w/w. The carrier is typically water (and most preferably sterile, pyrogen-free water) or
a dilute aqueous alcoholic solution, preferably made isotonic, but may be hypertonic with body
fluids by the addition of, for example, sodium chloride. Optional additives include preservatives
if the formulation is not made sterile, for example, methyl hydroxybenzoate, antioxidants,

flavoring agents, volatile oils, buffering agents and surfactants.

Aerosols of solid particles comprising the active compound may likewise be produced
with any solid particulate therapeutic aerosol generator. Aerosol generators for administering
solid particulate therapeutics to a subject produce particles which are respirable and generate a
volume of aerosol containing a predetermined metered dose of a therapeutic at a rate suitable for
human administration. One illustrative type of solid particulate acrosol generator is an
insufflator. Suitable formulations for administration by insufflation inctude finely comminuted
powders which may be delivered by means of an insufflator or taken into the nasal cavity in the
manner of a snuff. In the insufflator, the powder (e.g., 2 metered dose thereof effective to carry
out the treatments described herein) is contained in capsules or cartridges, typically made of
gelatin or plastic, which are either pierced or opened in situ and the powder delivered by air
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
optional surfactant. The active ingredient typically comprises from 0.1 to 100 w/w of the

formulation.

A second type of illustrative acrosol generator comprises a metered dose inhaler. Metered
dose inhalers are pressurized aerosol dispensers, typically containing a suspension or solution

formulation of the active ingredient in a liquefied propellant. During use these devices discharge
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the formulation through a valve adapted to deliver a metered volume, typically from 10 to 200 ul,
to produce a fine particle spray containing the active ingredient. Suitable propellants include
certain chlorofluorocarbon compounds, for example, dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane and mixtures thereof. The formulation may
additionally contain one or more co-solvents, for example, ethanol, surfactants, such as oleic acid

or sorbitan trioleate, antioxidant and suitable flavoring agents.

Administration can be provided by the subject or by another person, e.g., a caregiver. A
caregiver can be any entity involved with providing care to the human: for example, 2 hospital,
hospice, doctor’s office, outpatient clinic; a healthcare worker such as a doctor, nurse, or other
practitioner; or a spouse or guardian, such as a parent. The medication can be provided in

measured doses or in a dispenser which delivers a metered dose.

The term “therapeutically effective amount” is the amount present in the composition that
is needed to provide the desired level of drug in the subject to be treated to give the anticipated
physiological response. In one embodiment, therapeutically effective amounts of two or more
iRNA agents, each one directed to a different respiratory virus, e.g. RSV, are administered

concurrently to a subject.

The term “physiologically effective amount” is that amount delivered to a subject to give

the desired palliative or curative effect.

The term “pharmaceutically acceptable carrier” means that the carrier can be taken into

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

The term “co-administration” refers to administering to a subject two or more agents, and
in particular two or more iRNA agents. The agents can be contained in a single pharmaceutical
composition and be administered at the same time, or the agents can be contained in separate
formulation and administered serially to a subject. So long as the two agents can be detected in

the subject at the same time, the two agents are said to be co-administered.

The types of pharmacentical 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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PBS 100 2153 10nM 94.54 4,5 Table 3 Conclusions 5siRNA 2017
specifically and dose dependently inhibits the production of RSV N protein
when transiently eotranfected with plasmid expressing the RSV N gene.
InhiBR 3PP Hetobserved with mismatch control siRNA 2153. SifeHEf0ep00425
RSV via aerosol delivery of sSiRNA Method 10A 2 mg/ml solution of
ALDP-1729 or ALDP-1730 is delivered via nebulization using an aerosol
device for a total of 60 sec. Virus was prepared from lung as described

p§nf§é%¥§ti§&? H’gj@gﬁ%&? P ARELLRG NNGAL.8{A BRGHE. 383 e HACTREdR Arriers

ures centration of the RSV N protein In cells infected with
bk SbtrysiaiinsareeBBoRi e L4fBaY e papxipyeyf the two.
2006/074346PCT/US2006/000425  Lung lystate is diluted 1:1 with
carboRuitargicgatiotiatarbpiftcydy-GDEP iR i¢canpetitiingbomskasation

bR 00l addsddasashieslneh aud e ualgdkaheifedrL hour

rnlg’l_"lt at4 ells wa 3 X with PBS/0.5% 'ween 20 then
poeresehaide SRy SHARIEE O RNt ub P By Bl difrgghatides, such as

15&65@%1@&3&9?5&%(?11%%%@@%@59@@&% 2—1@@9&5?@&6591:53@(%@:%6%_ iffvin; and
SItiv c_ontro = - , ne flve contro] = norma —narmi em
e A e i S R T
a6, aplitohcnb die tkat 3 P& fored boup of cveriyghtatiddideydiisosadireiglose,
r(ﬁlflfﬁl\éémnaﬁ%é%m Tieiei 61 3669000 BBNRACKE AR A ROUSAS ids

(H+L) whole molecule-alkaline phosphatase conjugated) diluted 1:1000 to
iprdnde @leng Ave B viensatEh Srinm BEB&RIEEESY C for 1 hour or 10

overnight at 4C. Wash 3 X with PBS/0.5% Tween 20 then add Npp
(Sigmatishlspib stiaseSigrveiats ichniar Zomcebsdingiyetbirmamnanic aefs and

BasiEuciians AfdrQ0.p., of stbskaspine hangdnrdbaiadarlal % Maasure
absorbance at OD 405/495. Conclusion 15Delivery of RSV specitic SIRNA

decre%%ggteh eAlg\ll Aoz]:ggn gan @%’&Eﬂﬁi%’%‘e@& e uI:cl1J1E1 @5se less than about 75 mg per kg
of bodyweight, or less than about 70, 60, 50, 40, 30, 20, 10, 5, 2, 1, 0.5, 0.1, 0.05, 0.01, 0.005,
0.001, or 0.0005 mg per kg of bodyweight, and less than 200 nmol of iRNA agent (e.g., about
4.4 x 1016 copies) per kg of bodyweight, or less than 1500, 750, 300, 150, 75, 15, 7.5, 1.5, 0.75,
0.15, 0.075, 0.015, 0.0075, 0.0015, 0.00075, 0.00015 nmo} of iRNA agent per kg of bodyweight.
The unit dose, for example, can be administered by an inhaled dose or nebulization or by

injection. In one example, dosage ranges of .02-25 mg/kg is used.

Delivery of an iRNA agent directly to the lungs or nasal passage can be at a dosage on

the order of about 1 mg to about 150 mg/nasal passage.
The dosage can be an amount effective to treat or prevent a disease or disorder.

In one embodiment, the unit dose is administered once a day. In other usage, a unit dose
is administered twice the first day and then daily. Alternatively, unit dosing can be less than
once a day, e.g., less than every 2, 4, 8 or 30 days. In another embodiment, the unit dose is not
administered with a frequency (e.g., not a regular frequency). For example, the unit dose may be

administered a single time. Because iRNA agent mediated silencing can persist for several days
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as compared to the mismatch control siRNA (Figure 8a-b). In vivo

inhibition at day -3-prophylaxis Method 20In vivo prophylaxis was tested
using the in vivo method described above except that the siRNA is
delWerddsdt’¢litferent times prior to infection with RSV from 3 dB§E/ bEfeser00425
to 4 bra before. Results siRNA delivered intranasally up to 3 days

prior to viral challenge show significant 25silencing in vivo (Figure 9). 0
0Ca0QO000a0)0000tel CCoDOOO ta......., .-..N"eimr. 7-17, :4

14 AMon V;ri v,,'ON COO0I-.GOQa000Q0.-4e?r, CPl

finpd R i TR SRR CORRNIRY 1y BTG IF e D Rt

thd\ibrapoEisi@Oweth & FréderRyiof 127109 cn@pe 86 vony for some instances, only once for

the entire therapeutic regimen.

In one embodiment, a subject is administered an initial dose, and one or more
maintenance doses of an iRNA agent, e.g., a double-stranded iRNA agent, or siRNA agent, (e.g»
a precursor, e.g., a larger iRNA agent which can be processed into an siRNA agent, ora DNA
which encodes an iRNA agent, e.g., a double-stranded iRINA agent, or siRINA agent, or precursor
thereof). The maintenance dose or doses are generally lower than the initial dose, e.g., one-half
less of the initial dose. A maintenance regimen can include treating the subject with a dose or
doses ranging from 0.01 pg to 75 mg/kg of body weight per day, e.g., 70, 60, 50, 40, 30, 20, 10,
5,2,1,0.5,0.1,0.05, 0.01, 0.005, 0.001, or 0.0005 mg per kg of bodyweight per day. The
maintenance doses are preferably administered no more than once every 5-14 days. Further, the
treatment regimen may last for a period of time which will vary depending upon the nature of the
particular disease, its severity and the overall condition of the patient. In preferred embodiments
the dosage may be delivered no more than once per day, e.g., no more than once per 24, 36, 48,
or more hours, e.g., no more than once every 5 or 8 days. Following treatment, the patient can
be monitored for changes in his condition and for alleviation of the symptoms of the disease
state. The dosage of the compound may either be increased in the event the patient does not
respond significantly to current dosage levels, or the dose may be decreased if an alleviation of
the symptoms of the disease state is observed, if the disease state has been ablated, or if

undesired side-effects are observed.

In one embodiment, the iRNA agent pharmaceutical composition includes a plurality of
iRNA agent species. The iRNA agent species can have sequences that are non-overlapping and
non-adjacent with respect to a naturally occurring target sequence, €.g., a target sequence of the
RSV gene. In another embodiment, the plurality of iRNA agent species is specific for different
naturally occurring target genes. For example, an iRNA agent that targets the P protein gene of
RSV can be present in the same pharmaceutical composition as an iRINA agent that targets a
different gene, for example the N protein gene. In another embodiment, the iRINA agents ar
specific for different viruses, e.g. RSV.
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sequences
in treating or preventing a disorder or to regulate a physiological condition in humans. The
concentration or amount of iRNA agent administered will depend on the parameters determined
for the agent and the method of administration, e.g. nasal, buccal, or pulmonary. For example,
nasal formulations tend to require much lower concentrations of some ingredients in order to
avoid irritation or burning of the nasal passages. It is sometimes desirable to dilute an oral

formulation up to 10-100 times in order to provide a suitable nasal formulation.

Certain factors may influence the dosage required to effectively treat a subject, including
but not limited to the severity of the disease or disorder, previous treatments, the general health
and/or age of the subject, and other diseases present. It will also be appreciated that the effective
dosage of an iRNA. agent such 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 assays. For example, the subject can be monitored after
administering an iRNA agent composition. Based on information from the monitoring, an

additional amount of the iRNA. agent composition can be administered.

The invention is further illustrated by the following examples, which should not be

construed as further limiting.
EXAMPLES
Designing antiviral siRNAs against RSV mRNA

siRNA against RSV P, N and L mRNA were synthesized chemically using know
procedures. The siRNA sequences and some inhibition cross-subtype activity and IC50 values
are listed (Table 1 (a-c)).

In vitro assay and Virus infection

Vero E6 cells were cultured to 80% confluency in DMEM containing 10% heat-
inactivated FBS. For siRNA introduction, 4 pl of Transit-TKO was added to 50 ul of serum-free
DMEM and incubated at room temperature for 10 minutes. Then, indicated concentration of
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siIRNA was added to media/TKO reagent respectively and incubated at room temperature for 10
minutes. RNA mixture was added to 200 ul of DMEM containing 10% FBS and then to cell
monolayer. Cells were incubéted at 37°C, 5% CO; for 6 hours. RNA mixture was removed by
gentle washing with 1x Hank’s Balanced Salt Solutions (EIBSS) and 300 plaque-forming units
(pfu) per well of RSV/A2 (MOI = 30) was added to wells and adsorbed for 1 hour at 37°C, 5%
CO,. Virus was removed and cells were washed with 1x HBSS. Cells werc overlaid with 1%
methylcellulose in DMEM containing 10% FBS media, and incubated for 6 days at 37°C, 5%

CO,. Cells were immunostained for plaques using anti-F protein monoclonal antibody 131-2A.
siRNA delivery and virus infection in vivo

Pathogen-free 4 week old female BALB/c mice were purchased from Harlan. Mice were
under anesthesia during infection and intranasal instillation (i.n.). Mice were immunized by
intranasal instillation with indicated amount of sIRNA, either uncomplexed, or complexed with 5
ul Transit TKO. 150 pg of Synagis (monoclonal antibody clone 143-6C, anti-RSV F protein) and
Mouse Isotype control (IgG1) were administered intraperitoneal (i.p.) four hours prior to RSV
challenge (10° PFU of RSV/A2). Ten mice per group were used. Animal weights were monitored
atdays 0, 2,4, and 6 post—infectidn. Lungs were harvested at day 6 post-infection, and assayed

for RSV by immunostaining plaque assay.
Immunostaining Plaque Assay

24-well plates of Vero E6 cells were cultured to 90% confluency in DMEM containing
10% heat inactivated FBS. Mice lungs were homogenized with hand-held homogenizer in 1 ml
sterile Dulbecco’s PBS (D-PBS) and 10 fold diluted in serum-free DMEM. Virus containing
tung lysate dilutions were plated onto 24 well plates in triplicate and adsorbed for 1 hour at 37°C,
5% CO,. Wells were overlaid with 1% methylcellulose in DMEM containing 10% FBS. Then,
plates were incubated for 6 days at 37°C, 5% COx. After 6 days, overlaid media was removed
and cells were fixed in acetone:methanol (60:40) for 15 minutes. Cells were blocked with 5% dry
Milk/PBS for 1 hour at 37°C. 1:500 dilution of anti-RSV F protein antibody (131-2A) was added
to wells and incubated for 2 hours at 37°C. Cells were washed twice in PBS/0.5% Tween 20.

1:500 dilution of goat anti-mouse IgG-Alkaline Phosphatase was added to wells and incubated
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for 1 hour at 37°C. Cells were washed twice in PBS/0.5% Tween 20. Reaction was developed
using Vector’s Alkaline Phosphatase substrate kit IT (Vector Black), and counterstained with

Hematoxylin. Plaques were visualized and counted using an Olympus Inverted microscope.
Treatment assay

Mice were challenged with RSV (10° PFU of RSV/A2) by intranasal instillation at day 0
and treated with 50 ug of indicated siRNA, delivered by intranasal instillation, at the indicated
times (day 1-4 post viral challenge). 3-5 mice per group were used and viral titers were

measured from lung lysates at day 5 post viral challenge, as previously described.
In vitro inhibition of RSV using iRNA agents.

iRNA agents provided in Table 1 (a-c) were tested for anti-RSV activity in a plaque
formation assay as described above (Figure 1). Each column (bar) represents an iRNA agent
provided in Table 1 (a-c), e.g. column 1 is the first agent in Table 1a, second column is the
second agent and so on. Active iRNA agents were identified by the % of virus remaining.
Several agents were identified that showed as much as 90% inhibition. The results are

summarized in Table 1 (a-c).

In vitro dose response inhibition of RSV using iRNA agents was determined. Examples
of active agents from Table 1 were tested for anti-RSV activity in a plaque formation assay as
described above at four concentrations. A dose dependent response was found with active iRNA

agent tested (Figure 2) and is summarized in Tables 1(a-c).

In vitro inhibition of RSV B subtype using iRNA agents was tested as described above.
iRNA agents provided in Figure 2 were tested for anti-RSV activity against subtype B (Figure 3).

RSV subtype B was inhibited by the iRNA agents tested to varying degrees and is summarized in
Table 1(a-c).
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(Mab 143-6¢, a mouse IgG1 Ab that is approved for RSV treatment).

AL1730 was tested for dose dependent activity using the methods provided above. The

agents showed a dose dependent response (Figure 5).

iRNA agents showing in vitro activity were tested for anti-RSV activity in vivo as
outlined above. Several agents showed a reduction in viral titers of >4 logs when given

prophylactically (Figure 6).

iRNA agents showing in vitro and/or in vivo activity were tested for anti-RSV activity in
vivo as in the treatment protocol outlined above. Several agents showed a reduction in viral

titers of 2-3 logs (Figure 7) when given 1-2 days following viral infection.

Sequence analysis of isolates across target sequence
Method:

Growth of isolates and RNA. isolation: Clinical isolates from RSV infected patients were
obtained from Larry Anderson at the CDC in Atlanta Georgia (4 strains) and John DeVincenzo
at the University of Tenn., Memphis (15 strains). When these were grown in HEp-2, human
epithelial cells (ATCC, Cat# CCL-23) cells, it was noted that the 4 isolates from Georgia were
slower growing than the 15 strains from Tennessee; hence, these were processed and analyzed

separately. The procedure is briefly described as follows:

Vero B6, monkey kidney epithelial cells (ATCC, Cat# CRL-1586) were grown to 95%
confluency and infected with a 1/10 dilution of primary isolates. The virus was absorbed for 1
hour at 37 °C, then cells were supplemented with D-MEM and incubated at 37 °C. Ona daily
basis, cells were monitored for cytopathic effect (CPE) by light microscopy. At 90% CPE, the
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Amplification of RSV N gene: Viral RNAs were collected post-infection and used as
templates in PCR reactions, using primers that hybridize upstream and downstream of the

ALDP-2017 target site to amplify an ~450 bp fragment. Total RNA was denatured at

65 °C for 5 minutes in the presence of forward and reverse RSV N gene primers, stored
on ice, and then reverse-transcribed with Superscript Il (Invitrogen) for 60 minutes at 55 °C and
for 15 minutes at 70 °C. PCR products were analyzed by gel electrophoresis on a 1% agarose gel
and purified by standard protocols.

Results: Sequence analysis of the first 15 isolates confirmed that the target site for
ALDP-2017 was completely conserved across every strain. Importantly, this conservation was
maintained across the diverse populations, which included isolates from bothRSV A and B
subtypes. Interestingly, when the 4 slower-growing isolates were analyzed, we observed that one
of the 4 (LAP6824) had a single base mutation in the ALDP-2017 recognition site. This

mutation changed the coding sequence at position 13 of the RSV N gene in this isolate from an A
toaG.

Conclusions:

From 19 patient isolates, the sequence of the RSV N gene at the target site for ALDP-
2017 has been determined. In 18 of 19 cases (95%), the recognition element for ALDP-2017 is
100% conserved. In one of the isolates, there is a single base alteration changing the nucleotide
at position 13 from an A to a G within the RSV N gene. This alteration creates a single G:U
wobble between the antisense strand of ALDP-2017 and the target sequence. Based on an
understanding of the hybridization potential of such a G:U wobble, it is predicted that ALDP-
2017 will be effective in silencing the RSV N gene in this isolate.
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Silencing data on isolates
Methods

Vero E6 cells were cultured to 80% confluency in DMEM containing 10% heat-

inactivated FBS. For siRNA introduction, 4 pl of Transit-TKO was added to 50 pl of serum-free

DMEM and incubated at room temperature for 10 minutes. Then, indicated concentration of

siRNA was added to media/TKO reagent respectively and incubated at room temperature for 10

minutes. RNA mixture was added to 200 pl of DMEM containing 10% FBS and then to cell

monolayer. Cells were incubated at 37°C, 5% CO, for 6 hours. RNA mixture was removed by
gentle washing with 1x Hank’s Balanced Salt Solutions (FIBSS) and 300 plaque-forming units
(pfu) per well of RSV/A2 (MOI = 30) was added to wells and adsorbed for 1 hour at 37°C, 5%

CO,. Virus was removed and cells were washed with 1x HBSS. Cells were overlaid with 1%

methyleellulose in DMEM containing 10% FBS media, and incubated for 6 days at 37°C, 5%

CO,. Cells were immunostained for plaques using anti-F protein monoclonal antibody 131-2A.

Results: Silencing was seen for all isolates (Table 2)

2017 2153
Isolate %plagues  %plaques
name remaining remaining
RSV/A2 4.49 80.34
RSV/86 536 87.50
RSV/87 10.20 79.59
RSV/110 5.41 81.08
RSV/I37 4.80 89.60
R&V/67 2.22 91.87
R8V/121 6.25 82.50
RSV/31 4.03 96.77
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R8V/124 3.74 90.37
RSV/95 7.32 64.02
RSV/32 545 92,73
RSV/91 8.42 95.79
RSV/110 12.07 94.83
RSV/54 1.90 89.87
RSV/53 741 94.07
RSV/33 7.69 95.19
Table 2

Conclusion: All clinical isolates tested were specifically inhibited by siRNA 2017 by
greater than 85%. No isolates were significantly inhibited the mismatch control siRNA 2153.

Silencing in plasmid based assay
Method

A 24-well plate is seeded with HeLa S6 cells and grown to 80 % confluence. For each
well, mix 1 ug of RSV N-V5 plasmid with siRNA (at indicated concentration), in 50 ul OPTI-
MEM and add to Lipofectamine 2000 (Invitrogen)-Optimem mixture prepared according to
manufacturer’s instructions, and let sit 20 minutes at r.t. to form complex. Add complex to cells
and incubate 37°C overnight. Remove the media, wash the cells with PBS and lyse with 50 ul
Lysis buffer (RIPA buffer (50mM Tris-HCI pH 8.0, 150 mM NaCl, 1mM EDTA, 0.5% Na
deoxycholate, 1% NP-40, 0.05% SDS) for 1-2 min. Inhibition is quantified by measuring the level
of RSV protein in cell lysates, detected by western blotting with an anti-V5 antibody
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Protein % Activity%
1 ALDP2017 10nM 0 100
2 1nM 0 100
3 100pM 0 100
4 10pM 11.78 88.22
5 1pM 70.83 29.37
6 100fM 727 273
7 Control PBS 100 0
8 2183 10nM 94.54 45
Table 3
Conciusious

siRNA 2017 specifically and dose dependently inhibits the production of RSV N protein

when transiently cotranfected with plasmid expressing the RSV N gene. Inhibition is not observed
with mismatch control siRNA 2153.

Silencing of RSV via aerosol delivery of siRNA

Method

10 A 2 mg/ml solution of ALDP-1729 or ALDP-1730 is delivered via nebulization using an
aerosol device for a total of 60 sec. Virus was prepared from lung as described above and
measured by an ELISA instead of a plaque assay. The ELISA measures the concentration of the
RSV N protein in cells infected with virus obtained from mouse lung lysates.

ELISA
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working concentration of 6-10pg/100pL, added to each test well and incubated at 37°C for 1
hour or overnight at 4°C. Wells washed 3 X with PBS/0.5% Tween 20 then blocked with 5% dry
milk/PBS for 1 hour at 37°C or overnight at 4°C. Primary antibody (F protein positive control =
clone 131-2A; G protein positive control = 130-2G; negative control = normal IgG1,(BD
Pharmingen, cat. #553454, test sera, or hybridoma supernatant) is added to wells at 1:1000 and
incubated at 37°C for 1 hour or overnight at 4°C. Wells washed 3 X with PBS/0.5% Tween 20.
Secondary antibody (Goat Anti-mouse IgG (H+L) whole molecule-alkaline phosphatase
conjugated) diluted 1:1000 to wells (100 pl/well) is added and incubated at 37°C for 1 hour or
overnight at 4"(3. Wash 3 X with PBS/0.5% Tween 20 then add Npp (Sigmafast) substrate
Sigma Aldrich N2770 accordingly to manufacturers instructions. Add 200 pl of substrate/well
and incubate for 10-15. Measure absorbance at OD 405/495.

Conclusion

Delivery of RSV specific siRNA decreases the levels of RSV N protein in mouse lungs
as compared to the mismatch control siRNA (Figure 8a-b).

In vivo inhibition at day -3-prophylaxis
Method

In vivo prophylaxis was tested using the in vivo method described above except that the
SiRNA is delivered at different times prior to infection with RSV from 3 days before to 4 hrs

before.
Results

siRNA delivered intranasally up to 3 days prior to viral challenge show significant

silencing in vivo (Figure 9).
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MCSLLRE

CLAIMS:

1. A composition comprising an iRNA agent, wherein the iRNA agent
comprises a sense strand and an antisense strand, the antisense strand being less than 30
nucleotides in length and having at least 15 contiguous nucleotides complementary to a
sequence from the N gene of RSV, wherein said sequence from the N gene of RSV is
GGCUCUUAGCAAAGUCAAG.

2. The composition of claim 1, wherein the antisense strand comprises at

least 19 nucleotides complementary to the sequence GGCUCUUAGCAAAGUCAAG.

3. The composition of claim 1, wherein the antisense strand comprises

nucleotide sequence CUUGACUUUGCUAAGAGCCATAT.

4. The composition of claim 1, wherein the sense strand consists of
nucleotide sequence GGCUCUUAGCAAAGUCAAGATAT and the antisense strand
consists of nucleotide sequence CUUGACUUUGCUAAGAGCCATAT.

5. The composition of claim 1, wherein the sense strand comprises
nucleotide sequence GGCUCUUAGCAAAGUCAAGATAT and the antisense strand
comprises nucleotide sequence CUUGACUUUGCUAAGAGCCATdT.

6. The composition of claims 1-3, wherein the iRNA agent comprises a

dTdT moiety at the 3’ end of said sense strand and said antisense strand.

7. The composition of claims 1-6, wherein the iRNA agent comprises a
modification that causes the iRNA agent to have increased stability in a biological

sample.

8. The composition of claim 7, wherein the iRNA agent comprises a

phosphorothioate or a 2'-modified nucleotide.
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RICSLLP CLAIMS: I.A composition comprising an iRNA agent, wherein

the IRNA agent comprises a sense strand and an antisense strand, the

antisense strand being less than 30 nucleotides in length and having atMCSLLP

least 15 contiguous nucleotides complementary to a 5 sequence from the

N gene of RSV, wherein said sequence from the N gene of RSV is

GGCYCITUAGEAANGIHoAB S 1aim R wike60mPositien: ake!aimdeotide

wherein the antisense strand comprises at least 19 nucleotides
cempdesremiatifitatioa sdgced de GEIGCUH AGGAAAGI G ALy, 2'-O-mathyl,

The composition of claim 1, wherein the antisense strand comprises 10

2nQcreethies sy OSMOBATY QHduAkasGodifitd TucleotifleThe

composition of claim 1, wherein the sense strand consists of nucleotide

sequence GGCUCUUAGCA UCAAGTT and the antisense strand
considt of i BESTHEGETBRE ED & MAED RO RaAEeo o
) : nROsItion of.claim 1, wherein the sense strand

°cor§’?65r?geaszl'§) ehufs &;gﬁgfgrl%ée%glé%UCUUAGCAAAGUCAAGdeT

and the antisense strand comprises nucleotide sequence

CUUGACUULHe €pdSitéaGEeldig] 8, wheleihMBeCOMMRNEIEN R RBiMnS

1-3, wherein the iRNA agent comprises a dTclrf moiety at the 3' end of
cemiprsense sfiaoc and'sardmantisdifsasttand. 7. The composition of

claims 1-6, wherein the iRNA agent comprises a 20modification that

causes the iIRNA agent to have increased stability in a biological sample.

8. The tompbBRisPIEKIAR Pf GABRS H- e WaRiBAisiRed M pegudyther

hosphorathioate or a 2'-modified nucleotide. 9. The composition of

CYERTSES YHERS the 21-modified nucleotide comprises a modification

selected from the group consisting of: 21-deoxy, 21-0-methyl,

2'-0-methox -Q- 21-AM} nodifi leqtides '

0, Thg Com B e MR e 5-
cREOMBHSRRR dtaRdeethylirndified nucleotide. 11. The composition

of claim 8, wherein the 2'-modified nucleotide comprises a 21-fluor or

2'-amino modification. 12. The composition of claims 1-11, wherein

the iRNA ageénfdurthiaticormpripasisglihardni®iBidhefcompbsitionsof-tRifarther

12, wherein the ligand is conjugated to the 3'- end of the sense strand of
CEHRPITIAE at least one pharmaceutical carrier.

15.  The formulation of claim 14, wherein said formulation is an aqueous
formulation.

16.  The formulation of claim 14, wherein said formulation comprises PBS or
dextrose.

17. The formulation of claim 14, wherein said formulation is at least

partially crystalline, uniformly crystalline, or anhydrous.
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14. A formulation comprising the composition of any of claims 1-13, further
comprising at least one pharmaceutical carrier. 15. The formulati%,gf Lp
claim 14, wherein said formulation is an agueous 15formulation. e
The formulation of claim 14, wherein said formulation comprises PBS or
dextrose. 17. The formulation of claim 14, wherein said formulation is

at leastgpartiatiyeqosialifen WrELmIY Sryaiatlines 8 aNVEERS: is a reshBable

The formulation of claim 14, wherein said formulation is a respirable
ppatitielhout tb @ Widcvaonsizesize. 19. The formulation of claim 14,
wherein said formulation is a respirable particle about 10 to 500 microns in
size. 20. The formulation of claim 14, wherein said formulation is a
powdd?®:  Bhe fimnlaien af chripddtivhaeianpidriormustion 3sip rprpirable
manufacture of a medicament for reducing the levels of a Respiratory
Pafif ffﬁgl‘)\‘}ﬁ’ﬂlg E‘I’-Qg@rﬂwﬁ,"ﬁ%%?‘mRNA or RSV titer in lung or

respiratory cells in a subject. 22. The use of claim 21, wherein said

IRNA agent igfrmulated far.Fagministation via;iphala '%io%%sw(go%%r.

of claim 21, wherein said iIRNA agent is formulated for administration via
intranasal administration. 24.The use of claim 21, wherein said subject is

diagn@ded asThavisigod Rovhpogdtians kb aldeinsd a3 raaliedimame@ke of a
claims 21-24, wherein said iRNA agent reduces viral titre in said subject.
medicament for reducing the levels of a Respiratory Syncytial virus (RSV) protein,

RSV mRNA or RSV titer in lung or respiratory cells in a subject.

22. The use of claim 21, wherein said iRNA agent is formulated for

administration via inhalation.

23.  The use of claim 21, wherein said iRNA agent is formulated for

administration via intranasal administration.

24, The use of claim 21, wherein said subject is diagnosed as having a RSV

infection.

25. The use as recited in any of claims 21-24, wherein said iRNA agent

reduces viral titre in said subject.
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