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WO 20061062596PCT/US2005/038269 RNAi MODULATION OF RSV,

NV AND OTHER RESPIRATORY VIRUSES AND USES THEREOF
TECHNICAL FIELD The invention relates to the field of respiratory viral
Yﬁ%?gﬁﬁl"éﬁﬁ 6compositions and 5 methods for modulating virabe '5’5?%(1238269
and more particularly to the down-regulation of a gene(s) of a respiratory
virus by oligonucleotides via RNA interference which are administered

locally to the lungs and nasal passage via inhalation/intranasally or
systemically via injection/intravenous. BACKGROUND 10By virtue of its

RS IR BRI AN e IRFRN PLRPYTIEUSES AND
i variety RIF€ PR ments. Viral infection 0
the respiratory tract is the most common cause of infantile hospitalization
in the developed world with i - 0 annual admissions in
the US at a cost of $300 M. Human respiratory syncytial virus (RSV) and
parainfluenza virus (PT\@éare two major a gents.of respiratory iliness;
togEhedrvarEpT FiFRs o the Tpigar arprolpey ruepihsrary fakroreaingand
met%ey%f%@%{lﬂ%ag%ﬂr(%ﬁmﬁ J Jixiﬁd(ﬁla@msdaﬂw Ia_ &I\Jﬂ thhRﬁﬁmFb_ | F'gr@ﬁlﬁ%tﬁn ofa
up : - . Easton, Al, et.a in. Microbial. Rev. 17, . .
sn iR R4 5470 Pt S ONETERR S BT P SATIES R eepgstre
locaygas didifen@nd&asehpatiyedlvidthimatholivatt2uyeally. dt y=esigrafigamt
m,egtaurgen%srfrggggidity and mortality in the elderly as well. Immunity after RSV
Jefection is neither complete nor. lasting, 20and therefore, repeated
infections' occur in all age groups Infants experiencing RSV bronchiolitis
arc more likely to develop wheazingraoRasiNDa later in life. Research for
effective treatment and vaccine against RSV has been ongoing for nearly -

fougdeagadesmith fan SHEER S5 RPSRIBAN RNk pREERY 2 RES: &% airborne
(Suppl 1), S15-S20 (2002), Maggon, K. et al, Rev. Med. Viral. 14, 149-168

N

! ggon, | ev. Med, ,
pathogma At eaen sy 2HEr AR A ARENGR A p YRR H BT o RS RS FPRIFASTY ract 19
the DU@iBsa & hotk viusasidseeiistiiatoophmas aopealsslichigsanestimated -

cattle, goat, pig and sheep, causing loss.t riculture and the dairy and _.
o G R B S O 12050 i
(RS20 pari 61 2606/ 0626PEP TSR ﬁ%ﬁ@:&@%;ﬁ@ of reBpitlatR S Ulnesd; Pixether, they
._~contain._ nonseqt ted n ive-sir: i
T L
(OrsoshebpubuMo BesritfRetit SupPrékehtiod HhR R iRstorné virst derfolifies

Midyaephahighdaieduedothadackisfserticalional psopbrendites within the first
mechanism of the RNA genomes, presenting a signific tchallenl%g Sinb'd‘t and -
SR i A SRR VAL BB A Yo iSr: WREER AR RgTapoicie
moRR@ity 13 tHe 2R {20@0)yRramisimgyrifibitaiS \ofrfzetidt)d fiaition profeinte(kyr lasting,
re abandoned, partly. because.the virus develo esistan jQRS
Sttt sl e e e e
brof €206 (2002)e Mortoty, & klep sthvsmiityynd psthersipgandido 3Rewegh for effective

treéélé%ﬁ?%ﬂ?é&%ﬁ%ea\ﬁéjﬂﬁsfF?\WaQ%%%%g%‘i‘ﬁé@grtﬁeﬁ%ﬁz GEcHlb @I ORI MR Guccesses

free viral material for
(Openshaw, P.J.M.. Respir. Res. 3 (Suppl 1), S15-S20 (2002), Maggon, K. et al, Rev. Med. Virol.

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

of both viruses also exist for nonhuman animals such as the cattle, goat, pig and sheep, causing
loss to agriculture and the dairy and meat industry (Easton, A.J .,'et al., Clin. Microbiol. Rev. 17,
390-412 (2004)).
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10vaccination (Burke, E., et al., Virology 252, 137-148 (1998), Burke, E.,

et al" J. Tirol. 74, 669- 675 (2000), Gupta, S., et al., J. Viral. 72,

A5 906563565998)). Finally, the immunology of both, and espegighysbiad@kaeo

RSV, is exquisitely complex (Peebles, R.S., Jr., et al., Viral. Inmunol. 16,

25-34 (2003), Haynes, L.M., et al., ,J. Viral, 77, 9831-9844 (2003)). Use of

denatured RSV proteins as vaccines leads to "imtnunopotentiation” or

vaccine-enhanced disease (Polack, F.P. et 15aL Exp. Med. 196, 859-865

(2089, RS bh eprspe AR e Bl e a0 SraRIaRs gtddeione
the Ph¥arbhgvavarathRrop|eiscyboer seatest bythas: raeeat biRswmdibated to the

. humber of anti-RSV biophas rograms. ©=  The RSV genome .
i S S SRS REROT L SRR Tt Taiga oo fo th ackof
a replicidioticlesoisr-iendjity andhyisils efdveRYagpnprewipss¢RalgesigifRamaeplienge
. E.E.Wals 00, 20Clinic | j ' i , 3
in gt Fh SR LA R M SRRRRE R RE RS Adobiar i) THD S

(20p8joPrurisios inhdbéis el RS nbisiompiotain(fy e abrmg prstaatibebecause the

vird THRHEDEq G sak (Smaibhygrerhebichpraialmine M. Rdrnkevoteir:. anddnivir
the M2 ZZP(I}?%%‘)protem are_associated with the viral envelige but do not
Resiifad&%a29 MHREnE TeditindEolm W ot i éRoh e virses
ass@SsReiate doitoiefpdhiphttph apticielifficand df (btajoin Seiblraeariasianaterial for
rotein) proteins are.fo. assngj [th viyd NA. Th (o J )
vactialen ngtuur %rﬁﬁ%?%s%ﬁ%sr%alﬂa@%gg%%% Iguﬁg?ti}éib%att%\[ i’njhrgg(t)-li/%s%g
67 IrBuptionptu tSaret ﬂbt@f@sénﬁnﬂﬁée@i@ﬁ%(%ﬁ@ﬁs?ﬂ%aﬁﬁwmm of both,

and] ﬁ%ﬁiﬁ@mﬁ%ﬁ&eﬂ iggr%&\éigim@%ﬂﬁmeé‘bﬁeﬁ@.,Tﬁ.?e@aglyﬁpﬂr%mnoz. 16,

as been shown to be the most divergent among RSV proteins, Variahilit

25 380 2086 /bAss e F Kt 05 38 A4 REVB glyee profaptured K5V
proR8RYeETasRE It {h e tmatpYiaoMRm Iobelieed dehbesmpREast(foltor, FP. ef

ol o M 383 A R AP a2 B i s g o e cut
foriRTRacEHalavetrapsshembs andempot didghlyhglycesy tited stelk strootré oGRSV

. kQa as well as heparin-binding domains. The glycoprotein 5 exists in
b ar; R, , .
Secrete %1%21% membrane-bound forms. Successful methods of treating

RSV infection are currently unavailable (Maggon and Banél%égog, ) )

ReviBW<HIMEERER PREIBET 14186 BB RELHEIT bt IFstaer ragpitdrofty
nudtaed duith RaNiisuad seddiniting eamditiaoting (Bilsages. Npadé finiHyealsh, 2000,

uidelines.or criterja exist on,how tg treat or when to 9dmi{hocrId'%9£gr £1d G

e e e
(attachment) glycoproteins, are the major surface proteins and the most important for inducing
protective immunity. The SH (small hydrophobic) protein, the M (matrix) protein, and the M2
(22 kDa) 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) proteins are found associated with virion RNA. The two non-structural
proteins, NS1 and NS2, presumably participate in host-virus interaction but are not present in

infectious virions.

Human RSV strains have been classified into two major groups, A and B. The G
glycoprotein has been shown to be the most divergent among RSV proteins. Variability of the
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10 can occur in association with RSV infection, can be treated with
oxygen via a nasal cannula. Mechanical ventilation for children with

VashiiRlgEyssailure, shock, or recurrent apnea can lower mortadibe, 2960€038269
physicians prescribe steroids. However, several studies have shown that

steroid therapy does not affect the clinical course of infants and children
admitted to the hospital with bronchiolitis. Thus corticosteroid.s, alone or
in combination with bronchociilators, may be useless 15 in the
RS Wiz abygepresein debreer hiol ividtiin ot éwoi S Neztunps inlvaistirstécbp dmperignt fo the
abilifEPseNg childranyyithuRdarWRg LaLdiaRy l@gﬁ@@gﬁ%@&@%@@@w
_bronchopulmonary dysphasia and asthma, steroids have also been used.
amingipeidiidereplinn S5ke Yirighaditasaiviar it mas pemgsay fiehly
glyct8akifants andehddren wisth RS}Ibmenehigilisisiee dhadmid 1806 pdtein
. many studies evaluating its use_have 20 shown conflicting results. In most
eXISE IR et ?8?%6?&§?ﬁ%%%mestricted to imrnunocompromised

patients and to those who are severely M The severity of RSV
brobrssiestiis meshbéen. Fssbembety Wwils1oon serovreatin gnatrlee (dregen and

BarRUBHIAIRINBOSBIBIZESLC ISR With RO ProRehial Usharsy shRu i) tract
_vitamin A supplementation provides no beneficial effect. Therapeutic trials
with R 3¥3h g {FARUHORLTRRY FAFHUAL JRBUH Tt IRyRGrRAIEtSt o
howinortemnepiduin HHRSY dRuerkedpialiopnadradidrde stanthadseatsoifaeda, which
can RSP0 Substantial Bepelicial effects, I developed, CoUNes, e, ca1 cannula
fréatment of RSV fg)wer-resplratory-?rac intection Is ge rallyaliml%ec} ) ]
Medymiptbrsatitatiosrfgpyhildrivivaitivespipytosy silatty shmiledtadifartniepteniag lower

mort¥i 28R 0RARABEE TALSARINRA2 80 FVaALIoRR AV SR ST GAR #3fisteroid
to the lack of consensus on efficacy. In develo%mg‘ countries, oxygen is

therppy feshatafssy thubnicl arapie vl anank ~@%W€4méﬁ?£ﬁ§l’i?l with
broABRQUBR. MM SRNAG e 6RECcomURINAID ivithtBfsAdRdtaE SOBEbe useless

. by Fire and co-workers to.descrjbe 5 the ohservation that double-stranded

i R R PR LA BT e R BSE H HT ET2 TR Aot o O e

chilfFérevatiainddditing 3911806:8d k1 888)sSharthdsPibAdivpebsonary dysphasia and

as e{;@g@g&(@@gvgdgﬁté%gggﬁg?}ional silencing in many organisms, including
verte e

rates, and has provid d a new tool for studying gene function. RNAI
has heen suggested as a method of deveIOfing anew class of therapeuti

o PR R BB MRS T BN AET T My BTJSS feeppg s and
chiMiéh RadrRSOBssEalE grvofithattiRiAd s lachusedihetafiestiealiyting its use have
snofStSIAre, et . aneed for safe.and efectic vaceincs AdalDsL RSV,

espemaﬂcy 16 Bt And critdren, Thers is also a need for t erapeutic
immagerseprdnrrsthoatis ity andatinboRSkhinfextonratyalilages and in

immuno-compromised individuals. There is also a need for scientific

metipelscteeha ARSI ZedhR RIRIS B BJENIHIBE A8 REASRI0BOM faiibat

the pathogenesis. of the 15djsegse.can be.studied, and screening for
cong R RRE AL CHIS B ALER AR TN P BIECey pamhe
vitguerdomgs qeriatisgivoridesnindsricftbiel affdy Previgmg aisthoofsl a6img/ke

"y : : _

e A, B E U B B R e

respiresEmtiAvantist embarrcdsaislattdyhaswdirgntial beneficial effects.

In developed countries, the treatment of RSV lower-respiratory-tract infection is
generally limited to symptomatic therapy. Antiviral therapy is usually limited to life-threatening
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IR.NA agents that have been shown to reduce RSV and PIV levels in vivo
and a showing of 20therapeutic activity of this class of molecules. It is
strated that more than one virus can be treated

concurregrﬁB%SUMMARY The present invention is based gﬁTtﬁleszlgo‘\sl/R/sgzm

demonstration that RSV and PTV can be inhibited through intranasal

administration of RNAIi agents, as well as by parenteral 25administration

of such agents. Further, it is shown that effective viral titer reduction can
sittjaéi s ligviediwhighmostattdatn taéadirol dosiegsteeneadicaric dnrdgviopisin cotwisies,
oxgiierant @A}m@rﬁv& eI SE IRYINGS wR PSS hIMEN R hrough

provides genera ecific composmons and methods that areuseful in
pPrepggitieing RSV or PTV rriRNA levels, RSV or PIV protein levels and WO

2006/062596PCOUS2005/038269 RSV and PI1V viral titers in a subject,

e.g.Ral mnmnarfeadnseloh’ @3Na IusraiamT hetelfjndings spRikempplieddantheiescribe

gt)syelra?rxtgz{tufou% F stranr&edrﬁglsf Pcfs tlon §Bgﬁ éé:n%” {e%vfgne \SNIRN S

ents conS|st|ng of or comprising at least 15 Contiguous huc eotldes of

mimdeceﬁ thie yerms @R &\l PMterecite Boé sHitalGRBvirtknrbdsBNib diaehjstirmc-
spe!%ﬁ@ %&%&9{1&!&( A dRe N Gl ortnin 836t RPES b BRY add s

i_RNA agent preferably comprises less than 30 nucleotldes &er strand,

Pr%fﬁedfe%tﬁ BIOHHAENE B8 SUio B ARSI Roeh Shesetiathasipasthor of

deBlopirenaeercmay efpefasably firye oyhangs e tide ARBCIeod dasHiietmostly as

L2ne.or both 3' %nds of thce argepth Eﬁr thg) |RN t?‘b ent an1 ither

SIOntam oyt y a ﬁ’%“? occ@rnng ribonuc u%n?s &t gan be
synthesized so as to contain one or more modlflcatlons to the sugar or

basd #TrefE dh it drakiPhafe sl seriRRE thasaeshRRGernpcinly for

infegie Ahd LARIBNAIRGSIY A8 ahR dd heh FRpdiiRchsenRia ﬂ@tﬂé@%?ﬂeﬁ@u@g RSV

and th tls selected to improve stabili istribytion or cellular upt.
iR B CHIb R RS AL LA B P @ IR cmiti
mefthmis (0] ﬂmnabtermrﬂﬁfmqndsmm anmmﬂeabmmdsimv seeithfdinct bethn eihastisof the

aEsdt ,119 é%lén%os%@ rﬁl’?%%rat%c laracentical VatiRes L '%e iitated. The

form Ivery to t ungs nasalpassage or formu
prw%m@ammeﬁpwmm@andbmmgl@ag v@@ﬁ@ﬁ Bfe

coRbRAEHRNA AIERISMBAL IR UPS- & BRRIME N S e VRN VR QENBR panded

IRNA agents, each one directed to a different respiratory virus, such as
to ibey TSFRITBRGY YHESFre SRR HRAOR iPHREY iBYSUH R ERsEt S grt by providing
IRIeAlUEnE the levelRERSYWR Y eteatiser m@mmwwlt@bm&mm/é $ﬁo®vmg of

there”e-gg:% re en%{pl f‘iods tl||%e the cﬁlIuIﬁ_rtrg[}g\i(:panlsr@st m%rlgt anone viras
§ t

erence ?Veﬁ egraa e Vvira INn ace
can@mipq:iggijccncurrenﬂy

SUMMARY

The present invention is based on the iz vivo demonstration that RSV and PIV can be
inhibited through intranasal administration of RNAI agents, as well as by parenteral
administration of such agents. Further, it is shown that effective viral titer reduction can be
achieved with more than one virus being treated concurrently using two different iRNA agents.
Based on these findings, the present invention provides general and specific compositions and

methods that are useful in reducing RSV or PIV mRNA levels, RSV or PIV protein levels and
4
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of the step of contacting a cell with one of the antiviral IRNA agents of the

present invention. Such methods can be prefoimed directly on a cell or

-l be{%%rzformed_ on a mammalian subject by administering to a subd'ect

one ot theRNA agents/pharmaceutical compositions of the p?ggé[ﬁﬁm 5/038269
- 25invention. Reduction of viral tnRNA in a cells results in a reduction in

the amount of viral protein produced, and in an organism, results in a

decrease in replicating viral titer. The Examples demonstrate this with Ply

RS¥RERSY andithis tansisjextendecieiBe REREARDHMIUBRSe M hngs can be
/0%2596P.CT/U82005/038209 The present invention further

0
APPEROVINE ngﬁ%@%ylfgmcing the level of two or more respiratory viral

mMRNA in a cell, each one coming from a different virus. The present
metherieresanyiathetion saretfinalbhpreisiies IRDUvegeits RIASHIE Feoe pREIGSIDgG at

leastalestiveli AediResHRE \’)if@l}%ﬂ%%éﬁ@%f‘ﬂgﬁiW&F&H&%@ﬁf}ﬁhﬁﬁaﬂm&
wo of the

and are comprised of the step of contact:"r]]ig acellwith5t
[

ParAIGTRA R A RS Yol ke EntiorF s b dtserss eAR$E The IRNA
agepr piefenaty duepkianess CRih@caRibe et insrehaNea NAmmalias U8 Elie
administering to a subject two of the IRNA agents of the present
o LB oA A WO ks TSt O EELL A & fanes of -
4 nyeleghiddan feoveohrctioroth 3herdmoithe eftioth viral protein produced, and in
an organism, results in a decrease in replicating viral titer of both viruses.

Therhxaen piRSHN Hnpn stiate bl MithFIMARguREY RBEHEANEYRRteotide
Sub%glrtrslinistrat")on of 'RN%%%ents. This embodiment of the present gvention base of
canhe § @513{8!]5?@ AEIBiIFSHAAPG SEZoTe LTS & 1R greac or bas
onecumpositiths rifdhe ienisltmbpeig tHhdsieihddsians dgeed dhmiRiéiiogmt can be
nuifheaRa YN A osags.endion iomualan.daserhed beteify® Wlluion

as with any route of administratior described herein. Particu arly important
or gelipar ergpbasichaderieral adhsifeiternttan fRIA hgénisalatpd form
or di 8BEv i Bk YIalTeRieAtiRLIERRIR Hd ISk ERisiRding&an
he applied tq other respiratory virus, such as PIV as shown in the
P B iy S A T A BB BB Y HoRAPerBIASYS tor dirdivishpe, taeupeg or nasal
paskabalatipehielktlzaaenthheideiadls.abang pnate.csihadicoentsigbiaean contain -
invention set forth in. the 20 accompanying.drawings and the .
o B e B R R Bt g A agens,
eacihoeptoecieilitbe diffseasnesrorichysydesoniptien RB¥ andRINgs, and from the
claims. This application incorporates all cited references, patents, and

pateriappiicaivnsin ieiensesimthabieatrelyfatall Puepese o RISERTV or
OthQESCRIPTION OE DRAWIN 25Figure 1.%itrati01i1 of anti- 1ir I siRI}l}As
SUNVRT(BPIRRUAEDIO Briai§sis' OF 3t P gtecpptize the cetilar 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 preformed directly on a cell or can be performed on a mammalian subject
by administering to a subject one of the iRNA. agents/pharmaceutical compositions of the present
invention. Reduction of viral mRNA in a cells results in a reduction in the amount of viral
protein produced, and in an organism, results in a decrease in replicating viral titer. The

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

viruses.
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RSV-infected A549 cells (a vivo) with profilin as the internal control. The
numbers in the box represent levels of target P niRNA following siRNA
treatment, expressed as percentage of untreated levels. In the following
tI’fYQez??éf%?g%lrus was administered 4 hrs after siRNA. (14 PERISYERP138269
WO 2006/062596PCT/US2005/038269 infectious virus in RSV-infected

mice (n = 8 for each data point). (c) Pulmonary infectious virus in
BPIV3-infected mice (n = 8 for each data point). (d) As in (b) except that

Rakatﬁésﬂﬁ%k' dtwae@mm?aﬁtefeeﬁvgmweygg)aﬁmﬁ@gN'A tﬁ@@ﬁéﬂ&féw% or more
steris sSin signi ant Inhibitio S are aescriped in
o B o A RN ST TR A SRR R L e ods
unltmghmtbimuadE}I&bhmttvamnvmkwmmmﬁeﬁmemedtébﬁwaﬁﬂ@aﬁmé\ml

nti ere detected d|rect|mm ofI S at4 .
B R T B T S A SRS o i
twanf B@cﬂyrﬂczreymwgﬁeeteﬁthpmb@w\mwrm@v S@hﬂb@fh@(m}ae preformed
dirddB¥3al @éﬁ%@%@?&%%@h'éﬁ’ &M@%ﬁuﬁ%@t g SIRNAS {3ubject two

nnagles, -70 ug F\)‘were used: (1,2) none; (3) SIRNA#I plus to TransIT-TK
of TR, HSHONA B BIGBHE 5} RUSHAO CBRSH NGO o e

virhisesiald cERQss(Bis hicastiabbbiqal t@tﬂd@ﬂﬁﬁﬁﬂd@%ﬂs\m Restéd ;&l&ﬁ%&%d in an

ordlus Tran fT - TKQ. Represen atl e lun suefs re.at 5 d

T A e e PN S B By s
devpandyrels s el \apndREY @hdomtdumgzlmdmmtszrmysoafmm Bidits. This
enf¥IEHNAIGHAR pelag: ARElRARIVLE PNAAR %ﬁ@&ﬁ%@@@l SRSV

NS1 did not react, showing specificity of detection. (c) | 015

runole or 1 r mous )d| tactlvate pulmonary IFN of either type
(RS oM FEREP95 BB (P LEAFECHBIE B A B BN
Gomtmieg\sm nawntuetdumg?s a@&dsmmtﬁnﬁotmatmbtym@mﬂwddmmnlwetetbis with
PR danem AN g ARG it o ot BRI B herein of

SV infecte Wlth error ar sh own ungs were obtaine ays

%@Fm% asamisteor! amdRNAA s Bd iffabilon lﬂlwbtbvwcbpgrapm nw)

respRAymediatethinhibitinn Qb gy %ﬁﬂt@ﬂ@@ﬂb& ﬁ%\{rﬁg@ ZNERIVA as PIV as shown
termlned by indirect immunqghistology SV; red, HiDIVS) (1,5)

: green

I s SAERRIRISEA0E) S RERGRERHIS ARiGERhos Z’YW RS sHE KAwa, 5

in]m:{tﬁmﬂﬁlﬂn(llﬁhu@) (4, 8) siR_NA#1 and siRNA#4, 5 nanomole each. (1-4)
probed with RSVP antibody; (5-8) probed with HP1V3 antibody. Virus was

admifistesad 4 en AHeRSIR NibRRAIIG ASRYRSWEASE sﬁé@é‘t‘t’aﬁﬂ ﬂlttﬁ ays
p.i. Bar = 400 urn. Figure 3. Competitive viral inhibition at high siR

CeOIRRAERRESR g AP th R deivinp e loy a%ﬁﬁwer%a)oméewﬁé erdmages of

thdexveiaor (:ta)umm;w&toﬁ&x w@)aséﬁ)pﬁum@@mmgwa@@mﬁmg%s This
tiviral antibodies. The respective V|r otein band intensity was
AR A & BLRA D SRS AP EALTHEASEhY etreces
theynmptety ¥iral pvascaekministered 4 hIS after siRNA, and lung tissues were
at 5 days pl. = 4 for each data point). Black bar, RSV; white bar, HPIV3.
Standard errors are as_shown. WO 2006/062596PCT/US2005/038269

Figure 4. Relief of |ur@%’£ﬁd?@&§§ﬁﬁ?é8&&9§n%%ﬁ‘%§ﬁﬁta marker in

siRNAttl-treated mice. (a) Respiratory rate; (b) Pulmonary histopathology;

(c) LBigkowibnditriion oUminvaltlasB s arvicfof 2l lnatanpbintspstgsislefthtal proteins of

REVHDALS AreiShoMi-Y s Was sfminisietrd:4:bra aftersIRNA &Z&t@é in the box

Mice treated with neigatlve control siRNA were indistinguishable from

TRIRRA e

levels. In the following three panels, virus was administered 4 hrs after siRNA. (b) Pulmonary
6

RN A following siRNA treatment, expressed as percentage of untreated
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5shown).  Figures. Therapeutic effect of SIRNA in RSV disease.
Changes in (a) body weight and (b) pulmonary viral titer during RSV
mfectlon |n mlce Standard error bars are shown; 11 = 6 for each data
%% NS fows indicate the day of siRNA (70 ug) administrafighe>2005/038269
DETAILED DESCRIPTION 10For ease of exposition the term
"nucleotideTM or "ribonucleotide" is sometimes used herein in reference
to one or more monomeric subunits of an RNA agent. It will be understood

infé&@dlihemﬁ&gﬁlw thetermido ond clestieleh atnpsiedtids Pirieiantettious virus in

G PAICIE . 0P G QAN PP Hc e G A VRS INA s

adndesxtctbé @fbb:lot/\a,nattmnefmtxmgms|tmstsﬁmfsqndimlggénwasmséidn (P<0.05).
sxRE@[?H}e @G%M}Q@gﬁ%ﬁNA modified RNA, or nucleoside surrogates, all

of which are descri erein or are well known in the RNA synthetic art.
While numergus modified RNAs and nucleoside surrogates are describe

d,
prefgﬁg?@x&?ﬁﬁf@é‘?ﬁ@l QSR LE SERT I ﬁ%p@g{g} ?gg’}gf’alﬁgg Ygthout EFN activation.
(a) n‘iziﬁle,asas degiadatiehdharnde sirNaditid RiNAmtRieked @xamp |E§> mdlrect

. incl ose that ha 2' sug r mo tio ification |n

08 ?ra lﬂ E]un Séﬁ%f%%%?y sﬁdf{eg‘ssltra%dgoé/?e{?% § g’r part HlilrObed vith
RSV@@QI@@@BQI@@ﬁRﬁ‘GWf@O@mMWWhm R [Bdesods; 6F, &)(BfEIV3—1nfected probed with
HPW?%BH‘@J%Q@H@%QS\Q&Q QRNREG(?&‘?J&% 09@@3?@@??&&@ PUP) nonet ¥3) siRNA#1 plus

"IRNA agent" sometimes referred to as an "RNAI agent” (abbreV|at|on or

TragshEriatin derari AQLHRNAS L dod ersih (1) BreriNRCapEr s NPk T ransIT-TKO; (6)
1uchi)MMﬁI@gl$|Q"§€1ﬂIE PREXpIesaiaNs)sartmge! ﬂﬁ@@rﬁl&ﬂ REY. W&ﬁf@sé}ﬁﬁtxve Iung tissues

to be ound the aanNA eor
o B A O A A SR b ey orthem matyss
of vargegmBiNAsoitsthies Mewtmmmﬁmmmmmanon using labeled RSV P DNA

ra i I
o B R etk Shovune ity of deeston. (0 IN IRNA (10

iRl DRI BA] WefleraekeALidit @@@WM@@W@%&% 06 Sthamtmed GENt gt type I (IFN-7)
ab&R thél %@slﬁoﬁr@ﬂmgc&ﬁ) FoRasniviting IRNARIENIS R§mﬂl?e§t§@ﬂ§twated type

It IS partlcul preferred t at it mclude a 5' modification which include sV
(B hate5dpERNAHS o AIBRARAGS o & Do dpHRAIOTA but RSV-

mfgmdmw% eﬁmgiastrambj Rl\légag&m obsatindd. laef,e ifds SRNRNAngigRfthtion and 4 days
which js m d_e of a ;Sin It m | u d reqgion,

i B ), gt sy e R et AR B By SV e

HIPNA mmmmmn@hgwm@wmﬁ\(ggm@&é m@féﬁ%IM%)aﬁuéén’svesiRNA' (2, 6)

SMI&#&G%{QI&%H?@(‘%Q%%O%%AM AR ENARIGH! (4 2PPLEMBLIAN g SIRNAH4, 5

for "double stranded i ent"), as used herein, is 1 an IRNA agent
DEROREH | .?ﬂﬂhd@s%aff%bﬂ@aw%\r?eg\é PRHRASR Berobad i HREKRtibody. Virus was

adifgEediadiy b HelZ AN £adhdqtimeai EQGE Ry efetRIB M SIMCWiSys p.i. Bar = 400 um.

Figure 3. Competitive viral inhibition at high siRINA concentration in dual infection by RSV
and HPIV3. (a)Real-time PCR (ex vivo); (b) immunoblot (ex vivo); (¢) pulmonary immunoblot with
goat antiviral antibodies. The respective viral N protein band intensity was quantified and expressed as
percentage of siRNA-untreated lung samples. Virus was administered 4 hrs after siRNA, and lung
tissues were at 5 days p.i. (n = 4 for each data point). Black bar, RSV; white bar, HPIV3. Standard

errors are as shown.
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The isolated iRNA agents described herein, including ds iRNA agents and

SiRNA agents, can mediate silencing of a target gene, e.g., by RNA

g%r??% 'ggggor convenience, such RNA is also referred to h r&%@oﬁﬁ”m
A'to be silenced. Such a gene is also referred to as a target gene.

Preferably, the RNA to be silenced is a gene product of an endogenous

RSV gene. As used herein, the phrase "mediates RNAI" refers to the

ability of an agent to silence, in a sequence specific manner, a target

genBigiBiteh diel o ¢téiges pehadb gyeadsdthe-fisoofas whearehydeaeell siRNA#1 -treated

. Containl egreti ain product of the target gen ot N
O B T B O R s
4 fogadh daompiniensaBdd, srovas0ars Hro3000Vile sepiduishstyerietprodder siRNA (70 ug).
MivhRRIENAREIRG MO INR-808RN RS/ CAMPARH SO BRI HALCER WRIGHRAR A (data not
not)been contacted with the agent. Such product of the target gene can,
sh example, be a messenger RNA (mMRNA), a protein, or a regulatory
element. In the anti viral uses of the present invention,silencing of a
targE:igyéﬁé.ka_lmB_akti_tmﬁff_r@dlﬁ SN AnitvRaMtidiecase. tibavgtls A ajsmaly weight and (b)
pul KR, vIRIHEHI AR MIGUIGEFBIELS 10 & JI8LIRARE. A %@%@H{&Qﬁfzrgi 6 for each data

viable virus produced by a cell or found in an organism undergoing t
poigie hRf8MA Difigeta the farAESIREduCt b perpdmitigirliar-amount of virus

produced will preferably lead to a decrease in the amount of measurable

virus produced in the tissqgﬁﬂg%%WPCT/U82005/038269
subject undergoing treatment and a reduction in the severity of the
symptoms of the viral iné]ection."iRNA agents of the present invention are ‘
also rEEHE 4B RSN, ?&FWNWQ@%%?HOY rReleptiderdffomepsy used herein
in yineicefe mdoanyroneniithagenasidentictNa trenR anites genosmed that the
Isey,. . .E..E. Walsh, 2000, Clinical Microbiological ..
e O B o BN T e g isied RNA o
nuglsefigfestio gtcalgHeir, N 2madidied gantsotide, ofsusedthorplarem bRt voiety, as

furBifPEeJGI6LE Ba1ARY-0h5AF 6 85BEHigtified in the pry virus genome
(See GenBank Accession # NC 001796). These genes are readily known

in the axt and inclyde the N, P, C, A, V, M, E dLg . As .
used e#ﬁ%‘ ﬁ%&ﬁ%t%?ﬁdv%%‘nré%é’%‘%%? gggs\%]ig‘% T@ﬁ&g%gmgr&meosm
S\lrthsa.ﬂ.@,rdépﬁ’até@ mm&admmmgemwem@m arma@m*mgamc art. While
nuﬁ@é{ﬁ]s@g&éiﬁgg Y80Z S S AROSHEN %&%%a?eg %&Oa’éEHﬁb@cﬂgr%%i%'@&}}%)ée% Oinoiude

(such as SARS). As used herein, the term "complementary” is us

thogs idi i Base sierimt seigiams oRcuipishemerreada)ion s wimiodiBasdR NAs.

Prefpecifiedbinglingrotaiy e waehacompauRtefatheme ntias@thBotergetingle
RNA molecule, TV or other respiratory viral mMRNA

.g..an RSV, 1IRN ,

s OBBRTE S T SLRAcH BEGRAEY 1 gl sranded, '
modomplem emiah tydode ook nomspegsificlindipgpaitheokbgomerc samgoshd
phJE’pﬂQt,'%' 593; sequences under-conditions in which specific binding is

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

or therapeutic treatment, or in the case of in vitro assays, under conditions

in whith TR 285s SHRTRIRSITRETCTe Ho-tAr)ér el rRbysyigtiamier
“indtifferiby RNeagtd Nucleatidese20Asnsad Hegein, il dRMNA @gentigulate the

"sufficiently. complementary’: rget RNA, e.g., a target InRNA (e.g.,.
R RIS St RN R e
magstehy eneotewis frentanget F&dhaaisels, Tk dRiY Acagentnrintialed deavage of 2

. ) ) S N 0 _
L B ST R oA A P cnsiaonl

preferably to form a hybrid made exclusiyely of Watson-Crick 25 base

pairs in the region of exact complementarity. A "sufficiently

complementary” iR_NA agent can include an internal region (e.g., of at

least 10 nucleotides) that is exactly complementary to a target viral RNA.

Moreover, in some embodiments, the iIRNA agent specifically

discriminates a
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WO 2006/062596PCT/US2005/038269 single-nucleotide difference. In

this case, the IRNA agent only mediates RNAI if exact complementary is
found in the region (e.g., within 7 nucleotides of) the single-nucleotide
QHRRTENE 2B Peferred iIRNA agents will be based on or consist Bf EHPRs8269
the sense and antisense sequences provided in the Examples. 5As used
herein, "essentially identical" when used referring to a first nucleotide
sequence in comparison to a second nucleotide sequence means that the

meéﬁ&&i&ﬁ@.'e&ﬁimgg@ﬂ%@ﬂ%ﬂﬂﬁﬁ@iE@Hgﬁ@%ﬁﬁmﬂﬁﬁ@éi%éetﬂéhe&&esmnds,

exce gor up 1o one, two or three nucleotide substitutions (e.g. adenosine
¢-&vdh3Ra8 %9%@%?5%@%@ BaYeiseris dbjaciRtletss it Asiralnanand it is
partegariismefncdrgaingikeadaent fadditedisander madinteshbyrHad phosphate
groﬁéﬂegsiaonfrﬁur%haz?ﬁﬁsvfOr W in{ection or undergoing treatment

p opﬁy?ac%ca VA présleonta wéDFPr}l‘fie%%%L}pThe subject can be any

mammal, such as a primate, cow, horse, mouse, rat, dog, pig, goat In the

preferrsiBekhiBEl R wentlpjeseddamrianiam RNAsgmbdehdimade up of a
sin@lté&thl@:ﬁ@%iﬁi@%ﬁ@&d@!\dﬂﬁf@%@g%ﬁ&%e@ﬁ?i{ﬁ‘aféﬁ‘iﬁ&?dﬂﬁ?g}@g‘b it may
be refl%ra ut&‘atglctehameliora;gii%r;)t‘}(g any biological or pathological endpoints that

By S e iAEd R SAR lﬁwgﬁ?&gn(?én@ﬁﬁ%ﬁl%m‘tf”%"%ﬁféé’?‘%ﬁﬁ@b}y
antighies avitiutegmite tw e gffactieduy reducing the level of viral protein

present. As used herein, "co-administration” refers to administering to

a SUD]eEINER, Qi EROT B8 RIS ADEh P RATIC WAL ROMOLEARNAAYEM R rein, is

’E'\? a entséc?ag%belc ntained in a single; pharmaceutical composition and
A N A R TRIYH T HAESIRATE RTCONS, ARG RIGEHTS A pesEatinimarishiqtorchain

hytseijeatite darfontatiosgicbadmpristerieshserially to a subject. So long as the
two agents can be detected in the subject at the same time, the two

agents a-sARILS f@g@iﬂ-ﬁ&ﬁrﬁé}ein, uﬁﬁ%ﬂ&‘f&s‘%i@%ﬂ& mediated agents,

silencing.can persist for several days after administering the IRNA agent )
can IS RSACTHE RlhtF Rt ErR%e € 9t PR N islesradatiaminiBes comgenience, such RNA is
alscafpesitoRewithatfeRURNey K dass R Ice REE daYisOte i SOEs a target gene.
Preggs%ncgga,s@gg once for the entire therapeutic 25 regimen. WO

00610 ETIBESH0%I058 268 BRI ahiP SEOEmASARX A %ents

The present invention is based on the demonstration of target gene

sileAS MO e sBs Hreapbryseir mesiziesRVAE foffonin dhioebiliadpfimistpaticn sdence, in
a sdipeeh4gp-aiid Rasatnassage AhaniBNA-agentaltheLyia intran Mrocess whereby

ministrationéi/nhalatio,n or systemicallyiparenterally via )
a cell containing and/or secreting a certain product of the target gene when not in contact with
the agent, will contain and/or secret at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or

90% less of such gene product when contacted with the agent, as compared to a similar cell

which has not been contacted with the agent. Such product of the target gene can, for example,

be a messenger RNA (mRINA), a protein, or a regulatory element.

In the anti viral uses of the present invention, silencing of a target gene will result in a
reduction in “viral titer” in the cell. As used herein, “reduction in viral titer” refers to a decrease
in the number of viable virus produced by a cell or found in an organism undergoing the
silencing of a viral target gene. Reduction in the cellular amount of virus produced will

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

9
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5injection and the resulting treatment of viral infection. The present

invention is further extended to the use of iIRNA agents to more than one
respiratory virus and the treatment of both virus infections with
U4 tion of two or more iRNA agents. Based on thesBGEESAYS(S269
invention specifically provides an iRNA agent that can be used in treating
viral infection, particularly respiratory viruses and in particular RSV or PIV
10infection, in isolated form and as a pharmaceutical composition

sutfiRsarbedRel o SiaLAge MG Wibinclvde 8, senssr siand having-at deast

.15 contiguous nucleotides that are complementary to a’viral gene and an
InfeioRe ARE AR ESISAV I RE FELEH TR B g alsh sohuiEsd dtiaw Sarii) IRNA agents”

complementary to the sense strand sequences. Particularly useful are
iIRNAsagehtshiat cORMiseme’ nefere ttideysegudnhe fenen ithatF: arotein BSWevirs
REBPMOETIN,. Qther targetgenss,infe 42 include the F.0. SR, .M, N, ...
B and %é./eOtherég’enes_in PINT i‘r?c‘:;llbgie’ N(%ﬁ’ (‘Cﬁ%&%&@o y ,%%8"&38’82{%5’71
$0EIdRTpIRtass Arakndibydpnuvitehearraniantiude toahdid St REA Bgahisgenes.
can be designed by performing, for example, a gene walk analysis of the
viralgenesHtrainil‘BEvVvesas’ il Ataoge (AveraRp g dtiage e PIV virus
closel.s andida e}gﬁgt panding to all or some, of the,
fgentrans?cﬁ be gr%%;l%ﬁg| can }gengenerz)tse?g %@an ?Sées%ga?séé%ﬁe%ﬁﬁg‘?ﬁ@&n the art and
inclde s Vah, be o Sellahidkandiegfmsthe ability to down regulate the
target gene expression (see below, "Evaluation of Candidate iRNA

agentsiiyed her8in,iRbbAiAGENtGAT befsationalssosianesibased Qs of the

duence information and.desi e%tcharacte istics. Fgﬁrﬁggxam le, an IRNA
e B CRLA A e e 1S e Ty bR b

metmepeituseadeplekus ent ratiypatiend (plexastialE have a lower melting

25temperature at the 5' end of the antisense strand than at the 3' end of

the Astisedbersitane term ‘A6t e AI@IaRLHYEALIQR RERMMES RN A

cord g&t@sn{:a%cinprisliﬂg a s% se s(irandémd, antisense strand each comprising a
“UrSequence of at e L SHRD19 809 PpHIC NI PpeRFs PENFER @ compound of the
Invege/ 662 s SERCRNISR005(03826 AmRSWOHTE svdtieh isssisaeRtialy mRNA
moldgntica 1 A, 'Q fje ve ortion of a gene from a respirator o

_Ovjrus, akrtiéular%/%g P rg?%ﬁlégfe%}gesn%gﬁg\e/%r r?%.p )r?eerrh%ﬂ 'e%’ RRIA™ specific
bindingnsthsaligempris eomaeeehipriee- bzebsrigeuss wubleotigsdnem whighofpecific
bintiggageSRruideshin ﬂ-h%ﬂﬁbgical conditions in the case of in vivo assays or therapeutic
treatment, or in the case of in vitro assays, under conditions in which the assays are performed.

The non-target sequences typically differ by at least 4 nucleotides.

As used herein, an iRNA agent is “sufficiently complementary” to a target RNA, e.g., 3
target mRNA (e.g., a target RSV or PIV mRNA) if the iRNA agent reduces the production of a
protein encoded by the target RNA in a cell. The iRNA agent may also be “exactly
complementary” (excluding the SRMS containing subunit(s)) to the target RNA, e.g., the target
RNA and the iRNA agent anneal, preferably to form a hybrid made exclusively of Watson-Crick
base pairs in the region of exact complementarity. A “sufficiently complementary” iRNA agent
can include an internal region (e.g., of at least 10 nucleotides) that is exactly complementary to a

target viral RNA. Moreover, in some embodiments, the iIRNA agent specifically discriminates a

10
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5The antisense strand of an iRNA agent should be equal to or at least, 15,

16 17, 18, 19, 25, 29, 40, or 50 nucleotides in length. It should be equal to

or less than 50, 40, or 30, nucleotides in length. Preferred ranges are

MBORY0FH635995 19 to 23, and 19 to 21 nucleotides in length. FFIEAP/038269

embodiments, the agent will comprise 15 nucleotides from one of the

agents in Table 1. 10The sense strand of an iIRNA agent should be equal

to or at least 15, 16 17, 18, 19, 25, 29, 40, or 50 nucleotides in length. It
sinSBAUIIBERIELIQL 1858 IDaRSGheARIOL %Qeﬂy&lﬁ'fﬂgﬁﬁlﬂ& leraths exact

Preferred ranges are 15-30, 17 to 25, 19 to 23, and 19 to 21 nucleotides in
CoOMRIADtAT SIS VR dhiBe EimRhte s thEHER Arwnlcebms nd e nakealsetde

difftemQnergtiha Boentsthd ahieph tieddaublestiandeshppriemekatie and
al to or at least, 15, 16 17, 1518, 19, 20, 21,

IRN2-' agent should be. equ
anﬁﬁ?fsiﬁ?(@ffli%g,pf@?‘ﬂﬁ?e&%ﬁwggﬁde pairs in length. It should be equal
to or less than 50, 40, or 30 nucleotides pairs in length. Preferred ranges

are Asused haraw.J5siontislbaideantivalh vdom waed kebritias toaifirshaerieptide sequence
in cORPAGER1S REVIFRMNIRIIARIE IAERR IR LAt dengitl df R Ehence is

.. Strand. The iRNA agents contain a 19 nucleotide double stranded region

iderita! é%%f&f‘é’&ﬁd’é’%%iﬁ%ﬁ’@‘&?ﬂ%&éﬁ% RRHB & WSO 5 BAECPHES

subagietithcancbaimosiitescaesonibrd ierein to obtain equivalent agents
comprising at least a portion of these sequences and or modifications to

the gl |dg- PG HKADES AEMEANG 0BG RN ora
e RligRRLEIel _EC*IQL??%&%‘? ] &}ﬁﬂ%%ﬂﬁgﬁ%ﬁ@& f

. instant invention in e a region of sufficient complementarity to the viral
disQrdFramE At PVHRE I RB\USR PRSI T A1 GREssHSIOF LRISERpI DG Tpatment
proi@imsthalycieatdes, whatiie-iiNARganbefx draeenhihereof séaas a primate,
o) (%L%te dog\énrggg 0Iation of tge s%}acific viral %e e..The antisense s,tra@lds

R A GBI BriHe 5Pl R TR PER B A LB PR A o i & human
complementary to the mRNA sequences of viral gene, as is herein for '
the P\ IT06T0 28 UsrSY rdsrios/ I8 piiste picobleRS pisger P Hrus infection,
refdiOM et iiRRAbABE RSP BIYISBRLINE 108 IBBIRC A YRRIS AN Y ediated in part
etween the IRNA a%ent and the target, but the correspondence must be

be .
oY BRI DI TR B RR IR G AR dor sk AE o e b ridtltd oy reducing the
levelirdotis greainerspedific silencing, e.g., by RNAI cleavage of an RSV
mR_NA. 5Therefore, the iRNA agents of the instant invention include

agepisGeMRESNG@ SaRSE: SIRRM-aReL ANISRRSE;SHANY GG S O RIS % fre

sequence of at least 16, 17 or 18 nucleotides which is essentially identical,
BERE B P BERNT (30 06 BPTH ROy pETRIES Breeroialr Gands pentrirary Hiinele
phefnpraigioad tRPé s diIdhExcephtisknat soarehan tne of Bdueleotisese contained
. per strand, respectively, have been substituted by other nucleotides (e.qg.
o e R B R R o S ToRe R s canoe
detected in the subject at the same time, the two agents are said to be co-administered.

®

Because iRINA agent mediated silencing can persist for several days after administering
the iIRNA agent composition, in many instances, it is possible to administer the composition with
a frequency of less than once per day, or, for some instances, only once for the entire therapeutic

regimen.

11
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10retaining the ability to inhibit RSV expression in cultured human cells,

as defined below. These agents will therefore possess at least 15

nucleotides identical to one of the sequences of a viral gene, particularly

tHORPBIBRMgene of RSV or PDT, but 1, 2 or 3 base mismatld<Up}>/038269

respect to either the target viral rriRNA sequence or between the sense

and antisense strand are introduced. Mismatches to the target viral mMRNA

sequence, particularly in the antisense strand, 15are most tolerated in the

terrﬂgselll Irlea%iggg a&g if Rt are refgrably ina :[erminal rlegion.or

regronsge-g—vm%ﬁn'r%g@ﬁrégrmg, ., o - eotides of a 5" and/or 3' terminus,

most preferably within 6, 5, 4, or 3 nucleotides of the 5'-terminus of th

sen38egFETh: Ekia et A Shfe BARLERIOR Shiara! 3TE SERSEE fhhd
respiege-pinbesufiicienthiicomplrae atafnwithidieanisense st anditpassage of an

. intajn t verall douple stranded ch ter of th lecule. 201t is .

CHEPLE i TR CEod A0 B UNSL ChAHae Do Mrse L DA s
inj éBtINA aag ¢int iexoltidg Sreasingle Stizri dndeatiopaiféd pegiohinteptiends figther cxtended
to ERUS. QR RIEEHIE, xﬁ%ﬁ!‘tﬁﬁ; %%%%%EG Heeshd ARIG x2S ABLIR WAk

agent contains'sense and arttisense nds, preferably paired to contain
infegiienrewitieg;drpinishtlion A6V FrBoB/ENAM§EBUt preferably a 3'

overhang of 2-3 nucleotides. Most embodiments will have a 3' overhang.

PrefBased @iRNA ageainstive inhavio? SisiciglelénaodddsauaRMaAggent that can be

referably 3. overhangs, of 1 t or prefer r.3.n ' i IV
o R S R e R T AL BRIy or e
infretion; bf ispletedrfoneh brdry tarfgemaseirtigd cothpesision el belayo Such agents

wiBthands ofsthe.same lensth heing staagpiatus Reds RIS Bieistaliaplementary to a
_phosphorylated. WO 2006/062596PCT/US2005/038269 Preferred

Vit gERR e AR HRSBRS AL BRSH BAb tde bh CPBUEHAUS U ARSI RG bty 18,
cothBlednBidy 22thareh23stucieetdesis. |[angibwery uiziharsiRINA agettt that comprise

range. discussed above. Embodiments | ich two strands of the
L et SR e i S e P
indudstheriitgiHsivand sulct Pesmdeiots prélidathuieqliréd BovbM, F, HN, and L
geffggraé;gggﬁﬁgm%%r eranly;a Baouarhang are also within the

invention: Evaluation of Candidate iIRNAAgents A candidate iRNA agent

can be evalu for its ability to down regulaje target. gene expression.

For GRS DS AR FANACTIEAT- an o ROVHAT SPArmA Gy Vel
anwlitkiscof el ergl getnsrtianwidllsdhat dasciBmitdesete Owathoping)| ddgacent, or closely

infected.with the i f inter 4. i ni : enerate
spg?:ee?lice:c’gn&i%%% éﬁ%rgfl; é’fﬁ:lrgs Igﬁ%:%g%tfoeaﬁ] @&%‘5&'%%@@1{5‘&1@%&&% Re g ted

/, the cell can transfected with a construct aim whic
anghiesadyiBager dis BRpheassath, arubersts i thbed prcheabity to down regulate
th&%g&vé%@agﬁéssﬁﬂé@y%E_sziwtgﬁg%g@a@n@fm%ﬁmmmgm@mIIowing

contact with the candidate iRNA agent can be compared, e.g. on an

mMRN in level or viral titer. If it is determined. that the. amount of :

d desired

A B B B LBt TRE DR o o o e

cheprstausiivith EbeciRiald BagBhtAthgmitcearpbécsaned ateor ding hRRAive melting

te%%@%ﬂ@‘éff‘ﬂ{@ anates dargn E;EIJ. CASRXATS SHIOR.pIBEIRVAE ALIRIORKVAclting

A or viral protein in the cell or viral titer in a cell or tissue can be
CCRPRERHTAGHIES Ay hob the dreisshestar duamibias thendvé it targerrIgRnd
can be determined by Northern blot analysis, reverse transcription
couplectwithgiplyhaerases chaiemteagtion (RTRCRIgbDNAngnalysis, sonse strand and

arlRsNASERIQIEEHON A55RY: . The IGVEL OF PIofeln ¢ary Be determunsg, 191y 23

12
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20example, by Western blot analysis or imrauno-flouresence. Viral titer

can be detected through a plaque formation assay. Stability esting,
madification and retesting of iIRNA agents A candidate iRN n
BESIAR08E with respect to stability, e.g., its susceptibility to%%zt\?%)ési%gzw
an endonuclease or exonuclease, such as when the iRNA agent is
introduced into 25the body of a subject. Methods can be employed to

identify sites that are susceptible to modification, particularly cleavage,

nucRdidelediagn yattoprated fpyuaddeihel Bpeheaba soiiech ¥\ehe from a
2006/062596PCT/US2005/038269 sites. susceptible to.cleava
AT R S e S S e A

includreimire thet potenitall leavayesite daviatte fesistant fihelegaragposidedy
Tapftroduction of a 21-modification on the site of cleavage, e.g. a 2'-0-mathyl

group. This further iRNA agent can be retested for stability, and this
process may be iterated until_an iRNA agent is 5found exhibiting the

deshEtPOEERE STARY RictT BXtidyPe et AR e S e tifraitapiinly> 18- 1%
25, capéhlerabinlilzbinz RSMgenelekpridssiergantibeiesiatatos functiarsality

in vivo in an animal.model (e.qg., in al in se or rat) a .
e B B R S A b ol 18R o
lengthafaaieral carrddivecti) FN Azagewitlboetuisd Wwitholesipéast frotitone of the agents in

Tagdodistribution, stability, and its ability to inhibit viral, e.g. RSV or REV,
gene expression or reduce viral titer. The iRNA agent can be

admipistered directly ta target tissue, such as by injection, or j
g b Dot e T L RER N PR
40, m@@b@@dmmﬁagﬂ.td@mm. eq:sasl liownidsethan, Mé@rﬁmmdes n
ten ETBIERNAIRIISIEG W 1pRNAIaYIon 35 Amadns of HEAINGU R engn. 1n
infection. The IRNA agent can also be evaluated for Its intracellular

seveigkABbREA PR o atsativHcampriads sukehfenbornetnef thedgenain Table 1.

agent was taken up into the cell. The evaluation can also include

detérimiddng ] theratédailiyr (g o ftireiRBIAlifg}rafsHoa RN Aqgent oEatd haatidf, 16 17,
18 iRN ent inydve,can be facilitated .by use of an R A.agent N

oAy o taoAnk Raa A e RABEEl AR LR e gt oo
lesqthereXbeif; a Padicdentidetabels sulshgth. 3BSB2R ra8Rs arcdik3gold to 25,19 0 23,

anPBIGIES nOhANIgE BRRTICIESfRr immunohistoeheraistry).

The agents provided in Table 1 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 equivalent
agents comprising at least a portion of these sequences and or modifications to the

oligonucleotide bases and linkages.

Generally, the iIRNA agents of the instant invention include a region of sufficient
complementarity to the viral gene, e.g. the P protein of RSV or PIV, and are of sufficient length
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 agents of the present invention are

preferably fully complementary to the mRNA sequences of viral gene, as is herein for the P
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An iRNA agent useful for monitoring biodistribution can lack gene
silencing activity in vivo. For example, the iRNA agent can target a gene

not present in the animal (e.g., an [RNA agent injected into mouse can
tgr(éémﬁ(gﬁ%sf)gse), or an iRNA agent can have a non-sense 25%%%3?1088/,038269

which does not target any gene, e.g., any endogenous gene).
Localizationfbiodistribution of the iRNA can be monitored, e.g. by a
traceable label attached to the iIRNA agent, such as a traceable agent

protél@seriRe s ahopey Vw0 0 62RIEREIMUASRACRIIE2E fect chhGIHR ity

agent can be evaluated with respect to its ability to down requlate viral

a

betvgER BRSSP S fEsh LGNS RIS R TURI PR S paent to enzble the

iRNKegstiyefla tdesaxaempbenbytiersitiitb iridizatiomeo s iftesibalatigne of, RNENAI
from tiss io%é? and following exposure to the iRNA agent. Where the

Clea\éar%%ogﬁl rﬁlleigsd%r o] eASacrificed in order to harvest the tissue, an untreated 5
control animal will serve for comparison. Target viral mRNA can be

detBegesdons, Dyitainsarseiibe IeRidREHOrABE HfiReaYS FeTupisiRg 2 sense

strafdd @k ant Liot hranthed-LAMHrREsoy seuBNAGSE RIRteE!ioN @sEByucleotides which
._Alternatively, or additionally, viral gene gxpression can he monitored b

s o R B LT SRRET ST PRI bR R ALY e
P pratgent! Rsal oit@I¢aexbepicibte vt medeubing L a2nfu assylediRNAr €hedistpectively,

iber here . RNA . ‘

b e Rl R DM Sl ronilly
retaiging WatEReod Bt & P\prepers RS bl hurem Acy ap el These

agexg@mhm “%Jéfgﬁ 98@%&&@%&%9%#?&%@@?&%&' @saﬁ%l\é?\ménis@é%%éme viral
een.m 1ed, €.9., to Improvi cacy, and polymers or nuclieosiae .
geﬂ%@ﬁ%&&?@é@’ B hEmiER &?&Wﬁeé%eé}é% 4 Bl dut ShAPRRETTEatches with respect

to etinpenens i thenRNclaisjaeide nabeaheaufarshases andphespitbie
m&@&&%&!ﬁ%&%@%&%ﬁé@%@%a%saev@%ﬁ" Mg as hatwhigh &C%léra}ﬂisense strand,
nature, preferably as occur naturally in the Gman oéfy. e art has

are msfeirielgratefaretior iarnmabreponnand idlbyeseniareys RIS nsrsodifiddegion or
regi2 13%%5%%% 4.IMBAgh, &L @k 94) NuGieic ﬁqgﬁ%gsaﬁﬁst?ﬁfp\erably within 6,
K S

196 Such rare or unusual RNAs, often teinied modified ,
3, 4(8ppArEtRFpeTaRs thismians B heaRpih ETRd M Sl pssriran SEMpBHETRSe
strafdo difieating) stadvildaid dhis tersatienadifiothRMems el Br@ifsense strand to
mai glgi[i%dogyéﬁ guﬁeg:rhe eén ﬂg}‘gg@ to&hmole u'? in which one or more of
the components o heRuctei adid. n me‘?yr%o %%ls?,’ bases, and phosphate
moieties, are different from that which occurs in nature, preferabl
h@i}eépé\m agent

différerrmbimcthtiehvhrciress setantisrnasstrmmdeisbasenanich
inc gk ashi Asmadifieth aRMAS g dhay oMl RThealitsas Beaayse1 @ulBSuch as those

modificati include molec which are not RNAs. Nucleoside

ex e A IS In BB RN R Eo BTG 8 BeRDw s, refersbly

pairepiacectaiitnaonahaipophosphatevon isttst thatiakiowsithediasely tidtheerhang of
i rreet spatial-relationship such that hybridization i L have

2 R B S C R B B Rt RO el o

singigthiraisgshetmate helskeona, evathaess.cffidriged, mimiderdiithor 3 nucleotides, in

1en%@%@%@&%%&ﬁ%ﬁ@ ﬁzﬁA%'@ srat each.af g@ CARRVR- AR e YRSSEhnd being

erein

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

preferably phosphorylated.
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RNA DRSS i3S PETE

Modifications described herein can be incorporated into any

double-stranded RNA and RNA-like molecule described herein, e.g., an
iIRNA agent. It may be desirable to modify one or 5 both of the antisense

AV H¥pae2sivands of an iRNA agent. As nucleic acids are poR@T&y§265/038269
subunits or monomers, many of the modifications described below occur

at a position which is repeated within a nucleic acid, e.g., a modification of

a base, or a phosphate moiety, or the non-linking O of a phosphate moiety.

In some cases the. modification will.occur at all of the lect positions i
el FUGTE0 BERPD AT A 4P B TN 5en Sade e OV B 1
20, Tf, 20exaiplescieondesfiodtingtinay. onkhos®if AhgeRt tnge thsenined gosition,

ly. oceur in a terminal.regi : iti ' inked are
s e

alsoimetifiechtidritminyon other irgldstime smntgeeyloeh areiididbstreniired §rfle
straiRlel B, E@pr&rfaosRhoTibingle MOGIlGAIOR Al-aerilinking O position
may only occur at one or both termini, may only occur in a terminal
regions, €.9., gt a pasition. on. ¢ &te{minal nucleotide or in the last 2, 3, 4,
| O Ot A8y occur in double strand and single
strand regions, particularly at termini. Similarly, a modification magaoccur

on thexaddals Srinasaritreesesaried S swbilisirievuasseslaindshgee
expRBfaANtReRE ANt faverNg saenecamashiisatians, andkenaie wiass cell,

of modificatiQns, but in ather cases the sense and antisense strand will
o2 R R A T BT SO T A R o et S s o 8- &
viru2 Onntdifip othly terpet steand Adigmthiz Sgribe stiland. transfEwealprithe objsgotdpm
for . X fioati N A ) ) A .
wri R SR Rl RO ade s e aRIEsan. T
leveh RA PRzt GRIGIeEITSrEIoRMIRST ©. gnpledlamarberriach iy SscandidaiiRN Apagent can

be dbtrihatdiscussed petow Ptbrisiiakie medifications {efaHans has8e afount of
backbone of an IRNA qézent are 25 described.in co-owned PCT

BORYEIEtiRRIIS MRy PACPORCRISRYGR: the IRNA

ageRgERhdatiraludaciutienthattraiRNIcapeindphase galich asthedmasepression. The
escribed in co-owned PCT Application.No. PCT/US2004/011822, file

o R S0 A TSGR REREs Ry DT

detgugasd syeh amdhdnicartb hjoratennyiclithedeniel of thestRAN & xamrhsldejermined by

Not¥QAAF6/06 2 9GE Ll URA0RRABCAR IEAE S Ol RRQAMAIN REEHIHRAGPCR),

sugars for use in IRNA agents are described in co-owned PCT Application
bDNg apatysic) SORY Ac rtetiion At 1520008, O pirtRin 8RO RS thder
exagipiatBpweiestidetinkags {eamiheclik-ahaspharatigatadinkagediusefttugh a
for increasing nuclease resistance. In addition, or in the alternative, an
plaﬁﬁf\&rgﬁgﬂ? g%ﬁﬁ‘}fnclude a ribose mimic for increased nuclease resistance.

Exemplary internucleotide linkages and ribose mimics for increased

nucleakidl teisEmm cBoiid ehiiory R phesBnswhdNPCaR @ lication No.

PCDUS2004/07070 filed on March 8, 2004.

A candidate iRNA agent can be evaluated with respect to stability, e.g., its susceptibility

5,06 Atreteotites o strar a6

to cleavage by an endonuclease or exonuclease, such as when the iRNA agent is introduced into
the body of a subject. Methods can be employed to identify sites that are susceptible to

modification, particularly cleavage, e.g., cleavage by a component found in the body of a subject.
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An iRNA agent can include ligand-conjugated monomer subunits and
monomers for  oligonucleotide synthesis. Exemplary monomers are
described in co-owned U.S. Application 10No. 10/916,185, filed on August
160 38462596 An iIRNA agent can have a ZXY structure, such BsTj&/52005/038269
described in co-owned PCT Application No. PCT/US2004/07070 filed on
March 8, 2004. An iRNA agent can be complexed with an amphipathic
moiety. Exemplary amphipathic moieties for use with iRNA agents are
despibediits sesapinsd B Cilafplisatiamdade REEUSIA0LMAY 0. bladigned
n March, 8, 2004. in another embodiment, the IRINA agent can be
NG SR R PR AP TESA TS I RO RIS RIS 4 o8 Y
introdureid@o£a ' inolifdeatopadti ereatie nf kdedde apcar-Maiaiof groaferdbly further
0 or more, more prefer all three of): (a) a condensing agent ( N ..
S e e o s B BT DR B SR s Ao
fount elbibiiorgdtic@Binetesabiions); (b) a fusogenic agent (e.g., an agent
capable of fusing and/or being transported through a cell membrane); and
(c) atergetiagigroup, e.g., a cell or tissue targeting agent, e.g., a lectin,
glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified
cell AnRnRNAAGSRISLAMPIENRCLIB b Ahan AIR 80 ARSCHREL B can be
co-owned PCT Application No. PCT/US2004/07070 filed"on March 8,
testodfnr fomptiqnpily Ap agenincaPRiavE HONCE 4R BniBd Pamings Setick imouse or rat) as

shok»gtme:@iyék@nf §@§S@@r§@mi§ﬂn§%§w&eﬁe§a@wgdﬁ%m&m@b é&x animal, and the
—~=xemplary features of non-canonjcal iRNA agents are describedin ... .
IROGD S5 G P PSSR NG oSSR T OB o Mttt vie
e.g XEM ot BIVY e:208mHe625DGRETMd SRADGA38269 Enhanced nuclease
resistance An iRINTA agent, e.g., an iRNA agent that targets RSV can

haveRRRRNCEELHEIRIBE Garith NUGEASESHYNE MR RCIRASE LA FR B tion, or

iS to identify cleavage sites and modify such sites to inhibit cleavage. For
the SRR SR RER GERBtEE S tha Bl aneds! i e jage spapnay et 4 gl be
adreiafvierad toleauage. SUe ShowHRfdAC RSN UEIERSH ERSISIRNat RGN via

mhgg%doiggs%ﬁinei% Sto fﬂt}e #I?nrget 2?11 | ec’%%é agent, e.g., the sense and/or
antisensé Strands of the IEQI{? . agentl,l'can include, for example,
21-modified ribose units and/or phosphorothioate linkages. E.g., the 2

hy T8RS AR TE FCFr e FabRNEd B ispiizesg vien dsiibrbeR of be evaluation
cardift@ienticontian eI Stue Attt QRxames aftoaxy cdl hydeluation can

uoup modifications include alkoxy or xy. (0 ) )
also %c?u e d%term}n?ng tlhe sts%?hty‘%e. 3.’, theaﬁ)a/lgl%eg of the iRNA agent. Evaluation of an
iRNA agent in vivo can be facilitated by use of an IRNA agent conjugated to a traceable marker
(e.g., a fluorescent marker such as fluorescein; a radioactive label, such as *°S, *2p, **p, or H;

gold particles; or antigen particles for immunohistochemistry).

An iRNA agent useful for monitoring biodistribution can lack gene silencing activity in
vivo. For example, the iRNA agent can target a gene not present in the animal (e.g., an iRNA
agent injected into mouse can target luciferase), or an iRINA agent can have a non-sense
sequence, which does not target any gene, e.g., any endogenous gene).
Localization/biodistribution of the iRNA can be monitored, e.g. by a traceable label attached to

the iRNA agent, such as a traceable agent described above
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R = H, alkyl, cycloalkyl, aryl, arancyl, heteroaryl or sugar);
polyethyleneglycols (PEG), O(CH2CH20)CH2CH20R; "locked" nucleic
acids (LNA) in which the 2' hydroxyl is connected, e.g., by a hﬁg
&%6%8,6(%6 & 4 carbon of the same ribose sugar; 0-AMINE (XPI’\%ILM ;%5/038269
NH2; alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino,
heteroaryl amino, or 15 dilieteroaryl amino, ethylene diamine, polyamino)
and aminoalkoxy, O(CH2)AIVIINE, (e.g., AMINE =NH2; alkylamino,
diafitylaming, aeteracyciyvl i Andaminacdiaty L AminiiieeIoRty MO vivdl gene
diheteroaryl amino, ethylene diamine, polyamino). Itis n teworthxy tgat y
eXPISRYPMUERGHA SR sRAIFPGRTPIE ?ﬁ@ﬁﬁ%‘?@ﬁ’?ﬁ?ﬁ%ﬁ’p&ﬁf&@}? <, Dy I Sttt
hybfi@ & 2 920 G S REG idarisative) tiexkibildue amsk [ktatilifeposure to the

) comparq%l)%to hose modifi O}f’ ith the robust 2% Iéo horothioate treated
B L R PR B R o B b ap et

contsvigaisyalitisave Gf pantivulsrreBrgacen mﬁ@b&eméﬁ@?@ﬁd@ oty desired
me 9&%%&9&?4&%@@%@% RAUBER; RIIRELS BN Y BN Qssay, or RNAase

lalkylamind, heterocyclyl, arylamino, diaryl amino, hetero aryl amino,
protepbiereresany| Alismeticn aminddiiamr N ol eoHENSYOE HECRBORAREDY
perfimMt MEEN19ig: alkiaringssadiaikdarninadeier e Aandamivpal titer can

diaryl aming, heteroaryl amino,or diheteroaryl amino), - NI-IC(O)R (R =
be deferipingd wimeyg PAAASSralkyl, heteroaryl or sugar), cyano; mercapto;
alkyl-thio- alkyl; thioalkoxy; and alkyl, cycloalkyl, aryl, alkenyl and alkynyl,
whitiNAdyhemisptionally WO 2006/062596PCT/1152005/038269
substituted with e.g., an amino functionality. Preferred substitutents are

2'-rethensye thykin 2 albyhiod 1@ Nallyheand 2¢-{rota. Mdenaxiniabiocleaded;
. resistance, the 2' modifications can be used in combinati it 1 of
SN TR e OO (e Db S G ARcate) g ot

RS¥mcBlléd "chimeric" 5 oligonucleotides are those that contain two or more
different modifications. In certain embodiments, all the pyrimidines of an

IRNENO e Bl Ry Rsddd Masifications aueritied RiwbagienRiNereforelh@RNA which
enhanced resjstance to endonycleases. Enhanced énucgeas resistance

PEABEY L HelfiEvct BB thés PRIEEBACE, Peciting, Tor =
UnexdifipleR ijatckeastoana dsarlidinevhterines i Hdds 3] birmuclestiéd, namely

nature, preferably as occur naturally in the human body. The art has referred to rare or unusual,
but naturally occurring, RNAs as modified RN As, see, e.g., Limbach et al., (1994) Nucleic A¢z’ds
Res. 22: 2183-2196. Such rare or unusual RNAs, often termed modified RNAs (apparently
because these are typically the result of a post-transcriptional modification) are within the term
unmodified RNA, as used herein. Modified RNA as used herein refers to 2 molecule in which
one or more of the components of the nucleic acid, namely sugars, bases, and phosphate
moieties, are different from that which occurs in nature, preferably different from that which
occurs in the human body. While they are referred to as modified “RNAs,” they will of course,
because of the modification, include molecules which are not RNAs. Nucleoside surrogates are

molecules in which the ribophosphate backbone is replaced with a non-ribophosphate construct

that allows the bases to the presented in the correct spatial relationship such that hybridization is
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2'-modified nucleotide; at least one 5'-cytidine-adenine-3' (5-CA-3")

dinucleotide, wherein the 5'-cytidine is a 2'-modified nucleotide; at least
-yridine-uridine-3' (5'-UU-3") dinucleotide, wherein the 5'-uridine is a

ggrgngoc?#{%%%ﬁcleotide; Or at least one 5'-cytidinecytidine-3' (51:8%?%005/038269

dinucleotide, wherein the 5'-cytidine is a 2'-modified nucleotide. The

15iRNTA agent can include at least 2, at least 3, at least 4 or at least 5 of

such dinucleotides. The inclusion of funuaose sugars in the

subSligenuciestidechackhoracantalsadetmpbacndtbse eobyficoalepargebmimics of
IRINTA agent can be further modified by including.a 3' cationic group,
the P RR R WS LR e TR e

another alternative, the 31-terminus can be blocked with an aminoalicyl
grodfpdifigatiang deBriredisatiay P Pp BT INoRFR ded dri At Ao ier ARG RIFRIGA and
RNBXBRLIGISRIMIICcleRY AT R MRile NOIIRING, hosid BYHYERS s 35 16QBIMBER one or
such as naproxen or ibuprofen, may inhjbit exonucleoiy,tic C}Iﬁ%ava%el% ¢
both R IRaRIBBEKATS BRSERBAAICAEE oM BRfing tORHE™S 35Kt B polymers 0
suboligosticleatictes, vy smad abdifichains, dasytigeo bekvobheterocyatition which i
caonjugates or modified sugars (D-ribose, xyribose, .glucose C ;
ror A A S Barc A0, & £ A B GLARAE S SR Bl B o
linkdxp Ruelealydipcitavainsy .\ Whdemvedseirihoodiddyionesl) cees1atdhpidasubiect
pos?lli‘&lfé ASNARIOXRMAR IRHRKAIERyMAY iR RILE YRRy liIGAIEAMags, Ry of

sterically blocking the exonuclease from binding to the 5'-end of :
exXaghlsriumiedfiertion vy SRIXIPORFDR BE6AIE SUBRRTPORBUD 5183 8 PSR
ten@haiNS gy L (RS BItdRteFACKEHE R0 RdaiBs @ hnadifiast 3Badss, or 10
-ribose, deoxyrihose,.glucose etc.) can block 3'-5'-exonucleases,
eI S e e SR e L R
regiRN Ar agbothinElgide i sihgletsivaindeddiieieotideaovertiakigHf avddimstmay only
ocdRe RN FbRISisHE] embediments Sihenhcleqide averbang. ipliflesd .

to 4, preferably 2 to 3, unpairéd nucleotides. In a preferred embodiment,

tergaal Apeleiinokie SiRIBS il SifghE-SeBrtedtidverhangarhio epergsy m double
strafiagentiadbeaterrinaldvalaetide PaitGantainsRiRHENE HAsRBRchtAGy occur on

terminal nucleotide pair is a G-C pair, or at least two of the last, four

the SSHSIRFRA RSSO PRar EomesaRe, R AT S ARSI will have
thetbanirualetifice @voshiiegamaychayef nodfitutpaikcshhinchtinticdesssahel sepsrand

10 exemplary.embaodiment the leotide overhang is.5'-GC-3! g]e :

2. able to

R O LI AT R LOHE 6, b s e ST o i
maoghfisersewtsiagd) a. pribecaensodinaet, the iRNA agent includes the motif

5'-CGC-3' on the 3'-end of the antisense strand, such that a 2-nt overhang

5'GCrioigriarnasibciiteisonhiRhtfo dgeithcsiodifide: one mamniREvhiehts is their
sulive,peen modiied o026 [0 iohibit L dearadation, 0., b AUGIeasES o

€.0., endonucleases or exonucleases, found n the body of a
pharmacological properties, e.g. pharmacodynamic properties, which are further discussed
below. Other suitable modifications to a sugar, base, or backbone of an iIRNA agent are
described in co-owned PCT Application No. PCT/US2004/01193, filed January 16, 2004. An
iRNA agent can include a non-naturally occurring base, such as the bases described 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
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subject. These monomers are referred to herein as NRMs, or Nuclease
Resistance promoting Monomers or modifications. In many cases these
modifications will modulate other properties of the iRNA agent as well,

VG, 24P08tity to interact with a protein, e.g., a transport prote?@Tai§2005/038269
serum albumin, or a member of the RISC, or the ability of the first and

second sequences to form 20a duplex with one another or to form a

duplex with another sequence, e.g., a target molecule. Modifications

featthed AL REMESTH 395&?&%%%@59@?&%’@3@9@&&5@%&%% the:REsls rirnego-og/fned

nuclease resistance criteria delineated above cart include one or more
PCRL@pfainm Yeisricab 2004/t 3R fserpnick. Rffications of the sugar,

base, and/or phosphate backbone: (1) chiral (Sp) thioates. Thus, preferred

NRMsiRISI dgeniuecte ditdedd imentmith] astian tiahaek 250 tpIERFAMmRosphorothioate
inkRaicla ehiral form of a modified phosphate group containing a.. ;

B e e O e A s
agenyRetangiisles sikopositfols formratisset oupletsdnestannoey gereniferattmnatXotide
link 686} AhRI0-BEsSmuricN gy ﬁ'&z@ﬁédwmgaée'%?fst%éCQ% 4L _Qin cof-owngd PCT

006/062596PCT/US2005/038269 chirally pure Sp linkage Is preferre
APRERIRTE rictalS 52 R4 47750 ddecopn Wéﬁ gQ?%Oéf the preferred form.

Such NRMs are discussed in more detail below; (i) attachment of one

or Mor&bitiegvig groupstdethgasdganjbasted andansheuphosphdisainesdbr
olighRORSRARISALMOIREA PO RIRIS RACKEORS MBS LN BITIY R prication

NRMs include 5 monomers at the terminal position derivatized at'a
No. il §rdilsd AR 4meustdAcRBP4n antisense sequence should have a

terminal -OH or phosphate group this NRM is preferably not used at the

5'-etliBiNnagaii-sembevsedlEictutheg ot sho did hp attachesat PCT

it RRSR MM Inimizes jnterfer with H bond formation

Appgﬁgé%%gﬁ;gggon, e.g%r/g?/?gy %é?not%yfgé%e gwr%@ Einteracts with the
co%Mary base on the other strand, e.g, at the 5' position of a o
py it P LIRS SK et SUithan tmetipathicraisysF sApksreamphipathic
moietitaiobelewith iR{iinoapbesphateiliokages ek He termigipilbusnpreferred
o MBI Rl OB phosahale Inkages. €., alinkage of 4 atoms which

confers greater resistance {o cleavage than does a phosphate bond.
Examples include 3' CH2-NCI-13-0-CH2-5' and 3' CH2-NH-(0=)-CH2-5'.1
(iv) B PRt FPRe pRep e dhagsnberidigamiplsied phadshvayagent that

featprefered N bbmearm RAUHBt RS RIMEWESier 20N AOSDIR or more of
es, inverted Iinkag%sf aéﬂucf!cﬁo ides Thus, other preferred NRM's
GreftRer

[Ink
(preick E" AN IS0 &8t PRRAT 7B agent (e.g., an agent
capgbleudlatsides;, 25, pindsphate;dien qhasphaterenghmacdifiediphesphite
el 410 tes, p haoramidates and .
e S 28 E8hm amdior g gosported
thropgligicsyaBeRiBABcRIHAY gtariab Erolinkage attholtisite Brethiosugat, e.g., 2

lectr G RE{URE BeprsibRdNereinnaying an.Aihas inkageeifica O4) ype. RNA
conjufglz%te groups. Thus, preferred NRIV1's can include, e.g., a targeti

2R PP B i Ga e SErBdrhérameunsdgate domitrakien No.
PCTHiGRID&10 BT, ilvdughierstigandase, or backbone; 25(vi) abasic
linkages. Thus, preferred NRM's can include an abasic monomer, e.g., an
abagicirenamael s AesCHbed aeiel 5.8 A WEIRObRSRISIPMINONEN, anisense
an aromatic_or heterocyclic or polyheterocycfic aromatic monomer as
Seqtéeéiggﬁggalﬁ%ﬁ_ ,dgpl}&x. Exemplary features of non-canonical iRNA agents are described

n co-owned PCT Application No. PCT/US2004/07070 filed on March 8, 2004,
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23 WO 2006/062596PCT/US2005/038269 (vii) 5'-phosphonates and
5'-phosphate prodrugs. Thus, preferred NRM's include monomers,

preferably at the terminal position, e.g., the 5' position, in which one o
W&é@%%@%f the phosphate group is derivatized with a proté’(ﬁmsé%ﬂ?f&@
which protecting group or groups, are removed as a re}sult of the action of

a component in the subject's body, e.g, a carboxyesterase or an enzyme
present in the subject's body. E.g., a phosphate prodrug in which a

carhgyy.reterase.sleavesdhe protected molecule resulting in the
production of a thioate anion which attacks a carbon adjacent to the O of a

phogphate and ¢ S“'t'%ﬂn d%gg%gc ion grs yarelect Qeoragr?mce o

One or more ére‘(ﬁt e |ntro uce into an IRNA
nuciersag. o@mntwamoarsewe m@hemlﬁMeag@rﬁlemﬁgmmsrﬁe@m@@ﬁbw%ﬁm to

mh?rﬁt%?e%ga?aorﬁom cerln @& SRAIGRES LI AR IRNAAgeM ASISOMENU-3°, or 5'-

NRMs interfere with ybrrdlzatlon the total number mcorporated hould be
CCSHcrrRishaceSIABIAERIERSEs of IRNA agent duplex formation are

maintained. In some embodiments NRM modifications are introduced into

the fermbiosdacié avapessitesrantradisdiabeyeffiortydd dhedagenoe ifNA agent,

%ﬂé&aﬁ&%e Suéjﬁﬁﬂ Q%@M@' g&m&gar%%ﬂ]ﬂa%rr@%%mgreeprmmﬁed

eneint ect. This can reduce off -target S|IenC|ng Nuclease

nbr-es inite e uisleesbarihiokid dndoase. whichen! brdprarberamyQiiisan be modified
or IE5TRLBHS,AAY QHRBES YNGR LAN-9R AR BRFHIGR:freagially, modifications

that can inhibit hybridization are used only in terminal regions, and
preferably not ava |te orin cleavage r n of a sequen
i ERPIEE  G Sen BAERION B MR I R S e =&+
R aBedlkel Mskaglienceyh mﬂﬁﬁmmabmﬂflmgmmmmmwbgsw& PRE),
f |s ma e iments | 4
O(?gg?esnza fe 8&9 é%é I\ﬁﬁl\kﬁ G T eaa;\llag@sng or in th rﬁe%é gav it pr%r%’ nnecte
e. goﬂ:ar sanetayiesswhitie doebemomﬂrgmbﬂtherb@emlsmsugaxﬂ)g@rimm =

e off-t tsrlenC| In m tca es the ease re:
pro ﬁ%f ing mogclira?fg ion rl}I(T‘tﬁmc %’F 3“5@% epend} g%ygﬁm 00, OF
dilipresched theise gtvos Wﬂhtalfge@b’%”eqwé aoé W&%ﬁe&(@ﬁém&? g
awt'aﬁﬁﬂéﬁlﬁgo&i%ﬁ}rﬁﬁwﬂé{é%éfég@t&ﬁ%n thetRigGharyl

(often refeffed 10 as a sense se uence). If a sequence is to far r??m
amag, 5 fhbelArPRE sBjae: S BRI RS e FLitviR B RTR thet

ol@ﬁﬂ@élé&h@%a)ﬁt@ayraga@mwdla@memgegfe@Mmre@mﬂﬁgtpmw@m
1:2006/062596PCT/US2005/ t38269 su%elctt RISC cr)g%ugtethﬁaav
eé“&l IYﬁlé va ec g'ﬁ%‘ag € e%)\fn aé‘ regron eSCI’I

pm@hpmma@emésﬁambmev. 15: 188, hereby mcorporated by reference)
Cleavage of the target occurs about in the middle of a 20 or 21 nt guide

RNA“E%&@”%&&Q&Q&:@H@?@H@@&HQ&U@M@M&@O@@S&Q&&?Q&&&MH@hparﬁcular
is complementary to the guide_ s ce. A rein 5 cleavage site
rejestareely dhe ‘?ﬁféﬁﬂﬁd’élgﬁn&ﬂf %@éﬁf&%‘@g £Sire’ A% él?a%&g BT
albyldingnit iNAkauerhstiane ity .hyjziarﬂﬁms dinit] Gheiavaiyeere gigramieadiztero aryl
aiglegude with: by, 2SSOSR0 e AlRAYE SlGmGEalREE AR ST .,

dialkylamino, heterocyclyl, arylamino, diaryl amino, 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, alkenyl and alkynyl, which may be optionally
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Such modifications can be introduced into the terminal regions, e.qg., at the
terminal position or with 2, 3, 4, or 5 positions of the terminus, of a

seguence which targets or a sequence to which does not target a
é’é‘gﬁ%‘ﬁ‘é‘éﬁﬁﬁhe subject. Tethered Ligands The propeities of A TRIGAL0S/038269
agent, including its pharmacological properties, can be influenced and
tailored, for example, by the introduction of ligands, e.g. tethered ligands.

A wide variety of entities, e.g., ligands, can be tethered to an iRNA agent,

sub€ifltc WG d pCanrieiial adigandigonigaledianamensuRLl: BXaRISE, 2'-
are described below in the context of a ligand-conjugated monomer

OCE wanfP 3t braGs by Prfeiiieroentities can be coupled at other points to

an iRNA agent. Preferred moieties are ligands, which are coupled,
prefBsatiyiatxaiackiyseitsitadie ey DmiddirRativig aandiey eniogietiivn with
to the carrier. In preferred.embodiments, the Jigand is 20attached.to the. .
one G S E g WRRIoHi S R R BP BRIl perimere
oligoraxéstidestive figamibat cnjugated monoradiffamdre mtiiéfikgdmd-conjugated
monomer is incorporated into the growing strand. In some embodiments,
the figenthimavdaiheaEparaieGrtRdinRieauS atNigans capipgatathdification,
r{gnxggé%r subu jﬁ%%,ger a "pIrtﬁcursor" ligand-conjugated monomer subunit
e O SR e T RGO g e . POPRICATASRe SRRSO e
resistaving;ag. gisodre athined 25tersdifidtedie ietdegtide ABs(Tihg, Thikbplayin at least
ond® {NERIROIAIR 0 2 NG BRSO Antisense Sitand. In,3 subsequent
operation, 1.e., after incorporation of the precursor monomer subunit into
nucisatisipaideastinnarid- trading svanenscl ¢p hIIG gro dinusigotide, wherein the 5°-uridine is 2

2 -Restalyarerbeay| L Riss Qﬁ@@%ﬁlewggmne-y (5°-CA-3") dinucleotide, wherein the
2006/062596PCT/US2005/038 group, can subsequently be attached

, 6PC1 )38269 -an s ¢ ;

g drdsdigahaekiitrantdersbAvtre B RS Uit th & S &ddphilic

dingeiopdaf thietigand withikieder minahsdicledphilingaeus: of et prRAILsALdine-
ligandcon); d.monomer subunit tethgr. In preferred emhadiments,

e e e ST AR At SN ige: The

iRMWhiglerit igtiriodndertiedstid, ptéfastddae tabodinTenisat| igafmiqhr ditesosiies.

The inclusion of furanose sugars in the oligonucleotide backbone can also decrease
endonucieolytic cleavage. An iRNA agent can be further modified by including a 3’ cationic
group, or by inverting the nucleoside at the 3'-terminus with a 3'-3' linkage. In another
alternative, the 3'-terminus can be blocked with an aminoalkyl group, e.g., a 3’ C5-aminoalkyl
dT. Other 3’ conjugates can inhibit 3’-5” exonucleolytic cleavage. While not being bound by
theory, a 3’ conjugate, such as naproxen or ibuprofen, may inhibit exonucleolytic cleavage by -
sterically blocking the exonuclease from binding to the 3'-end of oligonucleotide. Even small
alkyl chains, aryl groups, or heterocyclic conjugates or modified sugars (D-ribose, deoxyribose,

glucose ete.) can block 3’-5"-exonucleases.

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

sterically blocking the exonuclease from binding to the 5'-end of oligonucleotide. Even small
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enhanced affinity for a selected target, e.g., molecule, cell or cell type,
compartment, e.g., a cellular or organ compartment, tissue, organ or

region of the body, as, e.g., compared to a species absent such a ligand.
PYERSUPRyaNds can improve transport, hybridization, and spBEfi&ity005/038269
properties and may toalso improve nuclease resistance of the resultant
natural or modified oligoribonucleotide, or a polymeric molecule

comprising any combination of monomers described herein and/or natural

alief cRemified Tihemiciaatifes. {Jeendsip.aaneabeait dnalide MeiRRe Wibxyribose,

lmodifiers, e.%., for|er]hanciré9 uptake; diagnostic compounds or reporter
BlusasE S G Pk mesTitRp eiféifution; cross-linking agents; 15
nuclease-resistance conferring moieties; and natural or unusual
nucléaBis ageimarcdhaxdneplessdrchigtentip dphildeadisivdiestedojdexed iRNA. agent
ind ke Y\ APhNBCIGRA R HLBREC BN IR PG RS S BRI PRNGR 68 embodiments,

sarsasapogenin, Friedelin, epifriedelanol derivafized lithocholic acid),
TR B it i pAC e, oipriti svempired PEIS) Bigte dn 2 preferred
errﬂmll’ﬁhléﬁt, m&tiﬁ@béﬂdiﬂﬂe@ﬁ@@%? 1tﬁ1@t§ﬁ|§'ﬁjﬁﬂﬁ@8%gerhang éhat is directly adjacent to
molecules,polycationics, peptides, polyamines, and peptide mimics., . .
th%ﬁ.‘a%ar'% 3%%%@?@%8%%%%&1%% g??iﬁ&‘iﬂﬁs*ﬁéﬂ‘é‘é%@%&foﬂﬂﬁ% is a G-C par,
or gkleatt b it (FSBY; towndensityriipopietéite dab yroGglbimitin) In further

enfiRibRRYdrale rﬁﬁc@u@dgo%%ﬂgrﬁg i a0 *g}%;%}j %&‘n%%igg %gseé)%g'ix%n

hyaluronic acid); amino acid,

eXEERUHRDFed bRy ke suelerbfisurerhans s -G Sydithbier gty emtngdiments, the

nuﬁlé@ﬁ@t&é}ﬁlhi@ !_B. bR %Eig~é§2é®f‘fﬁkﬁ§lﬁgﬁgg/%._d@ %:IQI%L @ﬁﬁé@%ﬁﬂd}%@ HRRIA agent
._acid is a polylysi .2opoly L-aspartic acid, poly L-glutamic acid, ‘
e RS S h A e B e o S HER Lo A Ry hene 5
GCapolymneeddivinyl ether-maleic anhydride copolymer, N-(2-
hydroxypropyl)methacrylarnide copolymer (IHINIPA), polyethylene glycol

(P E@h&%@kﬁg%@hﬂ’ﬂd\)&ﬁ%ﬁ%ﬁ%ﬁo&%&PM%‘@&@X'&S@(HE& 36D to inhibit

N-isopropylacrylamide polymers, or

2
deSr389BBE6 B S0 650 SEBRU AT S SERAR AR e Sfpsidrohe body of a
Subfablaf%ﬁ_ﬁﬁsnﬁﬂﬁm Q@yﬁgﬁ&%@ mm%%'@?&%@hﬁ@%@@n& promoting
spermiaine amine,_pseudopepti e-poly ine, pe tigomimetic .
N e R b Dl oISt e propertis
ofithe |é@éé aggH, mﬂdhigﬁpmﬁ ehtion o purpiyriiguatetsiayy.sakt Gimport protein, e.g.,
SBRJQIllyQB H&gl, %{' Q gilékm;&i Jﬁﬁgﬁg@gpﬁié&ﬂgﬁ? g§ tﬁg%ﬁks&&%:&)%% sequences to form

targeting groups, e.g., a cell or tissue targeting agent, e.g., a lectin,
2 Rt rEtemme pRitsF préndimmeagiuniprarith sagiheraenisaccts-a spsegeaolecule.

cell type such as a liver cell or a cell of the jejunum. A targeting group can
be a_Mr;diftwmns that| aavobropiefuleotipr glyciRyReA, sisfacianhpeot@ipfefered
nuMé%CéQrQQEpa%@é’gﬁéﬁa Te%ﬂgﬁé%rgblg\%t 38 dgg%lr?enct)r more of the following chemical

and/or stereochemical modifications of the sugar, base, and/or phosphate backbone:

(i) chiral (Sp) thioates. Thus, preferred NRMs include nucleotide dimers with an enriched
or pure for a particular chiral form of a modified phosphate group containing a heteroatom at the
nonbridging position, e.g., Sp or Rp, at the position X, where this is the position normally

occupied by the oxygen. The atom at X can also be S, Se, Nr,, or Brs. When X is S, enriched or
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galactose, N-acetyl-galactosamine, N-acetyl-gulucosamine multivalent
mannose, multivalent 10fucose, glycosylated polyaminoacids, multivalent
galactose, transferrin, bisphosphonate, polyglutamate, polyaspartate, a
IBR2WaER2EE 0!, a steroid, bile acid, folate, vitamin B12, biotif CafUEA0REpS269
peptide or ROD peptide mimetic. Ligands can be proteins, e.g.,
glycoproteins, 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

chift¥BEEHEp AR FARCREER! Fendnthslialaall 19589?@%&% @@%@@W%e

Iso include hormones and hormone receptors. They can alsd include
PrelfmRddeptauch otads %‘i?c‘ﬁsa‘ésfﬁﬂd%mé’éﬁﬁ%m@é?ﬁBWydrates vitamins,
cofactors, multivalent lactose, multivalent galactose,
N-alde attagbiastbstionine, Naeetylorge kroopaimitie mghti\f@elmatandmnns?h@phoms

atofGHd 8%%8?510%& 0 icRMReERLEXAT ; I’{ﬁn{) %P %ﬁ%ﬁ@ldﬁblude

an activator of p38 MAP C|n se, or an activator
moRRRee s ISERiRBkRasiHom deriigHindieh coationireaa thbs iptdkensfdhe antisense

sethtNAsﬁ@ﬂﬂ%W@ dRameik t@@%@mﬁ%@e%ﬁtpﬁﬂgﬂﬁ%g LR RYRRGLeIR at the

disrupting the cell's microtubules, microfilaments, and/or

b
S L e RSP S LL  TA B HBF Bharila’ tebrotIom e iaghese which
mlmmbéasumeiemyk&ohalaﬁi I'bpi‘ﬂbﬁﬁdﬁﬁ@iﬁﬁﬁﬂ@&ﬂﬁi‘lﬁﬁ)d ASIEINSEHR By the face which

G0 PURDOE  NBDBERE JLIBSSSND, 24, 08 SPEC 1

or arjgledtipm Bféfémbﬁl B’h@g @rﬁsémmmtemoe%@qtmmgum albumin
(HSA). An EISA binding ligand allows for distribution of the conjugate to a

targﬁt)timﬁo@@atdimﬁé%uem@fﬂﬂﬁiﬂﬂ maiRNshyeRat 0eR STt BR i Ron-phosphate
ther molecules th écan bi an also be used as Ilgfnds WO

o 08 SRR E TS S00EY 8’%5&8%@8}%@6?8% %aag%?ﬁhae&ﬁes a
phogghaisédend, Iipidnapltipidehaiedd (HRANCHR-(A HpEand B SHaNS-(0=)-CH,-5
degradation of the conjugate, (b) increase targeting or transport into a

targehcelhaa el MRPIYMASECR B0 (6)i68R PBBRIAAL USRI GIRE LA ANRM s
can mc{-“;pg teln e. %ﬂHSA A lipid based ligan d can be used to

PESGIRIRIFS the binding of the conjugate to a target tissue. For
example, a lipid or lipid-based ligand that binds to HSA more strongly will

be 183d-1ikbIKx.1& 156 iakgansdnvertes kinkeseanditivivefirs. | d3uikethetpiserred
NR&eareg e the-hedvcAdlinigordip %@%ﬁﬁ&%&@é@%ﬁl@ﬁ&&é@@&@s 5

strongly can be used to target the conjugate to the kidney. In a preferred

PSR R EOHRE4iH AP SRARI R Tihels lirsases (ererdbRphoERAHS A
phoiﬁlwﬁmﬁiabkffmBbﬁﬁ@b@@ﬂﬁkﬁiﬁl&ﬁﬂi@§ﬁﬂﬁ@ﬂ&ﬁ!%ﬂ&%@é@@@r%tg)( 3°.3’ or 5°-5°
ist buted to a Jon- -kidn e. However, |I is preferred that the affinity
hnkq%e €508 ronga%ﬁrl § ﬁ"lllee’fg iﬁl‘{‘%%@ "E%i Eé%%%%%&%e ¢ strygfuires
desaﬁhﬂ%bﬁragp@mmaﬂ@amlwfagmlety, e.g., a V|tam|n, which is taken up by
a target cell, e.g., a proliferating cell. These are particularly useful for

trealiiy cIsREes SONPEAIRER @ekRYred NRM’s can include, e.g., a targeting moiety or 2
conjugated ligand described herein conjugated with the monomer, e.g., through the sugar, base,

or backbone;

(vi) abasic linkages. Thus, preferred NRM’s can include an abasic monomer, e.g., an
abasic monomer as described herein (e.g., a nucleobaseless monomer); an aromatic or

heterocyclic or polyheterocyclic aromatic monomer as described herein.; and
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15unwanted cell proliferation, e.g., of the mailgiant or non-malignant type,
e.g., cancer cells. Exemplary vitamins include vitamin A, E, and K. Other
??mg)lglm\é vitamins include are B vitamin, e.g., folic acid, B12 rlboflavm/
otin pyrlgj%xal or other vitamins or nutrients taken up by can*éSF@éﬁ%“ 038269
Also included are HSA and low density lipoprotein (LDL). In another
aspect, the ligand is a cell-permeation agent, preferably a helical cell- 20
permeation agent. Preferably, the agent is amphipathic. An exemplary

agemﬂ)ssa,mmmawmm ’t@ih@ﬁp&xﬁf@ prRepediaTHit erogart INRMeRkeddt

o5anbe madi yding rnimetic, jnvertomers, eptide or

w ggeu oF fJepﬁ% rLages an(?’ gf ?ﬁ b RRRHOTT Heihis 3&8?%&@1?5%%“
of tbﬁe:fh‘paﬁwmmp fredtretitEded yeitit, awtm:ttt}urg@fmb lymhash arlipotihfligrancbagroups,
are 1ROBHAPIC 9?&@&&?&%%&&%&*@5@&%8%% % JCC [ d{,ée glgep% car ox¥y esterase

embodiments, IRNA agents are 5' phosphorylated or |nc ospho

Or R FIBARSITES! Brikssueinsis bedB1 IhEogihatehsie amdatbingbiche carboxy
est@ﬁﬁ&@%&§ﬁﬁ@ﬁﬂ>ﬂé&&%&'@&ﬁ@ RSuIGH Ak pmRaERIe MR R 2Gon which

ne silencing |table modlflcatlons include; 5'-

ted
a‘ttarcn Srzlloc eb gﬁ%{% I—fbt)tf( 6 -@?Sglﬂ_afﬁﬁﬁ gfﬁﬁ%g in the production of an

unpiH2APRPRREHO0)(0)-0-55; 5'- triphosphate
((H0)2(0)P-0-(HO)(0)P-O-P(H0)(0)-0-55; 5'-guanosine cap (7-methylated

or n@ﬁem@ﬁk&@&%@w&&iﬁ@%@ﬂ9)&%{&5Qﬁ@ﬂh&v%agem or into

5'-adenosine cap 5 (Appp). and any modified or unmodified nucleotide cap

a seqpensE ey IBDER Gﬁﬁﬁﬂﬁg}- @R@ a(tjop m@;@sgi gpre than once in a sequence
or ipxmBNGthipphospbate Wﬁﬂﬁfﬁ@ﬁtﬁ h%iﬁizﬁ@ﬁ) De36tadhumber incorporated

thi t ithi oat 0)( P-0-55,
o B (RS R OH RS N, har et
oxy en/sulfur replaced monophosphate diphosphate and triphosphates
o5 ﬁ&‘?ﬂiﬁﬁfﬁ%@ﬁ%ﬂé@%ﬁﬁﬂ%ﬁ iBiFRshisep Huecheterminal cleavage site
or ﬁ@ﬁ&ﬂb@ﬁﬁ&@é@f@dﬁ@ﬁeﬁ%@&@ (@)Rnlvk %&%@Wﬁ%%@ﬁé@% not target a
des51 alk h%s h%nate S %X ethyl, ethyl, is prop% ropyl, etc e.g.
S R s s
(R=alkylether=methoxymethyl (MeOCH2-), ethoxymethyl, etc., eg
RP (I payeassisiant modidisations mmpdandses wbiiicehiheardesd otihaatibaterminus
andbméﬁﬂﬁﬁﬁiaﬁ%@m&f%\é@ﬁfoﬂﬁf@%g@@ ploamastivg &@&th}_@{%%bnmzatm

ugtgntl ly reducing off-target effects. This can be accomplished by

iRBRHEFRTH T oRh @S BRRSERO RN R G eRE g ﬁ%“é%ﬂ%ﬁt? cée@vage region
of duequenkificeltion mmmﬁﬁb@em%bybﬁwtmﬂem Deykaem@liale in a sense
o R I R

interference pat way. er mo

| mapiaipsat phephombatinetitiisdebicaukad petdghesiRphestiiestitating site or in the

cleavage region of a sequence which does not target a subject sequence or gene, as it can

minimize off-target silencing.

In most cases, the nuclease-resistance promoting modifications will be distributed
differently depending on whether the sequence will target a sequence in the subject (often
referred to as an anti-sense sequence) or will not target a sequence in the subject (often referred
to as a sense sequence). If a sequence is to target a sequence in the subject, modifications which
interfere with or inhibit endonuclease cleavage should not be inserted in the region which is

24



10

18

20

25

20the 5'-OH by H rather than 0-Me. Alternatively, a large bulky group may
be added to the 5'- phosphate turning it into a phosphodiester linkage.

%)v%i\zleor/ g;si;\;NA agents to tissues and cells Formulation The iIRNA
agents d&&2fbed herein can be formulated for administration‘?8%&?@8?269

25preferably for administration locally to the lungs and nasal passage
(respiratory tissues) via inhalation or irmanasally administration, or
parenterally, e.g. via injection. WO 2006/062596PCT/US2005/038269

subfeor te RIS ORREROSIinvHe, OB BatIeALOMPESili BRatild FA8BAOUSiflescribed

. Ahis sectio discussed largely with regard.to unmodified IRNA agents.
e T o SO v 1R T ARG CObER Iy of
the _&mgememm@&ﬁrhlhmﬁd‘ﬂw adthoothientRiNde Rkter ehguf Malifieducleotides
ups@%o%%‘ﬁ?st%glg&?& Wﬁ%ﬂ?? ! 1@ﬁ%ﬁ%e Ry %tlondGS s'%c{t?errggéj.l%tggse herein
IRNA composition can assume a variety o §¥ates. Iﬁuéome examples, the
clesygagssitrorrisodbroausipniidiany dtyetaidnef thefdeavgeersitsaiiiies targstor on the
RN BYSHIOHS {8 i dB 35 8RB B Q0 7O 301 va8e P OVoUAED IR ANQNGHR 1, 2, o1 3

%xample the JRNA is in an aqueous phase, e.g., in a solution that includes

TG 8?&?,%%%6%%%&%&@%&?&% for administration via inhalation.
toThe aqueous phase or the crystalline compositions can be incorporated
intoséfth!énvéi@caéh%le@mbg.iw¢@mém@(mmmwm@gmeeMal

posPRASE)wah 2 BREICIEs(Bohi ShE YEHRPRIIGIR 85 £20EADPIARIAIRSOL & sequence

crystalline composition). Generally, the IRNA composition is folufulated in
whigh (aes gt tRrgel SERIFRt AR TR intended method of administration.
An iRNA preparation can be formulated in combination with another
agehtthergd IHgantier 15therapeutic agent or an agent that stabilizes an
IRNA, e.g., a protein that complexes with iRNA to form an iRNP. Still other
agerks RePARCHLMTS L donk DEA R Yitd BHAMANE ISR ARG be
. ﬂSUChe‘fS gldg%i%,éiséjts, PI\TAse inhibitors (e.g., a broad specificity RNAse
RGPS RS R AR RIfrP S oo duction At digandi utriemed dhgmds:

IRNA preparation includes another iRNA agent, e.g., a second 20 iR_NA
ageftwifis easthetrati RN witurds set brotetswed iag eRN AStiothey, to the

cariEERRAALANS SR &%&%@?&&Q&ﬁ& M@s WAL DG $Y Ry B Eshtext of

.or more different iRNA species. in some embodiments, the agents are
2 Lighnd-capieAtAd RaRESH RO Wit Bt drais eRiyctretirdneriilissioan 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
attached to the carrier via an intervening tether. The ligand or tethered ligand may be present on
the ligand-conjugated monomer \ when the ligand-conjugated monomer is incorporated into the
growing strand. In some embodiments, the ligand may be incorporated into a “precursor”
ligand-conjugated monomer subunit after a “precursor” ligand-conjugated monomer subunit has
been incorporated into the growing strand. For example, a monomer having, e.g., an amino-
terminated tether, e.g., TAP-(CH,),NH, may be incorporated into a growing sense or antisense
strand. In a subsequent operation, i.e., after incorporation of the precursor monomer subunit into

the strand, a ligand having an electrophilic group, e.g., a pentafluorophenyl ester or aldehyde
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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 25simultaneously, or at closely time
iMErRAEI25 one directed to one of the viruses being treateBCH{2005/038269
2006/062596PCT/US2005/038269 Treatment Methods and Routes of
Delivery A composition that includes an iRNA agent of the present

invention, e.g., an iRNA agent that targets RSV or PIV, can be delivered

gr«i@?c&yQisgéq%@y@ei@%%wﬁép@é%@&lq{%/aﬁ%&adgaua%&mﬁl&wreoupnng

intrathecal, parenchymal, intravenous, nasal, oral, and ocular delivery. )
thorlfa PTG FOEAG I BT R TR AR 0t i PBeaiipor ligand-
confiseridonosotisosighdireaiaadministration to the lungs and nasal passage

or systemically through parental administration. An iRNA agent can be

incorporated intgpharmaceUliealcs 9@&%&%&%@9%{@5@ HYSHALGRan

____For example, compositions can include one Or more iRNA agents and a
RINASaemH daiatihing Ededisempraatetriby Prefamsdmensiments kg geovides an
enhilteimaseyticaluasaspiable, Wcamigtcisintanded taypsibcieramn aidall a
lvents, dispersion media, coatings, antibacterial and antifungal agents, .
cely iR CABRAF BT Hri FEEAy BhTEEIRRP HRe Sy Bt tREM to & species
abghanmBedigtindl administration. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except
INSOPREBSRAMELRRVGAIRNRO VO IR RGN i NLAMBAURLR; AR, IS AR nd may
compound, use thereof in the compositions is contem%Iated

alsq BB FOX PN FASTSSRRS T O PR LA BanAddi s

ligahpmycieetide, ora

polatapositieas.e Ehayptvimacetsiotinatsipssiiais el despiose e @ation natural or

mor&%gcpebggﬁgggci) t ersed 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 ophthalmic, intranasal,

tranSHRAGARIL SRR FAR Hisiyricdharpr pat apreifer P s nfer srmsing spiken
didBEteso RBANED OH Sl 25 WG EANTBO R INUARNEHIARNARI RN, cross-linking agents;

|r11tramuscular mAe tion, or intrathecal or intraventricular administration.
nuclease-resistance conferring mozeties; and natural or unusual nucleobases. General examples
include lipophiles, lipids, steroids (e.g.,uvaol, hecigenin, diosgenin), terpenes (e.g., triterpenes,
e.g., sarsasapogenin, Friedelin, epifriedelano! derivatized lithocholic acid), vitamins (e.g., folic
acid, vitamin A, biotin, pyridoxal), carbohydrates, proteins, protein binding agents, integrin

targeting molecules,polycationics, peptides, polyamines, and peptide mimics.

Ligands can include a naturally occurring substance, (e.g., human serum albumin (HSA),
low-density lipoprotein (LDL), or globulin); carbohydrate (e.g., a dextran, pullulan, chitin,
chitosan, inulin, cyclodextrin or hyaluronic acid); amino acid, or a lipid. The ligand may also be
a recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic polyamino
acid. Examples of polyamino acids include polyamino acid is a polylysine (PLL),
poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride copolymer, poly(L-
lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N~(2-
hydroxypropyl)methacrylamide copolymer (EIMPA), polyethylene glycol (PEG), polyvinyl
alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
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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
6465 %r nasal passage, e.g. into the respiratory tissuesH¥ia/ US2005/038269
25inhalation or intranasal administration, or via systemic administration,

e.g. parental administration. WO 2006/062596PCT/US2005/038269
Formulations for inhalation or parenteral administration are well known in

poliPRoaFhasieh frmplatipnh MayiiRe R ate s RaNeAUS:SOINIRRR WD (&R May

also contain buffers, diluents and other sujtable additives. For intravenous

SPERRCRCTBAI R ROBRER RSB ARTRES SREIIIERe COTE BB PRI RS
denﬁﬁ@mf Fﬁﬁii@ﬁlﬂéﬁf&,_%@,@niﬁ%hﬁxﬁ@ﬁbf@mmm H,ﬂﬁlﬁcdil 'ﬁcﬂma@laa?rgj,rb%ﬂ_iamcbnpid,

.preferably adminijstered tg the lung(s) or nasal passage of a subject by
S e R R

administering an aerosol suspension of respirable particles comprised of

the HEaDEsImpeRITELetcdaprE bR 6L vislh s sisspsee i AEntTHS 2
lectBGDICEPFBRALINGI AN 6 AErO 8 iz ibadvatialbRE{amSp st BSIPEHBRch 25 2
i limited to,%gy wder inhalants, metered dose inhalants, or 10liquid/liquid .
IVeL SEP SR BRSO THE PSR PEHtIE ST B2 g aiiurLn: TrlepuFipias oot
glyenpsp epticnetytaontaininhavitharapedydngectieiissichassa pilicdsent

afil or phe il, with the selected compound.included in an amaunt

B 2 M P
fucegss @tiensylaied robrmbiserndsUnsiPal e alg0ge 72Gisferrin, bifplosphonate,

polPAHEMIALE RIRIPACRUNOR; EOMPRSILAN, May-eRtisNalY; be SRS WER Abiotin,

carrier to 15aid in dispersion or transport. A suitable carrier such as a
or ag RGP Pertifspe R RePHde MiBRHfose, annitol) may be blended with the

active compound or compounds in any suitable ratio (e.g., a 1 to 1 ratio by

weighgpnds cRdrtivhotmenigscopibesiastivepeptidps e, foolpratiidingitle specific
affRESERLIBY SN sharithipelude RATiGIes 8f 1BsPIARLS SIAG AL IS has

particles of a%size suﬁicientlyu'gdrgﬁall to passg)%hrough ZOt%éZ%%%fﬁl orq ehotsyge siend

2 CETISFiInR ApiaRiFcalate Roas e Hioldaptoapickedlide hommadprshermone

rec@RORIALHRIEIG Q%NS ARIPEUAL S0 MG QOBHSIZR MO bohydrates,
.. particularly, less than abqut 5 microns in size) are respirable. Particles of |
vit f’recg%%g e O OIS BRI P 2 A PSE N AR ST I & -acet -

gultiorsatedmdniodtswiatiomweachoa: di e tjivaneity foé sven-Taspigalle pabkicies dnample, a
lindhg a8k ﬁglllhs prefz { ini iﬁﬁg},iorn sal administration._a particle
P §Bize$|sn?t e raen’gaé1 o‘?{i%gé%%l%% IS pre eSr%e(g o %é‘fj%grr% enting in the

nasal cavity. ' . .
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.

In one aspect, the ligand is a lipid or lipid-based molecule. Such a lipid or lipid-based
molecule preferably binds a serum protein, e.g., human serum albumin (HSA). An HSA binding
ligand allows for distribution of the conjugate to a target tissue, e.g., liver tissue, including
parenchymal cells of the liver. Other molecules that can bind HSA can also be used as ligands.
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Liquid phannaceutical compositions of active compound for producing an
aerosol may be prepared by combining the active compound with a

suitable vehicle, such as sterile pyrogen free water. The hypertonic saline
SBRAEMGERE to carry out the present invention are preferabl?€/U§ge95/038269
2006/062596PCT/US2005/038269 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

Forgighniof theRhysilagically @83@9&@%%ﬁ?dtoaﬁﬁﬁam@ﬁg&mﬁ%&&%em

comprising the active compound may be produced by any 5suitable
resifiangsdo deerdrsioniad o reaugredi aRFTeI B ERYBE oF N et duie target cell or
celN@biilbzeie, A6 0L(E) chd B ol tdadidseBindidd tNehutizasfaR, commercially
available devices which transform solutions or suspensions of the active
ingrdigt B%Qﬁgiﬁ&%%'ﬂ%%&%r%sﬁmﬂfatt&'QFI FRRS QL ACCHIAR I oate to
of compressed gas, typically air or oxygen, through a narrow venturi

a t5pRi s e by Theaaplst ulinid oniipihatrdrigros thea biadointlatimescieronsty will
be iBs08RUNZB"S: ¢RRSIN &f fhaRrivenatrRAent B3 HAUIAEBEIRLADLRAGIYR body.
ingredient comprising up to 40% wi/w of the formulation, but preferably .
Alrsgé%%wdz%% AR ARAE RIS T ot SHRRE AP rSSE Sedaegelfy conjugate
to thteltilénggyrogen-free water) or a dilute aqueous alcoholic solution,
preferably made isotonic, but may be hypertonic with body fluids by the

additionpéedor exanmalgeR0 dimMide Rptiepaladaitves pglide 5 binds HSA

_preservatives |Sif the formulation is not made sterile, for example,” methyl,
Wi I 2Ry sprbokridhrsoninestny e ms iy digiiguisdre angn-kidoey
tissage Blsvanvdrsh ifasiaaied thatAies aSoig pheohdspattislesHao USRI binding
acg\ée comg%und may likewise be produced with any solid particulate
CGI%%O C reversed, .. . .
erapeutic aerosol generator, Aerosol generators for administering solid
particulate therapeutics to a subject produce particles which are respirable

and ‘GeneratecsPot-Brisw fiae ARSI borgaih TR pradieb imivea Hndue pdarect
celdese, afrdhriapeutit atradRte-suitakie day hinanadeipistiatitne @M iracterized by

illustrative type of solid partjculate aerosol generator is an insufflator.
S e PGP AHS FooRir P R SRR ARSRALBHH GBGe feighcer ol

Exempiarinuitectipoindeds wibichindg E end &liverier by smpring wif-amine suffiatote B
- ken into the | cavity in the manner, of a snuff in the insufflator, th
vit S.8., A0lC ac 12,1 aming y
v %Ec;iv?ﬂe (e %?C a %]é?e?é a%%%le 3o g%‘é?f}g(l:?f’vxéﬁtgrcoaﬁeg 2ESut the filent aken
by gengeneals. délseripduded b cantdave desibappopestan CaBfidges,
typically made of gelatin or plastic, which, are either pierced or opened in
situ anahthkepasyete) e livanddsay cail-pdrawiiti ageh, the ffevice: teREh] cell-

inhalation or. by.me a manually-gperated pump. The powder .
P AL B ERMRT-Cbioy BRI B ATy g ch o
tat of anpowdpede Abitborsprising nbgidetiveangredishficd, sudablegropedadylmimetic,
iR SUER A IRE'0SEs AR B tide 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.

5'-Phosphate modifications

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

analog at the 5’ prime terminus. 5'-phosphate modifications of the antisense strand include those
28
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WO 2006/062596PCT/US2005/038269 optional surfactant. The active
ingredient typically comprises from 0.1 to 100 w/w of the formulation. A
second type of illustrative aerosol generator comprises a metered dose
im?g?g&%pé@red dose inhalers are pressurized aerosol disperf&ehd/S2005/038269
typically containing a suspension or solution 5formulation of the active
ingredient in a liquefied propellant. During use these devices discharge

the formulation through a valve adapted to deliver a metered volume,

whidiieallynieanm it Qe 200 il lRiRiQoscR §1@ﬁmrgﬁtﬁ§ﬁ@cﬁﬁmm&h§e: 5.

active ingredient. Swtablq propellants include certain chlorofluorocarbon
TORRABANE S HOP E R i RS SRR RRP-O-P(HO)(0)-0-5); 5-
mpudfblffet@MWmMgﬂdM@protﬁ(m@p@lﬁa s'%adnmmwgf(mﬁaﬁcfgﬁated or
The fo jonmay 1 ifi [ I e.co-solvents, for
o L o e S b L P AR qraagane oo
(Arpnlioxidiamt mndi Seitabiefadiitdgedetise cap Admimis(RddE' ¢HOEE)P-O-
isled ubjector b ther Rerso regiv; ALEN BT
e Bt e R P Qs
mopditeRosPHES SRAPSPspistier et HOUMSY S fpatibit-ehipseherdbigigieare
(BRSPS, 38,2 40RO N M8l NIk DRIAGHHANEHI RE A HRIYEEPhate,

di uaéditan, ﬁuc%as Ear%r;t. The medication can be provided in measured
ipFoROBEE, P QRN CE i WA MO T RABRGBLP G Sun FHRapAohte, ctc),
S'-piberiapentizadly( GHRI2(H RINELS1 (TEOHEHD)@IM-Oregestdk ifiosphonates

C 20SI{i i eded to provide the J vel of ' , N &
e R e e 1 s 2.
alkfgibsphephenties Gpaaliizihertioctihve anstun @/6ANH DY, efbesy2BiR N Atc., e.g-

RPEYENLS)-62¢h one directed to a different respiratory virus, e.g. RSV and
PIV, are administered concurrently to a subject. The term

"physiolo icallr;{1jn ffective amount' is that amount delivered to a subject to
Qe TN FEE S8 ST AR AP e o VAL i and prc e
forntigrmése atital RISEsehtadile paertall nednsitbaiffiergetrefectarThis takén
accSHB AR NES 00 ANl adyaaf JReRRAIER R O0MNRG, e.g. by
lungs. The types of phaimaceutical excipients that are useful as carrier
moffratanstaliRerS-surthd sihertalsosida el rirneasA), (BOMkinY X jenuirements
andbHERIE6TERRAN RINALGS SN & Acddenanchddterence pathway. Cell 107, 309-321.)
Other modifications which prevent phosphorylation can also be used, e.g., simply substituting
the 5'-OH by H rather than O-Me. Alternatively, a large bulky group may be added to the 5'-

phosphate turning it into a phosphodiester linkage.

Delivery of iRNA asents to tissues and cells

~ Formuilation

The iRNA agents described herein can be formulated for administration to a subject,
preferably for administration locally to the lungs and nasal passage (respiratory tissues) via

inhalation or intranasally administration, or parenterally, e.g. via injection.
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WO 2006/062596PCT/US2005/038269 polypeptides; pH adjusters or
buffers; salts such as sodium chloride; and the like. These carriers may be

in a crystalline or amorphous form or may be a mixture of the two.
BihAG 4ets that are particularly valuable include compatibf&™/US2005/038269

carbohydrates, polypeptides, amino acids or combinations thereof.
Suitable carbohydrates include 5monosaccharides such as galactose,
D-mannose, sorbose, and the like; disaccharides, such as lactose,

trebglQass angibsHike ey elasetions, suePcagions, and methods in this section are

. 2-hydroxypropyl-.beta.-cyclodextrin; and polysaccharjdes, such a
s SR B B AT AEIL SRR
that Yodiofoanal dhenikesrdp ieteryed doefhodcanbh yeraies! intiudbsr Roidsegents,
threhalas ffmose maltodextrins, and. mannitol. Suitable polypeptides
e'g"irr?&é%&qg%ag%%‘%g erel%Aan%(?;]Sgcaé?aasc io(%iﬁscmld{l%% a%;%r}gegltrlllgcfxglycine, with
glycine being preferred.  Suitable pH adjusters or buffers include h
orgféﬁ%l@%%)r@%@awmt@w&%m% LT B IS EER P AT Rt pRPles, the
confplbaitn $O&H w&@@@amg@w@ﬁiﬂa&m}@ nao)dhg?@tmﬂi&xh?/afaflﬁv@dﬁs (e.g., less
Dosage. iRN ent can be administer t it.dose less than :
S0 Ge A ATy i or 120 B 701 B g o8-
2 soRBiohGh&, 8114, §/a8] {10060 In B0 Bre 1500 Odrpofod 0005 vngfiperiy of
eight, and less than 200 nmole of RNA 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, 0.0055,.0.0007 ,do. OQa]d‘r’livery
amORDAPIRHFR LR ST Fs Ry BHBSFSWERINTHE SRIFERIRE T &kampte,
vehizat) be. adlipicieter ¢ohbicidiestiontie gunintraybameiioos Mttt (sgulamicroparticle
intrathecally, or directly | n.organ), [ . ical:: .
s o A o hion
forndivietsfl/ing thentee fratdh aoepatlgosidy e intrrdeddertbr bPIRPEOBH0 Pag
to about 3 mg per organ, or preferably about 0.0001- 0.001 mg per organ,
abonh Gr034 grépangtparcandaiabauicd. k- 3tnbigapen exth ancbaiztn8-84), another
mg per organ. The d e can.be an. unt effective tg treat or :
oo b A B G b RN e B L omH et (o
to flzssAnaGdentEilhafhareersdeyuéeghdbtershes. eBBRAX e SICBO tadiy 2lept

catRROMEE embosiment, theAniLAase s ot admiNSERWINRMAL inhibitor such as
2006/062596PCT.US2005/038269 a frequency (e.g., not a regular

RNisipanéyp gk example, the unit dose may be administered a single time.

Tn one embodiment, the iRNA preparation includes another iRNA agent, e.g., a 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 iRNA 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.
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In one embodiment, the effective dose is administered with other

traditional therapeutic modalities. 5In one embodiment, a subject is
administered an initial dose, and one or more maintenance doses of an
WRRAUJWAE 9., a double-stranded iRNA agent, or siRNA adéi{ U2y >/%38269
precursor, e.g., a larger iRNA agent which can be processed into an

siRNA agent, or a DNA which encodes an iRNA agent, e.g., a
double-stranded iRNA agent, or siR_NA agent, or precursor thereof). The

majptenance% ]g,ij?e ar doigs re g@e{al% lower than the initial dose, e.g.,
(o € S and. €S eV . .
one= ; nance regimen can include
treating the subject with a dose or doses ranging from 0.01 lig to 75 mg/kg ‘
of BbagTARSHReT R RgIudey B NEh 26874 tappToernt G1V§B0r ek 2y LN A agen
that Q288 Oy 0,009, 0084 4orRL0eHreaHRRE kg L Lty vRightpa:gapldieoutes

. .maintenance doses are preferably administered ng moye than ncgleveer The
inclydq Ehglagny e e R L P REAY PR R A A &P Y5T°R Betio
prefibne] witials wildrainidepentiigNpeg¢hs dbhataent theepéoticsitarough direct

disease, its severity and the overall ifion i r :
s e B, S S B P R A faion
e.g., o more than once per 24, 36, 48, or more hours, e.g., no more, than
onCATL N BRI IORERIA G (R PHERRERE S R SRS
adri@fi ehakgeBdneRisnpty) diipsbsitc-ndaal ikiciato orefdha ayiRiidmgaiihad a
disease state. The dosage of the ¢ ound may either be incr in
D SR IR AS 1oL Dy s Rl pREEIASES, ccptabe
cartizvls inetideddosecindyabp adoib selwdrifsadi sifesiatimedi theaidyparaithactsrial and

et G%EE&%%%& %§%¥&%tigﬁﬂag$§§§%§§%ﬁ%%Q&%Pc@ﬂlﬁ’éﬁgie%tﬁ

ired side-effects are observed. The effective dose can be - ,
phagpAsRIERal g TS ERigR Thabse PhTb B MGR dasrs faphaasgically active
sub?&al'égaeé%ﬁmmrdiﬁt&fﬁdeﬁib@pimw & rﬁulmsfﬁ@ﬁas;;df %e?iml iQent is
. facilitate 25repeated or frequent infusions, implantation of a deliver
oI B <SR R SR B PR A e conterplated
Suppteapationedly ntragieiedsahopistiacapsularidr ints érv oimmpeasitiyems.

advisable. WO 2006/062596PCT/US2005/038269 In one

embaCment 1B&HN eba@,%%eﬁmeﬁa&m GRBRASHURLY IBSkiResiRered in a

plurality of iRNA agent species. The iRNA agent species can have on the
nuigBe R HRKSHRRCATE A GROBVERRIEIIG R AT RY SEERP it %&Esmé gpon
aredadlralhs aecuningitvgeliosaguebe epdogl (Rudhrgia sehtehar dhtheRS\ransdermal,
intf S nana el SEOGNE b AN B & OLIEN 897 SREEISR8s arip

Shecitic for afférén naefuraly occurring target genes. For examprfe, an
subRRbheagennthaetiegetsohatPpretsiargeisetiohRS nathéne micaany satrivalar
238 pharmaceutical composition as an iRNA agent that targets a

different gene, for example the N protein gene. In another embodiment,

Fol A SL OB G AR RGBS G TE AV A i

delinelgrgoo 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 or intranasal administration, or via systemic administration, e.g. parental

administration.
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10 maintenance therapy to prevent the recurrence of the disease state,
wherein the compound of the invention is administered in maintenance

es, ranging from 0.01 tig to 100 g per kg of body weight (see US
SRR

e concentration of the iIRNA agent compositionlig L [52005/038269

amount sufficient to be effective in treating or preventing a disorder or to
regulate a physiological condition in humans. The 15 concentration or
amount of iIRNA agent administered will depend on the parameters
detepningdifa HheaaeRbasdthemethathahadminstalion Bt asi art. Such
buccal, or pulmonary. For example, nasal formulations tend \%?o require d
Bﬁ%f |f1§ﬁ‘8’ﬁts an

formtlediTomar BoHA SFEITGHEORS S A EHENTRS AHRIEP TS

oth&f utbivgdaliie NBsahpassrye st ihsnmbtimesigarinadfeolatelitienkibe
n%riLfﬂmuladtio(F ueg to 10-100 ttimes in order to provide a suitable nasal

o HYalation. 2 ]E'f ftalin factors r?1n611§/' influence the dosage required to
effectively treat a subject, including but not limited to the severity of the
disé%fsf’ea@#‘@@@i‘d’éﬁﬂé%\%%@éé@{ﬁ%ﬁ{% PRETgRl AT LR dhs sy pr nasal

pastiBeIQ6Li RIS, AhesttiteasRsRresa i Mereaves Hastentiaffadoject

with a therapeutically effective. amount of an JRNA agent, e.g., a .
SRR R P SR IEH T 5 B 06 e 1 oqpound o
acﬂafgem'qﬁbkslﬁﬁag&i;ﬁ]\/ﬂiﬂsbhjam inbapro GessativatwmpaiRNAE amestlizydan a

DNA whi ncgodes an IRN nt. e. -str i ‘
varg S S RS I e BHGR) BE ENC GG, o
liqpedharad Rpseensimellide wespinible opthstanientde Bavilf At e Appracigtedmay
optibaiithe sliastivedasage,at LIBNA IR SUCHIRS &) iENA RS oSN, with

or treatment may increase or decrease over the course of a partjcul

f
theglsfive 7PE o384 58 HRAT SO AR LRI T SRrP O g o

airfesuliscohis RgBOHSHE &/dd¢ibeDANINS2ZBAORE T/EIB2005/038269 assays as
described herein. For example, the subject can be monitored after

admigisicringan dgﬁ&!ﬁa%g&%a% iR Basadionernatisndomhearier to
__monitoring, an additional amount of the IRNA agent composition can be
2ld g (iFETEPEAT BRRSPRT i oRbehle e Seictt SIRaT B SpdHRREnBE s HEhalose,
maAiSeAPeSPROHieNia RatigatetvewithiheeoutsenpblieRtineny RsHPE fion(e.g., a 1
ieveril da%/,s t(geseveral months, or until a cure is effected or a diminution
o HIHi8SAsE é@t is achieved. Optimal dosing schedules can be calculated
from measurements of drug accumulation in the body of the patient.

Perdtmt dtsoranraspriltensr baaryreraarthipersiiiting trormss iavarep should
indREN0LEIaQIeE 8RS RALEIOMERIE S ARSI UM, dOSAAERIBRY \6@IN! to pass through

depending on the relative potency of indjvidual compounds, a%%,ca%n o In
BB T R B B AT P L R PO B B R
genddljpatielanimsh fise|shdat o elenibodinesits, fherapimaidgdkss than about 5

include transgenic ani hat express a human.gene. e.q.. a t 1
LR ST R R Mo P LS C U S BOGBE b acoso
tertheoctmesiporititrirericoddnousikivad. andribtiaspetith ofiieretisniveble particles in the
2cRRBIROBINARIR) IRSiRg IRCASS o é&lﬁé@ﬁﬁ%}@?ﬁ%&%}@@m@ﬁ%ﬁf10-500

least in an internal region, to a sequence that is 15 conserved between
Mg PaFEEIOR S\PRINATHCRHEO B i 1SUEFYRY the target RSV RNA in a

Human. The invention is further illustrated by the following examples,
whichighaiutianotde tohstrmpdsafurtfiectivaitivgpound for producing an aerosol may

be prepared by combining the active compound with a suitable vehicle, such as sterile pyrogen

free water. The hypertonic saline solutions used to carry out the present invention are preferably
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EXAMPLES Designing antiviral SIRNAs against RSV and LIPIV3
phosphoprotein mIINA SiRNA against RSV P and siR_NAs against
1-1131V3 P mR.NA were synthesized chemically (Sitko, V. ez Batik, S.
BiNeoaiastiol. 1, 34 (2001)) and their 1050 (concentration of SEHFA005/038269
producing 50% reduction of target) ex vivo was determined (Fig. la). The
SiRNA sequences and 1050 values are listed (Table 1). Two siRNAs

against RSV-P (#1, #2) and one against PIPIV3 25(#4) showed

steri BARFSCARIGIBIBIGRY. @&&X&@ , ﬁ%ﬁx‘%ﬁé@cﬁﬁﬁ%@ﬂé%n%?% e

corfelation of target mMRNA with protein, as exemplified for sSiRNA#1 (Fig.
physiglogicaliacommirbla I AndeereTRpRR bl dram Wees IRy HNeB aRsGFNirRy weight of the

physkeogkaoyurapthvty afia SIRNA ax vivo also WO
2006/062596PCTIUS2005/038269 matched with its activity in the animal

(in vivo)..Thus, the ex vivo assay:proyides a reliable, | ' [
e e L R AP BB BN
suitabiRINGARSIFAtbieREY antsampyBireplicbidnizenoLseuiigme erbdizinges -2

U.s.1hg SiBNA thabatg ReHVE ax WansidiDewiiective duingna agtualne

infection, an animal model was used. The BALB/c mouse isa, . ‘
solution. FFLAMFERERSI SbBrACHy TRFRTGE R\ tHASERITGSRIAY i cither by means
of adeEngaEissioNcopaifRieggasndpicaliuile LGk ot dhaidiagasentatanasmiul . &ifiet or by
al.b eg. Tirgl.tf%G 153-162 (1988), van Schalk, S.M., et al., J. Infect.
meaps oty lSO6 283 M 998), Haeberle, H.A. et al. J. Virol. 75, 878-890
(2001)). Mice were treated with SIRNA complexed with TransIT-TKO(r), .
reayeibin famalainps dAtacHR RERHERE eonsid Fbn 2HiR M SRHCIDID DHEH
carrigSH Qe M grealsm tianasalivy Maxina/RoY B aythulatombiegtsrgably less

VS A AR ALY HEPE WRBCIUE B RSB DSR2 o

a dilatthgpabirs thekiicmi(Eo, toafratendakaotdmivrioienhy siiypertonic with body

A ina.-.7 -str i X i .
I S e AR s R phbioves
if thg fopoulaheniouctaiidn staiadivalc1gmts syl ey inpeeaipxidants,
flavsiRNAsries ol irapaiestionreagenis aalsq sigaificantly inhibited

pulmonary viral titers (Fig. 1d), This demonstrates that inhalation based
antizviral therapy is possible with simple pharmaceutical compositigns .
cor%SF?s%%% %iﬁ%‘i\?ﬁgﬁgéﬁtﬁinr%“t%mﬁéﬁﬁo%é%"mﬁ%‘%mma%’e‘*é‘ﬁ‘Sh'ﬁ St
withmoyselidreatiyiat RSuBugiioemeBIRInS W, @M@Whﬁ)mkﬁstenng
sdié’?&ﬁ'&ﬁa’c@m%%@@@%?% AR w@aﬁ'aé?Mf&%%ﬁ%&é*ﬂ@sﬁﬁmygmt@ﬂ&ﬁe a
EIPIV3 20replication in the mouse lung (Fig. 1c). Use of sucrose-purified
volysiEiRETosR A BB L BIGAT BBIBRS PIRETRIGIRSF B 4cHREIRS e Abaratsiguitable for

huniBfechonRsiniBe. asa kuagve typSeVesatadditanat teatiegaéther is an

. ample are applicable to various embodiments of the presentinvention.. ..
s A e B B DT R DG it
powtlerEwdivtheanbst givtertldntieRSY «i RNiAsE I onty: irakiiieth RS Yakitcavty in the
RPIY, Vi e ' es ' ific ..
T D B0 e RO B R AR W o camy
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 2 powder

blend comprising the active ingredient, a suitable powder diluent, such as lactose, and an
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luciferase siRNA (Elbashir, S.M. et al. Nature 411, 494-498 (2001)), even

at the highest dose tested (50 nmole or 700 ug / mouse) did not inhibit

%J,t %50V%%§5£Ei9' Ib-d). Finally, IN siRNAs with or without the yﬁ‘g}giﬁg%sm

reagent in“tninfected mice caused no obvious discomfort (as

2006/062596PCT/US2005/038269 judged by normal coat, activity,

appetite and weight gain, and lack of any respiratory distress), suggesting

a favorable pharmacology for potential drug development. It should
optikiRIneiedthat Thaltexpriraasts terelivedheieds fitia ocstltt)ofwinalf the
forr&?ﬁgteixrl] immunoblot always matched with viral titer, and therefore, for a

glvgﬁ éxperiment each can serve 5as a redundant marker of the other and

all complementary data is not presented. Specific antiviral effects of IN

iR BRe R URrattio perosol BRBEIO T heraE st pREsET dasa ibplsr. Metered
dossiaahiBe Btedrinhibitian gbyiialiserlicatiapsitagy didtnatdirasiyBEREor solution
abrogation of infection of the lupg tissue. We, therefqre, proped ar,ioui_ 0
forng oo &l SR bt RS HER! i S PR REPRFHAG JRELp B s, ffyases discharge
the fappudgitatenritigh.a\Withe @20 pfleibsiilethpariaisacioticriises 10 to 200 ul,
roduced robust pulmonary infection. In representative, results (Eig.,2a);
oD e o A S Bl

certgf ghivREwrsiRN A oTmMplidsdd witnplandichiFedigiminsthaduction of
tricHIP OB EHRR AU LR MR IR AR A RN A S aay

viral titer, sSIRNA without transfection reagent showed significant reduction, .
addifopide RMaRO RS SFaBER SR Tol Rty TSP B SaRtaBrh SFRantss SN Cleic acid
or sivBigstifatethaitibadeagantiiesisiRNArwasgatghly 70-80% as effective

as siRNA complexed with TransIT-TKO. Although we have only presented

datg Jor; L tansil- LK OCpmalees HRNAILIEY %&%P@%}Q S [aRlizr A

S
point to the exciting prospect that IN delivery of pure naked siR A, free of .
carcgitg RN A SRR PP IS RIAS b tat for e Eiman T EQpmataplF: 2 hospital

hosPBtNagRBSs RS AartSHRRENHMPOLANRhaS dFRBFRCIRA as a doctor, nurse, or other
reagents.themselves may 20 h%\ﬁ? side-effects. We note here that

PragiigATH e ARSI R HAL BUAFSARAETuRY Ee L9 SAR s pispided n
medntred/doa o 1Y} dspealcas/intiadeickend thE)eckaliesy. of SIRNA and DNA

against influenza virus (Ge, Q., et al., Proc. Natl. Acad. Set, USA 101,

86 76,868 (2004 HOWe Vet IR O UhexReriencedieatIN.adMinistatRns@fon that

PEI, with or without siRNA, often. resulted in overt sickness and/or death .

is ngdefbinmgneide Sagdesirer K Tbebts o B TR sth iy HEtiEd iR gt the anticipated
phykitésiecainresporse. plavide dutibaieyideneepthatille viraltnbibittontobssryedmore

-~ the lung was a direct and cific, effect of the nasally. lied SIRNA,
o S o S R B L G PR A e
adn@ioi36/36 2696 PETIY R2005/088269 were able to detect the antisense
strand of the siRNA in the lung tissue (Fig. 2b) by specific Northern
anafygesndeposs 1ecans sipiity thah haranivabefiest eiSiBMNAS nebject to give
ue to acfjvation of interferg S (117Ns) was ruled out by the following.

the %?é?ﬂé’é {ARTEEE ﬁ]i‘régﬁ%f’ ®&hcode diverse mechanisms to counteract

IFNs; RSV, in particular, is largely resistant to type | -
The term “pharmaceutically acceptable carrier” means that the carrier can be taken mto

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

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

as human serum albumin (HSA), bulking agents such as carbohydrates, amino acids and
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5ITNs (IFN-a/13) although sensitive to type Il IFN (IFN-7) (Schlender, J.,

et al., J. Virol. 74, 8234- 8242 (2000), Ramaswamy, M., et al., Am. J.

Respir. Cell Mol. Biol. 30, 893-900 (2004)). Our early studies showed that

e 20 ere active against RSV and HPIV3 in Vero cellsPEEUEHI9E0A3269

deletions of type | IFN genes (data not shown). Nonetheless, we

measured the levels of DN- a and IFN- 7 in murine lung tissues at different

days following treatment with various 10 siRNAs, and found no activation

f.ejther EN (Fi )..Si itively -Rro i AV

P < B oS i
mayglifptergehirsisrameypbapissimiieahe dmseme oftthdidkdjoint infection

by RSV and HPIV3 has been diagnosed (Coiras, MT., et al, T. Med. Hrol.

72, B8O (20 ) ate fack himeria it sesian doapaible oabbiateise s
incorporating 15.RSV as well HPIV3 antigens, have been constructed with
S R b S i e e

mondrasesuiSetmmblgsAistetcalD-dhairede, A6rE8 44608 (RO0ya@hariterdpdly as
Bl Aol BRI Rl M9l B0l 2 5,025 131, 00D TS SRE i o and
1 RSV and HPIV3,

antiviral effect of SIRNA#1 and siRNA#4 against : )
polygasshesidessuphamisidase makistenamsidgemes. @ hiplikeraibivly, s1daen)
maﬂmm?dﬂ_smmﬁ' _ efllﬁil?@afﬁifﬁe_g}f\l&;@(ﬁa%w§$fo@%d%€§%ﬁ%§%ﬁﬂ&%&%§@, threhalose,
reated with a single kind of si either #1 or #4). As there is no easy .
o5 GRS 10 BRI GH P R R S SPR GAOSH ATSOR 861
incligi¢naminofubgbeiten cdtmityorRedmngpatdacstbed above, and subjected
the lung tissue sections to dual staining using a mixture of anti-RSV and
antigioiy(s pnsiBasdies oMixgd-Infestianpithe WRgHssked ¥R BASEE acids and
achieved by this criterion (Fig. 2d). In mice pre-treated with either
DasEirRNALRD SRR RSB AFRTTFRN HRECHER TetpECivaly astorred
prevented, as seen by the loss of either green or red fluorescence, but not
bot®P(Fige2dn B@fmagmombihaﬂmmimmmqﬁaﬁmwm TEomgyper kg
of&%?@%@h?%ﬁéé’%ﬁnoib%%%?%g?% disappsaredl.«dacyraeniing ghg o.01, 0.005,

inhibition of both viruses (Fig. 2d). As before, thé Samé siR_NA mix

0.0t 0098) HRREHSE RS boE e v ARCRS FRAD BB BTN RS (), sbout
4.4 WQ 2OOGROZRIGR TTbSRRNB0 38269 han M¥6te SOl MBENBXEeSEb/alY, 0.75,

i nts of one SIRNA were used, the activity of the other SIRNAwas_ . .
0-%%%?%?‘5» 8J’a ’i?ﬁﬁe%&ﬁ? as%i@ (ﬁg%f?e@ﬁ&ﬁ%ﬂtﬁ&%ﬁ?@&fﬁhég S bedwet.
ThRMPORY, the b lof sikbeAdidnfagrirs 120 cRyrefe wiy inirmrease dr intramuscular,
: , -100 nM he ¢ ation_of SIRNA# ainst
i JERHEIY o1 ARB00 8 W TR0 Y TG HIARRI e

validated by measurement of HPIV3 P protein in immunoblot (Fig. 3b). In
du apehvery of an IRNA agent directly to an organ (e.g., directly to the liver) can be at a

dosage on the order of about 0.00001 mg to about 3 mg per organ, or preferably about 0.0001-
0.001 mg per organ, about 0.03- 3.0 mg per organ, about 0.1-3.0 mg per eye or about 0.3-3.0 mg

per organ.
The dosage can be an amount effective to treat or prevent a disease or disorder.

In one embodiment, the unit dose is administered less frequently 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
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infection of mice, immunoblot quantitation of N protein of each virus
produced an essentially identical conclusion: whereas 5 mimic (70 ug) of
each siRNA effectively inhibited both viruses, 50 nmole of one SIRNA
YT R L ffect of 5 nmole of the other in a mutual mannef ﬁiri/é{séo(:%s./?f\?269
SsiRNAs prevent pulmonary pathology 10Since the siRNAs prevented
infection a logical query was whether they prevented the development of
pathological features as well. Upon visual inspection the siRNA-treated

2 frddMe§tReS e pice AGtad ABLL AP AR AR RE RilH ke dninfeciRehmiGered a

_ with normal activity, shiny coat and general well-being. We then measured

singggéfspiratory rate, induction of leukotriene, and pulmonary inflammation.
Respiratory rate of BALB/c mice is known to increase in response 15to )
RSk mfectibndifagbtdeBotivedat Js Mrainiz6rQ78idahez oodifious Svatpentic

moa%ml%g al., Pediatr. Res. 24, 504-507 (1988)). Leulcotrienes, a product of
the Tipoxygenase pathway, bind to the leukotriene receptors present in
bronchial smogoth muscle and are elevated in the respiratory secretions of
b ot e e e

maintiieRS ofdota\tARBIA elzaht, EedirdRetsic24rab0<: RV ALG88) ovddRINARrgent, (e.g-»

a pr@c‘u(%ébrz re]erd% eg 1%}%61]_1 Eg%ger[x)tl %Tl?c%lc%’bjg 71%’6 gsZag 1‘%9 %BRIJRPTQ%% or aDNA
compaourfds provoke airwdy mucus secretion, bronchoconstriction and

whighrenspdasiteaBong il sramadonpleatundtddR ke 1a5pb RarRNEH ARSPRSHRTECUTSOT
herSBYCre R IMidiseARe MBEP Weadmiusiered sati-RY IR 4Rt 1B8., one-half
same time as (or prior to) RSV, a significant reduction in respiratory ratcg,
lessRfiFB AR IHRtBp AFRABETAI TeRIRGHEHe At R ARy stbject with a dose or
dosbyenchealyeslanilyid (BALEY wask bbaervegiiigr 4)y.Theseoyalues, 40, 30, 20, 10,
r ' 25 near haseline we entially,compatable tg those i
s L T S L e L RN s e
majpbstitfedtits Aepndstbtyinstaied siRhbehip pmvemedﬁll}rﬁ.a@g %MWS-
PRt HSE ROSIRORSIn i fAg) 1 RiRNA TaAIeY Fice ShawsHdINAHie-aigRSpon the

of respiratory distréss up to 6 weeks of observation. Negative control RNA

natyge|pRlisRAACETAls R o e recHEy ab e euFsthbeandidarofdbgasispt. In preferred
emBH@WBts WO SR8/67 5O BRI Id 28 QRO BRAAIBIIRNAS Aleeflesiittan once
antivirals post-infection Having shown that siRNA cag dgé;(av i{es ir%;[gar%em,
P a1 o GE TR RSP B TP o AR Q<Rer e uMSRaE
thewhtidhierathey moajtdrad doa dharatly éndife chatitenniet fonihasestatflishegpptoms of
as thisis ani tant in latric medicine. In thi [ f .
ey e e e gt o paten
dogpfestiompemtisite fnrslnerenmeiyfirsassdity chmies theciRionay ks Rsseeweightn
2110 RBEHLS: 0, 8aYs feliaving. RSM infestionvaltar whish-1beyfihes wlig ablated,

or slowly regain weight depending on whether the starting inoeulum is too
or HibpfietiebeidratEags 6t tRRsEsErle, H.A. et al. J. Virol. 75, 878-890

(2001)). In a similar cohort of mice, the lungs were sampled on

pre-Gbterffricios daysdao hssdytoisiestiiousiviiggions @xpéttee, tiege doses, as
desH 5“&%&%@%@‘%%%@%@'&%@ﬁ@&ﬁ@&@éﬁﬁ%@!&@e@@ TeRQUEA H3YStitate

p.I., followed by a’gradual loss that continued at least up to 9 days (Fig.
repatpdRicEaeRE RS RIRL BB (hafa T B HEWRT Sbartier i srEtiRfEmanent
steBS(RS MAPAY e SEeRtisHoApNcared: sBinte Ciesh aieani) ve etergsiinmay be

weight without interruption. Most mice receiving siRNA on Day 1 were
adﬁ@t%auite hard to distinguish from the sham-infected controls. Those

receiving siRNA at subsequent days (Day I-
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154) showed gradually less and less protection, although significant
improvement of weight was observed at all days for all treatments. A
similar picture emerged when pulmonary RSV titer was determined in
WR280EE YN Day 2, 4, 6, 8, 10, and 16 (Fig. 5b). In the siRIRELHTGUEH260
mice, the titer rose till Day 4-5, and then slowly dropped to undetectable
levels by Day 16. siRNA treatment before or concomitant 20to RSV

infection held the titer 5,000-fold down at all days tested. Administration of

SIRIN ArRtlRIRatinAgS {;Iaeimggew ﬁ&@%&ﬁﬁ!ﬁﬁ%&ﬁ%ﬁﬁﬁﬁ%ﬁ%e@é‘#ﬁﬂ%&ty of

.. viral titer was always lower than the untreated controls on any day tested.
RN 48756 sPEtithat 1R aRAReBenh SRR SRI/PRETS Rearescea diimie RoreqY gleprirg and

nond@jgébﬁhafﬁﬁﬁ%@&b’{%sarﬂ@&%f "' : ?Qi&caiﬁiﬂgﬂa&f&: s%dQléM@é, I@%ﬁlﬂﬁ Eﬁﬁe:; sequlgznce of the
ubsegquently, the titer.fe elow, detectable levels at earlier an earlier .
RSVHEES tE B B TR R D LRt o A QB SRR o B e rent
natuhByuntreateg timfected aniGemtmoin nnRSVACOI et detettdd Bpiaedrbeerte of
T Id not be detected in the Day 1 siRNA-freate ice after
RS B o S RS R R
differyri ggnso atfewminlalthedp orrisengsielaia motshicmhpdogetHeriRhidsegents are

spedi@eulis ahewed thatthe RRVARIPNA WO
2006/062596PCT/US2005/038269 had a curative effect even when

administered post-ipfection and that the mic re always less, sick and

e P L T e AL B et eIt et
maipiipaipa e doatienp toeedsrtbrteapitheplistely stesi ghectisi R Agnpound of the
invaRBlesAintranasally. Ieﬂﬁ{em&@aﬁg&f@ﬂg&gﬁgy@@m INI&cen 2eavel dbody

_provide significant therapy when applied post-infection. SiRNAs; delivered
welght (el Dartidid&drosols in a simple hand-held inhaler, can be used to

prevent or treat pulmonary infections. While our manuscript was in

prePeeatiocsrtinati vepdits iR AcmsuttinompctitkiR N As infuilgitedfiinflerena e effective

i A S b A G s
conesnifationar am@elt AR b aaes efimisiatared b deresBen (2o 04y mpiashéetermined
for BUIANEAEMIhe SlRho FEOGINRILAGHH- &4. 1o 101867 PrBES1L0PH) dxample,

synthetic siRNA or plasmid DNA expressing SiRINA was administered via
S

nasal {OSATARS BRI AT TGRS FRRSTHEAORTRS BrBBRIRLCRigD, Qager to
avoll irRroionNatuAtag oStk AdSAp ke 8O 3P S&B6(R04))siBIRAS dyrasclisbral

ronISNGIREDRY R deRsmamic Y Selvery 46 24 i laler uce were nfected

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. Moreover, treatment of a subject with a
therapeutically effective amount of an iRNA agent, e.g., a double-stranded iRNA agent, or
siRNA agent (e.g., a precursor, e.g., a larger iRINA agent which can be processed into an siRNA
agent, or a DNA which encodes an iRNA agent, e.g., a double-stranded iRINA agent, or siRNA
agent, or precursor thereof) can include a single treatment or, preferably, can include a series of
treatments. 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
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15 influenza virus and given a second dose of siRNA in a lipid carrier,

both via LN route. Presence of pulmonary virus was tested 2 days later

and a 10-50 fold inhibition was observed with different strains of influenza
WHEs28ipedfitiies against RSV and PIV offer the following impF&FEM&1p/038269
and simplification over the previous ones: (i) The delivery is solely

intranasal and therefore, relatively noninvasive and painless, making it
amenable to an inhaler or mist-based 20therapy (ii) SIRNA without any

assEHHE ﬁ@&iﬂéﬁ%@?&ﬁ'yﬁ?éﬁ%‘ﬁiéhﬂé §‘39}é8{%9nt9§r9&¥%&%ﬁ' 118k i3I8 ering an
etfects of the carrier. (iii) A s;%? e dose of about 5 nanornole siRNA (go ug

(RN BEmAEoStRatien RAGA] e pesrE i Svmdisanemicne Meddifquphimprnt of

theQRINFEGHARN HripBERPbeheRshaGeteening of the target sequence
(e.g., RSVP) and use of newer chemistry may lead to sSiRNAs with

signficantlys %Werd%% h A0CLARIGI RN r%%‘?v%k'ers‘segfﬁie &F%!H o8 DYIRRME b treated,

25dosage. KRS exhibit varibus eg Fees of hon- specific, off-target

Wl@rfb@@@mmnﬁ@h%h@wam deelesueralimondisa NSl a cure is

eFFRIRIEEI Nl BRITRLAL003) 9 ledi Lol (%fﬂal NetnG ethBiRlePean be calculated
834-839 (2003), Persengiev, S.F., et al.,

10, 12- E}B\/}QOM) Bngﬁ%} il
fropy ng@alfrwt@gﬁgig 3‘29%51&?82 ’@3@5’ Tﬁ@h% pAt e vIGHROBS REarmAry skill can
eaﬁhﬁ&tﬁmﬁﬂ&oﬁfuﬁfﬁmm&@%@@@ﬁ@ﬁﬂﬂomwﬁ%ﬂﬂ tﬁgﬁyﬁﬁ@mmes Optimum dosages

side-effects.,In conirast, the ranas el vered SIRNA is more WO
%c%y (565? % &ng Céﬁ%‘@'l Vl ueacohncperlff1 a?é%ln fc nolgenerauy be
estaxeledivesisdlocEi0d oimdhe \Degﬁca‘tmaymss wés; thdsnmiriraiiing thedslgieln some

em%ﬁ&&ﬁ%n'csaﬁ&%%'rﬁﬂ ﬁG&M@E&%ﬁ% %@Qéﬁ@%ﬁﬁ‘ﬂé’%ﬁ%@é@&@%ﬂﬁﬁ@%e eg.e
%ﬁfﬁpgorts and extends prewous findingthat chemically %hthesae (o s

hRroducrsid BTt BROsPNEte d o aatesmiR srbngi e
coﬁ’bléwﬁiﬂfg'&idagéhoﬁﬁ avNatBinteciRhbddinR S2ArSeR A0 fa;@@:eaihg fncludes

ation qf antiviral activity with specific mMRNA knockdown

o AR SR FRE Yot S et OB TR g BB et

constivedibat(feiy. (Re JazpdRER R&ﬁﬁemﬁmaeﬁanhhhﬂﬂelaﬂ%@@s&&%mwm a
vide evidence that the antiviral effect is specific, directed and is

RNAi-mediated. (iii) Respiratory viruses, such as RSV and PIV, exhibit

high selectivity in tissue tropism in infecting the respiratory tissues. Thus,

IN 10FEIEF) iRt AR A AL KA ey ReRE O e T TR Tt be
coastrigead chmtigtaimidhgharmacology. Although RSV and HPIV

sometimes co-infect, their interactions have remained largely ignored. The

exact reason behind the observedyrhibifgpef one siRNA by another

needs further study. The fact that it also happens c vivo (cell culture)

argugs a a,lnst thO es Nnot r t IS an

oo DR AR A 2R s e P RSt ein mRNA
interferon activation (Schlender, I.. et al., 1 Tirol. 74, 8234-8242 (2000
RamEEMHAZ2IE. RSP anths RN preist HRIYE Biolkbe: 8om: %fhemmﬂy

(Band, thug, shauld faititaterssher thap indubip BANAGIEYER0 keiiekitration of SIRNA
prPéSIblhtﬁrﬁ that grow h of gne virus inhibits the other thrqu h ot

A CHRLGH S 07 A ECERLRSE (bBuk ol B amees
IChandhitisaeised (TabR( IhaRNARNAChigenyt RSVER S, $ajunablemanghinst HPIV3

two SIRNAS tent| e fora '
R e R B B B S T oy, e
copebgBiof tar@f%myf)h nrrstetmm,s nmmtﬁaﬂégcmwmﬁéﬁﬁma m{sagiwi with an
RRPARIGCIARIGA ilatyely fighdesss, abine SIRNAR: A& BrEBR YA ex vivo also

hundreds of nanomoles (Fig. 3). In contrast, only a few nanomoles of our
siRNAs offered nearly complete protectiqp in mice. Thus, the observed
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25competition is not a matter of practical concern with siRNAs of IC50 in

the low nanomolar range. When used as a prophylactic, the stRINA

not only prevented the infection but also inhibited the appearance of
VEPi80e/8@cts of the disease process as measured by bodyRUE(ERE005/038269
pulmonary pathology, respiratory parameters and allergy markers (Fig. 4).
The kinetics of the WO 2006/062596PCT/US2005/038269 disease

process in mice and men are relatively similar and in both species

matBREDWARRANAGIGAIED ARGES GroHbTaritly flowing ReY, InfagHaN, WhsR.

.___used as a treatment drug after infection ensued, the siRNAs are not

e P e i 6 B SRR TR P R8P e 1O maReHHY BRLURYA. dten then,
however, inhibition of further growth of the virus resulted in a quicker cure
andrtreneesl(BYF R A Tinddhit RS¥FmadiEPING Yelidationtwppastiniy” of
treatment exists at all times in the RSV-infected patient although, as in

anyreigaastn AR AL eRSADRUIFOHES & BRI URQRQS furTSn actual

; nfeegifectivenes of the naked siRNA remains to be explained It is possible
thatAe %’@5@5&% ?? TS e PARIEM-FE ARSIl AatisHansablished dthoptigey model -
for k& thimfextbhatngedf smatlopeletulgstiosipeyhansecomsiegysst b eRease (Graham,

[ ted. Sty di e stringency.af SIRNA- t pairi
B e B o S A e S, e 265-
276 iR a $1peheri v Erfore whtd diroHTY, @78 K98 (R0BT BL MiFaretrd Beated with sIRNA
comBBRBaZPR5 12004 e ng&q&@ﬁsgaﬁgf[isdﬁq% ﬁatépciﬁhmggd;%&h animal with

7 si@%fs tested here. The viruses that could be recovered from t
10" Dfis REAS S et MY H A QUR GRSy oW AR caTPeitir anarinerbug gaeld be
obsmbdkﬁtoﬁlnl\f;wamﬁslﬂﬁﬁaim msm&:pﬁﬁw%@mﬂaﬁéﬁfem%i&mmﬁm& were
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presgyfunveere digivhitheddsyltgbansesplag tie agsayspreidl effect of the siRNAs (Fig. 1).
Even the most potent anti-RSV siRNA (#1) only inhibited RSV but not HPIV3, and vice versa,
which alone argues against a nonspecific antiviral effect of the IN siRNA. Second, anti-
luciferase siRNA (Elbashir, S.M. et al. Nature 411, 494-498 (2001)), even at the highest dose
tested (50 nmole or 700 ug / mouse) did not inhibit either virus (Fig. 1b-d). Finally, IN siRNAs

with or without the Transit-TKO reagent in uninfected mice caused no obvious discomfort (as
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red staining (Burke, E., et al., Virology 252, 137-148(1998), Burke, E., et
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influenza virus (Ge, Q., et al., Proc. Natl. Acad. Sci. US4 101, 8676-8681 (2004)). However, in
our experience, direct IN administration of PEl, with or without siRNA, often resulted in overt

sickness and/or death of the mouse.
IN siRNAs locate to the lung and do not activate interferon

To provide further evidence that the viral inhibition observed in the lung was a direct and

specific effect of the nasally applied siRNA, two kinds of experiments were performed. First, we
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was given a mixture of 107 pfu of each virus and a mixture of 5 nmole (70
ug) each of siRNA#I and siRNA#4 in the same volumes as before. Animal
experiments obeyed all prescribed guidelines and were approved by the
@S/ P onary viral assay and clinical measurements. THERHATAPS/038269
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10multiple times in PBS, and the two antibodies were detected with
FITC-conjugated anti-rabbit and TRITC-conjugated anti-goat

immunoglobulin G antibody. After 1 h incubation at room temperature, the
shfed %zsaf\/en a final wash in PBS, mounted with the DABEDH915/038269

mounting media and viewed by fluorescence microscopy (Bitko, V. &
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bronchoconstriction and airway infiltration by inflammatory cells, which are important hallmarks
of severe RSV disease. When we administered anti-RSV siRNA#1 at the same time as (or prior
to) RSV, a significant reduction in respiratory rate, pulmonary histopathology and leukotriene
accurmulation in bronchoalveolar fluid (BALF) was observed (Fig. 4). These values remained
near baseline and were essentially comparable to those in sham-infected mice. All parameters
remained low at least 14 days post-infection, demonstrating that the siRNA truly prevented
illness and not just postponed it. In fact, siRNA-treated mice showed no visible signs of
respiratory distress up to 6 weeks of observation. Negative control RNA or luc-siRNA (Table 1)

offered no relief in all experiments (data not shown).
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as mean SEM (error bars in graphs). Differences were considered to be
significant at PC 0.05. Table 1. siRNA sequences NameTargetSEQ ID

NO:siRNA sequencel050 5 (nM)  siRNA#1RSV-P 3
SR ARUAUAACUCCAAGAITAT-31 18 PCT/US2005/038269

IN siRNAs are effective antivirals post-infection

Having shown that siRNAs can prevent respiratory viral disease if administered prior to
infection, we asked the question whether they may have a curative effect once infection has
established, as this is an important goal in pediatric medicine. In this series of experiments, we
administered siRNA#1 at various days after RSV infection and the mice were weighed daily.
Mice are known to lose weight up to about 8-10 days following RSV infection, after which they
either die or slowly regain weight depending on whether the starting inoculum is too high or
moderate-to-low (Haeberle, H.A. et al. J. Virol. 75, 878-890 (2001)). In a similar cohort of mice,
the lungs were sampled on pre-determined days to assay for infectious virus. As expected, the
siRNA-untreated mice maintained their body weight for about 4 days p.i., followed by a gradual
loss that continued at least up to 9 days (Fig. 5a). Mice treated with sIRNA prior to (data not
shown) or at the same time as RSV (Day 0) essentially appeared uninfected and continued to
gain weight without interruption. Most mice receiving siRNA on Day 1 were also quite hard to
distinguish from the sham-infected controls. Those receiving siRINA at subsequent days (Day 1-
4) showed gradually less and less protection, although significant improvement of weight was

observed at all days for all treatments,

A similar picture emerged when pulmonary RSV titer was determined in these mice on
Day 2, 4, 6,8, 10, and 16 (Fig. 5b). In the siRNA-untreated mice, the titer rose till Day 4-5, and
then slowly dropped to undetectable levels by Day 16, siRNA treatment before or concomitant
to RSV infection held the titer 5,000-fold down at all days tested. Administration of siRNA at
later times in infection was progressively less effective, but the viral titer was always lower than

the untreated controls on any day tested. It appeared that the siRNA, no matter when it was

. administered, slowed down the rate of virus replication, resulting in a lower peak titer.

Subsequently, the titer fell below detectable levels at earlier and earlier times the sooner the
siRNA was administered. For example, whereas in the untreated infected mice pulmonary RSV
could be detected up to about 16 days p.i., it could not be detected in the Day 1 siRNA-treated
mice after 10 days p.i. As before, negative control siRNA or luciferase siRNA (Table 1) had no
effect in all experiments (data not shown). Together, these results showed that the RSV P siRNA
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4 3'-dTdTGCUAUUAUAIJUGACGUUCUS siRNA#2 RSVP 5
5'CCCUACACCAAGUGAUAAUTAT-3' 10 80 6

WO 2006/062596 , PCT/US2005/038269

had a curative effect even when administered post-infection and that the mice were atways less

sick and recovered quicker than their untreated cohorts.
DISCUSSION

The principal finding of this paper is that appropriately designed siRNAs, applied
intranasally, offer protection from respiratory infection as well as provide significant therapy
when applied post-infection. siRNAs, delivered by small particle aerosols in a simple hand-held
inhaler, can be used to prevent or treat pulmonary infections. While our manuscript was in
preparation, two reports appeared in which siRNAs inhibited influenza virus, another major
respiratory pathogen, in a murine model (Ge, Q., et al., Proc. Natl. Acad. Sci. USA 101, 8676-
8681 (2004), Tompkins, S.M., et al., Proc. Natl. Acad. Sci. USA 101, 8682-8686 (2004)). In one
study (Ge, Q., et al., Proc. Natl. Acad. Sci. US4 101, 8676-8681 (2004)), synthetic siRNA or
plasmid DNA expressing siRNA was administered via a combination of IV and IT routes. In the
other study (Tompkins, S.M., et al., Proc. Natl. Acad. Sci. USA 101, 8682-8686 (2004)), siRNA
was first delivered by hydrodynamic IV delivery; 16-24 hr later mice were infected with
influenza virus and given a second dose of siRINA in a lipid carrier, both via IN route. Presence
of pulmonary virus was tested 2 days later and a 10-50 fold inhibition was observed with
different strains of influenza virus. Our studies against RSV and PIV offer the following
improvement and simplification over the previous ones: (i) The delivery is solely intranasal and
therefore, relatively noninvasive and painless, making it amenable to an inhaler or mist-based
therapy. (ii) siRNA without any carrier is significantly effective, thus reducing the potential risk
of side effects of the carrier. (iii) A single dose of about 5 nanomole siRNA (70 ug of double-
stranded RNA) appears to provide benefit over the full duration of infection. A more
comprehensive screening of the target sequence (e.g., RSV P) and use of newer chemistry may
lead to siRNAs with significantly lower IC50 and better pharmacokinetics, resulting in a lower
dosage. siRINAs exhibit various degrees of non-specific, off-target effects, especially at high
concentrations (Jackson, A.L. et al. Nat. Biotechnol. 21, 635-637 (2003), Sledz, C.A., et al., Nat.
Cell Biol. 5, 834-839 (2003), Persengiev, S.P., et al., RNA 10, 12-18 (2004), Bridge, A.J., et al,,
Nat. Genet, 34, 263-264 (2003)). This is an obvious concern in therapy, and IV administration of

siRNA may result in systemic side-effects. In contrast, the intranasally delivered siRNA is more
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likely to be concentrated — if not exclusively localized — in the respiratory tissues, thus
minimizing the side effects. Lack of IFN activation by intranasally delivered synthetic siRNA
supports and extends previous finding that chemically synthesized siRNAs, devoid of 5'
phosphates, do not activate the IFN pathway in cell culture (Kim, D.H. et al. Nat. Biotechnol. 22,
321-325 (2004)). Together, correlation of antiviral activity with specific mRNA knockdown
(Fig. 1), detection of the siRNA in the target tissue (lung) (Fig. 2b), lack of IFN activation (Fig.
2¢), and virus-specific effect of the siRNAs (Figs. 1-3) — all provide evidence that the antiviral
effect is specific, directed and is RNAi-mediated. (iii) Respiratory viruses, such as RSV and
PIV, exhibit high selectivity in tissue tropism in infecting the respiratory tissues. Thus, IN
delivery ensures that the siRNA is targeted to the site of infection — an ideal condition for

pharmacology.

Although RSV and HPIV sometimes co-infect, their interactions have remained largely
ignored. The exact reason behind the observed inhibition of one siRNA by another needs further
study. The fact that it also happens ex vivo (cell culture) argues against, although does not rule
out, humoral factors and cytokines in the animal, such as interferon. RSV actually inhibits
interferon activation (Schiender, I., et al., J. Virol. 74, 8234-8242 (2000), Ramaswamy, M., et al,,
Am. J. Respir. Cell Mol. Biol. 30, 893-900 (2004)), and thus, should facilitate rather than inhibit
PIV growth. Another possibility is that growth of one virus inhibits the other through other
mechanisms, such as competition for intracellular resources. On the other hand, it is known that
the RNAi1 machinery in a cell is saturable and thus two siRNAs could potentially compete for a
fixed pool of this machinery (Barik, S. Virus Res. 102, 27-35 (2004), (Hutvagner, G, et al., PLoS
Biol. 2, ES8 (2004)). Itis to be noted that such competition was only appreciable at relatively
high doses of the siRNAs, i.e., with tens or hundreds of nanomoles (Fig. 3). In contrast, only 2
few nanomoles of our siRNAs offered nearly complete protection in mice. Thus, the observed

competition is not a matter of practical concern with siRNAs of IC50 in the low nanomolar

range.

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

pulmonary pathology, respiratory parameters and allergy markers (Fig. 4). The kinetics of the
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disease process in mice and men are relatively similar and in both species immunopathological
changes occur rapidly following RSV infection. When used as a ireatment drug after infection
ensued, the siRNAs are not expected to correct the pathology that has already occurred. Even
then, however, inhibition of further growth of the virus resulted in a quicker cure and recovery
(Fig. 5). Thus, it seems that the "window of opportunity” of treatment exists at all times in the
RSV-infected patient although, as in any disease, earlier treatments should produce better
prognosis. The effectiveness of the naked siRNA remains to be explained. It is possible that the
respiratory tissue, especially the lung, is naturally more receptive to the exchange of small

molecules, or perhaps becomes so when infected.

Lastly, depending on the stringency of siRNA-target pairing, exposure to siRNA may
cause selection of siRNA-resistant viruses, and this has been demonstrated in HIV (Das, A.T. et
al. J. Virol. 718, 2601-2605 (2004)). We have not faced this problem so far with the siRNAs
tested here. The viruses that could be recovered from the siRNA-treated murine lung were
grown in A549 cell culture and found to exhibit the same ICS0 for the siRNA as the original
inoculum (data not shown). Moreover, sequencing of the siRNA region of the P gene in six such
independent plaque-purified RSV isolates revealed the wild type parental sequence (data not
shown). Even if occasional resistance is encountered in the future, a second siRNA with a low
1050 and targeting a different region of the P mRNA or a different viral mRNA can be used ina

multidrug regimen, thereby reducing the odds of viral resistance.
METHODS

Virus, siRNA and other reagents. RSV Long strain and human PIV type 3 (HPIV3)JS
strain were grown on HEp-2 monolayers as described for RSV (Burke, E., et al., Virology 252,
137-148 (1998), Burke, E., et al., J. Firol 74, 669-675 (2000), Gupta, S., et al., J. Firol. 72,
2655-2662 (1998)). The extracellular media containing liberated progeny virus was collected at
about 70 h for RSV and 50 h for HPIV3. The viruses were purified and concentrated by
precipitation with polyethylene glycol (MW 8,000) and sucrose gradient centrifugation
essentially as described for RSV (Ueba, O.4cta. Med. Okayama 32, 265-272 (1978)). The final
preparations had infectious titers in the range of 108-10° pfu /ml and were stored frozen at -80 ’c

in small portions. All infectious viral titers (pfir) were determined by agarose plaque assay on
46



10

15

20

25

20 12 3t-dTdTCLIAUCUGAAGGAUCGUCCU-5" Luc-siRNA Luciferase

13 5"-CGUACGCGGAAUACTJUCGAdTAT-3" 14 3'-dTdTGCALTGC
GCCIRTAIJ GAAGCLI-5'
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HEp-2 monolayers with neutral red staining (Burke, E., et al., Virology 252, 137-148 (1998),
Burke, E., et al., J. Virol. 74, 669-675 (2000), Gupta, S., et al., J. Virol. 72, 2655-2662 (1998)).

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

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

natural breathing. For dual infection, RSV and HPIV3 stocks were diluted such that each mouse
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Negative 15 51-UUCUCCGAACGUGUCACCUdTdT-31 25 16
31-cITATAAGAGGCUUGCACAGUGCA-51 WO
2006/062596PCT/US2005/038269 The GenBank accession numbers
BR88s23401V3-P and luciferase sequences are M22644, ZBAETE269fd38269
X65324 respectively. Note that the SIRNA sequences were based on

actual sequencing of the viral strains in our laboratory; thus, SIRNA#2

differs by one nucleotide from the GenBanic sequence (the underlined C

wadSdd] ;@?4& ive cantrol sSiRNA se 5 was
%lalenzcl:\%% F form %1 OF G R viRng anlal 2 B nmo e (r{(? ug) I}SIRNA.#l
and stRNA#4 in the same volumes as before. Animal experiments obeyed all prescribed

guidelines and were approved by the JACUC.

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

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

To determine viral titer, the lung was homogenized in DMEM supplemented with 2%
FBS (2 ml DMEM per 100 mg tissue) in cold. The extract was centrifuged at 2,000 x g for 10
min, and serial dilutions of the supernatant were assayed for pfu. For immunoblot of viral
proteins (Burke, E., et al., Virology 252, 137-148 (1998)), 10 ul of the homogenized sample
(before centrifugation) was added to 10 ul of 2 x SDS-PAGE sample buffer, the mixiure heated at
98 °C for 5 min, clarified by centrifugation in a microfuge at room temperature, and 10 ul of the
clear supernatant analyzed by immunoblot using goat anti-RSV and anti-HPIV3 antibodies. To
measure IFN (Durbin, L.E. ef al. J. Immunol. 168, 2944-2952 (2002)), the lungs were
homogenized in PBS, processed as above, and serial dilutions were assayed by ELISA kits (R&D
Systems, Minneapolis, MN) having detection limits of 10 pg/ml.

For pulmonary histopathology, lungs were perfused and fixed in 10% buffered formalin
and embedded in paraffin. Multiple, 4 pm thick sections were stained with haematoxylin & eosin
and scored for cellular inflammation under light microscopy by two independent researchers.
Inflammatory infiltrates were scored by enumerating the layers of inflammatory cells
surrounding the vessels and bronchioles. Zero to three layers of inflammatory cells were
considered normal, whereas more than three layers of inflammatory cells surrounding 50% or
more of the circumference of the vessel or bronchioles were considered abnormal. The number
of abnormal perivascular and peribronchial spaces divided by total such spaces was the

percentage reported as the pathology score. A total of about 20 spaces per lung were counted for
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IVICSLLP CLAIMS: Use of a first IRNA agent for the manufacture of a
medicament for the treatment of a subject infected with a first mammalian
respiratory virus to reduce the levels of a viral protein, viral MRNA or viral
tibar nos/@elon the subject, wherein the first IRNA agent compregsiaziostn38269
antisense strand having at least 15 contiguous nucleotides

complementary to a first gene from the first mammalian respiratory virus

and a first sense strand having at least 15 contiguous nucleotides
complementary to said first antisense strand; and wherein said first
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alation or nebulization administration to said subject. 7.The use of any
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1, ZbApleentary to a second gene from a second mammalian respiratory
virus and a second sense strand having at least 15 contiguous
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claim 1, wherein the s b;ect is diagnosed as having a viral infection

lungs iR 3, 5d S aeE ?Pfﬁ%“’éﬂ&é%%%&&ﬁé&%%@%w etal
ArminfeRegrinnil Sdsd mf.ammSBmm_ammnd@Sme&fmouse was 4.2-

4.4 ml. Samples containing visible signs of blood contamination were discarded. Cells were
removed from BALF by centrifugation at 5,000 x g for 15 min at 4°C, and samples stored at -
80°C until further analyses. The concentration of cysteinyl leukotrienes conjugates in the BALF
was determined by an ELISA kit following the manufacturer's protocol (R&D Systems,
Minneapolis, Minnesota). According to the product insert, the cross-reactivity of the kit to the
various leukotrienes was: LTC4 100%, LTD4 115%, LTE4 63% and LTB4 1.2%.

For Real Time PCR experiments, RNA was isolated from HPIV3-infected cells and the
first-strand cDINA made using the GeneAmp RNA PCR Core kit (Perkin-Elmer Applied
Biosystems, Foster City, California). Primers are designed by the Beacon Designer software v
2.13 from Premier Biosoft. The following primers were used to amplify HPIV3 P mRNA: 5
GGTCATCACACGAATGTACAAC-3' (SEQ ID NO:1) and 5'-

CTTGGAACATCTGCAGATTGTC-3' (SEQ ID NO:2). Real-time PCR was performed on the
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Use of a first and a second iIRNA agent for the manufacture of a

medicament for the treatment of a subject infected with a first and a

second mammalian respiratory virus in a cell in said subject, wherein said
fived IRMAGatpent comprises a first antisense strand having at |leestd$2005/038269
contiguous nucleotides complementary to a first gene from the first
mammalian respiratory virus and a first sense strand having at least 15
contiguous nucleotides complementary to said first antisense strand and

.~Said.second iRN ent comprisi secqnd antisense strand having at
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malf BRSNS BSIandes FQRPIamMENiany, (o said second antisense
strand. 12. The use of claim 11, wherein said first mammalian respiratory
virug,is RSV and said second mammalian respiratory virus is Ply. 13. The
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of claim 17, wherein said first sense strand consists of SEQ ID NO:9 and
said first antisense strand consists of SEQ ID NO:10. 19. The use or claim
12, wherein said sense strand of said first iIRNA agent is selected from the
group consisting of SEQ ID NOs:3, 5, and 7 and said antisense strand of
said first iIRNA agent is selected from the group consisting of SEQ ID
NOs:4, 6, and 8 and said sense strand of said second iRNA agent is
selected from the group consisting of SEQ Ill NOs:9 and 11 and said
antisense strand of said second iRNA agent selected from the group
consisting of SEQ ID NOs:10 and 12. 20. The use of claim 12, wherein
said sense strand of said first iRNA agent consists of SEQ ID NO:3 and
said antisense strand of said first iIRNA agent consists of SEQ ID NO:4
and said sense strand of said second iRNA agent consists of SEQ ID
NO:9 and said antisense strand of said second iRNA agent consists of
SEQ ID NO:10. 21. A composition for reducing the levels of an RSV
protein, RSV mRNA or RSV titer in a cell in a subject comprising an iRNA
agent, wherein said iRNA agent comprise a sense strand selected from
the group consisting of SEQ ID NOs:3, 5, and 7 and an antisense strand
selected from the group consisting of SEQ ID NOs:4, 6, and X.

50



10

15

20

25

22. The composition of claim 21, wherein said sense strand consists of

SEQ ID NO:3 and said antisense strand consists of SEQ ID NO:4. 23. A
composition for reducing the levels of a PIV protein, PIV mRNA or PIV

tiver 20pa06edbén a subject comprising an iIRNA agent, wherein Sait/iR286/038269
agent comprises a sense strand selected from the group consisting of

SEQ ID NOs: 9 and 11 and an antisense strand selected from the group
consisting of SEQ ID NOs: 10 and 12. 24. The composition of claim 23,
Wherg, §a| ﬂ?ﬁgf e strand consists of SEQ ID NO:9 and said antisense
strand Consists %%“I"[S NO: 10. 25. A composition for reducing the

levels of an RSV protein, RSV mRNA, RSV titer in a cell in a subject, PIV
protein,-RIV. mRNA or PV titer in a cell in a subject, said composition
comprising a first IRNA agent and a second iRNA agent, wherein said first
IRNWeragent clangprises sssemsE@trand sele®Ed fsaqetite group consisting IC50

(nMgf SEQ ID NOs:3, 5, and 7 and an antisense strand selected from the

roup consisting of SEQ ID NOs:4, 6, and 8 and said second iRNA agent
comprlses a sense strand selected from the group consisting of SEQ ID

of SEQ ID NOs 10 and 12 26. The composmon of clalm 25 Whereln sald
sersBNSAEhd BBYER first iIRNA agent-Cisistsids SEQACTUINGO RALhdTEIT 3"
agtisense strand of said first IRNA agent consists of SEQ ID NO:4 and
said sense strand of said second iRNA agent MCSLLP consists of SEQ
ID NO :9 and said antisense $trand & @t HdiRNAESeACETALISIE of

SEQRRANQ:IRSWO 2006/062596RCER2002/083269Uda BIS KR NALTOM
s1RNA#1:00.421025 RSV-P Saink .41i* 4£04 P mRNA.f. 100

80
6  3-dTdTGGGAUGUGGUUCACUAUUA-5'
SIRNA#3 RSV-P 7 5-GAUGCCAUGAUUGGUUUAAJTAT-3'
>300
§  3-dTdTCUACGGUACUAACCAAAUU-5'
SIRNA#4 HPTV3-P 9  5-CGAGUUGUAUGUGUAGCAAATAT-3'
15 ,
10 3-dTdTGCUCAACAUACACAUCGUU-5'
sIRNA#5 HPIV3-P 11 5-GAUAGACUUCCUAGCAGGAJTAT-3'
>300

12 3 -dTdTCUAUCUGAAGGAUCGUCCU-5
Luc-siRNA Luciferase 13 5'-CGUACGCGGAAUACUUCGAGTAT-3

14 3'-dTdTGCAUGCGCCUUAUGAAGCU-5'
Negative 15 5'-UUCUCCGAACGUGUCACGUATAT-3'

16 3'-dTdTAAGAGGCUUGCACAGUGCA-5
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The GenBank accession numbers for RSV-P, HPIV3-P and luciferase sequences are
M22644, Z11575 and X65324 respectively. Note that the siRNA sequences were based on actual
sequencing of the viral strains in our laboratory; thus, siRNA#2 differs by one nucleotide from
the GenBank sequence (the underlined C is U in M22644). Negative control siRNA sequence

was from Qiagen (Valencia, California).
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MCSLLP

CLAIMS:

1. Use of a first IRNA agent for the manufacture of a medicament for the treatment
of a subject infected with a first mammalian respiratory virus to reduce the
levels of a viral protein, viral mRNA or viral titer in a cell in the subject,
wherein the first iRNA agent comprises a first antisense strand having at least 15
contiguous nucleotides complementary to a first gene from the first mammalian
respiratory virus and a first sense strand having at least 15 contiguous
nucleotides complementary to said first antisense strand; and wherein said first
mammalian respiratory virus is Respiratory Syncytial Virus (RSV) and said first
sense strand is selected from the group consisting of SEQ ID NOs:3, 5, and 7
and said first antisense strand is selected from the group consisting of SEQ ID
NOs:4, 6, and 8, or wherein said first mammalian respiratory virus is
Parainfluenza Virus (PIV) and said first sense strand is selected from the group
consisting of SEQ ID NOs:9 and 11 and said first antisense strand is selected
from the group consisting of SEQ ID NOs:10 and 12.

2. The use of claim 1, wherein said first mammalian respiratory virus is RSV.
3. The use of claim 2, wherein said first gene from said RSV is the P protein gene.
4. The use of claim 2 wherein said first agent comprises 15 nucleotides selected

from one of the agents of Table 1.

5. The use of any one of claims 1 to 4, wherein said first iRNA agent is formulated

for intranasal administration to said subject.

6. The use of any one of claims 1 to 4, wherein said first iRNA agent is formulated

for inhalation or nebulization administration to said subject.

7. The use of any one of claims 1 to 4, wherein said first iRNA agent reduces the

viral titer in said subject.
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10.

11.

12.

13.

14.

MCSLLP

The use of claim 1, further comprising the use of a second iRNA agent, wherein
said second iRNA agent comprises a second antisense strand having at least 15
contiguous nucleotides complementary to a second gene from a second
mammalian respiratory virus and a second sense strand having at least 15

contiguous nucleotides complementary to said second antisense strand.

The use of claim 1, wherein the subject is diagnosed as having a viral infection.

The use of claim 8, wherein the subject is diagnosed as having a viral infection

with said first and said second mammalian respiratory virus.

Use of a first and a second iRNA agent for the manufacture of a medicament for
the treatment of a subject infected with a first and a second mammalian
respiratory virus in a cell in said subject, wherein said first iRNA agent
comprises a first antisense strand having at least 15 contiguous nucleotides
complementary to a first gene from the first mammalian respiratory virus and a
first sense strand having at least 15 contiguous nucleotides complementary to
said first antisense strand and said second iRNA agent comprising a second
antisense strand having at least 15 contiguous nucleotides complementary to
second gene from the second mammalian respiratory virus and a second sense
strand having at least 15 contiguous nucleotides complementary to said second

antisense strand.

The use of claim 11, wherein said first mammalian respiratory virus is RSV and

said second mammalian respiratory virus is PIV.

The use of claim 12, wherein said iRNA agents are formulated for intranasal

administration.

The use of claim 12, wherein said iRNA agents are formulated for inhalation or

nebulization administration.
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15.

16.

17.

18.

19.

20.

The use of claim 1 or 8, wherein said first respiratory virus is RSV and said first
sense strand is selected from the group consisting of SEQ ID NOs:3, 5, and 7
and said first antisense strand is selected from the group consisting of SEQ ID
NOs:4, 6, and 8.

The use of claim 15, wherein said first sense strand consists of SEQ ID NO:3

and said first antisense strand consists of SEQ ID NO:4.

The use of claim 1 or 8 wherein said first respiratory virus is PIV and said first
sense strand is selected from the group consisting of SEQ ID NOs:9 and 11 and
said first antisense strand is selected from the group consisting of SEQ ID

NOs:10 and 12.

The use of claim 17, wherein said first sense strand consists of SEQ ID NO:9

and said first antisense strand consists of SEQ ID NO:10.

The use of claim 12, wherein said sense strand of said first iRNA agent is
selected from the group consisting of SEQ ID NOs:3, 5, and 7 and said antisense
strand of said first iRNA agent is selected from the group consisting of SEQ ID
NOs:4, 6, and 8 and said sense strand of said second iRNA agent is selected
from the group consisting of SEQ ID NOs:9 and 11 and said antisense strand of
said second iRNA agent selected from the group consisting of SEQ ID NOs:10
and 12.

The use of claim 12, wherein said sense strand of said first iRNA agent consists
of SEQ ID NO:3 and said antisense strand of said first iRNA agent consists of
SEQ ID NO:4 and said sense strand of said second iRNA agent consists of SEQ
ID NO:9 and said antisense strand of said second iRNA agent consists of SEQ
ID NO:10.
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WC/ 2006/062596PCT/U S2005/038269 1/5 SEQUENCE LISTING 110,
University of South Alabama College of Medic <120, RNAI MODULATION
OF RSV, PTV AND OTHER RESPIRATORY VIRUSES AND USES

PHEREQ Eomposition for reducing the levels of an RSV protein, RSV mRNA or RSV

MCSLLP

titer in a cell in a subject comprising an iRNA agent, wherein said iRNA agent
comprise a sense strand selected from the group consisting of SEQ ID NOs:3, 5,

and 7 and an antisense strand selected from the group consisting of SEQ ID
NOs:4, 6, and 8.

22, The composition of claim 21, wherein said sense strand consists of SEQ ID

NO:3 and said antisense strand consists of SEQ ID NO:4.

23. A composition for reducing the levels of a PIV protein, PIV mRNA or PIV titer
in a cell in a subject comprising an iRNA agent, wherein said iRNA agent
comprises a sense strand selected from the group consisting of SEQ ID NOs: 9
and 11 and an antisense strand selected from the group consisting of SEQ ID
NOs: 10 and 12.

24, The composition of claim 23, wherein said sense strand consists of SEQ ID

NO:9 and said antisense strand consists of SEQ ID NO:10.

25. A composition for reducing the levels of an RSV protein, RSV mRNA, RSV
titer in a cell in a subject, PIV protein, PIV mRNA or PIV titer in a cell in a
subject, said composition comprising a first iRNA agent and a second iRNA
agent, wherein said first iRNA agent comprises a sense strand selected from the
group consisting of SEQ ID NOs:3, 5, and 7 and an antisense strand selected
from the group consisting of SEQ ID NOs:4, 6, and 8 and said second iRNA
agent comprises a sense strand selected from the group consisting of SEQ ID
NOs: 9 and 11 and an antisense strand selected from the group consisting of
SEQ ID NOs: 10 and 12.

26. The composition of claim 25, wherein said sense strand of said first iIRNA agent
consists of SEQ ID NO:3 and said antisense strand of said first iRNA agent
consists of SEQ ID NO:4 and said sense strand of said second iRNA agent
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<130> 18356-002'401 <150> US 11/151,976 <151> 2005-06-14 <150>

US 60/621,552 <151> 2004-10-22 <150> US 11/151,893 <151,

2005-06-14 <150> 16 <170, FastSEQ for Windows Version 4.0 <210> MCSLLP
<211> 22 <212> DNA <213> Artificial Sequence <220> <223> Primer

<400> 1 ggtcatcaca cqaatqtaca ac22 <210> 2 <211> 22

consists of SEQ ID NO:9 and said antisense strand of said second iRNA agent
consists of SEQ ID NO:10.
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