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WO 2006/062596 PCT/US2005/038269 RNAi MODULATION OF RSV,
PIV AND OTHER RESPIRATORY VIRUSES AND USES THEREOF
TECHNICAL FIELD The invention relates to the field of respiratory viral
Wempyandecompositions and 5 methods for modulating virattepizatiorn:2es
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 10 By virtue of its
natural function the respirator tract is exposd to sew of irbore

in the developed world with an estimated 91,000 annual admissions in
the US at a cost of $300 M. HEGHENIeddiBi&lisyncytial virus (RSV) and
parainfluenza virus (PIV) are two major agents of respiratory illness;

togﬁﬁla%ﬁvéhﬁw@méggibﬂi@ﬂwph_ %{@Wgﬁ%&éﬁﬂiﬁ%@%ﬂﬂ%&aﬂ@ﬂdﬁs éﬁﬁ
crqup, pneumonia and bronghioliti enshaw, P.J.M.. Respir. Res.
e B BB (S8BT B B U SO0 FeuiR s o
genRObA4 24ROR4)). iREMb plsinminidaisdep v 6894 oftatfdvaivie s ividhimethdrinstered
Cof :  withi . . rificant
e R i B e S e A
inje¢tifadtioravenegiher.complete nor lasting, 20 and therefore, repeated

infections occur in all age groups. Infants experiencing RSV bronchiolitis
are more likely to develop Wheﬁii&@g@na later in life. Research for

effective treatment and vaccine against has been ongoing for nearly

four decades with few successes (Openshaw, P.J.M.. Respir. Res,

/ € 3
(SUPPV TSt FIRTLIGE SrPRAIST B TR S RRRped iR Siet, Ay res
pathRR8hCoatrent yarivoywtept i olinitadapptay addatoridfeh Siimtdpy act is

e B GOS80 S Rl THEh T A S i i
91,00@ atringlusimysicastorthALS, @ aalksiCIFE 3000k biblirRe vespiat@IGuEgtial virus
(RS{%OaQ)ﬁ)Bvagainﬂuenza virus (PIV) are two major agents of respiratory illness; together, they
infect the upper and lower respiratory tracts,. leading to cfoup, pneumonia and bronchiolitis
(Openshaw, P.J.M.. Respir. Res. 3 (Suppl 1), S15-520 (2002), Easton, A.J., et al., Clin.
Microbiol. Rev. 17, 390-412 (2004)). RSV alone infects tip to 65% of all babies within the first
year of life, and essentially all within the first 2 years. Itis a significant cause of morbidity and -
mortality in the elderly as well. Immunity after RSV infection is neither complete nor lasting,
and therefore, repeated infections occur in all age groups. Infants experiencing RSV
bronchiolitis are more likely to develop wheezing and asthma later in life. Research for effective
treatment and vaccine against RSV has been ongoing for nearly four decades with few successes
(Openshaw, P.J.M.. Respir. Res. 3 (Suppl 1), S15-820 (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 agriculiure and the dairy and meat industry (Easton, A.J .,‘et al., Clin. Microbiol. Rev. 17,
390-412 (2004)). |



10

15

20

25

WO 2006/062596 PCT/US2005/038269 Both RSV and PIV contain
nonsegmented negative-strand RNA genomes and belong to the

Paramyxoviridae family. A number of features of these viruses hav%05 038269
LBt the difficulties of prevention and therapy. The Git4iS200%/

genomes mutate at a high rate due to the lack of a replicational
proof-reading mechanism of the RNA genomes, presenting a significant
challenge 5 in designing a reliable vaccine or antiviral (Sullender, W.M.
Clipoiirmbigh ReVeohBid nbhsd 0803 feearhising i Rdito psmintheaRBlong to

the BSION RIOIEIL () Wer %8%9%0&%9&&%9%@%%%“‘%%&@e}gﬁ)&%&%&%%
&SRt tiatons that were mapped to the gene? azinkov, V., et. al.,

diffiuitivirof ReseBHp 280 -268nR2 (0% v oG Uretai AAlgRigits due to the lack of
a reggg%g%fﬁﬁ (L2930, R VUSRS 5550 (ﬂlﬁ}tﬁ with . cellJacpenie g Adeinacallenge

ifficulty of obtaining cell-free viral material for io vaccination (Burke

B
in drsigaingr hOlogeo59 oMYA (EUBPBIY. ELobAroRaUifst T 6L0-
(20605 é%&%mn&uf mb %o%_o?ﬁlﬁ' R@Wﬁ%bi&@?@ﬁ@?%& ébm»efwﬁj%fmm the
. immunology of both, and especially that \/, IS exguisi mplex ;. ..
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Res 831 39- 200 (2007Y, NGB IBA4:( 20 03)) loksdidf UEn2B8BH0RS \Beyhotisingsas
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vacgngivorRubn Rasisbelmimid fedh W8I ARR), Sivrken Ep Ry 2inHe Totnér ke 669
675@@@?!’@&%@!@.?5‘5&9{&%9}%?, PRBEOEGHD SLSORYY. aiﬁglm,_tmél amﬂﬁbdf&%vofboth,

iopharma programs. The enome comprises, a single sirand o

m RN S LA A A SR (OSTRIEE e SerlGuR A aigmancl 16,
25-BleQeos THjgnerdten sei(faleyral. R, S8BT TR (ReASh, (2OGH 2B EHARSY
proffiErOBI0GICA RR YU A il . OLASRE BRI IGE (BN, o

an (attachment) glycoproteins, are the major surface proteins and the
al. B ibesb RO R64 203 Jpretibin Bhnemiamiey trmBegHpeithen fested nor ruled out
for DY aRROMLPIRLBIEmS M LRBIE L PRatEit, AN A8 NBa (RAER ) REGIREN

_ are associated with the viral envelope but-do not induce a protective

bio OBE¢BBnse. The N (major nucleocapsid associated protein), P
(phosphoprotein), and L (major 25 polymerase protein) proteins are found
assBiREY withowiciovnRiEas T kiodwstron sfneeniied sprendiNd, W is Bhef2

nudoidd ﬁﬁﬁéﬁgﬁbﬂcﬁ%m Qﬁ%ﬂhﬁ?&?ﬁfﬁ%@fgfﬁ%%bw 31 BOL PREIGNDITO,

infectious virions. Human RSV strains have been classified jnto two ngg
C]i@iﬁgh%gcrgbgﬂag@gﬁ-}ﬁ@ri@ws 13:371-84.) Two of these proteins, the F (fusion) an

(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

infections 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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glycoprotein has been shown to be the most divergent among RSV
proteins. Variability of the 2 WO 2006/062596 PCTUUS2005/038269
RSV G glycoprotein between and within the two RSV groups is believed to
e AMeGre3PE to the ability of RSV to cause yearly outbreakd 6T/ Hisiaka38269
The G glycoprotein comprises 289-299 amino acids (depending on RSV
strain), and has an intracellular, transmembrane, and highly glycosylated
stalk structure of 90 kDa, as well as heparin-binding domains. The
' |StS. i - K
R T b it
abilig R POBY R el ieninsaic Al ivetsyy 19 G sbmpyolpifecaian issiRd-299
i WSS RERUAIRRY SRR WU RSMdh A 98 ki NG £ ORAIHA BB RO Shadsa sy
No definitive guidelines or criteria exist on how to treat or when to admit
elycapipiseiale e 4 KRitare didt bregReihos ARmsks, Misigh srPedr®
exisRIBUEIRIBSIACIALADMIMHRSN fof@etion, can be treated with oxygen via a
nasal cannula. Mechanical ventilation for children with respiratory failure,

ShQGK.QLAR SR AP HSRHRR NG F I A RORP REYSIGANS RIRRE RE

steroids. However, several studies have shown that steroid therapy does

BarifotWteReisecihidarical doisamisn 2% Erehien ofdhsitpstrortpiatory tract
with TeSpitak wathiiranghilitifed huscottisastesaiesitle aidelingembifateRist on

ith bronchodilatoys, may, be useless 15.i man nt of . .
rom TS BV S HeATRy A BADCHID T8 e e v
can obiloiisrrssotiating evitiiiR Vardwopotnren ey taized sas, eughnagda a nasal cannula.

Meéﬂé%{&%!‘{?ﬂﬂﬁ‘ﬂﬁﬁafﬁf %%a@eﬁémﬁ@g,m&?m@ﬂa@ rglgischave Alsaheas. Lk thwer

Ribavirin, a guanosine analogue with antiviral activity, has been used to

moriplift HeRRNEFgiER RIFEHINficroLNy Bioorsolraecsthsadise hava showpdhpsteroid
therEﬁ?ﬂMeﬁMi@ﬁe@;/ﬁlél atiﬂﬂ%ai_ﬁm by ramd ﬁf@ﬂﬂdﬁ&ﬂiﬁﬁﬁﬁ@d@&ﬁ%o&ﬁi@ Wéth
Qst centers, the use of ribavirin Is now.restricted tQ immu compromise
bronghiblie HiRS FSTHHESSIe RN AIRRE L Bt SR FHEAEUB GG PRARor. may be useless
in tHermacipeatiisthddloackh dgtoei ateatwisthhiedvhseravantétied paente bt iafiotsnd
- but trials.in;h italiz ildr ith RSV bronghioliti

o MO A A A MRl
asthgfa] Se0ifsdike 2Boreawaswsus RSV immune globulin or 100 mg/kg inhaled

immune globulin for RSV lower- respiratory-tract infection have also failed
to stibavisibsinniakhe naficigleffiictmiiviral activity, has been used o treat infants and

children with RSV bronchiolitis since the mid 1980s, but many studies evaluating its use have
shown conflicting results. In most centers, the use of ribavirin is now resiricted to

immunocompromised patients and to those who are severely ill.

The severity of RSV bronchiolitis has been associated with low serum retinol
concentrations, but trials in hospitalized children with RSV bronchiolitis have shown that

vitamin A supplementation provides no beneficial effect. Therapeutic trials of 1500 mg/kg

“imtravenous RSV immune globulin or 100 mg/kg inhaled immune globulin for RSV lower-

respiratory-tract infection have also failed to show substantial 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
3
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In developed countries, the treatment of RSV lower-respiratory-tract
infection is generally limited to symptomatic therapy. Antiviral therapy is
usually limited to life-threatening 3 WO 2006/062596

MOTIISBRTS/038269 situations due to its high cost and to tReH&ERBT 038269
consensus on efficacy. In developing countries, oxygen is the main
therapy (when available), and the only way to lower mortality is through
prevention. RNA interference or "RNAI" is a term initially coined by Fire

st hE BRI A8 SGHRE e 1h& Gpéﬁr{é@%m@ﬁgwiﬁﬁéﬁﬂﬁg BfYies,

(dsRNA) can block gene expression when it is introduced into worms
OXygefés dieanainy %@B%@%@@?P}%W)@SH%W HaRIQ Ao HTRestEiH s through
pre®@fieiiic, post-transcriptional silencing in many organisms, including

vertebrates, and has provided a new tool for studying gene function.

R Nﬁma%@ﬁ?r@n%@ 9 eﬁ@ﬁi’aﬁ g %tﬂﬁgaﬂgr giﬁﬂgti .99{3@&&9&5-@ rQEo describe

therapeutic agents. However, to date, these have femained mostly as 10

the shepgeatioaribalvieiiie-semdsh StM(FRDAT ORI Sens prepissten when it is
intHABEP BIIcAINs Therelue Nhsre s ngmeed forsafe sndhefirstivaascines

%%ainst RSV, especially for infants and children. lT ere is also a need for
P S S B A R TS SD LAY PESTRPR &Y YBiToRish AYEehind
proffided musvotedfiprandises jacificutis. TS Incisenaupgedefbassomamiifioof
ethods to characterize the protecti immurgoe e se 10 RSV.so 299&1
e A B N L M I RS Rl ot Wy o
suggeeiapentib sydanenstiate arihbsidil e ta btitssdhTapeutralEnt invention
overcomes previous shortcomings in the art by providing methods and
conpesifionsieifertie-tdrfonedulatingroc: prevanimg RSNsEREVD Evpecially for
._nfection..which be expanded to.other respiratory, viruses, Specificall YV
s A {E}iﬂ\a,ren hl‘lkl)ere SRR eHD fo gr%‘?g bl ﬁ%eﬂ/ﬁﬁl me%ho?%%ﬁr eﬁg%\/%tﬁg

a1u .
presen Invention advances the ar I agen a

© inféstion 2hbwersené duseREy/camtrPske otk iidvaleo Birtcdsstiroveingpdfaecientific

meiﬁl?dﬁe%ﬂma&%%%ﬁécﬁmﬁuﬁhﬁpkﬁ%% sl Eﬁ‘ﬁaﬂﬁ%@%&% of the

that more than one virus can be treated concurrently. SUM The

disEReSaRPRTRHEG TS BESBHNSTEh BSFRRRG CRIFRIR SR TRSAIIRRER Y Taribitpsd The
preSéfl iRPerfibilyieet dhiaugbvistianrRerbatmRI s URleNY RN IRgARdaswel
cofparshicral 22 adpipitiation of SUch A0S P INELS M Wloces
to other respiratory viruses. Specifically, the present invention advances the art by providing
iRNA agents that have been shown to reduce RSV and PIV levels in vivo and a showing of
therapeutic activity of this class of molecules. It is further demonstrated that more thanr one virus

can be treated concurrently.

SUMMARY

The present invention is based on the in vivo demonstration that RSV and PIV can be
inhibited through intranasal administration of RNAi agents, as well as by parenteral
adrministration 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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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
WeaededirzF RSV or PIN mRNA levels, RSV or PIV protein leR€KER0D5438269
WO 2006/062596 PCT/US2005/038269 RSV and PIV viral titers in a
subject, e.g., a mammal, such as a human. These findings can be applied
to other respiratory viruses The present invention specifically provides

OnS|St|n rcom rising.at | aSt 5C0nt|
Ry R R e e i

nucle t| B BREr énés’o er resprra ry vir
applm}tmelﬂmﬂyeﬂpea%gerws@BRsv or Ply and the N G, F, SH, M, and L genes
of RSV. The IRNA agent preferably comprises less than 30 nucleotides

PerTel aider Bivediod Jpebigieatidasvidierdon bie: st andes iR NAQGLRECRAR at
eL;rer have blun en S or.more eferablyh rha sofl-4
teash | FRBHAL AR SSHAD P EBRA ° BRASTSH g bt B HER PR AERA et
partcairgitherfcgamiadd R&Wmamraﬂyd tecréing, AHON) eheblidert® RFINITeaRNA
h [ dificati
=B o D e LT A SRR me
douhﬁ%ﬁ?@é@%%@ﬁtcmwva@émt €ndF I et mesfpriTheg esey ebarepel 1-

4 mRitashadsigligangihat is.gelgaird ledmprove stability, distribution or
cellular uptake of the agent e.g. cholesterol. The iIRNA agents can further

beﬂri%l d anb art OE ph tical com |t|o gl
for the r%re e efalherel COE par ?(Y,lﬂa yag accp ar acenl}ﬂlt‘fceaﬁcal

Sﬂbtée'ﬁrﬁé’)sm«? ﬁdnﬁhmmeif»ﬂﬁsde earineuherimgs opdifisatiopriodhgauger or base of
one (A HRE EhEQtRARBIRIA RATHBIRIEREANS TR RRaHMACRIHC A RORRASHIANSan be

can contain one or more iRNA agents, and in some embodiments, will
furtherotifedo v aninbe rﬁrqhe%&ﬁ@%@%*aw@rr@ét@mrm&ﬁ@w distribution
or ceﬂawame\amc sk ag. REolcana P YheiRBIprasnns aaxyﬁnﬂm tfu fifieglated form

thods f level 20
or R PR S TR S EIPTE FreCh TR R A2 e e
paﬂméeﬁamsmbaﬂmmxechl m:@igmsmtmrfermnt&etbfwehtrwltﬂd@@m eheaslal
passAR VAR AGEN %?%&Eﬁt&?é@ﬂﬁﬁ@@at%{h?h%fﬁa&h&%%%ﬂ' @&xﬁa&‘?ﬂo‘%t&n contain

one of the antiviral IRNA agents of the present invention. Such methods

one S5 MEE B RS diRdch s SHOCERIP Smeals e b epririn Svog BOFRIRMHaREFRIS,
eactS bt AIas MEHRHNG 9 at5H RS ORBHOfstRe VRNAPTY.

agents/pharmaceutical compositions of the present

The present invention further provides methods for reducing the level of RSV, PIV or
other respiratory viral mRNA in a cell. The present methods utilize the cellular mechanisms
involved in RNA interference to selectively degrade the viral mRINA 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
mvention. 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.



10

15

20

25

25 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
HizRBN62896 this can be extended to other respiratory viru$$8./BSWE/038269
2006/062596 PCT/US2005/038269 The present invention further

provides methods for reducing the level of two or more respiratory viral
MRNA in a cell, each one coming from a different virus. The present

meﬁ*ﬁ%%?edéﬂ!'ﬁﬁréﬂﬁoﬁ%ﬂﬂl% E‘E&ﬁﬁé’s@&%ﬁ%d@‘f&“ﬁ@&éﬁh@ﬂéﬁé@éﬁ%@&ﬂﬁ&e

selectively degrade the viral mRNA from two different viruses in a cell and

TeSPAEOE MBHEEENS! the wibrehcantering ek diffsrsotyisust Tike prasrmyaetbods
niiRNA @aenisebiiei RSN antan %mfa@wmlsaﬂa§ RERENRiral
mkgéﬁﬂy on a II or can be perf% d on a mam ?(?Fn subject by L with
e %%‘EUB}&%%%" AR QAR §ieR,PE S pcting a cell Wi
twoinfiatiativikeé (RIS Aoyofty irbthmirdddf iovaditive diterentthads ses e matetsed
resulisinar ount of viral pr uce
i e i M ) AR Aol o

of ipH&FAasvple sTibedurmon savemionisReithcoy ca‘}mrﬁi SR N Ad oo defierent
virRdministiationaf IRNARIEM S T¥isRIRedipe:k H}&aﬁeﬁ@me&wgﬁw%

can be applied to any two respiratory viruses. The methods and

OIE%B%B%?"EM BB SR BHieHcaRe Vi aRbRRIb RN Abe S iedttions
dencaisifae tsed il WnydiRSAgadadiarferntiahionraescotiRtheigins Ehivel

Wlth route fad nlstra ion d S ribed herein. Pa tlcularl
em}??nf)% an%?gt ges%oﬁ%%%oélrgm 0 i réna I}Wéldmlﬂlsat{ra on N iRNA
agent and its ability to inhibit viral replication in respiratory tissues. This
findthg Lakss aphimres M f e R viItE, &&W%@%{%‘%n in
contpesiExanoplas arsl t@iﬁihﬁy dosigsaliocraeluary destibdingsine 4 waéa as with
inh I%&Loglnebg_ll I-F)] . etails cg,f one.or more em P %ﬁs of ¢
iention are se ort wﬂ 2 accompanyln’@ugiiip Wflrl]’gésan mmo
intrefesalripgioni stoon @inaRidAteges, aobjbe tbiliydodditmtagasalichmn in

resggxt%pyagwxw %@@Bﬁﬁ?g&iﬁ% &kyﬁea%%rﬁ?&%@ ﬁ}&&@%@ o A4 FRM IO wn

claims. This application incorporates all cite erences patents and

in thebxamalss ifedtio neey rratesehtasalidelinery orifiedtpesr a8 sirposes.
inhalation/nebulization.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages of
the invention will be apparent from this description, the drawings, and from the claims. This
application incorporates all cited references, patents, and patent applications by references in

their entirety for all purposes.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1. Titration of anti-viral siRNAs ex vivo. (2) Immunoblot analysis of total proteins of

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

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

levels. In the following three panels, virus was administered 4 hrs after siRNA. (b) Pulmonary
6
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BRIEF DESCRIPTION OF DRAWINGS 25 Figure 1. Titration of anti-viral
SsiRNAs ex vivo. (a) Immunoblot analysis of total proteins of RSV-infected
A549 cells (ex vivo) with profilin as the internal control. The numbers in
e Wesosigresent levels of target P mRNA following siRNA RSt FEAT038269
expressed as percentage of untreated levels. In the following three
panels, virus was administered 4 hrs after siRNA, (b) Pulmonary 6 WO
2006/062596 PCTIUS2005/038269 infectious virus in RSV-infected mice
_ - : . P : U Vies _ _ o
o EE RSB 0, AR Mg Kby s v
HPTH3kefddminas émpskhidrapinhodtihfy iraRkeseqns thrbagedisRNA was
admbsieriskeindisats sigRificant iphibition R Opki-HiRNATaLe: dassribe dren.05).
Table 1. 5 Figure 2. Knockdown of viral antigens in siRNA-treated murine

sIRYRtRsEordNP daRkladon. (a) Virus was administered 4 hrs after SiRNA,

and viral antigens were detected by indirect immunohistology of lungsat
4 dBiges. 2. (Gremsharvsisf rarh kiPiray. it RNAntirdonsaingrobedrifiont RY\potivation.

(a) Eﬁ@t{b&d&éﬁ%ﬁ@a%@m@fsﬁéﬁgawgﬁ%%& %%%eﬁ)s AbadYekd B) indirect
_ HPIV3-infected, probed with HPIV3 antibody. The following siRNAs

5 .
immpRbRstolozn Al dyneerd dawte {1(@y b S (ar-SRtRApIS Trriafskrdmeehed v
RSVeegenkdd) iR RA¥ Linhritepgontd (Rithegativeeide] GRNAPDIGSnfected, probed with
nslT-TKQ; (6) .Juc-siR lus TransIT-TKO; (7) none; (8) SIRNA .
T AR SLt R0 IS S 25 R A s
Traw00 TR (o) ghmiti $ErsR NS haofsiRMAS) wasidetooted HRNbnherFransiT-TKO; (6)
1uc-§%i¥§jﬁué)f ?é@gﬂ'_:'@ SN %&é&@@l@ﬂ#@ % o daveahe 'R%Mtative lung Hssues

administration using lab V'P DNA as probe. A probe against RSV .
wech gt 3t Rkt ARt AR i) oSS SR EBNALE) 1R detdied b egthen analsis
ofvemﬁ( geaﬁ)fo%ﬂ@ m&anmgua%@@mpgaﬂ%ﬂmf wmxp&saigmﬂéﬁezsv P DNA

| (JFN-a) oy type. 11 (1EN- ove the threshold of detection (-1 .

25 B P SRR e U AL SV I S PRSI A (10
nmdieper L40apgsyr ihaiftNAdoicsirN Attln Gary TR NaAh&; typesi RM-Qurr type IL(IFN-7)

RSV-.inf ith errar, b n ine T+
b S L A A R A svacd e
11 ayd feiRralneé tinedd TnnisitiosiBRAiRfeRISAHy RENE aRdN20 HPeERNA but RSV-
infelRIEAMIARA G INAHECH MMHROHSIOINEN AT 0@y RaM: HRIN AIRIVR)skdtisn and 4 days

no sIRNA; (2, 6) siRNA#I, 5 nangmole (70 ug); (3, %§|RNA#4, 5 . SV and
aftop gHiertond7 7omde Sak SreiNRLst RN A-Sirpied DB ifion sthine! aaferiqn byRSY a0
HPP®hegmwite RS \iR e hoehinfirSlops g eateait REIP) ¥63, arribagy( 1V iU acedtNA; (2, 6)
siRNA#1, 5 nanomole (70 ug); (3, 7) siRNA#4, 5 nanomole (70 ug); (4, 8) siRNA#1 and siRNA#4, 5
nanomole each. (1-4) probed with RSV P antibody; (5-8) probed with HPIV3 antibody. Virus was

administered 4 hrs after siRNA, and lung tissues were examined at 4 days p.i. Bar =400 um.

Figure 3. Competitive viral inhibition at high siIRNA. concentration in dual infection by RSV
and HPIV3. (a) Real-time PCR (ex vivo); (b) immunoblot (ex vive); (¢) 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. (1 = 4 for each data point). Black bar, RSV; white bar, HPIV3. Standard

errors are as shown.
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administered 4 hrs after siRNA, and lung tissues were examined at 4 days
p.i. Bar = 400 um. Figure 3. Competitive viral inhibition at high sSiRNA
concentration in dual infection by RSV 25 and HPIV3. (a) Real-time PCR
@w eivesfisyammunoblot (ex vivo); (c) pulmonary immunobl| GRS 2gese38269
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

wer, a j = datapaint). ck.bar, RSV: whi '
bR SR L Dl R 8 et
micp ) RSpiotsrn 3aaab) Pubueary, Retipibplegig (shitologjeandtrediRiibn o assays; =
4 fRRIPSIPEARALKRIIISIRN AdEs Healed M i0G(a) R ERRIFMRRYATAtG BRkr siRNA (70 ug).

. Pulmonary histopathology; (c) Leukotriene. P < 0.002 in all assays; n = 4
Mg fregiedtaThuia ?gfaﬁaa)(aﬂ rEr STt ngiRi i e pRNAvHRatesd dpta not
shodlirs after SiRNA (70 ug). Mice treated with negative control siRNA were

indistinguishable from siRNA-untreated (data not 5 shown). Figure 5.

Thqr%a)a@uﬁp et QtsiBNA ip qu;?ngm%ﬂe%Q%th and (b)

and (b) pulmonary viral titer during RSV infection in mice. Standard error

pulggpary paraHigRiugng B3y, ke appmiinSanard eowdiroieashone gadpr cach dat
poistiRIWA 4fOwigh ddirtitisdationsiREAATORR) RESGHRURIAON 10 For ease of

exposition the term "nucleotide” or "ribonucleotide" is sometimes used

herein in reference to one or more monomeric subunits of an RNA agent.

It will be understood that Het4Ha5E BERERIAFRIPBonucleotide” or

"nucleotide” herein can, in the case of a modified RNA or nucleotide

surkagates afsarefdintaiz racdiffed ttdebtidbitemscinagatdsreplatdamentd bhersin
: L f ibed. W.-at Qn itions. 15 An. "R
e B WA oot
usagf pfdltean subrsyalresidsl o5t Whntaeade” deminsanl indheiresr ofremnastified RNA o
nuctdd@WdsiHa R Mide SYRIE UG MMNHEC BBErQURRRMTIRY BINASRMiety, as

uc eo(f%i[g?e ugogates are described, preferred examples include those
fmt\%ﬁ' # gB? Htet BGSHNYE RS Ease degradation than do

unmodified RNAs. Preferred examples include those that have a 2' sugar

modific R 2aemoaifisadibertinai simgle2eiticd RNAvanhdifigd RSy abipdesside

 surSiRale, SIARYALEHERG AbRALICH AR Y SIS SHFARAAEIRAR synthetic art. While

numerous modified RNAs and nucleoside surrogates are described, preferred examples include
those which have greater resistance to nuclease degrédation than do unmodified RNAs.
Preferred examples include those that have a 2” sugar modification, a modification in a single
strand overhang, preferably a 3’ single strand overhang, or, particularly if single stranded, a 5°-
modification which includes one or more phosphate groups or one or more analogs of a

phosphate group.

An “iRNA agent” sometimes referred to as an “RNAI agent” (abbreviation for
“Interfering RNA agent”) as used herein, is an RNA agent, which can down-regulate the
expression of a target gene, e.g., RSV. While not wishing to be bound by theory, an iRNA agent
may act by one or more of a number of mechanisms, including post-transcriptional cleavage of

target mRINA sometimes referred to in the art as RNAI, or pre-iranscriptional or pre-translational
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modification which includes one or more phosphate groups or one or more
analogs of a phosphate group. An "IRNA agent" sometimes referred to as
an "RNAI agent" (abbreviation for "interfering RNA agent") as used
hereins/isBamRNA agent, which can down-regulate the 25 expreasionaaisazs9
target gene, e.g., RSV. While not wishing to be bound by theory, an iRNA
agent may act by one or more of a number of mechanisms, including
post-transcriptional cleavage of a target mMRNA sometimes referred to in

he.art as RNAI, or pre-transcrjptional or pre-translatignal 8 WO
e 380 o FI DR SR 60 EH SR 0 R TN RCE o g rands,
e.g-ifichides a dimble sitaadel ¢dsydRINACIpete. nibile: ifanionemtiandsglesganit an
paﬂf&@lﬁi??%ﬁ‘é?fé&rﬁgpﬁ gng?u elRé\J '?ﬁ&ﬁﬁ@ tignth,%fc I\IIAII% esr?)tnles % Sg}g
B modificat Al

Ienstr ng
] al
it 1s particularly preferred that it include a on whic nau S

FOWHRE SRATErEPPaRPRate ! grhgpee &epr more analogs of a phosphate
group. 5 A "single strand iRNA agent" as used herein, is an iRNA agent

whichsiaghkatend iRl A spingtemede tirleid] inayifachdesm dupiexadkegipos a
: d by intra-stra airing, e.g., it may_be, or include, a hairpin or .
s, L e R e Rl St
be, itivldgardatrinetanpberdls svuibrA 'SisdR NfeatBivA(apirteviaporicobly
antisRbRIEnSaRded R NAageftH@s used herein, is lo an iRNA agent

which includes more than one, and preferably two, strands in which

interghai bridization can.form a reqipn of dupl ructure. The ..

o RS R T 0 Bk s v
an iRIRN\sxatyehich inekderaisateisitencingnd beefargdy geneirends ibwRMnterchain
hw%ggg&g@g{%ﬁggqg@ggrypwmgmt%@A is also referred to herein as the

RNA to be silenced. Such a'gene is also referred to as a target gene. 15

Preferably, th A to be,silenced is a gene product of an endogenous

SRR R RERR A 10 SRRV RS TR st
can gioflipjecilenrngerftittusitt gor:, ing atseRNandsspadific Mannevesidargatch RNA is
also%6fed RIREINYARIARAERE MRANS NBPLOCERIMIBTERN S O o taget gene.

containing and/or secreting a certain product e target gené when n
Pfefﬁ‘iaébhfﬁ@%\biﬂafﬂtﬁé silsaped sk sortaindustivd e codosandonBS Vasme20%,
30%, 40%, 50%, 60%, 70%, 80%, or 20 90% less of such gene product

whés eedtrctay ikipliheccigeiiars ROk Qs biaecetlan agent to silence, in
a sequence specific manner, a target gene. "Silencing a target gene" means the process whereby
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 (mRNA), a protein, or a regulatory element.

In the anti viral uses of the present invention, silencing of a target gene will resultin 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



which has not been contacted with the agent. Such product of the target
gene can, for example, be a messenger RNA (mMRNA), a protein, or a
regulatory element. In the anti viral uses of the present invention, silencing
of @ taugebgrne will result in a reduction in "viral titer" in the mellvAssss9d269
herein, "reduction in viral titer" refers to a decrease 25 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
b r?du ed will preferably lead to a decrease in the amount of measurable
su e.‘r’u%“g%%?&&%ﬁ%f‘ﬂ%fﬁ&é&é BPUOTIRS S8BT 658 gymptoms of the viral
infeR@E/ USNACHOBEE . stibjarinvactergaivgliriseatand aRcioninieas’.
severity of the symptoms of the viral infection. iIRNA agents of the present
eniAnaiaang Rienedhio Aa-ARMIRLIE A IBNRI ARANN AT firs
"RSV. gene" refers to any one of the genes identified in the RSV virus
ECm R GV (B IRE: SYRE: 20/l lioreigel Reviews 13371
84) Miteebipiegien Beriewsnodd Bt hdd Horse aemes ag, eadipkRawdhes.
the art and include the F, G, SH, M, N, P and L genes. As used herein, a
"Pl p i ified in.the RIV; virgs .
oo e S T St M prv v
EenpEE P HEURM (AR At I0HP fe Thers on® av, iadily kaiwaieithe art and
inclgéns M® Used, heneiiy, espifatopeydus” refers to viruses that replicate in
‘cells of the 1o respiratory system. Such viruses include, but are not
limi PR/ ) ovirus, adenqvirus, an
c;orﬁ%&%ﬁ%%gﬁéh}é%&%%g’g%gﬁgﬁﬁi@ﬁ ,e gt#éa%er?%?lq%grlﬁ pﬁéel?% é%%?y" is

TeSRIGERt ST ER a e SiFMRGRYIE dgrbie axe sohlipriadentBbiy BO¢HnAatsable

metapehSROEHIS, HIRAIRGOL GUESBRINEBR Aa0MREINGP! the invention and a
target RNA molecule, e.g. an RSV, PIV or other respiratory viral mRNA 15

moI&:H 9&§&9 ific binding r ires,a sufficient degree of ¢ lementarit
to avoié non-s&@#@%ng?ﬁ (t)éﬁﬁ% oilgésrﬁ%??ctcc’g%r}&%r? %@r‘% %ﬁ%%? °¥

compleiiRAEdy srdchEciblions martfichisgaeificcisiuivgpis desimpdyidof the
invesBE Ry SioleoioahGapRiligns I 1NGSISS RS I VNG ASSANRRS Jﬂﬁf_gﬁgc

treatment, qr in the case of in vitro assays, under conditions in which t
molgaus, Seid sdriinetrace hHacir euse eheuEnlppieay ditfersydaon-specific
bindbasi ARutigatides caApdandse cdietiso: 3ty iRNAs a8 8R! dsn SHBIGIgNYich specific
bmcﬁ%E}Q Ic%s@%ﬂzaz‘.r Q/ , &%d%rtgﬂ sei% ogéb\al gégdigons in the case of in vivo assays or merapeutic
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., a
target mRNA (e.g., 2 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
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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
santaigingsebunit(s)) to the target RNA, e.g., the target RNAcarnd1nes/038269
IRNA agent anneal, preferably to form a hybrid made exclusively of
Watson-Crick 25 base pairs in the region of exact complementarity. A
"sufficiently complementary” iRNA agent can include an internal region

. (e.q., of af least 10 nucleatides) that is_exactly complementary to.a target
snef A RQR G TEGUR 1 S ST ARG e Bp ey
comgliserintimate Srand B WO200GH6 26861 Tt S206540 Be2G8r le-nucleotide
airSOQIe-pglealidediiference iR this.case, the IRNAA %”%Qﬂ%e@e%’éaatﬁcﬁ
RNAI'IT exact comple%nentary Is found in the region e.é’.,wn In
antispetecaeREsSyHadsihg éimbrieatiee difference. Preferred iRNA agents
will be based on or consist or comprise the sense and antisense
sequened hpenyitktitiing iBaaintashén Asstsefdigsein feaseinlialive sequence
. _identical” when used rief%rrin to a first nuc{ﬁotmefse uence in .
inn companson {0 a Second nuc &p de %%1%%103 means tnai the first ucﬁze%ldef.sequence 18
~comparison to a second nucleotide sequence means that the firs
identigel ¢vtigsssend endeciidddentivat kxthet Ssognt nus|botidetseguerieaide
sub§NEERELTR 3R QG MR QlathIGR Bflectide substitutions (e.g. adenosine
replaced by uracil). As used herein, a "subject” refers to a mammalian
organism, undergoing treatment for a lo disorder mediated by. viral
xS LS SORERS SPUB 9 R SEEER BTy e peoment o
disopdtephodeattic Al inloreressiony shéhfacRSN. o RIS uldfetiboan beiagying treatment
proﬂﬂﬁg&mh% R ANRIELEQW ‘I'QQ rs%%j d0UR%e r%gre% ég,’s%i%s mﬁate,

preferred’embodiment, the subject is a human. As erein, treatin
COWRISBS RN BT 2P AP S tRoAL- I des ereisist sobpdimestthsctibiect e febsrign.
the amelioration of any biological or pathological endpoints that 1) is
mediened! et ttiioy REV[rdsenee RiVihefardios, ior thtaes uhjsetiaryd/i2)s infection,
2 ffected by reducing the level of vjral protein. , .
e B S B o R g
by the plewnsredhnons indentsbiaeichnd Bhrthaskapuiconar sobe #lpederadicing the

level PEVAIERIRERRDRAONtained in a single pharmaceutical composition and
be administered at the same time, or the agents can be contained 20 in-

sepjgrate fgrmulatiorj nd administered serially to a.subject. So long as the
o as d.lg% & %raelr?’b é:o agxmmsg‘ahon ref%rs %o adangmstenng l% a subj ect(%wg or More
agents, and in particular two or more iRNA agents. The agents can be contained in a single

pharmaceutical composition and be administered at the same time, or the agentscan be contained
in separate formulation and administered serially to a subject. So long as the two agents can be

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

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

regimen.
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detected in the subject at the same time, the two agents are said to be
co-administered. Because iRNA agent mediated silencing can persist for
several days after administering the iRNA agent composition, in many
Wstameas3bds possible to administer the composition with e {regaanspastes
less than once per day, or, for some instances, only once for the entire
therapeutic 25 regimen. 11 WO 2006/062596 PCT/US2005/035269
Design and Selection of IRNA agents The present invention is based on
the demonstration of target gene silencing of a respiratory viral gene in

iva eSS MIERIE h RS8R the lungs and nasal passage of an

Vvive eSS\ AiE h

IRNA agent either via intranasal administration/inhalation or
sysaepcatlyl prreierélyasrd 5aitijedtonatdveofdsgizgweiemmann Gfaviral

resﬂﬂg?oﬁ?gﬂ‘al@%gegﬂeﬁ%] Hﬂé{%m@gda %E%@H‘ gedle e 0f RNAe of an

__agents to more than one respiratory virus and the treatment of both virus

RNAfagamb AhovitedBUABRh RS HAIPRIBRBIRG R FRReRusgRY Rereteealy 81

injdiRsedesdtesipdnantion spaeiatyproviteprriRiveapans fhaheartended
be used in treating viral infection, particula or

ek _
AP BN’ 1RD AT P RBIA ST G L 1 oo s

infgohiammeteuticahooshpisitiniveeschibedibElbwgeBlach agents will include a
sense strand having at least 15 contiguous nucleotides that are

co “E&L%H’@M%@éi F@sﬁété{ iﬁ%’% gResien Gp?&%‘l&%%&ﬁcﬁf aheRbayigatieashth
contlgupus nucleotigdes that Is complementary to t Sense Sslr .
gyer?%q 3 {a%ﬂgv or PIV

used & R T08 B L C LA PAET” RORG SR TH BARBHE
infatdsieaiidelaed fencairam tharRprotéin genpostiRSiésorifilbaBie Stahgaents
.genes in RSV 15 include the F . . ' o
wilfERRa0R Y i e 1o S u Mol AR ARE B ity o o
virgigevicie an Taisknse Wanditaiog RNgAsh §& pesiBIoHawaIgHe sy is
corRfHRERIRG R SR RIENE S80GVR ke 2RalKSS eidhevialgRngsnbalanimprise
serve as the iRNA target. Overlapping a%;;ﬁcent or closely spaced

a nplepfide tenERsit e Resh BRI AT SO bf 1R REBFsERTaR R
inchaie {he Penoafed Roand. tadied et VienRNAN G ttsInan e FeBiedmd L
and_evaluated for ;Ehe abilit .éoc{iowfnbre ulate the target gene expression

g‘ﬁm(“%s(-:‘ D VATAEEhEST Candidafe TRna agents”). An iRNA agent can

be rationally designed based on sequence information and desired
Candidate IRNA agents can be designed by performing, for example, a gene w

analysis of the viral genes that will serve as the {iRNA target. Overlapping, adjacent, or closely
spaced candidate agenis corresponding to all or some of the transcribed region can be generated
and tested. Each of the iRNA agents can be tested and evaluated for the ability to down regulate

the target gene expression (see below, “Evaluation of Candidate IRNA agents”).

An iRNA agent can be rationally designed based on sequence information and desired
characteristics. For example, an iRNA agent can be designed according to the relative melting
temperature of the candidate duplex. Generally, the duplex should have a lower melting

temperature at the 5” end of the antisense strand than at the 3” end of the antisense strand.

Accordingly, the present invention provides iRINA agents comprising a sense strand and

antisense strand each comprising a sequence of at least 15, 16, 17, 18, 19,20, 21 or 23
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characteristics. For example, an iRNA agent can be designed according to
the relative melting temperature of the candidate duplex. Generally, the
duplex should have a lower melting 25 temperature at the 5' end of the
wnimesnsesisand than at the 3' end of the antisense strand. Fwosdngdzs269
the present invention provides iRNA agents comprising a sense strand

and antisense strand each comprising a sequence of at least 15, 16, 17,
18, 19, 20, 21 or 23 12 WO 2006/062596 PCT/US20051038269

nucleotides which is essentially identical to, as defined above, to a portion
e e A e S R
resportBYvvilxepapl ifiboiRINA agesitsginetud R Bi0sethiat ExempiigediBNA agents
inclGRMHIUOHS 1 ldss from, ans, oL AISRIS BrevAgd | Shadipe
e antisen:tg stﬁgﬁﬁ%%iiﬁgﬁ agent sholuld e egﬁ%i)%gor%%e st, 15, I16
Tabley. 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 15-30,
17 The2mtitéhto RBna0vHahIRN L hgeuckdotidesiaplgngit.dreasyaesal s 17, 18, 19,
diments, the.agent will rise.15 nucleotides fro of
SN R e B R N
nuclpgtifeaindenath SPidenad 1@2a0re% 539, UodS5tPricgfbatidds in Jémytheotides in

lengB{1 O deD6 B AHALIRAIE SN P ALoRERQ DY GIRANRSIRoIRAL DS the agents in

Preferred ranges are 15-30, 17 to 25, 19 to 23, and 19 to 21 nucleotides in
Tablghgth. In several embodiments, the agent will comprise 15 nucleotides

from one of the agents in Table 1. The double stranded portion of an IRNA

ag Gt skl shisedad aaiRoNer agetdabouldhd 6407 tal & 28ed® 1 20| @17, 28, 325, 29,

40, &5 Pruckdid Analauesplide Rals.n (e8P E3RgYIA b LAHAl IR REes in

less than 50, 40, or 30 nucleotides galrs in length. Preferred ranges are
lengiis_Brplarpefiyanges ored £30 AR 25162t Ahaedddde Pamsketideyin lepgl- In
sevedgeRiBJAiReedne abaklail ssegdsaus|eatidsindanainieroearh st Table 1.

The iIRNA agents contain a 19 nucleotide double stranded region with a 2

| : ' th .
e e S

18, EDrAPrising et edbt?d portioncs Piheadestdaenice indensibr Maikhboemiabto or
less 180G ADUSISOUARIBARRS ﬁéﬁ‘lq liniéﬁg@ﬁ Preferred ranges are 15-30, 17 to 25,19 to 23,

and 19 to 21 nucleotides pairs in length.

The agents provided in Table 1 are 21 nucleotide in length for each strand. The IRNA
agents cottain a 19 nucleotide double stranded region with a 2 nuclectide overhang on each of
the 3’ ends of the agent. These agents can be modified as described herein fo obtain equivalent
agents comprising at least a portion of these sequences and or modifications to the

oligonucleotide bases and linkages.

Generally, the IRNA 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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Generally, the iRNA 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 25 in terms of nucleotides, that the iIRNA
aergarashagment thereof, can mediate down regulation GFEHEISIEEHIE269
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 13 WO 2006/062596

e e e Y R A

necessary ere bé pérfect complem arity een the

- betweandth Ry egetiutnthbeorges potitie norremendesuifit e ruificeniitce e the

RNA agenty QRUG e LB IR SPECHIERNAI
1RN}§%§F‘?§M%?%. e%gg gl?lﬁ%‘?&c%l%%rvabe of an@é(é‘it/&lrﬁg IERIA] 5 Therefore,gth(;’cRN
Ciea‘ﬁﬁﬁl%fé’@&@tf@ﬁﬁévinstam invention include agents comprising a sense
strand and antisense strand each comprising a sequence of at least 16,
17TbekSorm) ﬂmoﬂﬂ@sa\gémshf hesstnt ailgpmjen ﬁmauaasmfmwm atggnse
snanf MG UHRREUERCEROL A RIS\ BAIeHANING o P PG B Rdesitich

. /, except that not more , 2 or 3 nucleotides per strand,
is esyjglividenicahasd tined balordteinng B Berenusete sfiasEYencaaetioumly the
P prd@Raged Dot a0 bl aseemialynhe 1etRiR M aue akibipeiataRibitpaively,

expression in cultured human, cells, as, defined below, These. agents will.
b OO B PR U GHE TR Ko RO EES B B e sl
retaisinguiendsiityfiaivliait BENemxpaetitul anlytherdd puoteirds/ e démdpw\lhe%
agen%glﬂ? t%e%fgrgfﬁgs@ %ﬁ%&ﬁ%@hﬁm{%@?&e&ﬁ&ﬂwo atg'tetﬁggg%éﬂggg of a viral

A sequerice or between the sense and antisense strandare

geneirmrsiubety fmdhnmie sy HERY etRRYaPHIRN/AGE brasmesmgishes RyeRect
to cith} BRUSRESISH AR A 2366 IR ERIRH RIS Ipipinstieaiens and if
. present are preferably in a terminal region or regions, e.g., wijthin 6, 5, 4€r d
oo MiSSHARE P ERIOTS TR A SIS, PREIBIADR oo gtand
are rofsBrolscledtidaBeabihind rigfoainuisl of phaae arepstranb pirhecdkiednigios or

. of the antisense, sfrang. The sense.sttand need only be sufficientl i
g Ao G R LA e s G SO e itin
5, 4,3t dmget wideaatdred-thenngiedtie 52056 s aprbde the d 'trramihes sé ithscapirgnse
strarfNUERNSS SItAnds e chasen sl dhal e RNA R neldes & sieiad to

_strand or unpaired region at one or both ends of the molecule, such as
mainisteoysrBifmullisTadRd tharpie ahthRNAlYENt contains sense and
antisense strands, preferably
It is preferred that the sense and antisense strands be chosen such that the iRINA agent

includes a single strand or unpaired region at one or both ends of the molecule, such as those
exemplified in Table 1. Thus, an IRNA agent contains sense and antisense strands, preferably
paired to contain an overhang, e.g., one or two 5° or 3* overhangs but preferably a 3' overhang of
2-3 nucleotides. Most embodiments will have a 3’ overhang. Preferred siRNA agents will have
single-stranded overhangs, preferably 3’ overhangs, of 1 to 4, or preferably 2 or 3 nucleotides, in
length one or both ends of the iRNA agent. The overhangs can be the result of one strand being
longer than the other, or the result of two strands of the same length being staggered. 5'-ends are

preferably phosphorylated.
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RN OISR SRR TRReth e

paired to contain an overhang, e.g., one or two 5' or 3' overhangs but
preferably a 3' overhang of 2-3 nucleotides. Most embodiments will have
a 3' overhang. Preferred siRNA agents will have 25 single-stranded
wierhaigsspreferably 3' overhangs, of 1 to 4, or preferably 2EH/B52005/638269
nucleotides, in length one or both ends of the iRNA agent. The overhangs
can be the result of one strand being longer than the other, or the result
of two strands of the same length being staggered. 5'-ends are preferably
phos lated. 14 WO 2006/062596 PCTIU 826
Ierﬁ’é‘?fpfgfgﬁ?ﬁg Jpidhe g Bh TSGR g & gganéjé%? Most p era 1é9
20, 7192?2&1&23 Mmma%mﬁgﬂmmsmhe ORI Acagenimative @Rmc@gmw
Embo et%'x%c\% lsar%]n?;ﬁo étrands%?ﬁlg’kmﬁx r%gﬂ!%&ﬁﬁl&&%’% §tr@9\q§e jhﬁked are

agen covalently linked are “also included. Hair

also mckmér am@@s@mﬁmﬁmgmgmnmwacmw&a thsoremimpeiguble

strangUARIRH reRign.ranshprefesablig 3rOesRARtAIR alssudthin the
invenfion. Evaluation of Candldate IRNAAgents A candidate iRNA agent

b evaluait%d fgr 0 dqwn regulate target gene expression.
/ fi e tRNA Ao
anditia agent can be provided, and contacted

with a cell, lﬁ@a human cell, that has been infected with or will be

infécEifan IRA R A R estvaty Ty 116 iy SARIMTEIRE iakee
expre%f&, M%mip\rely,c&ﬁel@a& mAr@g&&Eeﬁtesbwtﬂw;a@mﬁrmﬁimmmen

rget VII’ ene is expt re nting the n for.a vir,

&£ ? %%tegasll?% g\%‘f%% g8 é”éi%eg exp%reggsloﬁlﬁpgﬁor osa%%merm 8.8
vuusfobatwmggdbntargewmmh eAdenuidtetly, ikhwlhgertronfcold voihpapasirusigrom

whc%Qa% TORNARRREIRICYSE AnyiRliisE. dds datermived hat Wt The
A, prot

ein or virus expressed from the target gene is lower followin
level O {EARIET FRETRIGR PSR AR IR RS FoBE N B erndifaR R R fpectt can

be cAABREAQENFeMHATESACFERALRIABR IDIRESIG. me;sleyehﬂfﬁargeﬁ Vhiegdmount of
RNA or viral protein in the ceégci)r viral titer mHa ce ?ﬁétlssue can be

SREERPEBINIE PR TRRFaTRE Sat g
agentAihdnat dedernebrethbyd tﬁmherﬁmmmam wenbrise tigrsgriptiogression. The

evefSURISS WY pRATSTasE A regtion (RIBGR)ADNA phalysisn

pro e ion assay eve proteln can be determlned for 20

detempiniiiiy, 2by Wedsd dedited. aﬁawm&qrﬁm s bitaessRbe: eAmdieieierained by
NorREH8IeCiRd JHECHLE: & RIS FRHBAINBARER Yo lymerase chain reaction (RT-PCR),

PDNA analysis, or RNAse protection assay. The level of protein can be determined, for

example, by Western blot analysis or immuno-flouresence. Viral titer can be detected through a

plaque formation assay.

Stability testing, modification, and retesting of iIRINA agents

A candidate {RNA agent can be evaluated with respect to stability, e.g., its susceptibility
to cleavage by an endonuclease or exonuclease, such as when the RNA agent is introduced into
the body of a subject. Methods can be employed fo identify sites that are susceptible to

modification, pariicularly cleavage, ¢.g., cleavage by a component found in the body of a subject.
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Stability testing, modification, and retesting of IRNA agents A candidate

IRNA agent can be evaluated with respect to stability, e.g., its

susceptibility to cleavage by an endonuclease or exonuclease, such as

Wioenahie IR A agent is introduced into 25 the body of a sulperudthetnsesy

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. 15 WO 2006/062596 PCT/US2005/038269 When sites

su tlb e to cIe e identifie rth ntc

e T B A U A R OR L R e s
andfnegnstéznszmddémg &eepgtebiyalinleachastivn Gieade repdfititidpavrsthe s it

intréhCIRAVRYS H8ai8Aa G DAL e %ﬁ%@%f‘éréhg b (iR N@ﬂ%@an | FgaT}Q?ﬁmher

retested for stability, and this process may be iterated unti NA agent
RN agepl GRS RETIFAg I EE SR SIS SHEVIo0 Wé%@dﬂﬂtmﬁ%{@eﬁ%ﬁm 1s

fourldextiietasmbedsgeganpanle of inhibiting RSV gene expression can be
tested for functionality in vivo in an animal model (e.g., in @a mammal, such

as i) ppousaQsat) as shown in the examples. For example, the iIRNA
agent can be administered to an animal, and the to iRNA agent evaluated

ttoits b t t { t hibit l,
o IO B ML SEORFREr B LA e e R oA b
test@hfu@mdﬂﬁﬁhﬁt@l@dvd e etlyirtontl entate) €t gsSue, isurama st in Getimmsorr 1at) as
shothiSdFNA BEC% §a INRIEREAIQ ‘é}{% SRBA) ey Q%J&%%E%&Hﬁal and the

manner t twou mlnlstered a human. As shown herein, the

R%Wwﬁlwqﬁirméha@ﬂpeabwm bieriswimtion. wpbilinomdisebitis psigbit viral,

e.g. REAMINPYY B} dnfestiensith e RMA Agentkan also be evaluated for its
intracellular distribution The evaluation can include determining whether

the,iR nt \9'95 tﬁu‘e I tz)r Iﬂ'x I?as%eﬁﬁésue&@ 21 A8 111]30“011’ or

mclucf eter |n|ngt est |ty e.g., t d ha
the @Mu%hcm bp adrripdsigepdrio thm@béeﬂammaﬁ@@wmrdhm WAM be

adnfORERADILIRIRM (03 HBeAMISINUKEEAR (e gék*é&(ﬁg‘é%ﬁ:ﬁé%‘é& Wia

such as fluorescein; a radioactive label; such as 35S, 32 33p, or 3 H;
inhali g digles m@%%&%@t‘ﬂ%|mmunoh|stochem|stry) An iRNA

agent useful for monitoring biodistribution can lack gene silencing activity
in The iRNA agent can also be evalnated for its intracellular distribution. The evaluation

can include determining whether the iIRINA agent was taken up into the cell. The evaluation can
also include determining the stability (e.g., the half-life) of the iRNA agent. Evaluation of an
iRNA agent in vivo can be facilitated by use of an iRINA agent conjugated to a traceable marker
(e.g., a fluorescent marker such as fluorescein; a radioactive label, such as *°S, **P, **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 iRNA 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 aitached to

the iRNA agent, such as a iraceable agent described above
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vivo. For example, the iRNA agent can target a gene not present in the
animal (e.g., an iIRNA agent injected into mouse can target luciferase), or
an iRNA agent can have a non-sense 25 sequence, which does not target
WM2eite2586g., any endogenous gene). Localization/biodistffoUiiSA &T P69
IRNA can be monitored, e.g. by a traceable label attached to the iRNA
agent, such as a traceable agent described above 16 WO 20061062596
PCT/US2005/038269 The iRNA agent can be evaluated with respect to

its_ability to down regulate viral gene expression..L.eve virah 9E0e.1 pene
exBFe ' ?ﬁewg%eb’éﬁ‘?ﬁ%eegsﬁgé&%} te%al%r%% él,l ;5"#%% g?t% y ridizati%er?,

exprasibly. thevidoldtionlafeRNArrosP sy prior o mers fisto Wi g Bxplesur e
hyb L 1zeatf¢|):\;1NAf Qﬁﬁ{yis R%%%W %ﬂ’l HES%Q ﬁﬁ%ﬁs mdﬂﬁ%@e%gﬁ;&é% the

arvest the tissue, an untreated 5 control animal will serve for comparison

IRNAT a6t WWadrarinpizuh tsedd s e i cath s AR de Hiveitmy B
contfPklRiRGIR & %M@ﬁﬁ%ﬁrmﬁg& bran ﬁiﬂ@cﬂgm;&fbaasaytearogz M\dsdired

protection assay. Alternative itionally, vira ression can
e FOHBHE Ly BTG Ui PGB SR Sht e e
protééeataskwithatirenRNGyagentditalliterichigchecdpresionen bemgriqyed bY

assy. 10 iIRNA .Chemistry Descri re X efiR gan
S R G R A
be détriinedxpiog sipfk@syviral gene, e.g. the P protein of RSV or PIV. RNA

agents discussed herein include otherwise unmodified RNA as well as

RNgovwhakerdisthave been modified, e.g., to improve efficacy, and

polymers of nucleoside surrogates. Unmodified RNA refers to a molecule

in which he,cRmnnRRisof 88 Abglis agd FIanphleaigR (goiisesatiad;
~ phosphate moieties, are the same or essentially the same as a%’Whltcll;]l of
sine s BTG & L RERERA A Bl PR

e art
rsvh@preferred to rare or unusual, but naturally occurring, RNAs as modified

RNAs, see, e.g., Limbach et al., (1994) Nucleic Acids 20 Res. 22:
218%; J%%%n%&%%%ﬁ ﬁ&éﬁﬂ%&i@é&%&%@%&ﬁmﬁﬁ ROQSlifieddANABNA which

(apparently because these are typically the result of a post-transcriptional
haV%b@@ifi@ﬁ@@@)‘e@@WRhWﬂQéetéﬁﬁa%ﬁ?&éﬂM% yelerside uragpics:

UnsMedfiefRNABS useehbrreip iipiansHaR pagigehiariniviiaiucleic acid, namely
sugars, bases, and phosphate moieties, are the same or essentially the same as that which occur i
nature, preferably as occur naturally in the human body. The art has referred to rare or unusual,
but naturally occurring, RNAs as modified RNAs, see, e.g., Limbach ez al., (1994) Nucleic Acids
Res. 22: 2183-2196. Such rare or unusual RNAs, often termed modified RNAs (apparenily
because these are typically the result of a post-transcriptional modification) are within the texm
unmodified RNA, as used herein. Modified RNA as used herein refers to a 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 18
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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 25 occurs in the human body. While
Wweehelfeitired to as modified "RNAS," they will of course, RSSZHERIAS§PSE269
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

s R B e LIRS R S, M S i of
the ibenhasiiiata biiskpines Fhratenirickirese oblee 2hovr errdeessefrifed®df the

ribophosphate backbone. Examples of each of the above are discussed
hergisy; herifis ations deseinad:hier @itoppirdial ince Hpg atddentomatey RNA and

ble-stranded RNA and RNA-lik lecule described herein, .0,
RN R B TR B e B Frte St buf bneo
botlanitisemsecsstand sabastiRiF o byeRNAs pedlefs avidsi areifsoiympelgnses of

sublilﬂg%?i}ﬁo%rgéwmgf MM RHNAPOGEGAINS ARSCEe s Rl QCRYIch is

at a position which 15 _repeated within a nucleic acid, e.g., a modification
repegted WA HRUSIPI G5 ih & - BIEREETIORCAB B2y R PR ISHBRISHA RS he non-
Lnkinpietys Ansrprarsartahennadificatiomyvilbatiistioh allibdhe stdjecthe subject

positions in the nucleic acid but in many, and in fact in.most, cases it wi
posﬁ@ﬂsﬁ%ﬂ%’f@é@ﬁ Pl &P SlfTiCa %%tnmm%%s%ﬁ?ﬁeg&mﬁa 023? e o
exatepiainalq@iBitite mayoohlpancat iBaots rivimained givit@.gna enbositBANGh
ten%:&r%xg‘éa#%at’égg'ﬁ% S5 NGRS Bt Bndlectid o th BGIELHAES O @rSi6and.

may occur in a double strand region, a single strand
nucteqjides @iaipBedh .&@?@ﬁﬁ@w@mm{@rﬁ@g%ﬁwﬁ HERRGrRSIG ALY
regiRRSHGRYNRY LRY 2 BREMHBEANRAE ROMIQIAN Lk MAYAH:OE CLdEl tRon may only
terminal regions, e.g., at a position on a 15 terminal nucleotide or. in the
ocep 9ngoubas (A, MAK AL B ALbSHA B! B SckEr f a80BIE stfand
terrfing] singdetElsanth raglosts, Sadicularh) antbronidis Simiazhd, armeyificationdouble
m ccur on the sense strand, antisense. stan bo n
U (ga/gersllél &nd'an @%@é%ﬁéﬂ%@%%ﬁﬁ\@ ?t\ﬁ'e%g%aea%ﬁg |flglg1%i%(rems or the _ur °
the semmestiss wtiveiltrandes, toth-iotmes wasedhnecnirand apiscasgendarill have

the SHAPShYA! o diffare M HIQMC B A3 Solliolik IR GARESaHRY ffise and
desirable to 20 modé%é)nly one strand, e.g. the sense strand. TW§ prlrF]et
antisgfee AFaR iR ORI SRS 4fbn S AABSIRAIR HJBHES TS TEtP'e o

modify only one strand, e.g. the sense strand.

Two prime objectives for the introduction of modifications into iRNA agents is their
stabilization towards degradation in Biolo gical environments and the improvement of
pharmacological properties, e.g. pharmacodynarnic properties, which are further discussed
below. Other suitable modifications to & sugar, base, or backbone of an IRNA 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 inciude a

non-naturally occurring sugar, such as a non-carbohydrate cyclic carrier molecule. Exemplary
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stabilization towards degradation in biological environments and the
improvement of pharmacological properties, e.g. pharmacodynamic
properties, which are further discussed below. Other suitable

Wodiligatiens to a sugar, base, or backbone of an iIRNA agept-afesZs/nsszeo
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/US2004/01 1 8 22, filed April 16, 2004. An iRNA agent can include a
feaﬁﬁ%?ﬁ%?af%ﬁwre}&ammwgém%ﬁs‘%%@mmaP?&f&ra?éne esfEed
PCTpfsieatmnRie Fpians 208 MR 20064 062596, P6F/US20051038269
features of non-naturally occurring sugars for use in iRNA agents are

desGrinechB.eor MGG Gl ARRIAUAH NGB Ee VALS2A04(1A 383 M8 htnioate

. April 16, 2003. An iIRNA agent can include an internucleotide linkage (e.qg.,
linkage) ptifl BrivsprchsRrsiescrRrageyusemidsiomaaditpitemiysen IRNA
agenfQalsiAKIGE: ATiBskditiomiOfdNibR AkemAlbE: aRiIRNA STReaphepRinchiidR®@e
ﬁnkribosedm{gnic for increased nugleaje resistance. Exgn%%?ry internucle%olgi
HRRAGELU0RE THOSE IOHiMEESP s ERSE T RNESES PoUEPER Kravm
Appesniliéc RCTASRHEDPOT ffedplichktiork RO2PET/US2004/07070 filed on
March 8, 2004. An iRNA agent can include ligand-conjugated monomer

subwitsangdpona Rersdon alieny e laetits HResisuEeMPIAR omers for

._monomers are described in co-owned U.S; Application 1o No. o
°hg%f3i‘%§f BHHEH% %ﬁﬁﬁﬂ%’iyl%?%ﬁ‘z?s&?‘? fEREROSH MR A% Sppjication
No. $traceres, silehmsAisgiestdjdéddn co-owned PCT Application No.

PCT/US2004/07070 filed on March 8, 2004. An iRNA agent can be

Comp @Al With amh ARRHIPARisRAIRL skxeMRanRmRhiPaiG Laietes
for use with IRNA agents are described in co-owned PCT Application 15

APPRESEBEPIIUSATH2ATRGAE B &l5A YR 82880 In another embodiment,

the iRNA agent can be complexed to a delivery agent that features a )
motiiZGoagpie Ra beconipisied sdih achngdipahivisorte il youpkipathic

moi HeSBFRRl AR SRR IO JURI R AR ERSG IR RBb AN IhEER:QD): (@) @
condensing agent ge.?., an agent capable of attracting, e.g., binding, a
No. ﬁG@@é@@%Pf@&Q bR ERSor @éctrostatic 20 interactions); (b) a

fusogenic agent (e.g., an agent capable of fusing and/or being transported
In another embodiment, the IRNA agent can be complexed to a delivery agent that

features a modular complex. The complex can include a carrier agent linked to one or more of
(preferably two or more, more preferably all three of): (2) a condensing agent {e.g., an agent
capable of attracting, e.g., binding, a nucleic acid, e.g., through ionic or electrostatic
interactions); (b} a fusogenic agent (e.g., an agent capable of fusing and/or being transported
through a cell membrane); and (¢} a targeting group, e.g., a cell or tissue targeting agent, e.g., 2
lectin, giycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type. iRNA
agents complexed to a delivery agent are described in co-owned PCT Application No.
PCT/US2004/07070 filed on March 8, 2004,

An iRNA agent can have non-canonical pairings, such as between the sense and antisense
sequences of the iIRNA duplex. Bxemplary features of non-canonical iRNA agents are described

in ce-owned PCT Application No. PCT/US2004/07070 filed on March 8, 2004,
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through a cell membrane); and (c) a targeting group, 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 type. iIRNA agents complexed to a
&edivedy it are described in co-owned PCT Application NRST/US2005/038263
PCT/US2004/07070 filed on March 8, 2004. 25 An iIRNA agent can have
non-canonical pairings, such as between the sense and antisense
sequences of the IRNA duplex. Exemplary features of non-canonical iRNA
o eg 'L | CO- -owned PCT Application No.

filed on March 8, 2004. 19 WO 2006/062596
PCT/US2005/038269 Enhanced nucleas%%% tance

Nt
e RNk LSBT LY TR LR T Eae e
nucmuﬁeaees“@ﬁe inane e inckeane rosislantdy i igde sitify tiéaveify sithsites o

;Modify such site hibit cleavag 4 he dinuclegides; 5.
o R S e A R R LR e S e
CCsitesn Fuvdnsdeavegentictease resistance and/or binding affinity to the

target, an iRNA agent, e.g., the sense and/or antisense strands of the
iR I\P%raﬁaeismm@se;iem&mewﬁﬂmgbadmg difiatly ribths eatpritsa RNy agent,

e.g. l“‘n% Fns gro &at%llnka an(F & tthﬁ&g%ﬁgo% %aﬂroﬂ%o}é'? gx%‘n&% 2-modified

OI’ replace a num reht OXy" or "aeo
ribesahstitumdtsr m@kmmmes@mﬁbagﬂszﬂgydmgn lgr@upyhmmdéﬁammm@élﬁed

orr%‘f 204 B avn%n%épo@d fgfeﬁﬁoxgl?y 'kxéogggmm <Atyl, aralkyl,

teroary or sugar); polyethylen cols (PEG), O(CH2CH20)"
CH2CH20R; "locked" nucleic acids (LNA) in which the 2" hydroxyl is
conFrRATRNES BEGOXNy 2 IHSTAYIL SR MR RIS EP RSk R i ey (OR 2

R J@O@Ml@aroa@yi\wyﬂ EareAUVIL M Bt cFo A 31 allgtmrpinpetahiRiedamiBAPEG),

het ro min | amjno, Ia 0, Or, heteroar
e R RS R G h TGRS o R BT At
e. g(&;ga fdtiyieEe %rlﬂgb’; 1@{Kylamumdjﬂﬂ§ylmmﬁbmtarmyd%ml@mm
dla | amino, heteroars mino, rdlh eroarylamno et I edl mine,
RRRiGS- ff gf&‘ﬁé’rﬁ?tefﬂ%ﬁ g igagﬁ&%}gloﬁgje (i: a?mng on f? ng, or
dlhﬁtﬁdwﬂwmd @Wﬂl@"d@ﬁme(fﬁﬂt’ﬂmQ@ﬁH@m@E@y d¥fivhlivey Ekh i
Al\%sp .Iarn% 8 ﬁ%&oh&%so%w HMH& tﬁﬁu{ﬁ M@%@teroaryl

ate madification.
amino, or dzheterom-yl amino, ethylene diamine, polyamino). It is noteworthy that

oligonucleotides containing only the methoxyethyl group (MOE), (OCH,CH;OCH;3, a PEG

derivative), exhibit nuclease stabilities comparable to those modified with the robust

phosphorothioate modification.

“Deoxy” modifications include hydrogen (i.e. deoxyribose sugars, which are of particular
relevance to the overhang portions of partially ds RNA); halo {e.g., fluoro); amine (e.g. NHz;
alkylamino, dialkylamino, heterocyelyl, arylamino, diaryl amino, heteroaryl amino, diheteroaryl
amino, or amino acid); NH(CH,CH;NH),CH,CH,-AMINE (AMINE = NH;; alkylamino,
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, alkeny! and alkynyl, which may be optionally
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"Deoxy" modifications include hydrogen (i.e. deoxyribose sugars, which

are of particular relevance to the overhang portions of partially ds RNA);
halo (e.qg., fluoro); amino (e.g. NH2; alkylamino, dialkylamino,
WEEPRYRAFS arylamino, diaryl amino, heteroaryl amino, dihef&rBEpgPo-/038269
amino, or amino acid); NH(CH2CH2NH)" CH2CH2-AMINE (AMINE =

NH2; alkylamino, 25 dialkylamino, heterocyclyl, arylamino, diaryl amino,
heteroaryl amino,or diheteroaryl amino), - NHC(O)R (R = alkyl, cycloalkyl,

substile@5ANCYl, NSISIOANA QR EUARE, PRR%AEIGARIMY %yéih;aétﬁﬁ%mgz, 2.
thioalkoxy; and alkyl, cyeloalkyl, aryl, alkenyl and alkynyl, which may be

OChptiokam 2R Wolpoerd82896rCT/US2005/038269 substituted with
e.g., an amino functionality. Preferred substitutents are 2'-methoxyethyl,

2'- R hRintizOnadivhsrdois@tyd, 8RD 2miHRT0x: b MANNIZR IMERARLation with

resistance, the 2' modifications can be used in combination with one or . |
one [t APaT R A I REP ARSI (Lo PRESIRRSI BN G fey caplsd “ohimene
oligan:clabadeschémescthhd oliganueteotidescaiefthasentidificataiain two or more

different modifications. In certain embodiments, all the pyrimidines of an

IRNARgenteAsARRMAticAtion; «ahd $heIRNA agent theretorghfRation,

enhanced resistance to endonucleases. Enhanced nuclease resistance

and the RIS 3rend SerEsirg Wy ABaRRAR Geaianeh it redris st fbanesd nuclease
resi @XaAPIR alodil eastvaneyartdidig-aden ng-Bo(fe Uéuding) ToicieotgR, in at least
herein the uridipe. is 2 2'-maqdified nucleatide; at least one .
one 8 G TG, (AT A eSO H e T S T o RSt
nuclgbtideriiibdsh aotet itz teasiverie (5l auelniigl WE @M )5 -uridine is 2
2’-&%&9&&@0&(&@?@%@3’%@Hﬂiﬁx@}ﬁ%&@%fl%@x@ﬂﬁ:%@é‘dtﬁ%'_%%}ein the
, _one 5"-uridine-uridine-3' (5'-UU-3") dinucleotide, wherein t,he,5'-ur|q’|ne is a
S-cytidipsdifiad ruefiptruckiobffe aklearone sytpiae-widmea 88 (H1EE)3)
din@k@bt@iﬁ?&ﬁ%eﬂhﬁé@lmdﬂlﬁ&;iw@ iﬁ@éﬁlfﬁa@hﬂa%'tlt@; draclesyi I@ﬁe Fheyd8ine-
IRNA agent can include at least 2, gt least 3, at least,4 or ast 5 of
CridERTS SR FRUSHCTIGTSR 0 SrOLLPE hre RHEed nucleotce. The
iIRNgliggmti ctedtidedsackiasriz admst Sodéeredse « hasnucfeotitiinidavidye.
An iRNA agent can be further modified by including a 3' cationic group, or

by vertiesiheuseRsde aling B ISHRUAYS ik 3R RBolKR0R s M ecrease

another alternative, the 3'-terminus can be blocked with an aminoalkyl . .
endgbipo Rty CaPyeess ARRDANGAFEb AT PO B RO AGRE S ek ot FUs™e
grow@nbglenktie clraagesitihleinos heirgruewith BY'-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 smail
alky! chains, aryl groups, or heterocyclic conjugates or modified sugars (D-ribose, deoxyribose,

glucose etc.) can block 3°-5"-exonucleases.

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

sterically blocking the exonuclease from binding to the 5-end of oligonucleotide. Even small
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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
greurgss/eiéterocyclic conjugates or modified sugars (D-rib86&/US2005/038269
deoxyribose, glucose etc.) can block 3'-5-exonucleases. 25 Similarly, 5'
conjugates can inhibit 5'-3' exonucleolytic cleavage. While not being

bound by theory, a 5' conjugate, such as naproxen or ibuprofen, may

Yy 1 ¢ e i
e i e S e
gluenspaips SHRSP0sMsBE269 alkyl chains, aryl groups, or

heterocyclic conjugates or modified sugars (D-ribose, deoxyribose,
gludosiR Bt AgcanchideiSinbteasminusitaseso AnciRisg whant darieked/RNA agent

immeﬁﬁg&@&m&we %@%&gnﬁq&%&p&%@&!Fil}'r@aa%ate%%& ts,

a single-stranded nucleotide overhang on at least one end. In preferre

the gpslsgifinerrdia tneluige biritewiarbng thélvaasetouciprideralne preseged

embiiRabacucigatidas:desady sfercachermbedimant, digdnpaires LG/ eatident to
of the single-stranded overhang that is directly adjacent to the terminal )
the BB SR £ BFEARLA ArE Iae oe THE EaPHP S FERSIS RS [ e P

or z IGsCtpaif the ast éastchwrplefidieata stufdentterppleme sty sitcldotidgehpairs
emBU @R ts RV Bulfidud g\%ﬁ%gﬁ?)dﬁ Ghts: e nucleolds c?é’cﬁ{é‘ea,”%é“éi%
have 1 or 2 unpaired nucleo des, and in an io xempFary embodiment the

exeppgBbtHRedarhdhe nacbotE orethapgdictrddCembbummséaned embodiments, the

nudéGeOSiEenaye than thiss b i B:endefiDeARHSeN SRS RPNR: iRNA agent
inc@g%bodlment, the IRNA agent inclydes the motif 5'-CGC-3' on the 3'-end

AEGMSENSE Srahan Sifth TRACA BaRGver i Be Bl Rt rgrhans O
GCThisspanaRNA agent can include monomers which have been modified so
as to inhibit 15 degradation, e.g., by nucleases, e.g., exoonucleases or

exopicleasisy for e AR BrsHIREEL HASS SINANBIIEIS A1 to inhibit

refetred to herein as NRMs, or Nuclease Resistance promoting

degradaiioher8-dnmBtifestiGits. iMEFF s a8 sruss Resifosd s tifody of 2
subfeaduiaie: etbesriapesiesnel BadRMAATRM ASVEILIeg Ra@REpdmoting

interact with .a.protein,.e.q., a transport protejn, e.g., serum albumin, ora .
MR T BHERISE. 05 T LEME PR OFSCAA Lot N AL L esperties
of ﬁ@riﬁﬂﬂ gzehiplexallith pribeaabdibicto onttodarwith adpyplekyvith, anctisport protein, €.2.,
ser&ﬁqmﬁﬁ; @rgm@ntl%g ‘3% {ﬂ@iﬁﬁ@,eor the ability of the first and second sequences to form

a duplex with one another or to form a duplex with another sequence, e.g., a target molecule.

Modifications that can be useful for producing iRNA agenis that meet the preferred
nuclease resistance criteria delineated above can include one or 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, Nry, or Br;. When X is 8, enriched or
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Modifications that can be useful for producing iRNA agents that meet the
preferred nuclease resistance criteria delineated above can include one

or more of the following chemical and/or stereochemical modifications of
W28egeSpase, and/or phosphate backbone: (i) chiral (Sr) H{i@AIEOYHEIo
preferred NRMs include nucleotide dimers with an enriched 25 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,

chird) Eﬂ?e@ﬁﬂﬁcé@@ 18%?&?&%&‘%%&%%'%8&% é@%%eé‘s IP%@%%@ X

can also be S or Bra. When X'is S, enriched or’2
PTEfméWBZ%@@WSQE@%FG%%g‘%ﬁiﬁmlfé’ﬁlr@”&;p Irnkage is preferred.
Enriched means at least 70, 80, 90, 95, or 99% of the preferred form.

Suih N&Mﬁeﬂt@ﬁiaelmmﬁd pafiwaiie gletal melbysnfis)y dtiachnddtind siepborus
e atl ic gro se, and/ rt hos hor
atoxﬂ]%?g spl%1 n( og gl%gg p?] S% qu% e I01E e? a mc?uc%

e or mo onem Srﬁus prererre
IONNFRERY gtrﬁ@l memmxwmdermmpmmdéﬁmrimeho@n antisense

sequeRLIORIGEINRMR. Hsriha R Rt bRk ﬁ{sﬂrégm% BRAVRNCS ShAWEDAYeRed at the

terminal -OH or phosphate group t preferably not used at the _

>'-eng QAR BRI U s B &1RER SOl re afiachier it aRd st e dhg bage which

mxnmﬁﬁrrmﬁsraheebaﬁemh FERIHAOET B ms&ﬁfﬂrmﬁe With Mpﬂdxfmmmmmch
and hgpﬁldrzatro for et

ang I% hrch [
mterg%m ementar ase %Wﬁg er s rgaen & (o8 a%’tﬁe}% cPsr |olﬁnoffbf‘?lpy"‘mndlne
ora Mrrﬁdmef QPona MSlmrdlmtaSpdr rimexoirm@ldi@mhscussed in more

detail below; (iii) nonphosphate linkages at the termini. Thus, preferred

NRidsningihcipiiertiphass bete #akageThasg prartnkagR ok sahp Suiiiabsphate
confers reater re nce to.cleavage than does a phosphate bond
R L e G SR

PhO%lh?t@bm@gﬁxgmmbphmwe@ﬁh&GM@mm et <SPS - (O H-5
preferred NRM's 15 can included these structures; (v) L-RNA, 2'-5'

||n@9@£bﬁ%§%%ﬁ@%§t@ﬁﬂ@eﬁﬁ@gﬁﬁg Thushafateprafries-NRMRRM s
%1@ fi L nucleosides and dimeric nucleotides derived from
can PEefs BER§SEUSIEEShh osphate, non-phosphate and modified phosphate

Irnkages (e.g., thiophosphates, phosphoramidates and
bofshlepAbsphaté dinidigas isveaivihinknassiadrvkagidss e Thusg et pBEBTeg
mﬂ%geae MORAMRERHeaA AR AlRNRIIBKALSAL RS f5ie ORIREsRIEAs -5

e.g., the structures
phosphate, non-phosphate and modified phosphate linkages (e.g., thiophosphates,

phosphoramidates and boronophosphates); dimers having inverted linkages, e.g., 3-3" or 5-5°
linkages; monomers having an alpha linkage at the 1’ site on the sugar, e.g., the structures
described herein having an alpha linkage;

(vi) conjugate groups. Thus, preferred NRM’s can include, e.g., a targeting moiety or a
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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described herein having an alpha linkage; (vi) conjugate groups. Thus,
preferred NRM's can include, e.g., a targeting moiety or a conjugated
ligand described herein conjugated with the monomer, e.g., through the
gy a9d3Ee896 or backbone; 25 (vi) abasic linkages. Thus, preferretziRME369
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 23 WO
20061962596 RCTSR0051038360, (4 2 OnASRnaNRe A0 nciue
5'-phosphate %ro rugs. S, p?e erre sinchide monomers,
monspatetashjeabivettthairainsbeiionecs; the 5’ petitorin imhivhiche onerene atoms
of HEQIRBIAM S, Rhthaiphaspbeiag %t&ﬁ@%ﬁﬁ?@%ﬁ@x@t%ﬁ%%&%%%@

which rotectin?ﬁ%éoup or groups, are removed as a result of the action of
are E%mﬁaﬁémsm he psRat & BGATEPE bR Shp Sy eie Pede & BrgATRNRRase
or 2pleRent ifréhensultiecisibadyboyy Ea: DAQspHRRRB0afMO N ICH Arboxy

carboxy esterase cleaves the praotected molecule.resuylting in the .
o S R AR R A PP CATHOR AR S o8
attagkphowphaasliarmitreshitifgfn thesphetiustiorsoitag intprotettethphbsphate.
unpfRE ssifferent NRM modifications can be introduced into an iRNA

agent or into 10 a sequence of an iRNA agent. An NRM modification can

be used more no in a sequence or.in an iRNA agent. As some .
RIS PO R e SRS S0 B ISP BS P By ARET o
a sefeesteott tnaRhttepiaibl A lEVRI ofdRfiAtagent dapked fonmatinmmyen a sequence

or iMAIBRIRET 1D m&@wm%%%m Madiicatan %%%Stl,@%&g&fégcmmmd

the terminal cleavage site or in the cleavage region of a sequence
showldpesushdh erceeiabiehes)sphiBNdrss ol rgdeanttivg exraniniaipadnee

or gene in the subject. This can reduce off-target silencing. Nuclease
resistanteradifidatimnsNRalUdedsiirakon wehinaodoespiaceticmhn bt iavage site

iﬁ‘?ﬁm us hers. which.c 0 at any position. Genetally,

o e S P TN g et

desiradsaucnsa@seTeraBly nbist tHbisleanmdecsitdiorigethigentamvage region
of a sequence which targets a subject sequence or gene. They can be

usedkaRyvese Nt anselTRai ki Seaha B eomp Wi ce tht ! SHE BN at the terminus
andrc]xﬁ?errisd ‘I.}\Zrﬁgﬁ rc]:a%egtgv ﬁ%ﬁ)} Bc‘?s%%’o%.sﬁ%ﬂg{éﬁ?? n?é&)%aiﬁolgsAtﬁeg %QIE Ehibit hybridization
are used only in terminal regions, and preferably not at the cleavage site or in the cleavage region
of a sequence which targets a subject sequence or gene. They can be used anywhere in a sense

sequence, provided that sufficient hybridization between the two sequences of the iRNA agent is

~ maintained. In some embodiments it is desirable to put the NRM at the cleavage 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
1o 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
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maintained. In some embodiments it is desirable to put the NRM at the
cleavage 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.
momoestwases, the nuclease-resistance promoting modificatipoywsidbéza3s269
distributed 25 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

).Ifas ence is to tase uenc in the subject,
S S ARE A B T A P Maegy cesrbed
in Eéresbildenat, BGng@etes andtBevdgiols Syihiahbis :ﬁdom@ﬁ(b@/%ez&%) Cleavage of

the el EBROMRIIRRRON BRI 90Uk IMECIAIAAICEMA fod Il Guclcotides

cleavage site or the cleavage region (As In Elbashir et al.

upstpgg ol first aHel Dt WhichBCoepiameniRaTndhaatidsseatanen chy used herein
ciea%@éi@a%ﬁfs ihedaraslpews AReuin Brendidie 8f 8:< QoM laROMieR the

RNA, or about 10 or 11 nucleqtides upstream of the first nucleotide which
RN ABFHSTEMIL MR YRR Gt s dolfiavige TREtdBEPTRAGHF S oL -l >
nuckefbiss ief theduactedtiga eitteitbresioe of the cleavage site, on the target or

on the IRNA agent strand which hybridizes to it. Cleavage region means

2 NGGESHGRANMI s AnWe InibialeQlitesAl 1SRRG SHE o P, SR terminal

direction.) Such modifications can be introduced into the terminal regions,
Posiop onPiffe et iina PRI o Hhdsroniats ot pERfoHRICE iacte H’iﬁﬁﬁ‘é“m“
which aosefpience: wbighdargaihokaeruence 10 which does not target a

sequence in the subject. Tethered Ligands The properties of an iRNA

ageRiyigiydingdts pharmacological properties, can be influenced and

tailore or example by the introduction of ligands, e.g. tethered Iigands

e variep nti e tethered to an iRNA a
A M el LR, o R con e lelled (S B gt
mﬁmdbwlﬂaédr@h tﬁvwmmh}éecbm tixtigfoduigian didgnpuiatar mikyedieands.
subunit but that is only preferred, entities can be coupled at other points

tO anWRNABeSYs Brelesreq. m@ﬁ&s&ﬁ%q&ﬁa@d%ﬁ@m@gml% to the
cant] ﬁfé@ﬁ!y covalently, either directly or indirectly via an Jntervenlng tether

Ay PQW%?&W@H%&H?H{&B@Xﬁ@f@%ﬂ%SCH ed below in the context of

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

points to an iRNA agent.

Preferred moieties are ligands, which are coupled, preferably covalently, either directly or
indirectly via an intervening tether, to the carrier. In preferred embodiments, the ligand is
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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20 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
sons@mizegiments, the ligand may be incorporated into a "PEDUL0r3/638269
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 25 terminated tether, e.g.,
TAP-(CH2)" N ay be incorporated intp a growin se or antisens
ol LT Cot A DE Mo G OB o RSP PLCOvepe
the rlevioptelsghbupitfifitelifhedstridn theadigamd hatinghiiv etegrobhiiogrosg ligand-

Conglgateg pentafluorephenyl gster or aldehyde 25 WO 2006/062596
T/US2005/038269 group, can subsequently be attached to the

precursor ligand-caonjugated monomer by coupling the electrophilic grqu

of (TG S Rt AT BB O S BT PR e
iRNAnpgaied witioiie rsohunitdétlie prifeprefertboliansbiaditippnisravidmand

the distribution, targeting or lifetime of an_5 IRNA agent into which jt

S SO R A S S
celbylfins ofgrrpcspipetagth iipsteecnean o e, of dhiedodnl ey B &; Compraptehpecies
abs8rsufh £REMAN Or organ compartment, tissue, organ or region of the body,

as, e.g., compared to a species absent such a ligand. Preferred ligands

cangmprove.transport, hybridization, and specificity properties and ma
o A S SRS R ey
als@impidye nudrestitksistines poiyemesidianbletuié aonudifsidgliswieoantinadiper 2

pm%@ferhqame%&@'mgg Qg&%ﬁlﬁﬁﬂ@&f‘ﬁtﬂ{&l&ﬁe@ gelified iibapuCleotifSSural or

Ligands in general can include therapeutic modifiers, e.g., for enhancing

mo E‘?"H‘i‘&%’jﬂBg‘fﬁ: compounds or reporter groups e.g., for monitoring
distribution; cross-linking agents; 15 nuclease-resistance conferring
moibizsdaimermnat sho inehusubtnoeido basb S enpr fhreodemoles ipkede

diaBRORRIBSiRIdR RtRIILS Edhpdvag! 'f&%ﬁﬁﬁ{&gf;éﬁﬂ&iiﬁﬂﬁ{&@wgﬁﬁﬁng agents;

e.g., triterpenes, e.g., sarsasapogenin, Friedelin, epifriedeflanol
o %%%&ﬂﬁ%é%ﬁéﬁa@ﬂﬁt\%ﬁ%@(w.9#@@@%@9@}%%%{% sxamples

mcnwédigzsgimgﬂgmlay&@ﬁm @releiasy, m@tdgéaiﬁ,i ELBEERAS méspé(?é@w.iga {riterpenes,
o s2EIg molequles polvealionyce, Repides, palyamings. and pepide o
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, cyclodexirin 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., 2 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 (HMPA), polyethyiene glycol (PEG), polyvinyl
alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
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20 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,
BiERoERgREYr hyaluronic acid); amino acid, or a lipid. The |iBERE /038269
also be arecombinant 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), 25 poly L-aspartic acid, poly

ic acid. styrene. : : : ‘
P e e,
spemzrsnm&@pmﬁymvﬁmaé%mm PRIy sy BebyAeS,
denciMfeR Wﬁﬁ}m&%%}ﬂmél AREROILB Y AnD UM RNARRE RO 2 -elviachyilic
. acid), N-isopropylacrylamide polymers, or 26 WO 2006/062596

catigBis PRIGYOBSIAETEY FHIYHHOY IR e ERA PR EH 3R fres include:

polyethylenimine, polylysine (PLL), spermine, spermidine, polyamine,

pséigiode peitelsootvindiniezp@igontmetc pokjbeniteyctepdimepent, eg.,
lectiRCY ARG e HRIG: AONE F'P LR C AL BIGINRIG UGS Bed -« 4PHPPKach 2s 2
. lipid, cationic porphyrin, quaternary salt of a polyamine, or an alpha . .
livenfsfleon heslifhs JEithm s/ HRERIls stk ecibg adhg Greripsrelgotonmy fsptn,
elycHFEHEHAS@ERNEHAgoRinAIMacHEGHBoB)MeRD ataliiv Jipiei gy tainti ea@nt an

ntibqdy, that binds to a specifieqd cell type such as. a. liver cell or a cell of

S s T e
fucogly ghysrsiditsdspripstamapidsiemify Mkt ige batbrshirensferimbitpladepitonate,

poiﬁgfi{%‘z‘ale[%:ﬂ\éﬁiﬁﬁﬁtgg Q'ﬁ%ﬁ%ﬁgf&f@?&ﬁﬂ'&@&ﬁ%ﬁ%iﬁf folate, vitamin B12, biotin,

acetyl-gulucosamine multivalént mannose, multivalent 1o fucose,
or apyREbLpatds poRahnsatdsdaivgtifivalent galactose, transferrin,
bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a
steldigndilean belpfatiate, /itagiindpieiigtin paptides RGDnpeptides bpRE@B specific
£ ide mimetia. Ligands.can be proteins, e lycoproteins, Qggeeﬁrh g
# ﬁz@%&g?ho‘%c%%é%ahgjvmé aﬁé%geec |’caga$ﬁlr%%%%’rt§a&§l- gsa%& Sgrecg%‘t%(%ﬁe e

a capcgy calh arditbelial gellt gikesetesl. Shiaafid ! lsp Buén kesmpges EuHwamone
receﬁﬁm.emﬁemﬂaah&ﬁum&a@9&@%@;&%@@5&%&8@9&&5{4@&1&9@a@ R,

ormone receptors. They can also include non-peptidic species, such as ‘
VIR S CERNS, R DG ARERSe- FRAYALTE SIARETS; Nrarfbareateriptamine, N-acety-
guludtishitnale ahdidarioseiNoacelyhgriasiasdmnine, fhadriid gulug)sarstatple, a

oI D AI98 6 P RD g0 LSRR S

Xam

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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lipopolysaccharide, an activator ofp38 MAP kinase, or an activator of
NF-KB. 20 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
dispuptsigsthes cell's cytoskeleton, e.g., by disrupting the cell'scT/us2005/638269
microtubules, microfilaments, and/or intermediate filaments. The drug can
be, for example, taxon, vincristine, vinblastine, cytochalasin, nocodazole,
j aplakinolide, latrunculin A, phalloidin, swinholide A, indanocine, or
myoservin. 25 In one aspect, the ligand is_ a lipid or lipid-based molecule.
For ¥ample iptd"gF Ab2EEB 4=hh6 tthe DIERS SbIP SRt Eheard Frp ot ease
resigtfhceuediegeroibathelcoiingaS Ad) Art-tsAthindingod igasshaliaws farset cell or
distribution of the conjugate 1o a target tissue, e.g., liver fissue, i ding
e A M R e o
also be used as ligands. 27 WO 2006/062596 PCT/US2005/038269 For
exathihed ReSoigAnar & Priisddn Badidds. seisrrerlipidBasss fimtareusite
2 tat@dtinsheaSeoriesisiancalincngisdakeni oichia canpighie, HINResRASEnety will
targeting, or transport into a target cell or. cell m rane, and/qr.(c
v R ST AIAING FE L BEAT B G Chbes TR i v
A lijgdolligad ecd Sednbthatdudatie, BSdh lesrtroh ghecairtatinged faha o tHia genimeate
to HQ Iédﬂeggrget tissue. For example, a lipid or lipid-based ligand that binds to
HSA more strongly will be less likely to be targeted to the kidney and
therefore less likely to be cleared from the bqdy. A lipid or lipid-based
e e e R R R
withoa thétlnesffim tx gueférred carmijogimerit] therlgfidbigsidrtganiddnds-kidney
- us : P : ” i .
S il B et e e e MR Nl Vi
canpohbefei@EeEthat the affinity not be so strong that the HSA-ligand binding
cannot be reversed. In another aspect, the ligand is a moiety, e.g., a
vitamimo#thickspedatterlipmdis a tasget, egll, .eviandnp watiidr atingeaelh. Hheaeget
cafSePatigAHaely] fopdeating Asprders ehRiaclaracd R4S LNANS ol oy
éelFbr ff%ratlon, .g., of the malignant or non-ma |gnalr11]tgtype, e.g., cancer
unveatisd Eslbpplidesaitmminsihblrioieligramior AOEMGHENKI Qb € @xarmsrugells.
ExSBENFHAGE G AR S MAGHN. 2 tha 10/ CRRH e Rrdpial PRIV DIGHEL are B
. pyridoxal or other vitamins or-nutrients taken up
vitamin, €.g., folic acid, B12, riboflavin, biotin, pyridoxal or other vitamins or nuirients taken up

by cancer cells. Also included are HSA and low density lipoprotein (LDL).

In another aspect, the ligand is a cell«perméation agent, preferably a helical celi-
permeation agent. Preferably, the agent is amphipathic. An exemplary agent is a peptide such as
tat or antennopedia. If the agent is a peptide, it can be modified, including a peptidylmimetic,
invertomers, non-peptide or pseudo-peptide linkages, and use of D-amino acids. The helical
agent is preferably an alpha-helical agent, which preferably has a lipophilic and a lipophobic
phase. '

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
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by cancer cells. 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
wXeWisiasssegent is a peptide such as tat or antennopedia. IPETEUaEHD3E269
a peptide, it can be modified, including a peptidylmimetic, invertomers,
non-peptide or pseudo-peptide linkages, and use of D-amino acids. The
helical agent is preferably an alpha-helical agent, which preferably has a

i ili li ic_phase. 5'-Ph ificati . &
AR S RSN A 0 IR B o
monghlespherK ARG, 5 grrsnbrmittiDBIDRISRBE Rodhdons of
mpﬂgg)%'s&%éoﬁg}%gﬁlg@%?%1@?6{@3%&’"@399@/9@%5%3 cap (7-methylated or

ch are compatible with RISC mediated gene
non SHEREHEDSTRABIO T HARUIEHE R HOESOREISPL Sphies-adendsine oap
(Apth @2 YRGS diphosiEba e ()2 (@) RraiHE) (0-Q16 ) BP-O-
woBES PRI I QROR O HONQIE O P (HIOURK s ARG 53
mor(iiith BB PR O IR D IO E) FLONPIHIC)R)-0%  Bicaplenobitsicap 5
@?@A?gﬁ’gf_s?gg %%vmﬁ&ﬁﬁcsfégmmu?g SRR SRR HEBhosphate,

)P-O- (HO)(O)P-0-P(HO){O)-0O-5"); 5-monothiophosphate
&ph@?ﬁ%ﬁﬁﬁé 2teidn g (é}ﬁ-@a@ﬁ@mﬁﬁﬁ%ﬁ*ﬁb%ﬁ%ﬁlg@nphosphate, etc.),

5'—pﬁ@ﬁ%§hﬂmﬂméﬁ)ﬂm(fbj@aﬁtifs),(lﬁiaj@bfﬁi)@)p@mbsrr@!}kwiﬁ&@homtes
B -S-5'); any additional combin ygen/sulfur ,
R TR B BB R R O ™ O B a2, 5-
alkyithdpiimsiifictaieh 03 phikids thérgarvina:thictnp s pidaie; )ettpxtpnethyl, etc., ..
Rp(grgf&geh@_fmidates ((HO)2(0)P-NH-5', (HO)(NH2)(O)P-0O-5"), )
5-alkylphosphonates (R=alkyl=methyl, ethyl, isopropyl, propyl, etc., e.g.
RP(OH)(0)-0-5'-, (OH)2(0)P-5'-CH2-), 5'- alkyletherphosphonates
(Riﬁ%ﬁ?&fﬁé@ﬂ%ﬁ%%mg?h@v%mmgs?gﬁ%%ﬁﬁeﬁ? Slgandap prevent
fornRBOG{DIeD-ERISThthaebs posteaiat ordztnmetifiegbir tecler Thivactivate
th nse strand. and.prevent 15 fo tion of an,active RISC, thereb
e B A B e Y R B AR BB T ol SN 5. by
modifsdiftoatth whicribybnbeBichiotdp liene Mvigimat ¢hel s 61093 sty B deauippments

and RaMRAACAHE RIVKNR el MebYhRoRUAGRtde RRH VKA e eI @.321.)
(2001) ATP requirements ) ) o
Other modifications which prevent phosphorylation can also be used, e.g., simply substitutmg

the 5'-OH by H rather than O-Me. Aliernatively, a large bulky group may be added to the 5'-
phosphate tuming it into a phosphodiester linkage.

Delivery of iRNA agents to tissues and cells

"~ Formulation '

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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and small interfering RNA structure in the RNA interference pathway. Cell
107, 309-321.) Other modifications which prevent phosphorylation can
also be used, e.g., simply substituting 20 the 5-OH by H rather than 0-Me.
Altetarisgedys a large bulky group may be added to the 5'- phasphaiesoss2es
taming it into a phosphodiester linkage. Delivery of iRNA agents to tissues
and cells Formulation The iRNA agents described herein can be
formulated for administration to a subject, 25 preferably for administration

locally to the lungs and nasal passage (respiratory tissues) via, inhalation
or ﬁwa%&%@%%éﬁ%f%ﬁ?%?%&%?&ﬁWé‘?g Wf#ﬁ?{%’éﬁé‘ﬁ% ?X/at‘i“ e

| discQ061R635 98P It S200RiE3BAGRNRoerse bikoyidbitiomethieod, however,

formulations, compositions, and methods in, this sectiop-arediseussedents.
that Fa?&e%m%%%‘gafap%?"& Bio%d ﬁgﬁ?@f\?gsgaténr}ffs? rl%cg C%ﬁ%%e u nderstoogg::i
e.g., mowifisedriR ik feese dol mulatiarise o mipositenisy emigethods can be

practiced with other IRNA agents, e.g., modified iRNA agents, and such

pragtigeniganiniothe daupetion camAdemuplatatiRNAeempositierecamples, the

assume a variety of states. In.some ex les, the composition is at le
conaniy TN B TR AT M JORER e oo
thartBAIS@B0520,30,128 watt)Ydnvatehyr knampkhdhelkapientiesRrOAsBliEas 8- I
2 soRRUS AP BRASE: &bk i rSiRI AN EHQ%@%&Q&%\B@%{ JHiSferanheing the

preferred form for administration via inhalation. 10 The aqueous phase or
inhafla@oprystalline compositions can be incorporated into a delivery vehicle,

e.g., a liposome (particularly for the aqueous phase), or a particle (e.g., a

micrepadtielas asaeanrhie:appradfinaterfgosiirystalihe iscrrgrosivbingo a delivery

Generally, the IRNA ¢o HioR. i [ ReIhAtiShicroparticle
o B e
as cprdparatienrisafie foysalinmmpestinihatiencrn Sdier SEBREsEIgR 18

forrRIRIREN LR IBRARSLIC AREHLY Riade RitthatsiabiizesratmiRiNtueg., a
protein that complexes with iRNA to form an iRNP. Still other agents

incl dﬁ lators, e.9. E[%TA e.d.. lo-remoye g@lv ler %?5{8&% N85 another
Mg%’, §,H§"rﬁi{’%té"%ﬁ?6i Sr%’%é}fgﬁteé? broa stgec?éc%ﬁiRNAse ir%%b’lto%rs’ _
therapatiasg@Nsinjgmtitee ftatizes an iRNA, e.g., a protemn that complexes with iRNA
to form an iRNP. Still other agents include chelators, e.g., EDTA (e.g., to remove divalent

cations such as Mg?"), salts, RNAse inhibitors (e.g., a broad specificity RNAse inhibitor such as

RNAsin) and so forth.

Tn one embodiment, the iRNA preparation inchudes another IRNA agent, e.g., a second
iRINA 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 himdred or more different iRNA species. In
some embodiments, the agents are directed to the same virus but different target sequences. In
another embodiment, each iIRNA agents is directed to a different virus. As demonstrated in the
Example, more than one virus can bs 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 iRNA preparation includes another iRNA agent,

e.g., a second 20 iRNA agent that can mediate RNAI with respect to a

second gene. Still other preparations can include at least three, five, ten,

e Bdys/bdtyeer a hundred or more different iRNA species. INnpSOrR2005/038269

embodiments, the agents are directed to the same virus but different

target sequences. In another embodiment, each iIRNA agents is directed

to a different virus. As demonstrated in the Example, more than one virus

can be |nh|b|ted by co admlnlsterlng two iIRNA agents 25 simultaneously,
Irefbrgs cistbILL LS 1R BINRBCted to one of the viruses being

treated 30 WO 2006/062596 PCT/U82005/038269 Treatment Methods

anckR&uge&@&ﬂe&mﬁw&ecmmmmmmﬂem anveRiNA, agent RN eagent
thatgar %n&gt%y orng'w‘] can% 8 qllv%.%l %Qttg t&%tsfta%t% ?% ESPIT}'{X aﬂeroutes

ere 0a SUbJeCt Yy a varlety 0 utes: Exem ary routes |n
inclivik athtibripinirgdieeal, pepeduhyﬂ;ammp&vemxa@inwhlm&awéﬁéﬁ‘@a%r The

refgx%w G¥ank 38 a%rﬁﬁgg%{iﬁg meanesof RARITSe HRgSRNAPEeRE.f Hiect

present invention is through direct administration to the Iungs and nasal,
admb‘&%%%‘@éﬂ%? JHEETi PRSI S REREPE M SRt R R g KA
can be incorporated into pharmaceutical compositions suitable for
adminiBiAiegenF omdxaimpipero pdsitibussemvice]l ydepséionsAgreblRieA
adnfREIRAD 90@ Ruaspaceulisaibnaceeriabie caerie ‘}né% yeed hergindhe

language "pharmaceutically acceptable 10 carrier” is intended to include

phagpsraeally asrgpiable sspeErsivripre bpcidhs %@éﬁlﬂﬁ@f@?ﬁ?‘?ﬂf& y acceptable

car@Rtify Nl RALH IS ISR anicAn dipdsasRY msgemsmﬁxaﬁe mtsau@ga ihtolilerial and
compatible with har eutlcal (géimlnlstratlon e of such. ﬁ}edlﬁ

sl GEFRE 157 S TRA CEITIEAND SelAVE 435 tR P Hhen B
phmmmmmmﬁmcommh aimedmicagagemrlshm@mgmﬂheacme

subWance@?s ?&gﬁgﬂ%@& Ug%e ?fgé?)ffél? :Ip gn?/%lR%ﬁﬁ@ﬁ? edia or agent is

contemp ate upplementary active compounds can also be

mﬁﬁ@a{é@ thirectiiee eomsarions IrreHidhn aeBnaeEPes h PESHEHAS:
B RSRNIRVERTRRLIRAY RS AdMIDIBIGrSEriia iR B eEShs.
epending upon whether local or systemic treatment is desired and upon

e eSO ORI IR0 AL ORI HRP R nictered in
oph aIPmc m‘iranasafmfll% erma frapulmonary oral or parenteral
nurEtarariterat depmdisg ation Wislbdelsdatenaysiemcdrisbaens instastedaad gpon the

areNI 3RGHIRNL Al QL INNAMRUR G HINGRULN: QiR IR BETah R FAMRRIHCHRkdermal,

intrapulmonary), oral or parenteral. Parenteral administration includes intravenous drip,

subcutaneous, miraperitoneal or intramuscular injection, or intrathecal or intraventricular

administration.

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

administration.
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administration. 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
avonipissredien to the lungs or nasal passage, e.g. into the reBpiFAIRH5/038269
tissues via 25 inhalation or intranasal administration, or via systemic
administration, e.g. parental administration. 31 WO 2006/062596
PCT/US2005/038269 Formulations for inhalation or parenteral

administration are well known in the art. Sych formulation may include
s R e G

fornfihabsHilehiiadditivesadwenin teennushisenthetataboaiderteatjdivofits and
solutes shquld be_ cantrolled to render. t reparagion isotponic. 5. The
oth e B BT TSR e o (R HOP PRI TS
contuiigdsy orndestht pagmagenofaicsubject by any suitable means. Active
compounds may be administered by administering an aerosol suspension
of respirable-pABIRIRS anniprisedehibhe priveltoaipatisted tachyamg(s) or nasal
compounds, which the sybject inhales. The active compound can
pasSERGLRF X TN ORPRS, AUl A0 BOb T e A her
adniintiatantsamaetecd dudpssimhel aests; i clputitpliel figuid ssd 9 dresioiis: cpipound or

acti\'?%%%%ggﬁth&%a&}ﬁk%@% %t'lﬂbﬂ?e&ﬁ%@'&@tﬁ@é‘oﬁﬁ?ﬂﬁ@éﬂ@é’a&@m@aﬁ% a

contal er therapeuti Ingredients such as amiloride, benzamil or

varighyerfdpmsyateh iRebsenet tisaied pSurRPTHIGLEBA AR AaisTeY Apwsriakalirs ST

liquiaNiQili sharahsey PHANQbWARIHAR e AiMAY TGRS SR atiRRirtides may
described In U.S. Pat. No. 4,501%,729. Tgle Eartl ulgtetpharm ceu{glc%lml with

optiogAty SSRIBNG AT BERBRLHS BE CORMbIARE Rrdis CATF erc%angﬁ T

the eibparsiompsind nspottd Ansuitahten aifetise chisis bt sugaelfieptian wfgeater fom

sirgigRs,Iehaloss. nanniohgay b isaderkpitire active compound

orcompounds in ahy suitable ratio (e.g., a 1 fo | fatio by weight). Particles
comprised of the active compound for_practicing, the present inventign .
nb]ﬁ % arrier 1o

shoth3 DB PR RIAC g T SOTSR D 4N AP TS PR AR YT acg ykh a ©
aid suffigientbn siathipopasssthrmigbarAbr thenes atiuger ioselansdasyarsagohalose,
in tion .and info.the. bronchi and alveolj of the lungs..In .
i g,al
e AnI HONABRL D 0 PAETof I e (Rare B o2
to lessothpmeblayt 5

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

uM is preferred to ensure retention in the nasal cavity.

Liquid pharmaceutical compositions of active compound for producing an aerosol may
be prepared by combining the active compound with 2 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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microns in size) are respirable. Particles of non-respirable size which are

included in the aerosol tend to deposit in the throat and be swallowed,

and the quantity of non-respirable particles in the aerosol is preferably

Wirtionézsas%or nasal administration, a particle size in the raRg&Gy24G/68369

25 uM is preferred to ensure retention in the nasal cavity. Liquid

pharmaceutical compositions of active compound for producing an aerosol

may be prepared by combining the active compound with a suitable

., vehicle, such as sterile pyrogen. free water..The rron| '

R e R G e Gy R S S
physiaDERAOB25e6G RICTIVS 26050882602kl fifen Syrsde AeTra YRRt H & cight of the

physiﬁfb@%i ' c@ﬁEBIQQﬁt.tO fifteen percent (by weight) of the physiologically
acceptable salt, and more preferably from three to seven percent by

ight of the. physiologicall ble salt. A Is of.liquid icl
e e o R
suitapieanmssuch aswitih arpressdredrivencetvebo i@eﬂéﬁ%niunpésbm’@ See, €.8-
U.s. PRONIZE's 9‘59%@‘(‘5&% Rk Y £2ANERLIEE R transform

commercially available devices which transform solutions or suspensions
solutiohgiws sispoesionsrattimatite Rardiendue Srepentiniteith siE FiRe g

of acRGEaiesate Rl eaRAESSEHieAS diicalyal, Mrexyoe Rt vethe befiewr by
venturi orifice or by means of ultrasonic agitation. 10 Suitable
meang OFHIEBHE $8HAINE in nebulizers consist of the active ingredient in a liquid

carrier, the active ingredient comprising up to 40% w/w of the formulation,

bubiiefter Bistyuletens e SOmaWizereers Rt oA shedion (A St
carri@! BERAVe SHEFBRYEQESAs g GYBLREY Ok @ Bl PR Alaobeligably less

SO(!UIIOI‘], %re erably made jsotonic, but ma%/ be_hypertonjc with bo f|UégS or
than RO/ o BRSGHTBIFT 15, A b FER SO R et P RiEr By ST AatRava s dole
a dilReespRBcERSHUS dfthiediarptdRiiatyisiadt inactds ianlmafdredwaniohss mishpdy

. _hydroxyhenzoate . antioxidants,. flavoring agents, volatile gi feri :

gy B e S AR S A QR B Rt
if thecfommpdetiveh inaytlikedviserie frogaoadewitthablydoticy paanattatatioxidants,
anEIA0ENLS BEIRCRIOSRAIRL Aeiashlbaenatalngs for administerng sold

icUlate therapeutics to a Subject produce particles which are respirable

R R S B e et BRI HEHRRE ST piSIStke
with any solid particulate therapeutic aerosol generator. Aerosol generators for administering
solid particulate therapeutics to a subject produce particles which are respirable and generate a
volume of aeroso} containing a predetermined metered dose of a therapeutic at a rate suitable for
human administration. One illustrative type of solid particulate aerosol generator is an
insufflator. Suitable formulations for administration by insufflation include finely comminuted
powders which may be delivered by means of an insufflator or taken into the nasal cavity in the
manner of a snuff. In the insuffiator, the powder (e.g., a metered dose thereof effective to carry
out the treatments described herein) is contained in capsules or cartridges, typically made of
gelatin or plastic, which are either pierced or opened in situ and the powder delivered by air
drawn through the device upon inhalation or by-means of a manually-operated pump. The

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

blend comprising the active ingredient, a suitable powder diluent, such as lactose, and an
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human administration. One illustrative type of solid particulate aerosol
generator is an insufflator. Suitable formulations for administration by
insufflation include finely comminuted powders which may be delivered
myomeanse$a@n insufflator or taken into the nasal cavity in thecanmeret2ss
a snuff. In the insufflator, the powder (e.g., a metered dose thereof
effective to carry 25 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 lﬁe powder %&i}\é red E air, drawn
op R e R PRIl by AR SP N A E Pt oo
fornpiliigm. The powder employed in the insufflator consists either solely of the
active ingredient or of a powder blend comprising the active ingredient, a

suiiafle,Re @6%@@&@&{%}6@&@&{91%@0@8%%35%\&(%1%@%@%%@ Metered
PCT/US20051038269 optional surfactant. The active ingredient typically

dosed&?ﬁlﬁ’i%@? REATEZEd A B VI Br e %ﬁﬁwawmwwa gy solution

forndlitgicativenaacase igeateator CogPhise srapaitier eandasesdthaledelletatiecharge
ose inhalers are pressuriz erosol dispensers,.typicall ntaining .a

e A e e RS D e R 8.8 00wl

to prorhioe Hdine Duitiy W thetdniwicesctiscnargiethS ioehetatipelshiooghds
certMRAMB RIRRIRA D AElMEP AR RIE MR GRS Sromeda-40 200 ul, to

__produce a fine particle s%ray containing the active ingredient. Suitable
trichlpeSiamzere e Bt entiat e RS IS BB B o ERTd S hedPaxdipnanay
addidighloyeoifisiaraiv ethadie coiehianef e kmebiaBianol, surfactants, such as oleic acid -

dichloratetrafluoroethane and.mixtures thereof. The formulation may 1o
or s el PR B R s R P example, ethanol,
surfactants, such as oleic acid or sorbitan trioleate, antioxidant and

suitBRENAETR e R RIViAdnthE sERiFc LAY SRR BHPSE By B1%e BGHREYE A
caregfv@bl/oaﬂeaﬁfymﬁfﬁ% Bn@lgedavﬁﬁﬁr?gglafng%aﬁéf@ﬁhé%ﬁﬂﬁl : e mlm,i%ospitai,
involved with providing.care.to t an. for example, a hospital,
hospigt SRCior AHF% YR BRfehRERRICES MHiEhcHrh Ohd AR BB e ROt
practiticter; oz Spowe othemidfiepracfiticrepaena e usalbeiguardide psudtedsma
meaB8Y.LhEmecheation.can bepovidadin megsired doses orin a
dispenser whic ée‘ﬂversametereg dose. The term therapeutically
effective amount” is the amount present in the composition that is needed

to PrOIERE H RSP BB R AR o 8 R SEIAe b e a6 vaeion hat

is nevdsd paimdide the desired level of drug in the subject to be treated to give the anticipated

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

IRNA agents, each one directed to a different respiratory virus, e.g. RSV and PIV, are

administered concurrently fo a subject.

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

the desired palliative or curative effect.

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

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

The 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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physiological response. In one embodiment, therapeutically effective
amounts of two or more 20 iRNA agents, each one directed to a different
respiratory virus, e.g. RSV and PIV, are administered concurrently to a

Gbiestodfresterm "physiologically effective amount” is that araetteososs2eo
delivered to a subject to give the desired palliative or curative effect. The

term "pharmaceutically acceptable carrier" means that the carrier can be
taken into 25 the lungs with no significant adverse toxicological effects on
the lungs. The types of pharmaceutical excipients that are useful as )
Polypapridps it pbstens i RIS Chich S S Ay AT ARCRER AR IRt TR fRedks, Thsiafgrriers
maya@ants Guehiias oyl fsnasinayaeidsandra4/\HEXw006/062596
PCT/US2005/038269 polypeptides; pH adjusters or buffers; salts such as

sogiyfnchioddenand the liker Fhest fatisrs ey hainAasialing or

amor f;ous_ form or may be a mixture of the two. Bulking agents that are
polypspticaiarip R Rsiin aripembieations Titent SuBbisyaraabrdraieiydiides,
morRBAIRA RIS ¢ &Hh%@ﬂh’?\@d&@fﬁl BHREE, &Hﬁ@&[@aﬁ@ﬂ@ﬁk@b Eﬁ&@ﬁ:ﬂ%ﬁﬂ&ﬂ%ﬂf&l as

monosaccharides such as galactose, D-manngse, sorbosg, an ike:.
o S L AR P ATt AR TRE gy s ad

polysucihailes wdhamynibmb, betiodytinssitrinmanghdib e chtiide sy sh

e B O A R S B oo

mannitol, xylitol, an C }
raffippap maltadeaiinesad rammisdeStibrsimantidesdnapin i asamgpfmino acids
mciggmpﬁﬂi%% @ﬁﬂ%{%ﬁg@b igg@ﬁjgﬁ 10 include alanine and

glycine, with glycine being preferred. Suitable pH adjusters or buffers

nclude. Araapic s RISRAed amoraanie acids,and. PASERSHE At and
sodium citrate, Sodium ascorbate, an eﬁke, 2 um citrate is preferred.
basepamghes MdiRNilraigesndsen treabmsirmatefiadike:sediryesatias pufamcd-
about 75 mg per kg of bodyweight, or less than about 70, 60, 50, 40, 30,
20,046k0pe. 243 1RNGA Qgbnf2DbO BB NEod 2t 2 CudAbsolels ARTBOE PEgtper kg
of bodyweight, and less than 200 nmole. o ent (e.qg. t.4.4
oo R L 5o kD P B Cight B T0se s To00: U5 subl et
0.0005 o7 (B)0DSPE. 7, kO do0307REs!0. 014 @505 WeoLEs GfFOTY5z@i0e@sBbout
4.4 2796 LRNAAYGREBEEKAAHDAOYNEIRNL | I HpABSes IO 1SRG 5, 0.5,
can be administered by injection ge.g., Intravenous or intramuscular, ]
0.15, 0.075, 0.015, 0.0075, 0.0015, 0.00075, 0.00015 nmole of RNA agent per kg of bodyweight.
The unit dose, for example, can be administered by injection (e.g., intravenous or intramuscular,

intrathecally, or directly into an organ), an inhaled dose, or a topical application.

Delivery of an iRNA agent directly to an organ (e.g., directly to the Hiver) canbe 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 disoxder.

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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intrathecally, or directly into an organ), an inhaled dose, or a topical
application, 20 Delivery 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
teed0etE3ng per organ, or preferably about 0.0001- 0.001 Py RBL@EYRELEY
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. 25 In one embodiment, the unit dose is

administered less frequently than once a day, e.g., less than every 2, 4, 8

a fregpeggytf4yh. 16t aneshiar BpABEinhcRT ereRlr: desanib 498 BAwhA AARIBE It
singB2iMEO 2006/062596 PCTNS2005/038269 a frequency (e.g., not a
regular frequency). For example, the unit dose may be administered a

Si”ﬁ'%&érg&!)%ion%?meb&?ém%&ogﬁsei HYEARSE:HS RTINS MeHbeutic

other tra |t|onarflﬁ1erapeut|c modalities. 5 In one embodiment, a subject is

modaliiinistered an initial dose, and one or more maintenance doses of an
IRNA agent, e.g., a double-stranded iRNA agent, or siRNA agent, (e.g., a

preauwisosmddlintedar g et A agenisvhidcanihbdorocessed imaan

.SIRNA agent, or a which encodes an iRNA. nt,.e.q.. a.
S B ARG I SR By SO aUENT oy oy e et e
a prevrrivie pan coaipwsRIN ogen) aichene hellyrtsnsrdrnin shaRifareraber a GNA
whi@NgiRalL0 IRse0fdhig initial dosa. A NALISRRACELRIIPERIGAN, Ikl Usi@recursor

treating the subject with a dose or doses ranging from 0.01 %; to 75 mg/két;h 1
thergdfho dPRIGHEHEFHAgF LIRS 0BTty 'S eoBan G Busal flofp e £, P02
less@0he OuBh] @:0054 0naRicnandd. dhemerpaidigleaathavighbjeervwidya ddse or

maintenance es are prefera ministered no more, th ¥ery 10
dosES AREE BTN P il 0 oA eH ARG e Tt T e o 10
5, 24iln@ WRiEhOWiL 04y 08pEANYG, opBAGHEMS pratige Dlahevpahioatalay. The
maifNSRASE Al SRETHA, RERYSrl Landilinehibe.paligps, Topseierieg.

embodiments the dosage may be delivered no more than once per day, th
Furlgey, e Rrsrenhies iBIse @ qydes Sors A S iBre Fdth &1 v fisnensiag egp te
natREGERY SiMisuli Bidaxs, ixoliovwinteaitnsrtalthendatienifeanpagemonitprdetred

for,chan%%sfi‘n his cond?;ti%r]&and for aIIevi%tion of the 'ﬁgmptoms of teh .
embments D8 (OSHRRD 20 YIS RO MFSIHER RIS, BRHE badnreRged if
per thie Xy @Ry} dhanpattents, e.g., no more than once every 5 or 8 days. Following treatrent,
the patient can be monitored for changes in his condition and for alleviation of the symptoms of
the disease state. The dosage of the compound may either be increased in the event the patient
does not respond significantly to current dosage levels, or the dose may be decreased if an
alleviation of the symptoms of the disease state is observed, if the disease state has beent ablated,

or if wndesired side-effects are observed.

The effective dose can be administered in a single dose or in two or more doses, as
desired or considered appropriate under the specific circumstances. If desired to facilitate
repeated or frequent infusions, implantation of a delivery device, e.g., a pump, semi-permanent
stent {e.g., intravenous, intraperitoneal, intracisternal or intracapsular), or reservoir may be

advisable,
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20 does not respond significantly to current dosage levels, or the dose

may be decreased if an alleviation of the symptoms of the disease state

is observed, if the disease state has been ablated, or if undesired
witlesaff@crsare observed. The effective dose can be adminiSt&rEsRHS438269
single dose or in two or more doses, as desired or considered appropriate
under the specific circumstances. If desired to facilitate 25 repeated or
frequent infusions, implantation of a delivery device, e.g., a pump,

semi-permanent stent. .intravenous, intraperitoneal, intracistern

e S B R R R D e o
iRNP@MJ@@@%/@B@%@AI ggmmmm«;, mftmg@ﬁmomveﬂa?ping and
non-RMAGAHTIGALEOD Q%ﬁlﬂﬂﬂﬁ%%%g%?é‘é{%%&fc@?% RGER% SRREIRS of the

The iIRNA agent species can have sequences that are non-overlapping

RSV gegendn safaeemmboiinedpie Plor et BINAqssat Syl &b fy digferent
nam@.llg,c olact&f?x@ttﬁgaﬂ-@ﬁ%ﬁ. GRTE S Qeigﬁ\l?ma%%?tﬂh@f t@t@ﬁ@@@ﬁmﬁﬂ&ém%ene of
urality of iRNA agent species is.specific for.different 5 naturally occurring
RSVighh B HEAE OISR A ANOH SUE AP e T VAP L e
diffeontR&M, Canchanpile senNipithesgame hannbeeutisalicempbsikdthageats are
Specigg%g%&éMHggg%t% & different gene, for example the N protein gene.
: ).,

n another embodiment, the iRNA agents are specific for different viruses,

e.% ﬁfﬁ\[ and PIV. Following successful treatment, it may be desirable to

hav/8 e HaTis AT SrE s e RR AR ARl S bs {eptHaderee
maintecurre ieeapf thedisen te staterpwhertie teceampoy ntaoadithbe tonwgruiion ¢f the
. ini i i rapging.fro t 0 r
L T S i s s R
weighbtprsdSfien 43,88 amount sufficient to be effective in treating or

preventing a disorder or to regulate a physiological condition in humans.

ThehtbeeesefinlisfteriRMaustnkiyisBEant acamoisteset it depesftbcetive
in trc%nr'f h% %aﬁrgg;[lerg (%%% n;:"nr grgorltartlg aa ersllto 5‘ d trl‘%orpﬁﬁgga%qn%uman The

a&n’%nl ration, é.g. hasal, buccar or putmonary. For example, nasal
concipfratitatisrsent abiRdghiresn admilusiencd oriialetrenibersty pometers determined
for HRARAGABH ARSI rRRIIHIATON. O D IRG-RLhe ﬂﬁ%ﬁ%g%&% @e,ia;i!rflpm,

is sometimes desirable to dilute an oral formulation up to 10-1
nasabﬁgg}%tm P IEER SR TEF FRNSERFRtions of some ingredients in order to

avoid irritation or burning of the nasal passages. It is sometimes desirable to dilute an oral

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

Certain factors may influence the dosage required to effectively treat a subject, including
but not limited to the severity of the disease or disorder, previous treatments, the general health
and/or age of the subject, and other diseases present. 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 iRNA 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 iIRNA agent such as an
siRNA agent used for treatment may increase or decrease over the course of a particular

treatment. Changes in dosage may result and become apparent from the results of diagnostic
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20 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
ctisermaineanes present. Moreover, treatment of a subject withGx/Us2005/6038269
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 iRNA agent
which can be processed into an siRNA 25 agent, or a DNA which encodes
an iRNA agent, e.g., a double-stranded iRNA agent, or siRNA .agent,.or
a5 T DR 7 ERTIL  ShHE e P AR A i o

iRNnclpge aspoesonl Breatrentrihtidiraismbibeappidoinie dithdditie Hfootiveof

the 395,91 B BNAA9E0L SUGH AR AL, SIRNA agent used for treatment
may Inctrease or decrease over the course ofa partlcular treatment.

Changes in dosage may result and become apparent from the results of

dia QISR RARI D TS50 8B EoTRORSBER AEbB g fppdiiion fo be freated,
witlilesaribed bereimitLnagtie thesikscteasybaimoniteyethafibs cure is

e SATinistering an, (RNA agent compositon, Based. o0, NAINAION. IRIL NS aes
monltorlng, an ad8|t|ona amount o ?he | Knagenst mposmon ce}n e )
froradministareds Ddsiggisidapeindanttionbodyerithapndicas Porsshicr@séipr il can

easﬁ}%ﬂlﬁfgrbﬂim&ﬁ(ﬂ&%é@% gﬁn‘é@ﬂ%&&% %?%@ %éﬁﬁm& I@ﬁﬁﬂﬂm dosages

from several days to several months, or until a cure’is effected or a
may| TR (AR ErErsEAe & iYE RIS A dRliv Farh s BPRIRE sErb e Senea LY
estif@ietpied JFOPTIDE AN BNt G ACcHH WhAtIDRWY e eio@fldhen some

ient. Persons qf ordinary skill can easily determine optimyum dosages,
em%oé’iﬁ%mr%egfﬁo 0 ggllneﬂsgl "iﬁ%%}}{r’le”g&u |oﬁ%%{l§sa.\h/6% ﬁn@r%eégsgg{;%%wr%%} e"ar’y'e'g" :
gend dipe ptiduconathezee REVER Pte ity thmgivid walnsdmpoemdisicaand oathe

cor&%ﬂ% gﬁ&&&ﬂ%ﬁd B%%ﬂx%ﬁl@cﬁﬁﬁléﬁﬂ e} %ﬁﬁo@f{ﬁﬂ%ﬁ?t@ﬂﬁﬂg‘ﬂﬁﬁdes

and in vivo animal models. In some embodiments, the animal models
an MGG ThRaHE SRS At dsast e FogioRel 0 GEACHE Mt at
conBEREH GRERIABELRH R RINRNANS tiansaeiisamiMmat eashed risrantfor a

b the corresponding endogenous RNA. In another embodiment, the
W8 mposition for testing includes an iRNA agent that is complementary, at
least in an internal region, to a sequence that is 15 conserved between

the Thejerrsun nnthenHinsriiedbribe Soberiins e tampdesREncRibaulg Bot be

cor3HR8Rs Flhinvanting is further illustrated by the following examples,
which should not be

EXAMPLES
Designing antiviral siRNAs against RSV and HPIV3 phosphoprotein mRNA

siRNA against RSV P and siRNAs against HPIV3 P mRNA were synthesized chemically
(Bitko, V. & Barik, §. BMC Microbiol. 1, 34 (2001)) and their IC50 (concentration of siRNA
producing 50% reduction of target) ex vivo was determined (Fig. 1a). The siRNA sequences and
IC50 values are listed (Table 1). Two siRNAs against RSV-P (#1, #2) and one against HPIV3
(#4) showed appreciable inhibitory activities, and were selected for further study. The
correlation of target mRNA with protein, as exemplified for siRNA#1 (Fig. 1a), agreed with an

RINAI mechanism, and as we shown below, the knockdown activity of a sIRNA ex vivo also
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construed as further limiting. EXAMPLES 20 Designing antiviral SIRNNAs
against RSV and HPIV3 phosphoprotein mRNA siRNA against RSV P and
siRNAs against HP1V3 P mRNA were synthesized chemically (Bitko, V.

% Brikn&s8MC Microbiol. 1, 34 (2001)) and their IC50 (congenraiiomwiieo
siRNA producing 50% reduction of target) ex vivo was determined (Fig.

la). The siRNA sequences and IC50 values are listed (Table 1). Two
SiRNAs against RSV-P (#1, #2) and one against HPIV3 25 (#4) showed

reciable inhjbito actlv 3 re s Iected for further study
mat R T Ao s B e A PSR
inexpendivagiesld mdhcaameﬂﬂﬂamhekﬂmmg fan dresitiner shaiBAiiew, the
knockdown activity of a SIRNA ex vivo also 38 WO 2006/062596

PORtERON TN SRO% Mkehre Wi BTV pitha iaR D A0V

Thus, the ex vivo assay provides a reliable, inexpensive, quick an

co | or an nt|V|raI SIRN u ranasal (IN

R A e n% cya
mfﬂth@lsﬁam%pw@w@eimm@ﬁeewéimh@m kbuyetbey model
for Rﬂﬁﬁﬁ{@&lﬁ}@ﬂﬁ?ﬂaﬁ@%@é@%ﬁ?%omgg %HEAE&&H&%&& disease (Graham,

well ejtabllshed Iaboratory mode V infection to Study the

BSritres 58, Bathdfody>dd itfinem oy tiing Msshde {df%arﬁw 873, 26¢-
276 €ll998), Mechedi . R 6s: 1A 3F 1}%1(138873@@ @z)‘m% BIlvh wekdtrealed WEEERNA

c;om@2 %e&zgfhzﬁans%%b%@a%?ﬁh SI rIe ag Ir%&zﬁ?gﬁ%ﬁ%a?}?(%mal with

Mice were treate omp
10’ Eéa@f&ﬁYmrétH%{é’éuwsanatmmﬁnerMhamgﬁiy@mmmﬂ@aﬂa be

obsePIQERRY50 HPIY3 AR Y MRl RAN UMD IDINEs were

lung could be o served around 5-6 days p.i and this time point was used

cHeqv A A SRR RAETE! irfbe svensk ik Y- fhadesedhiyamgele
IN smwuw(a}afam amirog ek iullciirbt R AGRNAEP RAIARSANRRAA and sIRNAH4

SRS S S B e T

. hlfe@@@(@%&blﬂo-ﬁmhﬁﬂmﬂmwma&meﬁttMe(&iga Haag)mtm ﬁi@dﬁtﬂgﬁlﬁ;ﬁ,cantly

inhibHE R EE Qﬁﬁﬂﬁ‘é@;ﬁ@ éﬁf‘?ﬁzﬂ? aRasigntigaptly, anti-viral

pulmonary viral titers (Fig. 1 emonstrates t atln aatlo ase
theragyis\psst Wévabyqépé%géwmﬁ@h@pmpph@mmﬁ@ang@n@@éﬂmst Itisto

be n@@mﬁﬂmd&&&ﬁﬁ%& thd$rlfhse as readily as RSV (Durbin, AP, Elkins, WR &
Murphy, B.R. Vaccine 18, 2462-2469 (2000)), which is the reason for the relatively lower HPIV3
replication in the mouse lung (Fig. 1¢). Use of sucrose-purified high-titer HPIV3 as inoculum

enabled the model to achieve measurable infections in the mouse lung.

Several additional features of the Example are applicable to various embodiments of the
present luvention. First, the results demonstrate the virus-specific effect of the siRNAs (Fig. 1).
Even the most potent anti-RSV siRNA (#1) only inhibited RSV but not HPTV3, 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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be noted that HPIV3 does not infect the mouse as readily as RSV (Durbin,
A.P., Elkins, W.R. & Murphy, B.R. Vaccine 18, 2462-2469 (2000)), which

is the reason for the relatively lower HPIV3 20 replication in the mouse

e ¢hd@eisds Use of sucrose-purified high-titer HPIV3 as inoguitins2005/038269
enabled the model to achieve measurable infections in the mouse lung.
Several additional features of the Example are applicable to various
embodiments of the present invention. First, the results demonstrate the
virus-specific effect of the siRNAs (Fig. 1). .[Even the most potent anti- RSV

udgR RyRerY GAR #AIHRS APRENP BRH Mtebireryas, 23 deck o gRy epmtar pTess):

sugglenerarpuesginshacooesecibeantiirag afetsmhthe IN SIRNA.
Second, anti- luciferase siRNA (Elbashir, S.M. et al. Nature 411, 494-498

ORI 80 ANt RS BELRLAOIE 200 brIGHSR i

d not inhibit either virus (Fig. Ib-d). Finally, IN siRNAs with or without the
Hmmﬂéfttﬁwey?@a@@wmwhm&@a AR S RSB O SN P ERERBH sk paR Serve

as B3R MUBRORREO6ATHO difed AIS20Q(PREREAHuteed iy pesRRCoat,

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

SuggﬁfﬁPQan&?a%] %c&%ﬂ%?ﬁi@ﬂﬁ%g%%ﬁbﬁegﬁ flg, glevelopment. It

sho e noted that in all experimen cri erein, the results of

viral protein immunoblot always m tched with, vir, Itlter and_ therefare, for
a gith o8 é‘%gél?ﬁﬁ“éﬁ R ey AR P BBy id
notaiccadly pampibmentenyofiatacisonef pre hﬁrgtadsu‘ap‘@mjlmaafwqurelﬁﬁcctmﬁs

secl'&ﬁ'@%tpg%ﬁ%'!b %h%é?a ﬁ%%%ﬁ}l%o%% th%&% 5 el SHAUNE with 107

ocumente itio CatIOI"I t ey dl not Yy prove

plugpyeidestion @pﬂsfebﬁﬁh‘fé'ﬂ%h@mdgcaégg@mmmcn@%éa warrstgative

resSRCH9P A, RO BRI AR ABY S hiHING ANMIDAdigSSREGIHE JARINE (70 ug) of
antbﬁg};)pnate virus. With 107 1 o pfu instilled per mouse, both viruses

L@H&}M‘gﬁb AR K- r‘%’ﬁ?@%’éﬁ?{%‘[‘f\t}ﬁn azl?bfecé'}ﬁi was
alstnfentivithviasmslanghnrol SHEd AR ise with-tiead tee:ysknbAnmibte Honstion

of ti-R VSI mplexe th TransIT-T tion of
reaffaf e %ﬁ%&%ﬁ%ﬂé@%@? SR RS SRR, e
of siRAlAitens eilhite thinhthetrteanetdistior @@nr@mwﬁwﬁeaﬁmmﬁﬁm
o IIGEHAR RS8R ﬁ%éé”&@ﬂhﬁs%{gﬁ%hﬁ%f JHE SATGERMMN ol 92k FHRMNAD-

we estimate that the reagent-free siRNA was roughly 70-80% as effectlve

corgRleRNR NS st rmapEalererPRES RORbisgRaFECHiRfPERReCt that IN
delprasefiagdatadeiritan $Hde bRéher chemicals, may offer substantial protection against

respiratory pathogens. This is particularly important as transfection reagents themselves may

have side-effects. We note here that polyethyleneimine (PEI) has been successfully used as a
carrier for intravenous (IV) as well as intratracheal (IT) delivery of siRNA and DNA against
influenza virus (Ge, Q., et al., Proc. Natl. Acad. Sci. US4 101, 8676-8681 (2004)). However, in
our experience, direct IN administration of PEI, with or without siRNA, often resulied in overt

sickness and/or death of the mouse.

IN siRNAs locate io the lung and do not activate interferon

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

specific effect of the nasally applied siRNA, two kinds of experiments were performed. First, we
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complexed siRNA in the rest the paper, these results point to the exciting

prospect that IN delivery of pure naked siRNA, free of other chemicals,

may offer substantial protection against respiratory pathogens. This is
wpartiodashssmportant as transfection reagents themselves nayradaves’s269
side-effects. We note here that polyethyleneimine (PEI) has been
successfully used as a carrier for intravenous (1V) as well as intratracheal

(IT) delivery of siRNA and DNA against influenza virus (Ge, Q., et al.,

Prac. Natl. Acad. Sci. USA 101, 8676-8681 (2004)).. However, in. our .
e A N I FOF B GABE e e R by SR
Norilesu e yreovBctosit kinepsavidtitprtide ditlh afttheahetude RN s Ase to

1o h ' interferon To provide further.
e o AU i e
encagjsaliiese fechotiins ieasaieaphlid sREVAnD kifdsiviesghe rivieans o b |

j ¥ / 26 r .
IFNP eﬁmmgﬂa&m%wmﬂﬂ%&%@@ﬁ% I@@Né%fﬁgeoﬁ %;?S SJS gwig §4, 8234

a%ggt% detect the antisense strand of tt _ %
824268 sPamiity A Hert AndiisdsRewdoha! tHalpBickibllits tab e QftiFd
carlptfedicotbivbifthanhe dRBIIG vast\wation ahinteHsrom ARB)Wwa yeiedig ifiat

by the following. R xoviruses in general .encode diverse
con B R R N R R e e e
IFNtyprend SEIENSH RN -BE(B) 8 kisogg it séifsitmiclny sip Wit ment)with various
siRNRASNUGA UG d noBicBlarbY BPLithé4 g4t Ba¢ (%%)’ Ramaswamy, M., et

al., Am. J Respir. Cell Mol. Biol. 30, 893-900 (2004)). Our early studies

shao that the SIRNAs were active jnst d HPIV3, in Vero cells

thal coﬁt‘a?ﬁ%%?g iohe 8f ?f/%:e? ﬁfﬁs‘é%%esa(‘loﬁ%\réﬁéﬁ&wj@ N‘gﬁ%{ﬁ%less,

we measured the levels of IFN- a and IFN-y in murine lung tissues at

diffePeliferiips rlitburigirianvent WimwErs feseisiRaeys s sebiliymnd in
somativadiojiaf Rithe bw@ezzs‘vlihh(ﬁmvd' ) ?@a%&m g@m&ﬁ(@f 'Bf&?é}y, ROteet al, J. Med.

insf R HPJV3 in mixed infection Co-infection of the respiratory,

e B e A e S CRERAN ST e S RRSSOiAe
RSVrdewtiHBYVR SMignd kiRt\b8ehashaentdiagitogedi¢gioiiasthiy,. Jowt akfet.

colfie A R S P

(0o rBerabaads Witk tHedio geResinHesf bl B ehedS.STRTTEHNEE0 ) pratectispific
antiROAIBSEAMLMIRES ARCHRND 44 52112k RISV 2MTBPTVB,; ARP4ARDS prompted us to

test them together (5 nmole or 70 ug of each) in mixed infection of the mice by both viruses.
Control mice were treated with a single kind of siRNA (either #1 or #4). As there is no easy way
to determine the pfu of each virus in a mixture of the two, we resorted to immunofluorescence
microscopy as described above, and subjected the lung tissue sections to dual staining using a
mixture of anti-RSV and anti-HPIV3 antibodies. Mixed infection of the lung tissue was indeed
achieved by this criterion (Fig. 2d). In mice pre-treated with either siRNA#1 or siRNA#4, RSV
and HPIV3 infection respectively was prevented, as seen by the loss of either green or red
fluorescence, but not both (Fig. 2d). Using a combination of the two siRNAs (5 nmole, i.e., 70
ug of each) both types of fluorescence disappeared, documenting the inhibition of both viruses
(Fig. 2d). As before, the same siRNA mix without any transfection reagent was also highly

active {data not shown).
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(2001), Bernhard, W. et al. Am. J. Respir. Cell Mol. Biol. 25, 725-731
(2001)). The specific antiviral effect of SIRNA#| and siRNA#4 against RSV
and HPIV3, respectively, prompted us to test them together (5 nmole or
Foougefeeioh) in mixed infection of the mice by both virusesPUGRMHIFGE8269
mice were treated with a single kind of sSiRNA (either #1 or #4). As there is
no easy way to determine the pfu of each virus in a mixture of the two, we
resorted to immunofluorescence microscopy as described above, and

suhjected the lung tissue.sections to dual stainin ing a mixture of .

R R e e R e AR gy of e
othwafé’\m_@ed b@éﬁi@d@mahisfmﬁi@riwa@HEigd). EmmﬁMW%tgdmRﬁ—PCK
the RAUPLARNAL QLIIRNARS RIY i %%EL’E&\{%M@%&"?%@&P ?66'}{%%'@@

prevented, as seen by the loss of either green or red fluorescence,
coneriigHen pERRYAY IUagins RO DInmsoristtfertigsiR A5V g 3pk These
resul@ wBQhBARR] bothchypemat: tuerescenceoiisppRaaieshHIACHBReMNthifal
. ..inhibition, of both viryses (Fig..2d). As befgre, the same siRNA mix withoyt
e P FE R P A A R I A A B R BTG S
1dei2RAIIOGALI PAiEkiS 200DIOBBPES) dhterk siligly cftvarebxindiidtee hothigiruses,

u f ' sed. the activity of the other SIRNA was ¢«

S B A e 50,

RT-PCR, the IC50 of sSiRNA#4 (against HPIV3 P) ex vivo increased

thr%ﬁ%{‘%grﬁﬁ?ﬂ‘%‘ﬁ‘ﬂﬂﬁ%% el98Eentration of SIRNA#1 (against

RSV P) was raised from 0 to 20 to 200 nM (Fig. 3a). These 5 results were

valitiaesdisysitiasreraeiad o1ty 3 P gicataiein wanvdatisioh¢Figresinfedribe
deveidBindReURRAbAcERBUAORIL AyaRiAtaNR B RIPIGIRHeASR IR S V-

produced an essentially identical conclusion: whereas 5 nmole (70 ug) of
SXPRIRGTURR REACE frRL oS T s rdip oo paidected it Bt sroamal dpRki shiny
coatesiigadiflerelfecinf Smelenofthe:othe rdepaAvuiualeManResd bl ede)rdhe,

siRNAs prevent pulmonary patholo ' the siRNAs prevented.
o RIS o LG B O e 5pPones
o Wh@fﬂ@iml{@hg& B/ Upﬁm&i§ﬁa$7r83$%t;&?@ﬁ 1ﬂné’<ﬁmarﬂatépll’ediam
ResPRVSAROPAG4RIPer 26 M I, ANRCAIED ARINA L M HRIER S5 e

with normal activity, shiny coai and general well-being. the )
leukpmisu reePpE s REB B rPattishunRets Ary At Aes rdev alad ip dhesapiryory

secifiRpTatiRmaBe sRicAO MR RIEBALRIE RESCHSKANY ORI 8FsQd with RSV

esponse
(Volowitz, B et al., Pediatr: Res. 24, 504-507 (1988), Welliver, R.C., 2nd, et al., J. Infect. Dis.

187, 1773-1779 (2003)). These compounds provoke airway mucus secretion,
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
accumuiation 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
illmess and not just postponed it. In fact, siIRNA-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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15 to RSV infection (Haeberle, H.A. et al. J. Virol. 75, 878-890 (2001),
Volovitz, B., et al., Pediatr. Res. 24, 504-507 (1988)). Leukotrienes, a
product of the lipoxygenase pathway, bind to the leukotriene receptors
presentosrgonchial smooth muscle and are elevated in the pespiraiREbhs26e
secretions of asthmatic patients, human infants with RSV infection, and
mice infected with RSV (Volovitz, B., et al., Pediatr. Res. 24, 504-507
(1988), Welliver, R.C., 2nd, et al., J. Infect. Dis. 20 187, 1773-1779
(20&3% hese campounds_provoke airway mucus secretion,
bronc A AB RS e BRI POt S inflammatory cells, which are
important hallmarks of severe RSV disease. When we administered
antiliv By ssirm At aRihéssannsinme taspiotpriorr4biiRSYifadsignidieadprior to
infeé@&kl%%ﬂéﬁfﬁéﬁgﬁééﬁ% (@l ﬁﬁ%ﬂ%ﬁ%ﬁ&&@&@%@%k%g&%ﬂﬁas
Ig. 4).

ccumulation in bronchoalveolar fluid (BALE) was observe
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sked the question whether t have a curative effect once infection
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: ' i i ighed daily., Mice are known to lose
S e T L e M A
dis fenen Sty néeried Watght dEpsnavng Gnanitier tvbsstamdays (Day 1-
4) sHpoellbdRioRRIGN QEsd RRASRR; tanieuLLH ARG ‘ﬁ'qﬁo@éx@éntjoyggl Svas

ob5387 - 9@ gzooé%). In a similar cohort of mice, the lungs were sampled on
pre-get AAVERESESay for infectious virus. As expected, the 10
siRNA-untreated mice maintained their body weight for about 4 days p.i.,

follbSisd B piaymenarstd sshtnatdontmydtSit feesy apitteBritsyisd BigseSaike on
Day Migsstreatednaiily siRiNAvpriardn gﬁ@@\ﬂ%é&@&’l@ﬂc%,r L Eﬂ@@%@ SIFI%?{ #%, and

ﬁSV (Day 0) essentiaII%/ ap?eared uninfected and continue
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. Tt 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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gain weight without interruption. Most mice receiving SiRNA on Day | were
also quite hard to distinguish from the sham-infected controls. Those
receiving siRNA at subsequent days (Day | 15 4) showed gradually less
aulzessqmotection, although significant improvement of weigtre avseno5/638269
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
had QBRI GHETOP LTSRS 0 95 PSR IR i e alws Less

sick a0l dapviat alhe ey testeded chinirtistration of SiRNA at later times
in infection was progressively less effective, but the viral titer was always

Iov\ﬁ %gsi%untreated controls on any day tested. It appeared that the
SiR E\ no matter when it was administered, slowed down the rate of virus

replication, resylting in_g lower peak titer. Subsequently, the, titer fgéj
bl BB BRI U ARTED 0 SRTBT oL B eD o et
intrsiRNK wiiy achieitisteien xpiresayipfectivhescuslins throvidnatdi anféstagy
USSR PIANARC R 0R RIS AR ARONGLIE ARYR: B dindHIE QA held
?Vheﬁgp %1({33 %B?ég’)tc%%%t 'eS%%HyK:LL’SiRNA-trnggtsed lrcrfiice after 10 days [l)n#’ As
inhalesiora bragetitrressniodiRt pubRpeToR s RN HeMIe IR Edipigves I
prefabRehi Al eyRe ippatsd datpnatsqwmsHivaet ifudhasaraswuitashowet
that the RSV P siRNA, 43 WO &?02‘{206%59 PCT/U?%;?O?%\?!S%F?‘? 19?%@76
TeSPUHARRRABRET &Y & MRS PG 18t R F S0 T IRF R ASAG tithe ThE Mice
868WEED4)\Taypless Ssidk and (Peeydiel duidksr thisd #0dir8eRr8a36(206ADtE one
IBEUSSION pThe principa) fiading ot thisspapeds REALSMNA or
stu e@%’ﬁd%@@é’?‘aﬁ%@éf 5 ir‘l%lé}n_asaﬁly, ’pf?jr&pro_teg@n Fggnﬁ respiratory
plaserdSMA expreesingsiBRI dasigrifsiatet Bropsoniieienpfiby and IT routes: In the
oth Rl fEsHpRiRIRNASelivesechly Sherl. Bartighe 20108682 1858630MIR), SIRNA
hand-held inhaler, can be used to prevent or treat pulmonar;r/gi%;ec(:%tli)(“)ﬁlrggr.1
was A A PR TR VAR o AP RN A BB RS e B S
infleHRN AR hildiedeini venad disesfaiRirenmaisd caspitdishyvpaiNagen, Rresence
rqutine madel (G .. etal.. Proc. Na ci..JUSA 101, 86 .
A th
of L PISbUAT: TaR SO Loy et o PR
difiB68DsBE86 (DD zhvine Swdi(Be 2@instREY Prd &M affendadolbermg
improvam B SRR IHAPOAD YRSt SIBN)@he detivery is solely intranasal and
therefore, relatively noninvasive and painless, making it amenable to an inhaler or mist-based
therapy. (i) sIRNA without any carrier is significantly effective, thus reducing the potential risk
of side effects of the carrier. (i) 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. siRNAs exhibit various degrees of non-specific, off-target effects, especially at high
concentrations (Jackson, A.L. et al. Nat. Biotechnol. 21, 635-637 (2003), Sledz, C.A., et al., Nat.
Cell Biol. 5, 834-839 (2003), Persengiev, S.P., et al., RNA 16, 12-18 (2004), Bridge, A.J., et al,,
Nat. Genet. 34, 263-264 (2003)). This is an obvious concem in therapy, and IV administration of

siRNA may result in systemic side-effects. In contrast, the intranasally delivered siRINA is more
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plasmid DNA expressing siRNA was administered via a combination of 1V
and IT routes. lathe other study (Tompkins, S.M., et at., Proc. Natl. Acad.
Sci. USA 101, 8682-8686 (2004)), siRNA was first delivered by
lydmgkyoaseic |V delivery; 16-24 hr later mice were infected withkboos/038269
influenza virus and given a second dose of siRNA 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, studi inst RSV apd. PLV offer the following . t and
kg B B D th ARG BBE A ( RHETE  Rol Pt Bsal
miniarigngf tbeeideefielatimly ofdHN vetswe @iy [ba;haiasdbndakifﬁg:dt mm&m
supp%ﬂg %@%@Qf%wé%gﬁg %%ﬁ%ét%g{ @ﬂé{n{égiﬁj %Mﬁéé{gg? HRaY GRS % 5

significantly effective, ucing the pofential risk  of side effects of the

phosphptrsr difpResivaie tioBBNarEGut S priboRTee GinR et g Bk Sigrenol. 22,
321-3UadRd) RN 6)aRPear R QidRibRAGHE M iRespatli e ARSI Rhockdown

_infection. A more comprehensive screenlng&of j[heagr\?et ﬁﬂﬁance ﬂ(%g. i
(Fig o P Hipr 4 o STV B e Ay T P RBA S ZRNGRE Bl svrighd e
2¢), Imdeirtic5ekeifid dieitesahasRacok(FRiic s, Yesultipgiiladadmer 2 thd desgeiviral

iIRNAs. exhibit various ees of pan- ific. off-target effects

oo e A R e PRl S sy e
PIV, 6351587 {2 0618)ti Bl div HitSuA fragtisth iNiectied] BigksBU g9y 859 00gy, IN

detiTRR SRAGIR Vinap the s B0k s INA A 1 did &tkAN QoI 0Gn fiehy &lnlnodNeE:
Genet. 34, 263-264 (2003)). This is an obvious concern in therapy, and IV

PharmicalogYration of siRNA may result in systemic side-effects. In contrast,
the intranasally delivered siRNA is more 44 WO 2006/062596
PCAIbSROIETY382 60 Nieshipetirhes conuisaty Hieid inféraeiagdigsivetyained largely

ignoll%ﬁgtﬁﬁ%ia{.& e SesREakaR: BsHes: ks BINIPIADGRRE YOS 6HeCiReds further
Lack of IFN activation by mtranasgfli/ delivered synthetic SiRNA supports

studyn dhefash thetitalio haPRFre A8 el eH ATy SERER alibeyal dersRoirle
out, BhBioRNASRRRIGS IR IRMA At IRe] | ENPathwaRBnc alssulisial (Kirmibits
. H. et aL Nat, Bjotechnpl. 22 5 321- : , correlatiop, of
it S ST PR RN A KPR GO RO Bt o b
Am. SIRsin Gab Mok Bidis3e §h+60) (E004Qbindatbkisn EideM SetivationiiBidha@ohibit
US-SpeGf . e 1.m) . )
Py e e S B g .r‘éﬁgiﬁﬁﬁ%‘?@%\é@%ﬁﬁ%ﬁf@
mechuipiRch W aeassiiomipsimsvedplar rrovsshiliorhsederdendit inknown that
the HSQUGHORISN i ectingdbsmieshi AlREXHSSHaFAT Bofd Ntentially compete for a
fixed pool of this machinery (Barik, S. Firus Res. 102, 27-35 (2004), (Hutvagner, G, et al., PLo§
Biol. 2, E98 (2004)). It is to be noted that such competition was only appreciable at relatively
high doses of the siRNAs, i.e., with tens or hundreds of nanomoles (Fig. 3). In contrast, only 2
few nanomoles of our siRNAs offered nearly complete protection in mice. Thus, the observed

compeiition is not a matter of practical concern with siRINAs 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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1 o delivery ensures that the siRNA is targeted to the site of infection - an
ideal condition for pharmacology. Although RSV and HPWV sometimes
co-infect, their interactions have remained largely ignored. The exact
reaspusherind the observed inhibition of one siRNA by anothermesois/o3s269
further study. The fact that it also happens at vivo (cell culture) argues
against, although does not rule 15 out, humoral factors and cytokines in
the animal, such. as interferon. RSV actually inhibits interferon activation
_ (Schlender, 7., et at, J. Virol. 74, 8234-8242 _200(?‘, Ramaswamy, ’t\g et q
diseafie PIREASS JN RBRSARdRAR m&r-:@@lfm?l’gé}%@%-@‘éé“&’e A A TR ABRIRP
chazf%%iﬁt%(@_f@ﬁ%;] fﬁ}miﬁgﬂaﬂv%fﬁ@mw tiHem # aiberposaibiiiyt iﬁﬁﬁaﬁ@mfm ion
of one virus inhibits the other through other .me isms, sHc
e TG AETEIE Pt BB HaRp e e
then2Botiney &R Nihivhmahifidnyhier groethisfsheunalsl cesitbdting wwoksiRNAZS Gefpyery
. potentiall f ' {é Isinaghingn.(Batit. 3.\ £fhe
L e e B e
Rs%élﬁ@fﬁ@t@&wéﬂfbeeﬁlc@ﬁﬁbéwéﬁ%%ﬁ%?éf?ﬁ?@&i’éﬂ%%ﬂ@%%llﬁ?ﬁbh
progi8SeS Ridbe-siRMAS d@anMikeirsmon hemslgds 8 dxanaranesi(bigsiBle fimt the
contrast, only a few nanomoles of ogr SiRNAs otﬁer dﬂgmearlx com Iseﬁ'gl(}—:'11
respRRBG AR iR e BBARTINY DR R STRAAR T SEYAT Rt of
molprdeticaletinee brawittessR i 0ifbe80. in the low nanomolar range. When
used as a prophylactic, the siRNA not only prevented the infection but

a'S%ﬁ?jBHﬁﬁéﬂ% @gﬁ?easﬁﬁ_ %%8;1933 Fﬁ%maﬁwth tlfsam‘nté]@@m_ t & BICAssay
as measured. ody weight, pulmonary patho , respirator;

cangs AR SRTATE PRI 10, 5 DR 2 ATTRErS P Bt (Des AT
al. 200610R2 5661 RETY (PBRH)5I03 8265 difead thisrpodssnnorficwignthaydiNdre

relatively. similar and in species | og|

st R P T P e To Raelplar el Bhgua
grofachond endbaeitimthmndifRnnd doarchivor b penetEts fokecibAnsthe oRgnal
inod PRk 'ﬁﬁtgﬁm@ﬁf%Sz@ogéf,e&q{{c}ﬁﬂingg‘f"@x\é%ﬁ{i{m@éﬁﬁ Sf fierthehe in six such

~_growth of the virus resulted in a quicker cure and recovery 5 (Fig. 5).. ;
indepspdert Rl YRACTHRS VU IRRIBRF STGRISE MY SR @atrREh PeliereeAfaih »
shotime Firihe.RRVsinfesietratic siaithoughinaidfuny, disease siBathAerit a low

S RARGRA TR R SIOTE TP e R b vod 2

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

Virus, siRNA and other reagents. RSV Lbng strain apd hwman 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. Virol. 72,
2655-2662 (1998)). The extracellular media containing liberated progeny virus was collected at
about 70 h for RSV and 50 h for HPIV3. The viruses were purified and concentrated by
precipitation with polyethylene glycol (MW 8,000) and sucrose gradient centrifugation
essentially as described for RSV (Ueba, O.4cta. Med. Okayama 32, 265-272 (1978)). The final
preparations had infectious titers in the range of 10%-10° pfu /m] and were stored frozen at -80 ’C

in small portions. All infectious viral titers (pfu) were determined by agarose plaque assay on
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respiratory tissue, especially the lung, is naturally more receptive to the
exchange of small molecules, or perhaps becomes so when infected. 10
Lastly, depending on the stringency of siRNA-target pairing, exposure to
@B bhsmayocause selection of sSiRNA-resistant viruses, andrbisusashesnsy
demonstrated in HIV (Das, A.T. et al. J. Vtrol. 78, 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 IC50 for the

HEPS gk src aibgiemrad sehhwrining{ Pusts FotRbwiiy /aap AsdyEs7-148 (1998),

BurleggUeneINg. 0f-41e72iRR00 s 18 ¢i00mf the iz, 8grear Sixmsichn, insenesulqnsos)).
plaque-purified RSV isolates revealed the wild type parental sequence

plac solates revealed e wi uence
S hc IR R NS D A T o

mangiacorp MooV aldRrsiet: T Mirrekiean 5d (984)id ke Fransidrig O® reagent

was IRGHMERd PRsetdT eluEinG 1h800ds 9f wisa) resistaRG .19 MEMIR RS used in
.Virus, sSiRNA and other reagents. RSV Lon(%%train and human P1V

t / IVt 3
ol RS Rlogic 2l RS (FEli Yt s Sholdarebel batb 138 ol eslpre
RSBt ERIF3 etibbdidirotogyad62achdé: pAB DB Binkesfndathaled/iroh
4 -675 Gupta et al...J. . \Virol. 7. -2662 (1998)).. T
CnerfbeAITERERE Lo B kb Bt i Sh A ERRRRRSSLRARME
nuclgerspsitomifor RS\ haare@hviod bind/Btatad birtirss wabediesrifidnimpmepblot.

ProfaNgaNsalatoy ArecipiiriqRwilh polyethyieps alys b ddiyys 2@@@)), @Rpka S., et

sucrose gradient centrifugation essentially as described for RSV (Ueba,
a‘-wb.VKe{a?%%?Sdﬁé%h%% , 265-272 (1978)). The final preparations had
infectious titers in the range of 108-109 pfu /ml and were stored frozen at

_8OVEuininfertibpanibsiBN trefsotions TifattitersdpiBNAdretismErafiAg4) losils
grovAd R BRARIAINGARSAL 48 &/@e&%%@ﬁ%ﬁt%?\? @HH&ZQF’%?@%M 1, 34

HEp-2 monolayers with neutral red staining (Burke, E., et al., Virology
(2003355 Tamashaprbs) OmEREY i reeals 31 ArShed GEBASS (2doRyseS
brorfchiphidis SPatioabn-Jrd0Y.0/de 0510 12862 (. 298)) SIRINAG sNBIEHRHIAAES ghd 20
o S REnAen S precesspdSercoaniencen b U gt
admieayeintn Svasasrowed Mith sufiup Siorpedliajticonm WisZorsifijeiRBNARS mg/ml).
Eut]ﬁﬂggg% @ﬁ%ﬁ !ﬂl{ 9‘9 ng&%sdﬁjﬁg&%éﬂn 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 TransI T-TKO® reagent
and 35 ul of Opti-MEM (Gibco Life Technologies, Invitrogen, Carlsbad, CA) immediately
before experiment to produce a total volume of 41 ul. When siRNA was used without carrier, the
5 ul transfection reagent was substituted with 5 ul of Opti-MEM. The sucrose-purified virus was
appropriately dituted 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-fres PBS. Both the siRNA mix and the virus were equally divided into the two nostrils
and applied with a micropipette (i.e., each nostril received 35 ug SIRNA in 20.5 ul and 0.5 x 10’
pfit 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

47



16

15

20

25

all immunobhistological staining (Bitlco, V. & Bank, S. BMCMicrobiol. 1, 34
(2001). Polyclonal RSV and HPIV3 antibodies were raised against
purified virions in goat and purchased from Chemicon (Temecula,

Galitespisrened BiosPacific (Emeryville, California), respectivelyiiieooso3s269
nucleocapsid protein (N) is the major viral band detected by these

antibodies in immunoblot. 10 Profilin antibody has been described (Burke,
E., etal., J. Vzrol. 74, 669-675 (2000), Gupta, S., et al., J Virol. 72,
2655-2662 (1998)), Virus infection and siRNA treatment. Infection and

was RYRING AP (X a5 of caths VERS WRCIA RIGRENAFSrBmpkr €70 a1 leachnl SN AHL

and dﬁﬁc{ﬂl#&di&%@m‘e/v&lﬁ@&lks SofEM QMisEDBIgbriinA% d0d Wi [RERABSE
CE\ Ilcatl(?n of RSV in @gséggb? tablished procedure and causes 15
g

ronciTotit s?%a&ﬁ{% eek old female BALE/c mice, weighing
between 16 and 20 g) were purchased from Charles River Laboratories.

Andatheenany virdbatien andsieNgg! masinrementn Wesaniohibs ek siticked daily
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axciﬁﬁﬁmavﬂﬁ%ré@wemm roshrodusemn(tothllvots werofeddovid WhRAY
detctiRN By 1RR AL WAR QUL CARHS in g 2 VRO FENRRISAIEAE W Gescribed below.

substituted with 5 ul of Optl MEM. The sucrose- purlfled virus was

cppioRdaishySiuied ) sed ehosRiate ultered Al (B2} Immedlately,

prior to |n 10N sucC VIr was CO
FBSr(?e@ﬁ@W% preOPradiseitsy therédrﬂéwtumm vinisfired RE0B sty for 10

t i i d
e ﬁ‘%;g‘%iﬁ?*z%%ﬁ?‘éﬁ%% L R

proteins (B Er 6y 2hbflitafesy e sl aly Ik BR8N 8qu pf e hamassmissd sampde

(befdte mﬁﬂﬂ@aatﬁd \aﬂsf&uaédham@gh dirthgbbrpﬁttﬂmfp@é e e GHiRire heated at
08 ?03%/% nd HPIV. s were diluted such that each mouse 47 WO

85802 U LIORBERPG a1 gRd &F vl of the
cleaea@ﬁmmamammmmm&mmmﬁr@@mgmmvfaﬁmwadnnbod;es To

NG YNGR AR PR GroRises) DigR%ed &l
prescrlbed lglﬁiellnes and were approved by the i{@%}g}ﬁ tl ere
homogenized in P S 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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Pulmonary viral assay and clinical measurements. The animals were
checked daily 5 and weighed. Standard RSV symptoms were noted,
including nasal mucus, increased respiratory rate due to congestion and
e BGRINESe a dull coat, ruffled fur and/or loss of fur, and a gengretoos/n3s269
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

cachrgipalo Wede EHOR) (rtbetield Wi E eehsaly; Fninanelfbt lrlalig $o0 (2001)).

abol ML BASIAINIRChBR HSREIRET DRI sphe-d RtNaHRGHHAHiRtniRed WAy as Day
was homogenized in DMEM supplemented with 2% FBS (2 ml DMEM per
L and gialieg HBARH PRSI, The extract was centrifuged at 2,000 x g for 10

min, and serial dilutions of the supernatant were assayed for pfu. For )
imferivhionoiviekigp (ieisl¢Brkee, &t BroMfoBtfy828242003 7). thglung tissue

was Ghisiledld 266%, B8 PompReRZesisarrRledadoelose.aentrigalionyaies,
added to 10 al of 2 x SDS-PAGE sample buffer, the mixture heated at

98 .
air-qoigd e i, Rt VEy Besafugdibhani & M%Qr%%e?ﬁf?@réf&?g,m
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For pulmonary F1|stqpatho_logy, lungs were perfused and fixed in 10%
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inflammation under ljght microsco two independent reseafc o
oA R AR PO SRR T B i Microbiol.
1, 3thfanimatory cells 25 surrounding the vessels and bronchioles. Zero to

three layers of inflammatory cells were considered normal, whereas more

thag,thae daxets: fVRHAMMEOAY SENe:s UHInRing pA%e:0I; MOpeRbtad the

circumference of the vessel or bronchioles were considered abnor’@algdvV ot al

hmepth e TR RASHBHSIEPH ESRAEME And PERBISRREHRI S gale &8
Amhy Reiphsdell ApacksWS; The-7peee0lageciepetiet S irADAthal agyse was 4.2-

score. A total of about 20 spaces per lung were counted fqr 48

- Cell

4 SRS BeR  AE Ra s e et g
remsiFRNl Adr(HBrshE i, cehii fegatiorah AASIO 7o BT4-BeG(206C))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 lenkotrienes 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: 3
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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about 30-35% of perivascular and peribronchial spaces could be found

abnormal as early as Day 1 and peaked at around Day 5. For

immunohistology (Haeberle, H.A. et al. J. Virol. 75, 878-890 (2001)), the

I bissMesds Was embedded in 100% OCT compound, and §ogeRabs8%260

C. Sections were cut onto slides, air-dried, fixed in acetone, were washed

in PBS and permeabilized with 0.2% Triton X-100 in PBS, blocked for 20

min with 10% goat serum in PBS at room temperature. After multiple
__washes in PBS the tissue was incubated for 2 h at room temperature with
iCygleniy SRR ER ayitem ErvsRinBieé dytaneienis ity coRedifamip usyg the

iQ SPRiHeEHRupEhais dRsdGR-asaimuAShaRkias it Rle:times I RRS and
the two antiggvdies were detected with FITC-conjugated anti-rabbit and

m LSRG ATE AU AY S fR R FEGRA GRATE antibody. After | h

incubation at room temperature, the slides were given a final wash in

PBShafsliptes Withdied SRABCOIBARE s srithagatheatlalcerdedibyidor fygm
hybHIRRRRRGETRICF RS QERY KB idhath BaViket St BMEMIGHODIR, 15184626 (2002))
y

.(2001)). 15 Bronchoalveolar Javage fiuid (BALF), was collected b
S T B DTG R et Rys iRntiiss txrpinathy b PaRing
(containing 10 ug indomethacin per ml) (Bernhard, W. et al. Am. J Respir.
CelPtadstiBibumaly sk 5-I8R(L00Wrn totsthretiayrenyofrBAEep seterdus itro
expifich o B0l R B SO AINIOY X ISIR IO Il CON AT Ao

were discarded. Cells were removed from BALF by centrifugation at

corgien. FgFraret A aRkatrises canaealiAoRsIs defamipel gy cheMpmRimey test
Allanakyses dTheeeneenbtalionhoysie nybjeukotisnas o iGalasHidRepressed

BALFE determined by a A kit following the manufacturer's

s R LTS VAT SO OO AP ep 2.7 < 005
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
25 first-strand cDNAmade 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 49

50
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15

20

25

WO 2006/062596 PCT/US2005/038269 iCycler iQ Quantitative PCR
system from BioRad Laboratories (Hercules, California) using the iQ Sybr
Green SuperMix. Gene expression measurements were calculated using
s mandiagiurer's software and GAPDH as the internal conggetydagns/n3szee
antisense strand of siRNA in the lung was extracted and detected by
Northern 5 hybridization essentially as described (Reinhart, B.J., et al.,
Genes & Dev. 16, 1616-1626 (2002)) using complementary synthetic
oligodeoxynucleotide terminally labeled with 32P. Statistical analysis.
Chitlyjed -beRitkseqremetfent groups or between sets of in vitro
experiments were analyzed by one-way ANOVA and then by Student's t
test with Bonferroni _correction. Increases in leukotriene concentrations
were determined by the Mann-Whitney test. vo All numerical data were

coljegird from.aldeast 3igepatate experigiants.sRpsHis were expressedyCsg

as mean SEM (error bars in graphs). Differences were considered to be

(“M%ignificant at P < 0.05. 50 WO 2006/062596 PCT/US2005/038269 Table

1. siRNA sequences Name Target SEQ ID NO: siRNA sequence IC50
(nM IRNA#1 R P 3 5'-CGAUAAUAUAAC AAGAd .18
3'-dTdTGCUAUUAUAUUGACGUUCU-5" siRNA#2 RSV-P 5
5-GEUMNACASCAAGUGAUAAUD FATER TIAAROBTAACUGCAAGAJTAT-3'
-dTATGGGAUGUGGUUCACUAUUA-5" siRNA#3 RSV-P 7
-GAUGCCAUGAUUGGUUUAAdTdT-3"' >300 8
3'-dTdTCUACGGUACUAACICAAAUUFBT GETSMN ARG AEDUCT-5"

5-GRAGMUGYAHGUCUAGCAALT U AR ACCAAGUGAUAATUATAT-3'

80
6 3'-dTdTGGGAUGUGGUUCACUAUUA-5'
siRNA#3 RSV-P 7 5'-GAUGCCAUGAUUGGUUUAAJTAT-3'
>300
8 3'-dTATCUACGGUACUAACCAAAUU-S
siRNA#4 HPIV3-P 9 5'-CGAGUUGUAUGUGUAGCAAATIT-3'
15
10 3-dTdTGCUCAACAUACACAUCGUU-5'
siRNA#5 HPIV3-P i1 5'“GAUAGACUUCCUAGCAGGAJTET-3'
>300

12 3-dTdTCUAUCUGAAGGAUCGUCCU-5
Luc-siRNA Luciferase 13 F-CGUACGCGGAAUACUUCGAATIT-3'

14 3-dTdTGCAUGCGCCUUAUGAAGCU-Y
Negative 15 5-UUCUCCGAACGUGUCACGUJTAT-3'

16 3'-dTdTAAGAGGCUUGCACAGUGCA-Y
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10 3'-dTdTGCUCAACAUACACAUCGUU-5" siRNA#5 HPIV3-P 11
5'-GAUAGACUUCCUAGCAGGAdTdT--3' >300 20 12
3'-dTdTCUAUCUGAAGGAUCGUCCU-5"' Luc-siRNA Luciferase 13

SwE BhAGRE GCGAAUACUUCGAITT-3' 14 _ PCT/US2005/038269
3'-dTdTGCAUGCGCCUUAUGAAGCU-5' Negative 15
5-UUCUCCGAACGUGUCACGUdTdT-3"' 25-16
3'-dTdTAAGAGGCUUGCACAGUGCA-5' 51 WO 2006/062596
PCT/US20051038269 The GenBank accession numbers for RSV-P,

HP {5 Pealank acrsrsisn Begben S8R - REPEY2-Pand Sroiferat xeg8@Rss are

MABSREEIVEY 2NOIGB8E HGSHRNA. SRSRASRWAIR PSRRI ased on actual
se uené:rgggﬁof the viral strains in our Iaborat,g%; thus, SIRNA#2 differs by

SCOBHEHE BB TFRATHE P ASAIHOEE e SE R T itirh Re ares Taqlpgfde from
the Ni2PBabik) sdyegati whonrkohRiRNA SaquereLh was oo QidgeiR(Valensince
iforni CSLLP. CLAIMS: 1. Use of a first IRNA agent for the

wa%r%@é Pj%oa%l% %Igrc%nenr?}‘for the treatment of a subject infected with
a first mammalian respiratory virus to reduce the levels of a viral protein,
viral mMRNA or viral titer in a cell in the subject, wherein the first iIRNA
agent comprises a first sense strand having at least 15 contiguous
nucleotides complementary to a first gene from the first mammalian
respiratory virus and a first antisense strand having at least 15 contiguous
nucleotides complementary to said first sense strand; and wherein said
first mammalian respiratory virus is Respiratory Syncytial Virus (RSV) and
said first antisense strand is selected from the group consisting of SEQ ID
NOs:3, 5, and 7 and said first sense strand is selected from the group
consisting of SEQ ID
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NOs:4, 6, and 8, or wherein said first mammalian respiratory virus is
Parainfluenza Virus (P1V) and said first antisense strand is selected from
the group consisting of SEQ ID NOs:9 and 11 and said first sense straMCSLLP
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
18, 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 iIRNA agent is formulated _for

Tintranks81 Y driristiatior &6 Sy SUbjBRIUE HE Dsa B ity B Sciargafment
to 4, witaraip;jeaichiiesicRMithagent iadenmitatads joriohalalanereduce the

nebulization administratiaon to said ject. 7. The use of any one af,

claims® ‘*tg Rfévﬁ%?lﬂ%tﬁl&f?’ﬂé?? n‘flfgldliﬁ‘@éé”tﬁéegiFHI%&?‘?P}‘%%M
subjecthba MESIH:R iBNheodseohobains b, fusthenqomprsing the aigeaef 15

a second JRNA a%e%t, wcperein s(f\id second IRNA a}gen comtﬁgrises a i
secont SHRER SPARE HAUTR G A PR TE e EhgUEUE Rt dieByiisd st mammalian
complespéntary tdrassecbnfgensifne atgacbing inemnealidns wspigatary

virus and,a %%cond ar‘lgsen e s%a.\g]q ahf?r\é'tn ;?steksa st &

nugleofides com en %a '5a %Png%(llje:%lils id first
nucledtiges corhpf‘)en?enrpary% saith secondSensE diradg® oV FRE L o!f i
claim thawheriéin thepsubject isudiadioptdtasyfaviogiaVWabiinfREAOmnd €aid first

The use of iy & wherein (e

subject is diagnosed as j pal

infection Wit gaﬁf{ﬁrigtsgn said %%égﬁérpnufm%nnasﬁsa%ﬁ]?’e%p'ré@%ﬁﬁg’g@lf : and 7
Use ofaifirst divgt acsseotrdniRN Achgent fomthibagamnuyfactwistofeact SEQ 1D
medicagment for, the teaiment ot asublect ifesied with & frstand a
second marnmafian ‘respiratory virus in a cell in saicfs%f)jec ' Wheréin said
first iIRMAageatzeompssBES first seddess walnstirmshgral lesdedibd from the
Contlg%(gi%% %’1%?’5%%%60% ﬁ?@ ﬁ!? ETEMI R Q{ﬁts%ecp Firfsrtos@ntsgest?art%td is selected
mamrhialian respiratory virus and a

from the group consisting of SEQ ID NOs:10 and 12.

2. The use of claim I, 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 iIRNA 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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first antisense strand having at least 15 contiguous nucleotides
complementary to said first sense strand and said second iRNA agent
comprising a second sense strand having at least 15 contiguous

: . MCsLLp
nucleotides complementary to second gene from the second mammalian
respiratory virus and a second antisense strand having at least 15
contiguous nucleotides complementary to said second sense strand. 12.
The use of claim 11, wherein said first mammalian respiratory virus is

gRSV and \saidisagsond mammalareshiraionsyibes KRN ik A hgdtsederein

claim 12, wherein said iRNA agents are formulated for intranasal

admirfisifaseand RI¥Acagert sPRIBTHFL 2 sfiarbisrssigir Axadentd st 15
formulatechfRrinhalatipar Hepuizatioradministiatioth SAMGCSebFhdl 5.

The use of claim 1 or 8, wherein said first respiratory virus is RSV and

said RETARTSEALESBIFAIYY BEietidd ASPNthangrstrs cHRekhiayios sdesyD

NOs:3oatighshé bR saidfushepnaensitand isigaldrd fase thamroup
consisting of SEQ ID NOs:4, 6, and 8. 16. The use of claim 15, wherein

said first antisense strand consists of SEQ ID NO:3 and said first sense

ostrandreggnsists of-fEQ EhNEikhd ulbjeetusdiobcbabd dsaiaSiwherdinisa@ction.
first respiratory virus is PIV and said first antisense strand is selected

from the group consisting of SEQ ID NOs:9 and 11 and said first sense
1strandjises@leeiad-fiars, hagraumeonsisiing ¢k S dRs NO$ kG andlliRfection
18. The use ,offglaim 7, wherein said first antisense strand consists of

SEQ NG L% W dHASISERL PR BBHERREET E B D NO: 10. 19,

The use of claim 12, wherein said antisense strand of said first iIRNA
1igent is s%ecéed froF{n the %@W}{ " OIESE II? C)rs::%f 5, agag 7 ont for
nd shidSdris L SPAd &% S R T,

consistiagredtBER dPa 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 sense strand having at least 15 contiguous nucleotides
complementary to a first gene from the first mammalian respiratory virus and a
first antisense strand having at least 15 contiguous nucleotides complementary
to said first sense strand and said second IRNA agent comprising a second sense
strand having at least 15 contiguous nucleotides complementary to second gene
from the second mammalian respiratory virus and a second antisense strand
having at least 15 contiguous nucleotides complementary to said second sense

strand.

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

said second mammalian respiratory virus is PIV.

13. The use of claim 12, wherein said iIRNA agents are formulated for intranasal
administration.
I4.  The use of claim 12, wherein said iRNA agents are formulated for inhalation or

nebulization administration.
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NOs:4, 6, and 8 and said antisense strand of said second iRNA agent is
selected from the group consisting of SEQ ID NOs:9 and 11 and said

sense strand of said second iRNA agent selected from the group MCSLL
consisting of SEQ ID NOs: 10 and 12. 20. The use of claim 12, wherein P
said antisense strand of said first IRNA agent consists of SEQ ID NO:3

and said sense strand of said first iIRNA agent consists of SEQ ID NO:4

and said antisense strand of said second iRNA agent consists of SEQ ID

1 NO:9-and saidrsense shapd.efsaidarrand RNMagoRLAANSIRISWHRERA first
ID NO: 10. 55 MCSLLP 21i. A composition for reducing the levels of an

RSV prossiserEyhrReAceleR Bontithr BAeapivaagRE e Mpatig ary and 7

IRNA ageniqwher sinsaigdRNARISRI GRS AN ABHSSRERSHESEQ 1D

selected from the group consisting of SEQ ID NOs:3, 5, and 7 and a

sensd$trahdsareeted from the group consisting of SEQ ID NOs:4, 6, and

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

of SEQ ID NO:3 and said sense strand consists of SEQ ID NO:4, 23 _
Ieomp FtiBFFfB?‘?B’d’@dﬁg‘Hﬁ‘é’f’é@é@%ﬁ-&ﬁ%“ﬁ?&f&iﬁ*}’%’ﬂ%ﬁ{ﬁﬁﬁ%@@9%) NO:3

titer iR@ &l inra: Seiectaamwising anIRNATRYENY wherein said iIRNA
agent comprises an antisense strand selected from the group consisting

of SEQ ID NOs: 9 and | 1 and a sense strand selected from the group
1¢onsigtingeé SEQIR INOS: el sh2l At Thgeamyyoditionsdf [6laiml 28id first

wherein said antisense sfrand consists of SEQ ID NO:9 |d sense

St TS BT 10 TS AR TSHONS! St e and 1
levels:afiani R8N yeteiriREMseB ARG tiesinw colldntngulfjSEQRIY
protein, PIV mR * or PIV titer in a cell in a subject, said composition

compl‘\&%gigﬁ NA agent and a second iRNA agent, wherein said
first IRNA agent comprises an antisense strand selected

18. The use of claim 17, wherein said first antisense strand consists of SEQ 1D NO:9

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

19, The use of claim 12, wherein said antisense strand of said first IRNA agent is
selected from the group consisting of SEQ ID NOs:3, 5, and 7 and said sense
strand of said first iRNA agent is selected {rom the group consisting of SEQ 1D
NOs:4, 6, and 8 and said antisense strand of said second iRNA agent is selected
from the group consisting of SEQ ID NOs:9 and 11 and said sense 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 antisense strand of said first iRNA agent
consists of SEQ ID NO:3 and said sense strand of said first IRNA agent consists
of SEQ ID NO:4 and said antisense strand of said second IRNA agent consists
of SEQ ID NO:9 and said sense strand of said second iRNA agent consists of
SEQ ID NO:10.
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from the group consisting of SEQ ID NOs:3, 5, and 7 and a sense strand
selected from the group consisting of SEQ ID NOs:4, 6, and 8 and said
second IRNA agent comprises an antisense strand selected from the MCSLLp
group consisting of SEQ ID NOs: 9 and 11 and a sense strand selected
from the group consisting of SEQ ID NOs: 10 and 12. 26. The
~ composition of claim 25, wherein said first IRNA agent comprises an
2antisensesipanitiaf ﬁaideﬁmﬁiigmﬁ &gehtdmsﬁwmﬁﬁ@ [RSNGB diddor RSV

said sense stra d of sailf fi st |R .agent i f

said 5%ci\/lt[f'éqL(if’llH aitgen se{ sta ?%an lggz]gong%ﬁ iﬁg%e%ts %logﬁggcég ent
SEQ @W&au@%mem%@m@@ﬂ@dﬁé@@duﬂmsa@emQbh%@t@

of SE%(I)D ﬁ\l 9 d 7Sand a sense strand selected from the group consisting of SEQ 1D

NOs:4, 6, and 8.

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

NO:3 and said sense strand consists of SEQ 1D 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 iIRNA agent, wherein said iIRNA agent
comprises an antisense strand selected from the group consisting of SEQ ID
NOs: 9 and 11 and a sense strand selected from the group consisting of SEQ ID
NOs: 10 and 12.

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

NQ:9 and said sense 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, PTV protein, PIV mRNA or PIV titerinacell in a
subject, said composition comprising a first iRNA agent and a second iIRNA
agent, wherein said first iRNA agent comprises an antisense strand selected
from the group consisting of SEQ ID NOs:3, 5, and 7 and a sense strand selected
from the group consisting of SEQ ID NOs:4, 6, and 8 and said second iRNA
agent comprises an antisense strand selected from the group consisting of SEQ
ID NOs: 9 and 11 and a sense strand selected from the group consisting of SEQ
ID NQOs: 10 and 12.

26.  The composition of claim 25, wherein said first iIRNA agent comprises an
antisense strand of said first iRNA agent consists of SEQ 1D NO:3 and said
sense strand of said first iRNA agent consists of SEQ ID NO:4 and said

36



MCSLLP

antisense strand of said second iRNA agent consists of SEQ ID NO:9 and said
sense strand of said second iIRNA agent consists of SEQ 1D NO:10.
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