Met hods For Increasing Efficacy of Lipid Fornul ated si RNA CROSS REFERENCE
TO RELATED APPLI CATI ONS This application clainms the benefit of U S

Provi si oD 20ppil48@at i on No. 61/187,242, filed June 15, P003iS2010038I8¢ire

di scl osure of which is hereby incorporated by reference in its entirety for
all purposes. REFERENCE TO A SEQUENCE LI STI NG This application includes a
Sequence Listing submtted el ectroni cal ) text file named
15265PCT_sequencel i stMﬁ\é\?‘{‘QW&CY% d\%ﬁgﬂﬁl‘l%@%ﬁi th a size of
XXX XXX bytes. The sequence listing is incorporated by reference. FIELD OF
THE I NVENTI ON Thi s invention relates to_methods for increasi n]g the efficacy

of 1ipid fdPPRN dthél app!mRRBon BreRbeNDNe THE. SNPENTY o RépRlifafign No.

doubl e- st r aghdeq 1 1?@%&%&@%6 (23)652,'\@(1 Q?H‘élaﬂﬁ?ﬂﬁ%&‘é‘ﬂt %@.%&igﬁﬁeﬁ
expression in a highly conserved regul atory nechani Sm knowni as

i nt er f er encgpliBNAIN) No VID/23, F:26f118d (ohi Awzuet 1@&12009 dihs chogesntdaeofisehaff a dsRNA
of at least 25 nucleotid in length to inhibit the expression of genes in
C. el egans.WIHWWéﬁoréqeggelﬁébW%e Wt o degrade target RNA in other

organi snms, including plants (see, e.g., WD 99/53050, Waterhouse et al; and
WO 99/ 61631, Heifetz et al.), Drosophila (see, e.g., Yang, D., et al, Curr.
Biol. (2000) 10:1 191-1200), and nammals (see WD 00/ 44895, Limrer; and DE
101 00 586.5, Kreutzer et al). THECHNIGAYFI¥dhani sm has now becone the
focus for t e i

treating di[Q(ghrzgg\rﬁg4 @E%rtgﬂltéer geflacl:tgsu@e g%%}%?ﬁegcgaogglgraagﬁﬁﬁ%% %a%&mglrll?gg %rcga{?l%gsti on
of a gene. fdih@ndsMNg, vidcogodingirk®A, can be fornulated in a nunber of

formul ations including, e.g., a lipid fornulation. SUMWARY OF THE | NVENTI ON
Di scl osed herein are nethods for increasing the efficacy of lipid

formul ated si RNAs via adm nistration of an agent that increases LDL
receptor (LDLR) levels. Al so disclBAEKGROUNPs conprising the |ipid

formul ated si RNA and the LDLR increasing agent. Accordi ng, the invention
provi des a [6@&3hdUgitdr videbricapabiléics ngnaba écormiratbd poweoaratidé oanpel aff éckjicesi RNA
targeting a gene to.a suybj.ect co i,sing adm nistering.tp the subject an
agent t hat thclidig Sheiti, Eﬁﬁ??l%l%%I%HBLHHGQ&H%‘%&&YWH%}%‘F filost EPRYNIcaReT st
effective dReReOhelbfal Ul &lsidhdROFPIR), faploFtbRpaRes, Abdti) EFnARENAd& gene,
wherein said first effective dose is |ower than a dose of the neutral

| i posonal feemeudcaselds, sdiRitA cuamdras, stigitad de¢ardingedeyidsf e cellubirt drosteltitveradgent .

In sone e di.nents t lrst .effective dose is administered. within days
of aam ni sfariiger et dfe ke RiggH TriteaehPriatersnbrarriphtiid: by
e.g., at | eadtcohfdatidnspaial@svi®o $8icthsal fRicSssimCdnddfanbmitting ¢ide@tedubnddsed to
statins, estradiols, or an inhibitor of PCSK9 expressio a PCSK9

Cargeted silP0ed) ToREns viska ppreding pasdards Aganbesn sbudesdolor caredinpdigiahi t ed
t ber beri H R t i iLbit S t inhibjt ,
L con. oy ioat MAURALFPFHE S AL BILRLS 2 Bor SEHBLE TRPREY 18! npRRAL t o7

Si RNA, ni adketslopgida @zeibenbd standdirds Givtudibh MIHGN] SIREE-2agRNM PES-4. RUSKO
targeted si RNA descri bed herein, e.Tg., AD- 10792 or, e.g. AD- 9680. A PCSK9
targeted siCRMAPICaMbEicheinFmatonad Talccampwaication Hiim: (16U Tt1.269 skgrla;
e.g., at a 3 j i fpi est is
i B for mi e U PR R SR BeR. RO TRORIFES L. RO 13
the art, inel,uddwpcthoEerlcdi €adiogeWVE).ei these. gideo Shkb®ingr staidRe@ suppdPt 8, or
LNP-9. In sone enbodi nents { e lipid fornul ated si RNA i ncl udes an Apo

pol ypept i déMPHYEY Fap1iRiasiPmEisiasy Q8MidsP SEqUePFSPYoaHing ntaeﬁoamsf%@dE a
gene. The gepgccan be any of interest and generally is associated with a

di sease or pathology. In sone enbodi nents, the gene targeted by the si RNA

i s expressdd005h Rynewii¢ ragxplaptasion techDigRes dFomsaiktaradjust the mempenel codmgdritsd by

t he si RNA can be re i epat pcyt es or, gdrenal gl and ,or in cells or
miscre cel 16 dR seiRag e Efacelbal R o GoRitarat: i SR AUNER Bl Vep
TTR, PCSK- Yhat Ahcodddividdd @hﬁeno%mrm@ﬁ%ia@@qﬁﬁemﬁﬁ@ ehd@biNchaffestto PESKS

gene. For exanple, the siRNA can target a P gene and includes the
dupl ex, e. gvailakiy dgadwilds apsrdd biievayile Betworle| ¢padsioan ademserde @nfrahd
with at le : t QL u i de t he. AD-.968 | d,
descr bed RaraieS TRe RS BB TRy SaPp iRl ERE Uil bR IRE, GhEBL;
e.g., a noushnifues adre odesippok ety roduueredonstant @uelitgnboolyimetit #adte adufheet S
human, e.g., a human in need of treatnent for a disease correlated with
expression of the targeted gene.In the nethod described herein, the first
effective dose of the neutral |iposomal fornulated siRNA is at |east 2-50
fold, e.g., at least 2 fold, e.g., at least 10 fold, |ower than dose

adm ni stered without the agent. The si RNA inhibits expression of the target
genes by at least 15% In some enbodi ments the si RNA targets a PCSK9 gene

o, Y o o o g,



agent, e.g., a statin or, e.g., a PCSK9 targeted si RNA. Definitions For
conveni ence, the neaning of certain terns and phrases used in the

speci fi cavpanio/@s@8pl es, and appended cl ai ns, are provi @#€u/usedi0m3s7sé t here
is an apparent discrepancy between the usage of a termin other parts of
this specification and its definition provided in this section, the
definition in this sectlon sh preva refegs to Iom/den5|t

| i popr ot ei ACHAIFE MY balgnce noﬁargdranm Flléaéh%t ‘ff"l e %eeaomﬁweerocﬂaweéam y
and refer tcgnges{lgﬂvc(qa%ﬁs)énab%g@ﬁ}&ld@)n&%{tI cle receptor. "Agent" and
"agent that increase LDL-R expression” refers to any conposition that, upon
admnistration to a subject, increases the levels of LDL-R as determ ned by
any nmethod well known to one of ski I@WE&, art, e.g., as determned via
MRNA or protein assay. Exarrpl e agent e statins and PCSK9 t argeted

si RNA, as described here "Neutral |iposgomal formulation" refers to a
| i posomal flB044) TS éwdnwne despabes trabimidugs B mepdging dynpmpicc Bte HErRfatieR a

physi ol ogi 5,

b e g i iBPIESlcRl:EE o RS i Gk gy RRHyclaloly gl

7. 3 or, . aesgl may.viry Aomedeviqel te defica aceartiingl tolthp asplvmkentitomusiadred by itlse an

i oni zabl e |j pid nang@partl Clnﬁ (i LNP%ﬁl (@ neutral |iposomal formulation can

i ncl ude an 9CENF PHVECEEETS o EWEY B VECS CELIVAC KE2SPRESS ThaXn8dR™PBast city
of the i pighheadasiQUng 19iv1ﬂg0%1~§1ﬁ@ En£RkdRRALE thdt RIFSt fRNp@FSrRGhcd '8? t§é” face
charge in a pH dependent manner, rendering them positi vePy char ged

aci di ¢ pH, umptemclnta@en{speccﬁadg@nnemtﬁ atlapgatiquhalgérghine gimmnipgd-on theoctmpam Imn of
the simlarities and.differences betwe utral Jiposomal tj.ons and
cationlc | PEOUOTEE PPrmitSr FORGTEr - SRCPel HGET dhe "RrEpoaR OBRLf ace
charge at aldohyishekQsseal s ldf pafintbters GhMRtwdrk SREA6ISHBE L PRBJIHGURE | 1N
Akinc et al., Modlecular Therapy (May 11, 2010; Epub ahead of print

doi : 10. 1038’Pﬂﬁat121®Qﬁthsgynmicéhtelaéamm@iﬁgq)fﬁb@lﬁporat ed by reference |n its
entl rety fﬁ{) ésn %lﬂ %?e%ﬁe 1in|l_ rogec%m%?ggs celylgléghg%tme td@v@%fja gﬁﬂg for and

gene of areuse n ea er’'to a
gene t hat |fﬁsttoale@ehqﬁhrblytytdfeohurcmqﬁemétexﬁ Goratagd ﬁﬂtpﬁiltl%lgﬁiﬁ&ﬁ‘ﬁﬂx&l&%lﬁ@h&de
but are not limted to VSP (e.qg., Eg5 and VEGF), TTR, PCSK9, SCAP, S14,

M GL2, APOCHS adgrtgsionppppram nee&qra icpndigensprtaxastyarkeand peliypsedcofing rate of

" PCSK9" refe r t i e

protein (al SE)HQe lg%]ao%&gseplik%%@ Mﬁ%@%&éﬁdﬁ%é@ tggﬁnﬁagg’go? ﬁ%ﬁﬁ[
sequences tparaRCEKY whatmdenchutf the elurelityl fiedned] peratrtvecr$ opdodindsng thrbshoid: NM
| 74936; nou e NM. 153565 nd rat; NM 19925 Addi ti naJ exar%érgs of PCSK9
MRNA sequerY@ U e TPRZ AN A Btsaniglsen (SpeRye ok the e AdBIANeN HOTIWBIOHRS ei
"EgS" ref engnidfk bhfdingm@rTie AeRLD AfrfEt bdm Eﬁ%@é’%éttlﬁé the%l's%bdﬁ%l ﬁérﬁﬁleié?%’m as
KIFI 1, Eg5, HKSP, KSP, KNSLI or TRI P5. 5 sequence can be found as NCB
Genel D 38320c HWENC | D HGNC: 6388 and Ref Seq | D nunber : NM 004523. The terms

" Eg5" and W and tE 5/ KSP" are used mterchg aplt.éAsdu ed herein

“VEGE, " al $QVUBH JMADYBCTASR e A ARRATRHS ST ¢ Lidg BIRPHNEN ModiIE ORI 4r owt h
factor. VE@ﬁlraﬁtya)ff@eﬂ@dl pPiRdrh&Gerddwh&Rindthy ¢QP b @4 RitId ntMedul € ¥iohitsrsi dnditiohgast
three different isoforns. VEGF isofornms are expressed in endothelial cells.

The VEGF g@her aomosk nad gdiystng QOﬁmg e 106 gs mgdmgeoncaaehbasgd i an ﬁmotletwnrk
f A
o orm AeAGRIa A 8 2Rl U AEK BubBi AHER SRRAHBEIRNP, g

7. VEGF 14%ontsolgnardmaterspedfied tiatoldoateniral imibgSalu thae c@airdls aaﬁsi)o'fn@e | ack
exon 7. VEGE can act on endothelial cells by binding to an endotheli al

tyrosine ki%hdBe rriecadspiation slgaiith for they nf(tWEtls:Romqﬂleﬁs KDRE f apRarptys\ et 0y |
VEGFR-2 is S I n e 0, al
col i 1 oronpos, Sl e R anaarl. R et prepyEhC Ik et e 2
been inpli cpa;ae_d:temaﬁ@m&khg_ﬁﬁmﬁsostrol‘lﬁam%entomlse vaodf. or s have di f f erent

bi ol ogic a vities and clini | i cati ons. .For exa e, VEG 145
"nduces  andPUhte SreiEihrts dores- oo ebatoath o ReroUReR PHEbEyEFc s
bi nds effi ghrRtthya fﬁ?sﬂoﬁ@ o€% il @esiy| It BhtrBlatdric b 6y mgﬁﬁﬂp%ﬂotnm%oﬂtﬁmpm
dependent on extracellular matri x-associ ated heparin sulfates G-

di spl ays aocthiewdin yhca@tendmmhaégmrahmcmbmtqrs tcogdHommol &metroak tané@ﬂmts 4 n

vitro and induces, vascul er b|| nd ogenesi s | Vi VO.

secr ot e nyolig e Gt Hsdy BRofnsed oty RO R Bagk SHBERAT s Lol MEgbRT ' o
tunors by inducing the devel opnent of tunor-associated vascul at ure.

I nhi bition of VEGF function has been shown to Iimt both the growh of
primary experinental tunors as well as the incidence of netastases in

i mrunoconprom sed mice. Various dsRNAs directed to VEG-F are described in
co- pendlng US Ser hb 11/078 073 and 11/340 080 mhlch are hereby
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the ability of an oligonucl eotide or pol ynucl eotide conprising the first
nucl eoti de sequence tohybridize and form a duplex structure under certain
condi t i orsOwnton4smsol i gonucl eoti de or pol ynucl eoti de comrprits2eiy/ 088766 second
nucl eoti de sequence, as will be understood by the skilled person. Such
conditions can, for exanple, be stringent conditions, where stringent
conditions may include: 400 mM NaCl, 40 nmM Pl PES pH 6.4, 1nM EDTA,_ 5Q0C or
700C for 15OHEINRAIRECIEL 4 &%ewnwa@%a%ﬂwgplu@lwéro CORUPE PHARICICEY, sppeifics a
physi ol ogi Gallnbid 8laRNABE 2CORGHL LORS @St BBMrPE ae%g&mee&e%e' Raé d8aftion
organi sm can apply. The skill7ed person wll be able to determ ne the set
of conditi alrittostio dppravweikatoaditons.aThedtviof figthep irehmles arcany fapfsettig the
sequences i accordance wt ultimate application of the hybridized

t th th?
nucl eot i de ?SfﬂPgoﬂﬁ%Fﬁﬁgéoﬁgggiﬁﬁiring_of the ol i gonucl eotide or _
pol ynucl eotjp@im) havihbliet Bebd, hdontputdraeddatR SOAPEREAiUN® cbBrisi id@RKEbROL | de
or pol ynucl eotide having the second nucl eoti de sequence over the entire
| engt h of tlhas criseme o dnase peedammeble proagesosepuispies bySuampdis lquiepcewilean be
referred t cfull 0 ntary" wth. r e Q. eac her . ver,
where o 11 1¢% dustioh of POBLENED R Pty bLERET Wr b S KB PE riset VG o
respect t o vhegds oidrae qigiaRnhdsithm tmbeitdrweosdifueNets nedvorbantl wdjusts a
conplenentargJ or they may formone or npore, but generally not nore than 4,
3 or 2 m sKkAfiERdatcHse nsdiar encapgnbasghondhe aetvenk capditiany aqdthsi plgralifeof
ability to i di d ¢t n e| i jmate
applicatioﬁbxggmggég?gﬁhg@g%?ﬁéggﬁggﬁﬁggﬁ%%pﬁégg%g@%ﬁdgg%gﬁgg ?%mﬁ%%ﬁ?aupon
hybri di zat itlmeshobdhevabire o retiminggivelust than dedray er hapgse sfudie eaterddaptgsors hal

not be regaide. as nisnatchﬁf mﬂﬁh regard to the determnation of

conpl enent &5 FGr ExBRFRPES conyuNA HAGi A HiensI Psuciisotrgeor2mere

nucl eot i degyédiaBABIcHréRdsRDRE Rethe ArtABAEI RRIh e 83ndtglgotides in length
wherein the longer oligonucl eotide has a sequence of 2 1 nucleotides that
is fully cdfplldnattachniquestdescrdiedrinethisodisgonue Inegt belenpleegniedtinbe dratabr r ed

to as "fully,conplenentary. "Congl enent.ary"” sequences,,as.used hereip, may
5" i nol udeD PP e T, STV HF O HEHE Wikt Soncesh DRt R aieng: o

and/ or bas emgﬁh{eﬁtehomm@h\f«ﬁ@mm@ommrﬁlhyajbdeﬂa&djtd‘di gd anwhatignd isdes.asin as
far as the above requirenents with respect to their ability to hybridize
are ful fil peereswiic Hhsonitwarsway beiisitiaba storgrhpy B1sirpetiondés a eghintotcaddbis ¢ ed
to, G U Whble or F i e iring.,. . T rog. " I vt fully
conplenent§?§%¥§ﬁ%h€@%%§§§ﬁF?5 ¥¢B§8%5F@ﬁghggwéﬁVﬁéPé%ﬁﬂﬁg%%Eg%ﬁééaﬂa}th
respect toatéwmdhrsevitmhshiigttshet ween the sense strand and the antisense
strand of a r between the antisense_strand of a dsRNA and a target

dsRNA, or f ad
sequence, 480431 [Theygetajlsorfy tcodamPF RrapRIct 8hihere tephniayes preysss farh g de
herein, a t Whi Ifa " ti y r i at | east
part of a eGSR By FURRRD bADYY (B, bk ind
subst ant i alaHyantayep melnbabppayeritdromn thenrlcsqiptios apd dtawomgsofnd fremrtkRNAawmis. i nt er est
(e.g., encoding a target gene) including a 5 UTR, an open reading frane
(ORF), or a 3 UTR For exanple, a polynucleotide is conplenentary to at

least a part of a target HRWEFHESCRIPTIONOF DRAWIRG Gt ally
conplenmentary to a non-interrupted portion of an nRNA encodi ng the target

MRNA. The t "daubl .e- st r an " M ds y i s a
upl ex ot ST SIS RER U fhrh Mg R oy Ply HRRLORTRR, Hoerk &

conpl ement acyordatc eefh the cechbiques, daderiledi ¢ aci d strands. In general, the
majority of nucleotides of each strand are ribonucleotides, but as .

descri bed (0002 wertlpok diagram iJRstEENG 28 CX4RRIS Veden savsbaihdderieranal east
one non-ri ucl eat. . . Vik RONE L b

el coti de S HE SRS Sheor AR/ MUERPLTR BIARR ISR o) e
chem cal nodiver azbidimstht dechnjopuddsewbdddessini ncl udi ng substanti a

nodi ficati t.i pl.e nucl eotides and includin |1 types of

o 11 cat 1 SRl s R Hekenio ERSwimedeteob ety ebBRCH h e i ons,
as used inRNGURNN dXHRaAR! G5l Bre BBNBNCOAPRSDEE RY coftes™NAte fRRpthiich

pur poses of this specification and clainms. The two strands form ng the

dupl ex st r atgonitlmsray be different portions of one |arger RNA nol ecule, or
they may be separate RNA nol ecul es. Wiere separate RNA nol ecul es, such
dsRNA are often referred to in the literature as si RNA ("short interfering
RNA"). Were the two strands are part of one |larger nolecule, and therefore
are connected by an uninterrupted chain of nucl eotides between the 3'-end
of one strand and the 5 end of the respective other strand formng the
dupl ex structure, the connecting RNA chain is referred to as a "hairpin

| oop”, "short hairpin RNA" or "shRNA". Were the two strands are connected

o g, o o e o o Y - o,
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agents or devices. The neaning of this termis not limted to cells in

vitro; a dsRNA may al so be "introduced into a cell", wherein the cell is
part of awbizoiogs@sgani sm I n such instance, introducti @eaTiust@owbsgseel |
will include the delivery to the organism For exanple, for in vivo

delivery, dsRNA can be injected into a tissue site or adm ni stered

syst em cal | n.yitrointroduction jnto a cell includes nmethods known in
the art cudhing Féﬁe%tsrwawe&rgr ﬂwt&%&g? BRYOHtHBATE Y drlised AFGOFUR 0
"inhibit the QURiERIIELBEd" "down-regulate the expression of," "suppress

the expression of," and the like, in as far as they refer to the target
gene of i nt/@dE3tFIGhér Bi an rehemtet ograple iHusttagiagtanpaxample dogppgessen gmoashs t he
expression of the targe ene pof .interest, as manifested by a reduction of
t he anount a8?°f{‘ﬂﬂ&l\°ﬁﬁ38 n??éﬁ?s Bgthfss(gfcj?sélae'or detected froma first cell or
group of cghdrB]IFIGWisEIdMhattallGRtatide AR cREmpIAEESREtioh D taROGESIbhiAg BedBe

whi ch has or have been treated such that the expression of the target gene
of i nt er estandl g madid tgrmiad! acgerdsmmodhechwqecsed dlupdiselebyreor group of cells
subst anti al j tycalgto.the fir Ll orn.gr .Of | | s.but which has
o “have nottLATES! FRAMEHdureBhe BB AR ol R PG 1
usual |y exphéstrd sévet @ci@ingfin (JNRNA nktvozio Bt dodding €l 1hs fechniga®NS thiz t r eat ed
cells) (nmMRNA in control cells) Alternatively, the degree of inhibition my
be given i fiSCOSHE- of a reduction of a parameter that is functionally Iinked
to target i gt.er.e [Welc . Of of £t ded
by ¢ het ar GE0ySAG" Bri€ i A ERN SRRIcRlhe, S o o o] AR ey
of cells diopplatiyg mMUM KSendtabrk qrherdatgtpehe fenhmpquansoif thiedistlasget gene
silencing can be determned in any cell expressing the target, either
constitutively or by genom c engi neering, and by any appropriate assay.

However, when a reference is NSRFRFLED PEJERIPPIONt €r M ne whet her a given
dsRNA i nhibits the expression of the target gene of interest by a certain
degree and I re is. e . he inst iLnvention,, t ys
provi ded i Abéjﬁé%&gaﬁpfse% @é&g\%ﬁgﬁﬁlﬂégﬁa&@ga@l s?%%hplra fgl?téx/noglé.z'Fgr% %ﬁe?rpl e,
i n certainckitgp@HCastwoek @ ed&ipdiBefa Anhar@etMgbite Teephuppressied @Mas) | east
about 5% 10% 15% 20% 25% 30% 35% 40% 45% . or 50% by adm nistration

. )y
of the doulrevask hgreratss inyersqedaaen Wi thyr 3rdGeeneratien Prgpership Psgpg (3GPP)
enbodi nent [ d : I ]?5)33 0 0 r 80%
by adm ni stStragl'f1 %@%Qﬁ@ “?ﬁgt% géicbh?'gﬁgé ?gﬁﬁeﬁij&g??é& nﬁ%ls%uo I gtog?l (Pl%/ rggfpnr{(\%l tion.
I n sonme enblodicolengss hardiamgiébe deswebed with ppapestsed Wyl Tatncthearkt Hdyoaver, 854

90% or 95%%3};. adm ni str.aL'I on of the doubl.e-stranded ol i gonucl eoti de of the
i nventi on. SEMieyMREPRIGLIOO r&%‘i‘i@é‘%cati‘?n ] tya%%f_é‘ Og%reé%rgl’léﬁ, t he
terns "treapgaz) UV ARREk 2 aRduddiea Icbkenctivefiet 4f & &gk T&R% Radio

al l eviation of pathol ogi cal processes which can benedi ated by down
regul at i ng Adgesst Metyark JEIRAY) § moemagticativalyt ¢aiptednyiexdongfurti¢agiopriateiate

i nvention iynsofar as | elates t ny.of t ot her conditi.ons recited

ner el n bel G (StRer ikt e BT aufelrVifaeBStdiee AP il el e by
down regul alitng prbeidt ¥irgeit-segraRIOfCI)Nepriest ) Thd PS dndr 08 setvi®@8tcan include
"treatnent”, and the like nmean to relieve or alleviate at | east one synptom
associ at ed mabilitysapices otvdh eb evthersication andigapying, ey avellersionlh handligreesseiien, of
such condi tjon xgﬁﬁle 40t t Lipi i rget
gene PCSK9FO€?%§ ﬁ%%ggmn ’Pﬁkﬁ%&ggg%ﬁg%ﬁﬁl§§%W%¥£§%E&§ ﬂ%?ﬁpﬁgggFéamgs
used her ei metvidiks ot als@en), hiliestapessivical. | Qorefnkeadrk vemayrbelBérincard to one or
"prophylactically effective ampunt” refer to an anount that provides a

t her apeut i ée¥eRa¢kbone pepyosks, st drethe Intsnstdhs fniegratsd Seamessddgrial Network

pat hol ogi c : i i\ng the target
gene of in?iesr[ggjt?ggfﬁ%?uﬁgggﬁvq@%ﬁg?%%? g%%%%%ég?!@? hg}?gﬂé@i@és whi ch can be
medi at ed by0@X3WConegudiedtiongntehfdcd 20 gatvidps AETRAN Nivathestess Theospetw kel
anount that is the{:%geuti caIIY ef.fec 'vga&ﬁan be readi I% determ ned by an
ordi nary méthivt&r p ’EniuPﬁc%‘ﬁ‘%}’r,nt%fﬁ?fer@/e A _%fég‘é'ﬁélilﬂ‘ijr i AP sk in
the art, sughecaSfuries compA& b RB-cQfinRALAO! 91 LALaRTRACRSFEMERRE HBMBE

medi at ed by down regulating the target gene of interest, the patient's

hi story andrefgenls tthet enpblgeconimpaitdisinogitbad ppekstesidedt eqvodaand enayelikat ed

atimi ottt oR SroerREP R EaRN BoRbESoriBLEaR S el Bt ca by

down regul ating target gene of interest expression. As used herein, a
"phar maceuti cal conposition” includes a pharmacol ogically effective anount
of a dsRNA and a pharnaceutically acceptable carrier. As used herein,
"pharnmacol ogi cally effective anmount,” "therapeutically effective anmount” or
simply "effective amount” refers to that amount of an RNA effective to

o o o . . —



agent, within 1, 2, 3, 4, 5, or 7, 10, 14, 21, 25, 30 or 40 or nore days

after the agent is adm nistered, thereby inhibiting the expression of the

target gewe 20r/@8@8bj ect. In an enbodi nent, the si RNA i eCadiseoosssysed at

the same time as the agent. In an enbodigrent, the siRNA is adm nistered

| ess than 1 day after the agent. In one “enbodi nent, doses of dsRNA are

adninistereﬂ a} nor e thaq%%nce every four wee not . nore t n every
ek r

t hr eeweeks S RSO RHRRNO M &1 8ASFY): #bh- %@@écw &teSrPa?tecq & every
week. | n anghhemiGrBRdlmeat cirddCo AR r2hi k! BRSAINIMRERIR! B 8 Q%ofn‘?é one,
two, three, or six nonths, or one year or |onger n anot her enbodi nent,
adnin|straﬁhowhnm(kmexiNﬁmb(mamhbwnpmGMKdadwmﬂeﬁ Lom/DenS|ty Llpoproteln
chol est er ol 4éﬁyfh%%ﬁ, ls r. ach o surpass. a . edeterntg{ nlnaItJeve
such as grd% rPﬁ?H s T’érﬁ Sy FATMUPEFURY SIS GG HECS S80 YRy dL.
or 400 o/ Qlatiodeh ﬂﬁté%aﬂlp'lesoijI@CI edod®B BACLRANHNB RBe“RbhERd gn)cyrhat &rd. ,
lowering the effective does of a I|p|d formul ated si RNA targeting a gene of
i nterest. Fanndstad i 9cBEE @n§laof30mmilt¢a1f1@r rrkat328nS28r e NdsBb o% edic hapei n.

In sone e L4 pi l.ation in 2

Di i nol eyIrT? %fm%e% t“étrgnS rtt%%t S;ella%[ fw f‘l 5‘91%% (éﬂ% @t&e gijth wireless devices.

1, 2-Di | i nolmagy bﬁN&()déBMlnli’ﬂ;'tﬁwmmpéelﬁé(ﬂﬁ“deaotﬂ%rdlﬁ@@b it edreflguration.
formul ations that recruit ApoE to the cell surface are contenplated by the
i nvent i on. Brsangfies; e pepgraptte regiencwivadim age M@S%h@equtrfﬁddonéﬁ&ﬁt aled
SiRNA targ e

expressed Sﬁ&ﬁ% ?%&?%%éﬁg%ﬁ% ?ﬁrgéﬁ?89§@§g§ gﬁg{ﬁg 1@§P S orB&% f
cel |l s or kiwdrebyss tahdcsivet statdsre enbodi nent, the target gene is expressed in

hepat ocyt e a es |nclude \/SP. VEGF Eg5 PCSK- 9,
SCAP, S14. 7%5&3“@5@ %@%dg%ﬁ&ée qq&gwra?%l Cautﬁe%é)g &éﬁ’? SS | 4Chne
enbodi ment ¢ ﬁ@ﬁmh@ﬁﬂ%ﬁzgﬁﬁgB'sUE]E n&@2@ﬁ9§@§rSﬁ&ﬁﬁ&ﬂ@ﬁﬂﬁlbbﬁ

“Biyage!
target gene is VSP, e.g., and g5/ In a further enbodiment the
t ar get genes instha CEItl%fgledeherﬁfstm t:mhalageswatagatd getie] infbonateni with NoddB$dy i bed

in nore detail of s nde tan th eri nts n b

per for med T4 FUBHITH 3+ kYT d & RS T B G608 PG BOI o G A B e

i nterest. Aofigblanl@ehates GithPlo®B 8B vh Rifo 1iak 9B, NBach GRUE 1Of is NLAERSS 1S
descri bed below in the section "Doubl e-stranded ribonucl eic acid (dsRNA).
Exenpl ary $PRRANiGHigRtIFYIGe andyens comprisg, é@@@tanmém atréolrltamtfphwet Rdarfte Pow ng
U S. publi Qﬁ(qoatf) ?&Sﬁt&telal?a%lﬁ C%t ' Oan§G Wi quss%ﬁred 1%1955 CQ§%1 églg b‘yldeo
reference oses udrn f t 0S€ 0 F OV |ng sequences
of sense argdmarttewee,napag?etr I ap éisOIfat ddﬁawist(aﬁﬂ (RM&) h&élgﬁﬁlbﬁ,gOIgEeﬂﬁSO ofimera.
interest: 2006 0094032, 2007 0281899, 2006-0166918, 2006- 0217324,

2008- 00151 &#ch atth@sl%:a%nper% meras ppplicatigns, Apelh ag daehilcpetls; yidepegames,

i ncor por at ¢y é(§ ldn(&aérﬁé?p%nﬁ')ﬁg %F@%H&%ﬁuc%ﬂgn rﬁ%ﬁ%f@ 9%, bheofesi gn
and screening targetln evant target gene.In sone
enbodlnentmoﬁhd%Eamgemwgamemhﬁkumﬂeoemmnm@mbmﬁoﬁGS&Qﬂ@énEBs@ﬁdaﬂWél@mRNA

i ncludes at |east 15 c g nucl eotj d t he nse_sirand of any
of the dupfk@sz‘ée PRI § magnages N NoaEhyghoouios i Eomar S et Aua
can cont ai Mn@ifad§ASTRAN 518, coké nehork1d 1V142Q0m%i1c11n1c%ﬁen QﬁteggceCQ@t | QUQHSe

nucl eoti des of the antisense strand of AD 9680. In one enbodi nent, the

met hod |ncwwu@§,éHTQNNNﬁnhavungﬂwhewdnmmgbReﬁbsmnbhbddﬂsﬂ@mgﬁeon\Mnoamother
enbodi nment th@ S|RNA is the duplex AD-9680. In one enbodi nent, the dsRNA
does not alPPVEIE'Ye i mune system e.g., it does not increase cytokine
level s, suqboxss lilmsaieﬁmqumbf%ﬁ%@%aa p&Xel-svitdhed nexxaPked, avaebsureasir ed
by an assay, such as an in vitro PBMC assay, such as described herein, the
i ncrease | Aaniélyergsyen N resopras @rnong@f&rgﬁalsetsanﬂeﬂaﬁllwans 20dsmaniyfonr 10%
of control .ce (o) d not
target thet%%h%gg%g§g§ reQ%&h%ﬁa%%Q ﬁb@?ggﬁd 7 %@ﬁ?%fgp%ggﬁ%n g?@

adm ni st er edathplecaliMISbjce0drkod may eresde tie. ngh Spyedna)mmlmk ThekdteAtoess

"manmal " as used herein |ncludes bot h. hunans and non- hunans and i ncl udes

but is not (HSRPPe dserichuneivs HOREAL Rerivigh BrY PREwE 1t aithdiekrearaicy nidiyision
muri nes, ] HESo ect the subject is a
nouse or rat %%ﬁﬁgﬁ%gb orrﬁﬁﬁgnﬂgﬁﬁha #ﬁ%@jgggggggthe subject is a human
subj ect. | dﬂwwmdpemﬁtssthat hadics lnfset carsprascha Mgh-Speed deavidinkt Slemtdrent

the mot hoad Tea SRR el Bureudbe Sa A eoRAPRURG. (AL obl b © -

nodul at ed by down regul ati ng PCSKO gene expression, e.g., hyperlipidema
and other fornms of l|ipid inbalance such as hypercholesterolenla
hypertri gl yceridem a and the pat hol ogi cal conditions associated with these
dlsorders such as heart and crrculatory dlseases In sone enbodlnents a

T T T 1 o NN 7N 1 A IA " s o o -, 1 A I A




the gene of interest. In one enbodi nent, the gene targeted dsRNA is

adm nistered to the patient, and then the non-dsRNA agent is adm ni stered
to the pawDento/ysr8vi ce versa). |In another enbodi nent, wPrhe/Usens/0ssrsget ed
dsRNA and the non-dsRNA t herapeutic age are adm ni stered at the sane
time. For exanple, the gene of interest can be the PCSK9 gene, and the

nmet hod can j ncl yde_adm njstratio f a non-d t herapeuti.c for treatnent
of Iipid di'&rgerel B AORPpel cHBIes @%Péf??ﬁ,pr%\ﬂ%f g?gcﬂ?r OWdgBopn
dysl i pi demc@mnf&'ri]ca?é&m!rﬁq‘o AnREEKINb et QASHRNA c8{)re§ﬂgrﬁdihg‘égﬁka QBwhRARK be

adm nistered wth, e.g., an HVG CoA reductase I nhibit ( , a statin).
I n one enbddsatertt gureend sERNA coaditiets erpePGRICO bysangcwinnégeeUEd1 as woliais it i on

with an ezetjm be/s ast at i ination (e.g., orin(r

(Ner ki Sohdrimsem S <hi HacERa PodREFFmitE: ShTE fER B Bectoumgae erehe i on
features, agmBMd @E chgbeHGlds G radlo 8MM UPEEhan@edduc B SRNEE MeEcoRTetrd,

subj ect, on how to adm nister a dsRNA descri bed herein. The nethod

i ncl udes, oyrihsnanteyferepemwhdiolgr consliteong. dssamevixemplyna Udy claser o hesdge of t he
dsRNA, and . in i he..end user t Il ni.ster th 0 [egimen
Gescr boa. ot S ESHHIR MO SBIACHTS pec rr . iyt Bl g R0 AL G E B oD

i ncl udes t bdeBeEs Otrapdigittor. T bAtidGRNyStetnh@padincthe asRicBAR séideles chdbsas
manmal . Exanpl es include but are not limted to dsRNA (e. g , PCSK9 dsRNA),
statins, afpave &wtYRdn Bic beghdiappranditions sgepthds eliaysihs Jastest frapenipien Bie not

limted to _hephegd : : t iy bi S : -ase
i nhi bitor s,ong\l}% &ﬁ%& nt él'tgg'sb%gi’ ﬁﬁig bﬁ?gﬁrgsdﬁjf en@?% bcrhgtﬁlgésf:%&ﬁ%ﬁﬁséﬁé&g?ﬁ%
t arget ed sickpajts mdGiUE darditgzetimprde. cet therugbpanpl fasonhg agmmiads tHaatan

i ncrease LDLR.| eyels are |1, kno to one of skill in the art. An agent is
admi ni st er &gFeRe it %%t]é? ;f,}gEe‘tcii %ﬁ%gthﬁ B0 i ncr ease LDLR |evels.
Dosage of , [6028] UMT8tHcRSork 3 Lriids md{NPecitP QARG ¥ Sekiidd (Qd%) tRSseRér four
Generally, one of skill in the art, "e.g. "a phySician, canh determ ne what

t he ef f ect ityesddgmiiné: 13 qoarerisaignal (cagyeMvice DvionsR Vo)t hdecoredépbahy.| vitler at ur e

and the results.of . clinical trials. In an enbodjnent, the do e of .an
Sent s | SuinS GiridhE e'ey Bufignodh GRgSTERTERY: wibsiE3g glei®
3, 4, 5, 6, (wéb tRowslng, lbtwdd gaddingldatabbe a%&ssﬂ@ndm,ba%%%o&ﬁ’d (@8ail,25mS30,
35, 40, 45, 50, 55, or 55 or nore ng/ kg. Dosage of a PCSK9 targeted si RNA
agent can Kewalsedingd. BHRANG gignisdo Fevelsrms nepdrddiorapntieationp sunmgemen UE a

PCSK9 t ar get,e i t nnistered.at . f t .., an
erbodi ment 1 2an s Ehe SRR REP TR iRk SORG MlalPiid TRl %5
statin), atlhdficdao paoidd BriaesscoEAQUESLrianiic cali acl the nagd @ikl thd phreitulagent ,
an angi otensin converting enzyme inhibitor, an _angiotensin || receptor

ant agoni st QS [§auirgreensy eEAPpHEtteas rumingre HEAS- Mhesqohieatyes eftensoadliqty )), an
acyl CoA ch : ASE AR Dhabi; okes

absorpti onq?ﬁﬁ]%{ tgt(h)arre&gg’%ﬂgp(g@? %?{;)I es(g er t%Bgng;Pg? 1%635%535%1%?(:%% %&lﬁm}e’

i nhi bi t or, ocacnifcUésoirah thei glllysterts dewt nartshedia porotl@h rsefdulinbPYhat mavbiQaly , a
chol esterol nodul ator, a bile acid nodul ator, a peroxi sone pr.oJiferation
acti vat od FRHRIEAL BhARSGoYHGadtionalnulin Ot feid @%éwa_w}n g inrenty
vascul ar  pref@ci@htas(@ol® whithd can bP8Empi VRED ATEHRGRNI &S hnotRerILUEHRE, FhEI N
I1b/111a inhibitor, aspirin or an aspirin-like conpound, an |BAT"inhibitor
(e.g., S-8%cu may orerhé whegions obUdgliaisernaded,ofif hetedhd edll, Bnd ovhen one af ddhocyt e
chenoattra t, protei MCP) -1, i nhibitor. Exenplar MG CoA reduct ase
b b tor o 2Bt AR Vb e 9ip niot B onRinks REEAE /8¢ Re'e 5%

Li pi t or (r) Ada&roghabey tradib TR aslkeSar ehohd ,coRlyAY@S tat sHarddBdbwhPhk t(Mé@ﬁfiort

Squi bb' s Pravachol , Sankyo's Meval oti n/ Sanapr av si mvastatin (Merck's
Zocor (r)/ Sitigpsaission o R Hydpt maves| thwpid the B&W{,tﬁ%y Fog ckppplgaly having

| ovastatin reck! s,. r i , xad ! i : rz
pharma s L BR Tt il AC b RO R onRE Shyr 3 ORI O, 38R 60
Fuj i sawa' s ofraaseticior 56¢ vhNodcBE gathi INodcBetdeuasd adsign thBayatd downlink to that

Li pobay/ d axoSm t hKl i ne' s Baycol, rosuvastatin (AstraZeneca's Crestor(r)),

and piti vadegicuir Uk 52/ggtl%&aeﬁp?ril%dwagwpm)ﬂe(fm st diniened. Kdwmlorgyyo,

Sankyo, an t Sl 14 : [ , pbhrate (e.g.,
Roche' s Be:j!]i1 éz\%\é?é;d)c}ogg Sg? gwggg%’ﬁ llispéﬁ)?%@%) S és}fé]!3 Hgﬁégg%ﬁb g I[gﬁ,)?% ﬁ#l@g r tzlit e
(e.g., Wet[0030] Mucotwi tte Saryd natuenof thorshbed (dwqlink Fw rmadqerensents for each of

Li pidil/Li til, Abhotf's Tricaor(r), Takeda's Lipantil, nerics), .

cont L br ogi T g L8RP bt witaidiss ot TnfES BB btk o FRRLen Rt in
(Sanofi - Synthel abo's Modalim(r)). Exenplary bile acid sequestrants incl ude,
e.g., cholestyramne (Bristol-Mers Squibb's Questran(r) and Questran
Light(tm), colestipol (e.g., Pharmacia's Col estid), and col esevel am
(Genzyne/ Sankyo's Wel Chol (tn)). Exenplary niacin therapies include, e.g.,

- . o o - o S - ~ " 4 1



Pharmacuticals) are also appropriate for admnistering in conbination with
a dsRNA featured in the invention. Exenplary conbination therapies suitable
for adm rwetnei4em¥swi t h a dsRNA i nclude, e.g., advicor @EKraseewiossrast atin
from Kos Pharmaceutical s), anl odi pi ne/ at-or vast atin (Pfizer), and

ezetim be/sinvastatin (e.g., Wtorin(r) 10/10, 10/20, 10/40, and 10/ 80

tabl ets by Merck/ Scherin ough Phar maceut |cals Age or_t. eatl
hyper chol esfBRMEHT &)° QRd delmra%tcbsqrﬁt on o ﬁt%lﬁt eL 3 vl th a

dsRNA i ncl udgon&t HSDPJAQY@S%GN@H&M wlﬁfébﬁtlr%lnteé’cpfoeﬁ%ﬁhe g&ts%‘a%nﬁ%é GAR&he

Tabl ets (Andrx Labs), |ovastatin et(r) Tablets i zer anml odi pi ne
besyl ate, abpctras Détnamrmain@ qyRte@r ‘élsdzughpuf) tH'eafaIcmrs e:(pdslncdazbmeceo)mtnbute to

t at | L No f. tat] i
Loscor(rs crarfmsi Mot hal b ermte et GrihelBiingd ot ob e AP oA
(Par ke- DavisSpas g@ér@éd’@%&r@%hlﬁr %@B%\LHF‘(é-Qf i bR abp) daRsE] Bsan(PpliedtionNoRSRAN

(O

Ext ended- Rel ease Tabl ets ni aci n Pravachol Tabl ets ri stol -Mers

Squi bb), proAkdstat tha léH&lANnﬁ maycm’f(be)abt%atﬂ EItOS’ld(eAb@ioQt)S leviee trothiap Lt &2 at
wtorin() O SRTRCIR gl MREREL ARSNGBl PUgR ERarIBERRH GahSheivered

ezeti m be, {5t in Ve esev

hydr ochl or @fs Zﬁbl B4sed ohadaBbss (nsﬁil%laﬂﬂx@:) 1oc@tZ(Bi tdrbther ZJEE 2 )a dabled so
(Merck/ Schering- Pl ough Pharnaceuticals), and ezetimbe Zocor(r) Tablets
( Mer ck) . Doustteltyand Hesees!ripastingieansestioncianseddyrRapthas UfelSer i bed i n mor e

detail her t Av o] or. @ | of

doubl e- st ri (g,elgi ri onulgrpglldgpgctglg)\ﬂ( g‘?ﬁa@‘;@o%ﬁ& éélg &lﬁ;ﬂ# Ltﬁrl gsltelt‘?%é the

expr essi on egfimplel fuor gedl-topen padkat-swisehiof esemceih@l\m&%wbﬂc]z uehysingrheracrit |tBee nse
strand havi a regio f conpl e tarit LS. CO Ie tary to | east
a part of ARGt Pt YR cRx pPRsEIingr (THE) (3 ke’ shat i

regi on of ceRRhL&FE {115%:) sTeleée‘é hﬁﬁM&lﬁﬁ@dﬁ%ﬂ&H&éa@Pﬁ Miﬁﬁmb&a'%@@i%@ aaaiasy al ly
19- 24 nucl eotides In I'ength e dsRNA, upon contact with a ceII expressing

the target sgames. i nhibits the expreSS| on of said target gene, e.g., as
measured s n assa d here The h ention
Can_ur t helod320 Tn o B SRR MGy BebBhe R dun AperGoN B e L TelihgEN ac
descri bed fS%f\Qéd]fortIﬂt@rrféQPthoééﬁ adultimetiaes o). tMIEST R\RfthédPh GPRl so
be a dsRNA, g an si RNA targeting PCSK9. The dsRNA can be synthesized by

standard methbI4MaAA.0 hirdKeenaration artmrﬁlhePr@p@cﬁm@abﬁwmﬁcaeog Groyy use
of an autorg%tvg eSDNA S%I{H hesi éeg such Pr%li I O@l ally aéllﬁllb# abl e fJ['om
’ nc

for exanple i Osearc App|| i osys e’ dsRNR'{'icT udes fwo
nucl ei ¢ acihttpstwvardgpp. bﬁgitp/Specstafréhw‘d/w&bryesmmlmmuaw zip0 ysbdesdiibed t o
forma duplex structure. and of the dsRNA (the antisense strand) can

have a reg.llamieet et &%&%aﬁompyw% MY §11%Iﬁ%§t1$nts sughy SERRAB! eRSER-aYigeo and
generally f erived fromthe
sequence of Hgﬂroly?t%ﬁl{i% ?Rrrée%@\; uﬁeﬁgtllﬁﬁg?éelggé%ggﬁ%%n ﬁ‘rP e target gene. The

ot her stran@3] R&E d2Asmag tseah &)IPi mkude&nalmmgwujeotdmm, alssanca:sppcttarfemiecr y to
t he anti sense. strand, at t t ands e and f dupl ex
structure WRER ‘é%‘uﬁmne%f?{f%tov&éi% |1’Lstn(3rtg¥géeﬁ@rzeals?s§lont ém% T ex
structure i;SyRebWaaN al9iRBEbMIGenQ! abﬁir@ﬁﬁtﬂgzéo%@d 03 Qoth@" n@t@ﬁﬂ’i@(ﬁﬁ‘ st&i@nd 25,
or between 19 and 24, or between 19 and 21, or 19, 20, or 2 1 base pairs in
l ength. In requriegrividdd transmissien. dijH X spesifid thedie cmcs o1 quch @ ghchsuppartechot her
enbodi ment t upl ex 1 . bas S in di f

o Palas ar e e PR CHrs g et e P niRersengidte PeTTsaR RbIST can
differ.. | nbenederddivigdtsouie, vilthahayobe £aPbeaRAvad vidéoifSedl dcddudihged | des
in Iength Each strand of the dsRNA of invention is general |y between 15
and 30, or aBEheenriey ofnddescodgg steldatt@ P, teghmiques mayzhe ped with gy of a

nucl eoti de I e S| S i

nucl et oi de§7 %lgtyl gﬂg{({% %?ac%hgtsﬁ%‘ﬁ%p tagluﬂtl) fe}@a](:fgnl’beP?hr(‘}gzs?tlhe%’\i eng h or

of differertanigdgt the. IWhe.268voord Hf eair euahde&dRNASﬂ&r BS05ed MPEGHpPaat ion,
the |l engt hs of each strand of. each si RNA can be identical or can differ. The

dsRNA of t KENf#deht éﬁiVé%’?dlWéP%@@dHWe(AoYCWIEC%F%@“rbétaéltltlb}hdjéatl‘c"f"‘}é? KBhg( s)
of one or FPHgy @Jféﬁh&at' gﬁgd%lltjg? g ?@}20191& tgaftnshﬁ%tl 4;@ rﬁ@dad%gtaﬁ&te

dsRNA has a singlestran ‘eoti de over ang generally 1 or
nucl eot i desnodute ahst(bldrstreted odi ‘fiBtsidethe ahpwﬂemsno$ﬂ¢ahd?bﬂmthemuﬂRN&:has
1- 10 nucl eot i, des over hapgs each at fhe 3' end and t nd over the sense
strand. | nCPHPEREF a@ﬁﬁ@ﬂ?&ﬁtﬁ@?@% i Surodt dtrooriima adinaseinaa. 11 o
nucl eoti des overhangs each at the 3" end and the 5 end over the antisense
strand. In one enbodi nent, the dsRNA includes a 2 nucl eoti de overhang at
the 3' end of each strand. A dsRNAs having at |east one nucl eotide overhang
can have unexpectedly superlor |nh|b|tory propertles than the qunt ended

o - o . a o o,



target sequence provided. In addition, an identified dsRNA identifies a
site in the target nRNA that is susceptible to RNAI based cl eavage. As such
t he presew0 20rwmsi48on further includes ot her dsRNA that pCarusee10i88786 n t he
sequence targeted by one of the dsRNA of, the present invention. As used
herein a second dsRNA is said to target within the sequence of a first

dsRNA i f the second ds| cl eaves the ssage anywher ithin the nRNA t hat
i's conpl en@ﬁ@l&gfa%sp@ﬁgggﬁ@q SERBe %{] pogieez BitS HAcKSY 1 Tgsiadres PaGevdtsnes
and dsRNA Thg,ogt hods decribed herein use a |ipid fornul ated dsRNA

targetinga géne of interest (i.e. a target gene). In an enbodi nent, the
gene t ar get[@eB4h I rasenisheRNAJC agte benteod pnedde d4 A renipdost ©dynasic ontesilaptadel | s or
adrenal gland cells or scl e |l l.s. or, kidney cells. In one enbodinment, the
Farget  gondibogtian RuCtall b i, 132 Flied ERENGTE tedbon oy EhsE MR R BB bu
are not |inbh@HohO REPRxbMEEa aRHsHEISOKIRL ratd hRaptiiiortPod SADA hiyl incREéP,

S14, M Gl2, APOC3, APOB, PNPLA3, Hepcidin, or FPCSKS. In an enbodi nent, the
target gendhd quaatiptoRagpamicr (QFamt@by thesiies angedrsttv decrresiie: bigmted thound
n the Toll.ouing . iPYRLLRNCH PRLRNiORRRECBLIRNTKANMEE & R BRLSDI S

whi ch are herein mcorporgtoec? y rererence for a purposes I ncl uding for

t he pur posendifia. pMayitdhdgidsie gueireiefor ahcsxsBedin hanthagosr Shitands dad tels RNA
(e.g., siRNA) targeti n(% the &eone of interest: 12/554,231; 12/478,452; and
7,605, 251. VATigEpngan thej deliyered Qofdeyoh swurapisheaddipmicesivsgamg PN okt ent

applicatio i : . SCr e of
GoRAS t ar G| B TR, B PN BREHN RTE Uk e R A RGN BRI Cene
of i nt er estfrans Uhé2RCSKE theomarisktstitecidaRINGE tate hdupestiont mbéwdst14B5 which

contiguous nucl eotides of the antisepse strand o ny of the dupl exes
described iBFAPHES P ‘i?é‘ﬁfﬂV%é’taE?Rcé e %&f@@)vgﬁwﬁﬁ ?ﬁ?@ﬂgth&égﬁs 8¢ Bbove.
In sone emhodiviBRR. hide Jd5iMb NGbUAES 138 |8RREcs] Fe&PALE 98QURHAPUEGHEQS | des
of the sense strand of any of the duplexes described in the rel evant

pat ent s andrapsthssibn-aplel ratcatdaptasion esahld édA dbovde downaer satzodi e rhoditge
dsRNA can cgntain at |east .15 6, 17,. 18 9, 20, 21.. 22, .0 3 cont.i guous
nuc! eot | dedarnens AP RTE 16 e lramblisd phtesptesite TS e i FRgt Ago

( AAGCAAAACAHHIGHINGMTH ) 218 9EGhd {aN@ dblvnlihR. an enbodi ment, the dsRNA can
contain at |east 15, 16, 17, 18, 19, 20, 21, 22, or 23 contiguous

nucl eot i ded0Q36] dngengiell vest icdeipssgUEddersompl¢iaent diggemissipanilegpte AdagaBon

the dupl ox ERBeR0" T ssrverntartent iyl BREATiRTTRAR TPRLUBIE (RLRE ©

16, 17, 18,addRatictOmethbds gpbcifty to2Be aoer dquiipanist rideilcent Adasrcalflt, tITER ANCS @ot i de
sequence of the antisense strand of AD- 10792 (UUCCGAAUAAACUCCAGCCTT) . ( SEQ
I D NO 3). Marigws appgainmmynpclude S sRbet bave didferant mroprictay dmplesentagionsy of * 18,
19, 20, 21,,22dafticem. i guous nucl eotides of the nucl eotide sequence of
the sense st rgaﬁa o%&lADgw}%%% ( GCCUGGAGUUUAUUCGGAATT) (SEQ ID NO 4). In
anot her enj@@i7dntacchielasicRMAthi shet Inehdigptsehedi: @¥@ibed) traasmBsibodideenits t he
target gene is an Eg5 gene. Exenplary ds targeting Eg5 c be found in
the fol I owfEPESios, TG dABdHEb e éﬁsp?ﬂ- e aeh Br tht sﬁf@ Bt Bt €ni ch
are herei ninagiReLal &hcb¥ing efIg6aRLS foprUR! 12 RUT BOSRARiHOAC IMAiNRg sfdRr rdide

pur pose of providing sequences of sense and antisense strands of dsRNA
(e.g., si ptataomgeioinlg e cxpmnes afdififercedr st of contralgas@nsterb XhFGafferts) e

12/ 552, 207; ,and.12/ 723, 471. Al so descyi in the incorporated patents
and/or_pat@ﬂ@ggﬁEVF@éWf%ﬁgggé nﬁ%ﬁ@%fﬁ%ﬁﬁ&?and results for the design and
screeni ng ¢h0I$3 AR cH@ABARE W@ thRed&eABedftedhiiq@ELSUTRIAN SOM@tiRh@ehpiREY s t he
target gene of interest is the EQ5 gene, and the dsRNA includes at |east 15
cont i guous PrMEsiednE deychi0 theg isermyersenely eguplast todhlyCop vih eommpnisgidan

described in, t rel e tent nat a i ] onsd i.he ove.
In sone entli%i ir]r{,\cn't sll,n %/%gé 39 \ ’ipﬁ%‘?ﬂg%@ gaﬁweéagfbﬁ%%rﬁt ?Jgugt%gl&in‘%cg%%{)i des
of the sensdrddssangdriatesanyciohs tBigetootp] &XRS, olesdret batdrfatest ighr & Evibrtsal

pat ents and pat.ent asoaol icatjons described above. In an enbodi nent, the
dsRNA can c6HELBY GiSBekisewitg and 8S-232. Prgvisipgingpgrvep 10 istypically 2 Septthuous

nucl eoti de i Tat M 1 15
AGUUAGUIIACA BB AR, BB odt, ti o B R R cr s Ao ioR e
cont ai n at alweiast cabhgectio®, onkdr ni@e of QE PO, Ini2sbme2Bpeds, 2@visioninggeoioas 10 is a

nucl eoti des of the nucl eotide s nce of the sense strand qof AD121 15

( UOGAGAAUCURSURUUARPIH FCCRTEIS 1o NEF QP menF Tl R Pae RUBRR et PHETLS ANA | s
t he dupl ex AD121 15. In an enbodi nent, the target gene is a VEG- gene.
Exenpl ary dsRNA targeting VEG-F can be found in the followi ng U S. published
pat ent applications and/or U S. patents which are herein incorporated by
reference for all purposes including for the purpose of providing sequences

Y o o o - - o,



contiguous nucl eotides of the nucl eotide sequence of the antisense strand
of AD- 18328 ( AUGGAAUACUCUUGGBUUAC) (SEQ ID NO9). In an enbodi nent, the
dsRNA carwoantoai4go4at | east 15, 16, 17, 18, 19, 20, 21, PRT/Use012B®387661t i guous
nucl eoti des of the nucl eotide sequence cg t he sense strand of AD- 18328

( GUAACCAAGAGUAUUCCAU) (SEQ ID NO 10). In another enbodinment the siRNA is

the dupl ex AD-18328 In an enbodinment, the target gene is a GNAQ gene.
Exenpl ary agf%\igtﬁ PhRIS riglPeRRQTCHF S fosmMtic it ) Pod RGeS, AL | shed
pat ent app|v@/iF@$stQ1§atﬁ’@9$t96ok_l,Ja?ersd_ 1%&%%%%@%,%&% Nkd.ncor porated by

reference for all purposes including for the purpose of providing sequences
of sense an¥tPreesiseingtscamdd OofstabbRNG, §@amutcly sir RhApnthanagieni ppvishmigene of

interest: 12/635,630 | s rib in the.incorpaqrated tents a or

bat ent_appirearratecaet Bndre eacdtah hag ME PSR e RS e s
screeni ng @fangaiRNO8-siRMERtddBSatie nBENR 1A Al RLESErsid SO pRTRAGHIERIN S t he
target gene of interest is the GNAQ gene, and the dsRNA i ncludes at | east

15 cont i guddB, aud¢seub¢dimsthist dischesuantand dhpsebysalicaree wic adaptasioniang coeqslieses
descri bed i he rel evant nt a t. licatio desgr.i .above.
o entiksriifnt SRR wERRN FIRAGLE°1E i AR SRS sSRE B es
of the sensadshéatith aibodtynsadf Whea 2 didphpeistatie pesvikieting Retvbe 10 abartbless

pat ents and pat ent agplications descri bed above. I n an enbodi nment, the
dsRNA can E€8nelp @pgiatip 86 they ese glgortpmsytg fagiftate efficsency,2QoS,ohropghpEney guous

nucl eoti de e, i gqueance, .0 i n 0057
(AUUA@AUUEM&%%C FC%CE)%T?‘%I\E% %%) bhq %Xaéﬂﬁ%ﬁ@%gﬁf?@%fg §ét‘$1€f gos ?}a%
cont ai n at preasonihf,sedston 26A, diSsct MnsABsioR-bide2@te adapRBionanddudtidda to, in

nucl eoti des of the pucleoti dl% sequence of thg senpse st%iand of AD- 20%%1

( CAAUUUGCAURROREUR A HiBR @arlist Renigctyon. reducg {8 reeosmsBdingese @ feduse is

the dupl ex (ARRRGBH 48 02 PideIRALIAER andlthGchRFABE: B8 MRrdcd F vViHED B&N%: 28
Exenpl ary dsRNA targeting HIT can be found 1 n the following U 'S. published

pat ent applondhg slengl dovdilok (hiSprigsdtbyrradiodink 4 Banecdeyr BiEnl 2Bhc birip oedatieeh by
reference for | .pur pos including for th ur pose.o r ovi di,ng seqguences
of sence atiarpt (RESSFlah dehesr G aiinpieng (ROt PRkl tal BBt e A e o
interest: Go6aknld B/havt /&8 cBidsteddd a bft&1Fo$02. Al so described in the

i ncorporated patents and/ or patent applications are experinents and results
for the deiﬂ‘yﬁ’] ald 3ds acblpely deeraps RlpRdrating gatdxamplcheidge mervet 40 ndredeo | n

some enbodi . ar . of i i . e 0 dsRNA
i ncl udes attgﬁg%%téorl]%@%%?égﬁo%gﬁlﬁ ﬁcallg%itlﬁ@g Z’ﬁ%fa%f Heb gl%;{gi % g‘ﬁ@% a 'E% r grﬁéﬂﬁf any
of the duplpexeésiosiagséivber) idtotdivg the ketaighcpdisetbe rdn pat ent appl i cations

descri bed above. I n sone enbodi nents, the dsRNA i ncludes at | east 15
cont i guous [P Sddsyedver 4P Haay ruesrondaird Uss 1afyolofl@nt dljsicexssvaetlr i bed

in the rel . 3 p i i degcii
enbodi nent ?gﬁﬁ%sﬁgél?%l\lgﬁega%ﬂgcg n?éai%ﬁ(rl 5?%? g{élgfé Hle%?%él"&eﬁl{%l,% qggStPa?égv%%ﬂlBlf%p 22,
or 23 cont iagueusft AlG|I Zotides chénttdeisrubM D tdlidet. secndenceiant 44 he harinasiense

strand of AL: DP-5997 u ucuyug cTT) (S ID,NOG .13). In gn.
enbodi ment [CEHEd &m&%@%ﬁigf’ ot 44 Vadea Sc?fsﬁe Bgnuy e apidorigptpdeviae 2o
or 23 contLGUPHS, Bideb ehbdes: LlidbhgcAHE!BANIdE: h%%@iﬂ%ﬁ??%ﬁﬁ&rédﬂﬁ%iga?@%oﬁ rand

It
of AL-DP-5997 (gucacaaagaaccgugcagTT) (SEQ ' . I'n anot
enbodi ment Mideo siuRNAZ asa ey Heph excrfice DPa 5993r archivadhvisled éatidnent , t he t ar get

gene is a ne. | .ar sSRNA t arget, ng. ApoB .can be found in,the

Pol Fow ny (P21 SERFns AAESEa Rl o? Bk 2ol GG ar v B0 Bur B Sonitth ar o
her ei n i nceeRer a0 efdMISIral ehetleevides savbr PSRl é&b@@hﬁtﬁ%\&keblﬂ&eﬁw pose
of providing sequences of sense and anti sense strands of ds (e.g

si RNA) t ar g8divideor hScgding MITSI lisnledd : handissgsessiam setup) apdocomdie] fandncdia
12/ 728, 139.. A 59 &R C&th?re(i{rfgl tcﬁ@nth ”a%ﬁr R&’#i&&%?lﬁpﬁ& idsS ALY QbnPR! §Mdia
appl | catl ons are experirnments an results or e esign and Scr eeni ng of

dsRNAs t ar gatddinge/ddedpgnendhedintietaast coltrol slaarappfeti nents the target gene
of interest is and the dsRNA includes at |east /15 contiguous

t he ApoB gene, 3 ! .
nucl eot i ded0¢43] tsﬁédlaatMgghgléenéﬁﬂéﬁalp&ﬁ%aw%fmmér HrpridseeRaceldzs ifSedd n t he

rel evant p and: ] i d . »
enbodi nent ?aﬁ?‘h%s%@%\c&%ﬁe?%%a%gaglogfﬁf)glggfsolg co%??gﬁ%@\é ug Igotl Eessgf)' t he
sense st r arsdndifig MiJSlodlienhé4 dupsiepbscdesecmphedaipact dfer geabmliact Mz ehes. and
pat ent applications descrj.be ove. In an epbodi pent, t.he dsRNA can
contain at QN agreotsy gending Q@q %Pt 3 may addgipnally Cg@peawivaﬁeu%ewden

nucl eoti des of the nucl eotide sequence of the antisense strand of RNA
agent nunber 35 (gaauggacaggucaaucaaucuu) (SEQ ID NGO 15). In an enbodi nent,
the dsRNA can contain at |east 15, 16, 17, 18, 19, 20, 21, 22, or 23
contiguous nucl eoti des of the nucl eotide sequence of the sense strand of
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backbones; net hyl ene formacetyl and thiof ormacetyl backbones; al kene

cont ai ni ng backbones; sul famate backbones; nethyl enei m no and

met hyl eneWpadnaziss@8backbones; sul fonate and sul f onam de Pbaaisban®ss7sam de
backbones; and others having mxed N, O;,S and CH2 conponent parts.
Representative U. S. patents that teach t1?1e preparati on of the above

ol i gonucl eosi de |ncI ud , but are not mteg 8 UuS Pat. @Nigs. 5, 034, 506;
5, 166, 315; &t #8Espegah cerdosy, 4 spasion @t%@ 1GppiroEmogule (RERVatipgROGKES, OEODRY ' 564:
5, 405, 938; f@&%ﬂal%@%ectéh%aﬁléﬁw 18 470, 967; 5, 489, 677; 5, 541, 307,

5,561, 225; 5,596, 08 602, 240; 5,608, 046; 5, 610,289; 5,618, 704;

5, 623, 070; [604363/184P end®d6336 366ndes, V@d?eB #em, Vlafmdsotﬁc;eﬁw maﬁdlngaomn@'fofwhi ch

is herein incorpo reference. In other, certain dsRNA m e bot h
Lhe sugar SHACYRE! (HEr APEERTE ey 2 s RO Cor ke
nucl eot i de pdedtiScrad®isrLpdcREEhs¥d hﬁerMEQﬂlat%&m theTH%oQ@eﬁelde'ségﬁne?ﬁ €om

mai nt ai ned for hybridi zation with an appropriate nucleic acid target

conpound. GitEoswmehdas] 4gantedivides dhp ontoded ailcdsREACH] int b setitrael paekctsden
shown to hay I h r|d|z

vept de nuagrEEEh PRSP AR APECRES fiw F sRMiGLbREsKE Sl
dsRNA i s 1 epleagediciv 4shttentraingpde @rmﬁq)aysimglapa@kﬁmﬁmheﬂ éddssifigll Aichans
am noet hyl gl yC| ne, backbone, The nucl eobases are retained and are bound
direct |y omylApieriagsadditionabpaskefiztionand ofhsiePgetiete am de portion of the

backb
compounds 1Y g Blits VeGP BBy Rl FRESIe RLBRRE T By 61
5,714, 331, Vaadad ncdd9, 45&2 ene«axmhfrmhemlthﬂn d sidbe tsgmentndtblepaodmge’dteby)emﬁes

reference. Further teach %g I\ql,%e unds .can found in_N el sen et al,
Sci ence, 18&pnuBlgt of £adme PEEE! 10%& i { ‘6 °Q HEMRY e RSB
dsRNAs wi t @1&%&9Q@Jp%tf&h%&@ul@%kﬁﬁgl%r&%nﬁ' ﬂo%&ﬁéﬁhﬁ%ﬂ §§§ ré‘t’e ta'&aﬂﬁﬁ@r{ oatom
backbones, and in particular -- [ known as
a net hyl enenqdmﬁ HA bhFlo)l. or M\/I backbone] CH 2 0 N(CHs CH 2- ,

- CH2- N( CH N 2: wher ei.n 1t h e

ohoa phodr 0! ?W%JB??&PW A e Ch oG B AL gD Y

above- r ef ergneefl blidts, Bath ad\kéce@mg&%,eﬁt?@ 228 GedpBRd LB dﬁré@%ﬁ@@@@re@&ng he
above-referenced U. S. Pat. 02, 240. Al'so preferred are dsRNAs having

mor phol i no thsacrRéiaeraty pyi@pDiopsaisf FRedbaplo\idr Btur eamersteUnsirugigns digscting

5, 034, 506. r b t| ugar
moi ot cs. - Bararr SRS ANAR DR 38453303, HiRaRSlip TR oty Bt et
posi tion: GHtistiis gardbrg, rd@éwbﬁ @laklwts, dﬂanySothmOfnf(Mnﬁiltlbﬁﬁhdtt tr&dsmissionadide
N-al kynyl ; or O al kyl -0-al kyl, wherein_the alk al kenﬁ/ and al kynié

be subst it Gtedaptaiion modhict @'ral ege fpoada:lm thg g mg)rateom ciondgaes | Fand

o o) v Eo T BRI B TG e R e e BTRE A Zemamare 1

and mare memimtMe&h@t-rai@Re@dse(ﬂmmlérand(Tedqﬁw mmnnmsMedmésmfatet he
fol |l ow ng the 2 jtion: Clt C10 | ower tituted | owner

al kyl, al k%ﬁ{%&%@a@ﬁ@% IO 600es- QPaﬁr%ﬂess . OCN, d, Br, CN,
CF3, OCF3, 66497130 &2 CGRmfB2 o Ls, %MISSIB@-%@EOQMgl Q@fip‘féf on module 50

het erocycl oal karyl, am noal kyl am no, polyal kyl am no, substituted silyl, an
RNA cl eavi ngpgreup, ima¢wmpdmee witr MT;SI saﬁplﬁcﬂtwnsaﬂmndpd Ral' Ry Confolf Brotocol

i nproving t klnetlc ertjes of an. dsR or a rou

o ovi ng (RECOEMBESAyRan ol bR pdIrghmiofenite SPufhE Mo s0
subst i t uent§ed@HangleSRTT P FcdBREMST foc&iFing roRtiBloRS E!?ﬁbrié'ﬁ@ﬁdf lb}ﬁﬁlstcblﬁ}mgl vigésides
2' -met hoxyet hoxy (2'-0 CH2CH2OCH3, al so known as - O (2-net hoxyet hyl) or
2' - NOE) ( Migrpiinalet Impspepts|of UM Scterka? tl@agsplemnt B8%.- tsoumissica-sidegrpte

al koxy-al k up ucgh f i u

> < et hy R A ol S SlpoRHET Rt R AL ER, DR PR (RS T
DVACE, as dﬁqgﬂlbatitﬁldSpdmf&XéEﬁnbtﬁﬁlsheA&EPﬁ paektaay, th@n@rovide feedback information

2' - di net hyl am noet hoxyet hoxy (al so known in the art as

2' - O di net H%aé‘iiﬁlﬁééft FORYt Ay Vidge repelvefpdpiasreived mediaglateg. cH 2- OCH 2-
N(CH2) 2, alpysias ¢1dbedch 4 i 195 VRIS &HfieH 60 vi

nodi fi cati ?ghsﬁinc udgle %e (Hn 12%?3 ?% %& gélgﬁgﬁ‘?%prggg%g %{TI'{CIJCI—PO via
2CH2CH2NH2 M &Bldvidte ﬁés&mncﬁ% 2Vided terSiimdl |6@rmap dorfréspand GNEENEB af BHG.beambhde at
ot her positions on the ds i cul ar he 3' _position.pf the sugar on
the 3' ter WW&PS%JEFQWMSG’&? ‘F ﬁn(%“e@‘erl bnk\%ﬁwag%&gst&%aﬂfgmée%% &fon of
5" term nal nucleotide. DsRNAs nay al so have sugar m netics such as

cycl obutyl noieties in place of the pentofuranosyl sugar. Representative

U S. patents that teach the preparation of such nodified sugar structures
include, but are not Iimted to, U S. Pat. Nos. 4,981,957, 5,1 18, 800;

™ O NA PN NN ™ NN N A A = NN NN A AN A PN = AN e~ N — p=a oA — g p—



| ncorporating universal bases into si RNAs may enable the siRNA to tolerate
a nutation at that specific site in its target nRNA Thus, by decreasing

t he need woroub=si4at e conpl enentarity between si RNA andPCTaiSadibib3g7a6 get |
uni ver sal - base containing si RNAs may be;an approach to (1) prevent drug
resi stance caused by site-specific vi ral1 rrut ations and (2) create siRNAs
able to be broadly reactive across vi ral CI es ‘Mtég simlar, but not

absol ut el y U8 efio¥ dideereayed byailag terrdn rfY’@&’teF SIPhAMRER ¥ 8ed as
uni versal Raspes Afj uld:}tr%talr &@ﬁﬂr?o(lL@D)S -aNb i Q441! €omputer monitor, or other

| m dazol e- 4- Car boxa , 4-di fTuorotoluyl, and | n05| ne. Représentative
uU. S patentvmvtlhgtsompmtthe preparation of certain of the above not ed

nodi fied n ses. as_we as ot her i ed. nucl epbases . ipc but are
ot 11 m t cd0pET WREDiBIb¢ B B0 R0 ofts™s GisTERen Hr ey FOrueR's
Pat. NOS. 4griifteal 2050 15I:TS$QH§Qnal§esl3ﬂleQ@&ml§al J60ot0263ive c&%rs@ﬁ@nal@pée%ﬁ; 272;
5,457, 187; 5,459, 255; 5, 484, 908; 502,177; 5,525,71 1; 5,

5, 587, 469; 1eXt5oM], vigo. Bl@l%llosmedes ceamplanyzaspacicdf 51683, @ﬂ@VlngaﬁélhnTo@ W ch is
hereln i nc referg 692 I ei

i ncor por at %JP%{/ regl? erﬁécneclz\émg %%4 1? ereLAéﬂ%tl}?rea}ﬁaﬂeé flergrgiloo%s 'St éml% %\gTE{ﬁms

t he invent ictient MOIN@‘@w@ﬂgeMWI l:lyenltlaakha@udsmetsmn dsfiNAarein €ortfol NOF endtidd et i es
or conjugates_which enhance the activity, cellular distribution or cellular

upt ake of tHEIWS RN @It}%rh Mibpletcliens j and) adritionall Yah@drlﬁﬁ med g P@&fQofTﬁidﬁ}d |
, P Na Aci d.
Soi s T AeGHRLCREh M Bk BhY obh Rl M RR S S  TT oS Ly e

Chem Let. [005D9RobeciiipAMTB60)icnt a4t dongeishervidee dgchebéS y\hdé?ﬁ Extiacyortdol end
(Manoharan et . al Ann. N.Y.. Acad,  Sci 1992, 09 Man ran et
al ., Bior g WBE"-SERAIC i’-_%ptatw&g@%dula%z7%8062‘7%5\99%1 Bhos oles CRIE

(Qoer hauserex@ﬁlplﬁfy aspNH(\df a g%ﬁbﬁﬁzéaeﬁlTSI %ﬁ% 1?2 BthePAPea3&hecififlg %T@lhﬁfehf:
chain, e.g., dodecandiol or undecyl residues (Saison-Behnoaras et al EMBO
J, 1991, 1@4 mdyl ddditidbfy ckaipainoe vedecoaincoddEFARS 4wt &pe¢ch1@ﬁi©s:s 2%&1(82%@30
Svinarchuk et al., Biochime, 199 75 9- phos | i pid, ,

i - hexadeoyhd PRy pdio peiop TRP(F ik AlyioRa ANSSER Wad e MFrsh.

1, 2-di - O hepgsi¢oxilicd aaelcyRebPis Tb@mmnﬁe@faeé\/@mw@as 8lided| from video
Tetrahedron Lett., 1995, 36, 3651-3654; Shea et al., Nucl. Acids Res.

1990, 18, wcﬂvclmagyed byp@ywmﬁ Md'S$ cligntyfdi a,nétrngtp@ﬁéhegw%@ﬂzedwadqq s@rmmohar an
et al., Nu 0s 97 cetic
acid (I\/anoﬁégeaoné%fa%t S%gﬁ E%ﬁﬁlc r%(e)(ril ?(Pe str]e g %6?6@0%% gé@ﬁ?{] Ela pa mtyl
moi ety (M shy ancﬁ)'tiecaIVldeBi mhlmFHcc&idﬁl@wStheA@ﬁ)ﬁ)prfh&Qﬁde&Zﬁeﬂmg 22d2d7for thy an
oct adecyl am ne or hexgll am nocar bonyl oxychol esterol nojety ﬁé Crooke et al., J
. Phar macolStreassuch aeH. 264  ggigsengsythe dgeosled yideo sppm & wigwebdy (Ryateng | |
assist int t J d to,
e ARGl U ORI A SreBcRie T %t%%%&ft he
pr epar at i ofoofecsivirty VERNAcIanjodgalesstiascinonieyred bty mcevaemdé irate tagdpthidon U. S.

Pat. Nos. 5,218, 10 5,525, 465; 5 541, 545, 730;
5, 552, 538; r@(@%‘%lw 15C 3%0?%@ logs @ﬁpg%wﬁea@@d packet @@Ci@e@m%as &

5, 138, 045; on.tHd thoRifdred Padk@PstBlFics Fe R dordrfd ra add] at?&rﬁmoéul@@@ g@ﬁe@ates and
4,587, 044; 4,605, 735; 667, 025; 4,762,779, 4,7 37; 4,824

4,835, 263: p40\8d!® %@ﬁwackﬁ thr@&mssmreﬁse 0n3 ade@tzctm r8®tlxle 50 of mle® saver 40

5,214, 136; .5, 082, 8 63; 5,214,136; 245.022: 5, 254, 469.
2 556 Boo. 'S cINs kgl crBoderHityfep iRt g desicisg MeTENtE fite; gk Fonigmantly,
5,391, 723; & 4&GnaQ%n r@té‘@ﬂwé&%eﬁer&ﬂp HdRiveRsidd 2atb Qdapthticnlhod@e;70 may
5,565, 552: 5, 567, 810:; 574, 142: 5,6585,481: 5,6587,371: 5,595, 726:

5.597. 696 ZSNGAG 532:95%3 8dothgh Fompeises, GBRTUOGANS dHedHINgS AATTRIRSIPR:Sider it

i ncor por at C for gi ven
Commonng t SlyRdC AR obid & Aol BREAR] thel Qi Ll FLE SRR, B

af or enent i angdthep difbingaiohas taymBsioh-RERrpORdhgatidnmadise 5glcen aanmppadiidt or
even at a sjingle nucleoside within an dsRNA. The present invention also

i ncl udes délm\w%%ﬁé%ﬁa@wn@ﬁg aple- cﬁﬁw%ﬁm@%raﬁ%ana%e ratopapEtiop m
conpounds t LR r rRJ\gAH
conpounds, qgar JPﬁgula y sRl(\ilAis?\,q ﬁi g‘ﬁeg%%%%%a?#n@%\g or b pe el(r?e‘lcgg 3}6

di stinct r egkomkptatachmodde ¥ iofplaveiteast accvedanonoweh MtTSﬂ speckicatians,

nucl eotide in the case of an dsRNA conpound. These dsRNAs typi cally contain
at | east one region wherein the dsRNA is nodified so as to confer upon the
dsRNA i ncreased resistance to nucl ease degradation, increased cellular

upt ake, and/or increased binding affinity for the target nucleic acid. An
additional region of the dsRNA may serve as a substrate for enzynes capable
of cIeaV| ng RNA DNA or RNA RNA hybrlds By way of exarrple RNase H |s a
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and 5,541, 307, drawn to oligonucl eotides having nodified backbones; U. S.
Pat. No. 5,386,023, drawn to backbone -nodified oligonucleotides and the
pr epar at iwo 2btoerse@B t hr ough reductive coupling;, U S. PaPCTNS2015/0385%¢ 191
drawn to nodified nucl eobases based on Hﬁg 3- deazapurine ring system and
met hods of synthesis thereof; U S. Pat. . 5,459, 255, drawn tonodified

nucl eobases based _on 2 substituted rines; U S. Pat. No. 5,521, 302,
drawn to preest?e@%dgﬁl’o :EEOBF@‘pEF‘?tH@O oﬁwgﬁu@egﬁqqkdggcwnﬁﬁg I HPROA) FATBEHhor us
| i nkages; léorfditigf;i’l%to t%lﬁsmési%ﬁ-%i(lgggt’e adh o RoBAPLD AN RIRG acids; U.S.

Pat. No. 5,554, , drawn to oligonucl eotides having b-lactam backbones;
U. S. Pat. NO0535 167dncoB2f UMEBmetverkdttha dsipnunhBE B rieediwerisate ateandgptatidvresi s

of oligonucleptides; U S. .. 5,.578, 718 r. nucl.eosi des havi ng
ol kol ¢ o gruliss 76 i R ECR NP awpciiy B BEEYSADRY G S5 ol

noi eties atd,aeded (@IPPQSJ‘ACI%S (2 )?fﬁv'i&t Wc@bacRAfforin®fién dgatdify BUFLERSEEFor U. S.
Pat. Nos. 5,587,361 and 5,599, /97, drawn to oligonucleotides having
phosphor ot hgasatcd dncedeslgmediafdat ghransimissiongidd taje adapgitiopgnodulp 505 I508¢IB51,
drawn to pr S f or .the. pr ratjon of 2% - | kyl aposi ne d rel ated
compounds. “TReTadrhg s RSB FR ot BlosBis A o MESRRh Rt g 266
drawn to olehgahnicta@odd Ghpfophiate. Nng N-2 substituted purines; U S. Pat. No.
5,587,470, drawn to oIigonucIeotides,havb&g 3-deazapurines; U S.  Pat. No.
5, 223, 168, [88%4#] dn Siccggpncengyithsthg ogelpugues peft My displpsts, deRpgsipagide rate

4' -desneth ol eqs] ; : d . 289,
drawn to bﬁ@ﬁﬁ%ﬁ%%ﬁ%%@?Fggghﬁgg85%%?%%5@%gﬂgﬁgfgggﬁq%ﬁ§%gﬁgﬁT-R§§§$9mg

6, 262, 241, samitr ScodbB] pbamettraefifctiothel oparatial oé, tramemiveda-sofe saatadesthiomg

2' -fluorooligonu oti.des. In the ligand-conjugated dsRNA and .

| i gand- ol S E{% i Y 2Eglen @%%%i%_fw Y R ?lﬁ%cteiaaglﬁ&esm@ge topaliey,

i nvention, hieiQ) iSapUCSRtkAe s AREIRhEBHRLEIRE &I FRYaREi &R f% on a
sui tabl e DNA synt hesizer utilizing standard nucl eoti dé or nucl eosi de

pr ecur sor s adgptatmic eduied20 ¢o determewsihdecodory tagatoé placenwders46.haln sdmeady

b the |inki i ety, ligand-nucleotid | eosi de- conj ugat
o ecur sor s DRI ekt el e bRt Sl B0 BhaRn Bk Geree
| i gand- bearntifgati heiue 50 hegkz. redRctsinne theleheai velfeLoMhe gatmeREECUr SOrs

that already bear a linking noiety, the synthesis of the sequence-specific
| i nked nuclléﬂfﬁ] cemilpdy, iy pecoadange wathphetesniqegscltthis disclpawy. reseisemtide fade t hen

react ed w L aé}gt?on&géﬁiﬂg 90 @Qe]%eské' a ts& off A ttggeil ér%%ﬁgélcl%%rﬁ&g}se?q The media
ol i gonucl eoti'de. Irgonucl e conj ugat €s Bearlng a vafrety' o moi ecul es
such as st et®ivids comidlPatanssterk iapfectth@vpera@RO6 L RLcivolGdditaes addpasiop meadudsis| y
been descri bed (see Manoharan et al. , PCT Application WO 93/07883). In one
embodi ment ,/0tye BNk ceBeng deurdary pak Baning candiiong s atingiohe galpwation

i nventi on i . YA i L
phosphor ameirt e dar o Fringl BhATRYERCRAD RETURR ol dha by sepeieds
t he st andardieptats pigraiondimiodslcafdl to aletesiaredticdngpinesqtio sa@ipe dbft feedbdelt 3lar e
commercially ayaj)lable and raoutinely used in, qligonucl eotide synthesj.s. The
i ncor por at iP %Vl%e?d @ téansﬁlwnﬁi}ﬂlfe, rage ?éépé%tm r,n_o@ﬁ-e é%p %p‘_gﬂ“}e PP HﬂF ypedia

2" - Cam noalskyder @bntfol Seidterd’ 51 EHOEQ! BY ARsrhilsiBhLE1d8 Gl dRiEp@iioRhodule 50

ol i gonucl eoti de confers enhanced hybridization properties to the

ol i gonucl eadyde. re@liot degarming thg omuert eelucslesthe patagictirng phosphor ot hi oat e

backbones hanced, nucl.ease .stability. Thu funct,i lized, |jnked
el eos: ded 0ol RS TEGERMGH RGBS Mpiintinalet B SRS LRI Pa B 1
phosphor ot e oabgridagkaeng Wavailadle. OATs I sly, Xiddy etdddbn 48 trirsRiRlside
2'-O-amnoal kyl, 2'-Oallyl or 2'-deoxy- 2'-fluoro group. A sunmary listing
of some of rethadaptpighmerelsti0dendrserichiceaide ot adapiaron modhls Hr may sompupdl at |
for e_xarrpl ?‘blap boEcPPJ 'tl%agtﬂe?\goﬂ%ﬁqut%z Ogtfsﬁn Icg'néeﬂ na?rﬁgt(ﬂlogga n&r@’unable 10
functional i zed nucleosi de sequences ot & 'hventton posSsSessi ng an am no
group at tRkentpol: t EloWientts bareryping pakest mstangf anddAsayist besidl gararastdrst fien
reacted with an active ester derivative of a selected ligand. Active ester
deri vat i veSNg/PE NdIa regpigtincangof Rysmetys 71 agingihe frehnjapes Eetiedisrpatee
active est ' bRk - tet: '
coters, pentarl b Ep o YR R R e A i ke B QRARA Iyl
reacti on of5S0tahd/oandcayegside prtaadhptdtenacdidule’(k s¢spectprebd aakearfore effectively

ol i gonucl eotide jn which the selected ligand is attached to the 5 -position
Chr ough a FIHIGHEE GRS o LRI SBodeh Tt T s BbREy moir Greier b*epar ed
utilizing a 5 -Am no-Mdifier C6 reagent. In one enbodi nent, |igand

nol ecul es may be conjugated to oligonucleotides at the 5 -position by the
use of a ligand-nucl eosi de phosphoram dite wherein the ligand is linked to
the 5 -hydroxy group directly or indirectly via a |inker. Such

o o . v o o "
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Natl. Acad. Sci. USA, 1989, 86:6553), cholic acid (Manoharan et al, Bioorg.
Med. Chem Lett., 1994, 4:1053), a thioether, e.g., hexyl-S-tritylthiol
(Manohar amoep1oai48048nn. N. Y. Acad. Sci., 1992, 660: 306; Wamaisariam3ssse al ,

Bi oorg. Med. Chem Let., 1993, 3:2765), ;@ thiocholesterol (Cberhauser et
al, Nucl. Acids Res., 1992, 20:533), an aliphatic chain, e.g., dodecandi ol
or undecyl reds}yd es (Saj son- eh‘[]rj?arabs et al., EMBOJ., 1991, 10:1 11,
Kabanov et TdiyFBgpncgtion ofiggg blaskoboxsy: usipp {ay CRBKoIeRaranetess; ax Hiomral

1993, 75:4%hob iR Q)?&é?hlg e litec BuriBus obfiectiRX FGEE HoRE 1t RIRL vRIco server

triethylamoniuml, 2-di - O hexadecyl -rac- gl ycer o- 3- Hohosphonat e ( Manohar an

et ah, Tet A@hadr vided é¢rininal 16005 M @ity BBSlver ShietsoleparahgteNUEl and\ciadsa Rewler
1990, 18:3777 a pol yam_ne.or a pol yet hyl ene col chai n.(Mapohar.gn et
ah, ol eosPity BuRmerBuel bt <SuBdint B sl ShY Ginsrinieanih SRBE oV G

( Manohar an t@iad) .60 ket hadRdepitr Ut fespectiPEP, reR8 t8 0RAkinPndd@bik donllitiFak ety
(Mshra et ah, Biochim Biophys. Acta, 1995, 1264:229), or an

oct adecyl aspme afpchiexynehd gcdwerb eontralorgremstcosstdr and naiceiay s¢rdepotoatret  ah,
J . Pharnmacgl.. < Ther., 1996, 277:923) .. resentatiyv ni t e at es
patents t hg){‘)1 ratmeeaegg 5t1 hoé%b ¢ Ié%n§r% aetxlc%pﬁ[ V&l?ens%}é%lcgfyﬁage%ﬁgf)%& Iileg‘g&é( o%?eg%t% eisn have
been |i st eduabsypects, tyPpaancRetpwgatirgin pspéde & sShangingln¢avdheonditibmesi s of

ol i gonucl eoti des bearing an am nolinker at one or npre positions of the
sequence. THBTARrogsigpringservsr dfdn 2 rsaiceargit Hhatraablss @ igheorkginggptor 58

conj ugat ed A“@eﬂﬂo@i’é’f) %)rek%%ﬁs&wgisioﬁ%gglgesﬁgﬁg y@ALz@]mgﬁaééseJa@m and

conjugatio eacti on’ may orne ther wth the ol i1 gonucleotl
bound t o t hiédesokimlinglupP at order té6 whddify mgdial seadagenadl pdremotergdhuad exddide i n

sol ution phase. Purificatiaon ?Z'Tl the oli onPucI.e.oti de conj ugate by HP
J

C
typical |y AFEHASORHRY AR rjlufrabeetivelle igEsIOpIng S@ﬁv&réﬁtvé?lmie_sclam_%&at eis
particul ar sy BEehaIchePetdIoR GHGeA R @h¥e GBPisloRGER8R tl@"c(gﬁfo'dﬂ? thddver
cells, a site of target expression. Vector encoded dsRNA agents In another
aspect of tshaler woemoli paramtigrsget agéioe nsylec rddciyed sRMoInpirguetbss’ It hatvalwesdlul at e

target gene expression activity.are expres romtranscription uni
oort ed | AEGCBIRY SR Ve Pl ERg SEEE TE fuate? el el ot Rt 36
(1996), 12:5at kBllecPKhhd Efidlyzof netviddrk dthtistidyt RF fed h@watk M6 inthidks Grfb @Brvidie. WO
00/ 22 113, Conrad, International PCT Publication No. WO 00/221 14, and
Conrad, U. 30 apdtvidaqoterrgingbs@), 209) UMhesetworla A s dhes 1 .c & seyee psieesdatedias a
| i near con uct , (.rcul ar asm viral ctor I

i ncor por at Zahiil%é& ?(ﬁﬁgérsl Elleééf%éoél %535 ? érggl(r%g g%érl%q? nt é’écgrmae;égadgffnﬁi {)\e@é}g&hﬁa@%ﬁ%&on&
The transgenRicsan fidhsidoe s@oastr dell@drédsipaihgistssidns COBhe réddheedis edeiasr an
extrachronosonmal plasmd (Gassmann, et al. , Proc. Natl. Acad. Sci. USA
(1995) 92: £99i39! parapacteiligs i alfora tidgrdermynalp Gy ST osla Ahakezer p & S8 dbe by
pronot ers r i : - G0 t i

Parget ool PRy eraRE & ffpRe bl Sk A dahtof HE TS SR e o
transcri beaflyleprsomet ¢ andot hidod tasmicth 6Araad [poadetheanalykie ts apgax pBessi on
plasm d. In one eg})oﬁmen%q, a.ds IS eﬁpressed as an in\é(gqr:zt ed repeat

j oi ned by dMPEREerd pdYSTHA BAYAEE “elfuBIR ASBYh MY At REPVISRIIK PIRIECEt em
and | oop sthiel i Seratbiesd Gie abiti_q. dSRNA expression vectors are generally
DNA plasmi ds or viral vectors. dsRNA expressing viral vectors can be

const ruct ed00f83 iy wng provisnaing parvereld toonadiénoedgswodet wdtrol pargmeteny Sla

revi ew, see zyczka,. et al,  Curr. Topics Mcr I nol . 92

158 o7 150799 MEE I piy B e uios Pohiercls Dt 8L P sl The 41 SRR Al e
(1998) 6: 616)ack Resey st Wd& cidoder 40 HansBsRACEI2 s 4dbtARA) modie sBosanf el d

et al. (1992), Cell 68: 143-155)); or al phavirus as well as others known in
the art. REECHRErvIdS aatehderiatipremodisle d0tip ofder o Engddaty coain @etvask ogisRBECsi nt o

many differ wRes, - | i i I I Wi tro an in
Vi vo (see,Sﬁ&%?g%E%P%tﬁé?@éﬁpé#g @%éﬁ%%&F@QB§§Ogghﬁﬁgbgﬂfég%?'Egh%%&%nd
Mul I'i gan, Rymets, NedvisioAg@dervaci 0 idJTA ehst PaAR)all§Subetobrond @dd MY lagmagicaldy ,
1988, Proc. Natl. Acad. Sci. USA 85:3014-3018; Arnentano et al, 1990, Proc.
Nat | . Acadresgend tagrngsd getypsk senditipnsehy piovigloningodifferanf gediangenfler oquggl sci .
USA 88: 8039 ; r : : : j :

88: 8377- 83 ‘i‘?“%gﬁg 0 ua'ﬁl§ rg%dlgire,ce']l‘%g %“,’ntgcg &gﬁ?g@ézr EZ ! ?gégc-leolgséoE 5 q\%ar? a0 % chem
et al, 1992¢rmPnad®0, Magkctiddad. Sci. USA 89: 7640-19 ; Kay et al, 1992, Human
Gene Therapy 3:641-647; Dai et al, 1992, Proc. Natl.Acad. Sci. USA
89:10892- 10895; Hwmu et al, 1993, J. Inmmunol. 150:4104-41 15; U.S. Patent
No. 4,868,1 16; U. S. Patent No. 4,980, 286; PCT Application WO 89/07136; PCT
Application WO 89/02468; PCT Application WD 89/05345; and PCT Application
WO 92/07573). Reconbi nant retroviral vectors capable of transduci ng and
expressing genes inserted into the genone of a cell can be produced by

v o N 1



cells are described in Sanul ski Ret al. (1987), J . Virol. 61: 3096-3101,

Fisher KJ et al. (1996), J . Virol, 70: 520-532; Samulski R et al. (1989),
J . Virolwo@810/38R8- 3826; U.S. Pat. No. 5,252,479; U.S. pPPRatus20o0/03&5439, 941;
I nternational Patent Application No. WD,94/13788; and International Patent

Application No. WD 93/ 24641, the entire disclosures of Whi ch are herein

i ncor por at ferenc The pronoter dr|V|n preSS|on in either
a DNA pl aerIIJ %F@ 1TSS rRsiip oCPRE" PHORRET 10 eng@ &I%&ﬁ%eqr@nﬁm

pol ymer ase lpid 82 9 Médlepfé%&@@il dRMetRf Pdmét &0 Jists %}ﬁ%lyyrﬁ?d@?@ce ver ?}%‘aﬁretegvv
early pronoter or actin n%t er or U snRNA pronoter) or generally RNA
pol yner ase SIARS P diimtdin l{eeelger pErageRINA 8d1). 7 SkccRMAng rtontbe eedhnoquea of this
prokaryotic.pronoter, for exanple th ronot e ovi ded the expression
D) 2o o al SBIRERe S RSt ppfiipBaraine ) SKRLFT BbT ShEFOR o 17
promoter. TRYDPFQEREE haddRtdl K0 tG' ern%lte At ROKISLatBXsPloESEIcO fhd @%érmoxpaﬂcr €as
(see, e.g., the insulin regulatory sequence for pancreas (Bucchini et al
1986, Pr oc requier-sidagaig. adgptationugmdg: Hsandihawe 5)deo termiadldfq peshyvides seassi on
of the tr anpIs gﬁa}gcel?\?erpcro%&olsga%met%%u% ?%?gécelv%r % a}rrtBI %ﬁpt@{ory %oﬁglea’m

i nduci bl e regul’atory sequen €Xpr essi on sy sters a regulatory
sequence t gy depres@itint oy €ndre of efedai ﬂ&cﬁhéﬂspa@zhﬁgbﬁeﬂl rmgygh&t Bpscts, & Gdeo
circulatin glucose | evel s,. or hornones (Docherty et al, 1994, FASEB J .

8: 20- 24) . naln@liondy drevige auultipls sybsedngl naqdit 4B¢cver oparpmetcEo Sl r it of

t ransgene I iQC I sone,
by eatr ogen Heonl 8 HECRRL Ko Bl BB ek S o,
and i sopr opgtiite o8- EdrvictBpagiad adbbapyf ardairdei(dePiGmetods penmynntskscttd ed, i n
the art would be able to égﬁose t he appropriate regul atory/ pronoter
sequence bRYEHRRHNERNCAPEAYed use of the dsRNA transgene. Generally,
reconbi nant[ﬂ()’(ﬁﬁtlﬁrtﬁls%ﬁﬁt&' RetRbrieYPESRS! 'n@a%r Ql%é%’%sm c%%?é&ﬁc alkscHBkinygfied as
descri bed bel ow, and persist in target cél Al'ternatively, viral vectors
can be usededchar ppraowicaes F withoutadis ey othmpaeeseﬁ -specidic subRMofmEde reelyer Such

vectors can be re tedly adm ni stered as .nec pr ssed he
Hornas. bi nd e USE o R SRED b duT Hre RN E ERenrs e e B 1 [ very
of dSRNA eXpsLsItny ¢BGEQRT S ACABtviREk SHpRtRsH GnayShieh ASsubdeti ott ﬁr’éﬂﬁn%éélv@f

i ntranuscul ar adm ni stration, by adm ni stratl on to target cells ex- Ianted
from t he paerasiters §ll |tw/@arrb§ponés Wtﬁhetbmzme oprviastleval h@oﬁgl e pfifect éhe

ot her neans I 0 g dsRNA
expr esst on SoNAC 5t LR OASEHAYIRT o Bhg RatERr G 4 Hidfbat Iegvla% A
conpl ex w tléVeCatIlh@I’tbﬂo‘lvlrlgl ﬁhrﬁ@ﬁlﬁhsedl@cﬂl& gach@fl @6&1@%&1@@@ara3neta@r81cam oni c
|'i pi d-based carriers {e.g. Transit-TKQ(tm). Miltiple lipid transfections
for dsRNA- FRUF 8B ﬁ%%fé%ﬁé oGy @%meﬁlg @F?W@r%@m?‘é@l dhareofengmingied an
target gene; [Seggaljdg‘l pl e target genes over a period of a week or nore are
al so contenplated by the invention. Successful introduction of the vectors
of the inveM61QrrIitoh8$A spetilfiss aanupper nmestiodd €dr Packey [was iRuts (RDRM

met hods. For exanple, transient transfection, can be signaled with a

reporter, §t§‘é1ﬁt1°éé Mgagring b Sheahrcniaer &f pacéi?&sﬁh%rsar@@éﬁchYWYe%léweﬂme ein
(GFP). st ag ReRsT 86 feafurod w‘ﬁf ré{%\é& 6 RiPSaLRGs PR &Ms@&t&’%ﬂm&n@%g@r S

t hat provi e transtected ce th resi'stance to specific environnental
factors {e.(ss lossm) wkh:se)tRTd%pmkdtsdhatg@ npotsarcive as thygfanthcir préparkysichtdiot. The

t ar get spec fic d | ecul can_al so be inserted into vectors used
as gene net eyt tyien LT grecy HRpWe‘IIIAs TeqehYRE Stdverigpe @E%@dewﬂo

del i vered tdﬁe@ts%‘dﬁérﬁl%lgﬁ[ de?éte%& {rmbdUlI& S &NQHScd the ggctk'epf&ss tagcal
admnistration (see U S. Patent 28 470) or by stereotactic injection
(see e.g., [@eh B&R dlow Smggémﬁ%tsoa:lomuhresbkddcfor BCR. WHAn PLR30fps D0H . The
pharmaceuti cal preparation of the gene ther a@ﬁ vect.or can include the gene

t herapy ve&dr LAY ahB-aceapeiapdceral P@@ﬁ%twndm f 7Drfregtidranseissignredetée
matrix in ;]hg ed. Alternatively, where
t he conpl e}[@{géﬂégt}] @ﬂgg(r)3&\}18%6?25)%%%Egdgieﬁ%{rs%ggg%ﬁggnt act fromreconbi nant
cells, e.g.[0063tAToviM alTNeEwt 07 81@espplificsraiee diniadah ofreplatiag ivdndearoviencl ude
one or nore cells which produce the gene delivery system Pharnaceutj cal

conposi ti origi¢h r%ﬁ@@éﬁ@@dﬁ%@ﬁa})tapﬁ@ meé%t7po@stW@%uaaéscomp&I%%1e%tﬁ0& dhpe
conpositio R cribed herein, and a

phar maceut :ﬁg“éﬁ%%z’gécdgﬁeﬂp?é‘%@ car rr@? gﬁ nmet hods of adm ni stering the sane.
The pharnmaceutical conposition containing the dsRNA is useful for treating
a di sease or disorder associated with the expression or activity of a
target gene, such as pathol ogi cal processes nedi ated by target gene
expression. Such pharmaceutical conpositions are fornul ated based on the
rmde of deI | very. In an enbodi ment , the |nvent| on pr OVI des phar ITB.CEUtI caI

o " oy .



conventional sustained release fornul ati on which provides sustained rel ease
of the dsRNA over a several day period. Sustained release fornulations are
wel | knowwoi2niotiago4art and are particul arly useful for decirwuseyiooss7agent s at
a particular site, such as could be used:with the agents of the present
invention. In this enbodi nent, the dosage unit contains a correspondi ng

mul tiple of the daiky dose. The skill ed, artisan wi | appﬂfciate t hat
1

certain fadP¥Md By M FFINHEE FhE ldowsgendhe driHiay of eqelidag Wiy fwet i vel y
treat a subj L:ocl ugli 1Mt RY L sease
or disor de?{dﬁ%{r lzae\?iélgﬁljsﬁ?ér %get%é ttag ,8Itlt &gmgee@gorgg]gvhggﬁ(ﬁo\ﬁg{l %Sofropglgiﬂﬁ%og% ?1{;

subj ect, ardmphtiet withsEBReSIPriaBenPLRMIr @oweoy Mrsal iy smifedsubjetly Wi t h
a therapeuticalI%$effective amount of a composition can_ include a single
treat ment 60N BeRiMsTHIDEY cprehtld . bacgusenaressive rackelciosye dosaga®cahd in
vivo hal f-1] 1.Ndj Vi | i-gn can
be made usfﬂéﬁﬁgéggﬁbggﬁg ﬁg%%%g%vgéﬁgg%gﬁa%ﬁggﬁﬁﬁggg%éq%%%F%H¥?@%7@ésting
usi ng an appr apeiuit @ @oIwoRl oparatel magsdaascy kiettr elbs@vdtore wheloei Raldd\fances

i n mouse genetics have generated a nunber of nouse nodels for the study of
various hurfdi_dl JE388Y "AicR1Gs Palavolrsgict dPsspFase ds J08 neeemdilEdrbh yEcar get
gene express) S e i Y g f SRR wel |
as for det g@ﬁ@ﬁ??fg&g&.'ta@ér{g)gg(u% %grgh%y&g 13[esgt%%3%érd§tés€§s§‘kbggﬁv@ggﬁe m)usfgIS nodel
is, for examu e vaNTOUSE WONIRitdem@rathpl @8wotk @oditRas artgsudfidicHrnstitde get
gene. Anot her suitabl e nouse nodel is a transgenic nouse carrying a
transgene tHaNPERPRESHEdhampdigdiansraisger r4ene. Toxicity and therapeutic

ef fi cacy of QR0 AN j nglar d . heal
procedures[W%%ﬁgP&<cukgﬁgéé or}gg%%ﬁiﬁéﬂigﬁgaﬁ%ﬁg%g,gg.gmggﬁ%?%ggﬁéﬁﬁfning
the LD50 (ting slosecd ehdedla faok&QYoiafl ahdh éts pespetiatstipstiulcangdayioue tilddd hetttige dose
therapeutically effective in 50% of the population). The dose rati o between

toxic and theeapewt iremaravest medo theeX preeaie priné (speeidied Md< iRERGEATHEE
expressed agql heqlali o LOROLE Oofbcoa”pg@a”cgét thal; %Xh'c{?'t}iblﬁ%o%h thengRatti c
de a obtain ? C % CP

i ndices are preferred.” The da romce ul'ture assays an

ani mal st udirggsryaribe cuse daRs oM StIENG aof aNGe rédeivitesrig erat® radusiatiom
humans. The dosage of conpositions featured in the invention lies generally
wi thin a ramyelof0 ey ifcet rangmesnends gtd shotativamadydd 2 reHeccEbs anegia h
little or n .clty.  The do vary- Wit hin.this range.dep I.ng upon
t he dosaget 8%ﬁ§gﬁ%lo§%% gﬂd ?ﬁgﬁ?gﬁ¥gfof%g%%§ni%l%gti8% u@??gzeﬁgﬁfgr any
conpound usekdeET trheeithodkdeatMmed]Enist fectibaent ifofihert fail RIAPautH cal |y
effective dose can be estimated initially fromcell culture assays. A dose
may be for rgdpaetdd FIG 4ani mal nodel s to achieve a circulating plasma
concentrati CAMR r apprepriate. of the
polypeptidé&%gﬁgggfﬁgiﬁgggg%ge{ gg%ﬁgﬁ%ém?g€g§$&%€%iév}napgﬂdégpgg%%%)
concent r at itlstid beinRobtRest kdaddit Hatkdt nedividesdtikeprbf&®; fdhctuled thhgout
concentration of the test conmpound which achieves a hal frmaxi mal inhibition
of synpt oméimeas Thetigen meepsingd dedm playpriutiae tsganhX ipsfcsnivgtnos (erasiftrd bised t o

more accur al gl be ASLETINGUSALH! b ORPRe 1 DUIBNS kP YURliSihoP! A5HE, T
e measur ed,—for “exampl e, by hi gh perfof manc Iquid chromat ography. In
addi tion toAheiT mAVouSMAdIoN a8 $C Wss@de@baeivet-bide dakNAYapteasr ed
in the invention can be adm nistered in conbination with other known agents
ef fective mpdutedl mendiredt tiiasthisbionistiti rajsradepisisasmagelf 20 delingyeasaihganedigene
expressionhalg 9%ﬁ%e%egt,ﬁ}h%nq%ninuﬁ&ﬁriQ%mﬁpys%cian can %Q%USt thﬁtannunt
and timng SPas adii ni’st rati’dh on the BasYs 5t r S0 s '0158er vEG Jéing
standard neaswres mfavefil cagy:knomn SR ishdediibe®@rindagthict kRehil below with

herei n. Adm ni strati on Thé pharmaceutical conpositions of the present

i nventi on mespedido dwidi stered in a number of ways dependi ng upon whet her

| ocal or s i .S ~desi red and,upon the area to be, treated.
Adm i ot o R iy B0 ¢ Bpt Gl Cparistiar 0 % B Cer ik ot Romies! EAME
i nsuf fl ati ist@butRAVWHE 8 REd ALEAFMGion! Wieh BdirRg TOY 1 RRBYIN 2RRGTNNtT&t g@Theal ,

i ntranasal, epidermal and transdermal, and subdermal, oral or parenteral,
e.g., SubcundAdaeGET POAYOXEANPARGINheEA &lFeati ng a mammual with

hyper | i pi dem t he dsRNA nol ecul es _are adm pistered systemcally vja
parent al miOMS) TR, Grd b hiVGEIRET S RO GRESTTBF et ¢ siiding

| ntra-ar tendighow SYBCHHRRGELSvorlsfHl ARCK:HRRERImAd 7 LAMSEURA cdrflieGld on or
infusion; or intracranial, e.g., intraparenchymal, 1ntrathecal or
intraventricular, adm nistration. For exanple, dsRNAs, conjugated or

unconj ugated or fornulated with or without |iposones, can be adm nistered
intravenously to a patient. For such, a dsRNA nol ecul e can be fornul at ed
into conpositions such as sterile and non-sterile aqueous sol utions,

o o o oy o



Oral, parenteral, topical, and biologic formulations Conpositions and
formul ations for oral adm nistration include powders or granul es,

m cr opar tWoubsysg48nanoparti cul ates, suspensi ons or sol BRCITAIS010/03894¢ er or
non- aqueous nedi a, capsul es, gel capsul 86 sachets, tablets or mnitablets.
Thi ckeners, flavoring agents, diluents, errul si fiers, dispersing aids or

bi nders may be desirable., . In sone e 0d| oral formy|ations are those

in which délFﬂ”{%‘ A M S o R A R CHAPIANY i on
W th one or, @&ﬁ]? f abl e
sur f act ant s I nc 7@€&ﬁg{r€e§/{h§&a Blan %%ngg{re@?@?r]ﬂ? ts Lﬁ::e D%g\:—?}gﬂam ds
and/ or sal ®3H el eaRGESuPLalbbeTbiMhecani dsNKdEt s i ncl ude chenodeoxychol iC

acid (CDCA) and ursodeoxychenodeoxycholic acid UDCA2 cholic acid,

dehydr oc hol[pQﬁ%cmd{GEdTe&@chr%ﬁﬂﬂb iNPOVIHIc RS seccafigsd hegqhya;m Pk aadliding

gl ycodeoxy id

t aur o- 24, Zglgéﬂly ?&] %li}lsclil eg%z;% s 'S A(ﬁ talttlg ni})loqﬁlydr op ﬁésélrsas'?a gld @ﬁq%q%
fatty aci dsndrpial betecar anddidpaticet aamdals wﬁdeplaymltc Retdyeralid mtacalddptaﬂlaurl c
acid, caprylic acid, capric acid, nyristic acid, palmtic acid, stearic

aci d, |inomqdulenéd &ompaliwﬂéﬁhp%laaéﬁeé ‘magtiator APRCHT | dpiQitTe M AOABSIRITH,
di l aurin, %I YC%EyIlAR]GEIWD_hrﬁ' Gapy At %ARJGII\pcgﬁe azacycl ohept an- 2-one, an

acyl carnitine, an ac I'ne, -or a nenhoglyceride, adiglyceride or a
phar maceut I[md]ypzamwlghﬁ sp@difiest Ber@plr (BadmundOidsidld hiinSQNSF packet
enbodi nents, conbinations of penetration enhancers are used, for exanple,
fatty aci dddssed. t SVhien prokdti loates cﬂveWtdurajlolnesmcuﬁdélls'aPLsBURﬁé - BXERPI K

conbination is . the sodiu alt .of urlc . cji.d and UDCA.
Forthor pomsteat Mo RHARLE febei il Bblton fp 78 e Jensiprsion-
pol yoxyet h)éicﬁrlﬁfeza(&aﬁt@ﬁé(ﬂ mRHRR50 ESENAS theAledfagfhnkRiskid rha46 %!119% 'Eﬁb’st;be

delivered orally, in granular formincluding sprayed dried particles,” or
conpl exed tpacKedtass pdmshitgorsr nanoparti cl es. dsRNA conpl exi ng agents i ncl ude

pol y-am no m_n acr l.ates; al kyl yl at.es
ol yoxet nab iy PR LR ioub R alinRt B wiiBut i v BEh M iSitoin e
St ar ches, %ﬁﬁlﬁﬁﬁd@%od%@é YRt %L&Q@sgla}i&%a?tcw\ﬁﬁg@)pa@lag %%scﬁﬁscompanson to
pol yal kyI cyanoacryl ates; DEAE-derivatized pol yi m nes, pollulans, celluloses

and star ché&__BSlRStTalﬁllétd:dnthm mgula‘gremtlsets hosh oetelitedni. t osan,
Bt)lt ;Isggf. 21y h@@Z Osarﬁ% L l \s}ql E;‘fpwg %% Ertelsl(ljollg %rnoun‘l >OIP ru?r{et trllllatnglay pass
pol yt hi odi %&1*}36}; ‘?JH? hayln?édwl %Elé‘e)t FKGTQAEl)ecepo[I M@énrg@sﬁdﬁﬁa%@l%y(ﬁo@ule 70

p- am no), t hyl cyanoacrylate (et hyl cyanoacrylate),
pol y(butyl cciyeiama(artgamy paqkeph»lsg/( seyeltn:uto;agman oandlgzd)mam) dlrects transrnission-side

| i h h DEAEhQ
DL Lot At G AR IR 50 G AP B R B IR Tos DT A ey T CH5T 8 devere

ol yhexyl a t | | c cid
PoLEy ) oy Gl B, PEIUDI AR [RcRL Do 4 Rckiiclose E‘ﬁ?&?f%ﬁ?ﬁ?ﬁ !

dsRNAs and comeintiopsl eypagraetiamofapaskete dest. foed subsedeerdipackat nuisgbe Pegearst for

6, 887,906, U. S,

S 747, 014, Estirror ik etrat bl 7R aRENER HA P ouRBRaR s BHETRM  ons
and for mul atsignsiakorTpatent eraknd i foaR@n@RACHMsEBMbed hétb@ AlleysoFedbifgr-side
intrathecal, intraventricular or intrahepatic adm nistration nmay include
sterile aqm@twdalst@mtm modslewidi tordotarning emgesiivnal whan hpeing to @bsaren e sneshal

ot her sui tagl & 8 glrllgl vee%msuca@k S but not limted to, penetration
enhancers, P %r rier co S an St her pharmaceutically acceptable carriers
or exci pi enoe73] Rb@élﬁ&cﬁdﬁ irgtd| adaPrRIFes i tho@NS 7N thal OinMybat i @RS, faalcutapitkal

adm ni stration may include transdermal patches, ointnents, | ot i ons, creans,
gel s, dr opdhreshobhaapugirqfgine @éﬂﬁgﬁﬁmlmmngha% theriisponaskeislossaammnkecphag @

phar maceut i glllggf RAMEY S& ttﬂ:r? I t he
l'i ke may bg&%{énéggstgllrlagé ger'g'dgg]?ra %‘P&%ﬁ%@l{e to E?% t(IJIrerm %ﬁ)sstf g&?ude

t hose i n waincthe trttepdsiRMAprdvémis i éeb frmmbinend meenmmﬂnp:r éori the peviioatsuvideori th a
t opi cal dellvery ent such as. lipids, lip me, fatty acids, fatt aC|d
esters, stdrpicte, TRRUFEDY A reggRe énf‘éiw  REBY i recgpyer alﬁﬁéatﬁ.aﬂﬁdg

| i posomes innehudeg 16 Usfidbicl £-fme Dﬁprmaegysw%Sféfaa&ﬂ;ﬂ%ce@w&q@éohﬁmwmme
di myri st oyl phosphati dyl choline di st ear ol yphosphati d

chol i ne) negedcivee-side rgfe additatyon modylit 0 dspratréadipic aly yosliopadbMPEr addatat i oni ¢
(e.g., dioleoyltetranethyl am nopropyl DOTAP and di ol eoyl phosphati dyl

et hanol am ne DOTMA). dsRNAs featured in the invention may be encapsul at ed
within |liposones or may form conpl exes thereto. Alternatively, dsRNAs nay
be conplexed to lipids. Suitable fatty acids and esters include but are not
limted to arachi donic acid, oI eic aC| d e| cosan0| c aC| d | auri c aC| d

-, = e . o,y



bil ayers and vesicles. Vesicles, such as |iposones, have attracted great
i nterest because of their specificity and the duration of action they offer
fromthe woantupa@sms of drug delivery. As used in the pr@sentsS20100as756é on, t he
term”liposone"” means a vesicle conposeg,of anphiphilic Iipids arranged in
a spherical bilayer or bilayers. Liposonmes are unilanellar or nultilanellar
vesi cl es which han;wg menbr ane. forned froma Iifophilic mat eri al and an

hga

aqueous i nt&ficoyalu IRWESOTIHRE L ToTF ot i hand ReFRoMBdiY T dienirgegheer-

del i vered. tioni J QNERS S h n bej use
to the ceIFgga#%?aﬁﬁﬁyggflonlgp??§%§gﬁ%§?lgﬁyﬁd&%%&hg%s4§%§%$%Q¢ﬁ§%ﬂ%£

ef fici ent| yomditibn tahe gt diree! transaissionadidn rarg abyptatior opkalges) to radueo.thd n

order to cross intact. mamal iagn skin, lipid vesicles nmust pass through a

series of ﬁ“‘rﬁiéatﬁﬂsggs;smé]aré‘f‘?% #'a di aneter less than 50 nm under the
influence ¢jory %étihﬁﬁhgaﬁéﬁd%%£ PR m@y %E"cﬁd]fengﬂig%"e@amé fhedlalpabRetdfRL MBP! € to
use a liposonme which is highly defornable and able to pass through”such

fi ne pores.bemaentrhed abhdsgatir agfewyabf and goswihdisvilmk| sebiestuling pteooithess ot ciused

from natural phosphol ipids are biocoppat.i bl e and bi radahbl e; | i posone
can | neor patat B BRHFLAPERGEnEr HATER arin Pp ot G e ar Ul S
| i posones capsplRLeGt encapsul ated drugs in their internal conpartments

from met abol i sm and”degradati on (Rosoff, in Pharmaceutical Dosage Forns,
Li eber man, [0 dixcomthirBarskavertdidts rite adgtionhnmeuleDERkeses ThERAMIBESYOr K,

N.Y., volune 1, p. 5) ., | npaoyt ant nsi derations . .in the preparation of

[ posone  oriaBreRERM ot T P BuRaes M digunt i PR Bkt d e
aqueous Voleyimatdfcah Rervt lap@sirBsrclibblpOSHES R tiHS @b inf BE tllshoit eMwlies and
delivery of active ingredients to the site of action. Because the |iposonal
menbr ane i drastosudn spmag aspeefh.athematiodsifor egimeting therfisraneesiogtiasy bs wedones are
applied to i v ] ar o nerge with. the cell ular

monbr anes A7l a e o e B e e dl Mg uetf at

l'i posomal  geRiRkRIcRi®e agafRLERIMbAIIE 70 hetotehit b¥BRY Rnling adtibicdBcagedtibasly
act. Liposomal formul ations have been the focus of extensive investigation
as the nodéloncsess gerya THIMBRAgcHrgydo rrAERISSIPR-sile dwicriglapiafier asut for
topical admgnistratio | i po S e t s r % a r
Formut at  onttt BrEAMGa s ABSRRIR L SRR, oHeL P anths P8R aRYEL M P g
system c ahstigatésafe efte hivehi@ll di Rirsic @4te ddshtatthn ddRGFQRSRM ReBdINphAtne@venf the
adm ni stered drug at the desired target, and the ability to adm nister a

wi de vari et(§loster dirteysl lepdstth argyenteyghinibice obfeadbagk menssasltde, into the skin.

Several re v i il i of.. | i4Qs . el.j ts

i ncl udi ng ﬁ%h q@eﬁ%ﬁ@@ﬂﬁ%ﬁﬁ oéﬁeg%elglh%g %omr?rﬁblgﬁﬁ‘é@ ilfﬁt\éﬁ)&}j?%gp
anal gesi cs req@iitcriidires adinatenn@sdde do hd @hwapbeotd @udingiaghbsdghids fhatbaceen
adm nistered to the skin. The majority of applications resulted in the
targeting ofl MeeagfSe & hMNIEBRi HCIsprs 40 Hisasigsipnsige datevislapiation madgles
Cationic |ipQs €,1.R0SI Lk y ay: i i I t swhih the
negatively t@%aﬁg%%%mhﬁo%a%m@% { %Qf ([)lkgl%da gf% %@?gﬂl&l@ﬁ%@%ﬂ%el y
char ged DNAflugpossotre raengl wiichidydsmiordidh adapggin sy shaeged thelsignslisid ace
and is internalized in an endosone. Due to the acidic pHwthin the
endosome, N | Coressirnsofignerchuiesuyraent adaptatien wiile prareasignit BaRSEISIRHIAGe
cell cytopl: i ochemy B Res: g

980- 985) . ﬁ?%(g)gsltq)e\rég%gaﬁhg ﬁéfgﬁeeﬁpﬁ sensﬁﬁ?@gh%\fmnega ?%W@%ﬁ%g%ﬁ?epéﬁ%? ap
DNA rat her fidhaandRapha istthard trc SkBeex beth therNA anB.the |ipid are
simlarly charged, repul sion rather than conplex formation occurs.

Never t hel e48078 diis OIGA S Ts8 Kpspespirsch Mivelmfnnteputysqudenpagestive riemsofWherese

| i posonmes. pH-sensjitive |iposones been used to deliver DNA.encodi ng
he t hym di R ad b BESE BB ASSE0 o e Pr PRtith,rRe LR 8t "Phe
exogenous @BRevMRSss dal ealcathtiohs Eé]ﬁirizgatrog&hetc@ﬂdssof(rﬁmw r&deivak parahdrh &1, of
Controll ed Rel ease, 1992, 19, 269- 274). One mmjor type of |iposomal
conposi t i oncqeREr§ile srafshadaptsion pnedule t etakesh agtionatoudiaddt yipasmissign-side rate

phosphati dyl | ral, 1] it - e
Pormed 1 r ot SR Bpd D S08 tecd BT AR HERAREN bR Ao o B Bt SBRP
phosphat i dyoahakmitendddPRCGhe sAsthiaable thiopgigmieate ofifestirinsoissiopgiagi.ald yonas e
formed fromdinmyristoyl phosphatidyl glycerol, while anignic fusogenic

| i posones &ﬁI@C’fS@PE@@NéEﬁ 10 ypeeifighi @rigmetsy Valyr S rrnges frre hignld) dieisd
(DOPE). Another type of |iposomal conposition is forned

fronphosphati dyl choline (PC) such as, for exanple, soybean PC, and egg PC.
Anot her type is fornmed from m xtures of phospholipid and/ or

phosphati dyl chol i ne and/or chol esterol. Several studies have assessed the
topi cal delivery of l|iposomal drug formulations to the skin. Application of

o .



are disclosed in WD 97/13499 (Limet al.). Many |iposones conprising |ipids
derivatized with one or nore hydrophilic polyners, and nethods of

prepar at iwo 20tvere@B, are known in the art. Sunanpto et acCT/usBublos7@hem
Soc. Jpn., 1980, 53, 2778) described |ipgsonmes conprising a nonionic
detergent, 2C 2i5G that contains a PEG noiety. Iliumet al. (FEBS Lett.

1984, 167, @) no ed t hat hydrop H Fig)gcoa i ng, of polystyreﬁg particles mnth

pol yneri ¢ §Meest F‘Te%‘h gongestien garylA O erprarth kb BerdsrBs ks diaietat
Synt hetic QS&%P@id'eplr% rya%taﬂl&fi Bydtiae 7at tsﬁ&fﬂﬁe%keo‘cm&%ﬁﬁf?%w 'ag &5&»@8 of
pol yal kyl ene glycols {e.g., PEG are described by Sears %

4, 426, 330 @ndn@e53Mi89®m; Kllbanov et al. (FEBS Lett. 1990 268, 235)

descri bed riments _denonstr n at |iposo onprisin

phosphat | dy) COhERoAREE (REf ALk i ASan SOTRE ST B e e
signifi Cantadéﬁ&ﬁcﬁ?—ﬁl%aul'emd) s%dd&bﬁ%ééjt atal Qﬂu@%ka' hidiags tBltUREidr-Ae rate
(Biochimca et Biophysica Acta, 19 29, 91) extended such observations
t o ot her PRGieatioramodeld Zﬂhdsxuhbhotpattctsnptelegongeﬁlﬁl?Ead?E@s floraeedsH S To i iMie

conbi nati o i ste roy sph |l e anolanl SPE) and PEG Liposones
havi ng cov%ﬂgﬁ%g gﬁﬁgé’ Eﬁ@??t%gﬁé surface are

descri bed i msﬁi"lx@&ﬁ%exﬁ@% ?a[’rﬁm%{%r ta%l% @ ﬂ&?eyﬁé&plﬁly rﬁ&ﬂa Wﬁd@pf)%%rst & Al sher.
Li posone conp03|t|ons containing 1- nol e percént of PE derivatized with
PEG and mé8ho(dmedfa sendert prapmeters %Zr’é @f@salrdmww ﬁby tydhodiues of thib disclosse, Pat .
Nos. 5,013,556 @nd 5. 356,633 rtin No. 5,.213.804

and at
and Europea?ﬁ PR, franggissias- %}hi © gtPLEign ?@898@8"%&?8&0&%0&6a?fﬁ%er%aer of
ot her |i pi demRk gﬂf@ﬁleﬁe@ﬂg yaﬁéxﬁsleafem&k%b@&@ﬂtd 4TF00N &aﬁé@oﬁﬁdeluer%ld&at
No. 5,225,212 (both to Martin et al) and in WO 94/ 20073 (Zalipsky et a
Li posones d@amdppiatiep prdulepdinspattianesidhirde adppihiien modulg amcbg@lnqenwxi@

oat - N SRREr 8 Hkdia doRor @prol BaraiendO STt AMHURGRILIRL (8t oot S

be f urt her netefuie/5a inagdeprbdeht nen@trhomalf nivdieichés pnarhdtedsi83s Uh kame aspebtsnunber
of |iposones, conprising nucleic acids are known in the art. MD 96/40062 to
Thierry et VAo $freq| 45 d¥ynpionHtes mulH T%ﬁelasa&sup%meﬁ@ BENGRT PATREATR S Sl ht
nucl ei ¢ aci.gs. i $ { 1t

i'scl osee. 15oBF R KPOTRARF serbleCieCRiprolcd by #heRfohi o IR EeoBbrver |
| i posones Fﬂﬁy(semn:buﬁeslﬁc csiRdA. of thdlia Raltder NJamEteﬁiﬁ&i b mtarsaa;hnanoeftrla@l
describes certain enca suI ollg$€¥oxynucleot|

0 af
i posones. A Y62 5115 oy TMO R IeEI oS BRI F%@OﬁsRNAs
targeted toQnddiesdrmbr Eﬁﬂﬁlete}_sl’ 89 5181080 ARSCtRALCHET scPNBE-JREi Yy ABs@l ofinRRSPTES
and are highly deformable |ipid aggregates which are attractive candi dates
for drug detn ymn@hH@BésbeﬁamspbrganbgSﬁmyré@nuegwbvwe@OKE $ilvgi-dand

dropl ets mhlch re.,so Iy defor ble that th are t

penot rate. SRIBGh hored: e ab? T e R S ilgt res
are adapt abhfnicert B tm\ébfr@sﬂﬁﬁﬂ@ tol fhe WhoreB sEvey 1ave it SRIEr t(ﬁaﬂeot thdQualigy €
sel f-optimzing (adaptive to the shape of pores in the skin),

sel f - r epai ©Of sefVvicerad dhepetivprl @ac,vpdqorﬁ@mer tArgengt i apRBing faf thensanaengTvighd
oo et { 1RO IR Sl A SRS of Incli® BORGIBLE S, 380 P Ui ace
edge-activators, usuall urta to a's 1 nposition.
Transfersomg&mmawmnbeeamds&&mt@fdﬁkdmeSmﬁﬁfqﬁnahaamlB3tmftmemakmadehe
transf ersone- e ted delivery of serum al bumi n has been shown to be as
effective é@>§ﬁ%€§§aneous injection of a solution containing serum al bumi n.
Sur f act ant godg oW %@%@C%&A%})ewﬁeg o MithAhdO MR 3% FAVISI Iideo
(including 'mc oenuislon | 'posones. conmon way

cl assi fyi ngnesidr,r agki viged Recqicopsy. t il@sN OB 1T hEeATmrSBAdlrﬁafyeroenéxpfrgsp@B adfa
surfactants, both natural and synthetic, is by the use of the

hydr ophi | e/DETCEBigES 08 thamarmaum HlLB;ate THRDORSE Lﬁare aofidecheeshipar(aperding g ibup
(al so kno t I t f t Zi ng
{he di £ er Saom PR SPRATick) SR ¥ S8, I TR onk R e TR et R e
Dosage For weN MarTC elATBekkein miultiple sd¥eise Yo K If fntling MII8B clignt 4285 nablé td he
surfactant nolecule is not ionized, it is classified as a nonionic

sur f act ant SUPRSH 8ii aleq of XN RIS RPATE Bhdescadnia MASI shienh4pwaherapentthcal
and cosnetic products and are usable over a wi de range of pH values. In
general their HLB values range from2 to about 18 depending on their
structure. Nonionic surfactants include nonionic esters such as ethylene
gl ycol esters, propylene glycol esters, glyceryl esters, polyglyceryl
esters, sorbitan esters, sucrose esters, and ethoxylated esters. Nonionic
al kanol am des and ethers such as fatty al cohol ethoxyl ates, propoxyl ated
alcohols and ethoxylated/propoxylated bl ock polyners are also |ncluded in

_____ . e o, I Y



Specific exanples of additional |ipid conponents that nmay be present are
descri bed herein. Additional conponents that may be present in a nucleic
aci d- | i piwoparowi4si4@ i ncl ude bil ayer stabilizing conponemrC3/Usael/03%756

pol yam de ol i goners (see, e.g., US. Paggnt No. 6,320,017), peptides,
proteins, detergents, |ipi d derivatives, such as PEG coupl ed to

phosphati dyl et hanol am ne a G gated to ceram des u. S Pat ent

PEG conj
No. 5, 885, §145p. SKOHUC P8} HoKE .%r |9rpRsg ¢ E%erIdEI)eS‘E%ﬁml ﬁeﬁe&démoﬁg ovalor &t of a
second am %dd# RicH, ok Iciﬁtd%gdelsérP&Qbe eutral lipid, a sterol, and a
lipid selectedto rea]uce aggr tion o ipid particles during formation,
which nmay 1[e682)] v crmmrtﬁeercrEssm)sﬁdczF&ts|aommﬁurpab&ap@ib&sfrme@ehte forevants

char ge-i nduced aggregatl on during formation. Nucleic acid-lipid particles
i nclude, e £§oQde Cpy deqyeympper 4n o BAT AN HRA Tl A SRAIPesSE@ pb §CICEN1ALS t abl e

nucl ei ¢ aci d P a
nucl ei ¢ aci’ g *IH%‘I‘ mgﬁ frhéﬁ%: gat(e:(%l:l}groytg%i 2& S{)hg)o segﬁm&cg}dlr%tlgltg E@%ﬁ%‘%ﬁ a

li pi d vesi eifeserGPPs Amch udsult, pSPhHworlv\/mpe‘fatomQIeudiencans@nﬁﬁmsplé adred of
condensi ngW%ent nucl ei c acid complex as set forth in PCT Publication No. WO

00/ 03683 _F T iR TEsS B i H’éﬂtﬂ’ﬁ%%’m@e isehv e At scHAngMiTehrlisnt Havie upatie ih
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described iyyddtemiFateo H}ch%neﬁnﬁgén@%ﬁdm% ORibade 31 fwid&) Qor lt@@tozﬁor
exanpl e, the peptides may be prepared uSing the solid-phase synthetic

t echni que i[0096] AlGy7 des ﬂlowbbedt Diustvieting dn exan{la96peralion ofprovdiemng Soer

85: 2149- 21 CI her tjde Y, nt he und.in Bodanszky
ot al . peptibndsulre S B URris Mol S etottindgioafe Bish Brrep

ref erences tkig @cyctom@v ahitialy,& ﬁ&wbmr@&l tb&iebrb fhet ft@werkt conditiSHITRUWI TS

pol ypepti desynt hesi s techni ques can be found in Stuart and Young, Solid
Phase Pept m@VOfSy?nt(Hé)él?éld F euebtyChie A RaicnGo i ity UERo cRassl con 1111?1netW@11‘984)
E?g: Ie:jﬁz rra 11%1?5 aptgi dmé{] ure ua?tgj bfy e Sp%n%ﬁceo 9 networﬂ Ofg‘%todl’gtisgg i)IRVlS mn 0, rhe

Press, NewSé/@ekto ) ﬁdodlﬁlsﬂeﬁar m&ﬂ%pif@rﬁdh@ieﬁd@fd@hﬁtﬁlpat@fnaéﬁtﬂlsofftﬁhsmﬁzﬁlohﬂ
di fferent pwgtl de synt heses are described in the above-nentioned texts as

wel | as i nsiMeoiceadaptagion nodrde &P g pending i gahrlientiénpistidgo spven dbn (btoss,
New Yor k, N‘T%ﬁnﬁsjs Poidide Ia!?@a@a%&tfoqqﬁ &fie TSB'% @Iaf& %Péortil Efg'ttﬁeoﬁomtpf“mé’%l%as,o be
prepared by chem cal or enz tic el eavage from arge portions o

exanpl e, apol i poprotein A—I. In certain enbodi nents, the apolipoprotein can
be a m xture of apolipoproteins. In one enbodi nent, the apolipoprotein can
be a honbgeneous m xture, that is, a single type of apolipoprotein. In

anot her enbodi nent, the apollpoprotein can be a heterogeneous m xture of
apollpoprotelns that is, a mxture of tmo or nore dlfferent

. l—,;J___.,;__,_‘._ Y T . o o o o Y o - e



A lipid particle conjugated to a nucleic acid agent can al so include a
targeting noiety, e.g., a targeting noiety that is specific to a cell type
or tissuewOlarog@si4ag of |ipid particles using a vari etyPofi/usargass7ng

noi eties, such as ligands, cell surface r§eceptors, gl ycoproteins, vitamns
(e.qg., r|bofIaV|n) and nonocl onal antlbodles has been preV|oust descri bed
(see, e.g S. Patent Nos. 4,957, 773 (?nd 4,603, 044). The targeting

moi et i es céﬁndeﬁmf&% PEFENGEFE 1 4 BFUSE & AdaRF ther CrERS WIS I efré?rg%rt 491g
mechani sms ( gﬂge'\@&édseh%%brn@agﬁmbt 1B%r:hahAGbh Ade BYANLIPM BRSULLGRRG,ON the
surface of the lipid particle in such a nmanner that the targetn%g noiety is
avai | abl e faonddorstreamcti on with the target, for exanple, a cell surface

t f di ff t t t d t hod d
o bl o TOERITE s % bt i BadT e PR oPgauoF Pt MGG "
Al len, TM oBe@fng td OMIReSGwokt BdcofBls R2hE mﬁﬁlhuesﬁMhﬁQﬁ@losﬁN etheaNITSI J-

Li posone Res. 12 1-3, (2002 The use of |ipid particles, i.e., |iposones,
with a surfcher rseivesny veluc Houp opnirel parporigmier & ielF ndaptatierhalgsrifhol V@tt hyl ene

B oot m ca oherbtoPRand MrSEHAs 8 AaginoaR RLOBS I Re efagth Mevor
of the Anercbsdtiofhernogt ras So€icklipkl@ic MIEI- @kdd nlalO9R63ive Bheiwalueefor ahe

Bi ochi m ca et Biophysica Acta 1149; 180-184 (1993); Kl.ibanov, et al
Jour nal of cemﬁ@st@ﬁ@én%rs%am&wr?wsm1ng3®mn1w js PEgVEsionpag serveny) deserbebse:

Zal i psky, QP% gdjge%gﬁ ﬁ\? IVQIitl“SY ent S%ﬁﬁtﬁg Wttt ngpga{s%ggletéa{o' f?% l?%?_eléfzéﬁ%hlreet ters

353: 71-74 & eal I pOSO apt er asi ¢ and
Martin, EdilanOanckelamn, BmcMMtodnnntFlbegﬁﬂsQ@[&)fanﬂgmhe retcayuipptadio to addrit gand,
such as an antibo.d%/ for targetin d:ﬁhe lipid particle.is linked to

pol ar head "GPIBISIBR Ricp?idd %neﬂgo hdo |nae§mkpcgpfiwerl% in jageey %}tCﬁewﬂaa@? oach,

the targetinpgly iQgandrdl padhicdghiesto the distal ends of the PEG chains

form ng the hydrophilic polyner coatl ng (Klibanov, et al. , Journal of
Li posone R48e81 (S[Hnezechniqzms aasrcn(o@@myms Klsclpsnrﬁ et b@implﬁﬁasei@tlthm 9n688
115-1 18 (1996)).. St ang t hods for C%ﬂé ll\ﬁ%,“t he tar%e ent n be
used. For EXAMH &, EPHG, BHH%OP%W%TPB%%S% al R EhPTogEYS @a For

attachnment spéciti@r aftgra@entcsrcuidr (ASIA) atfickie dplokR@ihadlé C g@t‘é”m?th@dS(FP@)Qh as
| i pi d-derivatized bleomycin, can be used. Antibody-targeted |iposones can

be const r upregfamsiahlg, logisrdavipss AREBS). o 9w wayivelsat lagic depensat Acqordingiyn A

Laomet 1, abe ms Brsfbser AuolfR ST o R002575 % 0 O 6BBPr f ner

exanpl es ofthearﬁ(bﬂe@@dg SOofudgabl Qﬁy adtﬁerd btswt@s eghitable UoB. infpddragitatd. of the
6,027',726, the teachings of which are incorporated herein by reference.
Exanpl es ofteqhaqugéﬁiﬁﬁﬂ?ﬁﬂ@f‘?lés can al so include other proteins, specific to
cellular c gk Sva I oAbt S PR SRG AN ?fbl
fumors. . pr oNb e ot S e e SRR R Bk IR, SR Ryble

i posorres vbabontah et hdsdwaks, (%tsfé\&areHéiﬁmﬂWareCcnradt@nbombmandﬂmhﬁreoﬂ Br ohei ns

to Liposo , 149 Methods in Enzym)l 0 111- Acadgniic ress, |PC.
1987)). O REMSaryis ceMARRRET dRRicts é‘s F\I@rﬁ%‘fl}t onpeglRs. siewert al

Producti on ¢efcrfUsH B Cvadiohd cbhleﬁ’enPsaEi&cﬁbé‘cﬁ with RAGeRIDGAIhERNguthenyusd ei ¢
acid-lipid particle fornmulati ons of the invention are produced via~ an
extrusi on nmetgrettdantoageninndd wratsmrxhedylesew bid. coeorekardwsicp irmeatrodnd/at so

refer to as refor t.hod or bat e |sanethdwhereth errpty
| posonss. cPeen aediERy e FeyrSapEioBapdraies 1§ Pt rodllh pympRges

addi tion ofs ﬁiﬂé‘dd@ﬂ&o aedhlighOpdriien @MRin¥tidiap Ps@ires fdrxdake ST ANisahitidd, RAS AIFEs
conposi tions through a smal?- pore pol ycarbonate nmenbrane or an asymmetric
ceranic meﬁ?lB'F BeRSSaBidy Fqqyirp rﬁeaélzafécrrat)f sushyfegipras byefeprety krdwargi Srmpvhigt pon.
Typi cal |y, u IS yg I o] e o] e linmes
until the 5e5| ?%d%Pﬁggféeglr@rse ccl)lg {g)?(e scltagz]erg (Lzlk?dg Ob?bu%g%{a%n%e ﬁﬁ% S%E}h%§

| i posones mgraﬁnﬁhkrpn&&@sek@Eﬂh@ﬂ%d&g@&%lmbprc&mbf@r pore menbranes, to
achieve a gradual reductjon in |iposome size. In some instances, the

i pi d- nucl ZPQ; 100¢ d C&Pao@ﬁiﬂlif%r%esw*heérheé% ap ROAVIESC AFViERS: IS ERMAANCASUR ANy
sizing. Th l.as 0 us

2 737 323 O A h%tﬁq&%@o%ts&ﬁ%aag %gé w%éfg dggg?qﬁ' %Bgrg{é%ﬁ%cﬁs%re@%}% hys
Acta. 1980 11®eltop21;a6&1Kog)c &59ccg; IBi mmumaaoacpshyﬁeclﬁ\cd)rapom%nﬂ}a rbelfdrmed at
858(1):161-8; and Biochim Bio a. 1985 812, 5 |ch ar e, hereby
i ncor por at édShy MéfleteRbe O Relossts (CHEYT deisSh e gy nFTHEThEY i s a
nmet hod wherein both the |ipids and the nucleic acid are added in parall el
into a m xing chanber. The m xi ng chanber can be a sinple Tconnector or any
ot her m xi ng chanber that is known to one skill in the art. These net hods
are discl osed |n US ~patent nos. 6, 534, 018 and US 6 855 277 US publ i catl on

NN N™ ] NN AN\ A T L o ~ PN -,



concentration is about 35-45% and the final sodium acetate concentration is
about 100-300 nmM Li pi d-si RNA nanoparticles typically form spontaneously
upon m xiwQ.2000eEerdi ng on the desired particle size disPcirhistéion3sshe

resul tant nanoparticle m xture can be e?Aruded t hrough a pol ycar bonat e
menbrane (e.g., 100 nmcut-off) using, for exanple, a thernobarrel

extruder, such as Lipex Extruder (Northern Lipids, Ing). In some cases, the
extrusi on SPEFFIEN Béndricersy. estiaRoicer g aﬁ%grgﬁeﬁm%}ﬁé@asorﬁ_ e
exchange cap Pei-aaqomRly shagvi¥d i QQingTéaimf%ﬁvtedjéi?éuﬁsdhﬁ) 8&vil ARGRMhablf | ow
filtration. Buffer tan be exchanged wth, tTor exanple, phosphate buffered
sal i ne ( PB®)temipembluintqeratdd cecygt chiphtewicepHng. @ay dbowed pHady Of aabwgty pH 7. 1,

about pH 7.2, abpu H 7.3, or, about. 7.4. Fornula 1 LNPO. forjmul ations
re desor | e afiptas? aydionios S BB BioianpUR s AR RO e

2008/ 04297 3spdohil Ght Exantps, al¥h icBmPORA ARG fbﬁngﬁh%f?@%bﬁ@@ebic@,nﬁich%%m ary
nucl ei c aC|&3I|p|d particle fornulations are described in the follow ng
table. It ivgralessisempgnaeatondeviehkandsdiée. aammapile ttephone handsetici d-1i pi d
particle i t abl g-t.s_not nt o be limii.ng.. For .ex | e, ed

her ei . tndo 0y SRl piiePEut aRah RS Rehiifdhe FESIaMRsT a dbire

|'i pi d DLi nBMA. XTE cofipatdrstdigbleodaidk@tigenscdiud clesmidifiedodeewith, instfuchodd US
10/ 226 14 filed on Jan. 29, 2010, which is hereby incorporated by

ref er ence. ME3WBIIhBFICHICAPYF iRl BPICHTCcups.dreoring @8C op myre of gheyngthodpy j g
No. 12/813, Py | e ( I ' [

ref erence. %ﬁﬁ@af%g%biﬁ%ﬁ?é&ﬁ§§%%8ﬁ3%2¥§%%§ﬁﬁaﬁhgg%%?Qﬁggapéfésgnﬂmm'

| nt er nat i opadgrpat protluap pithicha tiag ninnludb grackR{gind JSQSr630 33 hef cdreplutanrchibabdsrber
10, 2009, which is hereby incorporated by reference. Additional

r epr esent att RS BPHYMA Y FOMREIST (FROFY PGPS Ry TRand) suc Mprchengrs to a
cationic |igphshitalh&ork:acCQURASHEYOSTH A 0K STl Yy Hiéﬁlogr GR &M A nbhRiothtile
particle (mble % prepared via extrusion nethods. MANAG NG VI'DEO ADAPTATI ON
ALGORI THVS r{gioa1 JacTdss smamphyi cAMRAMg| alaoticele dresable pragirarumgblePraadiagiyonal
Application No. 6 7 6 filed.on June 16, 2009, and als | al t he
bonet 1 of Msry RO Rarm hosir CheRER kRog Aoisss Bndtyr GRRAURLHEE 10,
2009, the emidohfakeRtBétho9f(SRAQN), AhsivhbmBry, $ndochERY RUpait Adabedt&iafe R¥dia.
reference. TECHNI CAL FI ELD [0002] This disclosure relates to digital video
codi ng and Amyooéwsss thatigubitirgd meybs prasuted bysme ©b AT O PIOCAORs BHEh a8 08¢ A

rate. BACK 00 igi tal wvi C i) &> ».be incarpo into
2w der andiror eor ek SRR s P RR G SRS REh Ak
broadcast sisgrated.or UiscetEgiccdmuisni. cat i on devi ces, personal digital

assi stants 6PDA5 ,. laptop conputers, desktop conputers, video gane
consol es, dVHIN X arioyprasngsts havgbeo doserhsddn fys dsglosws, Therq ndptherasgegtel | it e
radi o tel ephoRggin B0 nghk%gmnghg%kﬁh&video devi ces can provide
significant 1 nprovenents over convéntional anal og video systens in
processing and transmtting video sequences. [0004] Different video
encodi ng standards have been established for encoding digital video
sequences. The Myving Picture Experts Goup (MPEG, for exanple, has

devel oped a nunber of standards including MPEG |, MPEG 2 and MPEG 4. O her
exanpl es include the International Tel econmunication Union (I1TU)-T H 263
standard, and the enmerging I TU T H 264 standard and its counterpart,

| SO | EC MPEG- 4, Part 10, i.e., Advanced Video Coding (AVC). These video
encodi ng standards support inproved transm ssion efficiency of video
sequences by encoding data in a conpressed manner. [0005] Dynamc rate
adapt ati on techniques are used to adjust the nunber of coding bits, i.e.,
the coding rate, allocated to a video stream Coding rates may be adjusted
to ensure that the encoded vi deo sequence conforns to quality requirenments
and/ or changes to the avail abl e bandw dth caused by varyi ng network
conditions. Sone rate control techniques are designed to produce a constant
coding rate, while other rate control techniques are designed to produce
constant quality. Dynam c rate adaptationtechni ques may bal ance coding rate
and quality |level, and be responsive to netwrk congestion conditions and
video frame content. SUMMARY [0006] This disclosure describes techniques
for managi ng dynam c rate adaptation algorithminplenentations. |In general,
the particular dynamic rate adaptation algorithmused nay vary from device
to device according to the inplenentations offered by the device

manuf acturers. However, the devices can use the services of any nunber of

di fferent networks having varying characteristics that affect the
performance of the inplenmentation-specific dynam c rate adaptation

al gorithns running on the devices. In accordance with the techni ques

. I S o . Y



wherein the rate adaptation algorithmnonitors conditions of a network and
adjusts a coding rate of a nedia encoder based on the network conditions
and t he pwonalo/tsgo48f control paranmeters, wherein each ofCrhms2@bossrséty of
control paraneters specifies a threshol gc:value or a timng val ue that
controls a response of the rate adaptation algorithmto the network
conditions.]gge instructions further cause one or nore programabl e
processors(% 8 the first control paranmeter to the value. [0011] The
techni ques described in this disclosure may be inplenented in a digital

vi deo apparatus in hardware, software, firmwvare, or any conbi nation

t hereof . | fl.i npllemethoddoinprisioft ware, the software may be executed in a
machi ne such as a pr.ocessor..The .software. may be initially stored as

et ruct tons | nereliBhne Palibdeyies ecdRlsger hiet tny St Bt SEEHEY! {he

machi ne t o pakRRAS fotader @esthiich 41868had adkerlh MR rate 'Adé’;%t%ﬁfﬁ%&ﬁhm th this

di scl osure. [0012] The details of one or nore exanples of these techniques
are set fomanitors qonditions ohpasiporkgantt adstys catiel raeoihenedip gneasiar bascdan Qt her

features, opject nd.. advan i | | rent fromt.h e [ ption and
ar avi ngs, apereork e B AR A Bt SRR R KB TR e 1
i's a bl ock pliiralgsy@mcohtdl paradididrg sputifexanplegiiold RelLwor K tithat vapethat &mtiol
accordance with the techniques descrijibed. [0014] FIG.. 2 is a block diagram
i |1 ustrati dgeweneseiipe Bteidettion alesrityp i ledstvark condienshald ng rat e
adapt ati on al gor.Lgt: t 1 £ I ng an exenpl ary provisioning
server accordinSa%ﬁgﬂFggﬁﬁfgﬁggﬁggégkﬁggﬁeﬁgbgin. [0015] FIG 3 is a block
diagramillustrating tables of exenplary paraneters that may be used, in

accordance with _the techni ques descrihed, to cantrol rate aptation

al gori t his % 0016] elﬁFf‘élO‘Qoﬁ“galﬁhl’éfﬁ}?&l%ﬁ@dnﬁ‘b%lﬂwlﬁ YaeR Gt ?ﬁ}g‘ﬂ{lﬁ]@ Bl ayout

mar gi n as Yebhasr 969lRJor RidritE LGS MNEmARSHSARAMINAPddnt HlaG S 15 an
annotated graph illustrating an exanpl e decongéstion process according to

t he t echni goeprieds thhiate dlaptitios algeritfr@018] FIG 6 is a fl owhart
illustrating an exenplary operation of a provisioning server and a nedi a
termnal according to the techniques of this disclosure. [0019] FIG 7 is a
flowchart i3l | ustmatodiBoPsr @XBNRvaeYeiR BRI RldaBty sHcoRfréMiasdRitbRGndeder and

vi deo server operating in UMIS network according to the techniques of this
di scl osur e Plyraloz@f sersgis of sgryicg-speaifie kerrtrol iprrametara edchgssiassdevh apg/of a

operation . cli Q I [ .net k C i o the

t echni ques %Il)l%rg@tﬁ:\ég%é 'S¢E Il%s% Lsr g!?l@%%%ﬂ@ﬁ @B%%@lﬁﬂ%fﬁ%ﬁ% %%%s % is a

bl ock di agrdaifertht qustityaifiseigic@forx asep) audywitedinaikmethod furtereopag®] es,

network 2 conprises a Universal Mbile Tel ephony ServiceW®UNWS) net wor k

that operates | @PERHBE Hgfeedipfevics drsomhing tearf@pineer haplurdifsel S5TPFQ] ect

(3GPP) stan i i i i ur poses of

T ust rat ;o ey rere e e kAUGRNGHER JORR' R AREL ARG mE Rt DDSEE 1o

a UMTS net wocdder biosed verthe ndteotkemnditgpue snda subappifiscaddeespeafiotchetrol

communi cati on network types iﬂr?lher ex qpies. [0022] UMIS network 2

i ncl udes aPRBEITRENEFIRIE Hihe TENFE VRS Tt ri al Radi o Access Network

(UTRAN) 5 commruni catively coupl ed via conmuni cation interface 20. Core

network 4 provi des packet-sw tched (PS) services and may in sone aspects

further prdvide Thiemeaihad gfwlaishled (CS) services. The PS and CS services can

i ncl ude nobilit§¥senvices ch as aut enticat%&g and roam ng, as well as
DI

cal | handing sebTEBIT TR Rde S ARG RSP R 200 | 1 ng, i nt ef networ ki ng

bet ween core netwikdin e AxHEIGRAIgHRIhWOEISpr{sBO4 rezbiReRNide el a@iphion
services. Core network 4 may be connected to one or nore backbone networks,

such as t halgoritlhup ged adjpsis therpodiegele @f S mpdia sng@idgr bysendire feedbagk ©ON) , and
the Public i . Tel Lk T . i

Communi cat iH(:%c\r,(:i'l?lI %&?%%%éﬁﬁggﬁg%eyﬁ IEljﬁes e@?&gﬁac@'}m& }{%ﬁ&%?%g%gabtagi glg%‘%l trlllgt work 4
services. Guamisaiiitano adiusrthacaliz@raenadrihemedin dndodhg. i nterface and may in
sonme aspects further conprise an lu-cs interface. In general, an lu-ps
interface provides protocols that enable comunication with a
packet -swi tched network and may |ink Radio Network Controller 6 ("RNC 6")
to a Serving GPRS Support Node (SGSN) (notshown) in core network 4. In
general, an lu-cs interface provides protocols that enable comunication
with a circuit-switched network and may link RNC 6 to a Mobile Sw tching
Center (MSC) (not shown) in core network 4. [0024] UTRAN 5 provides

W rel ess communi cation services and includes two base stations in the
exanple of FIG 1, NodeB 8A and NodeB 8B ("NodeBs 8"), that are connected
to a RNC 6 via conmunication |inks 22A-22B. NodeBs 8 are base transceiver
stations that use an air interface to communicate with w rel ess devi ces.
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based on current radio conditions experienced by any connected UE 12 as
wel|l as the data needs of the connected UE 12. For exanple, as UE 12A noves
around t hwoceld148d48NodeB 8A, the characteristics of radiPOoTiUSek0D3%55€ hanges
due to changes in geonetry, weather, intgrference, and other conditions. As
one exanple, a UE closer to the edge of "the cell generally has
significantly po r k%gk Qndtilons conpared to a UE near the NodeB 8A
transmitter: To & capacity the NodeB 8A schedul er chooses to
serve the UE in &H&?ed?%tmédlél erandi trh&ﬂé tr%ﬂﬁﬁeﬁtﬁkﬁnﬁh&é%"iﬁe Hé@lafe%%(fe?t
transm ssion rate on the shared downlink (1.e., DSCH) .

channel -sensiltive scheduling exploits nulti-UE dlverS|ty to |nprove cel

t hroughput by fa oan te mnals that .can receive data fromthe shared
ownl Pk at b ondiEryiBhssSlergaBafor iRl b ey Sup i Bue A b ec 1y

Quality ofaggﬁymﬁeﬂggg§%>classes for four types of traffic: 1)
conversational (e.g., Voice over IP (VolP), video tel ephony, video gam ng);
2) streamng (e.g., nultlnedla vi deo on denand webcast); 3) interactive

(web browsing, t N t e a 4 ound (emai
SMS, downl c?adl ng)Efl Wladgll Wah %}%ﬁ} eve gglg%odﬁlge eéaetooe%g%p ications

runni ng on UE 12. NodeBs 8 tenper the objective of maxim zing system

t hroughput and capacity with the need to provide fairness to all UE 12 in
the cell ard thdhgaeahedofrbam b eepn thedipiagonterarageict Biselseied dom a
applicatio oJ‘Uﬁﬂ %yﬁ-UE 12. These objectives often conflict. [0029] A
shared do ik or one of NodeBs 8 mmy increase when, for instance,
one of UE 12 inaﬂhemq&kkdﬂbanﬁ&theﬂmﬂMlt|nedla or data sessions that have
QS requirenments. In sone ases adg? onal nedia or data sessions can
carry higher pridBrPpSs RaFkgt @%fgﬁgﬁe 7ol P whi ch can pre-enpt video RTP
traffic. As anotifgr RXRAMGS ratk Mfoab QRMABYiInHBG tRASF MG ARSI of dslilitng S
handed off into the cell, and when one of UE 12 that requires QoS on the
shar ed dowwihdikw ppareshitlotharets atlhygateahgdgarithmirecasetel thedovenpackglabs tate r adi o
i nk nakestlt n3%89508t|y for the shared downlink to support transm ssion
to a UE 12 ? gl s toward the edge of the cell. For exanple, by having
to provide a hi emeé&idq)ack&%gsmems@ﬁemwﬁlb@wmrs%&imvwﬂdrmont& aa UE 12
on the edge of a cell for one of NodeBs 8, the NodeB needs to assign the
shared dowslifing vindavhaverperieh thelrate adeptation adgorithmgasaspiss thspebpaskaiesssat e
for the Sl?&%ﬁh'&ﬁﬁ%Speed This | oads the shared downlink and reduces its
capacity to serve other ones of UE 12 in the cell. [0030] Due to the shared
nature of the shared downlink, the requirenents for each of UE 12 in a cel

affect the perfornance of all UE 12 in the cell. This can result
i nvari atiofs i n hanetkesl oflaipiel evherein shsrfirsironp] paspmeteisyeeqiod fiom fe cel | .

Wiile a “egﬁaﬁfcﬂ»gﬁ“ A QoS schedul er bal ances the need to provide QS
and fairness with t obj ective of maxim zing systemthroughput, the

factors expl ai nedniabowe tagot playsut matgn Vet pdcifens minitine aacdpieble Qo8 gr ant ed
to a termnal durin sessi an.. Even mhe has granted a particul ar
QS | evel (P&Mgen amglia be%&t YHv4 angisprongr aﬁcg‘f@g@@éﬁw& UPgr one of UE 12,
the UTRAN 5 may arlﬁémﬁﬁnﬁtmg%t ﬁl@y(wt%/drgl% tﬁﬁ%fzec@?é dn@ipbr theshb@lordml 2 at
every instant. In such instances, experience variations in
t he deI|veh@ﬁWEpSIn@h@pwﬁaB%ﬁVdﬁmdMngH@ﬂWﬁCMﬂbkﬂeﬂ%mmVembocat|on to ot her
UE 12 in a cell due t nDblll rfand t & cel | %Hﬂ$/con t|o caused by
the other UE 12a1FH§§ ué %Bﬁ% P E?Wb %ﬁ&lF%aend

nultlnedlapeekﬁm@eaqn&gnnﬁga@pl wt thexk nfeal-tlne packet - swi tched servi ces,
UMTS network 2 nmay inplenent the 3GP def ned Packet Switched Conversati onal

(PSC) services, apyeidatecaplpyqtsdndsyy whﬁmlf'(epse)lraé@rl@if e ehding mdndayy eyeredi a

Br oadcast [ [ [ t

o oadoast bl B PRELRSN S8 AREL R MR OOk R kel

| nt er net PmﬂmaﬂrlvMslatndrm@bat ﬁyﬁteeﬁiimﬁhﬂﬁ%rget Mﬁdut ngrgefdnded in "3GPP TS
26.1 14 V7.10.0," 3rd Generation Partnership Project, Technlcal

Speci fi cation GRCEFPNSdRREECRIaY oM vinglasy Bt smepiics & duntign of aslding Biiedos

http:/ /7w, O zip. As
descri bed Pﬁ&gg?gﬁEQ%%F%&?P%E?%9&%%%%?§%€n% 5h@é?§gﬁ%%}§%§£&g%§§%§

support speexln packcteoriaals At plhpott fortha spemned taygmplReat mbige Tr ansport
Protocol (RTP). [0033] UE 12A may send RTP packets containing video data,
as an aspect of video session 28, through UMIS network 2 to UE 12B using
MISI. Video session 28 may be a video call, a videoconference, a stream ng
novie, or other multimedia session requiring video transm ssion. UE 12
specifies nmedia codecs for each of the supported nmedia types, including
V|deo UE 12A |ncludes a V|deo encoder that encodes vi deo obtalned fron1a
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adaptati on and encoding algorithns for UE 12B. [0038] In accordance with

t he described techniques, UTRAN 5 further conprises provisioning server 10
that i s cwomomaesisvel y coupled to RNC 6 via comruni cat iPOm/US2emk/028Y65 | n
sone aspects, provisioning server 10 prgyisions UE 12 using other wreless
interfaces, such as Bluetooth, IrDA, or " wired interfaces such as Universal
Serial Bus (USB Firewre, and RS-232. Provisioning server 10 .is typically
a conput er 9serv)érrheimFt %{%M@eﬁmﬁw Shongepearpigctcy ﬁée%fsfagif@ﬁbﬁi ng
server 10 i3y JoaRk@m; ¥ th a wired connection one or nore of UE 12. In some
aspects, provisioning server 10 is a user equi pnent according to 3GPP
nonmencl at ur e andnmpperquokstiless nufnber dxahplde, anobil e tel ephone, a | aptop or
desktop conputer having, e.qg., a 3Gwrel.ess card, W rel ess-ca | e

et book, . por sdrr i nSaBr miCemsh iR erfiehh WFuB38 PP RREBNE: oni ng
server 10 eghd®l be&8shicts BRaEREEAM RN d1foraMIRaNESIhd RIQYItS Rk&JoRESSI ONsS
26A-26B wth UE 12A-12B to nodify the control paranmeters exposed by

t ransmi ssi ¢oreongarisen  thelaprapreket s nnabaghrearddrandei ver - si de rate

adapt ati on nodul e 14B [i in. thY i re, .and ther | ter
the rat e adapt acBh mna SRR PR Rl SyaRIPT iy Bhfhat PREERRY ¢

I n this mannkikFatioaldffiewghatthgy pat ovitdapiadiviap aandliepand ttdoraltgorid hnms of UE
12 are proprietary, provisioning server. 10 neverthel ess controls operation
of the thesdapiptipsraleoriimdechusgesiy hurgcendition.ci ency, QoS, throughput, or ot her
objectives for UTRAN 5. As one exanpl e, provisioning server 10 may, via
provi si oni ng session 26A, direct transm ssion- side rate adaptation nodul e
14A t o, i n IPespdisendtioodiet@ddam hovipask dic fosngasbl parametediscelcttee fronde o
encoding rate to reduce tpe transm ssion rate of %%ggg sessi on 28 and

t her eby r ed{il® ORSSHRE efehiiist My EEE Kedack intorabyplihior SHEFE EfbRAK THIE
(conpri sed py [inAdLAd b is®ond ABhint 3 Gcl¥a dWEndAB vdAIDE Sor'iBEESA LD mMARYnurh OF

i nstance, allow other user equipnment (not shown) that utilize the shared
downl i nk t dathdwmet.a nore consistent or a better QS. [0040] FIG 2 is a

bl ock diagramillustrating an exanple video server 40 and video term nal 60
havi ng rate adaptation algorithns that are nodifiabl e using an exenpl ary
provi si oni ng. sermmemetkb@ETditi NGvHchan HRCMBI Wnas] fleanticPRAcREkefidm § 0041]

Vi deo server 40 may correspond to UE 12A of FIG 1. Video server 40

conpri ses &WPdOHsiSiHg efer dezongryt waleead hdecongehtimgaaluen the il | ustrated,
exenpl ary aspect of FIG 2, sending client 44 is a MISI client. Sending
client 44 is hereinafter referred to as sending MISI client 44. Video
source 42 may baha nvdthkiebofagitnul, evideah de figicdonasl pardincieisGalescd frodfa a vi deo
archive that stores previously captured digital video. Videq source 42 al so
may be an iU ORBISRGHOTA MinyEugy bigraig pyiginyyp dgnredals, apWa)imaEndags Mrs
client 44 sypperts and otherw se provides an interface for video server 40
to MISI and enabl es video server 40 to transnit conversational speech,

text, and video. Sending MISI client 44 handl es session setup and control

for media sessions w th ot her | clients and additionall handl es nedi a
control, nedia gfnrbe@aqﬂ%@i/ ‘béfé?}ﬁ’i ﬁ/gvﬁlea%t ScanpbpaiaCEh s brted dom a

transport. JfOQAIhsiSERNAIMY MISI client 44 conprises video encoder 46, video
packeti zer 48, and transm ssion-side rate adaptati on nodule 50 ("TX-side
rat e adapt ati on arraeinlup r&0'that sSemaksragratiRSvhedh tharate addptatmngi gopithrhiisid,

exenpl ary aspect of eneralized MISI client. In other aspects, sending
VTSI ol ent B TAAAE TGRS Ceb P d Ol d8Y decoder text and speech
codecs, a sessi QamplddRnand e @%&ﬂies@d’sﬂ &2 whadH thy @dtb @il aBSoritth iofoher
functional aspects that enable SI. [0044] Video encoder 46 encodes video
from vi deo dsergpsedhatarget ensodinggatedo adgwerratg laiti ety of vi deo codi ng
standards, such as H. 264, as nentioned above. Video packetizer 48 is a
packet - based interface that receives the encoded vi deo segnent from vi deo
encoder 46 1and dih¢intieod dfcldnchedralh dedirse@men! piradetchisselet s fioi packet s
for transm ssion. The resulting packets may be passed fromthe application
| ayer to otZFE qoayishng ofancplink Tt @dantaiondBFamedte 2 FFRPsIAUG parEgEE indpgy
further proggssidag. ms4ch as multipl exing, additional packetization, and

ot her operations. T0045] Transm ssion- side rate adaptation nodul e 50
controls the coding rate applied by video encoder 46 to encode frames
within a video segnent. The coding rate specifies the nunber of coding bits
allocated to the frames in the video segnent. Transm ssionside rate

adapt ati on nodul e 50 may correspond to transm ssion-side rate adaptation
nodul e 14A of FIG 1. [0046] Transm ssion-side rate adaptation nodule 50
recei ves feedback 3 1 fromreceiving clients, such as receiving client 64,
and responds by increasing or decreasing the coding rate as appropriate.
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[ 0051] Video extractor 66 is a packet-based interface that extracts video
fromvideo packets received by receiving MISI client 64 and restores the
packet i zesovothe@s®B8r eam Vi deo extractor passed the enced&dSeeid®ss’sé r eam t o
vi deo decoder 68, which decodes the enczged vi deo stream according to the
appropriate video coding standard for the stream such as H 264, and sends
t he decoded video streamto vjewer 62 for view ng. [0052] Receiver-side
rate adapt dPi on ‘HoHWPPEWEORIEIISF s nedi a packet receipt statistics for

recei ving MrS| %Irh@%%@éﬁorﬁhaaﬁlé b pridiRg h%ﬁfr@lﬂy%&‘c&ﬁﬁﬁ MR & HALiR
adaptati on nodule 70 y 1 nclude packet | 0ss rate, packet jitter, and
packet | at emcyptckslapiptioBawddlcanortitees ermditicns efla petedoslt asd adjiisgs # cading rate of

recei ver-side rate adaptatiop nodul e 70,.generates and. provi des feedback 3 1
o transm sdnehit doe PRl onhaTRiteS sonuEne d e RfuBa R, ' 56 ro cause
vi deo encog@fanttert, Qviidisih @adEoQhe PREJIRPS EcIni®l fAHMBErd pe6ifidl threshold
concomtantly, the transm ssion rate of video server 40. Receiver-side rate
adapt at i on velygor @ tinongreglug e eentels eeagpensk ofthe ratadapiatigy medwe fnter uct i ons
directing transm . ssi.on-si rate adaptation nodule 50 to take an action to
nmodi fy thel%gﬁFgSS@% %P’%%gket statistics, or any other information that
transm ssi on- siadfichitthg ractivadsatvade fopafike 0bdof@b pliselith @f achttis hatdneet@odi ng
rate or the sending rate. For instance, receiver-side rate adaptation
nmodul e 70 $0p P the TrperrahRrrINARNOFBIEdYes. In this exenpl ary aspect,
receiver-side rate adaptation nodule 70 inplenents, in accordance with MISI
speci fications, extended RTP Control Protocol (RTCP) feedback nechanisns to
report recdibvi ngheappirhiugnsclaon il §anisreiashodiicnt cemprades a dddptaatiiaon nmodul e 50
in feedbac 1. [00Q53] In aspects of S nefwork 2 i mpl ement PSS,
receiver-sh&gmhﬁk%gﬁﬂkﬁﬁgﬁﬁ&ﬁpﬁ%ﬁﬁP%ﬂ$%Eﬁﬁ§3@/ Sﬁ?@ﬁkkgﬁfd%%ﬁfa&ation Dat a
Uni t (NADU)loARRLdsGRE tanadapesioh nfodaiict i ons (APP) packets to provide
feedback information regarding buffer levels for received encoded nedia
data to transm ssion- side rate adaptation nodule 50. In such aspects,
transnissigg-sigﬁﬁrate adaFHatigg nodul e 50 responds by scaling up/down its
encodi ng rate as 'SEBPERMS AT €2 6d54] I n accordance with the techni ques of
this di scl osur e,wlhck@n 818 fedalf & @etréaLardctaRtimilin pofiiheoflbexpeses a set
of medi a sender control paranmeters 51. The nedia sender control paraneters
af f ect t he sep&caPrafic 6pntrel daemosers erchgissneiated with@apoht Plormlpalisceviso by, for
i nst ance, o] 0 Ly condi.ij relati i ali.ty.. changi ng
timng par%%% éF@%ﬁghgﬁﬁﬁg%F%ﬁw%héggﬁgﬁamﬁg(%g&ﬁégaagggg?gnuﬁ#@éﬁon-side
rat e adapt ativiue fopsludee, 50 to determ ne the coding rate of video encoder 46.

In sonme aspects, the media sender control paraneters 5 1 exposed by
transm ssi on- si QECFAR Eedaedaptrion medur edivets fhg codeng BEPfithe Mt cRFET t he
current val f : : e - with the
Fechni ques "o 00 R RRE BRI ot AL ot T B i RGNS 70
exposes a ssdocoiedweih afire oee vethe phntlitglof pavardtvelss 71. The nedi a receiver
control paraneters affect the operation of receiver-side rate adaptation
nodul e 70 by, for instance, changi ng boundary and tim ng conditions
relating taqgthe 1qal.opda4k 8P ciafm @5 packet loss rate, changing timng
paraneters, and ot her val ues used by receivedside rate adaptation nodul e 70
to determn ne thevheatinthe apneragsope nefliafreeddvacénd3 1 provided to

transm ssion-side rate ad p%a%ion nog%]e 50.. I n sone agrec;s, Hhe medi a
sender control ﬁ“g}eé% 45 d3D G LRAIIE FOPPHRS A T UH- S d & Hp it at i on
modul e 50 RyduRCardeithistsahé 8 @hETIEof A8 nftdid @ebdtdyUesdifg fdcdiBadkab amet ers.

[ 0056] The internal encoding and rate adaptation algorithns for MISI
clients maynia enspottgtbyin@edesyhamadia eneqsay avheain ghe fnedhselddiiegtytheyvi deo
encoder 46, t¢ 1.SS1.00- Si ' 50, and receiver-side
rate adapté?%%ﬂgﬁghﬁﬁéqgé&#gﬁhé%%g??ggyaﬁigg%dggggé&ﬂthat net wor k
operators, using conventional nethods, are unable to control. However, by

varying one or nore of nedia sender control parameters 5 1 and/or nedia
recei ver cdft r olThsapR¥atus pEclaim lydurberaeapriswgihgnediasncedsts di scl osure, a
net wor k oper at or, j t tyransm ssion-side rate

adapt ati on nnduwggg%ngﬁ%#%%apgg%?ggpgg% gm@g¥é&gdaptation nodul e 70,
respectively, amhethetlefrotcadeptheat medlly comansgs atthemsenttodidegatcatieptationvi deo
encoder 46. IE this respect, a network operator cannodify the operation of
the "bl ack Is using the control paranmeters as "control knobs" in order
to facilitate various objectives for a network that includes video server
40 and video term nal 60. Media receiver control paranmeters 7 1 and nedi a
sender control paranmeters 5 1 thus configure and control the processes wth
whi ch video terminal 60 and video server 40, respectively, react to

e



may represent one or nore of nedia receiver paraneters 81. In sone aspects,
a video termnal 60 may provide nultiple subsets of nedia receiver

par anmet erwO20M0/1B@8 correspond to different service | evelCs/yseaviossds by t he
network that includes video term nal 60,{service-specific subsets of nedia
recei ver paraneters 8 1 may intersect, i.e., overlap, with one another).
[0060] In this way, a network operator nay alter a service-specific subset
of nedia receiver paraneters 8 1 without affecting other service-specific
subsets of Hgedi AHC RIS oPBLAITES Sl Serh thd B EAIRIcRis AvidédgRolg! M nal 60
may provide gold-, silver-, and bronze-level services. A network operator
may alter a subset of nedia receiver paraneters 81 that corresponds to the
bronze servjce level in order.to_affect th ual i of service, aof.the
merwork orly adgeoariinp! Earipen i o il il bufmeRE bl g ce

| evel . The 4@lj @whidEnder agr aphs descri be each of media receiver paraneters
81l. In sone aspects, tine-related ones of nedia receiver paraneters 81 are
denoni nat ed i n wilpwespaskeidess rpgdEeshat:R MAX 8 1A specifies an upper

t hreshol d for Pack L t PLR , statistical measuring of the

per cent age of p%ﬁ%@%%rg%g%t%rsgat%é lregrheoclzcgi ved by video term nal 60. PLR may
be nmeasured wi t h firsispekdt 168 rifE hqaagketst window e spspfatasduriiidy omcdliddes (as
| osses) those RTP packets that do not arrive in time for their properly
schedul ed pYiadayieverwdash teratsadeptationppaduipacgsuses the desyqFdhackat dess Faie e

adapt ati on ymguh e directs transm ssion-side rate adaptation nodule 50 to
reduce the packet’ Toss rate. [0062] PLR LOW8IB specifies a | ower threshold
for PLR When PlaRechmigmche|lassrRe Ridadé@ER, windew ithee spsii fiks ardatrgticmdept at i on

nmodul e 70 dj.rects transm ssion-side rate adaptati on nodule 50 to increase
the nodi a SHAREMELTOASATECH %detsrdﬁﬂﬁm_w%mw%%e;uge,%a?lfeé $he
duration of@1gbididlg W ndow over which receiver-side rate adaptation

nodul e 70 observes and conputes PLR for the purpose of conparing with PLR
MAX 8l A. [ 0064] PLR_M W NDOW LOW 81 D specifies the duration of a sliding

w ndow over,,whi recei ver.side rate adaptation dul e 70.0bserv and
Conmput ea £ 07t nd T APRGEbS BF Sl et Tt A sl NP Y RPN i R M
81C i s spegrdipr@dnsiepargtel y from PLR M W NDOVN LOW 81 D because excessive
packet |osses is an urgent condition that may require a rapid response by
recei ver-si de rateingdaptaeriaiayedolaesiz that seecHios aguintmury agedpidiktidper at or

may desire shorter..o rvat.i . al for, PLR M.W NDOW MAX 81C. A

| ow packet b %V%eggraéﬁéedl? E&%S ﬁh@%&g‘gggi‘%ﬁ%e&x Sgl?eéig%fi pé%’r?&%h, and a network
operator nmay use rhaXigem tekRsepdadut @furiinnbkaWpatafi¢sean§ ppePihRshb MR LOW 81 D
to ensure that network conditions are sufficiently stable to attenpt to

i ncrease t WEMYRSA AN diapake TNy anddts pronsoipsthefakdmiayortioeT MARG N M N 81E
specifies the m.nj . | | . oy r.iyal and
its properly scﬁ?gtﬁé@dﬁgﬁg{;ﬁﬁe?ﬁf&eﬁ% e ti%gnﬁesﬁgn%ggtﬁmgﬁpgﬁﬁg% gyout tinme
to the X peccentilelfer pedsnting s peyohti reatgby X PERCENTI LE 81 G descri bed bel ow)

of a packet arrival distributian en TAI?(ET PLAY! . N.M N 81E i s not
met, receiver- sttt i35St HadRi Aty Hatience 70 aﬁiﬁgﬂ“&PPg_ E%&E&%ﬂ@%%ﬁﬁ- si de
rate adapt a{iQheRsthgaprfidnInd RALEE RS a%@él%lhﬂe?@%{gr%%'b%éeﬁ%dﬁap enabl e
nore tinely arrival of nedia packets. TARGET_PLAYOUT RGN MN 81E is

descri bed ipacketptrivels agdtpddyoubler 8w minimumdsrgeictlayant Flagginand] 0066]

TARGET _PLAYOQUT _MARG N H 8I.F specifie n_upper xi mum ..t.hreshol d of tine
betweer & ned 2 POacE g bouth St BuphsbER h LERER Y EAGRESRY e, The
time i s meqsel WHich HRMaR! apdtiod MEBulk@badtves PArcaRNlatds® Mt bdrsaaChEdigd by
X_PERCENTI LE 81 G _descri bed bel ow) of a packet arrival distribution. Wen
TARGET _PLAYexket paralshndiplayept fos thexaedaan tarast playeyt edrgia. r at e adapt ati on
nodul e 70 may direct transm ssion-side rate adaptati on nodule 50 to
increase the nmedia transm ssion rate to inprove nedia quality, e.g., video
i mage quality. TARGET _PLAYOUT MARG N H 81F is described in further detail
bel ow with respect to FIG 4. [0067] X PERCENTILE 8I G specifies the X
percentile point of a packet arrival distribution that is used in
conjunction w th TARGET _PLAYOUT MARG N M N 81E and TARGET_PLAYOUT MARG N _HI
81F. [0068] TARCGET_PLAYOUT M W NDOW M N 81H specifies the duration of a
sliding wi ndow over which receiver-side rate adaptation nodule 70 observes
and conputes anmargi n between nedi a packet arrivals and pl ayout.

Recei ver-si de rate adaptation nodule 70 conpares the cal culated margin for
TARGET_PLAYOUT_M W NDOW M N 81H with TARGET_PLAYOUT MARG N_M NB1E. [0069]
TARGET_PLAYOQUT _M W NDOW HI 811 specifies the duration of a sliding w ndow
over which receiver-side rate adaptation nodule 70 observes and conputes a
mar gi n between nedi a packet arrivals and playout. Receiver-side rate

I o — o o " .




receiver-side rate adaptation nodule 70 fails to receive any nedi a packets
for a durationof the value of the product of MAX RTP_GAP 8l L and

T _FRAME_BS0,20tohi@so48ecei ver si de rate adaptati on nodul e 7@Cuask@omss’as bur sty
packet | oss / severe congestion conditig@ and may direct transm ssion-side
rate adaptation nodule 50 to reduce the nedia transmi ssion rate to adapt.
[0074] Estinmating a packet .| oss gap may be_chal |l engi ng because di a

packet s maﬂﬁot e ageHamacbelar 7 eytran kst capt! BafA etk & SLECHOVAT Ak
schedul i ng ahgarohkiti®, G&n cause jitter in packet delivery tinmes. Therefore,
in sone aspects, MAX RTP_GAP 8IL is set conservatively. [0075] Exenplary
recei ver - si de raheippetgptidtilons noodbat éarédboldses T FRAME EST because encoders
do not often abruptly, chan t he encodin ra rate and hence.the. .estimte
Con'serve as a PdRrr REPREGLR LSRR R bl 5 BaR 8 duREPREr PGB or £ o
vi deo framggnddv o$@Bhidls BRGHES ad Aithedn MBI EBsch@s 288 thioBhich PadldldelosiRTE:
period may be used. [0076] | NC FBACK M N | NTERVAL 81 M specifies a m ni mum

i nterval tlsamppasoato dic wipgepgckeidossaaprber ffopshebgné 70 is to wait before
sendi ng a subsequent. f b 1 0. T [0
transnission-sigé&P% e'a gﬁﬁéngﬁﬂﬁﬁfEﬁﬁqgsgfﬁéﬁT?h§%2§§%§ ﬁggﬁ%%§%%n1rate
limt. | NCafBABSnMNmINhERYAL p8Bk Mithoil idediciag atrhalid pdckeEicfoitidratynam ¢ rate
adaptation occurs as well as the signaling over (a |lower interval leads to
a greater rdmieiongnoduedeslars pbashepnghtion 0077] DEC_FBACK_M N_| NTERVAL 8I N
specifies a mnimuminterval that receiver-side rate adaptation nodule 70
is to wait before sending a subsequent feedback 3 1 nessage, e.g., a TMMBR
nmessage, t @4t r afMdwiapparatus of cleint &5 evladapttiad fishcomveil parabBter edelcdedrfeases t he
maxi mumrate limt. DEC FBACK. M N | §§y€§}8 I N i nf ugnces.the rate at

whi ch dynarF @ Songstigfratisb iy e Eedrackdntervakvalyfetog degisgsiteg megmum
Congest'OnrQ%%%ﬁL5@@9%&%@dﬂﬁﬁﬁﬁhn@Qﬁﬁé@gﬂﬂa%deMh@ﬁhQﬁ&€ﬁ§§¥Qnﬁxﬁ&ﬁﬂS”‘SS'On
rate is | ess necessary, therefore DEC FBACK M N_I NTERVAL N is a paraneter
separate framliantd is usually | ess than I NC_ FBACK M N | NTERVAL 81 M [0078]
DECONGEST 810 specifies a level of intensity for decongestion actions. Wen
recei ver-side rate adaptati on nodule 70 detects a congestion condition,
e.g., basedson absepyahiugosclans 1sakkdiiatthOnst il pMgmbrr & Rktcd RS af
medi a receiver paraneters 81, receiver-side rate adaptation nodule 70 takes
action to dreuwcIonsistinsed sddicongest waug dea defapecst e vabidul e 50 to decongest
the shared downlink prior to having the video server 40 transmt nedia at

t he sustai nabl e throughput rate of the transm ssion path. In sone aspects,
DECONGEST 880 speiabp&atud opalamies evherahule: fiRatont@dhg&ametedid Rldcadthm wher e
Oi ndi cates that no decongestion should be perfornmed and increasing val ues

i ndi cat e t IEERUD @RSV Ofsd HETMEMEDIHRS, AN BRI cd atepandhp i mugKigiage

i ncreasi ngl.y,&g9r essi ve decongestion actions. [0079] DECONGE ST_T I ME 81 P
specifies 55 punt of tine that receiver-side rate adaptation nodule 70 is
to decongest. A value of O indicates that receiver-side rate adaptation
nodul e 70 oul d not attenpt decongestion actions, DECONGE ST T | 8IPis
Gescr i bod DA furHHaPPEUSOr gk b Shrting i Bot NN piamct: 1156867 fEura
sender par aigilont@hEoB2 |ists exenpl ary nedi a sender paraneters 83A- 83H
("medi a sender paraneters 83"). According to the techniques of this

di scl osure, exerph@apyptratgtisarispesiios-a eicde whathethe tip edaptasionmoetivleis30 exposes
one or nore_ of neQia1§enq§r Rgrfne%eés 8 é.tg enabl e network operators to
affect the SPEPEEITHESTPERRIRIC & EACT A H@‘éﬁﬁation nodul e transmi ssi on-
side rate adapt atrh@p deReuhi® thi spashikena® awdeeh HeruehddatioktrorISRRger
control paraneters 1 of transm ssion-side rate adaptation nodule 50 may
represent daercaic thotaeech pnepdificaratsdaddevpraetetttiér s 83. I n some aspects, video
server 40 may provide multiple subsets of media sender paraneters 83 that
correspond to different service |evels provided by the network that

i ncl udes vi2deo Sikeppards 0 elain ¢ & sipecihfthelfisubmetos pathmerdisscieddrom a
paranmeters 83 may intersect, i.e., overlap, with one another). In this way,
a networ k GHVPA08pistRE AN wlink rafe pdantalangeegmster, 3 dpar hold paserngtes dhder
paranetersEﬁqmﬂgﬁg@%gnﬁgfecting ot her service-specific subsets of nedia
sender paraneters . For exanple, a video server 40 may provide gold-,
silver-, and bronze-level services. A network operator may alter a subset
of nedi a sender parameters 83 that corresponds to the bronze service |eve
in order to affect the quality of service of the network for video server
40 when it is operating at the bronze service level. The follow ng

par agr aphs descri be each of nedia sender paraneters 83. In sone aspects,
time -related ones of nedia sender paraneters 83 are denom nated in
mlliseconds. [0081] MN BIT RATE 83A specifies a m ninum acceptable bit

N r I 1 Y 1 n 1 NI " NAr— NN A o 1
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down is often a necessary technique to relieve congestion, ranping up can
be undesirabl e due to sudden congestion on the transm ssion path. As a
result, RAORIDOMBIJRATE 83E is a paraneter separate fromPRANB201B/0BFE 83D.

[ 0086] UPLI NK_RA 83F is a Bool ean par angj er t hat specifies whether sending
MISI client 44 uses uplink rate adaptation, which involves using |ower

| ayer informatiqn about uplink throughput in order to. adapt the encoder
rate and avdid g ieRPHAUR &f Cle%égswlileéﬁn[ﬂefo@rﬁraﬁwmﬁ_w B3Gis a

Bool ean parghetislicatibaticsPegiddgs whether, in instances where video quality
is unable to nmeet the mninmumrequirenments set for MN_BI T_RATE 83A,

M N_FRAME RATE 83B, or M N I MAGE QUALITY 83C, receiver-side rate adaptation
nodul e 70 i?) tng%t t he vi deo. sﬁgea]g] an hold or to drog t he video stream
DROP_HOLD_ VPDEO 185 @PPE LR QE CI3mg ! gVt oI S PGP DA eOBIPTISPS O VU Er si de rat e
adapt at i on jfesidted clPuiPtscdshe video streamon hold, receiver-side rate
adaptation nodule 70 may nmai ntain QoS reservations. O herw se,

recei ver-side rate adaptation nodule 70 drops the QoS reservations for the
vi deo stre along. with the.video streamitself. In sone enbodi nents, a
recei ver-s?g]e r%fgevéc a%rﬁal%r}sbnr% nodul e 70 that puts the video streamon hold
may al | ow sendi mg:ahl B redeinging, b4 thedie detitd) us atucaosatits bRgod plaralitedf a, such
as audio. [0088] IN TIAL CODEC RATE 83H sPeci fies the initial rate at which
an encoder CoBiref parapies fdicgtrerdap@tion algpgthnt. ayhsrsin theyrateqdapiatiarpdaedthm

I NI TI AL CCQ% RAT ; I lﬁyﬂf i . / or
test encoders. lo(g)ggﬁﬁgggpé h&?]s&lg% anrklgstt‘s:{]g %E)%XPS%%??IFE{SE@E{ ?2}158&1'? ﬁe

pl ayout manly metasrkusadit@as andlihoglurelity loé cowodl pacuescrslagicrtibheachhafitke n.  As

illustrated .pl ayout margin for packet is the ampunt of tinme between
arrival of PRl Pl ppratiole mffa%raé shald valye gra iingeyn pethi b0, and
the proper laespRgdsH igd 4l Qdﬁ%%h;tioh'a ritt@h td 18 ndRR cBREtSHs; ad account for

jitter in the arrival tines of packets, the playout margin is neasured with
respect to the Xnqaes tentiting thpofinst cantrot parameter &l the paluket arri val
distribution for a tine w ndow. [0090] TARGET_PLAYOUT_MARG N M N 81E and
TARGET _PLAYOUT _MARA N HI 81F define a target range for the playout for
receiver-side rate dadikpbatlan3 MBdhtrein i doviid @mprBEROMNTh&i8irdephasi f i es

the percentile of the packet arrival distribution to be used to neasure the
pl ayout margrvice fpaReEmeatopiMviRedip hysters MEpbelitites a | ower threshol d

for packet playout. Wien a playout nmargin for a nedia receiver, e.g., video
termnal 60, is |ower than TARGET _PLAYOUT MARG N M N8I E, receiver-side rate
adapt at i on 33pdulThe dOvicayf daing81, Whickeis Mhsslunitsotiontral garadepisdhélode aodul e 50
to decongest the shared downlink. TARGET PLAYOUT MARG N H 81F specifies an
upper ( maxiPHIAYtytoh seRsREIod SericerRerEE CoMtER) ParRMolE PACH as10siAdkh WHPES B 3 or a

medi a recei : - Mi i i i; g

TARGET PLATIIH NRES rﬁfﬁllg%%t%r% %%Igi@é\%??g}e emlragg'}q{as %VE%Q? TondsinstPe 70 may
di rect tr ansfifidrsst quality dfactvatedond agpt sndovhand theed S etforthdrapbmpxiasspl e, 1 nprove
the nmedia quality by_.increasi codi ng,rate. TARGET PLAY .M W NDOW M N
81H and TARGET_F%&?%{?F OHEWIRE)%%/_‘%VICQ Peeqiding ﬁ%agﬁt%? EEE c %ﬁﬁa@%?we

Wi ndows oV gly M hBrelLGE irMe hdstslfon’ AbSitRE R KR (RO comEkH & JnoRRalves packet
arrivals and playout tines. M ninmunm and high playout margi ns are cal cul ated

usi ng TARGETcHeAY@e oMty INDERvk\doRdBiDESS amdta TWRGHT spIviceapTeilc WNDBDW HI 811

for conparison e}/(\%&t h TA%GIET .ELtﬁ\Y MARG, N ll\/l N 81E and

TARGET PLATIT ARG ROAETATE ) BSOS A [0091] I n some aspects,
TARGET_PLAYOUT_M W NDOW M N 81H and TARGET_PLAYOUT_M W NDOW H 811 are
different values to account for the different priorities that network
oper ators pface Tos deeict ef¢lagn ébngesti on and i nproving media quality.

Net wor k condi ti - I rgin to be too | ow may conpel
i mredi at e adapt g{ll%géﬁg% (fegt%?%ée?l%gﬁ gé/e?%%r’ea{@dapt ation nodule 70 and
transm ssi on- si dehcrdh Ehead@pidaptateh sRekithen @nprAss ardee’ut-tide rate adaptation

TARGET_PLAYQUT._M W NDOW M N 81H mag/ be set smaller than,
TARGET_PLARSOTTNT ppdestmyishegpding jafe of thegnedi epcoderey saadingdaedbesk fovh nodul e

70 uses t0n?&lﬁagﬁénshﬂﬁ&qﬁat%&ﬁ(&?tthﬁé@a%ﬁcoc{eﬂ%eiﬂtl@' feddba kaﬂegyggt at ed

graph 86 illustrating an exanpl e decongesti on process pertorne

exenpl ary mewld tvarsnsitado ndjuet thel eqding ravmofthd uledia7éhcadat. t r ansmi ssi on- si de
rate adaptation nodul e 50 according to the techniques of this disclosure.
Recei ver-side rate adaptation nodule 70 detects congestion on a shared
downl i nk according to one or nore nedia receiver paraneters 8 1 and sends
feedback 3 1 to transni ssion-side rate adaptation nodule 50. In exenplary
graph 86, feedback 3 1 includes a TMVBR nessage directing transm ssion-
side rate adaptation nodule 50 to |lower the transm ssion rate bel ow t he

L T o, . . Y b1 o e o N —— — N e p—



conditions and neasured quality of experience, the network operator uses
provi sioning server 10 to nodify one or nore of nedia receiver control

par anmet erwO20M0/1@Bo48ecei ver si de rat e adaptati on nodul e 7@CrSc@omssrseng MISI
client 64 of video termnal 60 (102). Reggeiver-side rate adaptation nodul e
70 operates according to the nodified nedia receiver control paraneters 7 1
i n order t% adapt the transm ssion rate experienced by video term nal 60 by
gener at i ng 3and Qeﬁd?ﬁﬁePgaaﬁ%gi 3 1 to video server 40 (104). [0096] FIG 7
is a flowchart ifcughiRldedte@a ﬁfé@ﬁma%ﬁﬁfnt%?ﬁ{aﬂﬂcﬁﬂieﬁhegﬁ&ﬂé éﬁc%ﬂbtngn@er ver
10 and video server 40 operating in UMIS network according to the

t echni ques of t hilerdin golreswadeptation dlgartithyn coamprstemtrkn&mpéclatldqr rapni tors the
net wor k conartronslrnt MIS network 2 (110) and the quality of experience at
t he UEs. PN Y8E B wor k condi tions and neasured quaiity of

experience, the network operator uses provisioning server 10 to nodify one
or nore of nedia sender control paranmeters 5 1 of transm ssionside rate
adapt at i on 3ffodulTheslovica o eladn A WIRSHn ¢hd madia gacasier Biadadeosencoder. 40 (112).
Transm ssion-side rate adaptation nodul e 50 operates according to the

nodi fi ed nedi asender control paraneters 51 in order to adapt the

transm ssi gn. r at’ecdmmputvi-edabsestyrie AR dubl dgmpridisicmssestioas fetQandyg adapt the
transmssion rate by altering an encoding rate for a video stream [0097]
FIG 8 is @rqgr@%eﬁhfétprq)qepmttq -ating an exenplary operation of an MISI client
operating in U t d i f di scl osure.
The MTSI clren?W§§§§f€gé%§%b fﬁgkf%?gggggﬁp§8$ﬁ%g?eﬁ% ehgtgﬁggéyate

adapt at i on patagatdrs fomath@tadiastatiqreslgdmedinh yhicteén tMEShtetaHaIﬂmOIt a:lgoraﬂmpt i ng t he

rate of a nmedi.a encqder to network conditions (120 one
MTSI cl i entm%?rsrcé)é‘gttt%s PR AL SR E‘Hﬁr‘t% Bite ét@ﬁ%‘t‘ §P09‘ﬁé’gﬁ?sﬁg on
provi si oni ng. S@R¥EAT condlifells &% ﬁ%%ﬂr%@%‘f@&n@cﬁﬁo‘éﬁ‘ab&&s deesih Rech ghpve. In

response, the MISI client sets the control paraneter to the received val ue
(122). I n pldilityodconthe phMeSictab spetlids@eghreshadd ealat ong titreg veéu@thadamtlatsr on to

adapt the transm s di.a ode wor | k nditions in
acoor dance ARG Aoty Geftiol alorp i Ghoem R sSHISIO85E] The

t echni ques descrspiagé fikdd chittdl paiasik@Id ER vilye. be i npl emented wi thin one or
nore of a general purpose m croprocessor, digital signal processor (DSP),

application specific integrated circuit (ASI C, field progranmabl e gate
array (FP pr i ice P r r e | ogi c
devi ces. E?)éor drjcrit!lgl %a% ?etad%& %mgar%créesdz%él lf@lsalm 39h‘{v8érF%thgﬂl%hlaadeVQé
herein, mayomefiess atMuaﬂlyed@nEelephdmrsenate foh@ntf:@éﬁﬂ@td’d;gl Slultiraédis 8gsterns any

ot her structure suitable for inplenmentation of the techniques described
herei n. [ 0O¥Y[SDrefeent et %%Pr%ﬁﬁ@ﬁéﬁtagaﬁtﬁm%%lg%ﬂ@@ herein may be realized by
any suitable conbination of hardware, software, firmwvare, or any

conbi nation thereof. In the figures, various conponents are depicted as
separate uiBbts diheroophesreddoblev@rageahddimm of elagnal/, Whefbiﬂt&h@'p.hli‘aiﬂlﬁof

conponents described with referen hese. fi gures be integrated into
Gonbi ned iSOG S B BrfOHO R Ghas - OF g BTo LTS

sof tware. AgQPLdbngby withMic ro?@{’pﬁﬁ@l'ft& %Tfh&olceflexfefsaw&%ﬁl &3h ©P RYIGALiS ofUni t's
or nodules is intended to hi particul ar functional features for ease
of il ustr ativene,lewahddadmes a du erﬂécteglstarorf sgrvice deri  escr.eatl ifwrdhar gampfisisgc h
features b){ or, sof tware conmponents. In sone

rat.e hardware
cases, vari %@Bﬁ S8 SRS aﬂjéogmﬁrg\r%@B‘&éS% ¥ By ogr ammabl e processes per f or med

by one or nore pHEGRSHS hivdia RLALcAdNgltea it @ne demerplRetyiEkeiviteas
nodul es, devices, or conponents may be inpl enented together in an

i nt egr at ed vl &/hewin e refe aéeﬁ%troettaéwlth@ adjustsrtbe eodiug rateh@@h@g@ribtbl e logic
devices. 1Al RS BRRRC SwoRUERaSONPANERLE, Y 08 id 0L TR Bbpdgast 1 part
as one or nore 1n grate Cl rcui evi ces, I'ch may be referte

tocol | ecti pataynchss agsociatedgviti td figdt sewvide k¥l ce, such as an integrated
circuit chip or chipset. Such circuitry may be provided in a single
integrated circuit chip device or in multiple, interoperable integrated
circuit chip devices, and may be used in any of a variety of inmage,

di splay, audio, or other multi-nultinedia applications and devices. |In sone
aspects, for exanple, such conponents nay form part of a nobile device,
such as a wi rel ess conmuni cation device handset (e.g., a nobile tel ephone
handset). [00101] If inplenented in software, the techniques may be
realized at least in part by a conputer-readabl e data storage nedi um
conprising code with instructions that, when executed by one or nore
processors, perforns one or nore of the nethods described above. The
conputer-readable storage nedruntnay forntpart of a conputer program
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al gorithm and adjusts the coding rate of the nedia encoder by sending
feedback to a nedia transmtter that includes the nedi a encoder, wherein

t he feedbsiokotveeBs the nmedia transmtter to adjust thecraseog/ossse of the
nmedi a encoder.5. The nmethod of claim1, erein the nedia device is a nedia
transmtter that includes the nmedia encoder, and wherein the rate

adaptation al gorithm conprises a transnj.tter-side_rate adaptation
al gorithm 4@: THdC FRIRBE-63adablg Stprage ‘t‘r@ioﬁcfaﬁé%ﬁedi a encoder is a video

encoder. 7. TheWq}%}ghqqleq{le(ﬁga&meli,sfa\qﬁ&ﬁi@}égeitvggafl&rst control paraneter is
of -

selected froma group consisting a |l ower packet loss rate threshold; an

upper packet | osgeran éhetrhtceshpthion agbiithst copamises a rawswer-sitle rate adaptatiopnt

wi ndow t hat , specifies,a dyration of sl i di.ng wi ndow over [,.C he rate
nnpt at | on “WRRGD epf A Hidou et shak BEREdBER ST A LER lF hnaa
second packgddid @sSnfidrehBRAGHIR MR ncih RAQWME, Ritter SR B thé@RacR dRetathcon of a
sliding wi ndow over which the rate adaptation al gorithm neasures the upper
packet | osgnqdig wanspiiéeriekdjusighe Tdingratholthe mediaingeder. wherein the first
control paraneter is selected froma group consisting of: a mninmumtarget
pl ayout margin that specifies a m ninum acceptable tine between a nedi a
packet arriqal amdcoinpuer-opaubly seeheduddanplf apau37f i me; a maxi num t ar get
pl ayout margin that specifies an upper threshold of tinme between a nedia
packet arrival adyreieghegpeiedevicsisianedieapinyifeithatipghadesghemediapnroderpoi nt
value for g packet arrival tine distribution that specifies a percentile
for measuring a playout margin; a first target playout w ndow that

speci fies a dur atheetin dfc ratesddagtiatign Apodibw anerriseha chndninecr-gitlerandapt at i on

al gorithm oBser ves and cal cul ates a margi n between nedi a packet arrivals
and pl ayout ¢RI My m t ar get pl ayout margin; and a second tar get

pl ayout w ndow that specifies a duration of a sliding wndow over which the
rate adaptation al gorithm observes and cal cul ates a margi n between nedi a
packet arridlal s Tamdopipatcontadhle stonezcmaedivmof churg 8/, whaywouhe nedgionc®er The
met hod of claim1, erein the first control paraneter is selected froma
group consil%ﬁ’ﬁot%qo &h upper packet |oss nunber threshold; a packet |oss
nunber neasurenment w ndow that specifies a duration of a sliding w ndow

over which the rate adaptati on al gorithm observes and cal cul ates packet

| osses for 48onpdhicsempuisrreidablp soragsaaddsem|opskoim drbwheretirtbe Aot dontepdd a
maxi mum Real. - Ti T 1 SSI ro . P) gap value that is a factor in
a durati on%(%?aaeltnés %ﬁé&?éﬂ%@&%&@%@%fé{d?é FB%_cei ving a nedi a packet before
the rate adapt atilowciepagetilbdsnrudericstiodd, a burst condition. 10. The nethod of
claim1l1, wherein the first control paraneter is selected froma group

consi sting of a2RiupRer M¥CketAesratedypdOld:i nterval val ue for decreasing a

maxi mumrate i ' %m LAt er.V I f

i ncreasing a rna>r€£:ﬁrlrrlsjtr'ﬁa(1 rIa gettée}oﬁgﬁﬁ'g{ﬁ% aﬁf&lr.@fn e lfnrrgtgﬁg%lq E?éﬁisiam&l{?%\?&nde{%eslhﬁ{n e
first cont mahdpaoacretlach the rsteladaptetibrf algentamgnenspres dreslostr pagkof loss econgest
val ue and a decongest tinme value. 12. The nmethod of claim1, wherein the
first contr%br ﬁ}?i&%ﬁater is selected froma group consisting of a m ni num
bit rate, a m N ARt fate AU e ML WA TRASp LRl df drratiod of Bhe et hod
of claim1, wherein the first control paranmeter is selected froma group
consi st i ng sbflingavindayp ovy whickethehate adpraaticn agorihmanensates wiw uppet prsketdpes

adapt ati on a,[l orit is to increase a target encoding rate to a higher rate
limt; andr%e%éfwo wn rate that specifies a rate at which the rate
adaptation algorithmis to decrease the target encoding rate to a | ower
rate limt. 14. The nmethod of claim1l, wherein the first control paraneter
is selected froma group consisting of an uplink rate adaptation paraneter,
a drop hold paraneter, and an initial codec rate.15. An apparatus
conprising: a rate adaptation nodule conprising a plurality of control
paraneters, wherein the rate adaptation nodule nonitors conditions of a
network and adjusts a coding rate of a media encoder based on the network
conditions and the plurality of control parameters, wherein each of the
plurality of control paraneters specifies a threshold value or a timng

val ue that controls a response of the rate adaptation nodule to the network
conditions; and a client that receives a value for a first one of the
plurality of control paraneters and sets the first control paraneter to the
val ue. 16. The apparatus of claim 15, wherein the client conprises a

Mul timedi a Tel ephony Service for Internet Protocol Miltinedia Systens
(MTSI) client that conprises the rate adaptati on nodule. 17. The apparat us
of claim 15, wherein the plurality of control paraneters include a
plurality of subsets of service-specific control paraneters each associ ated
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a |l ower packet loss rate threshold; an upper packet |loss rate threshold; a
first packet |oss rate neasurenment w ndow that specifies a duration of a
sliding wwodow/as@s whi ch the rate adaptati on nodul e nme&€UsS30Ws875OWer
packet |oss rate threshold; and a secong,packet |oss rate measurenent

w ndow that specifies a duration of a sliding wndow over which the rate

adapt ati on dul e neasures the upper packet |pss rate threshold. 22. The
apparatus df* cl ditfCeBpuigFEtadable siosage; petium gh clagp 35@%@%& E@ts%m ted from

a group CO?%fa%{été}gs et oMl &rdRlinpbAyout margin that specifies a
m ni mrum acceptabl e tinme between a nedi a packet arrival and its properly
schedul ed pl ayoutminimen targetedayouwmiasgiy dtat ppeayfmdta mmrgim atéeptabdpeoef i es an
upper threshold of tjnme between a.,media packet, arrival and its properly
sbhedul ed praysue pdibekLRRER TS PhdheRl SCHauBa Iy BiEiet Sarr i val Vi me
di stribution thatmsp@ahf thegt ?ﬂa?&[t@ﬁ?ﬁih't_Eatfsﬁéciﬁ&aa'iM_fﬁpeﬂth?esﬁd)l@)&%nemr_9' n, a
first target playout wi ndow that specifies a duration of a sliding w ndow
over whi ch betrecenatrecdagipaskat dromalrnd uts erepssly soleaslubpd playgutimat es a mar gi n
between medi @ packeler arrio A0 PhAYULHL AT LG (L RLTHM.! SLask B! avout
margi n; and a secon argel% playout " wi n ow' tha specrfies a gur ation of a
sliding w ndaenhtdsr whdsafing hplayatitenagant ati on nodul e observes and

cal cul ates a margfj n between nedi a packet arrivals and playout for the

maxi num t ar get PiiEydatechplpgau windowHist spegiica e daragion of aisheing Wingsy Y| t he
first contrgl I LSt : upper
packet 1 oss elPREIE Blp fn AR L0 B ] B Bl ot
speci fi es @acket atrivats anfl playshi b g minirdony target playuut matdie; andt € adapt at i on
nodul e observes and cal cul at es pac Iosse% f or, conpar.i so(g to.the upper

et
packet |o0ss numefCNraSHon aY oA HERT SRTFTIRR AIWHTIRE OF p SHAAE S4Y Pr ot ocol
(RTP) gap VRLughich@le tak Aab@EPEIchRtheh SBseAll R lclal®a hiadlin BBM)vRASS
wi thout receiving a nmedia packet "before the rate adaptation nodule declares
a bur st comaidid pavket24rivath endaplppoud forstho maginaimmtarset pysutinargilhe first control
paranmeter is selected froma group consisting of a first m nimum feedback
interval value for decreasing a maximumrate l[imt, and a second m ni mum
f eedback i mer vathe\ampBtct-8faduhle kRASicNBeBurf®Y cAIHN3Y 2 Berkinthé firs? entid1€
apparatus of claim15, wherein the Tirst control paraneter is selected from
a group coméfasaitaigs sfleciediisemgaetp ¢asisEngAll a decongest tine value. 26. The
apparatus of cl %@pé%pam&rlg'srﬁu&@&itfhirgsﬁ&dgont_ro! paranmeter is selected from
a group consisting amnimmbrt rate,”a mnimumframe rate, and a
m ni mum i mage quglacket losd Aumbbemagyednaintl s/imfovwcihat $pcdibics widaragibi of helidihg St
control paraneter is selected froma qroug consisting of: a rapp up rate
that speci f184ovorgtvehigh theptepdemiationalgor @p&bﬁ@ﬁvwmgwéﬂ%m%pa@betil%%ase a
target encqgi & (o¥N \ GheL ok Bty a,anp down rate that
specifies ggllr%tgneﬂaa%&lv\i?i cﬁuﬂeglﬁrgteeﬁ;asgg%t g%i oﬁ%%ﬂﬂng is to decrease the
target encodi ng amaixemuo Redl-divae Trasmidsiond Rroto28. (RTRe gappdnathasis affacbmainm 15,

wherein the first control parameter is selected froma group consisting of
an upl i nk  AERR A5 TG R TRAF Bive PAOULIORT BHE Gatit BRosar RIRIEARS Plind an
initial codggth@ealgSithitNRcRRRA REUSOREtGhal M 13, wherein the apparatus
conprises a W reless comuni cation device handset. 30. The apparatus of
claim 13, wherein the apparatus conprises one or nore integrated circuit
devices. 31. A device conpri,sing: neans,.for .recei,vin by, a_.nmedi evice, a
val ve- for 461 v B SREPGRT RCgTUF Aor iy oG ad FB pdr Ak aS ity Coftl e

adapt at i on pat@itdrtifgeleciEfr@hn drbg EtisBtiadapi Btst @iiniad P Fdebatk MRRIaOT S
conditions of a network and adjusts a coding rate of a nedia encoder based
on the net welg feiodrsraapigad nagrdmpmgats| Lipial 4ngy seondaninirarmpesdiaelt @Egvalwher ei n
each of th I ' . rameters specifies a threshold val ue or
a timng Vg?ﬁgqﬁﬁ%%&%%ﬁ%%%?%hégﬁgﬁggﬁgﬁ of the rate adaptation algorithmto
the network conditions; and neans for setting the first control paraneter
to the value. 32, The device of claim3l, wherein_the device conprises a

Ml ti medi a 4Tel eph§s9MBBicyi¢adablg storspedpstiemof glaga a7, whereintas fisst eyt ns
(MrSI) cli J | 10 ' ' contro
par amet or s THm e S PR Pop BT oL YASORER LI Bhds Bcobkerflin

par anet er s velweh associated with one of a plurality of service |evels,
wherein each of the plurality of service levels defines a different quality
of service for a user, and wherein the device further conprises: neans for
operating the device according to a first one of the plurality of service

| evel s, wherein the rate adaptation algorithm adjusts the coding rate of

t he medi a encoder based on the network conditions and a subset of
service-specific control paranmeters associated with the first service



conprises a Multinedia Tel ephony Service for Internet Protocol Miltinedia
Systens (MISI) client that conprises the rate adaptation algorithm 39. The
conput er -woadabi4go48t or age medi um of cl aim 37, wherein treTaiseoialodg7ye of
control paraneters include a plurality 9 subsets of service-specific
control paraneters each associated wth™one of a plurality of service

| evel s, wherein each of the plurality of servjce |levels defines a different
qual ity of 4Ser vinb@ cppputergradpble stogrgeurs @POéelf-ﬂPﬁZi weerpwst{?? et coiwlt o cause
a progra : h i i 3 t first
one. of ¢ ne PR AT FE SRS QREREL AR FEE AL 6F A AN Pl Bt

al gori t hm aafustds mhemoodimge nadlgy.of t he nedi a encoder based on the network
conditions and a subset of service-specific control paraneters associ ated
with the first service |level.40. The conputer-readabl e storage medi um of
claim 37, wer eimhelcBpiREédIBNY isfoRadeSm@ iR dlaiRCS! WREreinARE iV 8EREA t he
rate adaptation algorithmconprises a receiver-side rate adaptation

al gori t hm @eadnzgirus sdeatdtelromdi gigun eangistng ofie nedi a encoder by sending
feedback to a median\LANeMA el Al Ll NeLHSSnE BS: IR AicRnEadery jper e n
the feedback di Fect8 "PHET PR FHRRTHY My Sd?us Pthe cdﬁ%ng rate of the
nedi a encodgireasé b tarfeencoding tR¢ to £RGAk etedindi;a@@ medi um of cl ai m 37,
wherein the nedia device is a nedia transmtter that includes the nedia
encoder, and whéraip dopa ratgitlat speepicsd 18i¢ AMGBE thp Fate adgptatipaglgprithm is to
transmttergs) i I I .42 The conput er-readabl e

st or age negfﬁﬁ%%ﬁﬁngﬁﬁg%gﬁﬂ&#g%g?%q?ﬁghﬁguyg£encoder is a video encoder.
43. The conput er-readabl e storage nedi um of claim 37, wherein the first
control paraneter is selected froma grou opsisting of: a_l ower packet
|oss rate tAr esﬁé‘ﬁ&?mQHteﬁ'ﬁﬁﬁéﬁblﬁé@%ﬂe eslh ode lrflf#e\gfﬁw@;th%ﬁﬁt P%‘Etmgacket
loss rate rﬁ%@a%&é"té%ﬁ?%led{\éd‘ﬂ&%ﬂ’ atgi‘éﬁp &Hﬁf&ﬁﬁg 8§a@uﬂﬁﬂ<%ﬂe%ﬁal%ti&1 ﬁdrérﬁbt@ﬂ aW ndow
over which the rate adaptation algorithm neasures the |ower packet | oss
rate threshlobmor lmidiparasecordd packigtl dodssratat e neasur enent wi ndow t hat
specifies a duration of a sliding window over which the rate adaptation

al gorithm neasures the upper packet |oss rate threshol d.44. The
conput er -r eadabl e storage nmedi um of claim 37, wherein the first contro
paranmeter is selected froma group consisting of: a mninmumtarget playout
margi n that specifies a mninmum acceptable tinme between a nedi a packet
arrival and its properly schedul ed playout tinme; a maxi numtarget playout
margi n that specifies an upper threshold of tine between a nedi a packet
arrival and its properly schedul ed playout tine; a percentile point val ue
for a packet arrival time distribution that specifies a percentile for
nmeasuring a playout margin; a first target playout w ndow that specifies a
duration of a sliding wi ndow over which the rate adaptation al gorithm
observes and cal cul ates a margi n between nedi a packet arrivals and pl ayout
for the mnimumtarget playout margin; and a second target playout w ndow
that specifies a duration of a sliding wi ndow over which the rate
adaptation al gorithm observes and cal cul ates a nmargi n between nedi a packet
arrivals and playout for the maxi mumtarget playout margin. 45. The
conput er -r eadabl e storage nmedi um of claim 37, wherein the first contro
paraneter is selected froma group consisting of: an upper packet |oss
nunber threshold; a packet |oss nunber neasurenent w ndow that specifies a
duration of a sliding wi ndow over which the rate adaptation al gorithm
observes and cal cul ates packet | osses for conparison to the upper packet

| oss nunber threshold; and a maxi nrum Real - Time Transm ssi on Protocol (RTP)
gap value that is a factor in a duration of tinme that nmay pass w thout
receiving a nedi a packet before the rate adaptation al gorithm declares a
burst condition. 46. The conputer-readabl e storage nedi um of claim 37,
wherein the first control paraneter is selected froma group consisting of
a first mninum feedback interval value for decreasing a maxi mumrate
limt, and a second m ni num f eedback interval value for increasing a
maximumrate limt. 47. The conputer-readabl e storage nmedi um of claim 37,
wherein the first control paraneter is selected froma group consisting of
a decongest val ue and a decongest tine val ue.48. The conputer-readabl e
storage nedium of claim 37, wherein the first control paraneter is selected
froma group consisting of a mninumbit rate, a mninmnumfranme rate, and a
m ni mum i mage quality. 49. The conputer-readabl e storage nedi um of claim
37, wherein the first control paraneter is selected froma group consisting
of: aranp up rate that specifies a rate at which the rate adaptation
algorithmis to increase a target encoding rate to a higher rate limt; and
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