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WD 2004/ 065549 PCT/ US2004/ 001320 SNMALL | NTERFERENCE
RNA GENE THERAPY CROSS- REFERENCE TO RELATED

WERPULIOEGATI ONS 5 The present application cl ai msP€TES2004/001320

priority of U S. provisional application serial

nunber 60/440,987 filed on January 17, 2003. STATEMENT
AS TO FEDERALLY SPONSORED RESEARCH The invention was
made with WngATONeTRIFHRENCERNAUGENE THERAPYNDEr
P50 HL59412 awarded by the National Institutes of

Heal th. The U.S. governnment 10 may have certain

et on FAoRSEERERERGH yomb RN T R Ghs

oncol ag¥,praefk HPheationbedideYhe fltiry BAULS. pudwisibial appkication
invention relates to a nethod of nodul ati ng gene

sprlawgiben6Q/44 K98 Atiled o Jonyaay 1V.e29008r encodi ng smal |

interfe (s w
Double-§?222%§§§&5§i%£ﬁga§éﬁggia e gEE%H%| gﬁ%%%a{or

RNA i mherihestivaevas( mhde withald.igoeanmeat sigpdrtuseidr geang number
enetic tool to "knockout" gene, expressi [ e
TSl 4 1B sHadh B 169 SaioRg dASitgies OBMEAD. ddised S government

13 1999). This gene sil encing

E%lnéﬁgﬁgﬁ&ﬂé%hﬁggg%ﬁ%gﬁﬁ 91io be highly conserved in

20 many eukaryotic F&#1LB OH THEANMENDIONf | ong dsRNA

into t |1 f [ I tq t.h

sequente. St £oHeg gy Hoopeeis) Bigh: garloey. and gene

HhARSE " NBGR- palfiSuldrf Ghe GSRMAABEIBRN 16 AHethodBsPROILERSL gene

to small (e.g., 21-23 nucleotide (nt)) interferin

RiXps{ien RNAS ) Iayivirhleveator ieoepdiig smalbintdofeersa RNA (si%NA)-

ri bonucl ease known as Di QS' ok et al., Science

287: 2494- 2497, 2000: SR GHOURED . Cel |

101: 2P Edle-dPandOPRNA (RERNA)ENAdiBRH g@h’é §Rnbing @r RN ARinterference

protein conplex, terned RNA-induce silencing conpl ex

(RNGQ) wanidisshvarehead nsedaashae Renstis doelde i knegkoriidgeng expression in

4 | i k . Y .
SRR RS A PO S S 0010
AYODREMER Sk %ﬂéndifli)% Phéibniedoh veastlateg €hed RNA highlycedneerved in

(Zanore et al., Ce 101: 25- 33, _2000; Zgnor , P.D.,.
Seihekangtic pols - Ineductipnoat: long, dsRA A aatodt eeelly of organisms leads

| 3 N : G-, - .
Jhtbe enadEPn el depRaGhed b it Jithe telfigipty, The lone
tRBRNA e ldudsseart heetablized he ematir(agd A1s2baucidotide (nt)) interfering
Therefore, RNAi is an antjsense mechapi sm_of tion, .
FENAS (SR As)s bY HeE AFtip TN SRARSTAONR AROBUEIFHESKIGYR g Dicer
t(é‘{r&ﬁ&k P §DLRGULE7-DY0VBFOR06H, St BaRSrePa Al NGell 101:25-33,
rules and recruits a ribonucfease that degrades the
120008t FNMAsiRNA molecules bind to a protein complex, termed RNA-induced

silencing ‘complex (RISC), which contains a helicase activity and an endonuclease
activity. The helicase activity unwinds the two strands of RNA molecules, allowing
the antisense strand to bind to the targeted RNA molecule (Zamore et al., Cell 101:25-
33, 2000; Zamore, P.D., Science 296:1265-1269, 2002; and Vickers et al., J Biol
Chem. 2003 Feb 28;278(9):7108-18). The endonuclease activity hydrolyzes the target
RNA at the site where the antisense strand is bound. Therefore, RNAI is an antisense
mechanism of action, as a single stranded (ssRNA) RNA molecule binds to the target
RNA molecule by Watson-Crick base pairing rules and recruits a ribonuclease that

degrades the target RNA.
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WD 2004/ 065549 PCT/ US2004/ 001320 Anot her
post-transcriptional gene silencing process is

wore@Hat®dd by m cro RNA, or m RNA, a ssRNA specPerUStiemn1320

suppress MRNA translation (Lee et al., Cell 75,

843-54 993)). Like m RNA.are derived fr RNA .
o oc uRBOREr Phbi ISP E: S5 SPHS PESERR TS SRHATEL DY micro
RX; A2 ¢ %RN‘A@ %%@Rﬁ‘A%%‘éc@i‘@hfcﬁrsli\l}é%aw ﬁraﬁsﬂkﬁﬁinf(ﬂﬁe 8t al., Cell
gené silenci'ng conpl ex nus & Sharp, Nat Rev

ToridB-3t, (1997))411ke( SiBOM, mlRlNA mﬂmwedrﬁm A peiseRNgArs that are

wliaeeLl Zn g shoPRReFy Shann e pSeEfis afe RRE spavence specifi

E&lel sPlehding 8bapTeRd S¥d, McMami3t& sawpt Net Rév Genet 3, 737-47. (2002).

doubl e- stranded si RNA bearing two nucl eotides

pr ot r imagmaaliap sieHs,3dsRaN dongen jhansIh pp can camseeRqresnsaific gene
d_ef I t

LGBRRER A SRS HaiSh! APURRCEP BRI RO, 21 m

sunftidtiet dovbEl-dfdAded sR@VE bearlty twoammiedtides plotragingdat Bhith 3’-ends
expressi ng si RNA has al so been devel oped utilizing

maxn@s@apqo@nomter@m dpsponsec pudj chigetrvel b(ﬁxﬁﬁeﬁeé]ggnceawamﬁc gene
% fﬁﬁ'ct%S fﬂf&%@q@é ?lg%cj(r) 8;3 fk@%ﬁﬁfeﬁc %ﬂgrlg)g&tev@} FS trahsient.

P«Iaam?thCﬂltNAJS&qﬂ&sm@OsiRI\IAB Jaf MbeenTkieVﬂ}cﬁ}iedc tiiNzng $mnedription
gene sjlenci by, si RNA- odi n | a ds d nds 15

Bt dtgr B pplymeeass; Eionapmalinn enl R PRLIN gfpmejprs. Wang
oY 78661 lf’.e)ﬁ?.@?s <’511!0ti74-9'12001§Jr h %Hélafproé Nﬁﬂ 'A&aa IS¥PUSA 99, 6047-

st udi es. asmd trans ectlonaso results in
52 02enThe sffEdtikenosp o€ gsnecmlencﬁng bgfsﬂﬁﬁmemeocgeg plasmids depends

léﬁg%y trgtﬁﬁeqt%gt ?@iﬁl@n Q{cg deslg? elBWof? gl%ﬁ%elﬁ types and, in

b@fﬁeﬁlﬁr Obr $h RNVA 8RIeES SPIQan{HOIDNAPErth%tﬁi%ﬁ £ r&@dRs in transient
woul Be desirable. 20 SUMVARY The invention rel ates

thehM&m@m dFenefifestive gormssifeneingnelgl a8 pHghtdeendesired for a gene

ﬁﬁg‘%’e?%@) ‘ﬁﬁéi%q Fa\&%tlﬁxgu%ngp%tideg nﬁiigl\f'lex‘;?‘éls 8 CSIQ?A e)rg]pressmn for

I\r%%&'p@ﬂodlsﬂw@ulﬂ%@dem@blé?nt i Vi raI vector encodi ng a
SIR specific for the gene to be nodul ated is

introduced into the cell.SUMMARYe | entiviral vector

is 254.ntr d

2SN BBl ol ke i o
Gﬁi’fﬁés&ﬂfiﬁt acail ﬁﬂlb‘l’g Seﬂﬂﬁf[mb%ctcpramedih'g g sﬁi(IﬁAeSB) modolite (e.g.,
t h

g@ﬁg hy 'Hea{no Eﬁeﬂr is ﬁﬁfoﬂﬁé&ﬁ irth A dé'fle(bﬂc% fh%d}éﬁﬁvual vector is

Xpr ession o a particular gene in mammalian cells is
ﬁﬂmdlasm iedhe lce]ﬂ],t thei siRN AV emi@nke(D nis catipragsqsloind héts to promote

SEASPn & R SPRB RRC. GRHEn St I OPRIS APl BG e gene
§ﬁ d%db?’&&rs@% @Rcdsn @ murine hepatoma cell |ine, and

uced rapi d apoptotic cell death.
In the experiments described below, one example of a lentiviral vector

encoding siRNA used to reduce expression of a particular gene in mammalian cells is
described. Lentiviral vectors encoding pol III promoter-driven siRNA specific to
stem cell antigen-2 (Sca-2), a tumor specific gene, efficiently silenced Sca-2
expression in a murine hepatoma cell line, and induced rapid apoptotic cell death.

A significant advantage to this system is that it can achieve stable and long-

lasting expression of the siRNA. For example, in the experiments described above,
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A significant advantage to this systemis that it can
achi eve stable and | ong- |asting expression of the

waR0RMA6sSHor exanpl e, in the experinments descri BE€mUS2004/001320

above, 2 WD 2004/065549 PCT/ US2004/ 001320 Sca-2
expression was inhihited by nore t 0% after. .
P&AE | FPFAPION | ARty DY orf e o0%h .a%ﬁ/b(fl%%fﬁ% Sfg vector
fhdR0GHY @/Hrg&\éer,l A Stbning! &ast 1401 AORhASWENRBNtESVhen the

vector contained a reverse-oriented pol I11-siRNA
YebtbrtdontziiedexpeesererititeppadBrtiBN Avel ow show t hat
lentiviral vectors encodin 5 si RNA can, be used to .

| nhi biediopal SxpeReRRERSRTER Elo o (ableAtre |Vae_f’€°rs encoding
SiR Yﬁ( &hn beRtdaub iibit SirRNCpNAEbRS cé18y. datpanitulad] devplablentiviral
hi ghly conserved reg! ons 1h the HV type 1 (H V-1)

SR Eectersdangeting wpbplahighlyaonesivedaegions ghthedti\otype 1 (HIV-1)

roducti on.m ght .-have heen t .
BoRe A B JUSERL AHRGE ol B BB IR R v
BXReRA! tol Be khishrERbd DeciROSHINYCIT the SIRNAsemtgeting ys$tee Were also
t he production of these lentiviral 10 si RNA vectors .
presenidn the laglperi construcy ohfheateeion sysypanthe Pseditgtian af Hispe lentiviral
[oF I - . es i . i
GRSy d GRSty S e s
aRldubatclrs ofiRNAs tatgeting gug, Thrdsir hadipy igemds «ffisiutly inhibited
vectors al sQ protect edPgost ,CF| |

f
sspegany At ABrSHERS,  Heer dPHHGEL STRM YoRIowE Blsp Rigiegigd host cells

ot 0Xi.Gj 1@[‘1‘?%' , tl L1l r o
gr%]{){;no N ?ﬁé}ﬁu;iﬁl_lfon éc ’eg{a%}?g%& @%S% gﬁnga (% e?llﬂgllci (ﬁeé%\(/i)t? }rﬁmt}i'S And
trandduviicralof 5i RiMAstermsehirordchliyningécidl duinahilpinphomaofell line with
H V-1 replication.,.Accqrdingl. i.nventi.on features
Senfigiel SRIAS r_e%@tf% fn itébﬂ@ }@T@lﬂﬁ% of ﬁf‘ﬁé&ﬁ? SR
vect oo fadioly, NGé HileRtch REAHQO] icHBvisAALERE fe.£N6 QB Mhcavating

smal | interference RNA. The lentiviral vector can be
voetor) ibatinelddes 4 miclecdide sequione encoding asmaliiderserange RNA. The

ILnterference NA can on,specific for. .
QUSPLYEl e he oah SerEA eIE S BrtiGal hiof. IR Sl pgertorence
ReL ichih Be ©oBspacifie Fer PEeeeibodifted@withl daBicdrauth as BEa/ or it can be
such as gag, pol, int, or vpu from H V-1. The vector
spavifin firiaigens prasswbin 8 vima(e- 8o YD) suchhapgegropes gnar vou from
?ﬂt%’ ucl eoti de sequence encoding the small

interference RNA. The cassette can be in a reverse

or i entTieiveBtollca iffobudsad chsestiecthhtafchiipesvd promicteraard the nucleotide
the viral vector genone. 25 |In_anot h%tr‘jdgg ect, t

he,
iseAnsnes eRcadang theesmall AerganaenBNA- ndibg ok etftﬁeéalét@glnoﬂ reverse
kﬁ%ﬁﬁﬁ&% b0 sl Bl b ohdiRh WREIEBErg Q0 tld\Virdl GHH dciBmme.

€. g., one including a nucleotide sequence enhcoding a

smal | Thnihethkengree thi)ventivn featwed b. mdthed diedtlindadesbiesstep of
manmal j an cel | ,SlIICh as g human cel |, The cel | g‘lan al SO oiid
peiroduetigop lewiyiral |ieeton ety F | RY PHIRTofS §-h EPFdPHBG IS @ (iRl eotide
ISDYRAEL Yicodile S TRkl IR dRE SRER) RN iaScell.  The cell can be a

mammalian cell such as a human cell. The cell can also be a tumor cell.

In one variation of the method of the invention, the small interference RNA 1s
specific for a gene associated with cancer such that the step of introducing the nucleic
acid into the cell results in decreased expression of the gene and/or death of the cell.

In another variation of the method of the invention, the cell is infected with a
virus and the small interference RNA is specific for a gene present in the virus (e.g.,

HIV) such as gag, pol, int, or vpu from HIV-1.  In this variation, the step of
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30 specific for a gene associated with cancer such
that the step of introducing the nucleic acid into

W0 b@4me3sho resul ts i n decreased expressi on of tPeT/gsI064/001320

and/ or death of the cell. In another variation of the

nmet hod. of theln\(ent t he cell cted wth a
RGN Hecbiapp e CoH £k el imdie nﬁﬂﬁlﬁl@elqﬂ rgpliggfion of the
geRsiPiesent in the virus (e.g., HV) such as gag,

pol, int, or vpu fromHV-1. In this variation, the

step Gthe GoWD B 4h GBS BzEshadCT] thszi@@autﬁmminclude_a cassette that
Fﬁ,ﬂlrlt 4 og?t"zf'g tgli,e a% %%tn]u%]ﬁgtgc}et ?(%]él%r?%el 20y r& el EIEI% |1ntereference
WAV EEhPEasttiREah Be il & réRiRAieafatibhior b M%Ed 8ReR@bn relative to
include a cassette that features a pronoter and the

ST eBSNEY €1 &0 geRaT CBaldng o g YirRd SsRenp) ithihe Veqtethcdhestep of

T v [
flllglﬁ\cllauc@% tﬁg 23 %1{ 1?’1’6 n@lrg é:?ﬁ g, e%?IE jih %{P?gss%gno?gﬁﬁﬁc?%tﬁe s&quence

%ﬁﬁ&ﬁn%fﬁt kinay interféreRce/RNAl fogngemthan thrédweskgct or . The
step o i ntroduci gﬁ the vector into the cell can
resul tUnleﬁSeszﬁbplé@§¢ figed, 1 3lk tephmicabiisrans wsedubsigia have the same

f I
SIS, BuA O SEAE 658 RASAn SIVSE i 88 o vich s
tirveimion beldnper @omntmi/;euﬁdestaﬂlmeﬁnitﬁmm maiepudes blology terms can

HRrEoR iR L ClevBR LB i gestoabApMojeeula 5th editon,

@g@gét "99{1i f%ﬁév@ tdh nlg99‘i”c aftPL e @en@é QﬂIP QLYXIBﬁF URiveRlty Press:

und R eger et d ossary of Génetics:
Mlevs Yiodal 1996d Cﬂmhmomllya,m,deﬁmbdeﬁﬁmtmm of virology terms can be found

Shicsripttind ey Tcedopedin gy Foiog: 2belfim Arafge bress: San
lm@g& LA OPbgéefah@ TdAen@Dathil The Syrih&rNEd&ast vﬁuée@um edition,
In Granoff and Webster, Encyclopedia of Virol og

Z?rpdme@h-wmg ANcardl e Yioek, Pr2663: Shpmimprdyo, und:ﬁstoméggle%amns of
S SR B, SRR SR Bl R g Nhovitoes

Wnd aslibagst Bieldgyl Sidauasical Johi WilepROS&GY Ned Y HE, i(mnd
in Sll\/digl eton and Sai nsbury, Dicti onar% of M crobi ol ogy
R

and NMEhethglterm Eesroipymeant g n@@lpncu a@w mglspwe Wpat egdes fapmparticular
AR bt i e oS, oo 85 BruHRAPRN S iSRRI, 2

pr ot ei A used Herein ahé &trm 'tmstes" reﬁeré tha hiiclgigl aca molecule capable of
structural RNA rml ecul sed her e]

"HABERHNS a@tbq%@m@@l%a%a \a!h’e alchag been Eeléﬁde Qéélﬁa%ﬂ%ﬂaf the term
t"ﬁé@%gglr Ldchg §'a, VU %bﬁv&icfrgmt e Walfrth rfucﬁ%ﬁd&%%ﬂuences

use ere| n, the term ent|V| vector’
nmﬁcpreﬁo)wleatlvm or der| ved from (i.e., sharl ng

ety ISR eﬁﬁé%ﬁ%z m@«ﬂti@\w@f cafle n BREA Ykt about 21-23
t%@le%ﬁhésyloﬁ@ﬁi& ndta#3 messenger RNA catalysis.

A first nucleic-acid sequence is "operably" linked with a second nucleic acid

sequence when the first nucleic acid sequence is placed in a functional relationship
with the second nucleic acid sequence. For instance, a promoter is operably linked to
a coding sequence if the promoter affects the transcription or expression of the coding
sequence. Generally, operably linked nucleic acid sequences are contiguous and,

where necessary to join two protein coding regions, in reading frame.
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nucl eoti des I ong that nedi ates nmessenger RNA
catalysis. A first nucleic-acid sequence is "operably"

wo 2okeesswe t h a second nucleic acid sequence WAETYUB1064/001320

first nucleic acid sequence is placed in a functional

rel ati hi 3 th.the se ond uclelc

sequen/gg151 'f%‘rn}eﬁ?\flylﬁr?élg mgte&a 10 ?ﬂﬁ’éYai‘B}t to) thogse glescribed
t réin Gall bB ds&ERAURS ﬁﬁlchée éﬁt@st ngﬁ Qﬁ@ﬁre%nft %%ﬁtl&ﬁ‘ &uitable methods
transcription or e‘;&)r essi on of the coding sequence

caewemaﬂenyls agpeesaribegd belawe dlhpublidationss ipdicnteppdiseiéonsapatents and

e_necessa 0i_n. t wo
cAr S Pt e RS R Blrd o b St B g ey 1
F{ﬁé'/ché‘é?%ﬂﬂi ARO prAkhtupeeificaiin Qtsuding domiigéhsaval control. The
S|n1lar or eqU|vaIent to those described herein can be

uRssdculer qrpleodimens idissussed thelawy ag ifpstrative nkys amd not intended to be

ﬁll%l on, suitable methods and materials are
dlescr bed bel ow. All publications, patent
applications, BR[@DSES@K[PTI@NGF THEGIRA&‘HN@@nti oned

her ei .are I ncar por at ¥ reference in_thei
entir et L isha schematicd %st Btiop gf fqniiyiral %IR%TApﬁaé&eaﬁg Sca-2 and long

SRRE | shipratdis) og gEE |2”92§H%s af éff@rdlblbﬂﬁraWt}alns(ﬁﬁBBﬁm (A) TP lenti-

particular enmbodi ment I scussed bel ow are
i iRt vemtarsgstoml andarnichl titers. | The2dadStas2 RN Aitaigti sitg. from nt 340

RI .DESCRI PTI OF THE W NGS Fi J
BrIB04T o .5 P Pregitih pavemyer-anctdedsiNA sismr-iong. (®) The
36&1—311@@& VeRfd sygtgmt eTH: IHOVA SRR casithe 2{6 Sca-2 siRNA was
expression aftefr lentiviral transduction.

| igseried infoRRMsdecing et gis pEXF eitthlacZr adtweért thesqentfhlepcﬂjtpunne tract
et te fro to 360 i.s sho

B8 D B0 it toreoimbt B SR gty ARgRIALON. Viral veetor

??%én@x%&d HyRo- Errﬂﬁfecltlﬁg b3 P bﬁm&vfﬂ?ﬁi‘% teNShRMfg pPlinid, ech[P and

expr essi on casse Sca-2 si RNA was i nsert
ipHE)FNrSé/F@QLacmr@ vect or pTYF EFnl acZ bet ween t he

centr ct. 15.(.cP and the EFla

pr orm?l; gﬁ?ﬂ%}c 418 lPa °£|(’h rl'g&) s SENQPP SHychiiegRRNAs and the
st aF sﬂmA Qir%et\/‘@ﬁu&%ﬂ The dikWA ctagtetr s faﬁ&aérfa)@edZa&%% the dash-
cells with pTYF transduci ngj pl asmd, pHP and

pieR- Wl @epome nvits therd gand237 splise hmmncﬁlﬁes Im@kafchby @mrowheads.

S o S0 BLVASHAS B S B Syl AV -1

denot eftlg aB) dy echédigatitadlstratfdonl dMRatiVirdladecge nuomBrdtd And Iib@edlcted
and 3" spli cef| unctign sites marked by arrowheads.

ﬁiw%Néq NSt Eer dbe featites of gae-Balodnd XS&G@M@W@ gestructs and the
4
ﬁ@ﬁé%c;flg%ﬁng% %lggag fe l'ﬁhéér&g& The gT pfm el am@ %g?s%ﬁec is cloned

entiviral vector ons Fuc
pipstiéanh ed thes ERll\hi\ntabEuepmrta gehbie Aleailiusaatedfargdg: pretlicted stem-
nd VSV- G ex esskﬁ; %g,q,nsiir ucts.and the

e &1 s orPolr@erh §il§st rat ed. The HI
pronot er - si RNA casset t ¢yfs g8 IENBESCRIPTION

The invention provides methods and compositions for modulating gene
expression in a cell using a lentiviral vector encoding siRNA. In the experiments
described herein, lentiviral vectors encoding siRNA are used to reduce expression of a
specific gene in mammalian cells and to inhibit HIV-1 replication in cells.

The below described preferred embodiments illustrate adaptations of these

compositions and methods. Nonetheless, from the description of these embodiments,
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25 upstream of the EFla-nlacZ reporter gene. Also
illustrated are the predicted stem | oop si RNA

w@e@a6ey and the 2a poli target site. DETAI LEDI/US2004/001320

DESCRI PTI ON The invention provides nethods and
conpositio faqr nopdul at ene ressjon in
lfghq#gasaeqt%ﬂﬁs § .lmaqnﬁ%&%iﬂ 3}?%8&?9@@ ed paped ga the ¢ Geseription
§§ g 30 descri bed herein, lentiviral vectors

I ng S|RNA are used to reduce expression of a
speci fic gene in manmal Badogiedl Methods t o |nh|b|t HI V-1

;ﬁgghﬁﬁﬁ ogs Hl’o gll[lé g%vegﬁgﬁ A?C}/Yg?@arclf {J (gh%flc?urers eage described
QRARAS SLbPREhMGHesBE Bkl e B8t zirfdoalfb {dB&ribed in detail in

description of these enbodi nents, 5 WD 2004/ 065549
poTthoblenAretiseooiches Moleadpddoaings Atlpborataraiiamial, Gad ed., vol.

R SR A SR RB PR B E B R e oor
CN'YVE,’!UMO@ﬁdl Clmﬂeﬁt?l!fo%cdm 2l PlctRE Bikblqglﬁseda%@lsubel et al. Greene
described 5 herein. Such techni gues are g;nerall

Bibhishing ande Wiley-dnigrsgieacaleNewi beatki 1982t Gwith j periodic updates).

I I
SEHPIE PG LOaALEY g hera SABdE nhemic i
@eauczfg& adldSDdiﬂn[’tﬂeI’slaTétﬁdf Heﬁb%ﬁl&ﬂ%‘l%?@&%l GalddvVispedcoget al., J.
Har bor , and Current Pr ot %CQ| s in
Mbie Cehiea chm b@%fﬂ%ﬁd 198ls ubdpmigal gynthesiy @fpancleic acids can be

P ng,a

(]:\%?% hrﬁg%r ?)odl C pdat es‘;ﬁ'&%g&w n@?odn A}?%Vro\(%%@?ﬁl%ﬁﬁi% synthesizers.

Yorvieatiorml afethuds lofigenathnidferaand ghine chesggdarefdescribed ipl @g., Gene
rryuthers,

SEhorsi T BERIC s ADRHER e ot Dlepaptet, Springgy Verlag, 1999;
Qﬁ o agr(jﬂ%%c%@%Me&%@ inCRESTEGAdr M/éaﬁé‘ﬁe?' %dOfP D. Robbins,

s can be performed, for exanplée,
cﬂwnma:ﬁ’labs a\a%mﬂdbbtmkvagmwﬁirébnnaj&slemgmz @dsC P. Hodgson,
ggnvent oqal gg hods of gene transfer and gene therapy
P‘i Hed Gene 15 Therapy: Principles
and Applications, NdeleﬂsAcBh@ﬁiﬁemﬂ@H@ofﬁwi nger
Verlag, 1999; Gene Therapy Protocols (Methods in
Mol ec ke inverticn preyides @ nupleic ag st Aincludes aientivingledsstor; and a

199Y€op§§ gg%RLﬁ ce §¥r F&ﬁg 3 s {@ﬁ?;%%ﬁ%?ﬁécﬁg?agy € %ged to inhibit
adighrdvbibh @d @ t@fgetUgﬁeaﬁ aTdéH iThedaitiviral pecdos medomonthel mickzic acid

acid that includes a lentiviral vector: and a
riFevidet ise seqrsaese nessewaY er Brogretien off NEUR dBfl epprestipy of the

Cﬁﬂl%%ﬁdé' %%gm#lge eﬂ@écﬁh [gs SHRN siRN 2 fﬂo?{iil 1 SELf Q é‘ %u&l@lc acid

a ce |V|ra vec or portion o nuc
agricddes a polynucleotide that, when expressed in a cell, can inhibit expresswn of a

target gene by RNA interference. Any lentiviral vector and nucleotide encoding a
siRNA that is suitable for a particular application of the invention might be used.
Several examples are described below.
Lentiviral Vectors

A number of different type of lentiviral vectors are known including naturally
occurring lentiviruses such as human immunodeficiency virus 1 (HIV-1), HIV-2,
simian immunodeficiency virus (SIV), feline immunodeficiency virus (FIV), bovine
immunodeficiency virus (BIV) and others. See U.S. Patent No. 6,207,455, Because

of the many advantages HIV-1 based vectors provide for gene therapy applications,
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provi des those sequences necessary for production of
virus and expression of the nucleotide sequence

wer@adsisg a si RNA. The si RNA portion of the nuetBUS2004/001320

acid 25 encodes a pol ynucl eoti de that, when expressed

in a cell, can inhihit expression of .t arget ne by .
°iaft BiepEbnRisieriedy alﬂawgii\atb%ves@& 3?ﬂvefﬂd@mcq%§%h lepgviruses

e RIRPbSused b ¥Aad iR the ffSihdiiR! dBsdribled Befd. L | Cul ar

appl 1 cation of "the 1 nvention m ght be used. Severa

exanplTes render dBEV+li bledved | wators emafd \andakffigeant ofos 86neA therapy

nunper. of. different t entiviral vectors,are

RHBli i ot GO 6r G Rgfote L TPPYG efory, b8yt spanence

3Bat WERR thPoRIGEDA Of QA typer Heuslby FcYmbinatibh Mvighout interfering

si m an i munodeficiency vitus (SW), feline

ivrithuthe detuss siffegacy and r(%)slnéﬁt\mtewiﬂgoné sequeneasdd engregse by efficacy

AR AT o FE e By B v
gir@ma(li ONAI FergahbR! Bedausp pificteat spiBesis 6 MB/-1 Gag-Pol requires

004/ 065549 PCT/ US2004/ 001320 these are present I%
prtecEyatiog, ofdhe hdBgmdshaitergetionf ReydkiRG dej nyedisnte Bdhear export of

I iAVi 11 '

RS ot il AR T BE HILAAS e s rosor
veat durtisad ef aifidviat Vpehrdnef havedwor shdwven appe dispensable for viral
application, it is_desirable taq ) del ete the maxi num
arRjisAtionfone REMPry a%t%éwa@%eae d@effg at avoids the

pr oduGity Y L & L %Qﬁ%' [ | t
inter flteﬂreiofr%g%rétwh%?hdéy@ ?rt%éé E%%P P%%é’? an %?%e ?gr%lslger)t},p% °g- to
hetreonlcagsiristed dopse nelk sropismi. nFore asamplb elentifiral awygtoropseudotyped

S B B e Wi,
hes ﬁ%ﬁtiﬁflfidkcbieﬁﬁldm’é ReshdiRtiohlcn be@Raud2al by &?k‘i‘g'rﬁﬁ@ a three-

tat "activation of [ [

_ . LTR and the interaction o _ '
RdasnFREoitnsfediictt sirategyl Buirveetep pradugtion 0SweNA thregrplagmid design

f.unctions.should b i ned. .On.the other hand,. . .
oS e Sl o Bl gt s Bl Brp oMty yire prgieins). 2
ap@sdRingd) Fé6oP RBAStEREWPTYP-NR 7] thReBEcdee  QIRNAN ahd the viral
replication, one or nore of these m ght be del et ed.

Beaome Nehigh eagries/ Eareigs gshe cassctieyenerichgene).gind VS -Genvelope
pseudo 2.0, , o 0 : I t; I
SIS 588 i e 50Ty B S8 BB,
TR ditiohll suaiyotit axpreésivrbpladrniel (igl, ustras{cBMotplavinidonstruct such
enveIEg?pes m ght be used. In addition, the potential

s PlcESH-1ah) mai gt abeo heowdiasinat i on can be reduced by

desi grp NGhiAnld88y, PSP gnﬂvﬁa-\legﬁp ﬁfi%ﬁtails%_rbg%} k& PGYexample, a
for vector pr O§UC¥I on. Such a three-plasm gesn gn
iSIbl lenkderah vagbpean womade by inachti®ingtthat’ Bdqudester led deleting of

JBbER baeiace aspber JugermtninttosRosHee 3 U RATARgant for
the iﬂﬂeéﬁtltion into a host chromosome. A particularly preferred construct for
designing vectors of the invention is pTYF-nlacZ shown in Fig. 1.
siRNA Specific For Target Genes
The lentiviral siRNA vectors of the invention may be used to modulate
expression of (e.g., silence or suppress) any suitable gene (i.e., a target gene) in a cell.
Modulation of gene expression in a cell can be assessed by detecting a decrease in

transcription or translation of the gene or by detecting a decrease in the level or
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20 genone which carries a foreign gene cassette
(reporter gene), and a VSV-G envel ope expression

w@b@gnbd4 e. g., pHEF-VSVG . To increase vect or PCT/US2004/001320

the system an addi ti onal eukaryotic expression

plasmd_ (e.g., a transactivator plas onstruct such
AetyibERhay amre?ﬁuwro hldege ARAICRBED) GrlierbRapes compared to a
%@Bﬁ'&%ot @vnﬁlthk le‘ﬁﬂ(riréﬂ' SIRNAUREL P! mi ght al so be used.

or exa entiviral vector can be made
by i na{ntsnmat uha geprmna’lts ld3sqm’o©drdtemm am tentizirel vengorovas used that

al | giege? gﬂ% Nglg @%&%ﬁ%&ﬁx‘ ?ép?g%qn@aﬁ{l fh&lr s e%]ér?etntso (ri]escrlbed herein,

anfeﬁﬁ'{}l?él'\%etok RéR el Qﬁ*c{t <nBERADS ARBIA Apdafid fcﬁb!ﬂ-IWJl)’genes Other
preferred construct for de3|?n|ng vectors of the

igenes hpwavdrsmpy Ye targeted fartmoedvlationie g, suppressippor silencing) using

j&&v&a& 5185104 K%c??rgvgﬂ%sne ﬁggrggtg lglglg fvi{% asuﬁ\@\@éctors include,

SXEHORS Shatioh, theseOvhoss keksragtorDis cdttpRiedSHith amnlinddsirt@phaotypic
ene a target gene) in_a cel] Modul ati on of

é&w,e’g@mé rrelating teepancers heumaigide anlatis gndi stimises mrght be

S AL PO, 0 g o
2004y, @ffé@é&i EKEB'JB)S@WK 13 2RnedEtd. vichys afcoding ep1dermal growth

expressi on_product po Iypeptlde) of the g
dacteonpigd eifst ae%@ptq;onf iPiiblasbr STA%Th. (TREOT BiRing rptem), matrix

TG ol SO (0B AR Y Iop S ot s
S(B B\ths paei encedihg VIiAr6 1ﬁeg=1®, tpeme suppressoheenes (e.g., bel-2 and bel-

eri nents .descri be her nt| |rw
RBOE R EECodBY MORTFNASse: R Ialpid gt ifs rofated genes
Qﬁﬂﬁ? 6 @ﬁa{mﬂ@ NEShes RAYSNES stréBYIyHR énﬁrtﬁﬁfo? Ghebr@Eis factor. Viral
ation (e.g.; suppression or silencing) using
| genes mc]rudb hsnmamélomnsrus @enesy(relatedcfor axagmle,do \wsivingpl cancer),
lLentiv RNA vect o S I nel ude, t hout tion
B dud T Rpesa SR Tue PR LML el Slpote. o
REEMALY PNemetd @i dther [5ehes rdQMAStd flegd HiR6ast® of BEHEEY might also be
rheumatoid arthritis and viruses m ght be 10 targeted.
Gargeted- r el at ed genes include oncogenes (e.g., K-ras,
c-nyc, bcr/abl, c-nyb, @oﬁ&ﬁ%lexﬁenfté)s and cerb-B),
growt h factor genes (e.g., genes encodi ng epi der nmal
gr owt N enttiairhlovecesislwithin the Qﬁvﬁlﬁbn cén b¢ alaldasd c@ttgsintvarious control
factor-binding protein), matrix netall oproteinase
g@(ﬁ@@m suqh as @ @gorg@tﬁ)éregqmr{@gw Gy 2 regulatory region controlling
t
3@&? Zﬂ)llg nrbtr;r%)b?tﬁty ’1\?% %ﬁ{)ﬁé%mu%galg’s or ({égglggﬁ]l%?tgﬁg Qgél{l}gfd, 20r cell- or
aigudspecilfe HKpessianpi Iammtmngmne‘ﬁon stand sitreataaﬁioabme binding site,
genes Rheunnt oi.d :i\rt hriti.s-rel ated 8enes i.ncl de, .
LePRFesIgeT @R e HBRACHBIST FERERYER Site e fopolyadenylation
gﬁ psis factor. Viral genes include human papilloma
vIiTUus

genes (related, for exanple, to cervica
cancerBndogenous lentiviral promoters can be utilized in many applications,

although the use of heterologous promoters is often preferred to increase expression
of the inserted exogenous nucleic acid. Any heterologous promoter compatible with
the particular lentiviral vector to be used can be employed. Examples of such
heterologous promoters include the SV40 early promoter, the mouse mammary tumor
virus LTR promoter, the murine leukemia virus LTR (MuLV LTR), the adenovirus

major late promoter (Ad MLP), adenovirus inverted terminal repeats (ITR), a herpes



10

15

20

25

30

hepatitis B and C genes, and cytonegal ovi rus (CW)
genes (related, for exanple, to retinitis). Nunmerous

w@rdencgenes relating to these di seases or ot heeBURL0gH01320

al so be 20 targeted. Control Elenents Lentivira
the invention can be, mad

vectors wt nt

@gml%svwnaﬁﬁ\’) PEPRAEHt § RIBRRATER Sugh pqsoﬁ%ﬁ eMV tinbiate carly

E)?&Hl)t@f Qk ohe%mﬁi 9. Rofls 'QEn3 Qfidis" B8P promoter, synthetic
ontrol ling iInducible or constitutive,

@nuotersybyliral prpmotars,déhvez popHend abl 1L amgwatpe@mof@rs and the like.

ell-..ar 25 tissue-specifi.c expr essi
8 AL RPe RUERET; SENGH GouT s RUIR B oo, s the murine
bhdiflidiBiofiéih Bene aP tHEVeRIIOSRSRINT FbABRE, meht also be used. Many
transcription term nation site, and/or a
;smly @m‘yuemsﬁqmnc@' givatommarsisdn availablen fiom, reag., Stratagene (San
BB SRSt 55t BB R P R rved om

e h&iveeebnitro] b&%&%ﬁaﬁ@ﬁﬁf&ﬁ%cnﬁﬁbmﬁf pheesi eﬁhﬁ@chhg eta-actin,
exogenous nucl eic acid. Any heterol ogous pronote

@B EioBraiein RAMIRe o Retar gloluin, | Tbrdi and: hﬁtav@f@fféﬁont o Sl other
lﬂ:%ﬁtgolcé%}&ngﬁs él%%@ﬂb E%%ggﬁ!:lﬁ& ﬁfe e%'r‘f thH %&{){Ol ggglg)sepromoter,

pronot ers |nc éart ter
rmermimwn §peoific pryinbies, dnﬂ[ﬁiaqocmemrancérhmtmutmr}gbhé pkemotar.

b omoBReie RSy Hhr AR RLETH e ob AR Hapogenous nuclic
8%@; %@ogﬂﬁ%m BRARAR mQyVBQ 8&94/ %QS%%xmgle the tetracychne-

0013 si npl ex” virus pronot e
pnduwiltle rexprestiomssystem (Baron rwuddBajaBi Whgds Enzzym@le r327 401-421,

SPbn et B bR RO T B POV, S Enag e BB Gene Ths.

and 990310 RboANcbwA baluskd. O'Iﬁd&ib?e 1@fR kD SiRIN A &ectotcontaining a
addi ti on, sedquences derived fromnonviral genes, such

abiméres tetradyehnGrasponsiveotltmeniand pgeliepromotdyare particularly useful.

Cuch Syt BEats bl U8 ithno Bl Y bF oP koS MRES o HRMWicic acia

feh@cﬁﬂm% aOsiRNA (AFRBER@aésoRe thaDieGObe Gddettbd JintoQ@ hekiviral vector.
contr el enents that night be used include those

daieh weagssette eyt breinsertadvia aclsniiyisdl vepterithe $ompiged (same direction as

tﬁeg Eén%%v?rflfo %&@?ﬁ& Bf 9&epsfeo§§g(gs?t§ _ecgfegghﬁ I%ﬁ bcﬁ% E@r@ﬁﬁfgﬁ aequences)

ganms

| bﬁ?ieﬁtahﬁﬁ er Fer stng-t‘shnl expoédaion 40 tieORIRNA, eherendrse oliaitation is

m ght be used include the el ongation factor 1 (EF1)
prefesedr See Expmple & bglovepeci fic promoter, and the CW

enhancer beta actin hybrid. 0 OonRii&Fs Were it is
desired to be able to reguFate expression of the

exogenf@mscanmﬂ eeildinecha can he trendshiecdcwith rdéntsleiesdter pagtcle can
12 S oS TRb ot B bR e, Bfrman T cen
qﬁl@),"ﬁé “ARd (human T-lymphoid cell ling), A3.01 cells (human T-lymphoid cell
line), C8166 cells (human T-lymphoid cell line), COS-7 cells (an African green
monkey fibroblast cell line), human peripheral blood lymphocytes (PBLs), monkey
PBLs, feline PBLs, a feline CD4+ T cell line, 293 cells (a human kidney fibroblast
cell line), 293T cells (a human kidney fibroblast cell line), mammalian peripheral
blood dendritic cells, mammalian hepatocytes, human mast cell progenitors,
mammalian macrophages, mammalian follicular dendritic cells, mammalian

epidermal Langerhans cells, mammalian megakaryocytes, mammalian microglia,
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15 2000; Schonig et al., NAR 30:el134, 2002; and
Lamartina et al., Hum Gene Ther. 13:199-210, 2002)

wa@onkaedsed used. | nducible lentiviral si RNA vecPOr/gS2004/001320

containing a chineric tetracycline-responsive el ement

and po 1l pronoter are .particularly useful. _ Control
{1%11 stttrocHies.q Rammatia %gpﬁ al&pamayrmahﬁ@eoéli)%f cells,

E}Rﬂdﬁﬂaﬁa&f)&ﬁlhﬁc&ﬁcﬁ%fnﬂﬁh@n ] N@}Eﬁlféhfap éﬁsam%m{aﬁ%ervmal cells,

t e Inserted into a | |V|ra vect or .

Snmhmahmammﬂtmuqmg/ ctlds, imresemalech trophmblastic celis; ahanmaltamr cardiac

in aforward (s |rect|o the .l ent raI

SBefheliBe Rt ; B LR iEh pGdls oA O s, mammalian
| Rffatofoidtlc S&H lé@ﬂ'é: %Qmm@l'idnegﬁa@fcbl‘l’d" adii® i AidnShdial stem cells,
expressi on of the siRNA, theé reverse orientation is

pnaﬁmhad negess, mrnpabamlyb@lhgme@@nmnmmallaﬂoﬁbrOMHSS Lists of

2(2'% ﬁed:ﬂ) ?g}%’?ﬁ%l | nj‘q %ngéﬁcgaggebﬁ\éw ave edenV\éotmpll%d (see,

| ROk ftbirg ind @aaaip ARy, ahmselin 428779431 hedgedand Mhat and Ho, 1992,
cells (a human T cell line), HY cell's (hunan

o iovtiplegyl, |diagnaeiy, trement, @@mpge‘(emﬁani‘ri ¢djtipholielman and

%el}bdrg Q?&s) Jdﬁj]fﬁcf%ttc %jle?de WKISE s&é( Wg&b °1€£1h1tn'1 N 8ehe Med.

fcan green Ias
13:3@8-314)2000. peri pher al bI ood Iynphocyt es (PBLs),
nonkey 30 PBLs, feline PBLs, a feline CD4+ T cell
li ne, Pz‘gg detupedslentiviral ¥astors megise pe et 1a‘s‘i°mR9§lt1|°nS and methods
I c u
dfncﬁ% :mx?r?gﬁg;% I ?ﬂg%] %}é e@lghg?‘gl\}&t‘gﬁe%%ﬁg&kg gﬂcmg packaging
neitintixeis arset dp gtackageethe visctonwithas tnuckid aqudoglemh teacsdes the VSV

manmal i ap _macr gphage lian follicula
CaFope Rlishmrorah e PIArS PiBERR ah i aitfece Of the Bl particte

NPSUBhLIRR KEE AN gca)ﬁ'd% n-dTRHATR CBR4M L9 Unki@hseudbtWed vectors
2004/ 065549 PCT/ US2004/ 001320 "manmmal i an ‘astrocytes,

rexpresbingnVoVi grodtopdr orgleiss, awammlbetmt toDBansdatd ghese cells.  See,

SRR o{HliEieniiey VARG 290 A L ALY MR DESRE. 1006

NUCOSan@et lcsils RIMBR! draBkdd Rﬁ%es%weﬁes@ew SddifRERAViAD vector
cardi ac nyocytes, human neurobl astoma cells

rmartiles tntherells ¢y én cpkiwrredriiamire) h@dréat@rp@ammmgsf @ng or more

cells ult manmal i an neur al

S‘%enes wn”%'mg%c‘?‘%%mc&}%s arg J{}%BSS,%QITHITTTH| i an | ynphocyt es,

and manmmal i an flmrrmbisaaﬁnngctcﬁﬁ Fo Qfells GD&wltaed CD4-

cel | ]Z@es whi ch are infect abI e by HV have been

conpi lemtivizak, Vec‘Rés%BEl‘P@ G@Rd bEapdminisiered tIom‘f"ﬁllﬁ)lm culture by
1, n

4t?an§§1¥c'tl%ﬁ é“loi"%§ 1@ cgetlquggétg%l}“ﬂg Qgﬁlgiucétg%hta llaﬁltlva‘%a?gector either

ewhﬂt I(ﬁ‘ﬂWlthiﬁlhﬂ nannﬁxgdudrﬂ Rasaab l@Dgce@ﬁ'd’S()nsLumdl irc ahd ,experiments

gg:tdeglit%?o!vg @%éleg %ro?nea? m\{ll.ltgp famt?f% n ect%nnb\’[l()f)' ofqe()r—]f(). N’?g produce

virus, cells permissive to lentiviral vector transduction (e.g., 293T cells) are

transfected with the lentiviral transducing plasmid (e.g., 0.8 ug of pTYF transducing
plasmid per well in a 6-well plate), a helper plasmid providing gag and pol gene
products (e.g., 1.8 ug of pNHP per well in a 6-well plate), a helper plasmid encoding
envelope proteins (e.g., 0.5 ug of pHEF-VSVG per well in a 6-well plate), optionally
a plasmid encoding a transactivator protein (e.g., 0.2 ug of pCEP4tat per well in a 6-
well plate), as well as a control plasmid (e.g., 0.2 ug of pHEFeGFP per well in a 6

well plate). Cells can be transfected with these plasmids using any suitable cell

10
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Pseudotyped lentiviral vectors may al so be used in
conposi tions and nethods of the invention. For

wex@npbsg9 H V vect ors pseudot yped by transduci PQr/usS2004/001320

packaging cell lines used to package the vector with

a nu l el tgaﬁu%e\g@éc,ﬁls? o %%?fpéth }gé?%l)s gé@sgcﬁl%lpﬁ the transfection,
Sth@' f:élﬁear@(zvagﬁé‘a a{ﬂh\fe@a‘\ﬂiﬂu‘s‘ li€then ¥SiYedtét &fd Sodded. hin the experiments

dividing and non-dividing CD34+ cells, and pseudotyped
\desnrﬂued herip thesells gvevswadwd@hdé@i @hota@arn@lda‘rlsls was collected and

6“00 e té%;e{]%]?% at éjpg%szaé)g fgg ;Sare té%}%%e)&a%l 5 g}en gpncengratecel and titered
et usel OAaéﬁﬂanal]@@@)co@fbﬁfhe%éﬂa‘iatﬁﬁf‘arﬁ%s@ hﬂ‘qgrﬁﬂllﬂap’(fectors are

per m ssi veness ding lentiviral vector

pigsaribefl és Chang emsiy %8s, Me(d@dg Mol; Med $%:30%&3 b5 ZOQZ situ)
and | ater exam niRQ thin the
vector particl esb‘ar'é"'zetglqﬁéggéetamglgnﬁlo%?g?ﬁn%mng Vect or s

To CelT lemtivital veuter pagtidles/of tht presaitdnvendioh cad Bsussdrin henethod
adm nistered to cells in culture by_ transduction. . For

efszram@ri@atle& [BFNq pXREessEoRriniehast aaralkc &v this mppthod, a lentiviral vector
r aI t & RSN ihel r t

ceglg drl%{ uga 1%’1\2% %eﬁ:l o?&cghr? C %I%@r g?lb%ngnwgyea i &e'%'h e uppressed) is

exdpenisterdt 8) ge Mirhdleth hahawer amgddcl rth)ernsrRlel Ibdcph'ies idxpressed

i nfect.i of 10-20. To produce us,
e 06 BHIERLT Sl (oz PR PIRALR ed &y two general

%ggtﬁo%elﬂlstﬂe ﬁfs? meﬁ:ﬂéﬁnc?élﬁ%? goﬁ‘tbﬁx@d Wﬁﬂ ﬁpﬁﬂﬁﬂaf @I cells isolated

transduci ng plasm of pTYF transduci ng
ri’rmrm mammalmlshbyeqt SEU.CB a&@Bqul hem;ttopalehe lcplds fiphaberiedmarrow,

RO ki B PR e I B Coils Sl s ool getl) are

QRmedticed Wlﬁf‘}éﬁhﬁ?ﬁﬁ chbtr ?ﬂaﬂﬁ:le(seingvltro Oarfel the cefls IQF&EEEJY M2duced
per well in a 6-well plate), £t|onally a plasmd

éntotlien gnimal r(argsatramsalachr lsp»iaﬁ@ icall{ @rg re-igfugedy dntefthe animal’s

QDEE E’FBIB]D efglntﬁ% s?cé)ng met@odzmﬁaitgﬁragiﬁo @f%l(}‘ﬁ@ b d@‘c& 19 1ntroduced

dnfd theedimal, &d.€) by Gatrhvenead ni?@ctiohgﬂlilﬁf@éﬁﬁﬁew injbchhﬁ!S@r in situ
pl asm ds using any suitable cel]l 10 WD 2004/ 065549

PuEriisp 0Ue/ toged dieSue;  Bisasduced ¢ally ok Henthyinal (vectgr patfiglssgean be

t. t n
SRR ino i it 53 UAP BEMIC i FoPARBl Aeomyentional
asi?lﬁlr@@@h@dleedle hdai;leneegsmfdrﬁgmajﬁﬁSa lehetindral bveckoh @artiche suspension or
cells were washed _ and fed 5 hr nd virus was
densdisced celn uspeREPR Ao otk PRERAl 5 ¢ bfnen B g thegdeired route of
f; C r f
kAR RSN OB e 1 Sty TE0CENY Al Wsche bFISAIE on o
atishue) siatrafubeir intrasénovedhivarsritineal, deby andskee paren@iralrgute.
and Zaj s 69: 303- 318, c e
Admi nlaéqr%‘}t?rﬁ a%&?%g@ollool\fb‘/q%f ORiCHQF p?ﬂgj??szw ijpgtign can be
Vp%?fgﬁ%gcp bt LEdrese oy b418s Rj&sien lor icBM@iou® nfG8ibn b Eokt@Etions for

injection may be presented in unit dosage form, for example, in ampoules or in multi-

dose containers, with an added preservative. The compositions may take such forms
as suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.
Alternatively, the vectors or vector particles may be in powder form (e.g., lyophilized)
for constitution with a suitable vehicle, for example, sterile pyrogen-free water, before

use.
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for nodul ati ng gene expression in a host animal. In
this nmethod, a lentiviral vector 10 encoding a si RNA

wap@aiobised f or the gene to be nodul ated (e.g., PCT/US2004/001320

suppressed) is adm nistered to an animal in a manner

in which . the si RNA beconmes expressed. . Adm ni stration.
of | o EPYiFal Vastae o5, Cor BrER Cath i) b AN e Al by

B A MONIBN B PhrestRiy R W biltabRetebhdiglie. TEbH @£hmsI8) th€ vectors or

not contdined wthi'n an animal (e.g., cells isolated

fvector partiztasedfi the igvditieotcagehdeliverELin theelvrmoplotrereresol spray

cent
C

i Er L FOLAaTopar e et i Bufter Wi RnlooRosRt S e mppetiant

e
ah6h a$ GRMRFOESHroMdthanee BHdhYdrb@iflusasihéharea dichldré®trhflurorethane,
vitro, and the cells are then introduced into the

aatbon| digxide. or anyetbeusiigblesgms atle dhe epgesofat prosgurized (pgeagol, the

sotbon|digdy. or a caee
st AR B8 softup TP b S v aBiteh R ABRARC R Gapsutes

il Ccatthidg@{d1@] of Gelhtin) leyntalningvepusuder imixeof idanyector or vector
intraperitoneal injection, or in situ 20 inj eg(ii,on

ipattislesattgor spitabledaser(ags dsiesg Fefimshbran bpysed igan inhaler or
i . . .

S5 4L e, o LR e BRBLAY B of an

syiim#ige and needl e can be used to inject a lentiviral

vect or rticle suspension or transduced cell . .
susper%ﬁﬁﬂtﬁ%f%ﬁeénof%ﬁﬂ%m@bmtﬁ?& 5 o dhweptiop in certain

ra?ﬂfi@atﬁﬁs. MR hRplea i eOPoctdrioB GebBP paRfdlddnight Bk tdrmulated for
(t-e”, to a particular tissue or |location on a 25

taralsbieccal, urethralywsginhlaoer rectat adwigistraon.i nt r aperi t oneal ,

or by ,anpther renteral route. Parent.era .

oam i e BBEL 6 B st rpbpt S feRto.an gpjmal, the vectors
| RivREiol BAIERE oPehe RPEHRNBAA be ke @ WA EurriéYorkRLipsent. Carriers
i njection or continuous infusion. Formul ations for

iamdectdipentshat beight asehtiedude saline (efpeaglly Stsritized, opyrogen-free

PR gt R At Sy sl b AR P BR B ES A putter,and

B bk BuBRr)ASarhins Pe¢igs, Otfea, SMoliblsprBcabicenidsi giospholipids,
in oily or aqueous vehicles, and nay contain

rspteusAfos ey amptensesum admnas), RN g caleEds. lipserges, mannitol,
: | n : L

S 4 AT 20000t S B e MR s o

t detipbiyl dfzedors bovedtamsirticled toolumart subjecswi MetHoes for making such

vehicle, for exanple, sterile pyrogen-free water,

Hermaylationss e are) 1 W 2booDesEdo BRET/ BR206¥R018p0 for  example,

Ledhinvlohdl peBohQluiel skRgbay particles can also be

nirmal by 1nhal ation by any presently
known Inuaddaidretd ¢heh firquiatiofs memmlm¢v1omy,v@ctmc®r§) pr vector
;’He?%ﬁﬁ%ﬁ, %paoatﬂr s!ogtlf;eéggglgiﬂgeag é;]d\ésgtt é{gﬂ%%@g]d gﬁplg fﬂllalgva%{irelg forulations
RLEPSWel ZSniRAGKSI Obyd MENAMhIRN » (fk T Rxbin@leus uihiadsously or
suitabl e propel | ant g such as dichl orodi fl uronet hane,
tintrembesbarky)) fdrdey dmemnssaelar dijedtionr dihes.r &f| Hagmés, Hape/ectors or

vector particles may be formulated with suitable polymeric or hydrophobic materials

(for example as an emulsion in an acceptable oil) or ion exchange resins, or as
sparingly soluble derivatives.
Dosing
Toxicity and therapeutic efficacy of the lentiviral vectors utilized in the

invention for gene therapy can be determined by standard pharmaceutical procedures,
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carbon di oxide, or any other suitable gas. In the case
of a pressurized aerosol, the dosage unit nay be

wa@eoweisked using a valve to deliver a neteredP@nD8IIN4/001320

Capsules and cartridges (e.g., of gelatin) containing

a powger m x of the vector, or vecto particle

éﬁ&ga%ﬁ%sr selsan (caitgr.e, or| HPPTBEntal wg{na[sctﬂ)daeafgwnwe&’a 33 e cose
30tk ®L of ihel Populsitth) hAd Me EDdelht W5 IHRBapRELARy Hective in
vector particles to the resplrafory tract of an

$HOPsraf theQpapulationhe The dosewmtiofbetwiesnniosicraatli therapsugict effests is the

St aiey B nd® PSR BapEPlme gy opb tat oxhivi
B MdRdiif Rldicelafd prefmeaaWhil &Y bt exad tdRlc. sid effects may

rectal adm nistration. 15 To facilitate delivery of
thisaised ey shogld heeteken tpdgsigned delivery systemn ihag targeth guch vectors to

RS S oSt E R B0 JB herdo ARt i BrhlR, hietea el

exdl theRbY Seditatsidd (itctsised i ncl ude saline (especially
sterilized, pyrogen-free saline) saline buffers (for .
exanpl e data phipincd drome eell sRbyp Hatays pud primal giudiesican be used in

. i f. m ' .
HiraBing Vel GRARIEEHTE B b FebanETgRR BFhPof Hlchvectors tes
l(ﬁraerablgawnhia,a ﬁﬁgeldliﬁ cafdnwniigg )corllﬁaﬁécéomaﬁatumludiﬁ an EDe, with little

i posones, mannitol, sorbitql, and glycerol, USP
P afetonieityi ebhe darasesrayprasn athip gﬂi)éfiftgﬁéiﬂ’%&ql%g upon the dosage
. . . e .
P SRRl eIy sy R0 i PR PR i e
frethod af thenisvartenywel thémapeuticaliyl effectivisalose aami be sstithated initially

exanpl e, - Rem ngton' s Pharnmaceutical. Sci ences. .25 In ..
e e ot PP Tt HESBETHE BIEs| Bidr © pieve an
\4@%& Sehét R th¥ §BEBF doRaKhibE hElfiewR IS MAakithal dHAbitidA 8€ s@fiptoms)
a depot preparation. Such |Iong acting formul ations

resydebernagld i selbrcelutsy Snhell aforanition ¢dnobe amedhjie anore accurately

scr??cut aneo#il ¥ QF i ntramuscul arly) or by

i GEETIREUSTIUL A0SR BYREDS Thus, for exanpl e, the

vectors or vector papakdesdisGemySiknchipr mul ated with

sui tabl e polyneric or hydrophobic materials 30 (for |

exanp| Brapsferapf amexigerpus niupleia @sidpinip|aehot| gellopr pgganism by a
» : . | . i -

SRR Fedials RheriRi oy BRLhBRlecifl U eiey HERE Hiteic acid

ligrthé ¢ell ®r orgatians Siichl det@tion rvah e achivwedthyosevenl ngeinels well

t herapy can be _determ ned by standard pharmaceutical ,
pREEdi s arty 2P s a0Ag, (he prsenseT9iUise 653 WOYS BHCleigAcif can be

A8 SRR 007G D Rk U, i i
pepkratthangpeeifidalih eampBED n(tletidbosweutives apsmeiatedhmith the nucleic

effective in, . . :
ac1(f Expression of the exogenous nucleic acids can also be measured using

conventional methods. For instance, mRNA produced from an exogenous nucleic
acid can be detected and quantified vsing a Northern blot and reverse transcription
PCR (RT-PCR).

Expression of an RNA from the exogenous nucleic acid can also be detected
by measuring an enzymatic activity or a reporter protein activity. For example,
siRNA activity can be measured indirectly as a decrease in target nucleic acid
expression as an indication that the exogenous pucleic acid is producing the effector
RNA.
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that exhibit 5 large therapeutic indices are
preferred. While those that exhibit toxic side effects
may be used, care should be taken to design a
delivery systemthat targets such vectors to the site
of affected tissue in order to mnimze potentia
damage to uni nfected cells EXAMAIES eby, reduce side

effects. The data qptai ned cel ure assays

and ani mal studies Eé‘éﬁ‘p&el i‘@’dtmfl 5%83\0# mul ating a

range LQafn iRSeGRNY o§ucH§s%ﬁil ﬂﬁ:@&d S99, 408882 brdssieh and the
vectors |es preferably vv|t a range of circulating

csuppxeMcrmlas’reahiaoﬁghlaﬂlan ﬂcrbeumentlm ED50 with little or no

XI Gity. d!Bg] (ﬁgsage may vary within this range
@]F he dosage form enployed and the route

Of ad %nﬁhr Rhkiittishi The esliride0Us6 IARNVE ptodiotets @es IPCR beplified
method of the invention, the therM% ut| cally effective

dosre gemomiodDM Atisotated dronp thei rantie WYEATBrhepaidmas ThePER product
be f |
e TS bl R LS L PRl B -, o
Zsatatze\éﬁm% Elitg l%lsqudﬁla% Wﬂhbcﬁshstrﬁaed My ayimqatingsthe fzﬁowing two
eterm ne In ce cu ure uc | or 1 O ca
[stersisenss: & BEEGGT qu TET @ A MeT I o beds BAE AT Gaa
e SRR ORISR TN oN (S0 BPnE Aokl -ACC TAA

us nu elc aC| or organismb
aA AlkeAGO/TCEl TVE QGE A@em THE AGTeCTEA Ty AAC a63A WGT TGC AGA

RGO BT GG TGS fnd dhe CFPHENE Sosle, Soqmithsty constructed
Y Slbs Eﬂ%%fi \\{Qﬁg exog@eg{grul Berks£8° AT GRer A@S@'@I@& CAT GGT

pres ce o s nucleic acid can
deCeoGETT GYASGAChAOA @A CCABEGE GUGT yOIEC agel aFIa‘ -3’ (SEQ ID

rlﬁa‘“ oot ROCBA MR SRGTABREER A L2l agp et are

f[‘ & AR Aeal 6o c@fA ¢ GTEGRFIEETCON-30{(SEQETE NQw ey et cloned into
nucl el ¢ acids can al so be neasured usin conventi onal

nBbh dcdmd Hmd IHstitencie, pRRNL o aemre@ PRYHGIREAogsYgis.  To

LS R S P SRR BR AR O VB o o

38) RERY Best@Nutrean a‘ﬁﬁl/ﬂoﬁvh@ﬁbdrﬂﬂ of ﬁi@US@IRNAI’nglloﬁlhy site-specific
aC| d can al so be detected ﬁﬁrreasurl ng an enzymati g

amuiagenapiscnd P GRopod edentpiitet 81N verter Iy - ElrdacZgieqpiginang two Sfi

tivi r '
S B H LSO oR SR Sl ARG 0 o) ot
| UeLseRITAOFloAiRAL Td’l gertxarg danivirah HRNA eetoisg thesU6-siRNA fragment

roducing the effector RNA_ 13 . . .
pwas releasgd from pBS-U6siIRNA by §fi T digestion and inserted into pTYF-Sfi A/B

or pTYF-Sfi B/A to obtain either forward or reverse siRNA insertion clone. Wild

()

type Sca-2 amino acid synonymous mutant Mu-Sca-2 was generated using PCR-based
site-specific mutagenesis using the following primers: primer 1, 5°-AAT CTA GAC
CAC CAT GTC TGC CAC TTC CAA CAT GAG-3’ (SEQ ID NO:5), primer 2, 5’-
GTG AAC AGC TAC TGC TGC CAA TCG TCG TTC TGC AAC TTC AGC GCA
GCT G-3° (SEQ ID NO:6) and primer 3, 5°-AAG AAT TCT GGT CAG GGG CTC
AGC TGC AG-3’ (SEQ ID NO:7) and the amplified DNA was cloned into pTYF-
EFnlacZ between Spe I and EcoR 1 sites.
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WD 2004/ 065549 PCT/ US2004/ 001320 EXAMPLES Exanple 1 -
Inhibition of SCA-2 5 Lentiviral siRNA successfully

wa xppnessed >90% of Sca-2 expression and the PCT/US2004/001320
suppression | asted | onger than three nonths. Materials

SPSm'Vfé&?ﬂ%é PRRE RFRSCR Db PO GR A TR | CORHpEL vestor
e]an&t ¥ BRAL B@%%f@&mta%%e Vings WaRdcestugsd b%'l Ghicrofuge

one |nto pBSKSI'1 between EcoR | and Hind 11
&mnﬁlgamlgmﬁﬁhtmtlen pmewuslﬂtﬂesc&bad 2 ChimrndcGeipsn d/ethods for the

uence s construct.ed by . ann th Io
DURapPp e 1SS Bhelptiavirip e Gy Mgt P TR Therapy
%c@ﬁc‘ AT e PolufabT 2, Siniiatd iFodetiad Mediding To®RR: Himana
NG 1) and antisense 5 -AGC TAA AAA AGC TCC TTC TGC
M@s TREC; AEN. @mml@ ABE VieA titeTwaaRtaminetison @By Alardls using f-
SE&P 5 and the GFP si RNA codi ng sequence was
gelacipst §2¥Ateal ing the following two priners:

Sensedéu cﬁﬂe%ﬁ%s@@ﬁo%d% trafﬁga_u&%ﬁ CAATRRAACA  and
GGA CCA TGT GGI CTC TCT T1T T-3 (SEQ 1D N3 9) and

BﬂuN @Eﬁ%ers obfaized Trom ANCGAdapesesclA Jonm romtagist igfdnlbecco’s

Eigii el obioapun) (INHG Sy G PRE) cbiih i g Mla 100

ARAGHA e pRERIRSirEOMSOIRS(Tibict BRLY.0 THeaamm frat FE671 cells were
lentiviral siRNA vector construction, two different

shitured én BINEM withd§% EBSrad meypagaied 1Pna deneelgrm je esiahlish more

stre f
R ERE SR e AR 59, B 5 LRNERbl ot
cenky B fgat @) TCaNGE@hnACT TOw CIT-3° (SEQVIB)N@Qi8) @sd anfikease: 5°-
1100 bp stuffer was constructed (p

(0 1 506 TS AT S COR S T30 (gbRe it MG B tiers Q?emicaﬂy

L L

pGEYeF-tISMfed’ké(B into rthe TMEnﬁf ¢ellB/vkirtgooligutfentaminic t (PharthagonaR esearch,
or rever e Si rt|o clon

35 hapcedine 49 A HONSCHHIE 2ribo WD e a ot et Fah Braagton, 1x10°
Ui RiEwRASRhsddddtriR gffetdit 1éHﬁU§G—%ﬂ§$ASv1ﬂé§ i &ForsA€a MOI of
ow ng primers: primer 1, 5' A GAC 30 CAC CAT
CBWZ(TF ﬁlh@/rfﬁesﬁﬁf& Womfﬁn@&@rl@ml(, §&’9141)D Ransjuctign jehigiency was
2, 5 - TGC. TGC CAA T TIC TGC AAC

ot S1A SRy FEPRA R 3!

S AA@MVIEQB sddTprofferstde deddy. AfEr I'Eﬂﬁvﬁ@t&nsd@lﬁﬁl,l fBe tumor
NO 7) and the anpllfl ed DNA was cloned into

EEls e bepsieised @pbsuspgmdan@:\mﬂ DMEM; A samplcie of 100 ul of cells

were taken and stained with trypan blue to determine cell viability and total number.

The rest were plated back for continued culture. Cell counting was carried out
everyday for 7 days after transduction. The relative rates of cell division were
assessed by carboxyfluorescein diacetate succinidyl ester staining (CFSE, Sigma).
For CFSE, tumor cells were incubated with 5 uM CFSE in DMEM at room
temperature for 10 min, after which excess CSFE was removed by washing 3 times
with medium. Cells were then cultured in complete DMEM and CFSE intensity was
measured by FACSCalibur over 3-day time course.

Flow cytometry. For surface protein analysis, the cells were incubated with

fluorescein-conjugated Rat-anti-mouse Sca-2 monoclonal antibody (BD Biosciences),
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14 WO 2004/ 065549 PCT/ US2004/ 001320 Lentiviral vector
production, concentration and titration. Lentiviral

WO e@osB4mer e generated by DNA co-transfecti onPemnudsS100€001320

virus was concentrated by mcrofuge centrifugation or
filtration as previously described. Chang and Zaj s(%.
m@gew&nnrmwaﬁeépaaraﬁt%%muﬁﬁs -0 Befeptpr r Lig(Santa Cruz

4550 B GG, FAE B R QT g

WBmBlbﬁkﬁencE@)t owa: Humana Press, Inc.; 2001. p 303-3
18. The virus titer was deter 'ned %TE 7

|
usi ng Nosthegh Squthsay %‘é{e@ﬁ%% V8§ a &éﬁlﬁ]@f gt total RNA
Eﬁﬁ g%ﬁ%ﬂ&f BRiA %r@ﬂ&vg%téd" gnd E@CJCEQW bh Od%aro'sévgeﬁ Rog 'S@uthern and

wer e obtal ned from AT Manassas
MNortieri medydes. [Mdtdemoteins waie hmv:bsfadeaildEﬁgthSi IMEdQ%nNuPAGE

M b BRL % FB 100 [ '
%es- B .ga Pﬁ?@fnﬁﬁe@& @Wﬁg'ﬁrﬁ%}éng&?ﬂéé agd‘? °§%anembfane
15&dick&! & %cﬁﬁélﬁ foP W st @nél?s@'v'ﬂ{é \ﬂr&t&nltq%s R&e 3dibated with

propagated for a long termto establish nore adherent

phiﬂnbtppbeloansl pmwasmsda \8 atibedybét1100Q). (Spnte Sauz Bisterhyology),

BB bodih T iefiay e paposne 3 aey @ Tofos Eaubighoneiepa anti-

0 $iBh RO N echtldEyy; havusalthnoclonal anti-
synt heSIZ%\%}'QTEOSO) (Sé1 Slgﬂ 9T echtlcRys, onoclonal anti

by Dhar nmacon search, Inc. The synthetic
dﬁxﬁm&lmlhn@ed RNR).oiringasse pelsiclongk aniistlpla Bilip lﬂﬂbech’e(l 1000)

r|n el ofectamne Dhar S

T i AL AT bl FASEBR e i
l&%etammer&ilaa&d Wehju@sted 13%@15darggﬁﬂtﬂﬁ>dfé§| (B2080)e by enhanced
transduced w th di fferent | enti si RNA viral vectors

aﬂlemlluminaséenza 1The2 Sighals tdfecaspass ¢h calpls-tubuliy nd nENF@-R1 were

T d t ffici i t d
e e S S0 B RS (LR opBBBffhnoror
l@ltra%'sm% WHG QRindkiP(r9drcé)Ricadidfiy t8 SsPanuihdtefer’s instruction.
lentiviral transduction, the tunor cells were

t rypsanqn@azblsamﬂustlmpandi@dsaya 2TwmoDkEl wares sapieé with TNFou at

it tereptoConsearsiion Dert G i g WRbOT Aoy imER 15 pigmD or
Thaddewith Wbl @b elEMP 3f lﬁltfaQ[ol&ol'i’glit nHedated] {10 81/cEE) ko induce

counting was carried out everyday for 7 days after
tapaposisc Foo parlyThpoptesiaanalgsis, dhe sells weed staiied vt H1TferAgmexin/

sed ar boxyf lLLuorescei n, di acet Ci
Zlirf) i a&%’fﬁ A pep ﬁ;él}l ARQé) osa:glégte? u%lorlggsg?/(:serologmals
V@é@oﬂaﬁ@h‘)bﬁéc%ﬁhlﬂ\%tt@ tﬁe uddGEtRinsi NSaviel! ok @elly were analyzed by
erat ure 0 min, after which excess CSFE wa

lé‘ggS@dlbw vEestapegtogictacHdaNAostaing ﬂ@a%ﬁ@llsoaﬁqesp%% and re-
t he tur, S

LS Sy B BABUB I o ot oo
temperature washed once with PBS, and resuspended in 100 ul of PBS containing 32

ug/ml of bis-benzimide (Hoechst 33258, Sigma). After 15 min incubation at room
temperature, the cells were spread onto a microscope slide and observed under an
inverted Axioskop Zeiss fluorescent microscope (Zeiss, Germany) using a fluoro lens
and filter. Apoptotic cells were scored by morphological changes including chromatin

condensation and nuclear membrane blebbing.

16



10

15

20

25

30

FIl ow cytonetry. For surface protein analysis, the
cells were incubated with fl uorescein-conjugated

woRi04@a68549 nouse Sca- 2 nonocl onal. anti body (BD PCT/US2004/001320

Bi osci ences), 15 WD 2004/ 065549 PCT/ US2004/ 001320 or

phycoeryt hri n-conjugated hamster-anti -pouse. TNF-a .

r ecepBStistical slyiser u he Ei%fné‘?f‘ﬁﬁ%l g%f{%g‘?\’g %‘ngﬁ?z applysis was

g@ﬁ&%ﬁ%ﬁ@m{g& 1 %Réﬁﬁca%‘éiaé@#@?s@rs%%@d@ ploBRm (SPSS Inc.
I 0SCI ences) . rtherh,

Sout hern and Western anal yses.
Thécago| WA+ RNA or total RNA 5 and genom ¢ DNA were
g'a?rvest ed and separated on agarose gels for Southern
§SNor t hern anal yses. Total proteins were harvested

and seRaralsdnRYulhAoh WAEE sifVA- ok knB€elt-down approach. Sca-2 was
el ectrophoresis (I nvitrogen) and transferred to

mdentificé s beipg @versnpressed in caagter e¢lisheFo Znvesiigaty the rplgrof Sca-2 in
stern an | S e protein bl ot ' d :
SERrEP b Ao RRRY oA ikt HE a MG R RERONRT The murine
ﬁi@}i)al&gg)ceﬂm%@trﬁstﬂéctdﬂ Wwite e 21 -9g ¥RNADarfaéi-2 protein and RNA
pol ycl onal anti-cl eaved caspase 3 ant]| bodg@él: 10%), .
Reeivd malyrsidynyl BAGS vsingispepiiRpntinScaBamiibedy anshy Nogthem blotting,
Sianal i . i =
BRI I9ENDER M OB S6 RGOkl Bl aner
tabdfestionnhd Bhelyn (b} BAOS) and Baribal BN Bouhen Hiottingy ) The cells

The signals of 3. PARP devel oped wi th.
oSS, e RS BN nBASER <GoHse et PO 42 days.

rhi? Q) n&Y gﬁ&?@&ﬁﬁgt ohest h*éﬁgrf@&é& e The Stenrabs Sca-2
of caspase 38, al pha-tubulin and TNFa-Rl were

depeboiredand timdi o¢ll deathnyergatandient oo thtatrgnsdertéd oellsews Sca-2
(1:10,,000)  usjng ILmunoPure Utra-Sensitive ABC. ..
SrareRiR A SO B EHTRY B rarE POk Foom s SRt oD

| ST 4Ghio0 sl | ayfior TwHBikiral siRNA
cel | sim%g?eq??l@g?@ﬁ %Stﬁﬁ 'In'ﬁi?cg?q %ﬁ?%?gnt * .1ra ¥
tonsantiont | Bostydy- e Hop-2rfiingtionhangt the sHNA effects in long term,

SUSAGRY S8 o BBl B pofP ARGt TR i e
tsOnihBEUGRNIP QREOSInStrudted FRANAY ARRARineSh6Picthyet-SiRNAeassette
célls were stained with FITC Annexin/ Pr OIQI di um

|vorsi ideeried iimty the tapheialrSINpastas sy’ o Be irdemploBl kq-nipcZ reporter gene

(.Serpol ogi cal,s Corporation) accos.di tQ.the .o
Gt PercRTEA oraPRTROR UG REP R Lo dil sy nd lentivial
RAGSEAveRUSrod i ARPAbdrplsetill pRIP sh@bVISVYG dsudBpicted in Fig.
cells were pelleted and re 25 suspended in 50 ul of 3%

pd addbdesatibeshipduetinupaslics. nchang and Zaiss. Mdethpgs fr thpygparation

t . hed | P -

SR 6 e Ao Gl P BRor e SRUEREBARGE 2nd o
(roaglst, W3doa8s iShIsBIularAllecgicinkd Tatowd: Euthata Presgtinc.; 2001, p
room tenperature, the cells were s%)read onto a s
A HEc o Bt dknd GBI GODZT QAT TRk Preruyd (enti-Scai-F)

%d%%be%% ?l%%t?—%c{iiglﬁ)ggiﬁ%\f& Mt OERRGs (F&iesd sTHRlBRYbr titers

compared to the control lenti-EFnlacZ.

The hepatoma cells were infected with either of the two lentiviral Sca-2
siRNA vectors or with a control lentiviral U6 promoter vector (lenti-U6P). Infection
efficiency was monitored by lacZ reporter gene assay, and analyzed Sca-2 exprizssion
by FACS and Northern analyses at different time periods after transduction. The

results showed that the hepatoma cells were efficiently infected by the lentiviral
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30 and filter. Apoptotic cells were scored by
nmor phol ogi cal changes including chromatin

w@ordmessas i on and nucl ear nenbrane bl ebbi ng. 1BCTMIS2004/001320

2g04/ 065549 PCT/ U82004/ 001320 Statistical analysis.

The sign f an diff t dat I

T o5 A, B e, K P BL218RNA vectors
%Hﬁtiérﬁ 2) §®p%s@9c[ %—ng’%ésﬂa‘ﬁ (~8009(®AP 0, THeL inhitfgs leffect of the

downr egul ati on "usi ng si RNA gene knock- down
éqmwuab KIRNGA aveRtona wvas istiblet fori leviges ghiye Bnyedger @leﬂlsi@réé\ﬂlth the

RSP LR s hisgdPion R, B, b oty 58y, Soon ater

LaRsdRtioe SVI‘BBIAforGl?Hﬂ b | lefersd apatvaim SRNIAS veetoss showed only
transfected with the 21-nt si RNA, and Sca-2 protein

aredgiRpiffgeenee imSday suppEsFsiPMOSthesher tapeci f i ¢
t 2
o0t SR BRSSPV 514D b 48 7o, e

Seer Eneﬂﬁbﬁeﬁﬁlsw B etmryssica. t Ghe IEﬁtﬁJSBfueRt\reemr afaiatained efficient
by FACS and b t9tal RNA Northern Qlotting. The cells )
tnhihiorvc ert k9870 hdub b Tomard oloaf e Enﬁt’é{ﬂ%m&d}»‘%lb« dost its

SRR D00 aryindilg MEPFRES MRERC. T

%ﬂiﬁxﬁ&;&@%ﬂxghﬁﬁﬁiﬂ cormelateivell deitt tranvelnetidr efficienoy as obsdnesd in a
transfected ce|lls, as Sca-2 5 res d. cel |

GHaSt B S Ko gpabis evedrd BEt affﬁ&fe&?%g@%mon correlated
LD %Eéeﬁn?t e?&g of i} Sédﬂ@fn%sﬁieoﬁaﬁg eRGa- %1m11arl3|/_ constructed

expressi on a |l entiviral transductl on

dénidlyrat thl\S&arthofstﬂmtmdcry adrffetrm p@il H&l@r@ﬁot@ntthe hnmpofh RNA
term Vir RNA .vector tar n

b sCoed e Bty e it fevetse oreptifat Ao SfRorSldd nigh

ehiSit fikibedyemhdbs tekd- staﬁld@ﬁdc&ﬁvﬂmﬂ@ VRSB RNASE i uct.
casset 20 was inserted into the lentiviral SIN

vect orSOE-Z suppsgssiontindussfl tERoncel] apaptesipor {Ter ojaine homogenous

ei t.her verse orient on

elrglfihes e aob BiEieafs Hete PR ERESEH 3 nlily By flow
Lb§rtd1‘ﬂet I Wﬁé soh&b B2 P bR wad ag\dﬁvtrﬁsaﬁcsde\oim ttl@éll swz lentiviral
Fi B and descri bed in previous studjes

and
N4, ventorhauhSea? cxpressieewas aificientl yatﬂabk@e(%%%) The effect of

53 Mol ' e 1 0093 g9 06 ot Mg

Mitferehn ime Tpdintsn Cohiperadaw #h esatroll olls; (12ADUHPY the growth rate of

303-318 Z .

BBmRT p@}svygq?rg \Qq?alg;%,tft ﬁoﬁyeﬂ'd gﬁé %vg%sg?lélglvzgl gca— SZI%QTX vectors

((!le‘f'lﬂt $caPRUndR) GRied SMifviHF! l Jré' %ﬁﬁ%/ﬁdoﬁi" GShtosis using
I'mlar vector titers onpar e con

IaantmmEErsthg aﬁmEAhEpmiatym déhelrssum skowed that edignificant portion

e| t tiviral

ca—2 mTlaneS tumor ceﬁfg underwent € ?y apoptosis, evidenced by increased PI-
negative and annexin-positive cell population (39.88%). This result was confirmed by
morphological characterization of cells displaying nuclear condensation and
membrane blebbing using Hoechst dye staining. Using assays including CFSE viable
cell staining and cell cycle PI staining, no difference in cell cycle progression after
Sca-2 suppression was detected.

Tumor cells with suppressed Sca-2 were sensitive to extrinsic but not intrinsic
apoptosis signals. The lentiviral-Sca-2 siRNA transduced tumor cells gradually

recovered from apoptosis after two weeks, and continued to propagate with Sca-2
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30 si RNA vectors or with a control lentiviral U6
pronoter vector (lenti-U6P). Infection efficiency was

worowneised by | acZ reporter gene assay, and anetEsmI04/001320

Sca-2 expression by FACS and Northern anal yses at
different_tine erl ds af ductiaon. The .

ReRER=E . B EANE HERDIRE. FbSGEOIBER] oyl optosis, whether the
gefgé{/«?r%% B sywblg_l_?&ic? difR¥erdtR&o leRiHrsidl il 1ntri¥1§1c\%?optotlc glgnals was

5549 Us2004/ 00 20 vectors (-100%
hovestigatedwaTlke eordmoavdeatherecenioi-miediated Spaptosisi 1R|\Ix¥er cells involve

%le\]%t ?r N ergg?li)g(l’re% g’gﬁ%@‘}?ﬁ agit s1g$a1%ﬁgﬁ(£$\§?sislr Sfll]:l%ltumor cells
nS| S\f&f:%vﬂhslt‘ﬁﬁ? ﬁ&l?ebérgsefr@é of ABRALe BP@}‘EI&}&E&'&@ (CHX) for the

ansi ent siI RNA transfection
aefdid of xtfinsic (@l deadesickptoanmediated) upebtstiosigadlingr Ehe apoptosis

transducti on. _The fcg{vvard and reverse Ien{| Vi {’,‘5] S 1R[BIA d
Ve detesmisrd hudiesahst dyfsiagiing AndiPRiRTafLof 408 ic.gells based on
?(\?é&eﬁ Q:hl(n%e% he 65th ?ﬁ& 36 &' dRer H&Qtrﬁeﬁl@nﬂb' 9@5@1& léﬁ@diled that the

re cormtinuously propagated for 2 nonths,

hb}ﬁfﬂorﬁﬂ atllszesponded féC’ENEoc&nduced selbdeatHirea Idesralge—dﬁpaldeﬁt manner,
vector mai ntai ned efficient inhi b| or

encbgg%r cellg tWithh@ippEsHes %lcq-% FEpTession ?nt gj Vg dRPIP Sgnsitive

?]glFl ts %&dgtgd lell ?%#tig-k%g% mso ’]I‘o"sg? n@ﬂr@th%Sﬁndmg, procaspase §,

Qhdphsd 8nand pélyt(%mmhbb@m pwymah@t RARE) Iwem tahalyzed by Western
transduction efficiency as observed in a nlac

asdasys alloaftvhdeln a@d@w@nmon@%m b TV r%ﬁ@%é&?@%&hmdla‘wd

i.tion cor ted .with I
8B?Rt§}5fl?18a L :@ﬂ%bce%gy Ses‘s?%ﬁ]F r%%grgsns T ucfre%Il i ali-scai-R
k@Ridueéd Abpaidibldcie displayed ﬁmdtme@y‘atas df pieagnise |Sotledvake, and
pronoter, the human HL RNA 15é§rormter cl oned in both

foruesletiomar clsased camese At and eleaves) BerlersnBNBE Roderts i 24 b,
nhi.bi e t a

Ul e TSR R 3!, DrBL bl icd popioss

SHR KRS tesel, bidhie différeer wase fdund peap&vesi Sca-1 ositivaiandanegative

honogenous cel | popul ati on, Sca-2 positive cells were

depate@ageling anti-Sca-2 antibody by flow cytometry.

The s bAREL et thmbh ells t

Sea. 2 ﬁélﬁtgillcv i \%&S%%ltﬁﬁwl\%e%%girlge&ang %agtﬁ% ttimbP Rells to

OWA edmaye sigmale fffane iWEVititadiation lok tedeplqtin gesmentThNo significant

effect of Sca-2 |nh| ition on tuppr,.ce

&h@@ry&@dmb%poe@sﬁtwm %&?@Pﬁ&e% SF 241051“&%@3‘&6%%@ § hgpatoma

Q@ilﬂ)ieﬂl@@ﬁi’e?@ﬁ@dﬁ@nﬁom rol cells (lenti-UP), the

growh rate of tunor cells transduced with both

f or warRbsmnationeafeths ecdueed serisitivity S 4NFos bRigutiveel ansduction of a

R aSear S ke 30 UGBS Qory BsobiRekrY S SRNA vector
$HaA5AU RO nARd FeAER a8 ﬂﬁie&? baﬁzsedr Bﬁ SE£3 UlbFreshav@thet ’th%h aBternative

signiticant portion of Sca-2-1nhibited tunor cell
RIS Avefifitcte ar S@a-&pmmamwes devigidneih tbg@@.ny@le@aé@@hmges in the

(s%ﬁg,gé%egeta sr%'%l 13 %«Eﬂ—n% E\)@I é %%ﬁgt%%b!ﬁl&?eb@amealmﬁg the wild type amino

acid sequence. Since siRNA-mediated mRNA degradation is strictly sequence-

dependent, Sca-2 expression would be restored in the lenti-siRNA transduced
hepatoma cells when the mutant Sca-2 (muSca-2) was introduced into these cells.
The muSca-2 gene was cloned into pTYF lentiviral vector (lenti-muSca-2) and the

vector was prepared. The Sca-2 siRNA (lenti-Scai-R) transduced hepatoma cells
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nmor phol ogi cal characterization of cells displaying
nucl ear condensati on and nenbrane bl ebbi ng using

wole@aloeis4dlye staining. Using assays includi ng BEBES2004/001320

viable 30 cell staining and cell cycle Pl staining, no
difference in cell, cycle #ogre33|on after

Gifyserieddi epllsnauergeiniccteda Witk Fi-TRSCHS O %@Hﬁﬁ#é@%@&z virus
éﬁl-t%mﬁ&z) 31;,:%& \ﬁ%g R Xnbde Az it daak weeé Eﬁaﬂﬁe@l for Sca-2

poptosis ‘Sign ent|V|raI-Sca 2 s
éx;ﬁensdmdngA@SmsmgaﬂtsS@r ~2dnthddy. lecmmltsedbmcmstrated that lenti-

e S S LR S R RO 2 10
§éiﬂpr’ﬁ§esleeg onsiveiSsst J}etﬁb eﬁl fiddNo OfNIReRwEs kdAEHdC eIjhe cells were

rapid apop 0SI S, recovered cells woul

treaed withfdigrerent écmcélﬁrﬁibhs bffSNF cafud 36t anmsiamedimi;htlfbd)echst dye
signal s was investigated conmmon de

fas cppptosis gpelysis-c Bespt Rl Shis §sqaﬁ clgaply ,deg]@pf,t@t@qq%r the tumor cells

/ TN
Eﬁf‘fmfj‘mﬁ‘iﬁ?ﬂuﬁsﬁrg@ cBHRRIRA o iR IR o Hinduced
d;yiﬁsence or absence of cycl ohexim de (CHX) for the
anaIyS|s of extr|n5|cm&or deat h receptor-nedlated)

apopt BegdatemyeI NRG! symigcesspiseaen BY SGard: det er mi ned by

Hoech f .
Cort R TR B B A g R APR RO Ry AR S s
aiNFR1 dntidadyrend FAU& S&ﬁfadet’BNE]thpkekdn@t wiah analym@aﬁndmpatoma
cells responded to TNFa- |nducegscell death _ in

q@lgdgqgls@@ﬁémghﬁlt}pﬁﬁ Wﬂtl-ﬁ@ala% $abhe @ stral 1%t1tv|1}ra1 GFP siRNA

R) THEFRuDSifowed that
S S o3 R R IRt BTl THEH S AiRwed the
cenfurtics . exﬁmsmomfofrTNFm sxzafsu mdikedly meoessias Scea- but not GFPi-

T R e T
@95'9%mkqnﬁlgltfdﬂeanﬁl\éﬁ@eiﬁ&s%ﬂin%mlun@a_ NERlafteiBdi Y€ dTo see if re-

apoptosi s pathway. Kinetic analyses of these proteins
mkﬁmnluusmcrmoﬁsca-aatouldenffq:ctéhasulfacwf M&h%n@womés@tﬂﬁv&caa or

Golfeh P AL S B BRE R PBP o7l DDERBEREEuTma il wd e
"ék}?@é’s‘i‘& RY Gufaée ﬁmlpwt@iaglzb@ addr IR0 d&Bnsivgitientscued Sca-2
h enhanced TNFRl - nedi at ed apoptosis. Fas/FasL

erplicssien thg Sipfmf@\]FR\hﬁxmﬁ%S@PIt wag depvn-pegulaied tn levels e‘ﬁ@@arable

fou d bet ween [
{530 HAScPhIR 505 B St 00 DRASIME s v
@méﬁse& surfice stapfRet d)i”IJNFRB the oyl deﬁllyﬁtdsmeré)hbﬁalsdmdﬂgeWestem
gnals from WV irradiation_or ci atlntrea

é»»lcghng neiaatantidl NFBY ewibodh kbt 1 \%gs 0pbSigy : ”Ecamtly "Beferent
2)?%? r{%?%??fése DOpkdbee &RPS&ES{? dn¥ChP &RBEOMBent - EIFPS) P%)atoma

reat nts toration of the reduc
gensitivity to TNFa by lentiviral transduction of a

Example 2- Lentiviral siRNA Inhibition of HIV-1
Suppression of HIV infection by siRNA in acutely and chronically infected
host cells was investigated using a self-inactivating lentiviral insulator vector system
carrying siRNAs targeting multiple highly conserved HIV-1 sequences. A near 100%
inhibition of acute infection was demonstrated using siRNAs targeting highly
conserved gag, pol, int and vpu sequences against different strains of HIV-1. These

siRNAs also effectively suppressed HIV-1 replication in chronically infected cells and
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25 nmutant Sca-2 gene. To verify that the phenotype of

the lenti Sca-2 siRNA vector transduced tunor cells
worm4ioesierd caused by Sca-2 suppression rat her P€Tag2004/001320

alternative siRNA effects, a Sca-2 nutant was

designed with three nucle t|d s n the LRNA .
WAy DerBhery hiopd mpRomIcEapPll- E@ﬁ dipamyhy PpinioRion involve
Eﬁka\hﬂé gﬁ%dh@oﬂ YRE sAHCRR ofdtH o?ﬁ)?!h%ﬁﬁ@ and®ni€lear viral
i at'e ri

degradatlon s st |y sequence
BEMdependent Sca-2 expression would be restored in

M}{ fntl NA transduced hepatona cells when the
ﬁlﬁJSca 2) was introduced into these

cel STlssJé1&11HH§gﬁd Eﬂgerl%da@&nﬁl Q&ed. | 7987, TR671 and GHOST his
lentiviral vector (lenti-nuSca-2) and the vector

pallspaiere cultlired @d&h@l\émml@%eﬁBS, Scéuglmmrreara@@dc%édpemcﬂhn-

JERERYEn Su Srapidye ) BARRORAE R aRRACRRE R proviously
éscAb&PNChAlg 1.9nVhish @QK Wethisds fot et prefaraticaca)d uwm" lentivirus

t hree days l'ater, these transduced cells were. ana iﬂ
yentorsc i Moxeep e &4 @ﬁn%ﬁhm RiatopeisaNel Zsdgethods i flecutar

i bod S h

SRS e, B0 e ARERDS i o ol 508 . the primry
Baiphdr X6 &b siddnidledrhee]Bi (BBMQ) Tekre prepatdds frohbealthy donors’
responsi veness of these cell |ines ho TNF- a

by eent bensiy Edigal entR gAY HISAART (3{gma). GHOST his
l@ég ?%ﬁ#éde‘h’b o celi¥Fs tébls? %ns%ﬁc&l e @D@'aﬁ@%@?&g h CEM-A is a

dye or apoptosis analysis. Results of this
assaycedtl deund yf GEVDast nerired PBAGE witheadhgnant phendtype suisedptible to

L econ tcl{ll;:)]g;?g Sca 120360 I‘ eg%ggnhg@gtgl %{’gg p{ll‘% asegdfrom Amerlcan
ﬁ‘ggé“ Glihie esué'é't\i%l%l okl aee M&@!ﬁﬁsﬂ% RyroBeA-Molt-BNERL- 1545

ression on tunor cell” surface was neasured
psidugers pese fgenera’wtll by iﬁlﬂFdHIonamth E}WdN@iﬁ of BRES I nigarapd centinued

TNFRL express s anal

PrRRAS ARt 8l s RVt ran (e SEBPAAT &R, g become long
GORL 1TV - 11208 ucéts. abHORR 15 RYBM-Kesd T Gﬁﬁ’(bl}:cwlir c30neQ p89.6 and
30- days ﬁost lentiviral transduction. The results

PAOBED2, arverqsotttmeck dhosgle the phEAS i Reseaseh pudrRefggance Reagent

rkedl x.i.ncr e =
A 05 AR PR aphastes, .
Qm&ﬁhd HW-@ROE?@? klﬁ&l%?’l‘ﬂVlﬂ%dgMgDrrM MariigDraidFteded (NIH,
expr essi on_remai ned hi after a see
THA) 0T 8 PoRerEEDA: A resopbealy e SHMEat 8ndk MAET-3-HIV-
ressi - a r S
R
a6tlint, he, ZRtaipe andiloh pﬁﬁcﬂu’f—ﬁtmpﬁnﬁydﬁﬁmdlabi BRMG wesl cultured in

after 20_days. Wth rescue ressio
S fhawe RPREID= ) SRR oo vat -4 APanmD.
Conparc%lﬁgﬁuctfoﬁ df @ﬁ{l‘?ﬁ'ﬁlésﬁhdgél%nuﬁﬁﬂ Giafidduomisi wbtors. To obtain

bet ween de novo receptor synthesis versus
human H1 promoter, the H1 gene was amplified from the genomic DNA of 293 cells

using a 5° primer: (5’to 3°) CCATGGAATTCGAACGCTGACGTC (SEQ ID
NO:10), and a 3’ primer: CCTCACCTCAGCCATTGAACTCAC (SEQ ID NO:11).
The H1 promoter was then amplified using the amplified H1 sequence and the same
5’ primer and a new 3 primer: -GCAAGCTTAGATCTG
TGGTCTCATACAGAACTTATAAGATTCCC- (SEQ ID NO:12), and the amplified
DNA was digested with EcoR 1 and Hind III and cloned into pBSKSII to generate
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i ncreased surface transport of TNFRL, the total cell

| ysates were anal yzed by Western blotting using
WwW@radAdINFRL anti body. Total TNFR was not si gnPET/v82004/§01320

di fferent 25 between the Sca-2 suppressed

RS . %&Aﬁ?@e %?r?«aia‘ilﬁx GiPine SRS ST ATIEE SES and B)
\b!ré/ ,ﬁ%eﬁké& REGSRb fd Y npﬁggt%%@ B S Mﬂg‘th%clﬂ -fer(Ymoter

roni cal ect ed I's was investi gat éd
ragmn dbyansatifig tm«ad:mk@rathﬂvgﬂardmg Xiba d| and iind dtloslonigg tsies using

& Tubiviea Tiitesns shoacAGRER BRpRbCa S, (Rl Ty No13),
PCAAETCRS ect 'GUCM@AACI@“@@@Tmt ed emqng SIIBNAS NO:14), 5-
targeting highly conserved ga nt and

A6GUIBEHSCAFaITIEIGE Y er €HHQ st .E@éﬁ) Hi and S‘r%é?é%AGGCCG

A pan ol Lory <5TEe bSyH 580, MRsE8 sra

Readiri&pHH8 hh £ 13 2dhnedlthgPfounBrideRemdphe HAV - bsiBOA constructs were

mononucl ear cells. The nechani sns of inhihition

m?ad.eng%nnegmwm priGEIs LONRNANE Rgstemriqapy SIRNA. ssapenceiwigh 2 9 nt
t |
B S LTI PUE  3t B fi Nhl am

cﬂbﬁﬁ@%ﬁei%ﬂi th&E@Yoheandto@{ETd bf She ¢HI pmnmremcﬂnleth&Hl -Sfi
in DVEM wi th 10% FBS, %1 % uta

pasd; ITIhieﬁlR@f*rPé‘ﬁ%eéW fory p"éﬁgft@@ig? st abl i sh
anlg-a@??%@fﬁeﬁmﬁ@‘ﬁ%% IOYOTT SEITROE and
GBRi-2f TCENGAVCASCTTENGGEECCAGA MGG (SEQJD NeHé)

e

0210303 318. The primary peri pheral bl ood
m)norzucl ear cells (PBMC) were red fromhealth
@smmeowmry:%mmc@m@wcyf CMGEEREG (SHEAN BIP:2D)

J ceI béA‘ng?ablL@: ram(c}g?ﬁﬁ&é%&ﬁ@‘} er5fﬁ?;ﬁ F ORGAGA

AeAGACGEGOACAJACT A0 TITICEW 04 (FBQITRI NOBIY Wi t h
adher ent henotépe susccl\e)%ll ble to 15 HV infection and
Vo 2 AT BT GEETHGCHREEHGH, gl CTT GAA

@@ﬁﬁéﬁ@e@é%@mﬂw SEREPEE Y e s vore
ehat Bd :BATOf @@CCONGNAATGATGMEAGEAHIGEC NLPTCGAandGAGA

%&%&%&%ﬁgﬁ%&i&ﬁﬂﬁ st GBI Ny 1

pngQ% a@gm@@é@%a. n&%@ggﬁmc}M

BeaET GO TETY ReC ATERCGREa ¢RI ID NO:25)

ond  gagi-1:  GATCCCC TAGTAAGAATGTATAGCCC TTCAAGAGA

GGGCTATACATTCTTACTA TTTTTGGAAA (SEQ ID NO:26)

2™ oagi-2: AGCTTTTCCAAAAA TAGTAAGAATGTATAGCCC TCTCTTGAA

GGGCTATACATTCTTACTA GGG (SEQ ID NO:27)

1" poli-l: GATCCCC GCCAGGAATGGATGGCCCA  TTCAAGAGA

TGGGCCATCCATTCCTGGC TTTTTGGAAA (SEQ ID NO:28)

1** poli-2: AGCTTTTCCAAAAA GCCAGGAATGGATGGCCCA TCTCTTGAA

TGGGCCATCCATTCCTGGC GGG (SEQ ID NO:29)

2" poli-1: GATCCCC  GGAATTGGAGGAAATGAAC  TTCAAGAGA
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Program Division of AIDS, NIAID, NIH The nolecul ar
clones of H V-1NM 3, HI V- 1NLAD8 and HI V- 2ROD were

whovdlogsspy ovi ded by Dr. M Martin, Dr. E. FreepCT/Ns1404/001320
USA) and Dr. K. Peden (FDA, USA), respectively. The

GREMATIERG TipAdrcin S5 b BB §6THhe 25 ser um

nd % gl ut
2" gbwgz“ AfaT W@GAAWT@GAG@%&MG&C andTteGAA

was cul ture he above RPM nedi um
GETPATATEIERCC AMAITT GG (SEMID NMEh) | L- 2 (100 u/m).

17 abei ngVRCEERe. ?A%i%ﬁﬁ%‘ﬂéh%é%%\ ot dTCANGAGA

Cﬁ?@ﬁ%ﬁwm@@fﬂm‘gm Noopt 293
AT AACEATRASST G @E@A@AA@AQ@@@PA%@CEC@TGAA

Cﬁé%m‘?ﬁ@@i?@%&%%% [ the amlified r

$equgige argATOECEATE GAIGAAGGEGEAGTAGENAS' [MCRAGAGA
- CCAAGCTTAGATCTG =~ TGGTCTCATACAGAACT TATAAGATTCCC-  ( SEQ

TTACRACRGCCERT THCE AITTIGGAARNEERLD N3k ed with

T e 2%@3@@&%&@@%‘&%’%%@??@%@““

TTACTACTGCECETIICACCGOMR(SEQ INNQ35% wo different Sfi

1%! nd BTt goseedCpas. 16C ankﬁ%fééiﬁfa@%&s&a%@%m

gﬁlgﬁAgxlqgé&FTG@@Am’rc@msr aician A l(gnéi moNgbss) |

oning sites using the foI ["ow ng four
Sblvpmel sAGE T TS GEEBANBACEG TS GCAATEGAGE GLT1EE TCETGAA

AGEFT LAROE %@é@f‘&m ;ﬁ?j 55 TOGAGGOCG
2“AGGC@§C{4| 3' (GERcded\NO 1@AG¢&GMA@A@M€NMSF@AAGAGA

The G-P construct was nade by anneal i ng four
T’ﬁGC@k@T@"ﬂG‘Tﬂ“ RdGaRC T Tﬂ@ﬁﬁf&éﬁiﬁﬁ&ﬂ%m3@ made by

22 iienco APt RTE T A AR ICAE M RRCAGRR BT T g AA
TT@CN@@’F@T@N@C&E‘YCG@@S@@ RND: Bib)ndl Il cloning

sites, and then cloned into 3' end of the Hl %uom)ter

nefhl +HATERS- H1- SECC pl as m@TAﬁiff@Tﬁﬁqu&AI@% sed fofTCA

B EEERA REC AATL REARRATTRIT GO AAs GER PG4,

nFCT T GAAGACE T TET GECCEAGMAGTEG TSEGATI GBATGHGAGTCTCTTGAA
GFPi - 3 CAAGAGACAGCTTGT GAATGTTTTTGGAAA (SEQ I D

Gﬁ@%ﬁ@ﬁﬂ%%&ﬁﬁﬁ@%&@ﬁ CAAGCTGTC

U SE( PG @G AGAGAACACCAGCTTGTTTCAAGAGAACAAGCTGGTG

TTCTCTCCTTTTTGGAAA (SEQ ID NO:42)

U3i-2:  AGCTT  TTCCAAAAAGGAGAGAACACCAGCTTGTTCTCTTGAA

ACAAGCTGGTGTTCTCTCCGGG (SEQ ID NO:43)

A lentiviral SIN-insulator vector (pTYF-EFnlacZcHS) containing two Sfi 1
(A/B) cloning sites and a 1100 bp stuffer and a chicken HS4 insulator sequence
(cHS4) was used to construct all of the lentiviral siRNA vectors. The HI1-siRNA
fragment was released from the pBS-H1-Sfi-siRNA plasmid by Sfi I digestion and
cloned into the reverse lentiviral pTYF-Sfi B/A vector to obtain the siRNA

transducing vector. All of the siRNA sequences were confirmed by DNA sequencing.
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USi -1: GATC CCC GTAGIGIGTGCCCGICTGI TTCA AGAGA
ACAGACGGGECACACACTAC TTTTT GGAAA (SEQ I D NO 22) 20
WQB004D6554CTT TTCC AAAAA GTAGTGTGTGCCCGICTGT  TETT/GS2004/001320
GAA ACAGACGGGCACACACTAC GGG (SEQ ID NO 23) 1St gagi-1
: GATC CCC GAAATGATGACAGCATGIC, TT
CANSETEarelke

GACATRS g andHprerselion. ( @%@h@i%si%é effect on
Y, 0 S AT TG o
HBAG DE?A@‘?%@@HT%%%TM A?ﬁénéCSﬂ'ﬁ'mG;éG&le;crébed by the
ST AT A TS (08 028, 2l o

usg@-rﬁm-ﬁ %%@%t%@% SZGZPoraﬁe p¥paf@ioh o HIV-1

StOBGCZIAT CEAT PCETT GB0sfeqtEd TEEARA V- BHINADanD xS pupespatants were

ol.i-2: TTT. TW TCTCTTGAA
C#%&M%eéé% OISR ol i - 1:
GAT GCarviga A dck bEABEatlCAAGAGA sdBioNDLentiviral vectors
2004/ 065549 PCT/ US2004/ 001320 GITCATTTCCTCCAATTCC .

warg EeraaeARy (384 qoprapiatyn apd theorirus vas qangertrated dyamjgrofuge

T AT A T S e
onl TEEHCOSES ush gdFoRIebindiddst@at @ad Aésay.l TRIQeddvird] Sa@sdudtion, the

NO 32) 1St inti-2; AGCTTTTCCAAAAA TTAGCAGGAAGATGGCCAG
cellerers cansdicreacdiffarncsficrndneatedsaghe dexiomthe pragence of

PO e AT R T PRI (L TN g B deperter
odnBhiaoZ: asfGCT TTTCCAAAAAGGT GAAGGGGCAGT AGTAATCTCTTGAA
TTACTACT TCACCGGG (SEQ I D NQ.35) 1St vpui-1:

ccc IEACAGnssHamTRA %@SSW@A@@M@W#W@@A‘@#@%‘CQ m]

oS B B A o, 5 B i el v

washed three times before lentiviral siRNA vector transduction at 10 MOL The
siRNA transduced PBMCs were challenged with wild type HIV-1 at MOI of 20 after
24 h. At different time points after HIV-1 challenge, the supernatants were harvested

for RT assay. At each harvest, the cells were counted and the same number of viable
cells was plated with fresh media. The Molt-3 cells were transduced with lentiviral-
siRNA vectors in RPMI1640 containing 10 ug/ml polybrene at MOI of 10. To
determine virus production, 1x10° cells were seeded into 24-well plate in 300ul/well
of fresh RPMI 1640 and after 24 h, the supernatants were harvested for RT assay.
Cytoplasmic and nuclear RNA analysis. The nuclear and cytoplasmic RNA
was harvested as previously described with minor modifications. Zaiss et al., J Virol.
2002;76:7209-7219. Briefly, the cells were washed 2-3 times with cold PBS, and the
cell pellet was resuspended in ice-cold 250 pl solution containing 10 mM Tris pH
7.4,10 mM NaCl, 3 mM MgCl, and 25 pl VRC (20 mM, BRL) and gently lysed by
adding 12.5 pl 10% NP40, mixed briefly and sitting on ice for 2-3 min. After
centrifugation at 800 g for 2 min, the supernatant and the nuclear pellet were
separated and the RNA was harvested using TRI reagent (BRL) as described by the

manufacturer. The RNA was analyzed by electrophoresis on a formaldehyde agarose
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15 CACTCTCATTGCCACTGIC GGG (SEQ I D NO 37) 2nd vpui -
GATCCCC GAGCAGAAGACAGTGGCAATTCAAGAGA

WO T@TOAGTGTCTTCTGCTC TTTTTGGAAA ( SEQ | D NO. 38) PCT/US2004/001320
2nd- vpul - 2:  AGCTTTTCCAAAAAGAGCAGAAGACAGT GGCAATCTCTTGAA

TTGCCACTGICIT SE D ] 20 i=1:-
el bioie A0 BT OEAOIOR e PIRES AR DA RUACRAT SA)
usiﬁ%}{% &%%éAGT é%%?%%%&ﬂr%@%@éﬁrﬁ%ﬂeﬂ%ﬁaﬁon, the old
PrBEORAFRpRAT GADANIECE o SEAdRRONDNtRYing9; L% SDS for 10 min.

e%TCCCCGGAGAGAACACCAGCT TGITTCAAGAGAACAAGCTGGTG 25
BTCTCCTTTTTGGAAA (SEQ I D NG 42) U3i-2: AGCTT

dsbEAGATY -1 To identif
R SCHETTCRTSRE I RS 0 T o o
gtiplei siRNAatatget wises iy the 1 aemna@,z&lﬂﬁl‘fc Sequsnee f@mpFadinm
0 cl o
wa sgengheds; ELRTRS Rt 2l el gbcls BBl Hopsprved
sequRnE&ndllowet By |an0AAt- hit-nluelablidd mwate $dembified eig d.s. ThEL sites
1-si RNA fragnent was,. released frogmthe

mqm; pn-Srding FaquEngss A5RF endol/3Brand |coé|1in§e°»§ﬂuwaﬁesa%eﬂapplng gag,
po? zgtn% a:ér%ttvtctfg Q’gmézﬁé\& §,ng0&§1§1 éﬂn@f"vecg Ssz WSA M?icﬁtﬁlrneﬁ

tmgv%ﬂmvﬁ/enm §ecves] evhilonlié rave dargt;t cliiNAr ﬁﬁhhaagthl mgsphcﬁ@ viral
2004/ 065549 PCT/ US2004/ 001320 DNA.transfgction an
1Thsr ARNAa FYRIRSSIGROY =™ ah SRS DYs FRRAlRg FEL SyRifietic

: f
ol o GRS B iy 1 o i
To en2rige mtiivx)rali sﬁRMA vettdrs pha tHssiBiAn gxBaisenf esssctigswas cut out

des‘”aﬁ 3 Bl ared ot 35 1y Be S inebfhlee vestor dn ot
%géloﬁfﬁi\é%ﬁaczn p&ft@r FFéfrﬁeast SRAAL bl mz%ge) ABTe)éh‘ﬁﬁﬂé’%f the

preparation of st ocks, cells were
prédleteaf Exchte dtew-tdop HiEiRANIA Eplmumw ade its wpmmmmﬂmg Hidr-t target

coIIe gd rva three tinmes 12 h after
SCEEACS P?@n‘s %‘%am f“&?ol% Q@T&gg{ preparation, titration
and Effﬁeféﬁfmﬁﬁmaan ok ®iité WVl sivARs 8y SiRNAE Qargeied 34&€bol, int

by co-transfection and the virus was concentr at ed
ankypai &NA egdérangfocthamas fised de pxamioe the affectstdfdhesgsiRNAs. The

e usly descr.i be |d. .The.v
pE&fl ﬁ}gﬁ‘ %H’nﬁ%sﬂ (%qs cg-t%sﬁﬁéetlgﬁtot%%?tcgﬁl@ 20 1 molar ratio
Wit ZOH¥E o8 Stha Y thrded finfle€tidhusV hioddculak ag166ks¢ tpNI4-31 h189 &E{b$95) and

were transduced at different MJ as indicated in the
PIVEXHOZ.h.8 (08O0)o ped 4 bdater, the culture supernatant was collected and assayed

for viral RT activity. The siRNA construct (GFPi) targeting the reporter gene GFP

was included as control. The RT assay demonstrated that five of the eleven HIV-1-
specific siRNA constructs, 1% gagi, 2" poli, 2" inti, and both of the vpui, had marked
inhibition effect on HIV-1ny4.3 and HIV-1g96 (>90%). The HIV-1oocracn.1.8, @ subtype
A/E recombinant, was inhibited by four of the eleven siRNA at >50% efficiencies i
gagi, 1% poli, 2" inti and 2™ vpui). The U5i and U3i siRNAs, which target non-
coding regions of the HIV-1 genome, demonstrated ~50% inhibition for HIV-Ini4.3
and HIV-1g9¢, but had no effect on HIV-1gocraoz.1.8. DNA co-transfection with HIV-2
molecular clone showed no inhibition effect by any of the siRNA constructs.

The RT assay measures HIV Pol protein synthesis and activity. To examine
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pol ybrene (8 ug/nl, Sigma). The transduction

efficiency was nonitored by reporter gene nlacZ
was@ayessid HI V-1 infection, RT and MAG assaysPCFBIMD04/001320

was activated with 2 ug/m phytohemaggl utinin (PHA)

in_RPM 1640 nedjum for, 1 d and the cells .
thousdihy effseiscon Vﬁ%lsmﬁ‘éf%’r% %P& ?53]1 S rvfre Wﬁmsgg{eﬁo‘?’ﬂh PNLA-3

with FRGYARA. PRp&tifid O o BfuctsS bRMR fﬁ?@&ﬁﬂﬁeﬁldpmater the
R g

were chall en th wildtype HV-1 at MJ of
pragdmgt vinddwhs héivested fard ased to ifegtoChés MACHr cdl-]ISVan LTR-B -gal
chal | en e, the supernatants were harvested 2Q f.or

repeyigneell Aince ARNAEHYE SPMPRHON A e PIRGFRY KBNS YHY i pact
ceﬁggﬁg&%g Etﬁ}gﬁﬁgf %@g)gﬁ th# &l oF tHESRI AL e\t?\nh% Elrfﬂr &g regions

I's were transduce
were rffeviiveain suppfiisiing ¢Vel mfwtloﬁiF(I@Dw&/s) inomtimigrthe gefigronstruct

P ot 65 e id % sxBiois Bupatifarsy F35 RIS BT, sy
Inte?es%ggfzf gl‘éﬁbél an@ U3 %Bich BR tnlaﬁ”c@dﬁ‘fgqregf)hﬁn B4 HIV-1 Béhome,

super nts were harvested for RT assay. 25
al@d:)dmiblteslmS@‘%amhlmmw d&ctSRNA anal ysi s. The nucl ear and

¢ RS et (N DRSPSy R RERY | SR iRl Pofova

tr%@@@ot%ﬁ 7800721t trBhdredlon, asﬁz{‘yedéiﬁdﬂs&awﬂ rtBatWas PR@m2d SIRNA
times with cold PBS, and the cell {)ellet was

expe@al@pmd@tmoutmwmeef@tlﬂe psBIBt] Hbihitienn Beeavsa lontivial pectors

me%tenﬁt‘c' ﬁ%{l ele léxgeﬁ%ﬁ% aé%ﬂy\{b%%éggélrxﬁg%l%ﬁ%&dce}ﬁ of hich

ovrédfne Ptotsmd ﬁmﬂf tnnd@d SRNI gene0rahgfer, flaitlvzfa;B SIRINA vectors
After centrifugation at 800 g’for 2 mn

casnypng haseaHTV dnwpeeiie SRIINs averp Bt toksde L@é‘ﬁﬁ?@%@“aﬁﬁt"fs

iSRS DRl e Propsngl ol T aRO AT i

3pmte! BB @@me&lme O\Feca)rfﬁﬁeﬂw/aieﬂ@tdlemaghrmé‘E&n s by B-
2004/ 065549 PCT/ US2004/00132Q gel, bl otted and Pr opeq{N
galpatosidash dePRTEA| SANG ?ﬁs%esTh(eSme&St a&éh@e iéf erggt lgptivigal sIRNA

n
coll%%é@cts %&@&@ﬁ?&f e‘%@ E)? Iﬁ‘%ﬁgﬂgﬁn%}] glﬁﬁ*f{ HHSEJLI&@ ?ﬁ(‘éﬂeu'élem&a/ g&al titers
insthé kamge df by1.3pil DT/mg TheUbl, ghgi, poli,cdH2i mRNAacmnstrgcl@ thaymlso

ta%tggrf{l; e GOOLEICHIAA £ob SEHGRLY afiel GERDT fjeF | The 2 poli
b‘ég@gﬁ)rg‘dlﬁ &%r Ltod t#&S thad thd %tﬁé}sv'nﬁ]osg GROFRIuctth Rfficient

ence Conpendi um was searched. Eleven’sites
siRpa inhitsjtivithatalse mterfiredaivith emctnnpmducttlwm ghly conserved

 Gentpriradortyeb Sk Ehitn oF HYE, 48 BimdE G ool tines,
CRERAUENECRIhEIRE mﬂﬂmiﬁ c)ellal'h‘i’e GadiGPOSTINS EBS both of wh1ch are

over 'appi ng gag, 10 int, v env (1st vpui) and
sameftive ot Yietroppa fElV- bfmfﬁﬁgon ayere 1%@ tgisduesdi wih demfé\flﬁal siRNA

vectors, gipi, 2" gagi or ond vpui. The lentiviral siRNA-transduced CEM-A and
GHOST hi5 cells were propagated for 5 days and then challenged with a syncytium-
forming HIV-1 (HIV-1nr-aps), and the cells were monitored for syncytium formation.
The results showed that the gfpi-transduced CEM-A cells formed syncytia in the
entire culture and were mostly killed in six days after viral infection. In contrast, the
2" gagi transduced CEM-A were partially protected and the 2" vpui-transduced
CEM-A cells mostly protected from the syncytium-forming cytotoxic effect of HIV-
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target all viral RNA species, while the rest target

either full-length or spliced viral RNAs. The si RNA
wexpreesuodn vect or was constructed by anneal i nBCT/82004/001320

synthetic oligonucleotides and cloning into a pBS

I‘gegé Tﬁ@ng%gﬁﬁawgge xS \F,llglc(léllgg@%r lglﬁgceﬁ"s agtlehﬁggtlvual siRNA
ﬁ%@&c%g'agﬁﬁf\?gatép% é@ﬁﬁet&{ét P le;igwfril%fsﬂﬁctﬁ)ﬁ%ﬂlency was

pl'asm I nt he lentiviral SIN insulator
clasead AD0%rasfimdicdated by a dacvZimapatangendElsays- nl acZ reporter

gen as S Ei e. of .the red d
%%2‘3 &%R%kﬂne@é r Eﬁp‘pfanlg |°P§°n&°cﬁn§e§% & guman
1yﬁ#)}{oéyt$sargﬁé trafRRBERE tnd RdieRS Edp dr&&@ﬂ%v@tdeﬁﬁilbt@md that
ficient inhibition of three H V-1 strains

lettyvisal RiR&éAtpxo’geﬁed regllg) ﬁgm PaV-1 #ifectiopgmd {he @fﬁgclam,apytopathlc

e B O A NE 1 BB e

ce@l@ WwisaRsEapaed. | A MIGB3B Gembs TicelRQint el Ass badr ohronically
th one of the three |nfect|ous nol ecul ar. _.cl ones

infikged. Bith pB8! EFEPEDY-laTthiotp SRS 10 PEoqus ByEh ShRd B, was
e I £5i0 ldecl:eehnd nd

A R BP0 S8 o

a (cﬁﬁBin)atlbﬁlrcg edll figed Meater Q;[RNAeVeogﬁste TiePcbnically i HIM-lidefdcted

as control. The RT assa nmonstrated that five o
MEN L2 resils \haye Qeﬁéd?TPP%ﬁ%‘? RreeA lopsa: thar 1% manths gad,;al 2 %13 are

. iy L, TTRR he i d

B8l AP R B 88y, SR epion
sikNe\ trhdd i@ dmRd82manitdred asisgiblacfeepodtcE gﬁm:@sw néral RTwegivity
.inhibited by four of th el.even si R

inc Bl BB o FOOEEE T RIS b NS phigipn cffects

Léiﬁ iighl trhR€iubRén %@ﬁclé&y &f B[\AAMOMBC Bellsatv@iet>0005 B all three

I ng regions of H V-1 genone, denonstr at ed -50%
leitiird) $1RNA s pqrw-z jinti 3andaBl vpw, beb.net @iy inkibited HIV-1

HI. V- 19 A 8 t
oo IR PN 5 oS G S ARE i Byt gf hree
dlﬂ%i/en@ fHIch £ spédRNA sSHONAL ¥de€rs dispigelRthe hisdestmindibitias efﬂlc‘r/ency
protein synthesis and activity. To exam ne 25 WO

(%M/ 065549 PCT/ US2004/ 001320 the si RNA effects on

vir a ' nf eifth'e\i” tyl’tloﬁﬁ%-g (ﬁl%lth HIVE] %ﬂ?& %&Ffa%r%&rpnon-

pNL4 ese 17"specific sl constructs or

spediicofifil inerftrende @ntle ZMODTBarEeHs, ctttysiasrpic cpd myclear RNAs were
was harvested and used to in

haryestedzanggxantiegslo r Flas quadity of {hs ﬁ@mtmqrgror?ﬂgamf sow by EiBr
stgl‘e?lmgé 4 ? ggﬁfy@(ség g@ RSy aﬂdl%ér’ssof Hlfoﬁg tdeNil dng 9 Vﬁ@i@aréduced

stal ning showed that” all of t
MORNAscelladgabhsigitad matked oeduston e@aleBV WBINgA effeicisst(fulkelength

snbsiob QRS 88 BB R Pra o e atar i fre et But no
SRR A0 Bl oshe OO RN Y- it s
nowepddi R’gIAr @@rmhislon rwas ot gtected, @mbw@rn by the presence of similar
amount of B-actin RNA in all of these samples. Lentiviral 2" ypui inhibited HIV-1
RNA in both cytoplasmic (C) and nuclear (N) compartments of the chronically
infected MOLT-3 cells.

Lentiviral siRNA inhibition of HIV-1 in primary peripheral blood

lymphocytes. To investigate the efficiency of siRNA inhibition of HIV-1 in primary
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al so exhibited -50% i nhibitory effects. 10 Protection

fromH V-1-induced cytotoxicity after lentiviral siRNA
WO e@ad6ised i on. The transient transfection assagCT/US2004/001320

dermonstrated that the plasmd si RNA expressi on

t t ffect H V-1 i biti.on. B
hurﬁ%ﬂ PR OSy e By ?ﬁ@é. Epusrrere tignedoigeh e Bolepb Bra SHONA
A0 BESWRDEY ghnﬂ/l@ﬁr eI N1 [RAIS! C@i dSndWN PBMCs were

cOver come problenms wit t ansi ent si RNA gene transfer,
activetedi with RELAs aRNfransdntat with Sergivinel) siRYVA veeters encoding gfpi, 2"

H V- f RNAS furt Lent |
o R T8 oder Jreiatiny BasRu oDy TR PR ey s opp el same
of AR e R\ fRre PR OG- R Eifure fihes ad calleRgedS3ith the

I s and the vec?or titer was determ ned on TE671

\primary virby stt@in Y& desosi Jhsectficisort of lgetivrahdmmyductige of the

PEYE o R o157 B PrealoEeiott Bpodbe e aSRl i Fhfure
sufthRAMAS QVeYé Eé!llecﬁéd;@\g&y 30 Hiy b&@—HWﬂg%hﬁﬂenﬁJ(dﬁc)Xfor ten days

107/ m . and inti siRNA constructs .
and hestyeal ®DRTc @tlgﬁy The Rffdhp@tcs chovsed tgducedi B Vrdgo.s replication in

eRiCR et B3 b, ot b ST e hefioaid g 2 voul

len@ﬁlﬁﬁlr\»%ctdi@ﬁi corhfs@bd wiahiiofehk bed efi trafddidéd PBM(DB t iSirilar
hat also interfered with vector production. To test

reSIubmweW obipineil Rrifh PRMGS fpendidferept donors fhad WiteRaligngsd with
Hl—gﬁd\! lines, 25 CEMA, an adherent |ynphoma cell |ine,
L$40ST his cells, both of which are sensitive to
Mtropic H V-1 infectOis; Embsdimehtsst transduced with

lentiviral siRNA vectors, 2nd g 2nd, v
The It dnttpybe amdsystas: fhaan‘glalgﬁ:é nia Eﬁﬁﬁsﬁeﬁﬁp@ed n

coﬁ\&ﬁ{mﬁ?on@@lﬁ%%@%ﬁﬁ?@& ripHbn Eﬂ %%\{ St?% Iﬁ%?% NIEQ /cal\g.é'a)ﬁbﬁ@ﬁ‘ Qﬁﬂtended

to dRistrate\sd @otrtiniitt the ecbp‘emf th@/mymtmmt;rwﬂlmhrmtdleﬁned BjZ)th‘EI‘wope of

results showed that the gfpi-transdyced A cells
the avn%é%yh&% aptilﬁf %%Péctsaef-ff o ] o et IS Aregahiy, the
o gys. after viral infection. In contrast,
mﬁﬁ1&ﬁ%%f gag| transduced CEM A were partially
pr ofWhatdsiclamgedine 2nd vpui -transduced CEM A cells
nostly protected fromthe syncyti umform ng cytotoxic
effect of H V- 26 WD 2004/ 065549 PCT/ US2004/ 001320
INL- AD8. Simlar results were observed in GHOST hi 5
cells after lentiviral siRNA transduction and
H V- INL_AD8 chal | enge. The lentiviral transduction
efficiency was close to 100% as indicated by a |acZ
reporter gene assay. Lentiviral siRNA inhibition of
H V-1 in chronically infected human 5 |ynphocytes.
The transduction and chal | enge experi nents above
denonstrated that Jlentiviral siRNA protected cells
fromH V-1 infection and the associ ated cytopathic
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effects. Wiether lentiviral siRNA could inhibit H V-1

in established HV-1-infected cells was investigated.
we20Dd5539 human T cell line that has been chr opreTaBE1094/001320

infected with wild type H V-1, which continued to

produce high titer HV-1, was 10 transduced with

lentiviral siRNA vectors including gfpi, 2nd poli, 2nd

intig, 2"dyVv I
siRi vect ceithvig Sectfr SRR AR spal G Enqplfsmal
mtﬁilres been propagated for |onger than 9 nonths
Shd EF? ‘s are infected and produce H V-1
continuously. After lentiviral siRNA transduction,
si RNA transduction was nonitored using a |acZ reporter
gene assay. Viral RT activity 15 in the culture
supeX.nat alltesleniagrad medtqzaftlaim eovherein the veotor 3§ GMprised within
inhibition effects. Lentiviral transduction
a leftivigdl efiton. of the MOLT-3 cells was >90% and all three
lentiviral siRNA, 2nd poli, 2"d inti and 2nd vpui, but
not gfpi, inhibited HHV-1 replication in the chronic
H V-1 positive MOLT-3 cells, and the conbi nati on of

thr di r.ent. = 1- ' Y .
di spl aye d’f‘l{eﬁleﬁwlmﬁbg t&r §1ﬁc€i%h{ | gvyl}f‘éé% : %ﬁ%l?fn%g&erence RNA is
59 To see jf the inhibition was dueto H V-1 RNA

Spéﬁégi:é%a&ge@ﬁ apsocitad WA FATGEn- specific viral

interference in the MOLT-3 cells, cytoplasm c and

nucl ear RNAs were harvested and exam ned. The quality

of the RNA was nonitored and shown by EtBr staining

of the adgHicobmtigehl. véddoort b chimrd| whérsinofhengarle, asgbgiated with

and 2nd vpui transduced 25 MOLT-3 cells denonstrated
caf®rkedea-gduction of all H V-1 RNA species (full length

and spliced RNAs) in the HV-1 siRNA (2" d vpui)

| entivirus-transduced cells, but not in nock- or

gf pi -transduced cel | s. The SI RNA i nhibition was H V-1

specific ause rad n.was

dot ett ed, TSR VERor Rt Cameee B At fn infetieiffiariva is
of (3-actin RNA in all of these sanpl es. Lentiviral

SpoGiEiC {QILA S PFesPRIdE ailys.1 30 RNA in both cytopl asnic
(© and nuclear (N conpartnents of the chronically
infected MOLT-3 cells. Lentiviral siRNA inhibition of
H V-1 in primary peripheral blood |ynphocytes. To
i nvegt i garie lehevied Vedocsteyainf 5, svisNin thehiihistis BV Of
HV-1 in primary 27 W) 2004/ 065549 PCT/ US2004/ 001320
human | ynphocytes, primry human PBMCs were transduced
vvith lentiviral siRNA vectors followed by hi gh MOl

et  bat oot FROEER B T s Bofheon B Rt -1 and e

si RNA vectors encoding gfpi, 2d poli, or 2nd vpui .
EAFt%¥%& entiviral transduction, the PBMCs were counted
and sane

8. The lentiviral vector of claim 6, wherein the virus is HIV-1 and the
gene is pol.
9. The lentiviral vector of claim 6, wherein virus is HIV-1 and the gene is

int.
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5 nunber of viable cells were plated into 24-well
culture dishes and challenged with the primary viral
wa@ tooaiosssikh V- 189. 6. The efficiency of |entiviraPCT/US2004/001320
transduction of the PBMCs was estimted at -15% by
(3-gal actosi dase reporter gene assay. The culture
supernatants were collected every 1-2 day post-H V-1
chal  enge (dpc) for ten days and assayed for RT
act M t y. TheHentRirak vesten efslaimdweheran ying) istilY -1 @od ghe gene is
replication in 10 PBMCs that had been transduced wth
vplthe HI'V-1 specific 2d poli and the 2nd vpui
lentiviral vectors as conpared with that of ink and
gf pi transduced PBMCs. Sim lar results were obtained
with PBMCs fromdifferent donors that were chall enged
W t HI N nt | f ol
undglr St oodﬂ ke%ta%lr pVQ& gm%gﬂ? ﬁhe%én eeﬁect(gl%sg%l ns(fs ¢
In, conjunction w hth elgﬂiﬁl\ cc[| tion_thereqf o the
capiEie COTBGIRG RIEBRIEF Bprianly Tuked fis JETFouaE seqtine Vigpding
and not limt the scope of the invention, which is
smpdlrintesigrange RBA.scope of the appended claims. O her
aspects, advantages, and nodifications are within the
scope of the followng clains. 20 What is clained is:
28 WD 2004/ 065549 PCT/ US2004/001320 1. A lentiviral

vecti COMY leftitigal avebio€ lo€ @laitlel 15 eelitedin ghee bupeclienig iA a reverse
smal | interference RNA. 2. The lentiviral vector of

W{G nprised wwthin a

Orfehﬁaltll%ll?la ?P%%ﬁlglegéﬁ%ghpﬁlgktéﬁt\sfr al vector of claim
1, wherein the small interference RNAis specific for
a gene associ at ed with cancer. 4. The Ientivi raI
vector of claim3, wherein the gene associ a W, t h
canck: is fS‘C]&nEVH@ veqiqe of ekim iily ihetrant caé?e 1§‘inh1a]forward
wherein the small interference RNAis specific for a

orgpatasioprelgivt toi the athei ganss irgthe vhetor.ent i vi ral vect or of
claim5, wherein the virus is HV. 7. The lentiviral
vector of claim®6, wherein the virus is HV-1 and the
gene is gag. 8. The lentiviral vector of claim§6,

whergj n t Rendthéd for r&dulting-ckpARsloh BEa t8802eh&i4 £dll, the method

comprising the steps of:

(A) introducing into the cell a lentiviral vector encoding a small interference
RNA specific for the gene, and

(B) placing the cell under conditions wherein the small interference RNA
specific for the gene is expressed in an amount sufficient to cause a detectable

decrease in expression of the gene.

15.  The method of claim 14, wherein the vector is comprised within a

lentiviral virion.
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9. The lentiviral vector of claim®6, wherein virus is

H V-1 and the gene is int. 29 WO 2004/ 065549
wWEDANERD4/ 001320 10. The lentiviral vector PET/TRB04001320

6, wherein virus is HV-1 and the gene is VP U 11.

The ntiyjra r of cIa| 1,. wherein.the vectaqr
conpl'ses¥g %%@% q#ﬁ 14 g?oﬁﬂf aoH@PEﬁﬁVm'CdL
i nked the nucleotlde sequence encodi ng the smal
interference RNA. 12. The lentiviral vector of claim
11, wherein the cassette is in a reverse orientation
rel ati.ve tThetnhwhat btelaige e svhaneih hige menmodian t8ll isThbuman cell.
lentiviral vector of claim1ll, wherein the cassette is
ina forward orientation relative to the other genes
in the vector. 14. A method for reducing expression of
a tagget e | h SI t
stepggof g?%§]#éﬁé§) ckﬁ§h|ﬁ?ggpﬁgg€eg leﬁ$%@|raor cell.
vector encoding a small interference RNA specific for
the gene, and (B) placing the cell under conditions
wherein the small interference RNA specific for the
genel9s exifecnsibad iof damhABuWhoSlF £ERS EnPng gxpustisd af higher
detectable decrease in expression of the gene. 15.

leVéle imednicacedtf thangh modal celisr ei n t he vector is
conprised within a lentiviral virion. 30 WO
2004/ 065549 PCT/ US2004/ 001320 16. The nethod of cl aim
14, wherein the cell is a mammualian cell. 17. The

met hggl of Fﬁé ﬁiefﬁo%l%f RSN QhkReh MR dfafrShicing 1§toathe cell a

human cel 18. The nethod of claim 16, wherein

le&ﬁ\élfraéivr?c%ét glcr:rc? 1n% %lesn%al 1%2 ggee%%g{ﬁﬂgo%eg %c lctlglslte Sé‘e%’e results in

ncer cells than in nornal cells. 20 The net hod of
d‘??l phihgsellyherein the step of introducing into the
cell a lentiviral vector encoding a snall
interference RNA specific for the gene results in
death of the cell. 21. The nethod of claim 16, wherein
the 2l | The nrdfilect ecclant b6,avidreinghanell is infected with a virus and

the target gene is one from the virus.
22. The method of claim 21, wherein the virus is HIV.

23.  The method of claim 22, wherein the virus is HIV-1 and the gene is

gas.

24.  The method of claim 22, wherein the virus is HIV-1 and the gene is

pol.

25.  The method of claim 22, wherein virus is HIV-1 and the gene is int.

31



the target gene is one fromthe virus. 22. The nethod

of claim21, wherein the virus is HV. 23. The nethod
w@boogloedsme 22, wherein the virus is H V-1 and tPeT/ysmwe4/001320

is gag. 24. The nmethod of claim22, wherein the virus

is HV-1 and the gene is p(r)l. 25. The nethod of

claim?22, wherein virus is HV-1 and the gene is int.

31 WD 2004/ 065549 PCT/ US2004/ 001320 = 26, The nethod of

cl ai2n 22 Thatneetbod of laim |22, svhiereinthe virgsmis Hhe1gadehe gene is

vpu. 27. The method of claim 16, wherein the step of
vphntroducing into the cell a lentiviral vector

encoding a small interference RNA specific for the
gene results in the inhibition of replication of the
virus in the cell. 28. The nethod of claim 14, wherein

t he ,vect ' . . S

operdbl y rsaRed BEdtalh FEOTRTR et Tan ok RSP LRY Rl o

smal interference RNA. .29. The net had .of.claim?28, .
terBebysotirBbedhg bepall et eieq LS ARRENAF fehip i Redilts in the
_relative to other genes in the vector. 30. The nethod
inlgbition of rapdigationrefiibe iresia theedktte is in a forward

orientation relative to other genes in the vector. 31.

The met hod of claim 14, wherein the step of

introducing into the cell a lentiviral vector

encodi Ng FheShRthodi 6t elafer B oehdriA Seewdctdrcedmyprisehen cassette
gene results in expression of the nucl eotide sequence

co?ﬁ?&%ﬁ%gﬁo@ﬁ;t@%@ekaﬂlﬁ ik & TR &1 EN | REudnRBIBE0diAd B small

interference RNA.

29. The method of claim 28, wherein the cassette is in a reverse orientation

relative to other genes in the vector.

30. The method of claim 28, wherein the cassette is in a forward

orientation relative to other genes in the vector.

31.  The method of claim 14, wherein the step of introducing into the cell a
lentiviral vector encoding a small interference RNA specific for the gene results in
expression of the nucleotide sequence encoding the small interference RNA for longer

than three weeks.

32



