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Gene Vector Field of the Invention The present
invention relates to gene vectors for use in gene
wo can®bmsss and t her apy applications, and to nethOTE2006/002266
produci ng them and uses thareof. Background to the
Invention Lentiviral vectors (LVs) and other vira
vectors are an attractive tool for gene therapy
(Thomas et al., 2003). Geke ¥edior ransduce a broad range
of tissues, including nondividing cells such as
hepat ocyt es, neurons and hematopoi etic stem cells.
Mor eover, LVs integrikk dMbholdvangi cell genones and
provi de | ong-termtransgene expression. Although LVs
can provide efficient and stable gene transfer,
t is r ' - - [
Thet BBk sRE R, REROR, bt NerdiE bPL8TY AnEHAREEELAR therapy
apppicadiohg ranilso petttads of prokdycing tlenanhd sdsitheteolly i n vi vo
vector admi nistration in which transgene expression
may only be desired in a specific cell population,
Backb@®indfo theMRVentigh! S or hepatocytes, but a broad
spectrumof celT types are transduced. De-targeting
expression is also inportant when progenitor or stem

d b it i .
LenfiFiyCiyBhls LSRR Gher Bt victolsd? 35 GHFG iln 0B A% Fom oy
(ThbimBe 8gel.,05003he 1VE tax anahiduted noay Iraat%fsoaf- tisk@e 3 @uding non-
npst efforts to address this problemhave relied on

.

dividingtretls shelyas heptocytesy aarens ail/kragiepaistiesiginnesdis; fgoreover,
AR FRSSH S RSB L  FEBESe ABB xorsion

envel opes can reduce the vector titer and result in
dec ed vectqQr |nfectivity (Sandrin et al., 2003).
AlthRugh -Ss%écm‘rl@e E%W&f edsstabifigene uRnsiolfetering caprepaeRly, or
de-tFetibb bxRbsidH &dki, %atg)etzi(ﬁc oat E@lr#ﬁiaiHQ QHCM®. This 8roble is
pronoter/enhancer "el ements, a of ten weakly expresse
partioularlyr gedevant sfollewingompavied eoton badpinistratidly iexphihs ednsgene
o ronpters. .In addition, the?e thssue-aﬁgeci f'hc 1
<PFIRBILNSOUS Wl HPhal & SRERFS AS!LARPEIAPE: qigh as tumor cells or
hep&Begtd, bat 4 bok@kpaan @ceﬁ'tyl?es ADEAnsdléAN TULAgeting expression
. expression in non-target cells can occur for a variety
is alsp impadenisyhemplogenitg or| stk wellp atsrivansduced: bl it ys apagssary to
/ er. t.r j Pal 1 |, ) weclhE,.
havP LB AR e BB 08 B P R B SD R g0
popplatber €ntlate) myst efforts to address this problem have relied on either targeting

the vector envelope or engineering tissue-specific promoters. There are, however,

limitations with both these methods.

Targeted envelopes can reduce the vector titer and result in decreased vector infectivity
(Sandrin et al., 2003). Tissue-specific promoters, which are constructed based on, but
not identical to, naturally occuring promoter/enhancer elements, are often weakly
expressed in target tissues compared to ubiquitously expressed promoters. In addition,
these tissue-specific promoters do not always achieve absolute cell specificity(Follenzi
et al., 2002). Transgene expression in non-target cells can occur for a variety of

reasons, including ‘leaky’ promoter activity and promoter/enhancer trapping(De Palma
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integrates at sites of active transcription, which
can, in turn, drive transgene transcription
wo naepasseent of the vector's pronoter. |n or dePCT/iB2006/002266
ci rcunvent these problens ard create a vector that can
mai ntain high infectivity and robust expression, while
enabling tight restriction of transgene expression
et alf, 2009 parhe wappimg plenbmeppreeomeseabat becapsedthe veetor preferpatially

.. 1s requl ated_.by endogenously e essed.m croRl
integpfitagh) S1900%) 15083 HHIGUER b LT, Sl 1 ¢ B Sy frenseene
tranREHAM FMSH&HTeA STRhéVdcha shrBNbtepr ovi des a net hod for

nmeasuri ng knockdown of a readily assayed gene. The
systemis used to determne if siRNAs and chineric

C [ e readily s
I oS ARABRERE ARS; THBIGES LOR Btart 4Oy EAROURY sBRABHBRIn high
infedliddigr ab@srobig egpetsiatgt while ofnabling pight e resaimtiohr oft transgene
suiitahle for introduction info mag;ml i an c&)llals to
expressinn &ogk PArticulig sceflhiypes afe Klsvelere Roreitethe A5 ceglgad by

SO MED RN n{‘nﬁﬁﬁ Ay ansl ational repression
endo%g? V\g?/s IJaﬁné?o}rﬁ‘?cﬁemAca m)(;LI ators of such pat hways.
Mansfield JH et al (2004) Nat Genet 36(10): 1079-83

rratumin Nat Genet (2004) 36(J11):.1238 .and .
wORPHnaids S e soa et SRR TS s plagig THVA Povides a
metHiRIS o IrRGusRi RS Rhélkd6 WA ol NeAdilR a§s8PT béie. JBRE sy¥tddA is used to

m RNA target” sequences. In both reports, the _
detenoimst f Ui RN Asepred ¢hinieiseBNAS gimideeiicassx prrrsssiaom obfthe readily
a en(gﬁggnr%ues em'eRNAs and not for the purpose of
SSayE &l ﬁggél transgene and/or restricting expression

to particular cell types. An inportant feature of our

invention that should be highljghted is that we

US Beieri ABRication d001BP65 Lodeopibaachy gorstrurdomel § egortar sensiruct
suit%l’epﬁﬂqﬁ@&ﬂﬁpgn Mt M&l‘ianc&?fs Qlckdacdif ﬁﬁb%gtﬁﬂecalnebg %s]pd for

Xpression to achieve specific expression profi
identifieatioac o genedl inhaluerh i @iBN/s trahsiaihpl eopredsjonwpatirivays and/or

denpnstrate that. m RNA target sequences can be
chemigal madiyators of SLEhBHPWAYS onst ruct (a pl asm d expressi ng

a marker gene such as luciferase) to track expression

of a m RNA, they do not describe exploiting m RNAs
Mansfieldi TH ol dl y(2004) Natc Gonetr li0)at079:83 Epul), ersatvincin Mef (enet

o B BRERRELE oL BT A ot dscr
plasPli@VédRtaihiABdREpdiRe badeewlith @liRDIA @Rzedbequences. In both reports, the

constructs were designed to monitor expression of endogenous miRNAs and not for the

=y

purpose of regulating a transgene and/or restricting expression to particular cell types.

An important feature of our invention that should be highlighted is that we describe
how vectors can be designed to be regulated by endogenous miRNAs for controlling
transgene expression to achieve specific expression profiles of the vector. Although
reports already exist, which demonstrate that miRNA target sequences can be included
in a reporter construct (a plasmid expressing a marker gene such as luciferase) to track
expression of a miRNA, they do not describe exploiting miRNAs specifically for vector

regulation. They particularly do not describe the use of the vectors of the present
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transgene of interest or manufacturing approaches to

increase titer of viral particles that express toxic
w@enemooshs ch are normally toxic to the cell i nP@hig2006/002266

the viral particle is produced. Statenents of the

I nvention According to one aspect of the present

invention there is provided a gene transfer vector
investipn fbt geho thayepye tproshgs rie grevent apprmacinediated ugleciien of a

ene therapy, gen ransfer and/or regul.atian.of .
tran G5 of BRGNS S Fash R AP RBSI S FIRGERS TR S RLfiles that
expredy @Ric gdlRe whitHNAyel orm@IE kRBE Yo tHendeBdin Wiich flige viral particle is
transgene. The term "operably |inked" means that the
prodisehonent s described are in a relationship pernitting
themto function in their intended manner. In one
enbodi nent the vector is a viral vector particle
Statemenis bfthedneentioRNA sequence target. I n one enbodi nent
the particle conprises the genone (DNA or RNA) of the
vector particle, which genone conprises the m RNA
of] yoypgeTelal W
AcBRETS Bnl R of e PR AROATA Incl R, PRMAIGR, Facpe fgapoter
vectgeswitableciomgeiat mengnecnnRpphremhos sueh aageettherapy,gene transfer

nmbodi nent the particle conprises the RNA one_ of

and By KBy O ENPRREIOR i CHRRUR SUPRHRG BFBIR o goquence target.
The THRN R 18 “5pdriMly HARENG ahé dhfdlefic. THY ©Hin "BYerlBlyi lihked” means

tandem In one enbodi ment the particle conprisSes the
that thercaneprnestsoieserihed e inoy refrtionslip eewitting tRan tgdivegtion in their
. ' multiple different m RNA sequence target,
““QQﬁggﬁ&%§§ be in tandem More then one copy of a m RNA

target sequence included in the vector may increase

the effectiveness of the system Al so that we envision
In opg gmbgdlimeat ghet vastorigna vHRlGECY dgifishe eampiting apaiRNA sequence
tmg&pcluded. For exanpl e, vectors which express nore than
one transgene may have the transgene under control of
nore than one m RNA target sequence, which may or may

In og(e) tem%%d{jnllérft etflee ggﬁicﬁh&mrgrgwtﬁeaé&%gnesﬁfw chg:reﬁNgS %f t%ﬁe IVcra]ctor

particle, which genome comprises the miRNA sequence target.

In one embodiment the particle comprises the genome of the vector particle, which

RNA genome comprises the miRNA sequence target.

In one embodiment the particle comprises the RNA genome of the vector particle
which RNA genome comprises multiple miRNA sequence targets, which may be in

tandem.

In one embodiment the particle comprises the RNA genome of the vector particle
which RNA genome comprises multiple different miRINA sequence target, which may

be in tandem.
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tandem but other arrangenents are envisaged, such the

use of antisense orientations. Antisense orientations
woryo7loaccesef ul in the production of viral partPCl/aR006002266

avoi d expression of gene praducts which nay ot herw se

be toxic to the producer cells. In another enbodi nent

the particle conprises the genone of the vector )
Morgdhen enecopphofchmiRNAgergstreequengs inshuled in theregtondnay increase

Preferably the rtic i,s derivable fr .
the PEEGRPRor R s ch Ba Ry St e L ALiRIA target
sequéBEdsOEoul@ HeNinthded. OrFBr Odxathp) Nveétora wiie expre@nfilods than one
vector. In this enbodinent, the gene transfer vector
tranggepe da@p hipke the irapigens under contralodf mese dhasy vl RNA target
. ' i ch: ri . ' t .
seqHES, nicH whl BE R B ieRRHR, RN BB Sed B8 may be in
tanderg bot sthas adasenichedird eneisapedp sl the use of antisenfe orientations.
nuclei ¢ acjid containin s,qulgnce capabl e, o

f bein )

AntiSeniqsGNRIPNS THS be sl iRelfe et firkize! PRIGISS fa avoid
expreb¥ibh 8f Serk S}%d’l{i{%dwm’blé Ha9 oitrwisd SF 't&ﬁ& tPthe pldtRicEEREs.

vector or gene transfer vector of the present

invention may be used to deliver a transgene to a site

or.cell, of interest.. The vector of the.present . .
In aofhiEmbsimeg) 6 Bauiesroen e ehppEdt B aeny partpls yich
RNAgehéie ¥bhpiscd@GfaAkgenéd vector is a tool that allows or

facilitates the transfer of an entity from one

envi ronnment to another. By way of exanple, sone

P A e o R (Cuch 25 2

(such as a
het er ol ogous DNA segnent, such as a heterol ogous cDNA
segnment), fo be transferred into a target cell. .
In a@ﬁ&% ﬁaa)bpgil,mq?ﬁ dlae genen fransfere veckergis incbe| form i g @epriral gene

tran B ARG TRRGY EmbOUARAL R fonk RERGLET AL AYRM eI S the

or may act a$ a repl’i cat’i on.
forntowfi rapl expresfion gettor ar plseoidi whicke comprisearthe DIRNAerhget gerpsnce
e plasm ds, chronosones, artificial chronbsones

di ncl uﬂﬂﬁf
and QpuQRAllY AHLANSRRG: vi ral del i very systens include but are

not limted to DNA transfection nethods. Here,
transfection includes a process using a non-viral .
Exprassipprveciorsie$ idesaribad dersin tcompriseuregionsrafrmuéleignacid [cpntaining

sequences capable of being transcribed. Thus, sequences encoding mRNA, tRNA and
rRNA are included within this definition.

The gene vector or gene transfer vector of the present invention may be used to deliver
a transgene to a site or cell of interest. The vector of the present invention may be

delivered to a target site by a viral or non-viral vector.

A vector is a tool that allows or facilitates the transfer of an entity from one
environment to another. By way of example, some vectors used in recombinant DNA
techniques allow entities, such as a segment of DNA (such as a heterologous DNA
segment, such as a heterologous cDNA segment), to be transferred into a target cell.

Optionally, once within the target cell, the vector may then serve to maintain the
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Typi cal transfection nmethods include el ectroporati oa,
DNA biolistics, lipid-nediated transfection, conpacted
wobhv ewb@at ed transfection, |iposones, i mmunol PODER2EE(02266
| i pofectin, cationic agent-redi ated, cationic facial
ar nphi phil es (CFAs) (Nature Biotechnol ogy 1996 14;
556), and conbinations thereof. Viral delivery systens
hetefohedous ®Notntwithie theotelll orhaydcttas aaménefPNdsrepbieation, Eamples

of G50 poe o Frspmolfand AT Wbt ficyfic) gleBfis, chbmosomes,
artifie e bhdWids8iey 8€¥iffses. X her exanpl es of vectors incl ude

ex vivo delivery systens, which include but are not
limted to DNA transfection nethods such as

. h . . ol isti Y . .
NonfyifE LEARE) el sltle by B hbE it B EnR At Bbion meghods.
Herd, efafsfevited Giclyieg i mrbedss rugingr & nbw virblevguamk@oddliver a gene to a
retroviral vector, that is preferably capabl e of
targglimpanmaliancedng entering target cells. The conmponents
of the particle, as already discussed for the vector,
may be nodified with respect to the wild type
Typicel transifection rRethodsx axchide, el¢dpEravionr DN holistics, Aipid-mediated

DS 0f ei naceous t of th article be geneti call
tranglediops SamPRCIgH JaN Acgedifted (tsdrelions gty Smavneliagynes.
lipofettifiC RhSyRe S&’%E%t—ﬁfehﬁfedg eStioRRt Al laBiphipRiles efGU Y, (Nature

~the viral vector preferentially transduces a certain
Biotedinolagypd@96r4¢ 236), andirembinations theedoér abl y, the viral
vector is a targeted vector, that is it has a tissue
tropismwhich is altered conpared to the native virus,
Vira$ Qelif@yy dybRnisemtiabe ibuit ey @6t Hehifed Baddeh6Whar vévtdd anl dleno-
anot her enbodi ment the particle conprising the m

RNA

assopigfegetiral (0T dectPs adifEPesarige vedop yetiavial yorker, fegfiypal vector,
. - - - - I = = .
bac e85 Olr o) o Shal el 13 llegy syt
inclviieciont diengpttlimiseot AN Aaspsiettiaf methedp sedarsteldoropotatiom, DNA
. there |s ptovided set of strycts for,. .
biolisfigsy ﬁe%@e@ﬁ@d\ﬁapﬁgcwewp%ﬁﬁﬁémeg itEnSECEoTHNA
construct encodi ng a packagabl e vector genone

conprising a m RNA sequence target, and optionally a
The tteran Syaie. paBiiclpacifag bl the peckaged getroorinal wectom ghattik greferably

cn oL 56l G DB AL PRI SRR o

already discussed for the vector, may be modified with respect to the wild type

retrovirus. For example, the Env proteins in the proteinaceous coat of the particle may
be genetically modified in order to alter their targeting specificity or achieve some

other desired function.
Preferably, the viral vector preferentially transduces a certain cell type or cell types.
More preferably, the viral vector is a targeted vector, that is it has a tissue tropism

which is altered compared to the native virus, so that the vector is targeted to particular

cells.
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requires the present of Gag-Pol and Env. According to
anot her aspect of the present invention there is
w@e@viotksds a process for preparing a viral vectBCT/IB2006/002266
particle conprising introdus ng the set of DNA
constructs of claiminto a host cell, and obtaining
the viral vector particle. According to another aspect
In gpotheempbokimgt thaveatticle ronmasiagi the pniRN detarget \sequence is one
t af b ALY SS. the, Ny
g R o e P TR BB i, B PE SRR -5
mir 19y enit-1 61 5p heird 45 smprr 218 RN A. phar naceut i cal
conposition conprising the gene vector or vector
particle according to the present invention together
. , )
A B e PPl BRL Qi ProyBiPAREEDE DNA
congirustefor pradosing the virdleretor pagickvdodegutistngceDNA admstruetcenooding

R N e T
tranSgdree SBY HAtKeable RRbtor RBome e FRYn BRatt thaRBElde %ﬁn&he is in an

infected in an in vivo or in vitro scenario. e _cel I
envigympe Whetevis #ap rhgnpaskagash mtg ar viradf vegtor pirtiele., This generally

f ch as a human or nouse. Thus it
req%%ﬁﬁ%@%g%%r%ggﬁg{@mﬁ V't he present invention is

useful in providing transgenic animals e.g., for use
as_.di sease nodels. |n one enbodinent, the manmal is a
Accouting iprgRothanmect ¢iutbe diesepk veption Hese i provisied coprocess for
preﬁ?@%‘@@i‘?ﬁsveg&? :plaﬁicieleké{n@@siﬂ%‘ ﬁ};cl%ﬁh!fi\ﬁg tNe 9% of DNA constructs of
enhancer - pronoter el ements Taken Trom endogenous
claigeintesq Hosvwell, asd oblainin@ 0@ 3iraMesciergacicdféi t zman, 2005).
Usi ng these approaches, reconstitution of highly
specific gene expression patterns, as often required
Acchffing e @ndthanspest e h&EAPMyERRIN #REd BNSovided lal Wi 8Rctor
by the delivery system the vector capacity, and the
pa produeed byethe pracsssoff theyprssent oxvepfior. | nt egrati ng
vectors). By devel opi ng new vectors which take
advant age of endogenously expressed m RNAs for their
Accorting &t arother afyfect oMB8 bedsentiavatiof dede & provided @fpharmaceutical
control to the vectors that did not previously exist.
COMPRFILOR SAMPBISHEAhR 8NP FRELOE PECYertos nasirle aesasding togthgepresent
. (] . . [ | . .
imv PR ST wilh ARLERAGRUEAL ek fiSe Bk, BERRGR or k.
of transgene expression than is currently possible

W L.h existing techngplogies. . ; . . .
Accorc}mg foa %urtheg aspect oto thegpresent invention there is provided a cell infected

or transduced with the vector particle of the present invention. In one embodiment the

cell comprises the corresponding miRNA. The cell may be transduced or infected in an
in vivo or in vitro scenario. The cell may be derived from or form part of an animal,
preferably a mammal, such as a human or mouse. Thus it will be appreciated that the
present invention is useful in providing transgenic animals e.g., for use as disease

models. In one embodiment, the mammal is a non-human mammal.

Current vector transcription control approaches mostly rely on the delivery of

enhancer-promoter elements taken from endogenous genes(Thomas et al., 2003; Verma
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When applied to integrating vectors, it can circunvent

probl ens of transgene dysregul ati on, which can occur
w@sgooa/00msstil t of insertional position effects PCT/IB2006/002266

(integration next to strong 7pronoter/enhancer

sequences that override the transcriptional control of

t he vector-internal pronot erl)aeﬁand enabl e hi ]%glf/ )
and; Weitzagac2945. Wsipg dhass appropehassireaastivinmeebhighly smsaific gene

f ' h .

exPTeS AR, Ao YPER, (o b Rl 3 (RGDY g, i
limggerbys thicodelivery gpstem} tlanvbeor anphcithe nagythe goshdnal effects of

. engi neered wi.th mR target, sequence in _order to be
ins EEE DR ZUCRB YIS MR B FIRRIAR TR Toyp & ke oyaniage of
endg)giéilﬁ)u%@%ﬂp?ésbéa&nfmﬂ§ AfReif l‘éﬁhﬁxf?ﬁhp%e 'iﬁ\/eﬁtogﬂ ?ac‘@et addbd a layer

s. "Moreover, corr‘pi nations of m RNA tar
of ewvipbrie dbe vaetorsethat ditl not ptavidiuslyvedstor Thisi néw hipgtdayh allows

pecific.cell expression pattern The ipventors
speffi T idiEo agf Bl Bl g Pk BLAE ponefed 1Rt ng
let-7a, mr-15a, mr-16, mr-17-5p, mr-19,
mr-142-3p, mr-142-5p, mr-145, and mr-218. They
Witdihis simtem teecagosednmugh inggre sringent Rovtrokiof Hramsgeneedxpression
LGl expr.ession profile of a
tha@%&“@%?ﬁﬁ usss¥b?? ﬁ’{etﬁ%]%ﬁ%%[%@&ggglgéd by this patent
provi des a sinple nethod for designing vectors with
hi ghly. speci.fic cell expression patterns. A variety of
Wh capilish {on e g R YesHTbal Ben eiirpEVeRfe drotieree dof Arnsgene
dysRiBuRNiBAPWRIchI 3R dcRVe erésdi'tg&eingmﬂﬁﬁg}{oﬁﬁﬁg i s (integration
ubi qui tous

t ransgene expression om a eXpresse
nexptostngrpromoicpenlpmesresejechcps tri sedryide theatroisomptipal edite] of

cel] li.,ne using a vector .that displays the
the {Eplop 85 hrotFupd il SRS i el P RrYE oslems offransgene
expBssi®hown in the figure bel ow, because m R-142-3p has a

cell -type specific expression pattern in hematopoietic
tissues. Thus, this system does not reduce transgene

SonEPILARS KA AdVaQhB&S of$8 Lakypgs. The inventors al so

a target sequence for
mr-19a into the vector, transgene expression can be

uppr essed .in 2937 producer cells, which express
Ve%?fgy- swﬁ 4soviFal QFPIP%(}%II%I}W&% vegialks, {0 Gangsens ennression for gene

tran8RH ahd ‘fﬁérgp)ﬁf:eineﬁé chfiBeRbP T %1%51%3 t%%?%éeﬁ%%ﬁ&' in' Qa8 to be

strategy provides an I nportan
recognizedi balEndogemeansni®NAs cell type specific, thus regulating transgene

expression in a subset of cells. Moreover, combinations of miRNA target sequences can

be used to obtain vectors with highly specific cell expression patterns.

The inventors demonstrate this with 9 different miRNAs, including let-7a, mir-15a,
mir-16, mir-17-5p, mir-19, mir-142-3p, mir-142-5p, mir-145, and mir-218. They show
that the concentration of a miRNA within a cell can be used to predict the expression
profile of a vector. Thus, the method described by this patent provides a simple method

for designing vectors with highly specific cell expression patterns.

A variety of uses for this invention can be envisioned.
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produci ng high titer vectors which carry a toxic

transgene. A further usage of our invention is in the
walem®mee$ a vector systemthat expresses two PCT/IB2006/002266

transgenes with distinct exgession profiles. The

i nventors denonstrate this by incorporating a target

sequence for mr-142-3p into one of the two genes of a

bidirectional lentiviral vector. In kidney cells both

transgenes are, expressed because mr-142-3p i S not .
IndegdC RS SOV T SNERO R JPB B e LLF CansBaps Pghesign from
a ubigBitdudsy EXRESEEPRMItEr EMPHEpRSEhted PietiseBNR 4 Uethatopoietic cell

provi des proof-of-principle that m RNA regul ati on can

linepley wsingl atvscigr Veat gligplayy the guir-242:4p ttavget: seanengerin she tramagane’s
1 ginal.e t.or f ' r ian .
U GRS AP G ey, R8st 2518 T8 5, SEbER s
expeB3biba pattekn Ha héeramepoietid, tisane. ERNISE Ihis0Bystim Oddee Aotl $educe
required in one of the cell types present, and
tranggelie S¥BICsHOBN et tyresy equired in anot her cel | type.
Thi s design could be used for therapeutic applications
requiring both negative and positive sel ection of
Thepaveritomslabso demlohstraté-that excarporaingentbrggoseqoerstedor méd-1% into the

y, be transduced by.a single. e wher e e 1.is a
Vel BT G EEIOR F8h JE APBeEd 45 0P h S HIEoE e, wich express
mirPog\th 3&sh AR, hindAMANhARMbe Qot REpARblSeffdee i tfn of the
contain a m RNA target sequence specific for 'heurons

vectond dbisestategyuiptbvidast s importiRNAnd alrithettoseapyeildde, means of
£ L. b ' t [s. In thi ,
BB R PRSI S B Tl 1o

differentiated into neurons, and any cells which do
not differentiate, and remain as undifferenti ated
A fithsr wisagecolus inveatios iswguhe desien ef & vestobsyptam thag gxpmsses two

tranig MEOLOHS cﬁ%lgl‘e’g t%gfeis’gi'éfé‘\?}g{(])ﬁ[espf nlr@%o}saﬁg&%nsqate this by

guence in at hige copy, does no
incpotating 4 hergetasequahceadsn wiit-y4BBp ey @asi ehtlef thbegenes of a
...endo ous .m RNA, ich is targeting the vector
bidiEestaBAl At e asﬁoaﬁ% itngy &sﬁ{b Bt FERECTSE aFf RKpIetsad fegause
mirSRABPNELRott fre@bk 21 HoWBErOS h\éintaﬁ)geie%l aéuaps&gf bife 6F e two
expréssion patterns. The m RNA-nedi at ed apprdach for
transgepies iist éxpresemsine Bixipressirant pavides viepaf-ofaphmipla giist miRNA

ver other strategies gf regulating transgenes. To
rogifcn St uiYe By AeiEgnily prgitaled e drasEpR ont  sifigle vector
conftht.estisenal ait veadr [esiseNihthde CeubSorsARGE)e Behdte®Benecous
ti ssue-specific pronoters ) ) o
population of cells will be transduced, and expression of gene 1 is required in one of
the cell types present, and expression of gene 2 is required in another cell type. This
design could be used for therapeutic applications requiring both negative and positive
selection of particular cells. For example, embryonic stem cells may be transduced by
a single vector where gene 1 is a toxic transgene and gene 2 is a transgene that provides
growth advantage to the cells. Gene 1 would contain a miRNA target sequence specific
for neurons and gene 2 would contain a miRNA target sequence specific for embryonic
stem cells. In this way, transduced embryonic stem cells can be directed to
differentiated into neurons, and any cells which do not differentiate, and remain as

undifferentiated embryonic stem cells would be selectively killed.
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(Brown et al., 2004b; Follenzi et al., 2004; M ngozzi

et al., 2003). Although this approach can successfully
wo Rowomkpr essi on to target cells, 'leaky' expPersB2005/002266

in a fraction of non-target ocells is observed. This

occurs because the reconstituted pronoter, nodified

for inclusion into a vector system often | oses sone

of its cell specificity and al so because vector

' ' Y 1 ters, and enhapncers, can .
Th%lg%v?vg eék{%ﬁwem??{g%%grs%gac&’#ﬁg] ipt?r%fe@rue%cﬁdn r{ 9%“’ cven at high
corlyt dosgantepediipls esshattral Bewdtiser sryrRbidRdbadhe bndblcions RARNA,

oﬁcurs at the post-transcriptional |evel, pronoter and
which s iregsting the Rk sPquenes.el evant . As such,

ni i RNA-regul ati on can be used to effectively de-target

transgene expression froma particular cell type,

Wenkinl elsstadd] comtbiivationy dfomiRINAatirdet S8queenes P te obiadi vectdss with

hi %\@ hav.g delicri bed here. m RNA regul ation may al so be

IS SHUEC 5o BHP P HEREEFSappr oach to regul ating a
transgene by pronoter/enhancers. By including the

m RNA targ_et sequence in expression cassettes already
ThemiRNArmedigisrtapproach for restsisting gerecixbiessipn depseveralwdvantages
oveggﬁlr#‘ n@tg ggi'g%, #)P{ég‘l;lﬁé?g grrgxﬂﬁogfggerss?gfé 3%&[%,011308’[\1\%%%{%5 \% iilmit expression
frofar professibndlr drighw | Redehifiis BLIRNGALES) RE YA Sthsh@stRitAp#Rloters

transgene expression fromparticular cell types, we _
(Browp et he dO8HD; Koz Bt 2lan2(fido Wingozzs st ., @03 s Liltheugln this

tocy of: - t l.eti ells, while .
D e RS, R RL PB B L B Lo in
fraqﬂi«haﬂi gh nios-tpget icﬁl]ﬂ ﬁ's l?qué@bqw aMhisf otcudy Beeise @RN @ecogstituted

t her apy .i i ch the host immune response against the
PfOF’P%ﬁssE%’Hbqudi tlaclpsian dnte 3 jvectar sysigmy oftest dosss same of its cell
speéificity Gh@Blso BOQEYe veRidtdh@grali i fbfn?(g

pe.otlhejr,s i ng(i) cate et\tlwat&angﬁrgﬁlwg%%gcutﬁﬁt ri %%ﬁg%ﬁ%antcﬁrg catt
activaid dlag fissne-opecific pansderandsipwe itfansgenerxpressi@s pRamase miRNA-
.0l l,owi n ene transfer is related to the site of
el et R Fus o el Seitpial Bydaromeer end enbgmcer
trapBing, is 2008Yant. VAGIAES, thikFA 261 AIR @AW Lisb 1 BFSctREly target
henat opoi eti c system such as macrophages and
trangeangraxpressien frogm azpasticdawgellt ypef white stilélajlowiriggfpebroad tissue

AL e [ on De est et al.,
cxoBih! TR0 MRt SSRGS SRR, pi Bl e v s
congipreassy ngppeodchans gegdatinydes tiahspe@®nNby QhrodbtdrRBh&Ms. By
. r.onot er , d to a high incidence of transgene
mclgg(lﬁgéé% gntamgtgeckypnqqg@ expiraslon cassettes already under the control
of a tissue-specific promoter, we add an additional layer of regulation which will

eliminate off-target expression.

As a proof-of-principle that miRNA can be used to de-target transgene expression from
particular cell types, we developed an LV which can provide robust expression in
hepatocytes and other non-hematopoietic cells, while preventing expression from
hematopoietic cells. This design is particularly relevant for systemic gene therapy in
which the host immune response against the transgene limits therapeutic efficacy

(Brown and Lillicrap, 2002). Studies from our laboratory and others indicate that a
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and spleen, and this resulted in inmmune-nedi at ed
cl earance of cells expressing the transgene (Foll enzi
we00al000662004) . I n contrast, when the CW pr onBCEIB20&E002266
substituted with the liver-specific al bum n pronoter
there was a reduction in the frequency and strength of
the i mmune response. Although the incidence of
majpnifactort gonfrilsutingdtocthd ingudtioa ofse tohsgdne-spedifioiimmune response
ronoter, sope.level .of |nmune responses were stjll
follGiEy R UARICE A8 ) S HiE AfTHPBR RO IR ot al,
20088 F ARAEI al. NOAVAGS Vet R hbeardlcRpitkdddih AT LS th@ héB@ebbietic
of | eaky transcriptional activity and

systgine finhes/ reriephages andaginidritic caitn, @?r/e kimsviptootfifestively trigger anti-
i-Qn 4 - Il's, which i
g ARG TEBORES (B0 G R PRE | cver Sor

transcriptional regulation, nay be overcone by
utilizing the m RNA system of gene regul ation that
Indeeds systmaic AdmanHsiEatiopaldnh) gxpresrias griransgeng undeitbg eqairol of the
| t rt i r | R . al. -
CMF BB R Ted R bR oG e R ARG SR8 Siver
andtdpéeeppond dis aedulted éx prmasicngedited tol carage nef. cello skpresging the

hypot hesi zed th 1 RNA reqgul ati op, ich de-targets .
trans R (PO e 3@9‘5 e R e s ol FReter 3148 supstituted
with B® BeSLspbif0SWunihiR0Rbtek SHEL wdATBY rdduedifl g ﬁleuﬁécgﬁgcy and

means for overcomng the limtations of current g
streggthiof dheyinypeneaesponBy.  Altboeght the ¢nddenns gbivemenity wesiainced by

the i, O 08 SRR eGurteh SPHE el RE B0 Fesp bl apep ot ghserved.
Thi§ easonedy doato MoRNAvEICGbhsabhdBxHestich BNAPE HohP B ABHmIn
stabl e gene transfer in the absence of an inmune

promgigpondesultvel feglly firanseriptionel estivityi ang plpmaterrrniprgen drapping.
hg..0 | t ein (P . r
Tl helbiBBlant o AoREERPsBleS}i0h o lbedef BEHG S8 IE s by
eveiRSiScq@uringbtethe ldvel ofitednyciiptidnel fegulgitn, segusneeramesby utilizing
mmknov\m 59\'?\4 be expressed in cells of hemat ogoi etic .
the JpiRIYA SYREM 9 g7g° sipavlation thatcaddy Pashranserptamaly. Bestricting
t R R 8eQY 14\ 14ERER ' i
rana m%st exél usi ve y@bl' n I’?elpa océfggégﬁ %%o? ﬂ@%ﬁ%l%ﬁicacy of
gene thiherdfy lithiginkitheepool BX pelbespensing théupdnkganecel | s,
liver-resident nmacrophages, was virtually
undet ectabl e. These results were in sharp contrast to
Thud 0k ypbitRbizeD tk rAIRNA bhaktidh, Gviieh deQirodisMratiRe thr_Mvets
target sequence, in which the magjority of transgene
gene gppressieoand Bmgtersdati the ropittranscidgpgiongl level, may provide a unique

means for overcoming the limitations of current gene delivery systems. By preventing

transgene expression in hematopoietic lineages, while permitting high levels of
expression in non-hematopoietic cells, we reasoned that miRNA regulation could

enable strong and stable gene transfer in the absence of an immune response.

We modified a pre-existing L'V, containing the green fluorescent protein (GFP) reporter
under transcriptional control of the ubiquitously expressed PGK promoter, to include
the target sequence of a miRNA known to be expressed in cells of hematopoietic

origin. Following systemic vector administration of our miRNA-regulated L'V, gene
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In a subsequent experinment, in which the vectors were
injected into i nmunoconpetant Bal b/c mce, by two
WOR@RMI@eSt - i Nj ection we observed no GFP posi t PEEIE200d4/002266
within the liver of LV.PGK @P treated mce. In stark
contrast, mce treated with LV. PGK GFP. 142-3pT had a
significant frequency of GFP positive hepatocytes at 2
CXPREEND YaY E‘W% alpeest Gxcluginelyiis hepatoaytes avidrandvibelial @eRs of the

L BXPr j yag, f t ersjst f.or over 120 days .
hvg%st ?Eﬁegég?l on (I?#gﬂf ag?lpsf i f‘r‘éerﬁfﬁlﬁ?ma%V?E@?S’ was  virtually
un@itedtitde.| YhesehresulisRiAe fie ghtlrplicbmfass td adBaiystiE6n 8F 80 LV that did
effective far preventing ap i nnmune response to a _
nolqniain e 1y titgshSequpss 1 which yhe majorite af &ransgene expression
ocaﬁﬁggﬂklubﬁe&éﬁs_ce with a lentiviral vector expressing
human Factor | X (hFI X), and found that when the
mr-142-3pT sequence was included in the vector, hFIX

i i ned st.able, in mge t. d
i PSP R SRS 55 R 5 e S5 S8 Sompea
BaR#eieis By thE weeRXPoRISeoHbrRe oBééltrvééleﬁ@GFPng@lItiﬁg fcﬂ? within the

. weeks post-injection. These results provi
livee i n d1\-BEKSAEP hstieateil RMAcG an Tne staskd contraset amiget treated with

' i.ral .wect and r t in. a
NI PS5 Rl SR PO, DE O i ppontovis 2
wegltsoYollheviry ivdene exditisistrati JANA-MS@BV ! IGHP @kplefifory 8dsOfound to
can.reduc tge antitransgene i nmune response. This
Py RIQR el i?od aYF Papt-injpsion; (the lagh time poiat raalyaed)l  Sienilerly, the
. a . . ¢ var - di
iR L2480 08 LGB Y R PR roponse o
cirgddting aptigerh eSpketfidattgwalrestod hbwoplitia B @icebyide h lagiviral vector

Thi s i.nventjon t ef o be enpl oyed to, prevent
BRI LG Do BRI o ofoun Al itedt O ol 1gare T sequence
wasHRUAE S Be RRBNhBLY 8khrofid retlatid &dtfe AVESERLn mice treated

nvention will avoid vector expression i'n antigen
with ree signlar rigctoe I withayt theenir-ifideT ssequence, WA lexpressipantas not
.etic.system and thereby prevent the
det%ﬁ%triagﬂg%gggéﬁ 1 1?% response agai nst the
transgene. Concei vably, when applied to a

tissue-specific pronmoter which targets expression to
These ﬁﬁ%@féﬁreglﬂeitbe Vbl dermpnssiation ghatemdRING. eant bpiused to retarget
[ j r : ' . d notentj.al l
e PR BT ook P YEHAPH K R B o R e ey
alsa pamdfe eyidenceithat miRNAerepuidiiat @f thej eRtdrotar0fedude the anti-

transferred gene. Further particular and preferred
trarE R TR AU RN OBREHEH b BB forkinhevil have

important implications for liver-directed gene therapy, where gene expression within

hematopoeitic cells can be detrimental to therapeutic objectives. This invention may

therefore be employed to prevent immune-mediated rejection of the transferred gene,

Upon vector administration in vivo, the present invention will avoid vector expression
in antigen presenting cells of the immune system, which are part of the hematopoietic
system, and thereby prevent the initiation of an immune response against the transgene.
Conceivably, when applied to a tissue-specific promoter which targets expression to

hepatocytes, it would allow suppressing ectopic expression in a transduced APC. This
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acconpanyi ng i ndependent and dependent cl ai ns.
Features of the dependent clains nay be conbined with
wo e@v0omsss of t he i ndependent cl ai ns as appr opr Pet/eB20emm2266
i n conmbinati ons other than those explicitly set out in
the clains. The practice of the present invention wll
enpl oy, unl ess otherw se indicated, conventional
Wowlédmﬁ«rrxﬁl@lelx sefvechandjent h@rdlqmdelmlgsstawmg prpplem in gene transfer;

r. C i mmunol ogy, which
nang@rlg, %ﬁ}tﬁfﬁﬂ%(%aetegg%g%op?ﬁ%egm {% @F’%“bn of ordinary
skill in the art. Such techni ques are expl a| ned in the
i ter

o BfeHIeE Bt PR rE b7 TRBEBL UNERI B g0k in the
accbmba{y@igD indepritieat anddepiidemdélbin®) FeBRedsSoflths, deg%&’ent claims

ring Harbor Laboratory Press; Ausubel, F. M et al.
may i_@g@nalﬁae% &ifho dieagures: 5] thpraindependsnt rdaimspas epltopsaten and in

ohn Wley &
con(EnRty Bl M fhicily sckbur Afle {00 Yond
Kahn, 1996, DNA |sol ation and Sequenci ng: Essenti al

Techm qu John Wley & Sons; M Po] ak and Janes
Ctlﬁ/r:c%fg the, gyerent invgnign HyH} qulilﬁlﬁfﬂ yplesprathgrpisee éndicated,

con@éég}olﬁﬁlafét:hlﬁggef%fgal{ i C,?’Ig{))lt%{lngé(r @yﬁéﬁés roﬂa&l(ﬁ? %coml:]mant
NApﬁpldoath,nolcrgy, Phiehsre Withid thd capabllitieeysf ampersdn oFordinary skill in
h 1992, d f Enz Str
the B SO S ar S AR Bh e A, e <lob P BRplE b S0k

E. H. FritseB Y4l . Mani A2 4989, A/be &35 CM%fﬂggAAEHb'op&gigﬁﬂanucﬁ‘ Second
Laboratory Manual : Portabl e Protocol

Editipn,| Bagks tedsiGpld Sppeing Etarwruabma(cmysr@essmmwlsprﬁ . et al. (1995

and)%%lggirc thggl%fn%kfg P?zgf js?’w %ZEWOMB éz lgga %—%(Pg)évﬁh 9, 13, and 16,

Johti Buiiléyo&) SorsaXiet, Yafke N, Edi BORDbe, (JlQﬁgbtrééObﬁd BRI, 1996, DNA
Har bor Laboratory Press, |SBN 0-87969- 314- 2), 1855

Isolugiory Bied Reastenexgig L sseridenl asyniques. den Wilemafdions:shid. Polak and

T T

Unlﬂerblam dPocssk Mbf J. Rait mEsto@eb%nt@;goaude&)idkeSyWSBr end®actical

AP lrkingd, Mop b e Bh S iAberin 090 Riisra poREymolos:

DNY SEME e’ ¥68r 680-Bnmbashapd Pih§ieg 96RBIAl of eBNE. MNethods in
herein incorporated by reference. Br| et Description ?
Enzyppeldpiygdrcaedemic Press; Using Antibodies : A Laboratory Manual Portable
Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999, Cold Spring Harbor
Laboratory Press, ISBN 0-87969-544-7); Antibodies : A Laboratory Manual by Ed
Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor Laboratory Press,
ISBN 0-87969-314-2), 1855. Handbook of Drug Screening, edited by Ramakrishna
Seethala, Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-
8247-0562-9); and Lab Ref: A Handbook of Recipes, Reagents, and Other Reference
Tools for Use at the Bench, Edited Jane Roskams and Linda Rodgers, 2002, Cold
Spring Harbor Laboratory, ISBN 0-87969-630-3. Each of these general texts is herein

incorporated by reference.
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The present invention will be described further, by

way of exanple only, with reference to preferred
werdmoadoseent s t hereof as illustrated in the accepopmBRpOd@®2266

drawi ngs, in which: Figure ha. Schematic

representation of a m RNA-regul ated lentiviral vector

system Shown here is the parent lentiviral vector

encodi ng - enhanced green fl uorescent protein (eG-P)
B9 .the tran 1cri tional control of the ubiquitously

pronmoter (LV.P&K GFP), and a
nodi fi ed vector, which contains 4 tandem copies of a

sequence target endogepous m_RNA )
The m%ﬁeﬁaevwwﬁ?e &%ﬁ‘e@ UECTSRY 0 O EXHTRRIP @ik i rgfrence
to Prlefedred! YBbEERIehY el akStlubtedd Vi el ak‘&ﬁﬁé’c{n r‘r%sﬁfa%ngs, in
utilizing m RNA regul ation. Shown here iIs hg ar ent
whighdi rectional lentiviral vector encoding eGFP and the
nmutated lowaffinity nerve gromh factor receptor
(DLNGFR) under the transcriptional control of a

Fightedl 4. eSthepnaic RpREBIAIonCONS niiRBIA 43140 lentiRirghvector system.
enabl es co-ordi nate transcription of two transgenes as

Shayynshere ét the paresé fangivisal wgtor yecadirgentiared gigen dupissteytiprotein

N ! g' !
(eGP InIEHENERCNidAE cohud! B AR VR BEBT b3l il PoK
promefer €E¥RGK GHP)pinda hedifiedojct@r,SPRich fcbatains 4 tandem copies of a
m RNA- regéjgat ed lentiviral vector system Shown here
SCQRENCE [AIETET 8K AR PRIREEDPYSANINNES (oY FHe Sitng i liman
clotting factor I X (hFI X) under the transcriptional
control of a synthetic liver-specific
Figywedrbo Selndraatlvanpesentdtomestta difergedily reghdted lanivisal vector system

util%ﬁ%h%xh@&&l %%é]%{i’% | %Q\IHC@% %gﬁﬁé@%&%ﬁ&e}%n&&mﬁ vector
encbdiVg BEFAPFIRY: ik rfokatEd %&K/—%ffl?tﬁty ﬁér@'@rd%&tﬁfth&tbﬁ%g@tg% g@mem)

Expression analysis of selected mRNAs in 2
undep e teaaseriptippal equitrol pfre birtirctieng paesdioh comimks(Bit.BV), which

| ve.to t-7a, a consti.tutivel

o 00 R AhBob et S el B RS g BaL Vs wer
modi€igdl tkiainchide GEFT bejudaad ih thedE-untdaflhic@ X868 63 "UTH) @ Hhe eGFP

hemat opoi eti c |ineages. FACS anal ysis of 293T (ki dney
CXPESFIGN fISSe¥PB37 (nonocyte origin) and primary dendritic

cells (peripheral blood-derived) transduced with

dose-mat ched concentrations of the indicated LV at 14
Figatay 3 c.p Sehematim sdpiesdntationAbf LY/ logpatoeiyterapgceifibe miRNA-regulated

Li.ver-specific . . .
lentiviral vector system. Shown here is the parent lentiviral vector encoding human

clotting factor IX (hFIX) under the transcriptional control of a synthetic liver-specific
promoter/enhancer element. (LV.ET.hFIX), and a modified vector, which contains 4

tandem copies of a sequence targeted by an endogenous miRNA (LV.ET.hFIX.mirT)

Figure 2a. miRNA profiling analysis. Expression analysis of selected miRNAs in 293T
and U937 cells by real-time PCR. Expression levels are reported relative to let-7a, a

constitutively expressed, ‘housekeeping® miRNA.
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Al bum n pronoter (LV.ALB.GFP), is shown for conparison
of off-target activity of this pronoter. The
wheewogeass are representative of three i ndepePdEm2006/002266
experinments. Vector copies iper genone (C G were
determ ned by Tagman anal ysis. Shown in grey are the
untransduced cells. Figure 2c.. m RNA regul atjon_can be
Flgets@pabou m@ﬁ%aee@n@q& crat bousgd de de-taraet @ﬁ%ﬁ@é fdfom hematopoietic

L
dendtiti& cdlsqpeﬂlyhdﬁﬁtlﬂdimﬁdﬂmd)maﬂsﬂmmltb tHo&dmhtched concentrations

of EXPr ssi Jjﬁvoga;g& ' E%E’P%}F?\é’ma olg%ﬂtﬁgggproé%ag%gg e hverdspemﬁc

Alﬁugﬁﬁ ?}f&ﬁ&t@f ve.AfB tﬁ@’),‘ RdageRdsp Eoﬁﬁﬁ%rohmﬁ-’cargét%ﬁ@ny of

-regul at éd vector design can be useéed
thiscpuogtotarct The mm@ams afe yapotsontativehpE three endeegmeat edpdusments

i fferent endo m R and er.se r
Vel BLE o SRIOR 1) e Sotraed PE o RhaffiS CoNREY arey
are R8s ARed cam 293T and U937 ceI I s transduced with

cl osely matched concentrati ons of Bd.LV expressing
GFP, vvith or without the indicated mrT sequences, and

e AP L SRR o1 B, e
regd@8dn af dwwﬁﬂsgbﬁbé SFWM@@MO%@FRM%@PM@&S&% from

LV. PCK. GFP. 142- 3 s fromcells presented in
2971, g IV cAllt (SRAHCES Witk GIoRSRmarShed PONERPETS Of BALV

exprésein' ES@FPn vét oYa\nggﬁlft &hé rﬁﬁH‘AQI g Al NSHR 14 da?;s post-

tranScripts detect rom 293T célfs transducéd wi
trars@actibhVPbtplofs PeKe@eRntathie ot twam@penchat ¢xperimzhisbr at or .

Figure 3b. Quantitative RT-PCR analysis of GFP and

DLNGFR expression from W37 cells transduced by the

FiguRh.£atge nﬁﬂm\[regﬁ%@%rmlgh%ﬁ bef Usedté BEnst@bt & variety of

presented in figure lc. Al values are reported

veatash awhicle are r@méatecb\bel dléﬁerem REfrzenpuh S8R NGy, sandemediptegdiverse
lls t
ol SR Ao PRSP S0 Y By Rl 27

andBDd3 L Vel irinsdtced with lﬂosﬁlyr ma#ReBpdnceattaivnsiof Bd. I;Nr@(pkémsmg
respectively). Twenty m crograns_of tota

G R et e SEHCAHENG. SRICREBOR AENCEED Bt JHedays post-

ed size of the GFP transcript is indicated by
tra%??@% for the LV (top) and Bd.LV (bottom.

Figure 3a. Quantitative RT-PCR analysis of GFP expression from 293T and U937 cells
transduced by LV.PGK.GFP or LV.PGK.GFP.142-3pT. cDNA is from cells presented
in figure 1b. All samples were normalized to GAPDH expression and values are
reported relative to transcripts detected from 293T cells transduced with 10° TU/mL
LV.PGK.GFP, which was set as the calibrator.

Figure 3b. Quantitative RT-PCR analysis of GFP and ALNGFR expression from U937
cells transduced by the indicated BA.LV. The ¢cDNA was taken from the cells
presented in figure 1c. All values are reported relative to the level of ALNGFR
transcripts detected in cells transduced with 10° TU/mL Bd.LV.
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Figure 3d. W937 cells repeatedly infected with

LV. PGK. GFP. 142-3rT to obtain increasing vector
wa@omnremicss G-P was nmeasured by FACS anal ysis. ARET/EBPO06/002266

vector C/ G for the cell population are indicated. A

regression analysis showi ng the relationship between

i ncreasi ng vector dose and transgene expression for

LV. PGK. GFP. 142-3pT is included (right). hbte that in

| .
Flgd;g %g ;ﬁgl)‘(tﬁerrgs‘tggﬂg&g%ﬁs%) gy c&i #ﬁev éilegﬁ a&%?[gbeﬁg yth or
withiowt 1IREK] 42F$pT (]ShQWB m’ ﬁgﬂﬁ‘egﬂ»read fie respreetivelp) STwesty mikrograms of
B3 B e B o e eVl o ot

GFPLt¥aris 2 tions
of LV. tgﬁg?ﬁ&dym r- 14ﬁ2‘3& %E%WEFB?&ﬁ%]%?;@?g&&ZS used

to detect the vector copy nunber of superinfected

Flgu‘rl“é !33"5(’13 r‘é%ﬁ;j, f‘é@%&%%%}weg&/ gpgcta adggh “ﬁ%(ﬁg%ﬁ’s f@ggpﬁe ofbtain

incr&asingbectx pbgtiite GFPOovEY Bvaifed ByAPATSNRaBXRI S8 Yditor C/G
rodycer cells w thout reducing vector ‘titer.

for tpe R porulation arssdisatedn dApTngéﬁﬁéQn avalysis showihgtthe eelationship

5B L el B8 R PSR

1nclll§1@d|(n|hb)e<Ncm that o BT @plls D&tr@l@t@pyp@ﬁﬁvaKMEﬁBﬁom left
ressio n .293T ce Ilomnn transduction with
pane BB R b A el L1, Gt O LV PER G 1 st
pLV. PGKas. GFPas. CTEas. pol yAas and pLV. PGKas. G-Pas.
19aT. CTEas. pol yAas have the expression cassettes in
Figugnie. ddwgebusineshofimiino2-dys et owad, RINAeintedrfeeerex wassadasired by

supefiRRALA e o B8R coalifly GRS of oy RGK GEPairyigRgT with

increasidg GlonodhtialoNe6f DV. PGKALNGER HRIRART t Q‘a&pﬁ&n anal sis was
canoni cal pLV. PGK. GFP. vector. However, inclusion

used;tp defert thegiggtos éam»én@eb«?rrpftsueermfwtse Aells, eng phmesnm GFP and
ALNCHFSEL @ssfoﬁ%&é ﬁ?egglﬂgd thk& &f hat of the canoni cal
ure a m -

construct Y§Ped vectors can be
designed to achieve selective de-targeting of

Fin Ry SRR, Mo e el o b oY,
prodhé&i.r @Igﬂnsgﬁj'letgyu;trrgddrme ge\éeggoﬁttl\g}&?\lﬁgaléyglﬂgg eﬁ%réﬁlog_}z%d \ggdu%%ﬁ %ter
of thwesdléferqrederuwmal veator Lonstruets cieere econipiaveet: Sﬁﬂbgrafms shetvethe
GFP | IBHIARR 3 oI Gits duink) vy RTRGIOOR. IDotplots present the GFP
expression in 293T cells following transduction with the produced vectors. Constructs
pLV.PGKas.GFPas.CTEas.polyAas and pLV.PGKas.GFPas.19aT.CTEas.polyAas have
the expression cassettes in antisense orientation. As shown, when the expression
cassette is placed in antisense (pLV.PGKas.GFPas.CTEas.polyAas) there is a 10-fold
reduction in vector titer when compared to the canonical pLV.PGK.GFP vector.
However, inclusion of the mir-19aT sequence in the antisense expression cassette

restores the titer to that of the canonical construct.
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endot helial cell marker CD3 1. Virtually none of the
F4/ 80+ Kupffer cells expressed GFP to detectable
wo ewglosocehen t he mr-142-3pT vector was used, MIETERA66/002266
many of these cells expreswed GFP when transduced by
the other vectors. Note that the CD31+ |iver

Figlfsrlre gn: %‘Hgﬁ%ﬁengg@tgf }lfelc?ol‘vgg ?:%rl} gg d?%%{eﬁis %ghigepselfgc?{\]/e de-targeting
of ekpteF¥m &bt d partidlhr eél[LﬂﬁV\Eﬁea%é:thVﬁ. 8Bnfocal microscopy analysis
m RNA-r egul at ed vectors can be designed to achievée

of liyey efarydg anige injegteschy 194 vein 2 xyselespriarvith theindipated L¥ul larages
] oV . ect.ions fromihe .
are %E%%%@é %fgsea o\./g}??P m%%s&lf@%zﬁcg §¥ ?Fﬁcet YOEGSCEILE. A% sections
wer@anmmbirestaingd for (BAptheandcesphakd siécidi (GnkrkeA B4/30 hnd (ri%h‘%for the
+

L R A g s A
GFINRNdBesmbIePel Qs ivheflthe !ﬁk-lﬁﬁg@% &e%iw%eg?ﬁtd' Vierdds il of
.m - regul at e

mar gi nal zone sinus. Figure
thes¢ eelfs expressed, 6FPowlenctaanstheceddwi thaethet vegoryBote that the CD31+

. trans e_expressi i n_hemt ietic cells, fo]low ng
livey sSIHlcertothsTa eclf, peresss, GPA o isfipdvationy dxall vectors,
incl@pg EVSPGR.GFRMEBIE WSS of LV. PGK G-P- and

LV. PGK. GFP. 142- 3pT-treatéd animals. Figure 6a.

m RNA-r egul ated vectors can be designed to prevent

Feht 3B USRI S RS e b

of exprpysiasiran a partiigarelluph éinédgebh 986, BPledAOREL SR T the same
. fromrepresentatjve TgN, PGK G-P. 142-3pT (24 C G and
micerod§ PRERVEEPYERS dmgunosi@insderfor thec eastentiostteyi GID4h| marker.

LV.%K?GH@*I@?—'S U EARRNERS B, a%gi %gr)l;dt%ﬁgseées?o& "ol Gl D45+

mber of vector copl'es carried m ce. Frgure
leukeytesybRiNfermittad stitoeg GRRCexprassioarin e mbesicgneshdigic stromal cells

regat e ne expr.essi on bet ween henmat opoi eti c and
(CD%%%?@%} %%g‘? Qﬁr%‘gf‘li 784 §8YS-0f transgeni c
m ce. | munof | uorescence of the indicated organs from
. the above mice. G-P was visualized by direct
Figurg dor mskNAciegulpsddenipaiabtiectots camabe desiphes] wepeversr tkeatgene
ans anal d. except

_ . e
exprpio e TSR SR bl GLafouREF dhpRiG T cBACS
analysis AROFPekprefornir6@, spabeed bl WP BFPX RhE B S POKWESEP, 142-

detected in
3pT-treate8 animals.

Figure 6a. miRNA-regulated vectors can be designed to prevent transgene expression
in hematopoietic lineage cells in vivo, even at high vector copy. FACS analysis of GFP
expression in the peripheral blood and bone marrow from representative
TgN.PGK.GFP.142-3pT (24 C/G) and TgN.PGK.GFP (4 C/G) transgenic mice
showing virtually undetectable transgene expression despite the high number of vector

copies carried by these mice.

Figure 6b. miRNA-regulated vectors can be designed to segregate gene expression

between hematopoietic and non-hematopoietic lineages of transgenic mice.
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t he parenchyma and stroma of all organs. Hematopoietic

i neage cells appear yell ow because of overl ap between
w@g/ostees ni ng and GFP expressi on. | n contrastPCIEH2006/002266

expression in PGK GFP. 142-8pT transgenic m ce was

sel ectively suppressed in the CD45+ Kupffer cells

iy Giesssdes SR antil e Ao AT B O rbyisaties
by @ifeotSfludriscbit. SPlefRfopdftiict B, GHP WeRS e9HRA W9S CD45

al so negative in all hematopoietic |ineage cells,

immyeesfpinigsinrBheranpiabeied gxedpt rrthe Hynatsy wirareofD8 hvessased to

[ ' - I V_enabl es stabl e, .
Ry FLAN Rl or RN Bl Y BTaR R bebl
the parenuhyfavardesmeancef abatgans.s Heakdpotsticaidagd b@BNappear yellow

secti.ons frq{g Bal b/¢c m ce adnm njstered the indicated

becauge ofrqyerlan Betweem Chda sieningeand (EP expressiqnctln contrast, GFP

febsiOH &P PRICFPHUBL i *wds i
explersiff 9 PRIRSIPIARLIA uifkaetio & bvyvgss?%.&ﬁ?ﬁa”%mpﬁessed in the
CD4ixrit Kupeig eslisa@itvier)CBeolar (lang) afcDBining espmid (gie) yhacibphages,
.GFP+ cells of LV..PGK. G-P and LV. ALB. GFP i ce re
which aBReGR TP G e IPAsaled gy BTk, It CRISEDr 7 Homms, GFP
expidbsidh tWs RIs8S 88GRve! inCl *hdm&Bhbictidiidehsat & i
pcontrast_, z;'bun anltV G|1£1P+ heprgt oiéylfés ar?déendg?’hlgﬁ?péﬁe strong
exprggsionswihinghe steemd of thsso@gawys (1 ongest tinme point
anal yzed) in mce injected with LV. P&K GFP. 142- 3pT.
Figure 7b. GFP+ cells in the liver of day 70

Figurd/ 7TRGKn{HIRA Iré ZulaRed- L'V eabiblds RilabR Bad frdiRfdr ViRl i&@hunocompetent
. morphol ogy of hepatocytes or were CD31+ endot heli al
micg, of-prfoea] ipgRnpilugresecnge pelvtiy of Brergnd splepn sensions from Balb/c

micd *&Hﬁliﬁptefe%aglb il Gdn ist.Sﬁb?C%%/ %iﬁﬁli&@cf %Ftﬁ@ %R by direct
expression froma particular cell Type, iTe
fluoyseremice;t Kmpfier @ngeGb8exProeRsi on ehdothelinl omdls rwagedebeted by

staing g, i R RO Gl O P Dy FeEEts e GFP" clls of
LV PGROGEIE bR L VCALB. G inhibd ¥eteledrBd lfr\éni’gig- @EPQV %%éé&%rwhich

m ce at 42 days post-injectionFigure nafysis o

correlpfed gpiftethe presangenoi dJd%p dteetlt infiltratesi njrecirgast atiaydnt GFP+
[ it h . lhndj, cat ed cto P expression.fro
R0 e Hhgb S S 51130 F58 EHRLS SR Mo
in mig@rigjecel wieV POUSFPMID.3pg0me of these GFP+ cells
expressed a-
Figure 7b. GFP+ cells in the liver of day 70 LV.PGK.GFP.142-3pT-treated mice had
the typical morphology of hepatocytes or were CD31+ endothelial cells (arrows). This
demonstrates a novel aspect of this approach, which is selective de-targeting of
expression from a particular cell type, while permitting transgene expression in a broad

range of cell lineages.

Figure 7c. Hematoxylin and eosin (H&E) staining showing normal histology and
absence of mononuclear cell infiltration in LV .PGK.GFP.142-3pT mice at 42 days

post-injection
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snoot h nmuscle actin (a-SMA) and were identified as

fibroblast-like stromal cells (arrows). Note that
wa@ecarveresl G-P+ cells, including some CD45+  PCT/IB2006/002266

hemat opoi etic cells, were wesent in the spleen of

LV. ALB. GFP mi ce (arrovv) This further denonstrates

. th th Rl uI at .on strate can I‘OVI e .an
Figf o dBR M A AP GHEOr UL FRe BUeted S dBYS prior with
the ihdEHET SREL | GFPT SXRtRIch f5hD e nﬁamazns?ﬁ%v Qﬂk@& eainly

lentiviral vectors nediate stable correction o

obsdreerb pththiei mafginah zanesime (Mi)e Isombierfdbt'ﬂel GEPB aells expressed -
Factor. | X knoc re i.nject Vi with a
Sm°§>€hmu\§9lﬁ Ao SMAN i Vg oSl sy Bprabiasb ke GRrogel cells

), RSB BESGPLS G BT RIS il CV T ARl

werg pregenide thae splh@l 8f UVRADB.GFR nticcatasmev)e Tlhk/fﬁ:fhdn Ele?ﬁonstrates

| a concentration of hFl X anti ge
that 56 i de%}ﬁ atipry, By giedy éan foeVléiu%AH{lleramcf( AP pirssgene
reglgg{tfbhtdvegu@gys};;écqﬂc Jigterm ned by nmeasurenent of the
activated partial thronboplastin time (botton).

Results are presented as the mean plus or minus the

Flguié 8andanriNe fe%ﬁlaterdqalﬁtha? Ge ?né(ﬁﬁé‘gt%gle%?re tl?(‘fﬂ &f hemophilia

Fi gure 9A shows the nmature hsa-mr-1 stem | oop
B lns%qmémod@; g}wlmaoxgﬂlsBme (E@t@d@bm @ft) whe macteﬂlékﬁa tail

wit 1P vl ShBin L SHUSR hentoni pf i EPaiqgyte-spevifc ET

prormtemLV,ETr HEBE bk %Immﬁe@ qwm“ hFIX2 %oﬁfafnnfg\b‘bﬁe mir-142-3pT
regul ate the expression of genes in

sequepgiin | Be LR [ v th rinagran (L OO EL 4 diDar oThe plasma

concfeﬁﬂhjl&ﬁ o hﬁ&aéﬂtlggﬁ %scd%gér&%egw Bpﬁ&-ﬁé %%ﬁanQMfo), while

expr essi on equence- speci Pi ¢ nan
FIXf clotting ac@ﬁM&WasSMéiehnﬁU&é\SbW ﬂibhsArdﬁhe(ﬁt R6L Ehd Mictiled partial

R LATION, Lin . Harnon Nature Revi ews
thm’égﬁﬁtws“@e g%omy3 eé%‘@fo%)e Preﬁ@PY?ﬂ&aNA% TFARRNAS O Apigug the

stan&eﬁfﬂ‘efrkfr ﬂBm’Tﬁ%e%’*ﬁc@%é’t@@&éﬂ%o& RNAs that negatively
regul at e gene expressi oh at the post transcri pti onal

| evel .

Figure 9A shows the mature hsa-mir-142 stem loop sequence.

Figure 9B shows the sequence of the mir-142 as target.

MicroRNAs (miRNAs)

miRNAs are small, RNA molecules encoded in the genomes of plants and animals.
These highly conserved, ~ 21-mer RNAs regulate the expression of genes by binding to
specific mRNAs (He and Hannon, 2004).

miRNAs are a family of small, non-coding RNAs that regulate gene expression in a

sequence-specific manner.



The foundi ng nenbers of the mRNA famly, lin-4 and
let-7, were identified through genetic screens for
waeledogoo®es n t he tenporal regul ati on of Caenor heHiB2065/002266
el egans | arval devel opnent19 Owi ng to genome-w de
cloning efforts, hundreds of m RNAs have now been
identified in alnost all netazoans, including flies,
plants and manmmal s. M RNAs exhi bit tenporally and
In ®B#GG ¥m! SHHORNGG: NS S RANAPAAPINA BYG ROIH YR™ 8ENE
devel opnental and physi ol ogi cal processes. The
REGH]-ATIOY, &in HeeX dntegaty JnitiRhten Maatre RevenwseGenetics 5, 522 -531
(20¢ﬁaracterized so far affect protein synthesis from
eir target nmRNAs. On the other hand, nost of the

P! Acrd RIRAGImSRNdispdrs e thaily b e2i—A5heictdotid¥ aaRIORNAs that
their targets. The degree of conplenentarity between

a meeatyeligelate gene gupressign atdhgsposi-frapssriptionalileveli nes

ih ' . i S, i PRy . )
20 PG EUS R R SR Bl IR e
t wohriaivgls gerletit sereansnfes deferte sintheaardpddatepulatioh of asworhhibditis

rfecf diRNA dupl ex (m RNArmi RNA ) that contains

i mp
botrf8fHE APECIRBA strand and its conpl ementary

StIRATR (BTN . i ostabi L 06 B

of t hegggég?@n%ﬁwéﬂﬁ%}%g%%f%&? r@ggﬂs"g%ﬁﬂ o asg%vﬁberpgv been
of idendifiedinalemost BNAetamoanst ineludinigdlics plantmgidanaminials.

RNA-J ced.silencing compl ex. . (RISC) .. Ago proteins .
2 AHOAT €SBl TaRerfy SOH RPN e sRE R piehis during
horiplcp@URS clopmiéatal MBpHBIATAGHN pARBAEES | ndi cate the

exi stence ofﬁrrultipl e l‘R‘IBSCS thgt carry out related but

s pddiemaoniyotidhe eaima upikN Anhthat h@jedpashehareetesized so far affect

predict "y t ' n . rt
Foaroieh s Fof e FhaF ARAS, Bptig Be: By, PR SR ot
humiReﬁ?]srﬁuRﬁlé\Ssdlﬁw dihrb(lﬁehe abmlgel oﬁmdirmgat@ncgddf rom

i Ar abi is.
e RGiteB TP oS e ey BURNoupng i gt o Motk ar,

On‘ﬂ\été’rrﬁﬁﬁgﬁ{e-r@%ul%r Gebf it s- Jones et al ., 2006).

Further m RNA Target sequences may be searched at

swwin ahiRNds, moingary transcripts of miRNAs are processed sequentially by two
RNase-III enzymes, Drosha and Dicer, into a small, imperfect dSRNA duplex
(miRNA:miRNA*) that contains both the mature miRNA strand and its
complementary strand (miRNA"). Relative instability at the 5' end of the mature
miRNA leads to the asymmetric assembly of the mature miRNA into the
effector complex, the RNA-induced silencing complex (RISC).

e Ago proteins are a key component of the RISC. Multiple Ago homologues in
various metazoan genomes indicate the existence of multiple RISCs that carry
out related but specific biological functions.

+ Bioinformatic prediction of miRNA targets has provided an important tool to
explore the functions of miRNAs.

Several hundred miRNAs have been cloned and sequenced from mouse, human,

Drosphila, C, elegans and Arabidopsis. Examples of such sequences may be found on
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Li ke ni RNAs, m RNA expression profiles appear to vary
fromtissue to tissue but a simlar for identical

wo easnenes n di fferent individual s(Baskervill e P€TIB2006/002266
Bartel, 2005). Determ ning2tan m RNA with the desired
expression profile may be achi eved using techni ques

known to S. ki.lled i t.. Onc t he m RNA has
o S8R a8 ok OB R B oS 6t hC ARy Pyt R BN A B eancngss may
be seAakdd 3t vRewaBIR&NALREd using, for exanple, the

dat abases 1 ndi cated above. For exanple, the

neVWana(tn) m TNA Probe Set and mJrVana (tn) m TNA

. L ng. 4 il.abl e £rom Anbion, |RC. e used
vy BREOA PSR AR TR GO IEAY i S BEim 80 A8 A55E bt o
simillars foneglemtaad ritdsirg  in0 diffteriBindivadiial(Baskervills tahdl CBArGINS 2005).

AnqQt her common way of jdentifying tissue-specifc )
Detqrainigaan; @I%Téfg\ngyltﬁoﬂl@ ilspiredapiressimn Bsodilg) mayobe aehigved using

e T

corrgsponding| tangeRN&gudnge t Gansreaddpdei Géterntihediusimgpffor example, the

roxj.matel.y 21-nucl eoti de RNAs from
dataﬁgﬁ%é,é‘t‘i&%?fg@ fntana et al., 2002). Simlarly, M chael
Met al, Mol Can Res (2003) 1:882-891 describes the
identification of 28 different m RNA sequences in

For gxangple cthe dandanar & motha Paeht $aband minVaesy mdies [ebalisg Kit

ot B 2 0 S A R B

humex pisags accdrdinh esrticanminichaetEihbiaictban et al ., 2004).
Senpere L et al, CGenone Biology (2004) 5:R13 discl oses
a total of 17 m RNAs detected exclusively in a

td : i G| Lo S
ARSI D iR e Sl A6 BN v Bl
An exiafle of 8&h a REB)iquesisxdeseritgpdsip dighs-QuiritiAS! ¢trdl Red@ent Biol
o o S 158 Rl e SR OET B e coin
. N g b ] R o _
e e e
heart-specific m RNAs were al so detected in the human

L R BB e B33P o
of 28dffel &R nhiRNA eedtieni®s il EflbRic 208RRErcintenadanBnBMM hitdka.

were detected in two or nore nouse organs, the levels
of 14 of these were detected in a particul ar nouse

CheR'CU2R: 81 SERUE! @0Bh) 1328 88 WOschiBL Ml ANRINADNINR T AR -142

and miR~223 which are specifically expressed in hematopoietic cells(Chen et al., 2004).

Sempere L et al, Genome Biology (2004) 5:R13 discloses a total of 17 miRNAs
detected exclusively in a particular mouse organ; these included: seven brain-specific
miRNAs (miR-9, -124a, -124b, -135, -153, -183, -219), six lung-specific miRNAs
(miR-~18, -19a, -24, -32, -130, -213), two spleen-specific miRNAs (miR-189, -212), one
liver-specific miRNA (miR-122a), and one heart-specific miRNA (miR-208). All of the
indicated mouse brain-, liver- and heart-specific miRNAs were also detected in the

human counterpart organs (miRNA expression was not examined in human kidney,
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ot her organ; these included: seven brain-enriched
m RNAs (m R-9*, -125a, -125b, - 128, -132, -137,
wo 189)pposthr ee skel etal rmnuscl e-enriched m RNAs poi/mB206k/002266
-133, -206), two kidney-entti ched m RNAs (m R-30b,
-30c), and one spleen-enriched mRNA (m R 99a). All
brain-enric and skel e clezenrich m RNAs h
tung b g, P sk RIRTIES i Ak R, Wripaamong the 75
miRNAARa WoRe dble&Bd GO B#6Tor 3hére MSise COfRARS a&e%velfs JrM@SEF these
organ-specific and organ-enriched ni RNAS between nmouse

wer Aeteetadit 2 parigular siqusaorgen ey lavely apleagt voefold brghadtham fireany

v Ry G IRUAOTSRN R Bel R TR RADEE Bl B i s -

128,2(102% -13Basleen, Vliﬂdeesk&le&amlﬁfbleleBHéhé&@x@ﬁNA%J(gﬁﬂlld24l733 -206)
es a macggroarra rotri i surve an

two Bk @R Sh RN B3 0 Gy . oeraNiRen-abrighad mRNA (iR

99aydiA1f %fﬁfglepnﬂg}@gmﬁf Qaial ﬁ'ﬁ]ﬁl& ElKEg rﬁﬁ'ﬁ\w ! pga s 1%' ated

pairs o are generally coexpresse ervi

levetsrﬁai tBalhueian c@0nis)part orgatd The digh ednsarb'aum of éﬁplﬁ;ts‘idm@f these
ed m RNAs

cor,rel ation_ bet irs of ex
Orag P A B ST BT GF RUAC B B Py A0 BT MRSt that
theySIRRR pdyesl cBser R ol hﬁ’@k(‘e@{abﬁslgﬁéﬂt \éﬁgfe of ARiftertdHIERT a cell or

transcript. Sonme m RNAs are wthint i ntrons of host
tissugeypasof thattnestiqudar i gidSerapeae etsalaP0§4)coor di nat el y

expressed wth their host gene nRNA, inplying that

they also generally derive froma comon transcript,

Baslanvillt [$aBak ], RNA (2068)Y19 €81 044703510428 RERYGH RS ProMiredhrvey
he used to probe the spatl al _and tenporal |ocalizatlon
and ge exprossiondatiemned 1784 uaanaiRNAs wsowsad disleent dhman organs.

The Gc[?sgﬁﬂ’gho]vf L ﬁgxﬁéﬁiafﬁ bARE Rﬁg@?@ﬁg ?%ﬁw 38 'gsrsec? (Baskerville

onuc roarray SysS ena

and Bfaftelc 2603). &madditios, af abirlye teaxpities $i Qe ﬁmdliitﬁ)rhbld”fﬁreen pairs of
Bgdentlfl ed sq far. ]t shows_that the 60-ne
eXPrS?SFQHH ASRGCHE Frofsiancsrof ekbyi immbing s miwmdwerated by

<50 Wt Rypiaing! &dive hibmoh d&hﬁ%sltr\e}g%h‘pp gﬁrﬁtﬁénptnpR?\h@ 5 bre within the

precursof hairpin RNAs, der
1ntr0gis »é hostaganesniatrevic mRNAs RAisoallh coendinately ierpreSied nveith their
R STR AN SCRRTHES MY S—
and tHrae ib sitw eULPIRs Bif \Hobidgdn & xPFcgdies tar® b8 Mdd Bto IﬁBQe %e 4 ﬁal and
end, giving the | owest signals. Accordingly,

temmejgg%aiggtpq;bq INgoa@iRNARA copy at

Barad et al, Genome Research (2004) 14:2486-2494 establishes a miRNA-specific
oligonucleotide microarray system that enables efficient analysis of the expression of
the human miRNAs identified so far. It shows that the 60-mer oligonucleotide probes
on the microarrays hybridize with labeled ¢cRNA of miRNAs, but not with their
precursor hairpin RNAs, derived from amplified, size-fractionated, total RNA of human
origin. Signal intensity is related to the location of the miRNA sequences within the 60-
mer probes, with location at the 5' region giving the highest signals, and at the 3' end,
giving the lowest signals. Accordingly, 60-mer probes harboring one miRNA copy at

the 5' end gave signals of similar intensity to probes containing two or three miRNA
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the 5 end gave signals of simlar intensity to probes

containing two or three m RNAcopies. M snmatch anal ysis
W@ b@msodehsat nut ati ons within the m RNA sequencRCT/IB2006/002266

significantly reduce or el?2m nate the signal,

suggesting that the observed signals faithfully

reflect the abundance o tchi.ng m ENAs .in t
copiFSy, MTH RN DOSP ol BFFHPTY RS TRGALA | feduence
signfficd@tly deditet b5 SUBSNANGhé NidiAl Asup@bithg’ 14 3he bbBerded® tignals

overal | concordance with previously EUbl i shed results,

faithiiglly reflset tip ebundsnes of mpichag cai&NAhiaythe dabsledt R4 aExniession
' Qi At . testes, . | d
oo E0%, BAPRAERAY ' i AR B R S bR e oot

overall gst@sdantakdth pregivusie published csubis Ublitsaldd withisgine diffieences.
i ncreased sensitivity of the DNA m cr oarraK over othe

Theypresgpts dataron maRYS: eRrpssionaigthymys,y testes, cefpyqanc Bave

1 il atiial i i o f i
TN 7L R1aPY] 408 YD AEEAGRALS, el A
high?ightdthe ikasastisamsitiyigt ofathe IBNAchamoBraypdwes oftes nBxhodsrfor the

ol 5087 SR BB ST s
miclofRMoRteahld dfitiREA { AR AN Ui flas@Barad4® 81)2004).
Manstfield J et al, Nature Genetics (2004) 36:1079-1083

di scl oses the tissue-specific expression of several

i, R uri enbLyogengsi| incl ydi FR .
KashnhE R R 4] SR RIEPRRFER: Compa 4] 32204080 A pives e
identific&RM dTahie nbvdlrad 38 kagyn EBBRs dxpradbedlimdrbitm leukemia cells

di scl oses m R-181, a m RNA specifically expressed in B
(HL e (kpsaghime ft #od88%bone nmarrow( Chen and Lodi sh, 2005).

It also discloses that some human m RNAs are linked to

| eukem as; the m R-15a/m R-16 | ocus is frequently
Mardéibldt Bet aly Nt -Gangtitsa(2904) 86:p079-€083 discloseBtheetidsue-specific

chroni¢ | hocytic ] eukemia and mi R-142.is .
CXDERGTL P SN P V&S (biRE b o ERe oo adRoDa gind mik-
1968 ®8dnsfiQuleR @004y 1s stated that these results

indi cate that nmi’RNAs may be inportant regul ators of

manmmal i an hemat opoi esis. Met hods of identifying new

Chef Pt Taps i ShRLER i EBO6RRod2 1S TrEP Bt afgloses
miRJI1 Sl a dhiRNA @&cﬁﬁ@ﬂl?@kgﬁegﬁ@‘ﬁlh B3¢etls a4 nitdbibe Bone marrow(Chen
Brennecke et al ., 2005).The following table 1

and £ odishr30083 Hiakmalisclosehtbabspraq hmanypiRN Abiarg linked fo {qykemias;
the RIS niR-16 locus is frequently deleted or down-regulated in patients with B

cell chronic lymphocytic leukemia and miR-142 is at a translocation site found in a

case of aggressive B cell leukemia. It is stated that these results indicate that miRNAs

may be important regulators of mammalian hematopoiesis.

Methods of identifying new miRNAs and their target sequences using a computation
approach are disclosed in WO02004/066183 and Brennecke J et al, PLoS Biology
(2005) 3(3):0404-0418 (Brennecke et al., 2005).



i nvention. Table 1 Expression studies on mammalian

m RNAs Expression Pattern m RNA References
wae@snessspeci fi ¢ expressi on patterns of nmanmal PENIB2006/002266

m RNAs ES-cell specific m R3296 a Expressed in ES

cells, but mR21 and m R-22 a upregul ated on

he S oS T OB 36 S o e SRR preen

invehtiggsues m R-96, m R-130 and m R-130b Enriched during
mouse m R-128, m R-19b, MR- 9, m R 125b, m R-131 b, c
brai n devel opnent m R-178, m R-124a, m R 2 66 and

*

— — mR1 03 Enriched in-adult brain mR-9* mM R 12539
Table1 pi R- Ezabesswnmdl%ommmmglzalmeNAfw m R 139, niR-7,

= T R153T M R149,
mR—183 mR—190 rml mR—2 19 Enriched in Iung m R-18,

Expressﬁfhl?ai&an m R-24, m BiRNA m R- 130 b m R 213 m R- 20,References

MR 127, mMR-142-a, nmR1 42-s, b mR—151 i R-189b

T G O e il

mR-194, mR-199 and b i m R-215 Enriched in heart
mRIlbh m IQ.J_d m.R-133 m R- 'zna m R-208 h 'Jfrnrl

ES-cell speqifia 43 Enri ched | nnchB%y m R-30b, ni RSCc, i R- 18, a

lll I'FLU III R24 U y III R- JL III R- J.‘|-J. III R—193 dllu
m R-200b_Ubi qui tously expressed m R-16, m R-26a,
ExpressedilRER Galls,HuR- 143a, MiR-Alard miR-22 a

upregulated on differentiation

Expressed in both ES cells miR-15a, miR-16, miR-19b, miR-92, miR-93 a
and various adult tissues miR-96, miR-130 and miR-130b

Enriched during mouse miR-128, miR-19b, miR-9, miR-125b, miR-131 b,c
brain development miR-178, miR-124a, miR-266 and miR-103

Enriched in adult brain miR-9% miR-125a, miR-125b, miR-128,miR-132 b

miR-137, miR-139, miR-7, miR-9, miR124a,
miR-124b, miR-135, miR-153, miR-149, miR-183,
miR-190,and miR-219

Enriched in lung miR-18, miR-19a, miR-24, miR-32, miR-130 b
' miR-213,miR-20, miR-141, miR-193 and miR-200b

Enriched in spleen miR99a, miR-127, miR-142-a, miR-142-s, b
miR-151, miR-189b and miR-212




let-7a, M R-7b, M R-30b and m R-30c ! Abnornmal nm RNA
expression during tunorigenesis Downregul ated in

W@ k0oendwes R-15 and m R-16 d : Lynphocyti c | eUREETB2865/002266
Downr egul ated in lung m R-26a and m R-99a e cancer
cell lines Downregul ated in colon m R143/ m R- 145
cluster f Cancers Upregulated in Burkitt mR 155 ¢

HaemetopyistihtisgacES cel |'s, anRIBONR-32EMEIRIA-342 - Houbaviy b
et al —Dev. Cell (2003) 5:351-358 b - Senpere et al

Genone Bi ol . (2004) 5, R 3. 5c¢ - Krichevsky et al,

T P A T 2 F AT T A

Nat| Acad Sci (2004piRLRA5 : 2999-3004. f - M chael et

r et
—et

al’ Cenes Chronpsones: Canceir (2004).39 167-169.

Ennched"‘hhé‘é}{‘gn our—dara UGHRS T R Gg A1 Wikt E It

proach for restricting expreéession 7 {'om opoe| tic
ceI I's, the endogenomsd miRIA3 r egul at ory netvvork wi ||

epable—manv—rmere—possibiti-ties—fortiaghtlv—restricting
CTTUUNDT O llml] TTUT U rJ T C 1 A5 A I & Ea ﬁgmlj T e T T A " | 'W

transgene expressi on, Expressi on studi es have al ready

Enriched Eléf%ﬁleyeo M RNAS™SDEERIS0B, T-3 0 RST Inl?k 20t m ﬁéﬁbk b

ypes,” i ncl udi ng neurons,’ pancreatic ef’s,
adl pose tissue. Usi n@Rermdés%#gnmRamBenﬁomRemabd be

ecraontnd whi ~h |Jnr\l ||d_ae target-seguences r\f mBPR.21 and

CT LU COUO 7T oTT LR A g \4’“ T T =X TATTH

m R-22, two m RNAs upregul ated foll ow ng enbryoni c

Ubiquitogs] ssed { ESLS) Al RI@NLL IbEH RO K- 21

1quloZOg%q,ﬁgtset hered to alsu?cilhdg genel s%@ﬁwés Jgﬁi’/?n%éafne b :
ki nase. This vect or la-FalmdRs@r; weR130bset @oRi30el y kil |

Abnormal miRNA expression during tumorigenesis

Downregulated in chronic miR-15 and miR-16 d

Lymphocytic leukaemias

Downregulated in lung miR-26a and miR-99a e

cancer cell lines

Downregulated in colon miR143/miR-145 cluster f

Cancers

Upregulated in Burkitt miR-155 g

Lymphoma 1

ES cells, embryonic stem cells.

a - Houbaviy et al, Dev. Cell (2003) 5:351-358.
b - Sempere et al, Genome Biol. (2004) 5, R13.
5 ¢-Krichevsky et al, RNA (2003), 9:1274-1281.
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undi fferentiated ESCs in ESC-derived tissue, a nuch
desired safety control for bringing ESC based

w0 b@ramices to the clinic. Another possible usePGI/IB2066/002266
rm RNA-regul ated vector dexign would be in the
treatnent of cancer. Several reports have indicated

d- ¢zﬁat S %E@T&ﬁﬁ &0&:)%%\/\]25,56%u' at ed, [ In certain

e-@hwasgw&tﬁamea&mlq?o 'mmb@%bo& | eukaem as and

br east "cancer , 2004a; Calin et a
f- Ml@baﬁbet aloMObCencealRes (MGE) 882-Iﬁélm R-15 or nir- 145

et seguen could b n ctor
h l\éle 6&58%?31@3%33 P@Oforné??e%aé‘ﬁ &ﬂ@g# 1 @éi/ S expressing
m R-15 or mr-145, including vector producing cells,

woul d suppress production of the toxin and thus
Althgygly pye da%n@agtrqte%ﬂ@du&@d of {in® eppropels forrgstrighigg expression

fron?ﬁegﬁftgé e 5@1§ tha gﬁgoégh&ﬁrﬁflﬁ\lmg lﬂa&) therp\Rlﬁfj%i}:agle many

I'n gene’ an SSible use 0

morﬁpE&sﬂ’mh’&MoattlgHtly esstrivting emnmnmupnéssb@n t Bxpressi@nitudies have
ctor |onfro t ransdyced h top0|et|c

alrege fesealf b ik nsé’e%lﬁﬁ PY FPBE CUPTRR FPILPES () pucipe nggrons,
pm&%lc%l%maﬁ@a{&%sestﬁ%e% c% %hsé’v@&oﬂ &l d'6ed ehBd Fhich

regi on of the vector dlstl he expressi on
inclades dogetesefiuenceh of mikid @ndemThéZ niveNAiIRMAs opragalatddefollowing

et 3D BB S8 B G g i

gend/NJudhi€ apr thl?ﬁﬁélﬂie t Ridhsd. h Eﬂrhsp RRStHE Ecdul® §Hrdd | faClseBBNALY kil
transcripts froma si ng e pronoter, can be nodified to

undifigeantiaied FSRivin ESCydarived Gismece swtich desitedgefaoeontesl forthwinging

ESCe%%ﬁéc?ﬁl%kag)Q GesRellSs- Thus, addition of mr-142-3pT to
transgen ? But “ho transgene 2, woul d enabl e
ubqu|tous expression of transgene 2, while preventing

pression of transgene 1 |n hematopoeltlc cells. This
An°§@§ PYTFIRAF upe ehds il Araegyiaied vessen desissnvenld bggn the treatment

of chdc@ ﬂ F\thél s refork ﬁéverl%ﬂb&%é ?ﬁ%sﬁeé{‘ﬁé IPm cab dom?gulated in

tec I es. used Sl
certaje Mamoes t om,1R+15e and naeetSo rfos uaxamblee is odowhﬁb'gu&eued ng ahronic

vt b Reen st ispas Sadtet o &t B D0Aer iRy ol L SUb: orio
et al., 2005). The miR-15 or mir-145 target sequence could be included in a vector
expressing a toxic transgene. Normal cells expressing miR-15 or mir-145, including
vector producing cells, would suppress production of the toxin and thus survive,
whereas transduced tumor cells, no longer expressing miR-15 or mir-145, would

readily produce the toxin gene and die.

Another possible use of the miRNA-regulated vector design would be to prevent vector
mobilization from transduced hematopoietic cells which become superinfected with
wild-type virus. The miRNA target sequence could also be included in a region of the

vector distinct from the expression cassette for the transgene.
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During the past decade, gene therapy has been applied
to the treatnment of disease in hundreds of clinical
W@ pdoatsnses/ar i ous t ool s have been devel oped to PEt/iB2006/002266
genes into human cells; anmd3fg them genetically
engi neered retroviruses, including l entiviruses, are

| t,th | tool f
The HRAE VeIt b iied B o beeiionamity acbisigcionsl promoter
(Amapiabi et of, 20050 TRER! Véﬁ%rg,eﬂfﬁﬁzhoﬂa\)enﬁtg rlﬁﬁ%llle grdog?a' Rfilt they

ells that canR&_OV|de the viral structur

Progugg tye, gistinctimRNA gandeoiptst fiemge wimghet promadér, can be modified to
rticles.

1ncl‘d§5tnﬁf{1\ﬁ@ gﬁrgétnéeﬂge ‘%%ﬁ‘? &I g?o%rb\é)lglg %I ﬁagggreﬁ;l% cassetiesy s Thus,

Retroviri
addltmnmfahﬂfdt@eﬁiﬂamdtraﬁgm B n6LEHRIBER Zg@eﬁlﬁeenable ubiquitous
at hogenl city, and host r ange.

eXPtﬁS%P §?tr9n5§p B8R 2okl wﬁmrtt@g. expEsssion ofj yensgenmeshemampoemc
cellsli fT1g5 &ekighi V1P Shat cﬁ&@% | Ca l%ﬁd)cs 19 df ﬁ%ﬁ?ﬁ es, a feat not

di fferent "therapeutic ap I ONs.
posgibleiwigt qurtepbiechndiegied.f i ci ency, the abl lity to target
certain tissue or cell type, the expression of the

gene of interest, and the safety of retroviral-based

TheSySRMAB ntfebé MRGT Wil af Qfit BICEERS £
gene therg y. Signifi gant1 aeff rts zgﬁ)/lzg%leen%g&gp ]ttaeb(!le for

dehngmfgr%g@le frensgens) afdsisrast suchmas e uizalt vegear Exalpitdsaishese are
desdidi bLpat i ons have been made to retroviral -based

vectors and hel per cells to alter gene expression,

target delivery, inprove viral titers, and increase

Rtsaf ety. The present invention represents ani nprovenent
_SHP¥EE$¥S design process in that it acts to efficiently

deliver genes of interest into such viral vectors.
Viruses are logical tools for gene delivery. They
Durmg;the Oattalebarsl gene telapydig bebe beplasderohdy ‘ftreﬁtsflft’%n“f(%)@L disease in

hum£§§ ﬂ ﬁnBIHP ; r. the eIIs and use the cellul ar
hPhEWICR il Végigus faly hgjeshagen M@I%‘@ddépiehdfsr genes into
humbth lcelSs; kasRg wene gét%ltlb%ﬂﬁf ¥n 1§eerr 'vﬁﬁ?ers r%gud\f ﬁ8§%?]ses

that it can expreéss the rest
are qqa;@ngpj eaémmggt @ppnostatqpuhr a(m:l foh geney delivafry VMostsof tHeSdystems

conté(lg r\%!cto\ff ar p?a[%g@[% '}f a{é‘é%o gt?%t E %}ets h gl % ;qshgglé 5113 Iger cells
that t:ehﬁprb@ﬁlé the\/iflfdl setctifad frosaNes Rl e&'yfrfe? kS Ql'iovfz ?6? thé géneli]ﬁ}/o% of

been nodified to generate viral vectors
vectofetaniainipe infretions witel pasticlen R awiridee ipe |fatmﬂE sf retrov1ruses that

dlffets:ir?ltptélgdlés#ﬁlg aﬁélgee{/fﬁl\rﬂh;aggde §e&u§ﬁl eeg %\?ﬁc?rﬁg:g h& gﬁé pEt ogenlclty, and
host atapgeavThisséisersifpe provides opportunities to use viruses with different
biological characteristics to develop different therapeutic applications. As with any
delivery tool, the efficiency, the ability to target certain tissue or cell type, the
expression of the gene of interest, and the safety of retroviral-based systems are
important for successful application of gene therapy. Significant efforts have been
dedicated to these areas of research in recent years. Various modifications have been

made to retroviral-based vectors and helper cells to alter gene expression, target

delivery, improve viral titers, and increase safety. The present invention represents an
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present invention preferably enploys retroviruses,

including lentiviruses. An ideal retroviral vector for
w@ena/oashs very nmust be efficient, cell-specifiPBCT/IB2006/002266

regul ated, and safe. The efficiency of delivery is

i mportant because it can determine the efficacy of the

: nt efforts_are ainmed_ at achjeving
lmﬂégﬁr - { peﬁiggp(l(ieegl & QrogesF Ut thabi agls do ﬁg’??éenélﬁ( slebivey; &ﬂﬁeS/\Pf interest
intd'silbh@italf‘éﬂctdtﬁct ors. In addition, retroviral vectors

are being devel oped to regul ate the expression of the
gene of interest, since the therapy may require

VbS8 SRS % BTN SEBET S u SELEE 8 S et

havgievelyed nechamdsthhiar empat ﬂhe Gens afl ufAthe clliet HABKRLS to express
.mportant that during gene delivery,

the1F ﬁ%neﬁai'ﬁeemncagte%f Vigs-basacheans slglivery dntd gngirasetheevieus so that it
can RRbREOBBIdend bf a L ot en
_ Re% rovir ljgggs a?ger%%bvﬂ] r ulrfgu HE B %éelgl? aE@%Cé‘EP’PI PB‘EJ&W type of
VITU egfridrad feEiVA dontadr medtitmne tha%hmpw thalr opdfty it6 :rﬁﬁlcate freely
te.t copies of the full-length viral RNA
as @@gﬁsggg‘%e@%ﬁ%hﬁ tJr[1)g the conplete genetic infornmation
needed for virus replication. Retroviruses possess a

. iﬂﬁd envel ope and use interactions between the
Virgsps Gpmy sexerabdisigreah franibipehaedeen modifid togererbidded vedors for

gené *81%119&9‘0 Ffﬁ@?e Q/ 5. ﬁg#uidg lraﬁ‘exglgagsggt %9%?8‘1%? Qafggﬁgépu%esh °§’dteno_

e vira
assomamds mrusps,ahapey\mmlbiex SvifUses %iéorhﬁ‘whﬁ@s Vardi Q%haxyihf The
%rgA Jeverse transcribed into a DNA copy.
pres oV

qnélop Rieferebl cannlowsaetavimses, inpdvding ldpjiviraseegr ase,
another virally encoded enzyme. The integrated viral
DNA is referred to as a provirus and becones a
An igeqlraierital p@pﬂolr ddr %dme dehsiérygﬁtmrbl‘e efﬁbhﬁnf} il Ypaific, regulated,
crigtiona transl ati onal machi nery carries
and K B SBeRER b ATty b atoprib eatodemapne the effcacy
of theathyrapy.aCerrddt dffodB 64 bS]
b EHRARE S bR Bikaigp and

RNA, and ot her cellular processes np
gene REPIRIYO (ithy fretrqvdrah uiskions . InAaddition,i etroviralviveadordRIRS being

deveBERAND Btk Rp Ep IR O 157 BBt e Sseihe herepy may

require Elﬂ)@ -Bstional repddted kpression NSFEeR A J&Dﬁbl};é ?ér %'i]aﬁ gene
roteins. The newy syntheSized viral prote

dellvgﬁggw&eﬁgwtwlgwqq@ §4t12q;cpafhg)|gpns @Irlngh a\malt}wgeﬁihupmtemltlel It is
1mpo@§ﬁ€ffm @Qnﬁ%)g@ﬁehg a{lsvtg% 5o %ﬁ]e%\fv Vlgs:]g%g § hat egxél(})lurtecelve a

t he host ce err g
pathqgsnicosius dlsas has full lbphcmltlaﬁ@bfeneﬂ into si npl e and

Retroviruses are RNA viruses that replicate through an integrated DNA intermediate.
Retroviral particles encapsidate two copies of the full-length viral RNA, each copy
containing the complete genetic information needed for virus replication. Retroviruses
possess a lipid envelope and use interactions between the virally encoded envelope
protein that is embedded in the membrane and a cellular receptor to enter the host cells.
Using the virally encoded enzyme reverse transcriptase, which is present in the virion,

viral RNA is reverse transcribed into a DNA copy. This DNA copy is integrated into
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conpl ex retroviruses. Sinple and conpl ex retroviruses

encode gag (group-specific antigen), pro (protease),
w@oio7ppwebs/ mer ase), and env (envel ope) genes. |PCT/IB2006/002266

addition to these genes, c@é8plex retroviruses al so

encode several accessory genes. Retroviruses can al so

[ fied into oncoviruses, |entiviruses, and .
e I85CLRPL b8 B RGO R0 ond G e Tiraed v
DNPeisreRirfed 6 s d-giokirvé ms&oﬁw&mﬁé@m@&f Ut genome
rren f Y, a? 2 )

oncovi ruses  are cg&gl ex retroviruses.
The; ¢illudar transeripiiong} auk trensdationplemaghiestyl Girtiesdowtsexpesssion of the

; ; ach type will be discussed
Vi R i 5 B SRR Pl B R ik TRV and
othaymebvlar pocedsesmodifyrandesabbe it RNAVbEWT tHe Aldidls! A ftion of

. anple..of a lentivirus, and human foany virus 1Is
Vll'ag#\gsaa%! Pliged to al YPIession W]@mg genes whereas other viral RNAs
remﬁi%ﬂ*ullqai%’tﬁ.nl‘l‘feoﬁﬁ%ﬂr at{oRbl ﬁxc’téﬂiﬂe;kg's?%t%g#%esa ?&%&ﬁ%}@e viral

host cell, it can forma provir
profeings €8s nowhabsyrglesized vintl prattias and NBynbwiyesintieded full-length
viraPRIL iScI es tobi Bf ect, ot hFr hosts. In nobst gene therapy
appl 1°CAY PERE Dl togather &¢ Iogwgierapiruses thagibud Qwrofhe host cells.
replication-conpetent virus into a patient because the
virus may spread beyond the targeted tissue and cause
Baseghy e deirp genesge sirgctifes.c tatovirTikesr edrobe, classifisdsinto simple and

' . desi f I del i , th
oS e T, S0Pl 0 S
antigeal),peo @ootsase)iCpol t(@olyhittdse), tRidadivl ichVelOpe)t ffie | InUsidi®n to

th reg‘{i cate freely, The termvector generally refers to a
CSBEReri SUMRIEY Triroviuses alsaensarls sevrakasaessaly gees.nt er est
(or transgene) and cis-acting el enents needed for gene
expression and replication. Mst vectors contain a
Retraveireses oat sijsoobe shssifiat b lonodvituses, Viefiiadireg tal nspaRdlRkes.
Mosf_é uences so thatlthe are not replication-conpetent.
9%68‘( TESH AT LB o FEITQY &S G5 e i ITEsqsy spgmeyiresies,geind ssome
oncovagkdsdte | Jand a, p i ion of , .
t he vector s.@hﬁgﬁ%ﬁ ' ?gﬁ%@}%% @Eérﬁ){g? Q%P f g%ruses ate being
explojicshasste therapyriedlsdixarmilés dfeactatypa vtil b discigsed Belogd, SO
be provided as a hel per virus or as cotransfected
pl asm ds. Hel per cells are engineered culture cells
Muriak fevkegiin girué (ML VD19 eRiRSle 8 Hﬁ&ﬂ' i
. reé_&kvi ral ve((:torvg; th?lgﬁi S Sagﬁglrcgﬁﬂ%{ gc mb@gngl)?deﬁmency
virus - G- & isi anrxgmpisme s leasipiruss sinch human fanyyr vites i snientuaple of
a sputhdhvisage cells. Most helper cell lines are derived from
cell clones to ensure

When a replication-competent retrovirus infects a natural host cell, it can form a
provirus in the host genome, express viral genes, and release new infectious particles to
infect other hosts. In most gene therapy applications, it is not desirable to deliver a
replication-competent virus into a patient because the virus may spread beyond the
targeted tissue and cause adverse pathogenic effects. Therefore, in most retroviral
systems designed for gene delivery, the viral components are divided into a vector and

a helper construct to limit the ability of the virus to replicate freely.
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uniformty in supporting retroviral vector
replication. Hel per viruses are not used often because
wo@toorieochs kel i hood that a replication-conpet eneCT/IB2066/002266
coul d be generated throughdhi gh frequency
reconbination Fblper functions can al so be provided
by transient apsfecti o f _hel per caonstructs .
The hnivedar BESTUDPGRRGA MORITEH Ve HELer GRS HI° srogispphinterest
(or tM?l%% erle§ ah@\did-dtingCElb Rk fts AR SR IfEM ?érfée Qxﬁ@sshﬁﬁhﬁ iréflication.

mds to facillitate the mani pulati on and
Mospvemag aontain sodeletinn(s)exftsomepriall Glﬂ'T-b% §1réﬂombte§1 eqding srepyences

so UEb AT AREFePRPat b R PP e Fhibied ¥ axpress
virall deR&Y REkInG M (HY veRld2E bl dROSUDPLA ﬁepl'laaﬁoﬁ ef ﬂ&rvec&irb iedvalper

expresses all of the viral protel ns (Ga Gag- Po angd
functipiy is megt oftar proviged ia @ritelnen cpll format skﬂ@wgg Ihepnsieh Provlded

asaﬁ%ﬁ,&kﬁ%h&&%@gfg@a?%&g the formati on and rel ease

SCt1 OuS VI Fa but it is not necessary
for the formation of "enpty"” non| nfecti ous viral
partjcles. \Wen_t ector DNA is.i troduced t.o the
HelrRoF)lrare ShgiBecTub BT RRUS CORPSI Vi 2 etk 26rde] 16 plteste
retrobital %@F&ﬁé’ rthgelg g%ﬂ&aﬁ fablﬁé@e'ﬂt by trRAFEARG DladMifs ¥kprddsing viral

part he %iral” particleés contain viral proteins
protc&nqamms&ddlré ce:ihn M}jsphwlp@mﬁtlmsw dariveRiiam celhslonesoledensure

wnifrgR i SRR EDe P b e s OB R oifiire FRAof ged often
becali®y & the ﬁ@élﬂio%d%a{t%ﬂ@ﬁl@ca@%c@@?wﬁnﬁﬂﬁw dﬂ)hﬁgﬁe’ig@efdﬁéi‘l 1BAgh
copy into host gfnorre to forma provirus,

hlghpfr@qnenens reqeetitieationh dlefjess fuagtions ¢ant dpedie ati%rlcteé by transient
trand¥R G2 AllpBYeIFuAOR achfivt ARG Bl S onl SHHRY o RESRLIDE

€ vec § hot “express-an ot ei ns,
cannot generate |nfect|ous vi ral partlcles t hat can

spread to other target cell des
Most oregreblﬁ%r VeHAE B d%aaw@# 3 Fgﬁﬁ?}%\}fg‘éﬁm\lf@cg%r % Vine
mam??u?a@ﬂon RhE h?dtﬂagaﬁcﬂl $MBe DELREDNRE IR s PG REARIEE @NA QBtors

er co hat are transfected i nto nmanmal i an
can bfeiﬂtmduéddl ipierhetmen selluley sonvantjoriahmeHwids sneidaes PNA transfection,

iro AR e R LB R 5 57 1ot
(Gag, Wdgl 1] ahdd@ns aPREks RNIA @ntdikigg \the FAckOEIAE Signell ¥iral RNA is

expressed from one hel per construct. Exanpl es of these

necehmrpéor dlest lf@‘nmitlen@ﬂzreéﬁﬁde o inflieiops viek pewisless et & is not
necels%%&g tﬁﬁ é’o%a&?g gq r,. no%'uﬁ@&%uB (i)r\é Eﬁltlcigwteﬂ e vector

DNA is introduced into the helper cells, vector RNA containing a packaging signal is
transcribed and efficiently packaged into viral particles. The viral particles contain viral
proteins expressed from helper constructs and RNA transcribed from the vector. These
viral particles can infect target cells, reverse transcribe the vector RNA to form a
double-stranded DNA copy, and integrate the DNA copy into the host genome to form
a provirus. This provirus encodes the gene(s) of interest and is expressed by the host
cell machinery. However, because the vector does not express any viral proteins, it

cannot generate infectious viral particles that can spread to other target cells.
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signals. These hel per cells can support efficient

propagation of retroviral vectors. However, a nmajor
w@e@bloewsssv t h t hese hel per cells is that PCT/IB2006/002266

replication-conpetent viruses can be frequently

generated during the propagation of the viral vector.

r ruct contains nost of the viral genone
He%glg C%l ué%s%egggga & éﬁﬁ”?oﬁ{ t PIORR&3EAR T HEWRYiERy yvemiorn Theeviral
prote@tisiothe bdlpereellire cXpRsSAGHER ﬁ@lp&oﬁgl%ﬁ%%(s fifilare tr sfected into

facil.litalﬁe reconbi nati on between t per constr
maimiplipp &e Seﬁe&ﬁ‘ canstipetst @y irothgismoedst ef expression and in the genes
g

the:f emlogeat i on- conpet ent viruses. Al though the hel per RNA
acks the packaging signal, it can still be packaged
into a virion with a low efficiency (approxi mately

Q- to 000- fold |l ess than RNAs containing ) .
On%%??%?rﬁﬂpefg%mcﬁati on occurs frequently between the
In Helger colp tiakaaatweld @l r - copy that
clgjr?trai ns genetic i%]itglrﬁggﬁiv%lﬁp%%% o"ﬁ%%@r’“@‘ﬂ%%‘? cXggssed
from op Belprponsivect Fisamelcs of RN apee coHS keUESh2 Bd-1 Mhe helper

.ri.on, e large regions of sequence honol ogy
confAlER: e sl AlctE AT G Pk NS Bticlgeia the Packaging
signaksc diliesa dipen celly ich® sHEYEE SEAdiERANSHHLHAN L

a replicat ipgn-ccorrrget esn?lyvi r%gfé&&% @?Rlaﬁlpﬁr%igeﬁ%?%g{ i%% OfS.
Howgyshia majRr arobismy weilirthessthelnen celbeis st eplicRlibn-aodlpEdUs viruses

qer fr n npus virus at a lower efficiency

R géécﬁ%}lg?g r%g‘elﬁccg’??%n- & oq{.ngggﬁPn \Wirthe gdral vector. The helper

consgpict coBaimsnpostedHete CAIS beoeieS add ehdAbREYs SRARRLR: sequence
soci at.ed with the generation of

a
h°mf’2°§+‘/i Eh ofhe c sstnitaht vepforusBle hsequencsy dioelagye ces ifgpilitate

aibifsRioy He I j [ "spl i enones”
recoj ng:l udi ng {NC%?{Pﬂ?@G}DlE%’%{/%ﬁ gi,{l%gn dDé%. re]ttrlg?g{r o YEC1P [ty generate
reph@@amqrs@omm?nﬁvnmseseag?@a@ fRelhelpet %mmwk@ $hePpRkaging signal, it

omone. plasm d and_the Env proteins are

can SHELE X He1d B SRBiReP Thp deihedticiriit EmmBIReely 0t ol 000-
fold fesh plesn RNAStdoHG Hnd ) FtRANLAS 1nGhil LI

ci s-acti ngel er_rent%g% 0 rteducgfeg?ﬁg"n?%blﬁg Cél%sgré@éer%lg between
the frdneoBaskagrd 1yireh &IV AS rtovienataty ecNA ¢opyt tes aohelife benetic

infora@ibs i viral teins are separated
inforf oS a7 U8, BHERE HanE vh e BN G0 e Vouean RS creebaged
into Bleevanret wrian,etht dergé eskiom dhRqi@rt %moT&@f BiRE& tléet\%r%lLIAs
c fﬁe]ﬁ nbi.nation events have to occur to rTeconstitute the
an {Acligte gla%q}ggou,s nesapinpiaen dﬂ@@m ayrgset rensceiptiomsto ofenerate a
replifﬁgl'?glr?giﬁir?g%?g ?}i?l?ss ASsibfifr PBRBRlakibh Lvidhn b 56 occur between the
helper RNA and RNA derived from an endogenous virus at a lower efficiency to

generate replication-competent viruses.

Split-Genome Helper Constructs

The safety concern associated with the generation of replication-competent viruses has
provoked the design of many helper cell lines using "split genomes", including CRIP,
GP+envAm12, and DSN. In these helper cells, the viral Gag/Gag-Pol polyproteins are
expressed from one plasmid and the Env proteins are expressed from another plasmid.

Furthermore, the two helper constructs also contain deletions of viral cis-acting
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events will occur. Therefore, helper cells containing
split-genone hel per constructs are consi dered safer
wa banobesbper cell s contai ning one-genone hel pePCT/IB2006/002266
constructs. Inducible Hel pét Constructs In contrast to
t he hel per cell lines described above that exP{efs
j cons titutiv sone, hel per ce I nes
el o BB RBARIs5 s Botioldia it the orrevien ecton e
helpem tholls,blepesTBiddding N préleinandé Sefalted fifo %ecﬁﬁ%eg{l oMstructs
i nduci bl e hel per cell line is that sone vir
and et Céﬁ’éc%lﬁt 8%3639%5 ared IQQﬁﬁﬁrdotln béheensitdly Ehqrefoss estbveral

reccﬁﬁblﬁht%h E@éﬁﬁ% Sh’a%@Xo Uk toarlleé&ljl%:i C b e i glb%eqop],ﬁ ila ddigion,

expression o e cytotoxicC
redlldm@ tteaggions ofthoatologyr d&r&eﬁeﬂJﬂféF};ﬂf@my Rt ey fe%xlnraﬁﬁtlon
f the CytOtOXIC proteins, high vira

eve?tf tv‘gﬁsop ‘E&‘gfz %bgeggﬁl helpey cellscopiiniag @Pllﬁ-mo?dlmeb Iccﬁnsltructs are
H V-1 hel per
T e R e Bl hliRY aistoven o

cell lines.
devel opnent of ef ficient transfectlon nmet hods,

g nsfectlon systens have al so been
Inm}@%@%%§ﬂ§cﬁ8% opagatlon of retroviral vectors. In

In d¢dmerast sy gheMelpdiebddeNinky HebdfRy 2B& I %‘?ré%llolré/ss viral proteins
ed fromtwo different constructs

s
Consé%&%‘@gé SPge dakpepesl! lineg havmbdreerdeengpecéﬁsexpgese the il @EReins in
| ttle se

an 1ﬁd‘ﬁf31tﬁ@ﬁ§hﬁ Cbﬁe g H)%El ¢ rtjgﬁy ﬂ’%h&%{l%ﬁ o, 8% @rhgldﬂgglﬁel}elper cell line is

hormol ogy. Thé re rovi
that some tvxrabprstemmé CAREHXACARUCANAbObLEs]IP exfbkel af H%ﬁsie\?er@ By

a few days after transfection Systens
usm%éaﬁelpi blpsystams y&rassmrr oEthe Peetasictypiciny caafter Bmited to the
stagd i %hl@l@rv‘iﬂugll?%(rgﬁéﬁﬁp)n !Bg c?:ﬁl)eélll\r/fll e%ﬁ)g?eséq%g ﬁ‘g,ﬁ:)gotoxw

virus and part
proteing, f kigle rvira ititers . cafihiee aastvedoBxample3r 6ff eHe ﬁﬁlﬁéﬁgfét HAb&I cells

inehldYF X7 Bl 5 Seer e oot |1 i nes cont ai

hel per constructs that express gag-pol from one virus
and env from another virus. Since the Gag pol yproteins
T“m§@mé@PH%W@Kmﬁh§EHRNA the viralvector to be propagated

Wlthctﬁgtd%béltctgl Ent%ﬁésglg&rqnﬁfegﬁ@g e@&%p o ar}q?g%égr@psfethg systems

I 'ypr ot
have\ailsoabeepdeVel@;beeleopptb@bjga@@nQﬁ@ét%ﬂal O@ctﬁ'@ pcﬁ@steesb@telins helper
derived fr anot her virus. Therefore, ese \Y;
func OJ}StaF‘?:geé?mgg FXOFAs§ed; figra dwo @éﬁfftrsnttdtvastructs one expressing gag-pol

and another expressing env. These two constructs generally share little sequence
homology. The retroviral vector and the helper constructs are transfected into cells, and

viruses are harvested a few days after transfection

Systems That Generate Pseudotyped Viruses

Pseudotyping refers to viral particles containing a viral genome from one virus and part
(or all) of the viral proteins from a different virus. The most common form of
pseudotyping involves one virus using the envelope protein of another virus. Some of
the helper cell lines contain helper constructs that express gag-pol from one virus and

env from another virus. Since the Gag polyproteins select the viral RNA, the viral



10

15

20

25

30

express a receptor that can interact with the

het er ol ogous envel ope protein. For exanple, the hel per
wa@edo/obdene PGL3 expresses gag-pol from M.V andP@mB2heaoe266

gi bbon ape | eukenmia virus @@alLV). Because the PE 3

cell line expresses MLV Gag polyprotein, it can "

e G TR el o ek pobproei
expvessadSmSthéﬁe cellgli Hé@é@?tthé %H‘hll n}%(arﬁélEs g}o%lﬁcé%s (folﬁga% R protem

roviruses and generate infectious viral parti ic
de“F\’S frowm pppther Yms %h@rﬁm@; theed vxre]spamb}as catt @m@t irﬁ'd:cﬁ cells that
sed to g ner at e

exp}r:ésé u“bs géy@% I‘OVI VE!.C% g"ésf‘i&b En gl@gq}g\/e@ elope protein. For

S

theet Iyt llllimeePi{H@Xé)d sk of SRR VIARE h PRI oibb
exapmtmcan mfece a_vari et)I/) osfesggeaL Eii t hat cannot enorrrg‘f‘lgl on
apey, u%“?ﬁ"é‘ctvgﬂs V\thaﬂ% WetBewenseughes PGiBheell e}rmeeleapmseshMLV Gag

polyfiﬂb‘tefgl\?m 1@%@8@1&%}? %ﬁgélg%Wj}aen i é)xg gfff,e r}gﬁ‘las also been

showat that, ispms | enMaloqnhs elefieed ifsomh Wlflﬁéi}%‘fsa m{!/%@ﬁ)%(rﬁ"l Gan also
itis Virus

pse\goﬁ)yp%arbeirggl e{qlgrcagggtf ét%n dagiolesy For exampls, the G
protBiassf %s‘{cﬁjlaraéi&nﬁ?ﬂiﬂ biths (PS95La Vi Cf[b;déx&r% %rarﬁﬁ ;B%I used, tg generate

bacul gvi rus gp64 envel ope. Pseu

pseydgtyped é@ﬁﬂVér apveckars dﬂlﬁsalVS@’eaneuchnﬁmd Wiruses dxdiibiit ¥ lvéﬁs‘oroad
qujne.infectious anaenia viru

sk Fd n hlecEls, BERE SereBl € b Rt lomorgieliphes etechvit
retrevinubest Otlgr eneéwpésQHﬁ dah ®kiséd ﬁﬁ%‘e%@%@&d@ 9‘@ are thosg of the

Al.ternativel envel ope protein may el n
folldyripg ases it kB dh eadoganons filine rrzfao‘hasna@gdmeﬁfmmelyl 1ﬁrgets

e BOBPE Pl vaP ape oot CHRUEMRG BT YEAR TRAS e tpbics

virug theRhola@od Molerha/eirme the ®osé Rives 4ah %ﬁllikh EoRBOVIRRShEH the
ll? vel Modi fications may be made or

baculg "él&gggg e:i)‘ﬁfi‘aroduce targeting ability or to reduce
tOXI city or for another purpose. Systems Contai ning

Cenetically Mddified env for Cell or Tissue Targeting

Pseudgtypinganay inyobyst fae exanle auetravira perdmp bagpd Bned [bitl?ﬁttﬁ’shsuch
range o e

as arf ﬁﬁ/ 8? E(@Wlé{l nf c%g)gl.p atga‘r;gnzg glé'ﬁsr @é@&)y&gaﬁg %qug]pg@[rotﬂnrrg@ for
et e o e S 118 it
envelope protein may be a protein from another virus such as an Influenza
haemagglutinin. In another alternative, the envelope protein may be a modified
envelope protein such as a mutant, truncated or engineered envelope protein (such as
the engineered RD114 envelope). Modifications may be made or selected to introduce

targeting ability or to reduce toxicity or for another purpose.

Systems Containing Genetically Modified env for Cell or Tissue Targeting

Interactions between the viral envelope proteins and the cellular receptors determine
the host range of the virus. Strategies have been developed to target virus delivery into
certain cell types by modifying the viral Env. After translation and modification, the

SU portion of Env interacts with a cellular receptor. The modification of the SU
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SU portion of Env interacts with a cellular receptor.
The nodification of the SUportion of Env is often
waehrewses by del etion of a part of the codi ng PEQIBM06/002266
for SU and replacing it wi 8& regi ons of other
proteins. Proteins that have been used to nodify the
' Env incl ude erythropoietin, herequlin,
poribh B Ehl R ffln e i cFFion o drigs e 6b@Rairegion for SU and

replaeingdbivith iregigneot oMbt hloagdhe Pragms bk N4X bOYSuRAG Shdisey the
tens Sonme recently devel oped systens use a

brid
SU E%Jggcl?ndofigé\f gg:éthi.ef Q;ﬁhmm@q@ai;pmgum, ingtlinelilier gowtite ¢otorsl, and
singhe ORABRARR: frmph P s SpBECed S LS abeS, ) 21

some of t el ns,
proteins are introduced into the hel per cell line by

H transient transfection. For exanple, a retrovira
YRAGIBIMan be introduced into a hel per cell line that

SontOfeebhtitld the.. -pal .. To propagate.
° the r et t}}rJ ovvi\é?gé d \% g@%@? ,%gia 619 glgm gp %ggl? g‘%{e%f OP%%’ag% rozggtrowral
veciore A/BRIPE eslinlingeisiused ¢alvamstitiitively éxpeess Weineohie viral proteins,

whep B ShEL Vit BRIGEE onf yeafuspl Toioe e’ Redpor qel dencs biesrasmien
trantfoetioti. Fat epirABle] & settdvathl SRR, be%@(o@%‘daﬁ{& a Ihglggr &Il line

hel per .cell li1ne may provide other viral prote
that (ogﬁg}tu(lgg)é expepses ttha MLV 1@g3)ol. T premehiesthe retrovisd vector, a
lasBl: Vi l\rvmer~ the, retrqviral hel per .
p asg%% gtésrl %etrd;@ g?]élteg glg Vr%\i G, %aéldet_)e E%f.ﬂg‘é‘i?é‘r}moet?le éymibﬁ'i teamsient
trangfectmms A avpklex vidiatios olbhisgaaaE ahe %tﬁo@irﬁ%ﬁdr{its&l‘? fhay encode

ret vitak ag, pal, and _env to serve the hel per
50 Lﬂfcr:t?‘F o §?9+?1F1§r(?%r, XA \Prg/SagPebornd anbelpentdlkiine may
i i ' ' e s ,have al so been
P e ST BOERII Y o[ VPODr apPisefis et B otter

viruges|tpedeliver the . retvedtad reliBa sonstmmotsDirk fadoemiay FRtd. ONdrT diafle, a
nmdM%@%J troviruses have been nodified to generate

Voct SFESEfEpleR dHUEERP genfEHed &9 cotaip feieggyiral gag, pol, and env
to sdri¢ ARSHEPE) funMidrd| SiEIaE S ﬁeﬁgﬂ?l{sa{/éc}(org B?ﬁgg'rlﬁ{li e oPlst virus-

.the cis-acting el ements need or vira catlon
derived exprasaion yeptetsshaye. alsudbiteni wedlto dekiva desesTanycodingOMDA viral

protéiﬁseﬁ{)%éée? yfctors derived fromsone viruses to ensure
successtul géne delivery. The requirenment for these

ci s-acting el enents has often becone apparent from
reat er under standi ng of the biology of these viruses.
Veaﬁﬁe@?c?a‘ﬁ o &ﬁ&erteﬁt Betroyiusessy mani pul ation in

Many retroviruses have been modified to generate vectors that can carry gene(s) of
interest (transgene). Viral vectors generally contain all of the cis-acting elements
needed for viral replication and gene expression. Additional elements may also be
needed in vectors derived from some viruses to ensure successful gene delivery. The
requirement for these cis-acting elements has often become apparent from greater
understanding of the biology of these viruses. In addition, to allow easy manipulation in
bacterial cells, most retroviral vectors are in plasmid form and have a backbone
containing the bacterial origin of replication and an antibiotic resistance gene. The

following steps are typically carried out to produce viral particles from retroviral
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bacterial cells, nost retroviral vectors are in

plasm d form and have a backbone containing the
whamvmeeiees origin of replication and an anti bi PCT/DB2006/002266

resi stance gene. The foll odng steps are typically

carried out to produce viral particles from
i ntroduced into

r I ors Vect or. s first
vl R R OV LS L Bl iced LS,
eledtropofaﬂ@h) atlipofdtion. ARbF
F? cel sp t he vect o%ét%t%P%ﬂ% tH% ﬁeﬁ)g‘r cells, the
vec intggrates info fthe helparesH end lsdepresserdaITh&M%all RNA is expressed

frofffY ?islqgalg d QRsER t‘%ll ttf v\g q%ggceeé gzv Irgég%\ﬁhls viral

sequences etmeen

Ammsthe tpaclﬂ@ﬂig&ggm afdl gsnpéckagai info 9@%@9 EmeIE:E Qfidintly.

Dur, } {gl?rltl es efficiently. During retroviral
P’egp‘ie TR Srplicapen, th %lﬁmlddaék%ﬁéemnmd@ﬂmwd &TRs are

not tR@skewed Ltb Rhe ah@eNRENL T RIS HEGE QhubRrds $f L&l ?grtpggx%lral vectors

The basic structures of some fetrovira
deriyed fromdliffersnt weirbyisuses arerdeserivedibekes ar e descri bed

bel ow. Vectors Derived from Oncoviruses Vectors

derived fromthree different oncoviruses wll be
Vecttes Detibatifrb@r@ndoirhgRr esent sone of the nost wi dely

used retroviral vectors. Oncoviruses can only infect

dividing cells; therefore, vectors that are derived

0 he used efficiently

VeolghP BLAOibh e, SR e by Bl Brdlesertharrsnin ramstsent

somg off thepmosti Wigle bt used r@tﬁcﬁrlﬁ@ W@dtbl@eé)ng@v&iﬁ@sdceﬁisorg? r1]r£1}fe<(::t (flVldlng

12a) tg{eto sel.ectively target rapidly divi
ce scf glpre gn’b’Fgorch’ﬁE e c@rqvg(} am aAafoviresesecdoewnly be used to
efﬁc‘ién&l?&teﬁ@&egen\;@ ﬁ{tQ rd?wdﬁ# rcreﬁpt’f‘ %%r{ler?t?g ﬂszl; oyxlﬁ{fgté(al can

vectors and per celrs are

somefimese he fuged gema fdie'hmagdf yo s&'lbetndadewedrg Etdl;araqivldmrg cells (for
el per ce

exa@M@H! g I| of engi neered vectors and

I -1 %onnted the popularity of MV-based
vectors. The vectors contain cis-acting vira
sequences that are needed for gene expression and

Mypp%Leql@gpa yams-(ﬁasglﬁhctal§ CiﬁmsnﬂyPBﬁ,VFBBﬂ'ed @tdvied] tvectbire

or a |longer

and 2‘.%3% Igée'ﬂ%a?rl ex en sSP ﬁ?%lefl ?fﬁ m@%l % AdeTHg fiplavpéy The

deve(op)nen’s/%mha\tdiﬂebﬂlty of e d Vettdriany %fpef cell findsShas Bromoted
the neg Nhr nutate the translational "initiation don
p&p Ybarpd @@Wésﬂ%ﬁemrs tdeatainr oiseatieg v@ahsequences

that 436 (ﬁé&ieﬂ foﬁgéﬁl%ré?( re$§6h 95(? Vﬁ‘glvr%pp & 4GS snf?Rs OPﬁg tPall ind

mul tiple restriction
att. The packaging signal can be a mlmmu;m signal or a longer signal that extends into

the gag open reading frame (+). When the + is present in the vector, it is necessary to
mutate the translational initiation codon of gag to prevent expression of the truncated
Gag protein. Several vectors have been designed to contain multiple restriction enzyme
sites between the packaging signal and the 3' untranslated region. The presence of
these cloning sites facilitates the construction of vectors that can express the gene of

interest.
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sites between the packagi ng signal and the 3

untransl ated region. The presence of these cl oning
w@Raemodeexi | it ates the constructi on of vect or SPETIER20@6102266

express the gene of interesf. MLV-based vectors can be

propagated in all of the MYV hel per cell lines

I\/IL(‘e/f E%s%g %%tjo S c%rkaerﬁrgﬁéga}es l\élea{lg?f %EM Vﬁe'dﬁ ¥ r Ot el@gts iciently.

Thdrdﬂate deveral MLEeavelop protsivethaP@ictdhe HoStlan V\@PH? ﬁ/ﬂ?@lvleétors
ot ce|lls derived from ot her species. ruses

but
Virgseg tﬂ%élsﬁ Hhh GEtENRIE erYRl@ncopra nfest |mﬁl§©tcebmbht m)xuwls derlved

frof St BOfleS VityBed Biak UEE " ARHRGle AREBPE Fin Rl Brouse
celleamhoells derived fromu sthee spdctespitichriaiy htﬁﬁﬁptselréeivhﬁs&ethw&‘é the
In additjion, MV vectors can al so

th
XenBtéofB? %ﬁ%ﬁ ga%?‘h"eﬁ“é?cé &R Pk Put eanrinteet eplly) desirse drom other

Qe agr I [ HS;nt
P st an%dlgag idrneII\ZJIlltjt(éﬁV?C(C){:%}%Ld\a/ﬁ g‘?.pz glh lgl\%?perno?eclr?isés virus

(SNVathapad hdh@er&bll Illncsy S/ 1srm1@|vmmtv1msttllmt M_dlstanﬁy fetdted® MLV.

s D e ARG A B bR VLY S rseeences
and PaclGipk @\QDVNQNAO%V%rs\{ tFaScrBRYBE MEY R Sme THE 1 Fel‘giéarté ?hg!; MLV

vi.ral sequences in these vectors are very SIm

RNA pgedhehosthe M.V vectors. The packagi ng signal of SNv,
denoted E, does not extend into the gag open reading
frame; therefore, nost SNV-based vectors do not

2. Spleen Nenrdsfsév igegBasedi Vigtdre dTRN@quittd Wik rse%&anesx{tn (;chez:ise vectors

vect or ? fi@ gﬁ; of interest are inser
are Yqrp RiEpiar &y 1hose ebive kY igeiors. thhp packagingrsignal ohSNM dsnoted E,
doeSt WRRAd 6 tlﬂ?%’iga@eﬁgea%ﬁ@ﬁémgr{fie&f&e %nos{f' ghf\/aﬁasea &ors do

regi on. SNV-b d “'vectors can ’be propaga
not SxNAin gkl gagequrhng c@nbnsl Snﬂﬂ;arstud‘l?IL&vaeﬁ%% th®Bhbs of interest are

Rous Sarcoma, Virus- and Avi an
llnse%Ee%iu ngsf‘GE n@?r rﬁ%m%a?%@“\}éé’c{n& tple pesiyiction sies besverkihe wackaging
signaicatidethe rsC QfeMstatéE FpH. ISWBv - HhA&H Vedtors can, be propagated i in SNV

replication-conpetent. In addition to g B(f ghe" &

baseﬁa@vlpsr a2l linps suetsas GaA21RIIYHNBSHI34G, zbmit]ﬂ&lén env and
the 3 LTR A splice acceptor site upstream of the
v-src allows the gene to be expressed as a spliced.

3. Réws\Baneand Werughindi Avlai Dewl@ei Vifls-Baked ViiokQ REV B8R only
Various nodifications have been nmade to generate a

knoymy AfUle QpFassnicaRisRYiaH: thet is applicetieneompetentx Inpdditiar to gag-pol
and ¥V, RYV Sisb REcS R HAE 6HREne v-sre between env and the 3' LTR. A splice

acceptor site upstream of the v-src allows the gene to be expressed as a spliced. RSV
has the ability to code for an additional gene. Various modifications have been made to
generate a replication-competent viral vector, an example of which is the replacement
of v-src by a splice acceptor site and several restriction enzyme sites. DNA fragments
can be inserted in the restriction sites to generate a replication-competent vector that

expresses the gene of interest.

ALV has also been modified to generate vectors that require helper cells for their

propagation. Similar to the MLV and SNV vectors described above, the basic structure
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of v-src by a splice acceptor site and severa
restriction enzyne sites. DNA fragnents can be
WO p®eomes i N the restriction sites to generat ePEI/IB2006/002266
replication-conpetent vect@¢ that expresses the gene
of interest. ALV has also been nodified to generate

of 4 ALY et r s 6 ST kTR tES, dBloresd a packaging
siglﬁw.sﬂ’fe' Iﬁeﬁa&ﬂﬂ@ ‘éi%nalt CH?AD@%X&H%& EIH& qﬁﬁg ?ﬂ%f O]%E é%é/ ﬁ‘&]tng,r and the
, att, , ana a

al so contains the 5° and 3" LTRs
releyamik BOftinS SHgere areT irclydedk by iAddV bagpdabeadrs AoVaehitven efficient
pack%%iﬁ’ the gag open reading frane, and the rel evant

p tTons of gag are included in ALV-based vectors to

achi eve efficient packagi ng. Vectors Derived from

Ifen iviruses In contrast to the oncoviruses, sone
Veqiers etive g‘@‘éﬂ WIBEESn shown to infect nondividing,

qui escent cells. Lentiviruses are conplex retroviruses
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In cegftashttootheofonptnaiuses, e pome alehtivirgps | BaveSOsE Ghotle$E infect

ceessor r ot ei ns_ bi to regions of the viral genone

nonfliEE uleBe el oL B S Grire opHGFestoviruses that fhay meed to
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accesayV i Rateingnbind do gegiens v thes siranganameotoCtegulafs g@easRPr&Ssion.
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so thossefficidndgviel eefiftation hall giR alpp@sfoduith blus! MR! &amples of
retroviruses. |t has been shown that sequences that

lentiyyrus-Rased yegtors ElTY aly and &H Vi-2hasedyetiosnae dessribag belbant
f a i.n s H V-1 T fore,.H V-1 vect.ors, often

he] P kBR g sl SSPE i A 0" e
retraviuaisest Hit hasniadeni shovhathatoseqeantes tae exiae intdLthd o8 s -opk reading
& addi t.i on %rﬁte)fst HI V- | veg}éors al so_contain a portion of

anjq e smpoitant 4o Ragkaging) ofddLy 1 hd hewfore, ALV i vrgtors oftmREontain
the refovekt JotidH 6iScdohf wii : - | nal

LI AL o S e
In aqdjon rash ERV of varéwrs alsd/contalzREportioh lof érgtny gehd/tHat RARIes the

RREGEHBLE o, RRE, Shith PriRane et ot Bul lensisorrsgnely spliced
mRNAS fioni tesrlarab the cMepRImPll AR aHIBNE S Wiy %@é&aﬁR@? full-

sed to relieve the requirenment for Rev and
lengty HI V1R As ragpwmalagst inghe mugleus. Hsltasnatlvely, a constitutive transport

element from certain simple retroviruses such as Mason-Pfizer monkey virus can be

used to relieve the requirement for Rev and RRE. Efficient transcription from the HIV-
1 LTR promoter requires the viral protein Tat. Therefore, it is important that Tat is
expressed in target cells if efficient transcription from the HIV-1 LTR is needed. The
need for Tat expression can be met by expressing the Tat gene from the retroviral
vector. Alternatively, expressing the gene of interest from a heterologous internal

promoter can circumvent the need for Tat expression.
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LTR pronoter requires the viral protein Tat.
Therefore, it is inportant that Tat is expressed in
wao 20090066l | s i f efficient transcription from p¢EIBIDAG/102266
LTR i s needed. The need foB7Tat expression can be net
by expressing the Tat gene fromthe retroviral vector.
X si.ng .t he gene. of i est froma
Mofd HEY R0AKE Wero BB SROLDI G Sl SVEL Feciome " Rister 1o

HIV-drbaked vets, ersils\mnzebmg alk deudird RRITfY 8 tﬁﬁ%ort of the full-

ructurally very srnrlar to H V-1 vectors.
lengfiil\g)rplng a%’é‘@e(hé‘é% RNAS.H V-2 vectors also require RRE
for efficient transport of the fulllength or singly
spliced viral RNAs. It has al so been denonstrated that

It hat elspll bgeh deﬂmtlmatmhﬂlabdlepHWi&g%dB& da@ Y Blopisdied to high viral

fitedsl 18I S US viral proteins from siman
lersn‘rlﬁ%éfbr?# Bﬁ%é‘ﬂ’&i/ R?Pf guniap jmgpmodeligiensy YiRs. e caner systeth, the
vecte laf@ helpeN&dnstG4tS aRf Borh R mﬁrﬁ“&eﬂf \M‘lﬁé& Thd Yad fé?ﬁg'éd Sfotide

the reduced nucl eoti de ho ogy ma ecrease
homplogyamiay idegrease the prbabitisy Df)rncomblmddm tIncidditonvie Gle®loss based

on BRI LA e et s bt on L

beemsdexalopbd ek nﬁ{ la‘llt@mtaﬁvé’ Q6 t Ricorsl&lekiV
5‘@ genic H V-1 genone. Tr?e rst reulctgﬁrfiecgﬂgq'}#IE hﬁathoégemc HIV-1
SCnQRBEt OFeStReRIres) Qféh@rs iyestars aroalsh sintilavid the 3H¥d! bewtorstors.

Vectors Derived from Spumavi ruses Foany viruses are
unconventional retroviruses in that many features in

VeCtdlieDrerw@bfromﬁpumvfrymse are different fromthose of
oncovi ruses and | entiviruses. Although these viruses

can be toxic to cultured cells, none of the foany

Foamly rv‘ﬁ%@& ﬁé ﬁnéﬂﬁ@%’u&ngl fetldVirudY, In ﬁfgg ﬁa?ﬁaf ﬁesaﬂ%rgsglsnt @‘Eﬁr ?gﬂlication

exanp| e any virus Vec
cycle @rg dhfferfmt fmrns ﬂmse iofi gns@dmnsecasnl lchtiviagds. tAl@l{bll'gﬁ th&%@ viruses

es.in.the 5 ansl ated regi on, the
catl ﬁg%#?cgt% i‘ frugeg] ée@%gﬁ“”&%@# 2 ORI, Yiryses Ats leionndte gaesecny disease
1nh¢ﬁ£ 3" portion of the pol open reading frane are
i mportant for efficient packaging. Simlar to the

| entiviruses, expression fromthe human foamy virus
rotei n Tas. Design

An e%ﬁ’l i t.he. viral

Bt BN TAE: Qe B Sl e e e,
In addmmn i thé seqohcestinliife 5 abhiramtaté DRI IHESS' YBFIRAWT the gag open
reading frame and sequences in the 3' portion of the pol open reading frame are
important for efficient packaging. Similar to the lentiviruses, expression from the

human foamy virus promoter is activated by the viral protein Tas.
Design of Retroviral Vectors

Retroviral vectors may contain many different modifications that serve various
purposes for the gene therapist. These modifications may be introduced to permit the
expression of more than one gene, regulate gene expression, activate or inactivate the
viral vectors, and eliminate viral sequences to avoid generation of a replication-

competent virus. Some examples of these modifications are described below.
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pur poses for the gene therapist. These nodifications
may be introduced to permt the expression of nore

W0 ban/oases gene, regul ate gene expressi on, act i REL/EB2066/002266
i nactivate the viral vectonB8, and elimnate viral
sequences to avoid generation of a
replicationconpetent virus. Sone exanples of these
nodi fi cations are descri bed bel ow. A. Standard Vectors

A. Jtand43d Wreotoed er - Dri ven Gene Expression. Full-length

1 [ﬁ)@al RNA is expressed fromthe retroviral pronoter
: roter-Rriven Gene Expiession fFullengh virtRRNPhis exipraskedim the

' ! ! a a egi on, ene of
res SR PrSote b o o thetys M AL S R Bt ToNE it the
R, Uhs® nheahskaedvegion; hgehd ofincbrait, 3 ihfransdted RYidre 8130834 R. The
enSan Ige Eg)ransl a’tﬁﬁiidfl‘if‘fLo'm the fulllength RNA thaf 1§
geng [ygied befegey 3'umtranslated segionsunen g translated from the full-
lengtli RPEY eHat Q"tra‘ﬁfscr‘iﬂeﬁeffonﬂlfé%f’ AL S often desirable to
express a sel ectable marker gene in the vector so that
prometeher cells transfected or infected by the viral
vectors can be selected. Therefore, it is often
necessary to design retroviral vectors that express a
Durbg| thet attef kErviBeRECRS ]S | fexbidkhesle
]g)ru rlggﬂij?t ance genes are ?ﬁ%&ﬁ%ﬁt#&gﬁggé&f@&wa Rlectable
marker| g5p¢ Hhihe vaetpk e that hnlper sehetransfivoket orgefeeted byubdviasl vectors

c ese¢ protein e, can al so be used
o st ool G0 FESien ST Vectors that express
2 seboetabls siadrerofentvas genes i pede (ot ihRYdst. BDrite fsRiant@bellSs are
freq S |eve8 b Wr‘iss' ng the 3' gene by using an
YR W% ?f‘)r/ SHetiahle IRN%%p but iothgr marken gemesersnell as the green
fluotekdeas in j . or.s , That. e an
| nt erglgl?é Pfggﬁrfctr’)}éﬁél%%bé&%rﬁéég e%‘c:itdflx F ?%?15; Ct?‘j;?felg.%é%m cells. The
expreseiptidworgenesie asxpoesd ivoctof cambeachRVEQWY bRpre¥disd @E 3' gene
byugﬁg%ﬂw&ﬂ an iptﬁgﬁgj Pr,om)ter Where, e.g., the
uf = rengt i RRRY: i SPUgHRE, Fragdaternab bespmal ientay siig(IRES).
pronoter is used to translate a first gene of
The subgenomic RNA that is expressed from

i nterest(s).
2. Veqiegs iT§lﬁ% Fafn premal Rromoterus Exptess Additohalt Gers SAE @RSple of
' r ). 3., Vectors That Use Splicing to
2858 B0 LB . eV 5B o Bl SRS, 5
the fulbdanigtit BN Asthiat 13i oxgres3duefr6rlthé GirSlo0® brothdibr i‘slfhg%% gostr&&%?a‘ﬂe a

rress env is located in the 5 “untrans

first L9 GXE inter ) ong .. . )
P& Oh Tgpresiss _rér\hier%‘?%ﬂ nporRING theplis eapressed Sanethe internal
prombié s hs@B S Ratsldi@h sE¥AT oBEEor interest(s).

3. Vectors That Use Splicing to Express Additional Genes. Retroviruses express env by
regulated splicing. The splice donor site that is used to express env is located in the 5'
untranslated region of retroviruses. During replication, some full-length viral RNAs are
spliced to produce subgenomic viral RNAs that are used to express the Env proteins.
Splicing vectors were developed by using the same principle to express two different
genes by using the viral splice donor and splice acceptor sites. The advantage of
splicing vectors is that only one promoter is necessary, and any potential for promoter

interference is eliminated.
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spliced to produce subgenomc viral RNAs that are used
to express the Env proteins. Splicing vectors were
waeleweloaesl by using the same principle to exprBSHIB2M5/002266
different genes by using t¥e viral splice donor and
splice acceptor sites. The advantage of splicing
vectors is that only one pronoter is necessary, and
any potential for pronoter interference is
4. V@étbmmt E¥e FranVREbRI Tohhal Sighals 19 BRsieat A@BbnDeRhES!
nals to Express Additional Genes. It was first
It W@Ee slpman@tcat%uppl@@maawseaél@é sequencesdgube seRNAncantggrve as

as_Si I i hoso 0
sianffs At OV Ko b kRl PR BRIy pone
far fidRMd Hend'of &rwknRNA hghesRN¥quehbsarned| IRPS ) are( me@imnonly

| RES), are now commonly used in retroviral vectors.

usedq il Lotenyieb YaRkorsRES §é@f@@¥a ctos thgeRES | equepces eniified. in
plcolm G iie[{d‘%|§ %éqillﬁlléé%gﬁa ?l‘é@ BQ&?&PE@Y&@B%& B an?%%ted regions

enti rans regi ons
of sore¢ rauwivrrumsueluasﬂ\/my IBINW/, afstilah eadugeamusandxsgﬁ:n@amch fWIs30).
li.ke particle Ther ef ore is al so possible

Thetefpiiel 1 AESRO I AF A1E5F FEES LaHIOT R 0S5 e Pt g second
gens EARAGRMBes éﬂ(ﬂﬁﬁ% SR SIESE rﬁhllt ?l’é‘ PBteRSATRR 2 stipl@franscript

multiplé proteins froma sing ranscript are

are @H}cﬂewﬂr@mm&m Dapliddsdalse palled@{‘(ﬁEkoclsabﬂl@hmmelementS)

dertfeds 5 B R a8l SRR KSR T ifRCrmERRNA viruses.

Altevﬂahusl@s)ldlfédt@ﬁﬂaﬁrbmtets Brdbe getito R]prely AP LS fE thesame
used to express two genes fromthe sanme pronoter. B.

promigibl e- Copy Vectors The fact that the LTR sequences
are duplicated in retroviral vectors has been
exploited to construct vectors containing two copies

B. Dolubleh@omgeviectofs i nt er est. For exanple the first set of
oubl e- cog¥ vectors conta ene of in

ter [
Thedarst thas the i Brictpracream®p lghied e PViralyEeRrEH Fecnpiploited
to cERsRLESREDrSIdEnR e copfes BheRRhY BB G 6st! FOI‘%(QH[BL@S ghe first

or an RNA polynerase |IT pronoter. This strate
set dfedonbkhamy teotossi comsins uhd genemfna‘awt iththel BY etglmﬁ ugsream of

ex sion. In another exa vect or
the il St BPicsc SRR Eh B HE AEOG A TR A PEDE TS ol & oo
RNApolyngeriiel BOpmotér. TRE diratddqiak Wk BEbWEEd Siczessfully increase
the level of gene expression. In another example of a double-copy vector the vector

contains the gene of interest in the middle of the R region.

C. Self-Inactivating Vectors

One safety concern associated with using retroviral vectors for gene therapy is that a
replication-competent virus can be generated during propagation of the vectors, which
can lead to inadvertent spread of the therapeutic vector to nontarget tissues. To address
this concern, a class of vectors was designed to undergo self-inactivation. The principle
is that after gene delivery, the vector will delete some of the cis-acting elements needed
to complete another round of replication. Therefore, even in the presence of a

replication-competent virus, these vectors cannot be transferred to other target cells
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One safety concern associated with using retrovira
vectors for gene therapy is that a
w0 epl7ioemss on- conpet ent virus can be gener at ed PT/iB2G06/002266
propagati on of the vectors40which can lead to
i nadvertent spread of the therapeutic vector to
npnt arget tissues. To address this concern, a class_ of
effigigatly %%éelﬁaéwgn el & gepliratprsomppteny rvaz@su seamgtipnes Mvelves
rec@ﬁ REHR Bethie Iﬂ?ehdé%étﬁfre fﬂ%? gag*mal G the! t\f%(ﬁ%@c{mf\g/\”tﬂe gene
ete sone o e cls-ac 8 enent § nesae
of intfmq:ﬁt eTlerefony, lanotheopowdibdd berefik iof alid @if-indtteratihgvector ethat it
t he ese e..of a replication-conpetent vjrus,
may flerensg dhs 1P B, A EOBRI ARG PP MRS aNE P IS ot
1. ©sl heslsf V@ét%fbt 3 nlidGs ARBBEAWRD R st self—ﬁnactlvatmg retroviral
replication-conpetent virus sonetimes involves
Vect@s: dovibe gy ¢lopedh ihgee Medtns alefdesignadetohddlgte rth virshild pmnhoter
vect encodi ng,t h ene of |[.nterest r
wi¥pHEFe BinsERERG Soar e B TR in LBIREEC el ARV Bromorter.
In thesd Qéctoms, tHa.-aU3ldf hBY5' deKR 8@ $adthhBFead AR U3t ¥f &He 3' LTR is
ener at i n replication- conpetent virus. 1. U3 M nus

inagyatedrhy a %16:1@150&/ dbe ENA gepesatefh érom thig vector contains R, US, 5'
v ral d

B BT SRR URGHRET i LS e
Dugimprevtiese trdnsrcnﬁgom LahetSat thl’elai'l lsn‘d ﬁﬂhe &ﬁalslbll\mhahoﬁﬂﬁly usled asa

ovirus in ar et ce acks a viral pronoter n
temﬂ?é"s@ g?é‘ErtaE?ré‘ itT reg‘?rettﬁé visal DA that is gynfbesizegher eas

i

o U 163 T AL Sl 8084 2 g
in brth U5RS§>1HQm1lhﬁ anrs| pltomzbtereg Idelntedgiunlag s&vemée travisenijaticn, ' gene

of iHg5F BanBr oo Pstus iRt Eromoierd b adupiitsrolithe US minus
veckdr Tiéi{haRi‘ﬂ/is R@teﬂ@aﬂlﬂa Mﬁ@@th@%r@aa‘bﬁffﬁ |o§tg€nér9t1(9196‘leé: AdpBication-
the LTR Therefore he viral I's synthesized

compegmt VHES 13eATIeds H@é@vm at fqlow @h:quemer @eombmgcm dpnng) PNA
trangﬁgﬁ@lx Qh gceéu?tt(? g%ggg er?%qtﬂg rﬂ%ﬁgt t'he 3bﬂé‘gr ?T ﬂF‘\iS i occlupsC ?he resultlng

ronoter ete ring re

vectot amﬁcstﬂ]otomarin thé@rayaster of thenUB ra@g8 tthiisSretdifl @vot db@nplete LTRs.
r o {_} an internal prompter. The advantage of the
0%1 ﬁﬁ%‘-’f e85 hake bren MRee s sorBe AR manysyvestare to deeraess the

horﬂJTS%PB&%Q{ {HelsY afdd 39LTRE AkthiPN rddluc the prqhgbﬂl\’;y of rec?mbmatlon

repl’i cati onconpet ent virus 1s reduced

and|regentragiqu efiety intact EdRbduratg DN Adeamisfegti®NA t r ansf ection
can occur to regenerate the U3 at the 3" LTR If this
occurs, the resulting vector will still contain the

2. PROMRPeVectord, NThbBCaNdebdiBiniRt &l rhattM’Qllf Omuﬁ’il‘f‘g Ls_ﬁg%pemﬁc
Addi tional nodificati ons have been made in sone

recqmbinasevaichastesiopbagsell, ¢aengnidee a 32-bp sequence named loxP Cre can

efficiently mediate site-specific recombination using two loxP sites separated by
sequences of variable lengths. The recombination events include deletion, insertion,
and inversion of the sequences between the loxP sites. This system has been exploited
to develop self-inactivating retroviral vectors (Choulika et al., 1996; Russ et al., 1996).
An example of such a vector contains an intact 5' LTR and all of the cis-acting
elements needed for retroviral replication. The vector contains the cre recombinase

gene that is expressed using an internal promoter. The 3' LTR has been modified by
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honol ogy between the 5' and 3' LTRs, which reduces the
probability of reconbination and regeneration of an

WO pi0a0006kSTR during DNA transfection. 2. Cre/l oREI/IB2006/002266
Vectors. The Cre reconbi nagé, a naturally occurring
site-specific reconbinase of bacteriophage Pl,

; med P. Cre can

insqrfGPAPLAER SqienlR AN RS Hlitie JSbisiie: harorpienandg gene

of invaesit; OKPadidltleﬁs thepane @ﬁelb)éoﬁﬁﬁiéeéf‘ g@l%u&fl ty 3‘5{1@(:@' fhe promoter
S econbi nation events include

acuvﬁ%gﬁ}e qu%ﬂ‘i Virgh RINS) is paeifagedhinte wmnamisup@mm&enom btarget

cellb EvRAItEagA id- ﬁ‘v%rsé?ﬁ%%;?dﬁl}aa;lp e3‘3'@136)(p| oited to devel op

self-lnactlvatlng FOVIFal vectors (Choulika et a

sequeygeis URad es etemplate td Qﬁﬁhesdérbcﬁh( Rk ecdkediiefitly, ahy §‘&fu@ﬁces in
ains an intac R and all of the cis-acting
bouf PERE cP et by Feihe afh s, Acromelsr e e ofioterest Bre cre

gen€ NérétSed, PAAGRE CEE F&Hﬁfbﬁfﬁ@lsgsg&g;eg%% rL%e%éPeg%%lstarget cells.

using an internal pronoter
Thergg,r@, Frembippsnthen mestiatef theededetinn sfepgenmes befwdeh ehéJ&zvo loxP

i TELRR Y030 6 GRS B TR T et

regldng| b interid prefuee, e o UL b AC tthy g}cywru-gqﬁ the target cells
ength viral RNA is packaged intoO virion

Contﬂ% ﬁniyrﬂ”é’c[tT% thab pxpregsgetheene ef intemestvi ral RNA i s
reverse-transcri bed. The 3" U3 sequence is used as a
tenplate to synthesize both LTRs; consequently, the

Usi Igetbfcl sagepringiplepthh (lré'/IRs(PC tedd hndbeGRBY tPdeldtB iffRER sequences
brom ggEne of interest. The ere géene

in tﬁ'e fg%vﬂrélﬁ svgg‘%f aﬁ~?dwﬁﬁ SCEetec BN ¢ cthp shelpant ¢rstragdin the
pacldagmgf&llb nAﬁ@th@ldaﬂpﬁ‘i%Qt%n ?F{HeSCre]l_&?P %s%et{l 95 ‘Ph”’? gqsq%é neny to

medi at es the del’éti on of sequences vveen
deleﬁediap selmtel@,lemarkﬁefmmraretml vdvtoz faftee i vlsaummeﬂs hieBfited

g R NN NI R —

I nterna

so than htlper tellsgednsetddswip Ml &$orODNA %ﬁbé—gé?e&e]@tDeletlon of the
resses . the gene of interest. Usin

selecﬁq hErRpfeE is desiralle @ppm@ﬂ?y}g‘p@m@aﬂhb eclasteble tnoarkial celh&ead to
retrovi ecto

o R BSOS A AT S (8 Bl o

the qglaegtabl:g mgrice|ik sccotgiished bypipbeéraa |o$r’[w6f lokPesifel €hdt the

hat, |t be used to delete the selecta
Sele"ﬁ%ﬁemlﬁ 6%962 ArfJEf ﬂ%\%cgqr iy introdpcagk inter targes cells byt 1m0nsthe

t t arget ce
targe!l’ﬁéelmééeli@elg%gt)eae&%r otﬁ@r{ gé?(%c d)regggs( ﬂ]S @rgcr'egem inase. The
Cre recombinase then deletes sequences between the two loxP sites, which include the

selectable marker. As a result, the final provirus expresses only the gene of interest.

D. Self-Inactivating and Self-Activating Vectors

Depending on the properties and effects of the gene products, it may be desirable to
have an inactivated gene of interest in the helper cells and activate this gene after it is
delivered to target cells. For example, if the product from the gene of interest is
cytotoxic, then expressing the gene in helper cells would result in toxicity and most

likely reduce or eliminate viral production. A series of vectors have been generated to
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so that hel per cells transfected with the vector DNA
can be selected. Deletion of the selectable marker is
wale®ralsbe because the presence of the sel ect abd'EIB2006/002266
mar ker can | ead to pronoter2interference or an i mmune
response agai nst the transduced cells. Deletion of the
. SE| ect aibl e.marker is gqcorr,pl i shed by insertion of two
simfrignsously actiygie @ gong fRd fpactivele dhg Xeqter duringegengededivery. This is
Lo . s b
e o O ichE A AGP LR eBel Bl Sl fuffereverse
trangesdption. {h direetkprepssted seieenCrseancepostni ma sevirdsh) @ner@py of the

e R 0 R eS0T e S5 e ok i
frequesidles dutifle rdviefa! tratlsONptidaS KBRS 8 tehetsd eirﬂﬁﬁgptgges has

Interest. D. Self-Inactivating and Self-Activatin
beeygxploited ocgsapmatatle self-aetivaing ped silbinagtinhting fretodvsrabbedtors.
gene products, it may be desirable to have an
I nactivated gene of interest in the helper cells and
E. Vbtary Atgpeteldits Spedific @kller it is delivered to target
cells. For fxanple, if the product fromthe gene of
An fpporfant goglfor gens herapists Ida deygipl 8 Inengs th éargeirgene delivery to

sped1fik B&I t}@)rgé g Iié@ﬁég. At ﬁ%@o AN Gl Xeeﬁr{%gér:ﬂi% %ﬂfcl)(r? Lo target

reduce "or mnate vir progucti on.
geng delivery uting ectivyéml getms.aDmsttatpjyis HeAnRdus yntasltden@tidlivery
at 1 J€Ne nd in cLiva&F thgﬁégcton duri ng gene delivery.
R0 of s O B tRe Sk 4l 1 exju el B ePeHcaRy engincered
envélbp@ pEdiding ERRFhREhcE SAHEBIRE PN e E&:\ég(oﬁ? Another strategy is
transcription. If directly repeated seguences are
desigpeds tongonitipl gxpiessien obthe therapeuwic gine idispedific rcel éppesarydusing
a-1j uences between the two repeats can be
tlss%e%pg?lfgatpg?mﬁtl%gﬁﬁ frequenci es during reverse
transcription. This property of reverse transcriptases
Vhas bfen exploited to generate the self-activating and
F. Vegiors That Uttlizg Gelgl yrerSnsgificlirometerors. E. Vectors
Proméfeg&hgidirt 9 B LG ' tant. goal for gene
rort PR S S EROE Ghfin s o Rp Pl Fbiy 2Rl on S e 0
regudase itheegxpressionpdai dene of éhtbrety fhsseqsroinotsd&f biinst®aiShetween

1heg£ﬁ~s ratggiEﬁ have en u%ﬁd in an effort to target
gend G& IPFRYNAIUECIY AIPFBUYT %I thy degwated peyeotst ear bgyised to
replhce tHEFirANEdniderCANhS ©f3 RERG. @‘ﬁé S ofth rtﬂ!?(?vi 918k toP ith an
. virus entry into the host cell Dby Using natural "or
inteigalidsspe-apdoyiieprginrmderie dingiter ¢d e op ptikee ratovirabtecikors eomaining
. | |-type-specific receptors. Another strategy is
lmeﬁg%ltsé}aﬁ@&r%o control expression of the therapeutic gene

in specific cell types by using
Virus Host Range
1. Considerations for Envelope Selection and Virus Host Range. The nature of the viral
envelope protein determines whether a certain virus can enter a target cell. Therefore, it
is important to consider whether the target cells have the correct cell surface receptor
before the selection of an envelope protein that will be used for virus production (as

discussed above).
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ti ssue-specific pronoters. F. Vectors That Uilize

Cel | - Type-Specific Pronbters Pronbters that are active
WO p00cootees n ti ssues or respond to certai n reagkel/BB20e1002266

be used to regul ate the exgression of a gene of

interest. These pronoters can be inserted betvveen t he

LTRs of retroviral vector. Alternative

I
The rgayizal e‘éecbqroawéle aeeqrding (fe e@etlava%rémna é‘)( 3 ipr%ﬂpable of
tran&fuefﬁgtc%ﬂs Whid e Ls%v&lﬁ%nﬂﬁmg nolfent"f'wflﬁt‘:sr QhrRIMLY
vect wth an inter suesem Ic pronoter 1s
would nitl terablota éfficienfly otanstuce eISﬂawlyfchhdugoctedis slivide badeninredpout

er nal not er Viru st Ran rations
every G o ok S0 B oEin JPPae PG AURGEH st Hin
raplglztdlwlam%fceu@ Esovild RimdRR ¢EllPEPeBRf Bidie @Leuﬁar &Bnf€ of the tumour,
et her a certain virus can enter a target cell.

dividwimfiefresmily. iAltaraativiehotbe areettasllanmsbele grawibtanested jgell capable
|
or B 5 BulBE AR5 S, SPALPUSLACE { RS Ggeor

stenbeellsech 405 habmb®ppietdyeim eall cas dDSGLIﬁ)Sﬁlde akiyveAs Bhearther
retroviral vector Bartl cle accordl% to thﬁﬁ ‘g}fnu on
alterfiptiye, Hledaraskedipan Pea precirsghelrditivengiated selipcpsargonocyte
1 Vi
precf OB Rs AN ISR S SRRt S,
targ&l oeWm&ydlba/é diffegerrtmtddsneﬁlsuclﬂes onewon rasarbcwe giad csll, trhiceeglial

s i ncl ud erta
cellratitetanents: Eprg! o eorielBLPIL S hegioc Pl eet ol
mayq% rén@aRecEifel ¥n WiRS ﬁﬁéﬂs@)l‘ﬁﬁo& €kl 8 HindniBdividRYbr may be
divide infrequently. Alternatively the target cell nay
trangshiced diresihytiz aiivoest ed cel | capabl e of under goi ng cel |
di vision such as a cell in a central portion of a
tunmour mass or a stemcell such as a haematopoietic
Vecthr€Detadd freh Adcabdduposi tive cell. As a further
alternative, the target cell nmay be a precursor of a
differentiated cell such as a nobnocyte precursor, a
AANY I
The R BAR 15 BB S 20PN SR UEC R o 60 through an
RN Aliidtémmeelivte.aThere aed bvad@tdlffsreat hnﬂnmmrotap&srqfcaﬂemwglls idatided

. . C cr | cell, macrophage,, nonoc
into %S{uhgliom sad onciigobsrih UBaTE Tnelg (kg avhich exhibit
comEﬁraEFct eﬁ@ﬂlé SrgaBibatiSh. tﬂﬁﬂﬁﬂéﬂéﬁgv@ﬁst Q%ﬁp I sé{fb\tyb@s @fahg 'S (with

I sol at| on from a human i ndividual or
95% sequence homology) are most commonly used in adenov1ra1 vector systems and

are normally associated with upper respiratory tract infections in the young.

The adenoviruses/adenoviral vectors of the invention may be of human or animal
origin. As regards the adenoviruses of human origin, preferred adenoviruses are those
classified in group C, in particular the adenoviruses of type 2 (Ad2), 5 (AdS), 7 (Ad7)
or 12 (Ad12). More preferably, it is an Ad2 or Ad5 adenovirus. Among the various
adenoviruses of animal origin, canine adenovirus, mouse adenovirus or an avian
adenovirus such as CELO virus (Cotton et al., 1993, J Virol 67:3777-3785) may be
used. With respect to animal adenoviruses it is preferred to use adenoviruses of canine

origin, and especially the strains of the CAV2 adenoviruses [manhattan strain or
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transduced directly in vivo. Vectors Derived from

Adenovi ruses The adenovirus is a doubl e-stranded,
WO 200ea006BNA vi rus that does not go through an RNXIB2006/002266

intermedi ate. There are ove# 50 different human

serotypes of adenovirus divided into 6 subgroups based

t bensequence. homml ogy al | of which exhibit

A 00 R SR RieT < Aot A erifuesaloMaa @sein nclude
thogr ditefl iCapisitcatiy B0 2A-000 6514 iﬁb&x‘ﬁo?a%é){%’ ﬁ&ﬂ%@“r@fe 1Rl ogy)

are nost commonly used in adenoviral vector systens

and are normal |y associated with upper respiratory

s Aip LS SR YU Ryl o init g oo

adepevinfs groupsmnd rspecificiinctiohgard .geAerall$ 984i88nddNA identical locations
preferred adenovi ruses

for gdc nov(; ruesﬁe'tﬁ .of human origin, : \ )
78 PHEGS Trdied; Fheegpnpmept gdpnavirupes qommrisesimnvetted terminal
repeafl I 9t YRES Igf’ : , Ad7) or, .12
DA 2) Voot o Pt beqral IR sl b ol 1 gones.
Thegmainesaryugenenheyrybedneclessificduintnate ey ol S@SrddiapicadY (Ela),

i Qi ni-Re enqvi r nouse adenovirus or an
el Sl GERLP0. A B g e ferizedteareetons chmaps these, the
gendsOQ@itaidedvinr tat BTa¥gibe it pedicul¥ bl & naD i
.agenovi ruses it i_% p_rle ertrcgd to ueggﬁgﬁ';%g&flgﬂg@!l%ﬁmn' The
maiR A3n@eIss | 455 sontaingdeianthsi bl Ity Ehaegibnai Hee géndrhe ofANR AdS
deRAGRO ViU , train arA26/ 6l.(ATCC VR-800Q
? e]‘ or g\;%argp gﬁi. k@%@%ﬁ%?e%ﬂ ?/nlcF%s by 28 aﬁ‘iﬂ Br pgfiafabase (see
Partl:cnlarluo@enﬂmk Aaietsbsh No. APTAIE0RILIREWIAE)> ﬁar%ﬁl/o?@gz@é all of other
adenodGQ or at e&upgregg b& reference. As nentioned above,
oY o games AS 6124 Ad7.LrEAd bave Alsqeasorsequenced. ni | i ar
in all of the adenovirus groups and specific functions
are generally positioned at identical |ocations for

For pegcns mepabingat vectarseah addnevigenznepblRARIONT 4585 to make it
repeat (I TR) at each

. | n i.nverte er.m nal
mcag%gé,)&g%sg%a Apdt a%mf%%ei‘éedﬂ]ence (Psi), early genes and
| ate genes. The main early genes have been cl assified
into an array_of internmediate early (Ela), delayed
Thuss fopgirycty described imethe prigr arfdinglyle adenbvimbes deldiedtfor the E1
: ' : . the gepes contain in the El
regich b RAfal TR KSR 28088 475 b fhe,Peterofogous DA
sequgncop dhertrener dHd 981 Gehdl @1 : JOBE &odk-CHE M Al i
50: iéigMbS regi ons. The genonme of the Ad5 adek%&?ghg]%d;g}ene
F 108 BityFetie IRAPLYE 1Bh Peepering dfsthewastonlit baohean proposed to

creatd 3HRPASIBLERER modifications in the adenovirus genome. Thus, a heat-sensitive

point mutation has been introduced into the ts125 mutant, making it possible to
inactivate the 72 kDa DNA-binding protein (DBP). Preferably, a recombinant
adenoviral vector used in the invention comprises a deletion in the E1 region of its
genome. More particularly, it comprises a deletion in the Ela and Elb regions.
According to a particularly preferred mode, the E1 region is inactivated by deletion of a
Pvull-BglII fragment stretching from nucleotide 454 to nucleotide 3328, in the Ad5
adenovirus sequence (Genbank Accession No. M73260). In another preferred
embodiment, the El region is inactivated by deletion of an HinflI-Sau3A fragment
stretching from nucleotide 382 to nucleotide 3446,



10

15

20

25

30

particul arly Genbank Accession No. M/3260). Likew se,

parts, or even all of other adenoviral genones (such
wW@200AMe6Ad7, Adl2) have al so been sequenced. FOT/IB2O&/002266

as reconbi nant vectors, an4adenovirus is typically

nodified so as to make it incapable of replicating in

an infected cell. Thus, constructs described in the

prior art include adenoviruses del eted for the E

Otheegtamuviab sedtbisabohpriseV b r RletioBPbf ﬁﬁ’&th&”r ? Bhigh for viral
i nserted the heterol ogous DNA sequen Tevrer

ar e
fePléﬁatlap angldey) propagasiong the By5 regirs hThdeﬂldmgwn dt lﬂmlved in the
r rov
o8 o GOy SN S HE g s v

in deereating hosteell pedteini eapression aadlid ihe atfQ&y! JF tBé‘Fephcatlon of the
Vi rleJ e one. Thus, a heat-sensiti ve poi nt

vira i pfcryZrah ¥esions i vehick éhe ¥ head Ederegisg Brerdelated therefore

gk '
pos DNAV%? ggi&%ogﬂ‘;f?ﬂg%) &nel e?(BEéQ?Sﬁ SM@ rg?sécl:'é tidtnl %Dq%wm d ngise. Such
vecigtie havd begn dewbpd lfSledxamplb hie app\]nea’ttdn@ NWERAPY4/S8F528 WO-A-

L AL R EC I N

gen&hdver£¢) 028 defeTbRE PMISALS/Bo@kR) L i cul arly preferred
node, the El region is inactivated by deletion of a

Pvul | - BgHl fragnent st ret ching from nucl eotide 454 to

t 3| Ad5 adenovirys sequence
Ace PR OREIE Sy Mol SNl UEE R are nyenton
compnmsdmmidﬁuon‘, helekelioh @giheIE4 gionag s \g’e‘fnﬁﬁe tMoﬂ:ﬁﬂ; éL? the
nucl eot de

dlg Lﬁ]{ll-SaUSA fra%rrent stretching from

cle %@Hl Tegiom atscts pllstheyopen readimg diames) Theye nuaysbe mentloned

b l 0
e R O o IR PR S Bafhssas. n

partivhlar, Erefeegil orecioss cmmplhseed deletidh ef degwhelei shefE4 fé%lon This

ressi,on.of the late g |nthe stability of 'the
may P BERT) BeIFomAE oxPionced Badvng-heel Tomeny orespnding to
nucleotiiee S5885L3a7D, '@thélhﬁf e bF abléﬁ&ils of th%tﬁzt @?‘%’L GRS 14 in

the viral DNA. Adenovi raI vectors in
applieationsgVeha-%y/82a8d) ant SHOLAhO6E12378, ipompeatediersin be @k&ﬁl%ﬂce.

viral gene expression and transcriptional background

noi se. Such vectors have been described for exanple in

R0 O NS K
the éé@@nﬁ 9B/ the ORGR) -of Pvull-Alul and BglII-Pvull fragments respectively,
corresponding to nucleotides 34801-34329 and 34115-33126 respectively. The
deletions of the E4 region of the virus Ad2 d1808 or of viruses Ad5 di1004, Ads
dl1007, Ad5 d11011 or Ad5 dl1014 can also be used within the framework of the

invention.

The positions given above refer to the wild-type Ad5 adenovirus sequence as published
and accessible on a database. Although minor variations may exist between the various

adenovirus serotypes, these positions are generally applicable to the construction of
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According to a preferred variant, a reconbi nant

adenoviral vector used in the invention conprises, in
w@ea7niwss a deletion in the E4 region of its BENBRB06/002266

More particularly, the deldéion in the E4 region

affects all the open reading franes. There may be

of,. a cise exanpl e, deletions of
re"‘]r;]{ﬁ@‘f“%‘%?ﬂ‘?‘gn"v%ﬁi%%"%@%%otge g0t bmsAny) s§Tq5¥Re; pad pspecially

the pd@io®iried Adcdnarsgconpri se a del etion of the whol e of
the E4 region. This may be carried deletion or

exci sion of an Maell-Mscl fragment corresponding to

oS PR ALEM o e e R B e

reglon

parwmlﬁ, ShE0RERhs ang BéQePet&ﬁ{oaﬁé’rzgse th&6aBRY 8F 81 iRk %h@ reduce
fer Al ternatively, only a functional part
its %ﬁe F@eﬁ%feﬁ%m thei expprapion @b el geesalhis adlon prst QRFH@ E3 or
f ese. co
v rqggr;eggﬁg ainrﬁ%gglgmla *é}egimA? @%Jésn%l ﬁeﬁ 0t g’toﬂeﬂ fl%%'nl?oo‘?ever be
partll-‘quiﬁr]y- Plearrednio @gisd:ﬂve Rhel bart fehe@iiB tite pSBRE@dt¥i@l Yhis protein

| d
ind SRR Plecf svienliy e abvestordiam pecamistie subjectof

an iff@@in@Redtioh RhidH (i &y@oﬁ@amﬁk ﬁ%gctﬁ)‘hoa?i‘:i Aﬁ%&gﬁ? @ﬂ@qﬁldesu ble side

dl 1 004, Ad5 dl Ad5 dl can &t
effeps. uée@rdmgrﬁ)na shecific ansleotlie BS repieni isvdshttédand The sequence

i ven above L r to the wld-type Ad5
e S e R Ry S—
promdateabase. Al t hough m nor variations may exi st between

t he vari ous adenovirus serotypes, these positions are
generally applicable to the construction of r econbi nant

The a}%ﬁﬁﬁi&leroﬂag ‘éoiﬁgérﬂﬁlnh@?; 1% N %%%5%: §itosyof the

serotype, s ecl
reconbimat @enolnbe Iaate]mche inssred fr ddtd)Cﬂﬂ: my EBO%?GEAIS 18408 as a

rela ter %)gg d heir genone. In_particular, other
P ?"58168 5/ ?J%te oF 84 Stssqlﬂf‘ﬁle?Se&fs@nta%@ baseniad,ingss anyhether
site, VoutéiGe AN sERMHER ﬂléc%s r?ﬂ {ff fof t’cﬁe &hl%lqoﬁ % tﬂ% viruses-JTR

expression of viral
Sequencqs‘aaéen@@s@ﬁtwmsqqacnqea;ul ar may be deI et ed As

regards the E3 region, it may however be particularly

preferred to conserve the part encodi ng the gpl 9K

The (EDteich isTBb®niil0ALitNeriddEQE the MK &P bw&so‘ih&lhg eﬁr&em DNA
yEﬁevent the adenOV|raI vector from becom n
polyiersse and #re 8 kDapuerairses of theots kb dlarnpingl Rmmmi (TPnideded for

protdih Priffihd fbninﬁﬁ?e B sy%ﬂ%élsfg. have undesirabl e side

An alternative approach to making a more defective virus has been to “gut” the virus
completely maintaining only the terminal repeats required for viral replication. The
“gutted” or “gutless” viruses can be grown to high titres with a first generation helper

virus in the 293 cell line.

The recombinant adenoviruses are typically produced in an encapsidation cell line,
which is a cell line capable of complementing in frans one or more of the functions

deficient in the recombinant adenoviral genome. One of these lines is for example line
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effects. According to a specific node, the E3 region

is deleted and the sequence encodi ng the gpl 9K protein
WO g007@0asss oduced under the control of a heter oP@IB2E06/002266

pronoter. The pol ynucl eotidg of the invention/NO can

be inserted into various sites of the reconbi nant
E4

. be,inserted at .into the El, E3 or E4 .
299500 et fart P Faclifi Emaicd e b icemmiéd: Moreenisely, line
293ssquimnnars kidhty emBrynsOcElhdsGifthe i FeRBYq @ﬂaﬁ{ 11:12%) of
neSkte, oFtS|de t he 'sequences necessary in Cis for the
the gERAIIE P1 dHotgPe  Rdenavinys €45 Trnprising HedsftdMR, the encapsidation

C ' i on: 2 region is essential a
re e T n ek o o SO EE g HI%, e SPending BRen pIX abd par
of ol pgionasEoding prowiBOIWER Phie AifeSRI caphblenst BandtBRplementing
Ter.m nal, Protein q%TP) needed for protein primng lpo
re°‘?“ﬁ‘?‘P?1§taéieﬂ\W“§%ﬁ? gdive Tomthe ik regioms that issfopsaydadkingall or part
f ek Inge ook H b . to."guth.the .
i rus cggon'p'l ef&eﬁrﬁgt?dﬁ%gegy}r%?ln%&%ﬂ%ﬁ;a@%gﬂ\gértrlﬁr%afrh}seﬁléeafssalso
capgtle of peasiueing, of 2 abrmieqiik/)d tempemture'l(hﬁ"C)ﬁuirﬁﬁﬁtbclﬂsf conrllprising, in
sgut noVifuses,ca e grown to high titres with a
add%t;ﬂ_)?i {h@%%at—se %ﬁ%"nﬁ%&‘ﬁ@}%i rus in the 293 cell line.

5t gener
The reconbi nant adenoviruses are typically produced in
capsidation cell line, which is a cell line

an

Oth%racﬁﬁglf@s GRPabimpl eommlemengingrihe Eansgiombave bevnrdesaibetbased in
ti ficient -ipn the.re i t poyi.r al

e PRt g 50 KPP A BISIRLSL o e

retinjoblastswifHoim. p@et. Ghet. hel99de M$).F UMERBOETE LS 1H8ENcapable of
i nt egr at pr(?ci sely, line 293 is a human ki Bney

d. M
tranyeopy %ﬂ‘?ﬁmge F‘F"re%}lné GOMEs fimggion ehavef alsenleqmalsisdribed, for
ank ; novi,r ,
by oo ThaePERMEGRE1 AT RG ks DRt Vi 70
359 irougligloer ali, 1893 diung, (Ef:ra Thed 6El §75)tdné lihgﬂb@ﬁpléﬁﬁﬁ%g‘ﬁle El
' egion_encodin rotein
and B GB BY S £RARTEL R atrB ¥ MiE o eine | ng
reconbi nant adenovi ruses defective for the El region,

that is to say lacking all or part of the El region,
The ggeqmbinagt adnnei eses iareansuglly pteslubeil/bynintiodgting ithe eigal IMASnto

the e{nke:%iedragitoﬁ ?iI;iQ, (fégg\g%)cl ﬁ}(l Bffﬁggfgt?eg%b(lg %gsﬁa:pp?lgfgr@ gn d;;slz Ef[ﬁe kinetics
of thecdienodrel cytle beimt 24 &NS6 thous). BorBakiigOut the process, the viral
DNA introduced may be the complete recombinant viral genome, optionally
constructed in a bacterium (WO-A-96/25506) or in a yeast (WO-A-95/03400),
transfected into the cells. It may also be a recombinant virus used to infect the
encapsidation line. The viral DNA may also be introduced in the form of fragments
each carrying part of the recombinant viral genome and a region of homology which
makes it possible, after introduction into the encapsidation cell, to reconstitute the
recombinant viral genome by homologous recombination between the various

fragments.

Replication-competent adenoviruses can also be used for gene therapy. For example,

the Ela gene can be inserted into a first generation virus under the regulation of a



10

15

20

25

30

O her cell |ines capable of conplenenting the El

regi on have been described, based in particular on
wheovanodessrg car ci noma cel |l s A549 (WO A- 94/ 281580 T/mB20@002266

human retinoblasts (Hum Gd#®. Ther. (1996) 215).

Moreover, cell Iines capable of transconpl ementing

several _adenovirus functions have al so been descri bed,
tumpgf-speeifppremor) Injthessy, cfQHmegelntepﬁ@l pﬁéiea{mannltoaﬂumour it

coulei3piRRe kIRl B el iitB Buraohhl B spSindiighognal sofs. This
typd oﬁeez:tcnmqulcbh@nsddmjthéh&) 1611 temduEek]ls eliteoiy by lysis or to deliver a
1&% A- 94/ 815 WO A- 95/ 02697, WO A-95/ 27071
“Suicide FEBF T4 StstRes iRl eamma élwafrlﬁlyleﬂqa%e. g@@p G§SV tk) which
@@ﬁ@ n line,
canlfkgl Iﬁg%ﬂ/é%d é%gl B}egﬂgél{)cféhf ce %fs}e%atglt%relr a g ut J\(’)l? 3 days
(the ki netics of the adenoviral cycle being 24 to 36

O o R 12 BRSSPy

actlgee YD GBrtaif RluneGe kibste NG ubl Grafle IHYpekil %h&ﬁbﬁﬂhat exist within
(WO A- 96/ 25506) or in a yeast ( A- 95/ 03400),

manyy; §0/id demerr imrsees; Hbe qwesest inventiay Ripwdeha@naadenovirus vector

B M T TR T—

encading amgdmrotvﬁaleﬁlﬁlpdlﬁpdpﬁdag TheEl a pblypbstideadebing @bhtrol of the

eno and a region_of honDIog whi ch makes it
HR%&EW 4l gply; by peRieed o @rnhﬁamcecmde%m@. addt thewefore the

adeﬂiﬁJulus @v@ulﬁe&ﬂ?s%tr#glﬁ:aﬁ&? o ?J%ﬂér ‘1{1#'#36?5110 ILAMBLY The

honol ogous re at1on
aderfqviysdacks an Regoganats Bh gem]mad @mfexaﬁkmdso tackean eadogehas E3

be ed for erapy. For ex l e, the
seng o OUFE roalns RE06e PEHaR eEiOE NI Mo b deIeiod Ao fescribed
abotd) €t hRgalRtieitsREibldtd iBte 1P %9 bért 6f BE BIVIRE undid} the control of
theory, followng injection of the virus into a

a hynewisuFespersecelement sishi thatt bost predli imrowind yﬂqdiulattlhe ifs Ubmtemees to
ol Ahek P By SN ERHATHE 05 TR YRSl et

dlrectly by lysis or to deliver a "suicide gene"such

ag the herpes-sinplex-virus thyn di ne-kinase gene (HSV

@Eﬁn%ﬁu% H{e%%ﬁ‘il"ﬁl only i fo¥ delibe éa%hserby@@caﬁﬁmiﬁ@aém for antitumour
treaifr&lnlt el rc@ﬁﬁdﬁ?ﬂfa ’ﬂﬂe &ﬁ'@%@ﬁ Qddeod Ellglcuyeﬂ)lé f310ck

t he construct o r I nven n-may “be
p53-pm€e1ﬁ@ccb [portbiy, peventmgi nine0®|ﬂt from killheg itsél'f 313 tespdyse to viral

of. t he h}/goxm con t|o s that exist within,
1nfect10n us, in normal hon tumour ce s in the absence of E1b, the virus is unable

to block apoptosis and is thus unable to produce infectious virus and spread. In tumour
cells deficient in p53, the Elb defective virus can grow and spread to adjacent p53-
defective tumour cells but not to normal cells. Again, this type of vector could also be

used to deliver a therapeutic gene such as HSV ¢%.

Consequently, it is preferred that the Ela-expressing adenoviruses of the present

invention lack a functional E1b gene.
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many solid tunour masses, the present invention
provi des an adenovirus vector conprising a
w@odognusbeot i de of the invention operably |i nkedI/IB20@6/002266
nucl ei ¢ aci d sequence encod?ng an adenoviral Ela
polypeptide The El a polypeptide under the control of
t he HRE enhapcer woul d only expressed under hypoxic
Ottieh FaT<RTB 312 EPefo PEoAE0 e DISEH BINGPLShusRNEob sY g5 hepoxia
respoPRive ¢l ABryCAGmELent under hypoxic conditions. The
adenovitus l'acks an endogenous El gene, and preferably
al so | acks an endogenous E3 gene. Qther regions of the
denovi r us OIME h ny be del eted are descri bed
FOVE = : st e to include all or part
of the E3 gene under the control of a hypoxia response
el enent such that host cell inmmune nodul ation is
1. pal ¥@le¥rains obt ai n the correct viral spread within the
tunmour and i mune response to infected cells. An
adenovirus defective only for Elb has been used
ThesIﬁSVl Viectwas bf thednveition trayoby dériveatrem fot BxaMASEHSV1 or HSV?2
nical .trials. The polypeptldes encoded by Elb are

Stfagﬁi Ot derbiagiyes pheyeote drateeAbla JipyY bsi @erlﬁa@wmnchgiet brder-type
et g DR 538 s, 9S00t b ettty
havabs &rase 7% Eqbenceﬁmnmloggsto sithenald @ISV bt SISV A petin®s| sore

ynable to pro i nfectious virus and
pretaﬁ%g'a%leqsﬁ%%n%‘(ﬁmﬁ%qel fﬁ‘@'g Se}l;r in p53, the Elb

defective virus can grow and spread to adjacent p53-
defective tunour cells but not to normal cells. Again,
Thet pses of VPRV ostrajmsc i rtherapautic apreceduecsusilll requicke ithes etralas to be

auchDLERPHL BB AE0 88 L L CRBRARERE ] v o

to bp meabjfot gemyghBiap9 in hagknathe lpﬁ%haeé‘ﬂlde@hl%uﬂieﬁ%feg 'be inserted
essential viral genes may al so be placed under

into g RSPRIa EOTE. T BEP REeRISR s Vool Wl ScOnyer eweludttype virus
tranMBF bP 5%16%51'0%@% %Jn%r@o Has ?ﬁﬁl tﬁgm i c%)/ﬁlrguscre?ﬁ&%% éecomablnatlon

Strains T ectors I nven

How:be'cr wedldnlgoas therpcdxmld)éoade HSVinsetedHSM3 & I @kéifial Ofene this
d tlves HSVI . Derivatives

recombialigas Wﬂné ert g F"ég éﬁ{ﬂeﬁgﬁﬁgsee%ﬂt%% iith gheprpipfand wirus and
prevbﬁtw es@dpd’ I3BMRe HebdbBEousPBrVRAld YIRS Mgk Rbdipetent wild-type

virus population.

Attenuated strains may be used to produce the HSV strain of the present invention, here
given as examples only, including strains that have mutations in either ICP34.5 or
ICP27, for example strain 1716 (MacLean et al., 1991, J Gen Virol 72: 632-639),
strains R3616 and R4009 (Chou and Roizman, 1992, PNAS 89: 3266-3270) and R930
(Chou et al., 1994, J. Virol 68: 8304-8311) all of which have mutations in ICP34.5, and
d27-1 (Rice and Knipe, 1990, J. Virol 64: 1704-1715) which has a deletion in ICP27.
Alternatively strains deleted for ICP4, ICP0, ICP22, ICPS, ICP47, vhs or gH, with an
inactivating mutation in VMW®635, or with any combination of the above may also be

used to produce HSV strains of the invention.
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have at | east 70% sequence honol ogy to either the HSVI

or HSV2 genones, nore preferably at |east 90% even
worerog/omises er ably 95% The use of HSV strains i PCT/IB2006/002266

t herapeutic procedures willS0require the strains to be

attenuated so that they cannot establish a lytic

cycle. In particular, if HSV vectors are to be used

for gene therapy in humans the pol ynucl eotide should
Theptomhbtoiilyyushd ih AsQibaG 8\Ariafs F8VeRcRlis BORS ﬁﬁmd-qﬁ'(,sofﬂﬁ and

L ti_frgausg if__a vector virus encounter pe virus
atg 1896 JHlerpes, simmley wigesdeased mectoms. i iaWhlmbntDSeéedbl rGenetic

n er .as lo t he
e e n oSSR TRkl Rihie DRIR 1GhaBRndthe Thi s
reconbi nati onal transfer would al so delete the
5 €SS ntial tene i1 .the recipient virus and prevent
o es@%ﬁ%@%@—ﬂ&%r ol ogous gene into the replication
conpetent wild-type virus popul ati on. Attenuated

strains may be used to produce the HSV strain of the
HSYrdmee defpdiisiet inolGP2Teare ryopegnatedsinex astplias eapieysing ICP27, for

ol Y9 BBLASAL R KI5, TNy VA PTS 0l DT L i

t ab) 199]299’2& lokyGea: Yii3@). 1€ ! -
eta ooe Cl’goouhyand ok z)rmngm-@ %%A ellsﬁﬁéé %@@%‘%‘g&cw%& co
tranggeiny exEmalianggellsy gﬁcg-4exa;nple Vhe of er@&r BHKAC&B?J, with al {ector,

Prefg%g%ﬁlgsﬁ \%Sg}f (%)&ﬁp?@?nrgoar fugﬁ o%gfﬁ\ﬁ%%j?z gane @%parlpieso%bemg

expugededtin emdlcallsl @R2 &.vediot, qj"rétafdblgedl pla&hi@v&%rdeﬁc%aﬁ% d é%ﬁectable
#( {49(1‘ | CP22, | CP6 vhs or gH,
marker, fqriexamp dieﬁﬁltygltnl r@g;sﬁaﬁce‘/m;ges RAISsessINg thqng»electable marker are

thenCQA&InBAtLARrYo ddEARO il Yo hss gltsg ?#?e%? &E@ct@ggldﬂfﬁl for

HSV strains of the 1 nvention.
h | \/ is as,fo in Coffi
xR el MR B BBBIER, By pl L SBLM Bsv
stra1ngo.tsm§me1l}mds kadwi n® thdss skﬂléhl 1n@é’1@1tt|(€orr@(ﬁin?>!€ §’§ Héé@rlgéd in

erv system Academ c Press: London,
Rlce Ign %3&%? kment i ng cell lines HSV viruses def ect | ve

|n | CP27 are propagated in a cell |ine expressing
| CP27, for exanple V27 cells (Rice and Kni pe, 1990, J.
Cell\ines,whish:do1io0 114w t&)ersion € h EER2A7SmiGmt HIS Vestraih to 4 99:2n with

I 186: ressing cell lines can,
funcéﬂéﬁa(f rlgg%% ae 1:693%085 r’% ﬂg*cggfx; ﬁgov% ensunng that the vector comprising
a functional ICP27 gene does not contain sequences that overlap with (i.e. are

homologous to) sequences remaining in the ICP27 mutant virus.

Where HSV strains of the invention comprise inactivating modifications in other
essential genes, for example ICP4, complementing cell lines will further comprise a
functional HSV gene which complements the modified essential gene in the same

manner as described for ICP27.

3. Methods of mutation
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manmal i an cells, for exanple the Vero or BHK cells,

wWth a vector, preferably a plasm d vector, conprising
wa@2doanetssonal HSV | CP27 gene capabl e of bei ng PRPIE96@2266

in said cells, and a vectan, preferably a plasmd

vector, encoding a selectable marker, for exanple

eonyci n resi stange. C ones possessing the.selectable .
HSV,geeb may s oh e@ﬁiﬂ@%ﬁf@%ﬂﬁ%@%?wtssvedgk%&mlwsmﬁﬁlwm n
the GONESr %‘xﬁﬁ’lpfex Rh&p Sm%):’ :B_Etfeﬁﬂé}lsd |f§€@t70naﬁﬁrin§&ﬁf€pb§ (%El‘etions,

the basis o fheir ability to support the growth’ o _
substitDip@s orminsartionsiuetsrabdy by, delesiong Dadethond snanemovtegportions of

o R T T R e

descfiBy®asgven of an | CP27 nmutant HSV strain to a strain
with functional |1CP27 are produced as descri bed above,
ensuring that the vector conprising a functional |CP27
Mut%?d?ﬁ a&’é"ﬁf'adg Gh ORSY E{{aﬁx?s%‘}‘? R6&S1008 rd¥fbiRol %Rods well-
. €. are honologous 106) Sequencés remalning In e
knowH2 thosst skilled i tise. athBore exdmiplat H8Vngeminit HENAnisetransfovted

onpr.i se inactivatjng difjcations in other essenpti al
togeﬁﬂ@ﬁ adth 3 yectas, sﬁ%ﬁf@%@%@&lﬁ%% FPMRAYSiRg the prued fgqupnce
flanifed’ BP%OIEQI’SBB&SS a1y fapeddcanal ThSY 918 Wauefte may comprise

conpl enents~the nodifi'ed essential gene in the sane '
deletiensn énseagorge s sitlstitiitions, RICRE7whizh ey heed sowsftructed by routine

nut at i onHSV genes. be .r ered, functi opal
techfThEt | SERERROSGNET i ase R FSHOE ke Bisina o Pmley fqeZ for
scredithg R¢aABIRANt ViRRKs FRYoPE iyl B &liadtobiddst atalityy
i nactive by del etions, substitutions or insertions,
preferably by deletion. Deletions may renpve portions
f 0 ' . S
Mutfliorh el B8 T el GG} ERVIERRs, [H°RRkEHk RERYIERSs 1opo,
ICPAMIC26] ITP22a1EP4RABMWGES, REL ddSVis s T dhensasbyf theoMOg63 gene, the
reconhi nati an net hods wel |l known to .t hose ékilled in

entirergeng iy nofrdyleted sise dt engedeyam sieRtanAC gl DIAGHe dup g small
inacﬁ\‘?agﬁ%h Ghsethibl & Vrﬁ&deorwhﬁflefa%lmﬁ @I(epl Iyd ofeaFIiwes to

conprising the mutated sequence anked by~ honol ogous
tranddSytiawadlyeacteste [Higenas{Aae etals d 48 AcErotet 3 : 220HR2ED.

del etions, insertions or substitutions, all of which

may be constructed by routine

4, HSYV strains comprising a transgene and miRNA of the invention

A transgene and mircoRNA of the invention may be inserted into the HSV genome at
any location provided that the virus can still be propagated, which may require the use
of a cell line carrying another HSV essential gene (as described in 2.) if the NOI is

inserted into an essential gene

The sequences of the invention may be inserted into the HSV genome by homologous
recombination of HSV strains with, for example, plasmid vectors carrying the
expression cassette flanked by HSV sequences, as described above for introducing
mutations. The polynucleotide may be introduced into a suitable plasmid vector

comprising HSV sequences using cloning techniques well-known in the art.
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techni ques. Insertions may include sel ectabl e marker
genes, for exanple lacZ, for screening reconbi nant
wao prasesedy, for exanpl e, b-gal actosi dase act i RET/IB2006/002266
Mit ati ons may al so be made52n ot her HSV genes, for
exanpl e genes such as I1CPO, |1CP4, ICP6, |1CP22, |CP47,
VMA65, gH or vhs. In the case of the VMM5 gene, the
entire gene is not deleted since it encodes an
Othes¥émt Vadtost ruct ural protein, but a small inactivating
insertion is made which abolishes the ability of VMAG5S
to transcriptionally activate | E genes (Ace et al,
tha® I : - ) A V strains
© cgﬁlp%ﬂ _é]ie%% Eé; “t[h?%s%%ﬁ geang8 mmRﬁﬁ g]fise S?‘ﬁemivﬁ?;é‘?ﬁ inshudg adeno-
assqeiaiers yiemees avedicnlar ctoRAte fviruls, Vaveand vRBsedahd 18%87-40-based viral
Vec{onsserted into the HSV genone at any | ocation provi ded
fat the virus can still be propagat ed, whi ch nay
require the use of a cell line carrying another HSV
essential gene (as described in 2.) if the NO is
Adminisiietien i nto an essenti al gene The sequences of the
i nvention may be inserted into the HSV genone by
honol ogous reconbi nati on of HSV strains with, for
TheemiRI0A eandd tragsgel t B & j t r '
cassette fl anked \g?yusv Cshgg%sgér?gggo %gaﬁggcdgﬁ%ggq%&oge%uce a
tranggspIc; PlARtoRfURITH AR animeh s The e Sadmivistesnt’i ideludayddieery by

g - i |l agmi d vector conprising.
i A8, ! A SO Sl PO Pl
adenomizalavectod, ladenovassadiath oir4l (BANRLCtoY, hetpel AT tof) r&bviral

nmay, be used in the present invention include
veclige }?8§¥‘§%C‘Ye§f°é% a&‘ﬁr bpsulevirglewsetans gc a deratibed sbaier uNleB-viral
deli GleOhahidy 2 : i r vectors. .
. Adni ni st |[§§1lltlsir %ﬁﬁ%ﬁ Zlggni é@é{gg gﬂ? ?fgﬁ}sloél éﬁéosms, ramunoliposomes,
lipofgetin, Aatioméq faciat amphipttes 6CF A9 and seebinatigs debiess, a

transgeni c plant or non-human animal. The term

"adm ni stered" includes delivery by viral or non-viral
Disehgshni ques. Viral delivery nmechani sns include but are
The aot limted to adenoviral vectors, adeno-associ ated

PRYALY (OAawr Qremprs therdapeviisegenesrtl a wectbo sgstemedccondinigato the
and, bacul ovi ral. vectors

preséﬁ? GhQ&ition! £AY! Y ru?%d YRt K?r;f’]i_nv comprnation with other treatments or

etc as descri bed above.
components of the treatment.

For example, the vector of the present invention may be used to deliver one or more
transgene(s) useful in the treatment of the disorders listed in WO-A-98/05635. For ease
of reference, part of that list is now provided: cancer, inflammation or inflammatory
disease, dermatological disorders, fever, cardiovascular effects, haemorrhage,
coagulation and acute phase response, cachexia, anorexia, acute infection, HIV
infection, shock states, graft-versus-host reactions, autoimmune disease, reperfusion
injury, meningitis, migraine and aspirin-dependent anti-thrombosis; tumour growth,
invasion and spread, angiogenesis, metastases, malignant, ascites and malignant pleural
effusion; cerebral ischaemia, ischaemic heart disease, osteoarthritis, rheumatoid

arthritis, osteoporosis, asthma, multiple sclerosis, neurodegeneration, Alzheimer's
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delivery mechani sms include lipid nediated _
transfection, |iposomes, immnoliposones, |ipofectin,

we@ aqo7o0iees f aci al anphi phil es (CFAs) and conbi ne€CT/IB2806/002266
thereof. Diseases The delivéry of one or nore
t herapeutic genes by a vector systemaccording to the

disd b1 s, ek L VP poHUAE Scigpase nend. raesrafise coli:
peribdontiisa M dvitis snats0 rat&j:flc tREmBRS SlroniP Vi@BLA O % olysis
B

be used to deliver one or nore transgene(s) use
bullogps copnesl Hicgration, f%@opﬁthioad@ﬁsrglqabnmhndrheahng, thinitis, allerglc

conflRfEl Q5818 oo A58 Sl &1 ERR P Bl D metioi,
athdrmsfclemﬂmmmnyloshlﬁegs.e, dernmat ol ogi cal disorders, fever,
cardiovascul ar effects, haenorrhage, coagul ation and
acut e phase response, cachexia, anorexia, acute
t I t
I R b ) Kok E o8P OF S b dmysntiongmay be used 1o
dehmr%lpfqnsnmﬁ tranpgeng(s) meefuhigi th Sreatih@it W00 listed in WO-A-

98/()?’%5% ; |F§F1 %Oor}dsrﬁ?etég?pgt Ig:ﬂt@ grg%gyg’; zs n&%%\gﬁgg{ggﬁokme and cell
proliferatigiaitfererfibh @etiARA 1%@9&?}%}esgélﬁgfrallrmgﬂosﬁmupdnt activity

cerebral ischaem a, i'schaem c “heart di seas
(e.80d0ie dispting | imsung r@ﬁmnqr,dmtudhng tmﬁeptlcmst whROh®&HS , immune
I scl.er 0si,s, neurodegenerati on,
deﬁ%?ﬁcﬁ"%r% ?Uséé@étgosne Ofe BH’élv?}B’&X'i e BB ) @e4tipge cancer and many
autoimmond diseses, @hdhe pﬁev@hﬁt@ﬁﬁ,ﬁlaﬁﬂ‘éj ééhﬁﬁ ro?‘iﬂdﬁgc ¢thbiy itimunity);

riodontitis, gingivitis; psoriasis, atoplc
regug’gf’ fﬂ?@mampg”ﬁisc a8.c &eaimeapi afermyslaidi er Hyinlphsld diseases;

pron’i‘d?ir r@%wﬂhl (Eﬁ:{] ﬁ%:ésﬁpnla ttén'&SR aﬁ&gﬁ}eaﬂ%qcf r?? gssugcezg r healing
wou@chsamwtnmnt of bwesd, erdess Sa,nd C[ﬁiﬂ@d&ﬁtbl\/ disBaar ind ﬁéﬁrHHé”%eneratlon

I or endoscl erosis
lmnb‘%‘@ogzﬁ’['eg%ét%sfl8¢ KSR ¥ingeh oqmt@ev é@pdﬁla@m tofefertility);
henui&siefthehbNiABHd A8 ABY (DF 145 SEbHhiRifeshd St escto sites of
) en?jrtanlsge‘rze(s1 usef ul %ebﬁ?he {reat nent C$1 |212 o sies o

injury jo ind@rtion); \lmmostg@l ﬂmﬁﬁlmlﬁﬁyumﬂenp e.pefoe trezi’cﬁ% ha@fﬁbbhﬂla
[ Qv 't oki ne and cel

. Qoot 9 BB b B A0 SELL o Croms

diseaselrunastimierstidanthodilath txhé{h%cﬁfé Eéh\éb ; & Balgesics;
f?rmtr g?il@ |mTu(r)1e %e%w’ I nc {O%ﬂlécat ECSICS;
treatl%gtsweﬁﬁ cpﬁmﬁ edigstlens] émdieatmend sof e.gg lpls&tﬁasﬁm iaf human or

Veterirbémg&}éﬁl%, grow h; treating cancer and nany

In addition, or in the alternative, the retroviral vector of the present invention may be
used to deliver one or more transgenes(s) useful in the treatment of disorders listed in
WO-A-98/09985. For ease of reference, part of that list is now provided: macrophage
inhibitory and/or T cell inhibitory activity and thus, anti-inflammatory activity; anti-
immune activity, i.e. inhibitory effects against a cellular and/or humoral immune
response, including a response not associated with inflammation; inhibit the ability of
macrophages and T cells to adhere to extracellular matrix components and fibronectin,

as well as up-regulated fas receptor expression in T cells; inhibit unwanted immune
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aut oi nmune di seases, and to prev_ent)transp: atn_t f

rejection or induce tunour imunity); regulation of
Wmajﬁlmomsm)i esis, e.g. treatnent of nyeloid or PYNPH00a02266

di seases; pronoting grow h5®f bone cartilage, tendon,

i ganent and nerve tissue, e.g. for heal i ng wounds,

d
readtioBatl F@/Ntin { 5‘1? lnCLL}C@il% | %&:g e l Oon galofh%lgfn%%slc? grrll.hrltls

neur odegener a

1nﬂamh1atloh eassctmattd aztnt}ﬂ @ybéi’ééﬁ@ﬁﬁnt&rma%ﬂg% 'r@d%tlels aszhma systemic
fert inetic activity d.

rmt actic/che
lup‘f a¥‘?S§1°" lagradisgasescand othgy awioinamuing diseasts,i inflamynation
f [ t ro t.i C..ac Y.,.
sss@iabdl A ?{‘%%?%%Hﬁieﬁ%#eﬁw?ﬁ%oéﬁa SRPipHaIs 58 et isease
repfﬁﬁtslqnnflnjammtm’dyacaatrest; tmyc(d‘aﬁhalt liefatdtiog, Svadeul®He Hhﬂaﬁnmatory
di sease as antim crobi al S:

dlso%l% 5 a;%séprlgat(gynéis ﬁreszﬁets pme 08 o,g]aqga\gaggppulg@nary diseases,
inflanabes egdiiatetd 8 POptRPEEE] 'ufce%%h CofRE ch‘ij' ;ra%;s o?' the

treat ment of e. soriasi$, | uman or ve
gastrqintestingd . tragh, élemttqpcfrbrom livert loirrtaistse onadthue, hepﬁl& diseases,

thyr[)ﬁiﬁtg;o?fﬂ 5tk %133&% r%fsea{ggs? lggr eseﬁgg}%}g%%%ggtgq:rnfe)f/;ral?%@ulfr%?oglc

iver one or

diseasesaotitindr ofhetloaoities-Riryrigo! a'l Qhéé%e@‘ 84LRRRS (E%[ OIdermal
ease of reference, part of t l'1'st 1s now provi

diseqsghy B?Sl?éﬁetaf Hiseases oF W@ﬁ dlentel zruseaﬂeﬁ, émohitibior apydidimo-orchitis,

infe@itity,V bichicdN drduliss or a&hér 1%@%%{1%&%@@ éi}/sgasgp,n placgntal

ant’l’i mmune activity

dysfuegtion) atacental muffmmﬁl habinmn gbdrH6R 08t npdia) %rﬁ-@bﬂﬁlpélﬁl and
inhib

h inflammati on;
othef E‘%F‘onse ?B’t Socéatgggeé%maé gypascplogicsl disses nasterior uveitis,

intermediape Q{Iél‘dé %tdi%i’ Ifu'vémQ OIRARRAY Ris 20 ok I 9AE %tl 0 etrm%s optic
wel | as up-regul ated fas receptotr expressi BN

neurgtis) jngraogyiay ipflammatiomteag] retmmmexr eattid ﬁfacglaﬂoedef]na syr?pat}éetlc
n ludln rthritis, cl udi ng r heumat oi

OPhtgérJ%Q? ﬁ&?egrfu r;t plgﬂta 05% Slggliug}ee@cc}nﬂarnma ory components of

degehg/qa’evs efoadusi \dist%a/se dhfl@hfiatory CRmipRBRs 86 WRIR, t?é{ﬁﬁae " Silar

| eryt hepat osus, col | agen di'seases and ot he
inflaggy ﬂ‘rﬁ.#? gaé%@étéons inselifgrative i Witeassinopathied, amlteh ischaemic

osgcl SIS theros er ot
PSR AIFLCERS e SRR TGhGe BUHEE SRR Srorain,
immyneoand/eli aflannfagion treation s &rular J?msabﬂd Y)ther immune and

o R Pl e, i aramAden g%réea@%éc&&h é&tmme
poch onpset SRS 04 I A0, S SHESEND o
In arg; ethRb OFganp impwhe randép dnflamdiatiemseppression would be beneficial,
Parkinson's disease, complication and/or side effects from treatment of Parkinson's
disease, AIDS-related dementia complex HIV-related encephalopathy, Devic's disease,
Sydenham chorea, Alzheimer's disease and other degenerative diseases, conditions or
disorders of the CNS, inflammatory components of stokes, post-polio syndrome,
immune and inflammatory components of psychiatric disorders, myelitis, encephalitis,
subacute sclerosing pan-encephalitis, encephalomyelitis, acute neuropathy, subacute

neuropathy, chronic neuropathy, Guillaim-Barre syndrome, Sydenham chora,

myasthenia gravis, pseudo-tumour cerebri, Down's Syndrome, Huntington's disease,
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thyroiditis or other glandul ar diseases,

gl omerul onephritis or other renal and urologic
walt@easwss otitis or other oto-rhino-Iaryngol oRCTE2006/002266

di seases, dermatitis or oth&r dernmal diseases,

peri odontal diseases or other dental diseases,

bt i di.di.mp-orchitis, infertility, orchjdal
amﬁtf;d&r'l%}ad %Fe‘?%lﬁ%ge:lro$ . IPOLY EPRRSHISRfl GN .Sé/:,og@g@sg@p or CNS
traymaceinfeadtiody sf RN inflRhAREH) bmpBRdhd bﬂn%@&ﬂag atrophies and

d habi.tual abortion, eclanpsia,” pre-eclanpsia an
YSTERRRIFR 286 dmsnne and inflrmroatyry welakddisepsen eomditignscad disorders of
the kst ri veitis, intermediate uvejtis, .
e S SRS veRFRE BN oUELLLS pPLELAE! AU, WOk S ook,
lnfeQVeu,sr dts'eaﬁe's,i snflanphatoryn @Uiplitationk Nér" 8RIBULEEcts of surgery, bone
m|ana ion, e g. retinitis or cystoid macular
ALY etﬁ%lngg@ PSP Hgit PHch Srnprlpmption semplirations ansifomside seffects,
inflghShaRRy Qfdor i IS | i . npenent s of
.degenerat i 32 f ond.ug %%@8%?%%@%@%&8#@ SRS, &8 due
to igfectinpuwith a viral earrien qulinflarnmbtieassbbiatedosits AdDBY to su press or
inhib? 8% ol i ﬂe{qat i ve vitreo-retinopathies, acute
PsChaem & Bt TICCHBAF UPTIAS resaansss 9 eat 9 amefiatgte mogocyte or
leukbooy te proliferagive deeams, d & LE@td Rifa, Bk I i?ﬂ?&iﬂ, d/or
i nf| ammati on react ison'Jg agai r?st1 “ocul g’%‘dlﬁ%}}ean S gr?gﬂlonocytes
or Iymphoecyitesm itk then gravettionraed/or yreateicat ed gpfitleilctioe in cases of
tranSHIRBARES of | l.en_associated w th autoi mune
angji %fe{as oL P%%%ﬁ%lagfa&’ §]8§‘i?e?éﬁ RFERS sughyep corepnbone
markos; organslenses s sitets nbfabiBor aftificihl 3k tREREr or gan,
i mmune and/or inflammation suppression would be
beneficial, Parkinson's disease, conplication and/or
The Siré@nefifRetison f Par ki nson' s. di sease, .
the rRenT e titn d%%ﬁvg&téggwgﬂ%ﬁ?ﬁ@}?a&°8PB’85“1°“ for “treating an
indiided ph)al gepat thyl;aije wihetetn dhes @agposiByl eainaifise Qf Pbrapeutically
effec/ﬁvéh%lger'gf ﬂ{ sea‘ge aEd ot her degenerative diseases,
CORdTEY Gl s O e ivesiory 8F dhe fpresqat @xysntipm foompmisingr gne or more
deliveertiRotRRipBuRE afd/oKeR &ﬁétt-aﬂ% | mune and
i nfl am’ratpgry corrpone%rtls qfr ps écr:lﬁ?@ty@{j{l:q’g? %%Arl{(}g%sgmguced by
or obigiged fiom sahe chiivatharmaceuticad zoupesitioh etaysbafpr human or animal

ams i L ngephal o litis, acute neuropathy,
wsag BTy TR0 2 bhlsid, 70 SR Ge i e which Wl bo'ost
suitallei fot an indBeidusl sayjecy Qi whY §8RNRHTH ?ﬁh"&%, V\gl/g% bHEBsBonse of
th %avls, dgs,gu o- t urmour cerebrl,_Dovvn's yndrome,
© PAIIfH A oA 9aldi sease, anyot rophic | ateral sclerosis,
i nfl ammat ory conponents of CNS conpression or CNS
trauma or infections of the CNS, inflamatory

The somposition smay antisnallyarcomiprisd hi ?ﬁm@meﬁy&llyombﬁﬁblea%ier,
dﬂuehpn%lne.and [ n({é.l arrrrat,f;)ry 1rle,l at ed di seases, “conditions

8 FPATHrsagipvant.  The' choice of pharmaceutical carrier, excipient or
diluent can be selected with regard to the intended route of administration and standard

pharmaceutical practice. The pharmaceutical compositions may comprise as - or in
addition to - the carrier, excipient or diluent any suitable binder(s), lubricant(s),
suspending agent(s), coating agent(s), solubilising agent(s), and other carrier agents that
may aid or increase the viral entry into the target site (such as for example a lipid

delivery system).
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the central and peripheral nervous systens,
post-traumatic inflammation, septic shock, infectious
waele@easwss i nfl ammatory conplications or side BET/ER066/002266
of surgery, bone marrow transpl antati on or other
transpl antati on conplications and/or side effects,
[ ne conplications and side

[ | ry,. and/ or ]
W PR, Yo e el Samgosthons B ertimartsredstanyepne or
moté sfainhaBitioh i, the Forinl1bE a@ﬁ@ds@&y%%%géaﬁﬁgpﬂé%hi&%m of a

to suppress or inhibit a hunoral and/or cellul ar
lotippysghitiopedpansainturent pr dusting powder, bpuse of amlin pytck, arally in the

: LV, S e e | eukaem a, by
form It ERAUE CoRa AL SIS oEhSETTER of 1 pspiitcy carstiongt ovules
eitheh elope eoreint admixamel vith txdpitaENbr of ey &frkn bLEBEH, l%Bldtian or

cases of transplantation of natural or artificia

SUSREIIIODS  Gqniaipiag A HavQiwiggner solmTiag agantse aor iflenye camr beovipiected
par&Hi@any, fof NSREmpIRAGRIRIGLRosalP! ufrﬁ%av@ﬂou@l&té;firg%rr?dsca[a(lll}lfq or

tissue. The present 1nvention“al so provi
subgifanaeuslzutiar glaranterploadminitrafiar, the eahpogtions mag by ibdstalsed in

th wher.ei n t It ises a
o B AR O D B BT
enoPgleSedR tor INTOHROBACRAYI el 1D kb Mgk YIS is%gf;‘: (\g@l; bR B¢ bpcal

t herapeutic and/or diagnostic transgen or a vira
or sykkngual adpyipigietion the eympsisitivineeuay boradssnsterdthin the form of

[ osition.may be far human or ani nmal

b33t e R R R AR TR spverdoned HEC  n

actual dosage which will be nost suitable for an

[ (El.i vi dual subject and it will vary with the age,
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Examples

Plasmid Construction

The sequences for all miRNAs used here were obtained from the miRNA Registry

(Griffiths-Jones et al., 2006) (http://www.sanger.ac.uk/Sofiware/R fam/mirna/index.shtml).

miRNA Target (mirT) sequences were constructed as follows:

For 4x.mir-142-3p.Target (mir-142-3pT) the following oligonucleotides were annealed:
5’CTAGAGTCGACTCCATAAAGTAGGAAACACTACACGATTCCATAAAGTAGGAAACACTACAAC
CGGT (S1)

5 ’TGTAGTGTTTCCTACTTTATGGAATCGTGTAGTGTTTCCTACTTTATGGAGTCGACT (AS]),
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nore of: inhalation, in the formof a suppository or
pessary, topically in the formof a |otion, solution,

W@ e@anyo668 nt nent or dusting powder, by use of BCEHKB2006/002266
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exci pients such as starch or |act ose or in capsules
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%é I ents | ntne
T Sares) TE%‘FPEA&Tﬂ“TﬁéGGAQMTGWMTEGCWTMTGQAACSGGT

(ASDr they can be injected parenterally, for exanple
i ntranmuscul arly or

| |y
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aqueous sol ution which may co Atan
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For buccal or

t to h
T TR i
submjnmmlysilgerseﬂdl with eifteer Saé1mand Kipap |I\ﬁ{e§ aﬂc‘i r%@lz %P%aﬁ, é‘}ﬁ' 8 mirT

§ o]rémél ated in a conventional
fagH‘é’PF YY@%— Fogted dpeligatiopdnte thm@mpxmw s;teg@tﬁ&se royipient eatars:

FCCUSHIPYRPEN o RE LA 2 I SO aEin o

pCC’th%ntcPB’aﬂ’ﬁéias Gfmasm pmlwcab toetatee treated include,
di seases,

a cancer, neurol ogi cal
%P??Eg%@égﬂg th}%ﬁ@él?Y s stroke, arthritis,
pcc,\nmhppmpemmmmmw e Of the inmmune system
Sui tabl e theragreutl C genes | ncI ude those coding for

PC%%H?PEB@&é OFRomdtleWRBE enzynes, pro-drug

I I
PR e AR DR C AT R RS i
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S R e
rocyLSemreR) erehy [ eI TR U T

Lafgﬂeﬁgabt prgpdr@ior of tDNAJaaeasiedadut. usP®e Marlingen Bi
endoiﬂ B {#‘% san ac. uk/ Sof t war e/ Rf am m rnalllll‘c?’er?deiosg eltlces
o g]@?m PNPIYRYyiFEAtes wer e const ruct ed

as follows: For 4x.mr-142-3p. Target (mr-142-3pT) the

fol | owi ng oligonucleotides were anneal ed:
Vector Production and Titration

VSV-pseudotyped third-generation LVs were produced by transient four-plasmid
cotransfection into 293T cells and purified by ultracentrifugation as described (De
Palma and Naldini, 2002) . Expression titer of GFP was estimated on 293T cells by
limiting dilution. Vector particles were measured by HIV-1 gag p24 antigen
immunocapture (NEN Life Science Products). Concentrated vector expression titer

ranged from 0.15 - 1.5 x10'° transducing units®***(TU)/ml for all vectors.

Cell Cultures
293T cells were maintained in Iscove's modified Dulbecco's medium (IMDM; Sigma)
supplemented with 10% fetal bovine serum (FBS; Gibco) and a combination of

penicillin-streptomycin and glutamine. The U937 monocyte cell line was maintained in
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5' CTAGAGICGAC TCCATAAAGTAGGAAACACTACA CGA

TTCCATAAAGTAGGAAACACTACA AC CGGT( Sl)
WG 200G0NGAEST TTCCTACT TTATGGAATCGT GTAGT GT TTCCTACTRTBIB2MABD 2266

CGACT (ASI),5 ' TCCATAAAGTASEAA ACACTACATCAC

TCCATAAAGTAGGAAACACTACA C (S2),
%@%ﬁg{ erT];rT ACTTT GTGATGTAGT(:-I TTCCTACTTTAT

FhED500vE; (gampiste RPMIheBemary epintes efdiunepmsdendritic

cells veat ¢xdlAedl aoh) %rl hérﬁﬁgfe‘)@d leﬁ)r&h@&g% QEsopibbd raﬁ(g%]lan?tgﬂed in

Xhol _sticky ends. he under | ences
complete FRDAL %uapb@ep@dw@th GM-65Hnd Feri(Bendet ot 2., 4p06) f i c

m RNA. The anneal ed ol i gonucl eoti des were subcl oned

into the Xbal and Xhol site of pBluescriptll.KS. The
DNAsmd RNdAgexteaditions wer e subsequently di gested with
DN%ﬁArher %%‘L and Kpnl, Nhel and Ag or Sail, and the

FNLEEY PSS\R&%W?% extsacted yovsing GRloodrk iGellCulhe DNA Midi

Klt’ B, Blden SGérﬁﬁmg: I%E&ag@gcc% %a%ﬂ%ac & PlRtructions. RNA from

si n. cPPT O Cr ea
cellﬁ)we)graqtedmmsmmeagﬂmES@ﬁaT SEBCLoﬁi@J Missouri), according to

aS— GFPaS— CTEaS- Pol yAaS to create
man%g HIEEH988Kas. GFPas. mi r Tas. CTEas. pol yAas

pCCL sin. cPPT. PGK. DLNGFR WPRE to create
CCL..si n. cPPT. PGK. DLNGFR. mi r T. WPRE
Norﬁmelﬂph cPPT. CW. hFI X. V\PRE to create

Noﬁ'g 20y B§t n@vééﬁ%? %@/ck E?FIR%( LY %esgpléeélt(lge Palma and Naldini, 2002) .

TwepRRnigogramBReT tdtd]. RRIWwe\MABRIS dnd- 100ng 2P Jabelled-GFP
usechCL si n. cPPT. pol yA. CTE. eGFP. mi nhCM/g 2 %Iee It aNG‘BE?%W&lS

e to create
pCCL. si n. cPPT. pol yA. CTE. m r T. eGFP. m nhCW. hPGK. del t aNG

FR. Whre. Large scal e preparation of DNA was carri ed
VectontCapyi Ngmbee Quiantificapion Bi osci ences endot oxi n-free

Vel BIGRER K BESTSS Sk TR, SISHET Vo8 e
L 2o d oot ANl Srs SRR I59 Ppeab BT bel lines. The
sets ofpritmers @ng probe used-lon the dalyaisiaonthadoliesingi bed ( De Pal ma
LV B8R 4bmol $330at pyinPls5° S 1A AL 6o RAaddG AR a ceay,
200nmol reverse primer (R): 5’-CCGTGCGCGCTTCAG-3’, 200nmol probe P): 5°-
VIC-CTCTCTCGACGCAGGACT-MGB-3’; murine genomic DNA: B-actin:
300nmol F: 5’~AGAGGGAAATCGTGCGTGAC-3’, 750nmol R: 5'—
CAATAGTGATGACCTGGCCGT-3’, 200nmol P; 5°—VIC—-
CACTGCCGCATCCTCTTCCTCCC-MGB-3’; human genomic DNA: hTERT:
200nmol F: 5’~GGCACACGTGGCTTTTCG-3¢, 600nmol R: 5°—
GGTGAACCTCGTAAGTTTATGCAA-3’, 200nmol P: 5’—6FAM-
TCAGGACGTCGAGTGGACACGGTG-TAMRA-3".

For standard curves serial dilutions of DNA from a transgenic mouse or human cell line

with known number of LV integrations (determined by Southern Blot) were used.

Reactions were carried out in triplicate in an ABI Prism 7900 HT Sequence Detection
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T i P B pieaedhns.  Nor ¢ horn Bl ot Nor t hern
For BIFD{ 20% A 8 &g]é)ggl;gn@%%ﬁil}?wg}s%ngi Skfsh bed(De Pa IR@

and Nal di ni’, m’crograrns of total

CAGERT QS 6 CATA-SONR: SEBG%@GITQG\@?AHL%})%%%ML
ntificat.i /ect or _

cedloeler FoReAlten IRty Lucah ahetor GG ver e
ACCAGAIGIGC ARBCEATELCED T bosRHRIYSS LI Ssues or 200 ng

| at extracted fromcell ines. The sets of
GG%&%&CG%‘E@%MTD%@M 80 0nrhed ParS&F’EET—g are the( 5

i VO . f r rimer :

CC%@W%%%%C&EP T \erverge primer (R):
ReagtionCOGTECATBATIRCABliSte iRQANABI WP &90F)T %eguelg,gﬁ_Detection

VI G, CTCTCTCGA GGACT- MEB- 3'; nurine genom '
SYSt%‘?g‘éPPlh‘? @&ﬁ%’ﬁﬁ 5' - AGAGGGAAATCGTGCGTGAG: S |

750nmol R 5 -

miRNA Expression Analysis

miRNA detection was carried out using the Applied Biosystems Tagman microRNA
Assay system according to the manufacturer’s instructions. Results were normalized to
has-mir-16 and let-7a was used as a calibrator. Values are reported relative to the

expression of let-7a.

Flow Cytometry

Transduced 293T cells were grown for at least 14 days before FACS analysis to reach
steady state GFP expression and to rule out pseudotransduction. Before FACS analysis,
adherent cells were detached with 0.05% trypsin-EDTA, washed and resuspended in
PBS containing 2%FBS. Cells grown in suspension were washed and resuspended in
PBS containing 2% FBS. For immunostaining, 10° cells were blocked in PBS, 5%
human serum, 2% FBS for 15 min at 4 °C. After blocking, R-phycoerythrin (RPE)-
conjugated antibodies (anti-ALNGFR or anti-CD45, BD Pharmingen, San Diego, CA)
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CAATAGTGATGACCTGGECCGT- 3", 200nmol  P:
5' - VI CCACTGCCGCATCCTCTTCCTCCC- MEB-3 ' ; human genonic
WORAT7/000BERT: 200nnpl F: 5' - GGCACACGTGGCT TTTCG—H']T/IB2006/002266
OOwnDI R 5'- GGIGAACCTCGTAAGTITTATGCAA-3', 200nmol P:
- 6FAMITCAGGACGTCGAGTGGACACGGTG: TAMRA-3 ' . For

Weﬁeragﬁ%fg@?ﬂ SIS wees iopubaiod B850 T A ivicRGderdamBloEed by
m@éol&vﬂb\ﬁtc?ﬁfn%tg}pgﬁ a (BRI (gﬁﬂjtep Ylly@ﬁ'ﬁt:@ B80S l(ﬁ@kn’fﬁr Eouler,

used. ReaCtions were carrie ['rcate

Migngl FB).i sm 7900 HT Sequence Det ect i onSyst em (Appl i ed
Bi osystens). C/ G was cal cul ated by: (ng LV/ ng
endogenous DNA) X (n of LV integrations in the

In Viveandats: Admnstrafeme Expressi on Anal ysis Reverse
Transcrlﬁtlon was carried out on 2 ng total RNA using

Ratdiduds-endBelbs picetvssepurehased fogughariasRipers Laboratories

M; EaD}§d %;ﬁﬁ&%ﬁf 't g? %IC%%C'%EQO N Rﬁrr Slcgné}égnsp;]?gﬂ?ﬂglda B

(cmmng Factbr Dakaotkeut] eficeieredd hqfuired ffonPtHErwik Iﬁsﬁ@m@ﬁE’PMa
expressi on was used for nornalization. Two sets of
CApri  dr Pk omainfpines (ige Fpeifie-pafhpgerp e Acenditions. Vector

B

werS' p@foreCABCAIECACCAIOEB coMBpBrovedints)y fte MNPt San Raffaele

On | F: 5- A CCATGCCATCACT- 3 900nnmol R 5' -
InSt@ W ommitteHonmol P
TETCCACCCAGAAGACTGTGGATGGCC TAMRA-3 ' . Reactions

vvere carried in triplicate in an ABl Prism 7900 HT
Tragsgpnepise Det ect| on System (Applied Bi osystens). n RNA

S mRNA tection carrie
el BRI L LB SR S Bl sy
femalestVEBnEICE Qe n@efo@utalf@l WaR 4 fcaaibitation Df ipRsphbMGhh@Rerum and
Results were nornalized to
human chorionic gonadotropin. On average between 20 and 30 embryos were collected
per female and microinjected into the perivitelline space with 10—-100 pl of 5 x107
TU/ml LV stock on the same day. Manipulated embryos were immediately implanted
into the oviduct of pseudopregnant CD1 mice. Pups were genotyped for the presence of
the GFP sequence by PCR. Positive mice were bred to test germline transmission of the
transgene. DNA was extracted from the tail and used to quantify vector copy number

by real-time PCR in founder and F1 progeny mice.

Immunohistochemistry

For immunofluorescence, tissues were fixed in 4% paraformaldehyde, equilibrated in
20% sucrose in PBS for 48 hours at 4 °C, embedded in optimal cutting temperature
(OCT), and frozen. Cryostate sections (5-um thick) were postfixed with
paraformaldehyde, blocked in 5% goat serum (Vector Laboratories, Burlingame, CA),
1% bovine serum albumin (BSA), 0.1% Triton in PBS, and incubated with either rat
anti-mouse F4/80 (Serotec, Raleigh, NC) or anti-mouse CD45, CD31 or CD8 (BD
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added and the cells were |InCubate

imxfﬁﬁa%%éﬁﬁgw}gﬁ)agﬁ,g XA §Redhe, MitpnaHaly)zendd fy EIlD:bacgb'IiWrby an
acti@éti%vﬁﬁﬁtiapﬂﬁélflﬂoﬁgsl\tﬂﬁa%ﬁ;@ “Eiﬁﬁ‘r )(%%Ell){,/?a\rs/ g%’é(gl?sb? %escrclgeg(Brown et

B man Coul er’, _
al., ibvi stration 6 - 8 week old Nude and Bal b/c mnice

were purchased from Charles Rivers Laboratories
(Mlan, Italy) and maintained in

Resslgeci fi c- pat hogen-free conditions. Hemophilia B
(A otting Factor | X knock-out) mce were a acquired
fromthe Salk Institute (La Jolla, CA)3 and bred and

' Lned. | i f. c-pat hogen:free conditions.
i of T St BB AR 650 S o ve
tooki rdeattagmn ofn the gecenﬂbﬂ icwil'tiff@&l Fﬁ@ﬂﬁ%&%&‘gﬂﬁ;i/)@%t#reanscriptional
' t rotocols a
S B g L B oL oo e ) by
. : ; ' iGN ce were .
e B Ronit OF S BB S TRRTY PRt Sogrentarity
to eifyer afit-§ 0a, faired H2-55\IB nnit-d 42-Bp ristohiP 81-OidrRLaeA b0l (3 UTR) of

i nation of pregnan re.serum and human chorionic
a Ggg %@6?5?18)& casse@ cg' éapag% t %tqhgg%tog@.y mrqg;@ecb !bewtgﬁlycerate
Kinase (BGRY| gregibRe (PRY 1hENPhie dRfign Mhg i1k St Srfect]
» per(i Vi ?el%rl i ne _s(p%ge §VI tﬁ 10- %(1)’0 p#ié)lcr#u @191%"0%9 e‘?‘Lﬁrﬁ PERFCY
complepepiapy, e, daiateddsd tovmptipute tremessivor yDsheera@sgene in the
presdl¥ESH AShRAPLAI4EDased on an emerging understanding of the rules

governing miRNA-mediated regulation(Bartel and Chen, 2004; Doench et al., 2003).

mir-142-5p and mir-142-3p were chosen because recent reports, using Northern blot
and microarray analysis, indicate that these miRNAs are enriched in hematopoietic
cells(Baskerville and Bartel, 2005; Chen et al., 2004). We confirmed these previous
findings by carrying out quantitative real-time PCR analysis to determine the
concentration of specific miRNAs in our target cells (Figure 2a). As shown in Figure
2a, mir-142-3p and mir-142-5p are highly expressed in U937 cells, but detected only at
low levels in 293T cells. mir-30a was found to be low in both 293T and U937 cells,

and thus serves as a control for our studies.

Vectors were prepared and concentrated as previously described. Titration of the

miRNA-regulated LV indicated that inclusion of the target sequence did not adversely
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RS SRR, G ARSI, o i e
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exppassiohdh dells esvebphg el IV IPQTE. GRPEHD) 3 S $édtor. aAs a control vector,
previ ously descrl be, %Br own et _al 2004b Results In
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r

LV B R AT BOP HhorEd il AOaRHYeRL SR (Eing ot .

2003nsand 1 asamxpectegtwaodidlnos séecanyi mductipatie GFPVexpesssioh foltdweitig cell
a . m. RNA- ulated Lentivjral ve tpr LV) by insertin

trarBg ISR G (B e eleplsh BB t iyl our Vector

desi@rth&ftairs ORM iafdctivi ?’ Qvlﬁletﬂ}g‘i?en'ﬁh{g gégéeexﬂi%é’smyiﬁ icular

or mr-142-3p into the untransl ate gron
cellgypes. GFP expressi on cassette driven by the
ubi qui t ousl y expressed Phosphogl ycerate Ki nase (P&K)
promoter (Fig. la). This design, using multiple copies
Weopregiopslyf @stiityedc @ pkceesysby thadrgelt .advanth Sﬂ died bidirectional

.optim,ze repression of the transgenge in t
activity of a single promoter element to coordinately express two distinct

transcripts(Amendola et al., 2005). This system enables two transgenes to be expressed
in a cell following transduction with a single vector. While this system is useful for
many gene therapy applications, there are also circumstances in which it may be
necessary to express only one of the two transgenes. Unfortunately, there is no gene
transfer system currently available which permits divergent regulation of two

transgenes from a single vector.

In order to develop a divergently regulated vector system, we modified a bidirectional
LV (Bd.LV) to include the mir-142-3pT in the 3’UTR of the GFP reporter cassette
(Fig. 1b). This vector exploits the intrinsic bidirectional activity of the PGK promoter
to drive divergent transcription of two transgenes. Transduction of 293T cells revealed

no differences in GFP or low-affinity nerve growth factor receptor (ALNGFR)
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fronv @3 8 DIGRPomn CAAY /P . ANGBR Wais N&dwdttﬁ@é&hms Odold€iar293T cells,
butﬁ’g[gpl ete abro ation 8f trans ene expression _in cells

f\ﬂorﬁglPPWé 1pR, WagRbesryediia A Teallsc ivere mais-248 dnprnressed to
onl}N R% I%"velst Mgk 2hgedats %ﬂ’ééﬁ&c& gggﬂtlﬁl é@lgtg\_?ﬁsblﬁ laB@x%ch B Sther

GFP to create
mlRﬁﬂﬁ.s @né rdegmadirites Hehekppesiiat profdagl ehZaogdeta simple means to
.2002 we did not see any reduction
deﬂ%aé%%&(’fe%re&yﬂﬁﬁ sﬁr?cgwﬂa%ﬁﬂ%@ﬁgﬂhcu on. Thus,
our results clearly denonstrate that in human cells
our vector

Because little is known about the robustness of miRNA activity we set out to determine
whether there was a threshold of regulation that would be overcome by increasing the
vector copies carrying mirTs in target cells. Following multiple rounds of transduction
of U937 cells there was only an incremental rise in transgene expression, which was
linearly related to the vector C/G (Fig 3d). These results indicate that suppression was
maintained to the same extent for all vector doses tested, and that saturation is not
reached even at 175 vector C/G. We next asked whether expressing exogenous
sequences carrying mirTs could squelch the endogenous miRNA from its natural

targets. Because no target mRNAs have been identified for mir-142-3p, we overloaded
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desi gn mai ntains high vector infectivity, while

preventing gene expression in particular cell types.
woeoopoesssousl y described a vector systemthat PODKB2006/002266

advant age of the bidirecti éhal activity of a single

pronDter el ement to coordinately express two distinct
This system

dol ., 2005)
cell§ rv@ibﬁf E{Q)tnﬁ( oL %‘é&@g@g sB@eé;%Tégsae@lfferpné egpliepsion cassette.
U93D detlwv G@ryﬁl’(g'l% C@/‘G '(ﬁn V. PEKIGEP 4. gP’ﬁeWeper su\p@rmfe cted with

thls systemis useful for nmany gene
LV &8 ARG IEh $42-BnEr andane shuvenincligure 58] @Raesicl thelirsduckibn of
ress.only one of the two

30 Wesb &f Q5 %Vgi'ﬁ(ftél;, ttﬁ?fgt gsyno ipgedseiig GEP gEREstipmn dheaddition,

transgenes
ALNGFRERDEHEIHE g
r egufag%)l 5 r% & ot ﬁ%ﬁ%f?asgggg Eneﬁg??f B%Qg{ggﬁl :)]g(PQGrelzC(?ls:&atalnggest
thatgpiagdd213p ig @@égqaptlmgﬁmm%mrﬂlb RNA gzllltleﬁh%ﬁcééﬁéih\%y, and that the
i LV (B
1ntr§c}{ﬁf18ﬁnof }ﬁﬁ R éi@% Iqqlqrcq?ﬁglggne?m }_,42 8Pb gopld not perturb

the netpa hcefv1t§>a>$$lﬁ§hﬁRN’z§L9 Ib). This vector exploits the
intrinsic bidirectional activity of the PGK pronoter

to drive divergent transcription of two transgenes.
Transduction of 293T cells revealed no differences in

TheGFch NGE- JfOMe FhiRNA &7 %glﬂ? \}%rg ﬁggggt\%réﬁgﬁoﬁp rﬁa%?lﬁﬁﬁ{/ to rmgineer

R) expressi on

Vectmsrmr mﬁu@rs lﬁﬁ)prevl-rlnwbvﬁdissmlld’l Inr ZAGRIBAGS Ghs 'ﬁ@éfﬁﬁﬁé&seﬁ)r fehf@ntmg
rT expressed both GFP and N&F

exp lvjéxg ?rég)s%?rﬂ%m?(&@% Bgﬂﬁe &teotoughl 1P esepnERNAdrepUNGRRI0 ?.'diecstlvely
prevefidir&ei @ etx??ésmbﬁ@ﬂi %@@tblogroaﬁcérlg i, aﬁ?ﬁ?al by, (?unr%ntgne mﬁcess of

occurring a t he post-transcriptiona

vectpr, pradueticss iiptadditiah tei dxpresking, ofshacectst lgeferhé groad tﬁ&&ansfer
e _expression of both

u ave prevented t
plasilid %e:%seag& SR8 SRR Ehses. di i per af wotor enqoding tpxw
moleziiles ithis riaRNA- paPhialy ?Pob%rﬁ@ﬁ@ Sic cec | ApRA5BA g:?tthé) Boxth § protem
e b| irectjonal vector system providing a

k‘HS\FB%tP&S‘P ugersFls, anghleads eman swerablor dusticar entdtor fitegul B dthe
e vector. To further
o e g tivent Bt PRsioRhitzodss selwowd be o major
advagesneant efbr appdnetionofof Mt hasweb, Ofhch N&J rholef %ﬁ&%@&g Fhxic
moled preSS| on in 293T and W37 cells (Figure 2a)
8P8ﬁed the target sequences of these m RNAs |nto t he
GFP expression cassette of the Bd.LV vector. As shown
in Figure 2d., transduction of the two cell

ul ations reveal ed
Our m1 A profiling data revealed that mir-19a is highly expressed in 293T cells.

This miRNA has previously been shown to be associated with cancer, but not found in
normal tissue, and may account for its high expression in transformed and tumor cell
lines. We reasoned that inclusion of the mir-19aT sequence would prevent transgene
expression in 293T producer cells. In order not to decrease vector titer, we constructed
the vector so that the expression cassette, including the 19aT sequence, would be in
antisense. In this configuration, the vector genome can be transcribed, and because the
19aT sequence is in antisense orientation the transcript will not be subject to

degradation by mir-19a-mediated RNAi.
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hi ghly di verse expression patterns between each of the

vectors. Inportantly, concentration of the m RNA as
waledogomioned by real -time PCR, showed strong coPCEIBDIC02266

with the degree of suppressfon observed. For exanple,

GFP expression from 218T GFP. nCW. PGK. DNGFR was

AU en, 10-f in 293T cells, but little or
As ?10 suglglilgls}%%dn %‘ﬁ eptipn @f?P3 e fhese wiaharmeore then 100-
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ds the potential utility of ouf ‘approach
pL‘g? h&ae F&T%ﬁj %H@ﬁéﬁ$ aij els Lﬁ%t ex Q;JIQQE%%]GFP and
pL\P PEKias id1%as, @'TEBE ﬂ%l'yg%s aresc'ﬂeg dvﬁy g‘iﬁ 0s ]é]tgg)laglgé Irl'%ﬁ inclusion of the

vector system w a aesi
mirgQeT evequenBe can peevent fgble eSprsaMiabOT tie TR ?Hﬁ&rﬁﬁys Sinlike

R b ot . i
Soouatgsts DLIESEATSA SR HOHR B AL e o

s in target cel oW ng
complesmediyct | on tehsdlisy cel | mrothinede vvas bonl y amhe plasmid,

Vl’ ?ﬁfe(ggf}yl)?l aaitlséT{Egs ]{)(ﬁ%ﬂ%%@gg}ote éy%r@%%qsz!g 8?@@;)\,\@{‘[19;&}@@\,@8‘0‘[& then
the pESIHGK. GRPdonatrect! Mius SHIP RLE: sﬁ’@és 18 H%ENK %g{ll%tl?n can

the same extent for all vector oses tes
be wsed, foq preyient sxpigssior athedirensgeneatduid® weettr opro@i&ionWvithout

negdMR%} aaked \’)é}%lhtﬁé expressi ng exogenous sequences
car |yy| ng e r co

tl d squel ch the endogenous m RNA from
its natural targets. Because no target nRNAs have been
identified for mr-142-3p, we overloadedcells with a

FolS€SQNd V. carrying éhe sane mrT in a different

© %‘)’ggllgelnglﬁ 213?19, %UOIUQ ou BIRN Ackegplpfedgly igy lgmdn cells, we
tehdedRfaf. t

ex chdbdh sﬁféslﬁﬁifqﬁa—us\é’e?\ﬁcé géssrgé( %V@ﬂllo\#ésrbf gagh of the human

miRNAswa ftessed i §1t1fo|;1taitbdugh their tifsud @xpiepii@s p@lfterﬁs MeV¢ not been

estaﬁﬁgg&? !Hosﬁw%_%ﬂél\@ﬁ tg.ﬁ? | Qél[, ?ﬂﬁ@a.s ?\g{%gplgé Q\(rgges gé;glrllnstérgd 2x10%
LV parhe]]:éZ Qentititige FOR (QPCR) lanal9Hs Hahe s?%glg%m W kevealed

{n 42-3p is not reaction-limting In
simijap o E?t%F‘éfﬁ% fﬁ%\@lh\ﬁv&?fmeah grqupat(datan ©of sitomaglu dixipsessioh pﬁeﬁ\les
h j c s hou

ow%%? Q%féf?rteg[ﬁ% r@glrl] Yoo g&ta @Lg}ﬂgﬂ% %Pn;? 1mals
showrdve Ivtigespfeat] hmttoinRbIA ce i @btb@%ah@lﬁl vatHiR RS Yivey, QHélggiﬁgtlﬁl‘fpffer

ppssi bi engi neer vectors in manners not
cellsy, f‘é’\? O&Mﬁeﬁ ;?}/115 %?tﬁ?glgﬂ cells digi 3@ odn contrast, I RGK.GFPs1 42eApT-
treat&f QMAAALE NBad almost undetectable GFP expression in Kupffer cells, but
maintained high levels of GFP in hepatocytes and endothelial cells.

Consistent findings were observed in the spleen of treated animals. In mice receiving
the LV.PGK.GFP vector there was a high frequency of GFP+ splenocytes (>5%), with
strong levels of expression, as indicated by FACS analysis (Fig. 5¢). In comparison,
less than 1% of splenocytes from LV.PGK.GFP.142-3pT-treated animals were GFP+
and only at low intensity. Immunohistochemical analysis of these mice revealed the

presence of GFP+ cells found almost exclusively in the marginal zone. These cells
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expression in hematopoietic cells, we sought to use

m RNA regul ation to sel ectively prevent transgene
wezpreesson i n vector producer cells. Normal | ypdUIB20g5/002266

t he process of vector prodéetion, in addition to

expression of the vector genone fromthe transfer

t.her.e.i al so expression of the transgene. In
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toxic nolecules. Qur mRNA profiling datareveal ed

that mir-19a is highly expressed in 293T cells. This
To Hét%%l%haﬁéteﬁ%@‘fh@%gﬂré{s H)%eﬂro%?en\éf ogk%J ass gzlo?rtﬁ%%n 1ngry, the

cancer, but not
regulgenuractivity of smiri gR-3p( pessienit inficé ra«e&a‘ Qieﬁ&@te@? Gising the
e

LV PIGEE T4 e ap REeruity B rbﬁohq%ﬁcé#g%gée'@%%m orange of
vecton CABTBAOALGE 2HE lfefe an!nglggécfj €hnd! %]i" xg? Cs%lﬁgf Wag, virtually

vector titer, we construct t’he vec

undgtecialie dp ¢ M@@mm@tw llmalgasi (e 6t Hrég. maxmt@meﬂ fdﬁsplte bright,
uratil on e

th f
pan O A LB RSB0 bR sl ah B cautne lomp ssomet o

vect or

the stmmaé lamneauterbfaﬁé bsleds Qhﬁﬁlhse BE@ bbb Ew! Gvgfb%géﬂg&l po GFP

Wi |, L subj ect’ to degradation by mr-
eXPrEeﬁ}-@n ghgwn herpatppojetice llneag@wﬂstqfahaeemtgams elhgf 6b). i Qihese

resul$ c?e%%ﬁstr&t@eﬂ%gm@%dogeﬁmfse ahifl ?g% égoﬁh nlc}j’ and ro%ustly restricts

reduction I n GFP expressi on b
tranygene P@EKessioBARas hbRatbp6ithatingeeyAas and pLV. PGK. GFP and

pLV. PGKas. GFPas. CTEas. pol yAas, respectively. Thus
i ndi cating that inclusion of the mr-19aT sequence can

Finalty, @V@ﬁ&ahﬁ@/&gtg%gsﬁh %ﬂa(gﬁ‘ éﬁ_ﬁ%\é@ §<=Eﬁu‘faiaci Ev mﬁpgﬁ{etﬁg Egp%(éeﬁansfer

.unlike p
in imrpugpcompetsnt adwld Bett/o mics \We:tadmutlstéﬁd ﬁﬂ@%ﬁﬁdﬁﬂné hhits

(rORER o PSS Ol o8 ki 1, g S enee
undep Itlzes pdrerol R \th&@AsnifFframoted AL VA Eﬂﬁfqﬂl YERS Qefl Qﬁ)alyzed at

pr duc? a vector with | ower tlter
various fimes for expression of GFP, a strong neo-antigen(Stripecke et al., 1999), in the

spleen and liver. In LV.PGK.GFP-treated mice, GFP+ cells were detected at day 3,

but, consistent with our previous findings(Follenzi et al., 2004), by day 14 little or no
GFP+ cells were observed and vector content had declined to almost undetectable
levels (Fig. 7a). Clearance of GFP+ cells also occurred with LV.ALB.GFP, despite
expression being predominately confined to hepatocytes. Notably, however, off-target
expression from this vector was detected in the spleen, including within a small fraction
of hematopoietic cells, and may have had a role in the initiation of immune-mediated

vector clearance (Fig. 7d).
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t he pLV. PGK. GFP construct. Thus, our data denonstrates
that m RNA regul ation can be used to prevent

wexpreesson of a transgene during vector produlCT/mBR006/002266
wi t hout negatively affecti®g vector titer. Foll ow ng
in vitro characterization of our m RNA-regul ated LV in
human cells, we extended our studies to the nouse.
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{
hepBRERF Par 1Y 1R B eplaiim bt A REAO R SRR sty curine
normal hdneatepplieterceliftutnoeat ed animals. In nice receiving
the LV. PGK GFP vector there was a high frequency of
G-P+ spl enocytes (>5%, with strong |evels of

Des?if@ LRRALIIS GIAS ekﬁgés?cﬁ{]ﬁpth%%n}: f 3 @whgts{iezeéc(t A g ang- GPBY Kupffer

n conparison, less spl enocy
cell&\MP@s{V@;R’hl&% &d‘bbtscwat(ﬁﬂ’mnmﬂh]sﬁlmbms@?ﬁfheanﬂrgiﬁdlyzone
ftﬁ gw |tnt ensi téf | mmunohi st oahem anal ysj s ci
O PREBE T LB HIRE S Fe Vpt BefitECtef tishppappielclygpge cells.
Corlstes twigX HeUstistfled GRP telBreS8is)i W ldid ﬁ&eobsg%sﬁgmﬁcant CD8+
cel ' swere not of hematopoietic |lineage, as indicated
infiligation er fispwel Rathaddegysinghalivey (Figr 70he panl eukocyt e
mar ker CD45 (Fig. 5b), but were likely reticular
fibroblasts (Steiniger et al., 2003), part of the
As sUpghsrt dengorstratier oD thd tilitg pdfe@n. apphdagh @Bﬂ@ﬁ&ﬁlis&l@sloﬁg-tenn
novel aspect of this approach, in_which
transgene CXBIESHORAME BE QAo UEh wyoﬁystﬁmaf%ﬂafét%meet of gmendiilia B.
r Y
Herk %) BMIce el ETRUEAY DORGHR'(BE Slfihe PO RULE SB 8 have
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th | at 142- 3 tran ic.,mce
theyv\%rlgélrl ﬁg?(gf r% % frqv t1- {mmul%ty, F%Jpon the miroduction of FIX

antigens. To circumvent this problem, many groups, including our own, have

constructed hepatocyte-specific FIX expression vectors, in order to prevent gene
expression in APCs, and avoid the induction of anti-FIX immunity(Brown et al., 2004a;
Brown et al., 2004b; Follenzi et al., 2004; Mingozzi et al., 2003). However, as shown
in Figure 8, the hepatocyte-specific LV.ET.hFIX vector was unable to provide long-
term FIX expression in hemophilia B mice following intravenous administration. In
contrast, injection of the LV.ET.hFIX.142-3pT vector, which contained the mir-142-
3pT sequence in the 3°UTR of the FIX expression cassette, resulted in long-term FIX

expression, and restored clotting activity to >40% of normal levels.
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LV. PGK. GFP. 142-3pT vector. The peripheral blood of Fl

progeny carrying a range of vector G (from4 to 24)
wowerg/oased yzed, and GFP expressi on was Vi rt ual PgT/IB2006/002266

undetectable in all hemat ogdi etic |ineages (n=26; Fig.

6a). Moreover, despite bright, pan-cellular

fluorescence throughout the parenchyma of |iver, gut

and lung, as well as the stromal architecture of the
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geng teansfen gvas gossible] gt (aStsuclpevk prasideasome 0Dg@) {irst in sihedata of
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SETE NN O -
et 4, 2009UReinhavliePab ( BO00)E R olRbrveld miRROO43gulktiondRY be dxtremely

little or no GFP+ cells were observed and vector
effigignt ehit trangeerde 8lich o Wwedl asl miss tintiavgneustt adinistergdmgth LV, we

o B P DEP CTEEoAI0 s Bl i
142637 sewp@nécotong pRhogant etherd\aagapyto 09®BRad redifctioh df ahsgene

expr essi og@firom_thi s..vector was detected in the . .
CXPEQPOEN 11 PAPHE N lingages, | mof ehiget W (ppression in non-
h iQROlefti ¢ cells, and may have had a role in the
e%@ati oen of i mmune-nedi ated vector clearance (Fig.

7d).In contrast to our findings with LV. P&K. GFP and

LV. ALB. GFP, GFP+ h ocytes and endothelial cel.ls .
In G540 SRIRESE O G LB PIOY e patss Fisghs 4ps preventing
vec‘eoV-eRﬁ'és@PirﬂH@nﬁ@ﬂoiEﬁ@ﬁﬁe%ge QblEethad iRl dse ol iR BRPatic§te-specific

anal yzed (>120 days, Fig 7a,b). Mrphonetric analysis
albypiy premwdere hBhis weeshdikalyl occurred bosayse pegdransgniponak regulation

+ =1 d,. .l t Iy, > eguency.of .
can SEEhp e b0 et RRY 04 o pb Ol PR b dhisriion. andior
impeffett ratdngtititioh lofia tisowe-@etificrahornt  Thie whsnorHoniaydliey akin

14 they rapidly dimnished in . . L.
to one of the proposed natural functions of miRNA regulation, which is to prevent

translation of mRNAs that were transcribed in a previous cellular state or that arise due
to leaky transcription(Bartel and Chen, 2004; Farh et al., 2005). As such, incorporating
miRNA regulation into a vector can provide an important layer of control over
transgene expression, whether used with ubiquitous promoters or in conjunction with

tissue-specific transcription elements.

By using miRNA regulation to de-target transgene expression from hematopoietic
lineages, we were able to prevent immune-mediated vector clearance and enable stable

gene transfer, thereby overcoming one of the most significant barriers to clinical gene
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Each of the applications and patents mentioned in this document, and each document

cited or referenced in each of the above applications and patents, including during the
prosecution of each of the applications and patents (“application cited documents™) and
any manufacturer’s instructions or catalogues for any products cited or mentioned in
each of the applications and patents and in any of the application cited documents, are
hereby incorporated herein by reference. Furthermore, all documents cited in this text,
and all documents cited or referenced in documents cited in this text, and any
manufacturer’s instructions or catalogues for any products cited or mentioned in this

text, are hereby incorporated herein by reference.
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1. vecAogenkorectss doi GsegiNgdrietic @AGINBESHY BEMPAEIRHF iaSinfRINA sequence
m RNA sequence target and optionally a transgene. 2. A
target ang oRfWRRY 2 §gAsECNSi ng a m RNA sequence target. 3. A
gene vector according to claim2 conprising the genone
(RNA or DNA) of the viral vector, which genone
2. conpniimbsedidreomprsihgsaniRMasequengetarged. A gene vect or
according to any one of clainms 1 to 3 which conprises
nore than one m RNA sequence targets, which nay be the
3. SanR Rhe YetbLa&BEdin@ RS tIARR D! bnipishande g‘e&s}ﬁé PRNA or DNA) of
optionally in different orientations. 5. A gene vector
the yrgboyagtargwhish gagoros eoroprissh HemiRNAsequepoertargeti ng t he
genone of the viral vector, which genone conprises at
| east one transgene which is operably linked to the
4. m RANAecge geanccoigeio.and ondofelany €€s 8 fvhaciCedmtihrikgds hfdre than
any one of clainms 2 tqo 5 wherein the viral vector is
Onedmnyé [SPEenEtRrgets, dpuch may, ke the same ga differanty eptionally in tandem
] 4 o . claims 2 to 6 wherein the
and&s‘r(rbglﬁgi\}éelg,t 1%1:2111?@4?%}%5%&1{) ici)ér'm of a viral vector
particle. 8. A gene vector according to claiml in the
formof a non-viral gene vector. 9. A gene vectaqr
5. aochiEPAgeTer weaihe M e teims 3o A Forppritng tpegengie of
the GRAPNeSBS WHIcR XRIEDS| @MprRES 8 185t MeaaThdeddiviich is operably
. conprises the m RNA sequence target and optionally aI%
linked 4¢ thegniRNA sesaectand®t. A gene vector according to any
precedi ng claimwherein the m RNA sequence

6. A gene vector according to any one of claims 2 to 5 wherein the viral vector is

derivable from a lentivirus.

7. A gene vector according to any one of claims 2 to 6 wherein the viral vector is

in the form of a viral vector particle.
8. A gene vector according to claim 1 in the form of a non-viral gene vector.
9. A gene vector according to claim 8 wherein the non-viral gene vector comprises

an expression vector or plasmid which comprises the miRNA sequence target and

optionally at least one transgene.
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target is one targeted by has-mr-142as (also called

has-mr-142-3p) MRNA let-7a, mr-15a, mr-16,
WOorRe07000669, mr-19, mr-142-5p, mr-145 and/ or POT/IB2BAs002266

m RNA. 11. A set of DNA con%tructs for producing a

viral vector particle conprising a DNA construct

encodi ng a packagabl e viral vector genome conprising a

10. mi Rhgese q@sfémaccpah@to anyriRfeendingodlaint yharein thesylRRA seguence
b PR PR M o ShEmBREL 6L .

mircll5a] mirlls, hﬂf-@%’iphﬁfﬁ-lg}ﬁhf -14248¢, mivt ldisrind ®r ndis2V8 mARNA.

vect or partl cle. 13. A process according to claim12
wherein the host cell conprises a correspondi ng nm RNA

11. 14 Apﬁeil/ %Nxeg&n%gué@rf&%g}oﬁuah dijgﬁ‘"?l pé’ct&h Elgccﬁﬁﬁprgfng a

claim rrmcetlca corrp0|t on

DNew opiisitisich gndduing enlmckegabbir voel pestdi gbworae comprisiggt ® miRNA
any one of ¢cla 10 or 14. 16. A cell infected or

Seqyq ﬁ§%§&%te6‘14$\?ﬁt’r‘?nf‘]|]9éa éfeYector or particle of any one
of clains 1-10 or 14 17. A cell according to claim16
which is a hematopoietic, kidney, neuronal, |ung

12.1 i vAprocsss Beprepasiag &, vitaliMeatorgparéehd pymnns;mgtu@md@élng the set of

e of .the ctor.of a of. cl.ai ns
DN el o g i 5Pt s2f et o5 Rl Vo0t vt
according to claim15 conprising a transgene operably
linked to the mi RNA target sequence for preventing or
r edéiciPrFesk prceerdingn tof cleie 47 apdgisite tha gos,tema 1l praprises a

cor&gﬁm{dﬁﬁgel%lﬁ\lﬁpr respondi ng m RNA.

14, A viral vector particle produced by the process of claim 12 or 13.

15. A pharmaceutical composition comprising the gene vector or particle according

to any one of claims 1-10 or 14.

16. A cell infected or transduced with the gene vector or particle of any one of

claims 1-10 or 14.

17. A cell according to claim 16 which is a hematopoietic, kidney, neuronal, lung,

liver, spleen, heart, tumor or embryonic stem cell.

18.  Use of the vector of any one of claims 1-10, particle of claim 14 or a
pharmaceutical composition according to claim 15 comprising a transgene operably
linked to the miRNA target sequence for preventing or reducing expression of the

transgene in a cell which comprises a corresponding miRNA.



