PHARVACOLOG CALLY | NDUCED TRANSGENE ABLATI ON SYSTEM 1. | NTRODUCTI ON 5The
present invention relates to gene therapy systens designed for the delivery
of a therapeuntiieeg@soduct to a subject using replicati onPdefUseeliiwao2¢s r us
conposition(s) engineered with a built-in safety nechanismfor ablating the
t her apeutic gene product, either permanently or tenporarily, in response to
a pharmacol ogi cal agent - preferably an oral fornulation, e. apill. 10
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di sease. ppeases are caused by "defective"-genes that result in a
deficiency in an essential protein. One approach for correcting faulty gene
15expression is to insert a nornmal gene (transgene ) into a nonspecific

| ocation within the genone to replace a nonfunctional, or "defective,"”

di sease- cAUNTRPIYLREONene therapy can al so be used as a platformfor the

del 1vegy of o HRSHARAMNIAL RLEL D Bhe RN QB VAL SR, higeRses oo that

t he therapeutic uct 1S express ol ongBd péri o tinme,
el i m nat i ofp thtrepavte profient to epbrtt Wogiredicatidnekfactier vins keapisitioa@h | ed a vect or

must be used to . 20del i ver transgene.to the patient's target cells, the
most  conmBIPRFSEd St Bé%uﬁblné%fyr‘%ﬁ’gﬂsﬂ foﬁal%latb‘@etﬁe EWB?Wt'EﬁF'F;Pg%\‘f”Fter ed to carry
nor mal hugiger g mesentlor % 8SrahiRVia réspohse @sla pharicoRigicelizems Wretératig and
dellverlngﬁLhelr genes to_human cells in a pathogeni c manner and thus,

virus gen8 @“Eﬂﬁ“ﬁe&&aﬁPﬂulated to insert therapeutic genes. Stable
transggne expression can be achieved following in vivo delivery of

25vect ors based on adenovi ruses or adeno-associ ated viruses (AAVs) into non
di vi di ng 2eBASKGRQUND O DHEINNYABIIGNt ati on of stemcells transduced ex

vivo with integrating and.non-i.ntegrati vectors.,  .such as. .those based on
retroviruses a%&nel t‘éﬁ?}?yvlf'\m‘éeé@?c' Cté%]tog%gne 'F@aifglgld"%&mtgcg“sew er apy
because, #rpog oftrbgtingbeasngdiseAAWMnS diRaRabRREABE by "defecHRE Sem@thael icit a
del eteri ous innung_response, and AAV transgene expressiagn frequently

persi sts fOpit BRAehriengyin apessentiglprplem. Gine apRroachifprforpging fayly @aneshyam et al . |

Ain. 18 ceghtédion is6 Ynsert 4 hérhiaPEehe (Pddene MY 4 RorBp MR 1boariHPRRANGOPEd human
parvovirus that packages a |inhear strand of single stranded DNA genone t hat
is 4.7 kbgeemgdersplagea nerffenstipuh ob ydefertive tdisrase-ombipg genet Gene therapy can
also be used as a platform for the delivery of a therapeutic protein or RNA to treat various
diseases so that the therapeutic product is expressed for a prolonged period of time,
eliminating the need for repeat dosing. A carrier molecule called a vector must be used to
20 -~ deliver a transgene to the patient's target cells, the most common vector being a virus that has
been genetically altered to carry normal human genes. Viruses have evolved a way of
encapsulating and delivering their genes to human cells in a pathogenic manner and thus,
virus genomes can be manipulated to insert therapeutic genes.
Stable transgene expression can be achieved following in vive delivery of
25 vectors based on adenoviruses or adeno-associated viruses (AAVs) into non dividing cells,
and also by transplantation of stem cells transduced ex vivo with integrating and non-
integrating vectots, such as those based on retroviruses and lentiviruses. AAV vectors are
used for gene therapy because, among other reasons, AAV is nonpathogenic, it does not
elicit a deleterious immune response, and AAV transgene expression‘frequently persists for

30 years or the lifetime of the animal model (see Shyam ef al., Clin. Microbiol. Rev. 24(4):583-



presence of a hel per virus, either adenovirus or herpes virus. In the
absence of a hel per virus, AAV integrates into a specific point of the host
genonme (1SQ208/0688) at a high 5 frequency, maki ng AAV Prha/useéiy/osemdal i an
DNA virus known to be capable of site-specific integration. See, Kotin et
at., 1990, PNAS, 87: 2211-2215. However, reconbinant AAV, which does not
contain any viral genes and only a therapeutic gene, does not integrate
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451- 6) . Theerwdndérakital fpsdo0EoradirclRr, 20Ebmildathsiwich afre/\p:e&bﬁs&aﬁ: thd n t he
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transactl%ﬁA |n The addition (or in some cases renoval) of the drug
bi nd| ng

| eads to and hence transcriptional activation. In the second,
al | osteric conVirtklly &l Pfeﬁh@!é@@nwvl!waﬂ arplingsioes efiasas hFraprhavampeim of i nduced
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addi tion @keddet falaglohg sswhe kzedtfﬁlgﬂmﬁ@ermm‘ tioweckriroargsliasshthai aal | nducer of

di meri zation di meri zer t hese s are usef ene therapy
systefs t ﬁ‘a?“ag[@dﬁ B thepy 6’5‘%@’6?4 t&ﬁ%“e‘ﬁ‘é’“&?é} %fgtg‘s% IS8R é‘iﬁuﬁ&\ge&r’{gﬁap addr essed
the need t@daR WAt Beeh QeskHbed vfidh thit aREBREANGITH Yenadal T’ﬁrﬁlﬁld’ @me@a gHPr essi on
if it is no longer needed or if 30toxicity due to long-termd

adni ni st raf WWSEWG%@E corgrol @‘a\ﬂmmmdw’olwgmmmnmwm factomn@r%r@sent
I nvent | 0{‘ Isz% f‘ﬁd&cg %gﬁegﬁw@acﬁ%ﬁ 0B 1968 \CYReShif Cherh Bfo10RPbHVEDY Of a

t herapeutic pr duct to a usi ng réplicéation-defective Virus
conposi ti Gnl({sspengl Greepid B\mtedinnal b9ﬁ819l(5)m4§h-16éﬂ§nﬂ yerechia myseamsicar babl at i ng t he
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to a
by inducers such as tetracyclines, antiprogestins, or ecdysteroids is coupled to 2

transactivation domain. The addition (or in some cases removal) of the drug leads to DNA
binding and hence transcriptional activation. In the second, allosteric control is replaced
with the more general mechanism of induced proximity. DNA binding and activation

25  domains are expressed as separate polypeptides that are reconstituted into an active
transcription factor by addition of a bivalent small molecule, referred to as a chemical
inducer of dimerization or "dimerizer." While these systems are useful in gene therapy
systems that require inducing transgene expression, they have not addressed the need to be
able to turn off or permanently ablate transgene expression if it is no longer needed or if

30 toxicity due to long-term drug administration ensues.



oral fornulation, e.g., a pill. The invention is based, in part, on
the applicants' devel opnent of an integrated approach, referred to herein
as " Pl TA'WORharireso8! ogi cal | y | nduced Transgene Abl ati onpCTfuseolaob@is ng a
transgene or negatively regulating transgene expression. In this approach,
10replication-deficient viruses are used to deliver a transgene encoding a
t herapeutic product (an RNA or a protein) so that it is expressed in the
subj ect, i jrreversibly turned off by adm nistering
t he phar ngtz%w@wcgﬁtﬁgﬁhw‘é&ﬂbﬂ]e i nvention presents many advant ages
over systens iTheWdsed? iR%RIRSShe0end Mherapy HRLEE ASsIdred RRShd de¥igdry regul at ed
by a pharnacol ogi cal agent. | n such cases, the 15recipient nust take a

phar maceutfiachareneuticirodist o ssbiegusing eeplicationefeetie visermroRiEor(Eansgene
eXpr €5 € deryirerdlith b MR Srel sy a1 u?eflﬂergmﬁ?gen@mﬁ&@t ed with its
own toxicity. I'n one aspect, the invention provides a

repl i cat i othedtreatentheontempmardpripospansote aphatadsblegitalragens e pieferdblinem subj ect s
in which thlef Vi re%longenoma has been engineered to contain: (a) a first
transcri ptF oAU 4512 Bllcodes a therapeutic product in operative

associ ati on W THe igveR i@ BRe@lin pdton 8RMppIEdaktstdeNSEidnpbl linteGrated uni t
containing at |least one abplation recognition site, and (b) a second
transcri ptPEReh ssteredig fieren@s doid Aq fPhapnacolpgicalbelodvged Tragpgenh Abktiondeast one

abl ation feeOeHel (RRsgRhd & rePatRPSredulalife AERQ&HALhRBIN hhid aprosmL €7, Wwherein
transcription and/or ablation acCtivity is cControlled by a pharnacol ogi cal
agent 10 e. plicaiontidefisiany Wrusesae ussd tmdsllizer agraasgsos ensbding p Harapewtisipoeivet agent may
be rapanygi| ck.n .anal T | i £ y contain two
or nore d@l er’a[e(r)lltaa ‘%&?@Zy ost!'%é@ggxp? SSsed In&ﬁ%gﬁg&g@égc{ , q?ﬁééﬂﬁﬂ\?gﬁti on provides
a repl i cairreoarsiiyftentd of€ by admisisecngpihs ipharmacdaegidahideet. f or use i n human

subjects in which the viral geno conprises (a).,a first transcription unit
t hat encodes ahfel"l'EYe§ %‘h?rfi?"ﬁg'@ﬂ&g&vafﬁg%ﬁé(?raﬁy P _25'5‘%13@] Q‘PTBS?\OW\?fh_ a_pronot er
that cont fhelendgbs pésitRlyaBaulf&d B f phafhachlogioslGiidiIn Qichldds, th@nt ai ni ng an
abl ation recognition site; 30and a second transcription unit that encodes

an abll &t orecipidt nusiciakegy pheraceiicden Bhdyralaghtheitisne hershengeds Bpdmerepree
assoct atl aehriitdd) oHuRkiBBL Chay WREPloRg bR BRI AR RwAELON activity

is controlled by a pharmacadl ogi cal agent.” The first transcriptifon unit can
cont ai ns nore tnhoan aspect, the inventon pravideg airepliontiogidefectivihimue carhppsgienone

conprises ippe i NA0 S R BIHOR WhRE Akl Qo ?IE beRRbilidlRes «f A3RiRNe
abl ati on Fecognltl on site conprising a fir FODE AL TN cognlcfl on site and
a second @hhdirit @tnscaptivginit ttanebde awkdrapeutit grbducsinfopermiwadssbefatios vitkbl at i on
20 promoter that controls transcription, said unit containing at least one ablation recognition
site; and (b) a second transcription unit that encodes an ablator specific for the at least one
ablation recognition site in operative association with a promoter, wherein transcription
and/or ablation activity is controlled by a pharmacological agent, €.g., a dimerizer. For
example, one suitable pharmacologic agent may be rapamycin or a rapamycin analog. The
25 virus composition may contain two or more different virus stocks.
In one aspect, the invention provides a replication-defective virus composition
suitable for use in human subjects in which the viral genome comprises (a)  a first
transcription unit that encodes a therapeutic product in operative association with a promoter
that controls transcription, said first transcription unit containing an ablation recognition site;

30  and a second transcription unit that encodes an ablator specific for the ablation recognition

site in operative association with a promoter, wherein transcription and/or ablation activity is

3



5recognition site, said virus further conprising a first ablator specific
for the first ablation recognition site and a second abl ator specific for

t he secomioretiogrsoBi on site. I n one enbodi nent, tRETUS20130802p3 i ON,

bi oactivity and/or the DNA binding specificity of the ablator is controlled
by a regul atabl e system The regul atable system can be selected froma
tet-on/of T system a tetR-KRAB system a mfepristone (Rl .3486) regul atable

" Cqut at ar A G B A FEp SRS feah A SR Eee GBS Ban 1 one

enbodi mendne abligonabdoghition ki, HtleRAhEgenbin® Bdhrise gmOrRhan@e bblationg of : an
endonucl ease,, a reconbi nase, a neganucl ease, or a zinc f.li ngtgr_ endonucl ease
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and exci §e&oRfioRBednaS sV FRSticARechhinb e LifeQUHi i o hidTREUBBIoPT an
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or suppr esegsition sites baad vior ferther pammignctarfasiablatop spesifictferghd firssablatioanscri pti on
unit. in g peci fi Lyent . ris Cre and the ablation
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recogni tion silhend antbodimenk, nheattaneuripdon, iattivityhad/abtha DDA bisdiag gietifieity c
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TP e R sorerteg B Rrca et aemy THE R AEDE YT BB TEE Bhae f usod
to a bi Noge a GRIRIOHT s{BEm 2 HIRLER ABRMERGOh B B@he GUBIYE) repilalabibyseind) t he

virus conposition further conprises (ii) a ,second sequence encoding the
nucl ebse tleavifgalegedantiegyataitesyalpfohiipimyde- eeayable sysEmhi%anng domai n for

the fi rs%ﬁ%é%?é&%mﬁétﬂewﬂ wherein the first sequences (i) and the

second sequen are each i n operative association 25with at |east one
pronot er whi chineontmbddmentgheatditans sdieteddfom thiagroup comsisiing efhgyi neer ed
endonucl eanﬁe cgn be cont.ained within a si ngl§ bi cistronic otaﬁn e di ng
frame in THAMEERSAACPTNGEF PRFBAUITMST O 8 AP TIPSR Rleprledsoialiind Y it ner
conpri si ngplaioh rddks@iitidiedite@ethe st tr@ideriftioh unit Gt dxREd driblatehDNoefidesice (ii) has
an induci ble_pronoter. In another, K enbodi nent, the fusion rtners/fragments
of thb chintrsferiee BN HEkzme <% 3B AlfisPrsg Lhat 5@%%8&%@&5%% ithe E8bar at e

300pen r eadishiihibh BE Sr sUpPretRe nSERAdH PERL RNAAGs@ipt bR filst #dns@fRibgNCE and
t he second sequence are under the control of a constitutive pronoter and

t he abl at vt insorisispeeefia apznodiney therpdlatar isEre ghdithmablaliaigeegnitign sife is 1oxP, The
codi ng se of & . I rise a nuclear |ocalization
signal | og‘gﬁ‘g@ﬁ%& I(EJIr:ngncﬁgL %@EOQEF%F%PB%QElsr'lg]gg'gquence. 5 n one enbodi nent,
t he DNA bi ndi nip adembbdimiest, $he hatoed afchioreric kegigrecdpndonslesst ) wigrod the zi nc

finge hel i x-turn-helix,. a Box, Stat protejn 3, .helix-1ogp-helix,
Wi nIeB i o PR GokPHE (i P e et SomPiheONA e AR o hnd 2
homeodomakddonuclease fubddl t6 b iblnding ek foreiAedihaBidcolokibS gAY She@fahé S
selected fromthe group consisti ag of a type Il restriction endonucl ease,

an i nt r onvigteempesiéascthes semerises (18 2 spcond pgugnie encoding the nuclease cleavage
domain of the endonuclease fused to a binding domain for the first pharmacological agent,

wherein the first sequences (i) and the second sequence (ii) are each in operative association
25  with at least one promoter which controls expression thereof. The chimeric engineered
endonuclease can be contained within a single bicistronic open reading frame in the second
transcription unit, said transcription unit further comprising a linker between (i) and (ii).
Optionally, the sequence (if) has an inducible promoter. In another embodiment, the fusicn
partners/fragments of the chimeric engineered endonuclease are contained within separate

30  open reading frames. In one embodiment, each of the first sequence and the second



10r econbi nases. I n one specific enbodinment, the ablator is a chineric Fokl
enzyne. In yet another enbodinent, in a replication-defective virus
conposi t iwo 20f1/2b8®8i nventi on, the viral genorne further PCOMSeéIgM302a3t hi rd
and a fourth transcription unit, each encoding a dinerizable domain of a
transcription factor that regulates an inducible pronoter for the abl ator,
in which; (c) the third transcription unit encodes the DNA bi ndi ng donmain
of 15thetranscr|pt|o factor, fused to a bindi mai n_for
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oD et On C9h SRl e dnfidafiRnlln 4 RBICAUPBARe L difipBliorforhe  adenOY! TS,
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product isventiomnbd hmblgemme émﬁebcmhwrfscmhimand dfatrtneanserition esnt Ielaah
i nf ectl VI t soI 1lilbl e (’%ul ar dot hel.
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transcrlptlon unit and the secon transcrlggrl.on unit are in a first viral
st ock anddarppan ef thedwnseriprion fictas fused tocdriplingdasnain e Bs dharareegied) agent in I'n

one e”b.odwme asf%?&@fam@gf%m nq&astfﬁé%s@f) %r%??c\)lﬂ?%ﬁhE%coﬁtpd Second

transcri ption uni agi ng si genone,
whi ch: ( apromofet bﬁ(ti) :hre afdspmﬂmtiyaateucd frorh laabnsenmwmnmtet et apadicibde pr oduct in

RN R RTINS TR AT N
and (b) apmaeeRfhnl iR Hefhdblogidalagid: it \BineRE dEEmafized Healomhins peBEf i ¢ for
the at transcription factor. In still a further embodiment, one of the first promoter and the second

promoters is an inducible promoter. The the third and fourth transcription units can be a

bicistronic unit containing an IRES or furin-2A.

25 In one embodiment, the pharmacological agent is rapamycin or a rapalog.
In one embodiment, the virus is an AAV. Such an AAV may be selected from

among, e.g., AAV1, AAV6, AAV7, AAVS, AAV9 and rh10. Still other viruses may be used

to generate the DNA constructs and replication-defective viruses of the invention including,

e.2., adenovirus, herpes simplex viruses, and the like.

30 In one embodiment, the therapeutic product is an antibody or antibody fragment that

neutralizes HIV infectivity, soluble vascular endothelial growth factor receptor-1 (sFlt-1),
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| east one ablation recognition site in operative association with a
pronoter that induces transcription in response to a pharnacol ogi cal agent.
The packayDregiigizegeal s fl anki ng the transcription units may/useoian3eeAy/ 5'
inverted termnal repeats (ITR) and a AAV 3' ITR 15 Optionally, the AAV

| TRs are AAV2, or AAV1, AAV6, AAV7, AAV8, AAV9 or rhl0 ITRs. In one

enbodi nent, the first transcription unit is flanked by AAV1TRs, and the
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ef fective _amoun replication-de e Viru ti

descrldedO PF&“@HXH the; %WT%W&? ﬁé‘\ph%"r%gtlrt“’“%{’ér%‘dét ‘iﬁg’%m@b Oﬁq'ﬁp ke growth

factor orifepgt Qfé}éhﬁ)o&iﬁgm hmefﬁ?&ErQﬁscrlﬁldﬁQ&h%dnﬁed)J}OMdQ@Ri Qhd theeating a

central nervous systemdi sorder in a human _\J , _conprising
admi ni st esecony, Elmrdefld fourth rensarpiontuniss are ﬂenkeébyﬁéé/ﬂ - @@t-wﬁlv\xbe virus

oo iR P R R e spect L prodiet T
human subj ect, IanHBrlhbdeﬁ@t, the therapeutic product is an antibody or antibody fragment that
20  neutralizes HIV infectivity, soluble vascular endothelial growth factor receptor-1 (sFlt-1),
Factor VIII, Factor IX, insulin like growth factor (IGF), hepatocyte growth factor (HGF),
heme oxygenase-1 (HO-1), or nerve growth factor (NGF).

In one embodiment, the promoter that controls transcription of the therapeutic

product is a constitutive promoter, a tissue-specific promoter, a cell-specific promoter, an
25  inducible promoter, or a promoter responsive to physiologic cues.

A method is described for treating age-related macular degeneration in a human
subject, comprising administering an effective amount of the replication-defective virus
composition as described herein, in which the therapeutic product is a VEGF antagonist.

A method is provided for treating hemophilia A in a human subject, comprising

30 administering an effective amount of the replication-defective virus composition as described

herein, in which the therapeutic product is Factor VIIL
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adm ni stering an effective anmount of the replication-defective virus
conposition as described herein in which the therapeutic product is a

neut r al i 2aWogoarn2edwedy agai nst Hi V. A repli caPcorusdefimsizive virus
is provided herein for use in controlling delivery of the 15transgene
product. The product may be selected fromthe group consisting of a VEGF
ant agoni st, Factor | X, Factor VIII, insulin |like growh factor, hepatocyte

growth factor, nerve growh_factor, and. eutralizi ant i body agai nst
) N iomebis oot ot et iaeRarti BT et B Re: | cas
repli cat is@miriedriglah bfedtive lifiowtt oRhENPlieADEHEMELve Frudéomposiaih elegirbed The
genetically_ engineered cell may be 20selected froma plant, bacterial or

non- humarettihiterhighthe dierapeutic produgt ifagisd™i s provi ded” for det erni ning when
to_admi ni ster . phal MAGAKRAGAHadNeBheckRte iAbk MG 1RSI ABRML 1 C product to

a subject who recelv e replication-defective virus as provided herein
cont aiSni rgmarisimeadapeigtering o afftctite amotntad thebeplication-dedaspyd wiwsgemposilondet ect i ng

i f . t het L] t ey i ned f th
pari ont . Aot aat BRED I RFUE ratdhele Wl e 3R B0 D ceance of

t he t her gpatbdyte @owdfadorl N sai d subject, wherein detection of a side effect
associated with the presence of the therapeutic product jn said subject

i ndi cates a ndedeihd BPRvidediureeing HIFArHLEBPEGYRED dEgulst nedWman nduces

expr essi afiniafs, {daGridink 3iBiistering an effectife ARSAPEE thSrepliMbiedediQE viggt er m ni ng
when to adm ni stér a phar ITB.CO%OQI cal agent 30for ablating a therapeutic

produldt taompositidsj asdesopibies hessiniin wich the thespeptierrpdist Baree grondh fictops
conposition as ! hare] } § [Mosgs]s =Eand an

bl Bt or . corpr’ TG I ERIGITE MR el ARG btfecE oM 0,

toxicity misdnisterdigh effettivetameumproé demepdicatfontdeectivrerinp eurnpasition ogldeseriied a
tissue s l.e. obt.ai neqd fromsaid subject.. .wherein the | | of said marker
reflecti ﬁge?“t%!a 1t ttﬂ? ﬂﬁfae?ﬁ'{m&”%{ﬁjl té%ah?ugrag@ﬁg thg?@rag@ﬁg }ﬁﬁr macol ogi cal

agent that i ndyeggcaspdensivenirad ispheidbhatarfor BT hesatroihhodiseryay theur t her
conprise determ ning the presence of DNA en%odi ng the t hefr %i C gene
produtt, Fransgermarodidndbe pratiuct piay bt ¥elestd SPEHhp BIOR FAPSISHnEC sanpl e from
the subj eﬁltta}g%h'igé PRSI, Edded: VERLIARNR 0L gﬂaw&mﬁeb BEPTRE A QiwaR acRE9BIve t haL

i nduces expression o e ablator, wherein the presence of the DNA encoding
t he t her agrewth factgre aml preottalizing antibodRMgaingt&W¥cri pt, or its encoded protein

i ndi cates a need for 10r A BN LA é 0 l.cal agent
t hat i nduces e‘g Flgg'gal]%r? "of getgﬁcgéegtﬁ{lgt%r. hith < E&iaﬁg@%??%n&e?%'#ltg er
provi des dinrsephDNK camstnebe imdvideal herain Thagerdesatly iehgoeeharceil maybe use in

venéd onsresgigs HagcEEREer PO BT HBEPER e comprising &
, nprising a
replication- dehegdtiodss Molided PF dderMing RRGEtH ahinaser d phsiabdskiki@s@hn. Such a
cel for ablating a therapeutic product to a subject who received the replication-defective virus as
provided herein containing a therapeutic product and an ablator, comprising: ( a) detecting
expression of the therapeutic product in a tissue sample obtained from the patient, and (b)
25  detecting a side effect associated with the presence of the therapeutic product in said subject,
wherein detection of a side effect associated with the presence of the therapeutic product in
said subject indicates a need to administer the pharmacological agent that induces expression
of the ablator.
A method is provided for determining when to administer a pharmacological agent
30  for ablating a therapeutic product to a subject who received the replication-defective virus

composition as described herein encoding a therapeutic product and an ablator, comprising:
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15may be a plant,' yeast, fungal, insect, bacterial, non-human mammal i an
cells, or a human cell. In yet a further enbodi nent, the invention provides
a met hod wb 2datfiesso8ni ng when to adm ni ster a phar nacol ogctalS2@agami21s or

abl ating a therapeutic product to a subject who received the
replication-defective virus as described herein encoding a therapeutic
product and an abl ator, conprising: (a) detecting expression of the

t herapeut ¢ praoduct i t.i ssue 20sanpl e .obt ai n f.romthe patient, and (b)
ot ect s ngegeSiedie B ofs Bottebil pateinSeRe Brabd b B PPt peut | ¢
product itRersutc srodjceinta tiswlieapl obained froMnRaidfsuldedt. virredf hetdhvelagsalgi at ed with
the presence of the therapeutic product .i.n said subject indicates a need to

admi ni st anarkesetlopiietarpinogicars anpsthic admnisteribg phagmacpgicalseen thit t he

abl at or. ihéhcéééxh}esﬁoﬁ&Ftlﬁe'%'iatcﬁﬁb()di ment, the invention provides a nmethod of
determ ni ng when to adm ni ster a pharnmacol ogi cal agent 25 for ablating a

t her afeut i ¢ prihdseanethasls may ddstheceonyinise daserainiegithe hessanepdfiRMAi on- def ect i ve
virus co it descr | h i j ] uct and an
i s L

t oxi ci ty samplediont td satjdchsiblguat estesaarend fvith He phiveraagiegitdl agant thauct in a

ti ssue sanpl e obtai.ne r sai subj ect, wherein.the lLevel of said narker
ref | ecti B HBRTEIEYHON d\t‘ecag’ﬁgé%r ‘égfﬁ“é‘B Q%ESSWO?EF@@A FrP?Bd‘Bﬁanacol ogi cal
agent t hahergd Qe e Srodx@l B 8 raffeript) 6r i&thadded protein indicatéd Hed &yReCt s and
advant ages of the invention will be readily apparent fromthe foll ow ng

Det ai 10ed Epstianens with therrharmagolesical ogent fhat indises expression ofitheatdaien owi ng terms
Wil have the hRoheadhufiia Blitcs 2 pitdion HEREN? v(('rf? R delABSLHekdh bpN uNi t.
Transgene unit”™ refers to tF1 t conprises Is) a DNA sequence that
encodes aust iraemmyellisg d{lRpryanf thelitansgenmprodusogni ti on site (ARS) cont ai ned
within or fl arik t he téians uence t hat

in gene; and (3). a pronpter se

regul at es expr 8@5‘%5‘?{ 68]'1)0 R&M ﬁg%argthog .p(rm,&joels gtgfngﬁcarngce B%JH? t ?docr? site" or "
ARS" 1 ef edotnpiiging a ficaRg e etvitat o dlDNaaOnd@ctle dee gl hefth. Byich hellabl at or
t hat abl ates or excises_ the transgene fromthe tr ar?_sgene unit; or (2)
encodbs aMAaPR HRIPBY CP%chWit"i‘SSﬁ» bacisrigle prshHERan Mapglia ﬂ&“sa‘i‘"iacg‘r"lmra%% nition
RNA sequence” ghet ARRRr ehBb@find e HveMih pPRANS A GRIHDRE ddidmiRiOIRnAEd by the
abl ator that abl'ates the transcription product of the transgene or
t ransl at i aimipistej 2 phapmagalogical agent for ablating a therapeutic product to a subject who

received the replication-defective virus as described herein encoding a therapeutic product

and an ablator, comprising: (a) detecting expression of the therapeutic product in a tissue

20 sample obtained from the patient, and (b) detecting a side effect associated with the presence

of the therapeutic product in said subject, wherein detection of a side effect associated with

the presence of the therapeutic product in said subject indicates a need to administer the

pharmacological agent that induces expression of the ablator. In still a further embodiment,

the invention provides a method of determining when to administer a pharmacological agent

25  for ablating a therapeutic product to a subject who received the replication-defective virus

composition as described herein encoding a therapeutic product and an ablator, comprising:

detecting the leve] of a biochemical marker of toxicity associated with the presence of the

therapeutic product in a tissue sample obtained from said subject, wherein the level of said

marker reflecting toxicity indicates a need to administer the pharmacological agent that

30  induces expression of the ablator.



15" Abl ator"” refers to any gene product, e.g., translational or
transcriptional product, that specifically recognizes/binds to either (a)
t he ARS oWotha/tssRsgene unit and cl eaves or exci ses thecrnsesgese]s or (b)
the ARRS of the transcribed transgene unit and cl eaves or prevents
translation of the nRNA transcript. "Ablation unit" refers to a DNA that
conprises (1) a DNA sequence that 20encodes an Ablator; and (2) a pronoter
sequence that ontrols ri zabl e

transcription® E?é’“s(al‘l%)aatrﬁ%‘?%eo Jﬁ‘t ‘t‘“e“F‘S‘P gl‘L r83(i‘1i)ap‘é“m°‘§‘f%ence t hat

encodes fdRwilyDdiiRdiDegeripeioMmbMthOfmventibh. fused to the di merizer binding
domai n (DNA bi ndi ng domain fusion protein) controlled by a pronoter; and

(2) a DNA sequence that encodes the activation donmain of a TF fused to the

di merizer bi nst'sttged%éftﬂngte%ttmtgeéatgmﬂommdtc%u%amgt ein) controlled by
a pronoter. In one enb ment, each unit of the dineriza,ble domain is

contrdlled by"ldmtfcrn%tSltoltmmerl]ptromrmtter and the unit is utilized for control

of the pronmot Q-E aIls%E:ne.;[ur}l U %? DNﬁl %a% &%[Sljis\éE Iya D?\%\%p&ﬁengp{hgt of the

pronoters may nerizabl e fusion
protein ¢addes 4 inegeBe(Q) a(nJa)blmoﬂ rd‘csgmtimd/ktts ptR®Srostainbdivitkinoofleking tOuni t |

subunit or fragne of a ote| n abl ator) fused to a
di neri zerrapieRes 'gcpéb?rﬁtomo aeq("?)ce Blﬁtﬁsﬁ(ﬁff g%ﬁﬁéﬁ%@“@%ﬁ encodes a unit,
subuni t or fragﬂ'ﬁﬁ'@m@éogﬂnwﬁ%@é‘%lrNAR’S"IQMMGB,DWk@K]eM%t@X&ﬁﬁ&SEd and if
requi red, activated, conbine to forma fusion protein. This "D nerizable

fusi dR presoanired fryithe ablatgr thas ablaies prexgisesdhe wansgany 51’99'1 by ransePe$BIS T i ncl udi ng
to acti V%%) enﬁoc@g leﬁ tré)cr E&]%\gh% encel( QRRrSﬁVI de DNA specificity, to

activate meric a ringrng together the binding domain and the
catal yti c dondidblatién mcognmopmmuawdem"mst' redars pemRNA bagwencani t s (1) and

(2) may be .i.n a sin n readi frame separat swtablellnker
(e.qg., aﬁﬁa}tﬁégcoéplzficgbystgF ﬁgﬁ?%tgéi%%%ﬁ}%ﬁ@flmm ltchgfyt%on Po1 - 8F singl e
pronot er traflatiBRef RemRNASepar at e open readi ng frarres under the control of

i ndependent prompters. Fromthe fol |l ow n @t ai ed descrl ti on, it wll be
apparlent t hat "Abasr @fegst@ﬁn&g%m floh§: PRAPTRUYI! i nduci bl e

Pronot er S, hR¥t, mﬁ%élhbeﬁl@d&do ibdiBitddo LiEOEPORARISOS ﬂ‘fe tﬁahég‘énéhﬁﬂlltand dependi ng
upon the use to ic his fusion protein unit is (e.g., for expression

of an abldgayes)or exeises s teansestl; o h) thetARR Tofae franaeribed frereg@it upiterdi n unit
cont ai ns tli)&l@ gg%gﬁnﬂ ‘? zinc finger notifs, honeo
domai n derﬁ%égrgog hgf%@é s g’ltns BS, hel i x- 1 oop- hel i x, w nged
hel i x-tur n-hel 'Wb]atlbleumt"nefersitqanN,A thed dorptises nl)hé)h/k ,seqmi:ntge!dit hel i x, PQU
domai [1s, DNA bi ng _do ns of 15re res ors E)NA ﬂ ns of
oncogehescSAEs A% M;&F c?lPr“?rP?‘F@r R0l %t Qg ?ﬁpﬁﬂswr}gf” g\% pr ot ei ns
that recogni Ze'mﬁe@ﬁse tfAdcFiftion f&t@iﬁ(rrpyatrmalﬁ efiergeds @ @) goMpound or ot her
noi ety that can bind heterodinerizable

sequence that encodes the DNA binding domain of a TF fused to the dimerizer binding

domain (DNA binding domain fusion protein) controlled by a promoter; and (2)

a DNA sequence that encodes the activation domain of a TF fused to the dimerizer binding

25  domain (activation domain fusion protein) controlled by a promoter. In one embodiment,

each unit of the dimerizable domain is controlled by a constitutive promoter and the unit is

utilized for control of the promoter for the ablator. Alternatively, one or more of the

promoters may be an inducible promoter.

A “Dimerizable fusion protein unit” refers to (1) a first DNA sequence that encodes a

30  unit, subunit or fragment of a protein or enzyme (e.g., an ablator) fused to a dimerizer

binding domain and (2) a second DNA sequence that encodes a unit, subunit or fragment of a
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bi ndi ng domai ns of the TF domain fusion proteins or dinerizable fusion

proteins and i nduce di meri zation or oligonerization of the fusion
prot ei ns.wOypicabdog, the dinerizer is delivered 20to a ®abjusea11a302a3
phar maceuti cal conposition. "Side effect” refers to an undesirable

secondary effect which occurs in a patient in addition to the desired
therapeutic effect of a transgene product that was delivered to a patient

via adm nistration of a replicatio ective vir corrp05|t|on of the
i nvent i oRTOIRELPVEREERcheE KRG mduireqwe % wlw%?ds gepbpr oo ers to a
syntheti Gug@in Jﬁétunf Thisahima G610 NRioh PRitéth nhmgn@ ez fol MHleBSIr Packaged in
replication-deficient virus particles; i.e., ‘particles that "can infect
target c@Mpesasuncludinhiotactiatrct premotst fgg@hqylblﬂor,.t@n@wdqf@é\lﬁameplﬁplgi,gg genone of

t he viral 10 r red to
replicat gazlﬁﬁe Jérg%%:db@g)&lbgg&ggﬁe[ngﬁreght E@ gutrr:?rl 'ﬁtdgllqlg]?]ng only
the t rSanSJgermodJIcealdtmdaHansgdnanlfhde bmts(h)aarsll(@)'ra:h)sberleqlsmgbdrpéma(hng)l i fication
and packagi ng of 't eartlfl i,al ore, sde med safe for
use in 93‘% e%FP@Faé Y Htible é"ﬁh {@ag( g BERgﬁér E%fezfr‘?eagmgt?rmf)mo‘ﬂ]g ’S/t Virions
cannot 0GGhtfol ei(ﬁﬁg]é pﬂofhotela CofhiBARNE Sepaiatctdpen wadial fronei@er theguiroled f or
replication. "Virus stocks" or "stocks ofds%g(gl i.cation-defective virus"

refers tdndepengentpeRmaisrs: s the,follewing detaile PPt Wiglibs ppRagsTE hatd ¢ genome
(in other, H&%g{%on?mﬂﬂgﬁ’sgﬁ@@l%lﬁm% oGh@RMie ﬁ@ﬂweﬁtrﬁ@rﬁe utiifed g MR 1 C

engi neered ablator” or a "chineric enzyne rovi ded when a sequence
encodi®ng campeneatsyf this whitnddpandifg epon Mmeds@safuﬂummmemu@éds pu (&&-bi ndi ng

o " AT BpREMENSE BRGPY 2oLt BRIy bBEARGOIUC ease
used to omal n ‘are coO-expr esse ric engineered enzyme
s a di rmcrontamb@hml\mndungdmmnmm msludeay ghemséhgarm&nﬁfs‘ hanecedonragn  f or

o ot o1 s e, HNAGTE G5 S KT i R £ AN R o Wigpt e i R "7 STAT

leucine zipper, helix-turn-helix, winged helix, POU domams, DNA binding domains of

15 repressors, DNA binding domains of oncogenes and naturally occurring sequence-specific
DNA binding proteins that recognize >6 base pairs.

"Dimerizer" refers to a compound or other moiety that can bind heterodimerizable
binding domains of the TF domain fusion proteins or dimerizable fusion proteins and induce
dimerization or oligomerization of the fusion proteins. Typically, the dimerizer is delivered

20 to a subject as a pharmaceutical composition.

"Side effect” refers to an undesirable secondary effect which occurs in a patient
in addition to the desired therapeutic effect of a transgene product that was delivered to a
patient via administration of a replication-defective virus composition of the invention.

"Replication-defective virus" or "viral vector” refers to a synthetic or artificial

25 genome containing a gene of interest packaged in replication-deficient virus particles; /.e.,
particles that can infect target cells but cannot generate progeny virions, The artificial
genome of the viral vector does not include genes encoding the enzymes required to
replicate (the genome can be engineered to be "gutless" - containing only the transgene of
interest flanked by the signals required for amplification and packaging of the artificial

30 genome). Therefore, it is deemed safe for use in gene therapy since replication and

infection by progeny virions cannot occur except in the presence of the viral enzyme
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| euci ne zi pper, helix-turn-helix, w nged helix, POU domains, DNA binding
domai ns of repressors, DNA binding domai ns of oneogenes and naturally
occurri ngveequenessspeci fi ¢ DNA bi ndi ng proteins that recogrseae/os@ibase
pairs. [US 5,436,150, issued July 25, 1995]. Wien a heterodiner is formned,
t he bi ndi ng domai ns are specific for a phannacol ogi c agent 15that induces
dinerization in order to provide the desired enzymatic bioactivity, DNA
bi ndi ng si)eci | Ci t}(, .and/or transcription of the ablator. Typically, an
enzyme i SUEPLOE BEANPRh has dual dommins, i.e., a catalytic domain and a
DNA bi ndi ng deymidstodRé"ch *abdks bEREIdaMom8HaIRE kRus” kdter@ REVIRIRQEENt , a type
Il restriction endonuclease is selected. In one enbodinment, a chineric
endonuel &épackagedbsssapg agifisiyamthstic senomsdinrnther wards. ahomoggnepherztmahct i onal
domai ns, py;ﬂj gtpm)a}re i ndependent of ATP hydrolysis. Useful nucleases include
type S'e Aonucl eases such as Fokl, or an endonucl ease such as Nae I.
Anot hér sui t all ‘shigredio angihessdabhty” tra “shinscit enkymed impaevided whet por t

endonuel eases, such as ad-Teyl . Still other suitable nucleases

el ude, Sagiee cfotihgdaBife gl Y yrombbisl 8 Ry e B PHE TR o e
(cat al yzeand ecau&icsaidodin a DINA biniding doteiambthaasdmucledy aistdwadindngg. G n)
(catalyze inversion), 25resolvases, (e.g., Tn3), and nucleases_that

cat al yze dpmaliSraespisased, Sagshimensneinaered enzyme isgedigen he Hé}ﬂ%ti on or
eXChange-doHQ‘lW@HﬁD%B\e Qidaely R AR CToR BGERS 85 ¢ ﬁﬁ%{)‘gﬁd SRér@omesiomath 4. BRI EF
DESCRI PTI ON CF W NGS Figs. 1A-1D. npari son of transfection
agentl§ f anotifsp VG bpo deroainsy STHTarueing B3 akedixtleppthebix cvingadrhelixrbih-belix, Fi gs
1A-1B: 6 I . RE c . asfected with
t hree pl allé{s'"v"%rr!"3s?l%%J %Iaﬁeﬁ% ngé&leﬁg’evgggetd\oﬂf B’Séﬁ%@iﬁ/@wﬁ Zbﬁwnﬁagf)s genes, and
adenovi r ugpressbp dDNA bindingaiomains eS@eogdnvednd)natusdlipgpeaading wqocpbogptiite (Fi g.

I|A) or p hyl eni m.ne. (PEl) (Fi 1B). a e.lransfect. r nt. DNase
o5 ot anOVAbiegE et shokuy (e Phs RS Pk g 2s, i Re

product i owhenlh hetérddifRe isUsinRtl, th2bii@Mp SorRMEd drk sgesitie ¢ér agihaeicslogagint f i ed by
gPCR._ Figs. .1C and 1D: /10 | ayer Corning cell stacks  containing [-1E1( 293
cel | d3verthatindquegsalimerizatigndp Oeder proyddathe deseed epzpnaisienctvipEPYA biedingr ~ pE|
10(Fi g. : Chiafhe ! 16 t L : cells was
determ nisﬁécﬁ%ﬁzﬂ@ﬂ%;ﬁ?%g l\e@%%th%b a{brr?ﬁ”d%'ew?# eﬁ%@ﬁ%%@%@y hellﬂggrs el ease of
di f f er entdugledontaysoise., faghlabywic dgm#Eand 2 BN ndingdpnian which preegsdilze or absence
of 500 mM sal.t. 15 cm pl ate f K.293 cells e.triple.transfected using
e and DRAHT L BaE BTN e TiosPiocigofulthisty Moafiec o

embodiment, a chimeric endonuclease is designed based on an endonuclease having two

20  functional domains, which are independent of ATP hydrolysis. Useful nucleases include type
I1 8§ endonucleases such as Fokl, or an endonuclease such as Nae I. Another suitable
endonuclease may be selected from among intron endonucleases, such as e.g., I-TevI. Still
other suitable nucleases include, e.g., integrases (catalyze integration), serine recombinases
(catalyze recombination), tyrosine recombinases, invertases (e.g. Gin) (catalyze inversion),

25 resolvases, (e.g., Tn3), and nucleases that catalyze translocation, resolution , insertion,

deletion, degradation or exchange. However, other suitable nucleases may be selected.

30
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15 genes indicated. 5 days post-transfection, culture nediumand cells were
harvested either with or w thout exposure to 0.5 Msalt and the DNase

resi st antwoeotionéggenone copi es (GC) quantified. GC prodecedspan/oseld are
represented with the percentage of vector found in the supernatant

i ndi cat ed above each bar. Figs. 3A-3B. Large scal e iodixanol gradient-based
purification of rAAV7 20 vector from concentrated production culture

super nat gn i X romcell stack culture nmedi um was
concentr tgg‘]gﬁmpiiéﬁ\%ﬁ%%%{bé gradients and fractions harvested
from the bottommfs, | RaD WehafilAGt traiifdclion A%&ﬂﬂs’f@ﬁﬂh\ﬁ%&du&ﬁvi%ﬁd moni t or ed

at 340 nm and genone copy nunbers for each fraction was obtained by gPCR
Fi g. 3B: releage thhocutigreghedams hFigy bt Bof wak laten aciesetied yitB BEEKPM3Rend prot ei ns

visualiz j ) 0 a2V = i dati | of,: = nol ecul ar

wei ght éﬁiﬁé@sﬁ%é%&ré&' pgﬁnﬁg’spé%@é%tge Wﬁ%ﬁéﬁ%&%&%ﬁy 7i ‘Wi cated. The
pure AAVgerestand agmakirushelpadiusaioes] réspectihay Wsingealooon mosjhhe (BESPAEE gel . Fi g.
4. Purity of.large s I oduct.i on | ots, x 1010 f large scal e
Ve ana PRGBS PED Lk YRR e Hairee P et BN e s e R o o e s
wer e 30Vicepied (GI Preddht Syqlldysaebindsth@pridtigGion Aliturddhédigrh At oades poet € quanti fi ed

and the percent purity of the capsid (VP1l, VP2 and VP3 proteins indicated
over t ot #anghicsiprivase anardified br aPER efigad & and A8 hlaxgy Gosningeallfiackiel . The purity

of the | LAGnHEHEK I ENVRER tﬁ;ﬁ?ﬁ%{sﬁe@[)tg)tﬁg% Both BRI ph§ﬁfght@t(ﬁg.%)% fgj ent

purified AAV9 vector. Figs. 5 m nat i on "of y-to-full particle
rati a8 i fFigarenaiocals end yealsd Gihid theAnlrgre pupsthatant ond cklit was dergioed T4l e r AAVS

and rAAV% h/re?atte(%r preparations 5were negatively stained with uranyl acetate
and exanihed W th a transnission electron ni croscope. Fig. S5Ais pilot run

1. Fig. 5B is piFigire2uRroducthiity andbielebs didifferent seotPpes FolpwiPHIS pil ot run 10.

Fig. 5Eis pilot run 11. Fig. 5F i ilat r 12.. E tficles are
di st i nguit@AdEFIBALEEC BT SPREOAPERIET %ﬁ?—oﬁéﬂ@éﬂ"hgﬁﬁé}ﬂ%ﬁggw Pglares by
arrows. Thele fradsiRte@lusiREPEYadd DN A kdixdd3 3bAthifiing Sndd¥dnd HEifeRAELAVAGR:PT enmpty
particles are shown below the i nmages. Flg. 50 is the small scal e AAVS

> S : 10 :

vect dP preepesiindisaipded days Rosetransiryon, eulfugrm and lpwere harvested eithpiys . 6A -
6G Rel atj.ye tr i f VB th . rS.i it ro.
Fi gure 6%—”%‘: rHéﬁgg%gﬁ%sg&Pg @v?/el\?éﬁtl%fj ecte ,%Fﬁ&g Fﬁ%yg)éggﬁvh\? tcﬁp ]rgg,&(g(;-)e(}:P
vect or | apuantpreddG€guiodugedmt bell e ppreaendedswitt the paradntagpoboes ésindin thn MO of 1
x 104 GO/ ceel IatinrtL t I]ne egg Sence of adenovirus. GFP transgene expression was
phot ogr apSH%crln at H’g R . H gbfl‘F'e 1560: eGFP fluorescence intensity was
quantified direcFigy 3Ar3IBN Ldege @hlgidddtanblpgibsit-Bysed pirficatidi oforAANT product of
brightness |eyels and pixels qver background | evels. Figs. 7A- 7G
Li verf% r d’ﬁ%‘&ﬁ%‘?‘?’ SANSSPLrgt AV uehen ?“RAV@“P%?%“SS &g gAp‘E‘%ﬂYﬂ: Y5 fogy ‘?ﬁ Figs. 7A
- 7F Co7Blek Bulfllr& Rediai yas DbiREARRLd anll sepialdd oh iddiRdlerideri 4 3ragiidne and
r AAV9- eGFP vectors produced by both small and |arge scal e processes. Fig.
7A is pi Iherveptethifrom thebttomadie tiegfractignily Ipflixencl desitoweomoniavglat 3l Fig. 7C
s CsCl (mald geﬁ&ﬁtl-: gapyfnﬂﬂ-lbé@%%'each fraction was obtained by qPCR. Fig. 3B:1x 10"

GC of each fraction was analyzed by SDS-PAGE and proteins visualized using sypro ruby

25  stain. V = validation lot; M = molecular weight marker. The AAV capsid proteins VP1, VP2
and VP3 are indicated. The pure AAV vector peak is indicated by the white box on the SDS-
PAGE gel.
Fig. 4. Purity of large scale rAAV production lots. 1 x 10'° GC of large scale
AAVR and AAV9 vector preparations were loaded to SDS-PAGE gels and proteins were
30 visualized by sypro ruby staining. All protein bands were quantified and the percent purity

of the capsid (VP1, VP2 and VP3 proteins indicated over total protein) was calculated and
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Fig. 7Dis pilot run 10 for AAV8. Fig. 7E is pilot run 12 for AAV8 and Fig.
7F is CsC (small scale) for AAV8. eGFP fl uorescence was conpared in |iver
sect i ons WO 21dayspost -i njection. Fig. 7G eGP fl uor epcenseoiitnse@nsi ty was
quantified directly fromthe digital inmages by determ ning the product of
brightness | evels and pi xel s over background 25| evel s. Each bar represents
the average intensity value of liver sanples fromtwo animals. Fi gs.

8A and 8B... P co ruct c ni n di meri zabl e transcription factor
Comal . odicats Ry el ihg o S he Bl e B MR s RaBe et AR iR ng DA
const ructscwgaacﬁéhtgmﬂmlm9 aecdjrrrerl zabl e transcription factor domain unit

and an ablation unit: TF. FRB- | RES- 1XFKBP. Cre. Fig. 813 is a
cartoon of the tH&nsar pptqe&ﬁmﬁﬁt"?“ ofisawhriedull perticle msiopindaiigs &alackbone. A

descri pt L QRv@ J d@%ﬂo@:&&%oﬂ R QlarAQURE NEA P8 B IR AN o} Breﬁﬂ&tﬁdn@” 8.1

herein. Figs. A DNA construct containing a dinerizable
transéri p@rmgﬂa@b@talr@dG\n@mrﬂrumc’@ta@md exangiddawithontranginissiofplgetroadA i s a map of

thefoIIo st i ription
factor diErRoth HESAD Bk LeHErveC AP aRE, Ay TR SRR o o
Fig. 9B lpﬂotau[cwutigrﬁmﬁ piﬂcheurt Harig SF 4 pitwaruani2t Entpgyepartidesiand o t he pl asm d
backbone. éjpigi ‘;FP cllon of the yarious v ctor donpi ns canc,llt%e found in
Section gisin sed) gyt glectigdensspentgpand preriadi YUt YA ni ng a

di neri Zal%q?tyttf)aﬁﬁ ifitd £ tﬁea;ﬁﬁc@ﬁtageomh@t)%md@a& AwABLaw RNmegdst - Fig. 10A
is map of owi ng DNA construct, which conprises a dinerizable

tr ansler i [Fig. 66 if the swall stalest AV §ctor areg l@ghudaénrahbﬁ anelysisifer comparison,

pAAV. CW173. TF. A X ¢

transcription unﬂ% ?%ser%fglg I'n %rﬁlsglﬁlng]l" asm d %ﬁﬁbg%{é@%%ggﬁ%ﬂ on of the
vari ous wéat d?lgudoﬁanElEKaZ%bellsl\ﬁefrourﬁttitqdnn SplititowitB rAAWexCEPrvector lots  Fi gs.

11A and 11 PI. TA ct containin I scription
factor d& uﬁedLh¥|bf’%§°§?1 ff‘i‘lgﬁr GRrT. at%]gloqu‘a 16‘3(2&&31 m(’% ®the foll owi ng
DNA constprdeice ofiticBbviaONQFP mg&lecﬁxﬁﬁﬁsﬁ(ﬁﬂhﬂsephbtbgﬁﬂﬁﬁlama lcmPf fguer donai n

unit and an ablation unit: 1T ‘é‘/d’% XFKBP, 1Sce-1. Fig.. 11Bis a
cartden &G FﬁEPﬂH%Fﬁ%CE’quMtF‘ﬁHY Wﬁ$ quasgfi omhs digial i9geshyd backbone. A

descri ptiQRnfhid %fﬂ% M@Jdcp&ﬁ)rg%aseﬁevéeqm B&el@%r@&‘ck Aglel&ls. Section 8.1
herein. Figs. A and 12B A DNA construct confaining a transgene unit.

Fig. 12Ais a rrabgbﬂAt RE. flavdrownhsdyctiomal conh B pubtAANhiargs seadhpreiussign g
transgeng u n# igs. 7A - 7F: C57BL/6 mice were injected i.v. with 1 x 10" GC rAAV8-eGFP and

rAAV9-eGFP vectors produced by both small and large scale processes. Fig. 7A is pilot run
20 | for AAV9, Fig. 7B is pilot run 9 for AAV9, and Fig. 7C is CsCl (small scale) for AAVS.
Fig. 7D is pilot run 10 for AAVS. Fig. 7E is pilot run 12 for AAV8 and Fig. 7F is CsCl
(small scale) for AAVS. eGFP fluorescence was compared in liver sections at 9 days post-
injection. Fig. 7G: eGFP fluorescence intensity was quantified directly from the digital
images by determining the product of brightness levels and pixels over background
25 levels. Each bar represents the average intensity value of liver samples from two
animals.
Figs. 8A and 8B. PITA DNA construct containing a dimerizable transcription factor
domain unit and an ablation unit. Figure 8A is a map of the following DNA construct, which

comprises a dimerizable transcription factor domain unit and an ablation unit:
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PENN. CW. PLI| oxP. Luc. SV40. Fig. 1213 is a cartoon of the transcription unit
inserted into 25the plasm d backbone. A description of the various vector

dormai ns cao 2be/26808d i n Section 8.2 herein. Fi gs. PC3AISand/ 03B Pl TA
DNA construct containing a transgene unit. Figure 13Ais a map of the

foll ow ng DNA construct, which conprises a transgene unit:

PENN. CW. P1Scel . UC. SV40. Fig. 13B is a cartoon of the transcription unit

et bR R e R A PSR B R P B Bl 25 o

const r uCins&@atimb feashidlbdtRdng Al Rsdripansethdiaions Veadt Odmam@hbe Unit and a
transgene unit. Figure 14 is a map of a vector that contains a transgene
uni t andfoungiimsciiondl Bereinanscription factor domain unit. A description of

the various 5 Piek YA LAY ngAcﬁﬂA%n%tﬁl‘df‘&_n%aﬁi@ei:&ﬂn]?ﬁfabﬁ-tﬂanf’bﬁﬂti& Rether ei n.

SFigs. 15A-B. I'm vitro induction of lucitferase after rapamycin treatment.
Fi g. i5Adomain ubibandpneaplatishoii. fitg. PAlise ingreof thefollewmg &N eangirnof, i n cel | s t hat

were transfected.w th. the.indicat tructs . structs 1 to 6)
36 hour o “hieRepRErEhs irisErard Foradieli B S0REh LIS PR FER Tyl v Fi g 158
i's a bar pgrapOMSITDIVFRE-TRAl AIFKBP.¢radiif.&Bas e catioh vl thy trhmscdtidnainithat wer e
transfected with th(i i ndj cat ed R% Constrfutgts (DNA constr.ucts, | to 6) 72
10hour s Ared iaphreilasgus FykpangaeesSiPtipm el the MtoutVSrior HOPBLTH) OF n.

Fi gs. 164sJad il Gectibesh Reéinvo nodel for a dinerizer-inducible system four
groups of mce received IV injection of AAV vectors_containing the

fol | d%i ng DNAFsnid¥randt!§B. HT4 DNE sonstrugf cantaigingmdynperizablpmagssiiitonuct encodi ng
GFP- Luci f J X . Off:! (e ]TT e Oy pr onot er,
i oh el A0 SREH Shr e, M Mgk O e RIS I NG IEG 72

di agr am ofhiddNampdses adirserizald e oacsicrgiop Tctar ddinaisunit ald @ abiaging unii:pt i on f act or

domai n uni,t f ] 6 ivati domain a bi ndi ng domai n
ZFI - 1D f L!i’s“‘é&'; &W’H 73.%@%&%@%%@@&)(3(1%%@@ By Cf‘%%’“a%%‘e%%{’g‘ﬁ g (2) AAV
vect or expeR&Sinfodhd IRt 6adkBsRS & dbséripEion bthaviticasaderdr domaivcem Hay t he

di merized TF, which were delivered to G oup 2 mce via AAV vectors. Fig.

16C ils af@H"QdF 8eRtigh 8d BINA const ruct encodi ng GFP-Luciferase under the

control of a 'Fﬁ%%/emcms]tlby M@A{@gﬂr&mwmmxﬁﬁg a}’ﬂ?ﬂn%aﬁl@%raﬁ’&lrijﬂ&lr ed to Goup

3 mice via AAV vectors. Fig. is a diagramo constructs encodi ng

(1) AAV Jederslomgipmissd ayatdativn mpitifza bl A is  map efthpiollowingdMN deonsowdi n uni t
O ven DA TR RS o BB R PP B LUt 252
G oup 4 rpAYeV.CMV.TF.FRB-T2A-2xFKBP.ISce-1. Fig. 11B is a cartoon of the transcription unit
20  inserted into the plasmid backbone. A description of the various vector domains can be
found in Section 8.1 herein. |
Figs. 12A and 12B. PITA DNA construct containing a transgene unit. Fig. 12A is a
map of the following DNA construct, which comprises a transgene unit:
pENN.CMV PLIloxP.Luc.SV40. Fig. 12B is a cartoon of the transcription unit inserted into
25  the plasmid backbone. A description of the various vector domains can be found in Section
8.2 herein.
Figs. 13A and 13B. PITA DNA construct containing a transgene unit. Figure 13A is
a map of the following DNA construct, which comprises a transgene unit:
pENN.CMV PIScel.UC.SV40. Fig. 13B is a cartoon of the transcription unit inserted into

30  the plasmid backbone. A description of the various vector domains can be found in Section

8.2 herein.
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25 via AAV vectors. Figs. 17 A-D. Image of 4 groups of mice that
recei ved 3x1011 particlesof AAV virus containing various DNA constructs 30
m nut es aWoepi1/npssti on of luciferin, the substrate for PCudistenasel3 Fi gure
17A shows | uciferase expression in various tissues, predom nantly in |ungs,
liver and nmuscle, in Goup 1 mce before ("Pre") and after ("Post")
rapanycin 30adm ni stration. Figure 178 shows | uciferase expression,

dom tl I P d aft
PLEdom nant Ve b bSO Rl ol Ao SRl ) con oL

predoni na@hélb{uhlﬂaﬂdaytﬁinsg'tﬁéium$“£‘g|uﬁb it @ fnap OPO&dctor trraaaalmﬁcsum admi ni strati on,
and shows that there is no_ |luciferase_expression before rapamnmycin

admi ni st FESEYE unfi aey %ﬁ‘ﬂ‘egzar?i'ed@nsqupaﬁ‘? @thV‘flE)maé'l‘lB% A dresry Pé‘P%lgfretﬁ%x pression is
restrict egléugvééa& dom4 R cdn BRFSind)in S@o@iaﬁws:l AhPghdbiat rati on and shows that

there is no luciterase expression 5before ("Pre") rapanycin adm nistration.
Fi gs. 318 A-D. Figwegé-Bfln A‘rlt@rlmhpsoroﬁfflmﬂ"@etsqm rapemﬁﬁlw@gatmﬁmoﬁg 154ri8 8 cl es of

AAV viru anl i njection of

| uci feri arg?‘ﬂjtg *3UBS i re\{ We?&%&%}? EQ aseaﬁéﬁatﬁgrer{&a@%ﬁﬁ l%CI f erase

expr essi ididad\DNA mmtﬁatﬂ%oonmrmﬁh)morﬁaﬂs hgfurs aftdrmﬂg:s belhg reatedamaotmuscl e, in
Goup 1 mice before ("Pre") .an fter "Post" cin 1Qadm ni stration.

Fi gure 1§Sat§41‘6ﬁgralp't‘f3§°f"ér§§e]5§>é g h(pVFlB%Eﬁﬁtws age peiiyt S’é? and nuscl e

i n G oup cdisthd SveRatMERcbd Witgtht ﬂ'&m@fﬁm cénstaEd (DNA a@@ﬁu&s Ntodgymni strati on.
Figure 18C shows | uciferase expression predoninantly in liver and nuscle

af ted0(" Ihel@‘ﬁaﬁterﬁﬁbﬁ@@gﬁeﬁ%ﬂﬁfrﬁokfﬂ‘?aﬁdlvﬂw Ay cPhows that there is no
luci ferase exﬂgg.sl% B, ltﬂ‘?ﬂe%%xv(v ‘nfodE! f)}ri&}{?@m'e@'ndhu@l@ms?étéﬂ @i on in Goup 3

m ce. Figure l'uci ferase expression is restricted to the 15liver
(" Post") grcaxpanglmicnremimdmsmfeamormf Adrid vetaseontaireing the énllowing DMAI uci ferase

P1 A DACBBHeri e SR e SRR g AR Blsb@hd ERP sl "R const v uet

conpri si Age @nirs1DTSBIGHCous Bbrstifutiad CMWCp}dﬁSteﬁ“&Qh%b delMefed td Gﬁﬁpﬂ@ﬂilce skl t-1.
Fi gure 1913 shows a bicistronjc construct co @ g Avastin | gG heavy
chai A520 viayAYrveriess- Bidl 6B; igm fiagiam of DOy st ﬂmenﬂgtg é MFIZRPES. Fi gure

19C sho t hd fvht'ﬂﬁ d%ﬁﬁﬁutd B DNRERYY chain
(Avasti \rll\lﬁ—isaﬁscggﬁ(?l}s%ﬂ? p%ﬁ“aﬁ%(ﬁsggtf?ﬁ%@?ggr e{t ed a T? segulencg Figs. 20

A-B. Pl Talomirin 3113 fusedwish § eepigsrad FKBRydmivep Y th@bQMNdv@reotm 2AAN| gure 20A
shows a Rl T6y [NRGRNEFPYGEitd-QE alil &y HoGEPRMLA By de ARL9Eq FF, CONtaining a

which were delivered to Group 2 mice via AAV vectors. Fig, 16C is a diagram of a
20 DNA construct encoding GFP-Luciferase under the control of a liver constitutive promoter,
TBG, which was delivered to Group 3 mice via AAV vectors. Fig. 16D is a diagram of
DNA constructs encoding (1} AAV vector expressing a dimerizable transcription factor
domain unit driven by the TBG promoter; and (2) AAV vector expressing GFP-Luciferase
driven by a promoter induced by the dimerized TF, which were delivered to Group 4 mice
25 via AAV vectors.

Figs. 17 A-D. Image of 4 groups of mice that received 3x10' particles of AAV
virus containing various DNA constructs 30 minutes after injection of luciferin, the substrate
for luciferase. Figure 17A shows luciferase expression in various tissues, predominantly in
jungs, liver and muscle, in Group 1 mice before (“Pre”) and after (“Post”) rapamycin

30  administration. Figure 17B shows luciferase expression, predominantly in liver and muscle

in Group 2 mice before (“Pre”) and after (“Post”) rapamycin administration. Figure 17C

15



25transgene unit conprising Factor | X Figure 20B shows a DNA construct for
delivery of shRNA targeting the 1RES of HCV. Figs. 21 A-B. PITA DNA

const r uctwofnory/nesat i ng Heart Disease. Fig, 21A shows aPPI/A20MA3@oRst ruct
for treating congestive heart failure, containing a transgene unit
conprising insulin like growh factor (1 GFl). Fig. 21B shows a PI TA DNA
30construct for treating congestive heart failure, containing a transgene

unit conprising. hepat ocyte owt h_factor G- Fi . PITA DNA

const r uct B UG "(?f?é&%%r%‘ﬁ“@?“ﬂﬁ“ Yﬁ‘i\’ﬁi‘r' “‘%Sfe‘la,&efﬁﬁogéﬁw&‘f‘ f or

treat i ngadhinhabtidy arfl sHbwemahere RiodidifeRiGe exprdsaDs BERE (Y'Y rdp@mpEih Si ng nerve
gromh factor (NGF). Fig. 23. PITA Systemfor HV treatnent. Fig. 23 shows
a PITA Dﬂmn@afﬁgtewepr%g’rmm-nﬁﬂgeé’f'Prsms@}éﬁEerq;ﬁP%pr%'ﬁmﬁrgstﬂ@eqqagh%eavy and
l'i ght chai <@ . i : : . Lning an

abl ati onEﬁﬁér}is(tmg%g&gﬁg%r@%laﬁ%l@%ﬁ%%ﬁ% ?\iﬁaﬁ?ﬁ% 1%%@&%&%%@9«}5&%% that a

r apanyci thefared‘trg”)(repapatiogyimaastratiorduce expressi on of the ablator, cre, to
ablate the tr nen~( hea nd |i . chal ns. of L. ibody). fromthe
PITA DNA constIESee eDn s ‘5?"%’5‘8“3’“{’%%&%@? reckived i é?‘"'gggéflbﬂg%“r‘sati on of
one enbodomening ehridua ®NA dohssycss minktegafic? hjhiomst laciferiandgameranfor encodi ng
a therap?uhj c anti boﬂé’ that is in ogerati.ve association with a constitutive
pr onot er JUCHffrassy) Figure [8A sops Mrdears P sIUhE SATRUS SSUES. PRedpminantiying her at i ve
associ at ij@{s Wvkiand nis@BSH Grdtipl 10Ricé BEBRI“ProguRd MR (PoQPhafdmycand a _

di meri zabl e, TF domain unit, with each transcription factor domain fusion
sequdfce afifingyation: | Nigura t&bdions lusiHerpa dxpressiae pigdemmnentlwie lipergpdmercle Prior to

adm ni st r.afj . G, [ LS. i e essi on of
the ¢ her dncitp 2 et ARREY e B dif LR ana Bl Sab B3R, R 250! 207
prot ei ns.shdupsolnci_t‘eaqsaamésaioadmﬂmhmamt@tih timer ah@hmustilmﬂ’tdrt‘@dstt’)namqminpti on factor
Fecogn t PO TRALIH o HENE AL GRS SRS e CREs B O NG TP S Egene

expr essi Qaminddfatigfin Gioy 3 ARB. BigarelIBD s6HR uSifdrhde @spreionngrebthiakd withe- t ype

Fol d effectiyve abl ated expression of a transgene when a DNA plasmd
cont di%ni Ayen( Poshp sapamucip adpmisHptRg 286 shpvsdhat diereds ne Biciferase| eXpigs ot r ansf ect ed

into tar g)%{rorl;@b}es)Wcﬁﬂ&mmﬂoﬁncodi ng the Fold enzynme. Fig. 25A, bar 1
represents 50 ng uci ferase, bar 2 represents 50 ng pCW. Luciferase +

L
200 ng pCMW. Faldgs; P%&TC-:?W@BMsms@CE(fOWgeaB@\MMHIEi@@@s“eSh@WE pEMNY ect ed Fokl

protein,

construct comprising a transgene unit that encodes a soluble VEGF receptor, sFIt-1.
Figure 19B shows a bicistronic DNA construct comprising Avastin [gG heavy chain
20 (AvastinH) and light chain (AvastinL) regulated by IRES. Figure 19C shows a bicistronic
DNA construct comprising Avastin IgG heavy chain (AvastinH} and light chain (AvastinL)
separated by a T2A sequence.
Figs. 20 A-B. PITA DNA constructs for treating Liver Metabolic Disease.
Figure 20A shows a PITA DNA construct for treating hemophilia A and/or B, containing a
25  transgene unit comprising Factor IX. Figure 20B shows a DNA construct for delivery of
shRNA targeting the IRES of HCV.
Figs. 21 A-B. PITA DNA constructs for treating Heart Disease. Fig. 21A
shows a PITA DNA construct for treating congestive heart failure, containing a transgene
unit comprising insulin like growth factor (IGFI). Fig. 21B shows a PITA DNA
30 construct for treating congestive heart failure, containing a transgene unit comprising

hepatocyte growth factor (HGF).
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25bar 4 represents transfected Fokl protein alone; bar 5 represents
untransfected controls. Fig. 25B, bar 1 represents 50 ng pCW. Luc al one,
subsequenwolarisi2sg®pr esent i ncreasi ng concentrati ons of &CTRISBBIFOBI213
expression plasmd (6.25, 12.5, 25, 50, and 100 ng) cotransfected with
pCW. Luci ferase. This study is described in Exanple 11A Figs. 26A-B are
bar charts illustrating that a chineric engi neered enzyne tethered to 30a

non- cognat e recogni,ti o ite on the by the zinc fi meodomai n
ef fectively ag‘lga?‘gﬁgﬁﬁés%ﬁnﬁﬁ’% chﬂggﬁsgé%ngﬁg- ﬁ 8‘.{’“’?8%9@% es i ncreasing
concent r gérs@i& fstftreating AHRIIRESIdRaR] @S iXinthNeMEicRd uniNcdniisiap agkvEol d (6. 25

ng, 12.5 ng, 25 n(c)(i,I 50 ng and 100 ng) co-transtected with pCW. | uci ferase.
The firserobah faglop(Nls a positive control of 50 ng pCW. Luc alone. Fig. 26B

compar es i Nt eshPELRCEI K HIVMRaflent Fige2Pl8R % PILABRGIUMsRAe odi ng Fokl

tethered to via fuston with the zincfinger honeodomain (6.25 ng, 12.5
5ng, 25 notaibidg Adravagenel®d cogprising the hersy et kight vhairs of @IV uci f er ase. The
first bar_prqvid rol _of 5 R uc al opne.. Thi dy is

desor i bod" AR ATIA Boyl SR Ul P T imPeIS I ' That the
DNA bi ndidogaiapaiti Figcd alsoashowhiha®s igantyeldl anslap (fagalsg paridiiie bkgesdanged by

fusion wth various classes of heterol ogoys DNA hi ndin onai ns and

abl at i on thsrablalfegse. 19 i‘%ﬁ%é’@ﬁ@“ﬁ%ﬁ (%%é‘ff/ g h@v cbwrﬂg%ﬁl‘é?ﬂtﬁbﬁgﬁm tional 10
of a het Qgeqmpgq}ﬁA@%{r@@rcoﬁtggﬁgla%ﬁg%qb wignal (NLS). Fig. 27A illustrates
the results of cotransfection of p .Luciferase with increasing

concéft r at i on$ige?4. dHuseniimed oheoemridiment df bn BHd ngtemokie. 2eshhesed to DNA via
HTH f us . 50... . T st i trol
Show ng. a8 isnpechs nerdituip Qi B WPig b Bpc LS wiBR | 2 B, PONE©

co- t r ansfcenttitwive giromdid/arabddtioe uais enceding an erclomedsiaseghgonineptrnidtel ons of an
expression 15pl asm d _encodi n n.HTH Fol d fusiagn,.whic rther has a NLS
P bo NaPePRTOIEY §urgma o facBd indgeblegpimortioig i At SprBa ity o
control sHiVdadtotra@eriiion Gvidr Hotgaih %m%%@leﬁuaen opdRdtive Sésuelytidnsvighescri bed in

Exanpl e 11C.. 5, DETAI LED DESCRI PTI ON THE | NVENTION 70l n the. Pl TA system
one dP nEPBSUEINE PROHOTSErigs foeadminigraliph oki@Rangych Qi adapajag, there is baseline

replicat ieg@"g%ggeo?ttﬂe‘fﬁe&(ﬂeﬁﬁ@arﬁg@gﬁ;ﬁ GF @8 nl et itioh BRtoY ibhin ﬂ%ﬁb‘ﬂm?( s) have

been engi _ to contain: (a) "a first transcription unit that encodes a
t her apeutprgeips. dtpoo rapamyop edrainistrations o dinzrizeshtranseriptian faconimdesest hat control s

e AL B R 0 O ot S8 ARG OFRE o o1
transgene unit, thereby ablating transgene expression.

20 Figs. 25A- 258 are bar charts illustrating that wild-type Fokl effective ablated
expression of a transgene when a DNA plasmid containing a transgene containing ablation
sites for FokI was cotransfected into target cells with a plasmid encoding the Fokl enzyme.
Fig. 25A, bar 1 represents 50 ng pCMV.Luciferase, bar 2 represents 50 ng pCMV.Luciferase
+ 200 ng pCMV.Fokl, bar 3 represents 50 ng pPCMV.Luciferase + transfected FokI protein,

25  bar 4 represents transfected Fokl protein alone; bar 5 represents untransfected controls. Fig.
25B, bar 1 represents 50 ng pCMV.Luc alone, subsequent bars represent increasing
concentrations of a ZFHD-FokI expression plasmid (6.25, 12.5, 25, 50, and 100 ng)
cotransfected with pCMV Luciferase. This study is described in Example 11A.

Figs. 26A-B are bar charts illustrating that a chimeric engineered enzyme tethered to

30  anon-cognate recognition site on the DNA by the zinc finger homeodomain effectively

ablates expression of a transgene. Fig. 26A compares increasing concentrations of an
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25fragnment thereof as part of a fusion protein unit) specific for the

abl ation recognition site in operative association wth a pronoter that

i nduces tweanstwizpgo8on i n response to a pharmacol ogi cal ®GEMIS201AM090213

phar macol ogi cal agent that specifically dinerizes the domains of the

sel ected bi ndi ng donain can be used. I n one enbodi nent, rapamycin and its
anal ogs referred to as "rapal ogs” can be used. 30A vi ral genone containi ng

Fecogni t PORESRD R ApirAine FOPBEEH | R et APBery Moo SbBh T O b't 2 (i e

whi ch  ag&am@teldivath OIS Ifcterage. dihk fies smtpr@bdeahgbslﬁ\keaﬁnﬁmtf sovhg ch
recogni zes the other ablation recognition site(s)). Wether the sane or

di f f er enPCM(ikyr alops- drie-AeB&ompiray NGFRISINECOuIFNTItoRs &f &né@rﬁﬁgpntféasrr%at ed in
tandem tgn&@ﬁlg@’@?ﬁpﬁ&ed R DNR Y GsibP& b B zin @ a%fnkbmaﬂp(@cz@@. igupus to the

ot her. Furthe e ablation recognition site{s) may | ocat 8d at any
5posi fi omg,r?élrgti(i/@ andd 0@ ogli cograg fepiesheich lﬁ@Mthhfefetasantefnet bai previdesd t hi n t he

{ransgens, AT RSAI0GS: ofpe | Bub BgapRalaguaRRYSIRA phLher | mmediately 5

or separate Or DI € baseés ownstream of the
pronoter) or B:gs.tz:YAtlhered:«adchags Bhetwﬂng&la(tee @N,A landllthpecnﬁnnadmfa:hehqnc:S or

separate ope or nmore pases, e..9.,.uUpstream of equence).
10An abl %P@y cap e&ﬁgf’"@@ﬁ’@ C%"@E‘ﬁ?ﬁ&'g &'tﬁe?rfoéﬂﬁglla%?ﬁ ﬁ'ﬁ‘e“g Oi‘/‘? écrl pti onal
product, wilagle deREM: bhCAdidn HECHER RELRI cBFlBe fupth&@ifapRIed BY the BRLkAL | On
reco n|t| on site(s) (ARS) of the transgene unit and cl eaves or. excises the

t r and§enef 2 beterplspousiracaisl levalization siget) ANE Do k1 RARA dbtjiiatprctbe (EAFQRS’}' cgf the
transcri RadsLaBR ARV N e ifl iAUR %nae&muehgbe & shicRSIdRhipplampf [ he nRNA

transcri pt erein, an a Fat or se om the group
15consi stenctglmngokhlnthemdmmell‘\ea&m HEHrfﬁwr(ﬁRﬁ,alsEeS 22 5ﬁBﬁgdr1£I@hg)a§é¢ or a zinc

fi nger endanucl eas at . bi the .abl at on |te i t he
first trgﬁgéf"‘i BEF© roﬁj%how' gé‘u%'?r%f%flfop %)?128 h'ﬁstrates {Bt%ering RNA,
ari bOZyr&co-&ﬁns@d@tlﬁﬂéﬂpﬁfﬂmﬁﬁuélm&se&ﬁlh&io@?mh@@orﬂéﬂraﬁbt&ﬂﬁﬁﬁ E)nires@lf)nt he fi ][st )
transcrlptlon unit, or_suppresses transl ati transgript of the
first!Strabeserd iﬂ"P‘éﬂﬂg hi{H - %ﬁkI(fH%O%Bvét‘ihff\“%'eéﬁﬁégﬂréﬂt‘tsﬁ\m@m&bﬁ ris Ce
(whi ch has 285 2] 4ng mm@t OB i€ 629U EdnfB] s‘ﬁb%ﬁgﬁ@iﬁﬁ’%@W.Lﬁd"@ra@@il@ﬁe@r is FLP
(which has as its ablation recognition site F n one enbodi nent, an

endonuc| éBsestidy isdaserthed dn kAme Flénct i ons i ndependent ly of ATP hydrol ysis.
Exanpl es of such ablators may include a Type Il S endonucl ease (e.g.
Fokl), Naei, and intron endonucl eases (such as e.g., 1-Tevl), int egrases
(cat al yze5.iDERAILED DEBCRIETIOR O THEINVENECN at al yze r ecorrbi nation),

tyrosi ne reconbi nases, invertases 25 cat aI nver si on),
resolifases, (dnge PIEAsysten, fge Hh‘@?réég’é"éa”ﬂqéj?fe(i%\‘teé'l ’5‘}?@ afe 'I“(?c ation,
resol uti oRplidiAGRAdR @0 vﬂ%'c@hFQﬂionCiﬁgﬁhféﬂﬂdml @hoﬁa@mﬁtgseenléﬂgsﬁwd, ot her
sui tabl e nucl eases may be selected. For permanent shut down of the

t her apeuttp@mtt@lar@b%ﬁ@t trankesipsipn eibthateaendoba BiRrapeyio RpdPEAB BPIHE bi nds to the
abl ation fecoanh WD prdni Rl Tat bohtloliGrahickiBlior, SAMSA! donbafrffy #Makt B

ablation recognition site; and (b) a second transcription unit that encodes an ablator (or a

25  fragment thereof as part of a fusion protein unit) specific for the ablation recognition site in
operative association with a promoter that induces transcription in response to a
pharmacological agent. Any pharmacological agent that specifically dimerizes the domains
of the selected binding domain can be used. In one embodiment, rapamycin and its analogs
referred to as "rapalogs” can be used.

30 A viral genome containing a first transcription unit may contain two or more of the

same ablation recognition site or two or more different ablation recognition sites (i.e., which
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30abl ates or excises the transgene. Were tenporary shutdown of the
transgene is desired, an abl ator should be chosen that binds to the

abl ati on wecogni2t808n site(s) in the RNA transcript of rhe/ushenapewsic
transgene and abl ates the transcript, or inhibits its translation. In this
case, interfering RNAs, ribozynes, or antisense systens can be used. The
systemis particularly desirable if the therapeutic transgene is

adm nistered to treat cer,.a variety of genetic disease.which will be
Feadi |y ABPRFERTELOBAGT GG Fip i anishaegizes o iR AP EIHDS L | mmune
51 espons @ecoBNRGEFESIsHN WietHehe SRR TG, s06h &Y dhd AfatidM ré@BEnifén MOT €

el enent s, including, an induci bl e pronoter and/or by use of a

e.Jg.
chi neri c sigsimgyde lacakd im&gndcmztwnaarw&%@r may bplocaied BARWRHER "9Msi on prot ei n
tem u Cf, | i s i temi
Sys %&g@pa&t%ﬁ oﬂ%f. ﬂr@@ggp%ﬁh&h reé/é%gﬁsn P ggﬁag%emg'a{% systemis

sel ect ed, ression o ator 1s ntrolléd By an induclble pronoter.
Wher e 510 psstiof relagtetho didingr seguestecfion ths tramsigerst &al, withipthe drensgenegfodinge abl ator i s

controll ed by additional of a r.nacol.ogi.c..age optionally, a
Further rrtieor &° peShBreRordre BRRAIRBY RS S REbn R AR n2 whi o

f or m t he vags ey OdipsdamSt b @nstreh oOthe pRifed) MENto the cdilimaxequnck (e.g.,

hetero-di m zerabl e ablator is gel ected to provide an agtgi tional |ayer for
safety t Gthssmamediaiely 3Pt %PEatah B pRet imaEe bases 62 PRYEIRPEINE PolYRese syst ens
are descrhRgeyn nore detail later in this 15specification. Any virus
suitable for géne therapy may be used, including but not Iimted to
adendfassoci atfecablatarisany zape\pryduck eige frenslatignal onsanseriptighal podugtethal vi r us;

ueca 1 s dneeifile Bl bl EG RN, RATIGCEA IR A, “anve or

rhl 0 beithgsgea¢ tricandatehyes at excived the eafsgene2@ubkethe mblitiomaecogubpeBN4. Due to

Si ze constraint .l AAV genone for pac ing, the. transcri on units
can be eﬁﬁﬂ%@‘@r@‘ﬁﬁﬂ%ﬁ&%&gﬁgiwﬁ“% LH'!’t aﬁ%?@ﬂgﬂ?} lgFlggiga}nSaﬁ@T‘%{edFe packaged
in one VihRNAIQEKpIMNA e sdriBed Beéln sn @blatbriniksy e QeIpaed frbB theagayr di ng to the
invention, or_in two or nore viral stocks which forma virus conposition of

the iRverfiongfingohengndoahcigishamerordigss 8 meeFWaleHenRr aASdingd | ectivel y .
contain té?.ao@c{eﬁggta ginﬁ?ﬁ‘?ﬁ%b‘ié’ti@ﬁ'?&?é@ﬁdn‘%ﬁeﬂﬂhé BrseRRRGARoRGnit Rl t her apeutic

transgene an | ator; and may further conprise additional
transcri pixcises arablates DNy and xaariptedring RN A atdozyme es arr anpis¢nenthatablatesale be

packaged | ne_ \v.iral ock. and seco i -f 0 L.ption
Gt o packaa et R S ore R R St e ROV A BB
t ranscri psfiteenfirsinttansceiptiornnit) de kisegwpekifinenindingnt,ahe dlaaks Carn(dhichdafdsr st, third

and fourth anscription units p Ckﬂ ed, i econd viral.stock., \Wile
usef uf? f ofts akljﬂlo'?ﬁd 1H§QH skp éhz Brn@ﬁf‘ gtof 1 FEBZ‘%E‘&" ﬁﬁ 2 PR ARAPNJEHNEHEO" ot her
Viruses ngy miRa) UsEile bRAbRIIRARA! & AdoHubleSe GORROGH WhiRh finfe6eisdhdigeddendyhe
i nvention. In another enbodinent, the viral
of ATP hydrolysis. Examples of such ablators may include a Type I1 S endonuclease (e.g.,
FoklI), Nael, and intron endonucleases (such as e.g., 1-Tevl), integrases (catalyze
integration), serine recombinases (catalyze recombination), tyrosine recombinases, invertases
25  (e.g Gin) (catalyze inversion), resolvases, (e.g., Tn3), and nucleases that catalyze
translocation, resolution , insertion, deletion, degradation or exchange. However, other
suitable nucleases may be selected.
For permanent shut down of the therapeutic transgene, the ablator can be an
endonuclease that binds to the ablation recognition site(s) in the first transcription unit and
30  ablates or excises the transgene. Where temporary shutdown of the transgene is desired, an

ablator should be chosen that binds to the ablation recognition site(s} in the RNA transcript
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conpositions of the invention, where they contain nmultiple viruses, my
contain different replication-defective viruses (e.g., AAV and adenovirus).
I n one emMvodnpmEnst§08a Vi rus conposition accordi ng to thePCHUSRe1LO802¢HNt ai NS
two or nore different AAV (or another viral) stock, in such conbinations as
are described 5above, For exanple, a virus conposition may contain a first
viral stock conprising the therapeutic gene with ablator recognition sites

and a fir bl ator and a secpnd yiral stock containi .an_addi ti onal
bl ator ( E0he AREPHER Wit B0BAE bt SoRPa e Rat i et bk
conpri si fferferin RNARENBdz$mEE BeanAbiAsdsyhleMs 0BT He 188d. The lent i9 parBiiidarfy Second
virus stock conprising another fragnment of an ablator._ Varjous other

conbi nat Hevrebleif thegberapeutiotraseencys 4l inisterse ktreah caioe; # VRSB RB8RIEI on of the
| nvent i oRish iR \@1@B@feg&grafygﬁ@nwgned&%ﬁh'iIP{h'eQH, &ho {r@]&aﬁ%@%ﬁlﬂﬁf of the

present system r to conserve space wthin the vira
genon®( sygspduisei stronic transcription units can be engi neered. For exanpl e,

transcription_units that be requl ated by the same ompter. e.g., the
third and fouﬁme%s'roaﬁf@ﬁaﬁﬁﬁawa&ﬁ? s"“"(’g%‘@’yv@ﬁ‘&‘”emﬁrﬁp“l"? Bisy Behudng, b
15t r ansc kb pidugible pRintot@ R Roust bLa eHimempsbldtdrahdt Ly e hemhodimer 4e engi neer ed

as a bicistraonic unit containing.an | RES (internal,riboso entry site) or
a 2A pepthpfa@fil%ﬁ@wngaécrtfméx'smégchi%aﬁ%gefé{b@i] heasia 5}{}?%&?0 @ﬁftod(%e_fg., furin

-2A),  andyyhh GReRbk® WeprERRY BY B8 3biakr RicohRNRE 8) SURUSIKIE PRMUPIWHeR bY a
message from a single pronoter when the transgene (or an abl ator coding

sequdfce)us¢ of hetsragéimerspiten stsslegied. whpression gh thaiablgtor igrcontypdled by pddiéarekofar e

co-deli V%rp%maz&ioée.&%mn%p&méﬁ% fl Wndﬁ@iﬁfeﬁr&%t&hﬁr ek b&fl of fl@nsgene(s)
or subunit’sTare co-admnistered’to allTow themto concatanmerize In vivo to
form a sifugdreproteint ehichdorentbe hdterodimehsyateme rito ol engrwdjment, aihomb- MV may carry

an expresgsion,cassette which expresses a single.trans e.and a second AAV
may carr}GQW'@WE@S’Eagl‘i‘toééss%@fég%m?‘eae Mpgg)gaggaygr @’f ?a?‘%?{ B %Rsgene for
CO- expr esgthmnbdiphifiefaboslegfigbts. THMBYRIms drbi@eseilcd i Rereldealisganetimy encode

25any biologically active product or other product, e.g., a product
desi rlabl epecficationydy. A single promoter may direct expression of an RNA that

contains, in ﬁ]@ivmé &i@ﬂ@%r;ggﬁeghmpmm s cludinduPhotifHiRE et er ol ogous

genes (e.g., third and th transcription units, and where

appl i cabladena-dseocatadsiirus ("Aie\ i adenayirus hpmessiisdemity irusigettaysrgpisuln ¢ transgene
) separatge 0, Dy. S i S . ge peptide

Lecor 2R et Rty R oR SHENE Ui CEO 8 AadeR e pRaSAUETE PRPT T S0
ORF t hus (EAAVHRAAY 1SAAYI6eAANTYAATB A AVIwhihd A beieg par@culadiyratingtifé for t he case of

T2A) or after transl.ation, is.cleaved into th‘g i ndi vi dual proteins. These
| RES B 5o R ey o Do SR ROBE DS TR A A LSRR HEKETEn Y space, 1 hoy
can only (pRsdpash il cBXR SEMeBd Hd ROGBENRMNG of Male AV sldeksdWhy@er by the
sane pronoter. The invention also relates to DNA constructs used to
engi neer Raekaged jnpag virystogly@hich is used as a virus composition according to the invention,

or in two or more viral stocks which form a virus composition 61" the invention, the viral

genome used for treatment must collectively contain the first and second transcription units

25  encoding the therapeutic transgene and the ablator; and may further comprise additional

transcription units. For example, the first transcription unit can be packaged in one viral

stock, and second, third and fourth transcription units packaged in a second viral stock.

Alternatively, the second transcription unit can be packaged in one viral stock, and the first,

third and fourth transcription units packaged in a second viral stock. While useful for AAV

30 due to size contains in packaging the AAV genome, other viruses may be used to prepare a

virus composition according to the invention. In another embodiment, the viral

20



production of the replication-defective virus conpositions; nethods for
produci ng and 5manufacturing the replication-defective virus conpositions;
expr essi omoi2n11a12¢88i ety of cell types and systens, i ncl edirng2@hasis;
bacteria, mammalian cells, etc., and nethods of treatnent using the
replication-defective virus conpositions for gene transfer, including
veterinary treatnment (e.g., in livestock and other manmal s), and for in

vivo or ex vivo therapy, .i ncludi ene therapy in _human .subjects. 105. 1.
Tr A genEoASEEONH Ty BTBHT T B T DHOF SHes5h G dogag St
Phar macolagéstish-difedindvieds f 2nsaenad Arhatihen (Pl TA) System designed for the
delivery of a transgene (encoding a therapeuti(% ﬁ\rdeUCt' - protein or RNA)

@

usi ng repl i calnawcodpdistant @ Wis aempSHIRIACEITdS te HEimEaHRICARERS Bbui | t-in
safety MECHRR RLLAARD! AL idthel Var) BELAREUIc G ofBARAS TN des Rl BT
per manenPTy or f’errpor FiTy, Tnresporise to a pharmacol ogli cal agent -

pr ef es abhiyovan Fer @lamphy, awirat c@mpositios.mayaopiald a fisnviadl mionk camprisind theol ecul e
t hat i nduces expression of the abl ator ecj fi*cJ for é/he trgglsrzﬁene or its.

transcri PErapausTEsae it aplgvetognben é\teSr%Eta ust3plafpz pnd & pyrop [ipck
phar mcok&ﬁhigiéag%ﬁ hdifBal RElafRsE CAﬁQherhf’i‘riafn W’s’-{iﬁn %'t)éﬁtcﬁﬁﬂain%ﬁrs%inﬁm e

replication- ective viruses are use ch 20the viral genone(s) have
been engktoelecanprisingeothempeutia genamsigpefnazoumit bf froxkdaern dnda seeonBeaus on 5. 1. 1

herein) and an abl ation unit (de cri@ed in Section 5.1. 2t herein). In
parti cul Alock goTmprsing oEner gggrp- Of 8h2 %@Ec??ws\?fl}eﬁg%gbla? ?nﬁggﬁ" % which the
vir ahoge%?@ci%%est&mn%eﬁﬁs%aﬁrmm thinGSitcRivAll bR apphréit ok e anscri ption

unit that encodes a therapeutic product in operative association with a
pr onot er dedeapticoof thetenponants of thetpresent sstewd. unit cont ai ni ng at 25l east one

abl ation recognition site (a transgene uni t%' d. gb% secand
transcripti ongrh?ffifr P AAPEEH a%‘é'?f{ﬁﬁ%é“b‘i“éf & B(églgﬁs o IB%a?Sﬁlgﬁg’Bl ation
recogni t iy@s &hthe ehdinRRA! BirieNSns $ABIcepii @ unith that &nbe esgblard by igtsamaduces
transcription in response to a pharnacol ogi cal a%ent ( gn ﬁlb{ ation unit). In
one enbodFRHEY; € &hile PirAnd Jourtd danseripéar Wre find WOAC@RRICARIFNS 1L 30genone(s)
of thg rephiGahdARids dﬁ'ﬁ% o HEth¥iab L6 Fra @ne{) Wil ReheiRAS R E RS HoRicGARt ai N a
di mer ;Szab{ae gg&narﬁg‘ un%_t described in Section 5. ﬁ 3). In one enbodi nent, by
del i ver i mgntainthigre IRESGhternpritgeorad entrysite) or 8 3Ageptideehish sglieclepyds hized t o co-
express two fusion L DSH.QNSA LN 3f:00 Y rddki b R etAoR,s (DBD) of
the tr ansp\(‘:g?ti tf)atn?%tﬁon?gééf?%tﬁé?'hg rﬂb?}r\]‘gs&% ﬁelgﬂll ng)l}%i(:% prlom)t er. c{;)%ltur olling the
abl at or gpAke prbéuce fyermessge diom axinge promoee whpt theraisgae(onaatabltvr datimeg n
sequence) is large, consists of multi-subunits, or two transgenes are co-delivered,
20  recombinant AAV (tAAV) carrying the desired transgene(s) or subunits are co-administered
to allow them to concatamerize in vive to form a single vector genome. In such an
embodiment, a first AAV may carry an expression cassette which expresses a single
transgene and a second AAV may carry an expression cassette which expresses a different
transgene for co-expression in the host cell. However, the selected transgene may encode
25  any biologically active product or other product, e.g., a product desirable for study. A single
promoter may direct expression of an RNA that contains, in a single open reading frame
(ORF), two or three heterologous genes (e.g., the third and fourth transcription units, and
where applicable, the first transcription unit encoding the therapeutic transgene ) separated
from one another by sequences encoding a self-cleavage peptide (e.g., 2A peptide, T2A) or a
30  protease recognition site (e.g., furin). The ORF thus encodes a single polyprotein, which,

either during (in the case of T2A) or after translation, is cleaved into the individual proteins.
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5(AD) of the transcription factor that activates the inducible pronoter
controlling the ablator, each fused to dinerizer binding domains (described
i n Secti oMORNM/12§808Addi ti on of a pharmacol ogi cal agent, Pom/USddim@B228r "
(described in Section 5 .1.4) that can sinultaneously interact with the

di meri zer binding domains present in both fusion proteins results in
recruitment of the AD fusion protein to the regulated pronoter, initiating
transcriptio the 10 ablator. See, e.d. he Ariad ARGENI(r) system
eocr bedbrf LR BN FiopanSoint it A8Y ik Bihe e o 317 each
of whi chohl§ bk D&ATRUXPESTONVS chBp R Rt BRAMRIdAVET by the st grédétyr. By using

di meri zer binding domains that have no affinjty for one. angther in the
absence of |i gBmEvEan also Batsap PN npirustsigsd toepgintearell ines g éhe ption is
made rabSpiolah&lox o?ﬁﬁﬁﬂﬁl@%n%feu VA EdrhyRitihs; hRfhodld R ploBing ana’o this end,
the viral genonme(s) of the replication-defective viruses can be further
engi n&er euntfactarrg thé rephcatibi-defectivd virus empesitionsagrpeassipn inarvatiety of ¢el

di nmeri zabl e. TF d i Lt a codi ng: i i in of a
transcri Pplgso?lndfséég'%%%‘ ]qcﬁugfngr%aé’g’g éegﬂtrﬁ%h'?%h gég%ﬁrjg&b%%gé&g? t he abl at or

i N Secon@efitmamasini e replicatidn-deféctivawitc Rompasiticnk éor igbiertchnifemirstudingt | on uni t
encodes the DNA bi ndi E‘% d,oHai n gf %h% transg]ri Etd'nfon. factor fused to a

bi ndi ng AEFERAY FEHMOB{he: BHNFTREKANY gihernageR NdOLESPEOr €8 ¥ soci at i on
with a cmpiy,tmgm&gggg@m%;inﬁmqm(éﬂ),je&ge fourth transcription unit encodes
the activation domarn_of the transcription factor fused to a binding domain
for tlBe phar macol o8ilcadransgeng AblatiohsysieMve association with a pronoter. In
one enbodi nen : [ ek | .n is expressed
under consti tEr ?@%g(%}g‘?}b @Bﬁ%‘n“g%%gﬁ%’r%@ﬁdg f@gﬁ%eﬁ&éﬁgﬁgst one conponent
of the diAhtationdBTa) Fist@b desiguied fou thetdeliwerexfyr emsgede (endatinganthenapkudic bl e

pr onot er . One eﬁ@égi ment ﬁf .z hgfaPl TA s%/stem i.ﬁ il u%terr%te in Figure
24, whi c RSP LR HUE PP ECH R B Py X TP RS S Mt Bod Y hat is in
oper at i veuasinesfedimahanMnt for ablawipsthé thedapal@ic RERIPAsIRLL, eidliRr pdymakidndp otini t
encodi_ng an endonucl ease that is ]gn_ operati V(fe SOCI a]ti on wth a

tranger i gemptianiidh HEPante e RrEngsplofGtlapent 2 Argtesally dntrpl Ao datipR: Sfbrfhi n unit
30w th eggine FAHIREE Skl ABlbAC TN indREPLDr S M SAMGNBRifidFoPMET at i ve
association with a constitutive pronoter. Prior to adm nistration of
rapamyci rirapsgeae prapataossriptiorepredics Thepsavet, ader royips efglelivmy & thehe t her apeutic
anti body an t.h t i;ption factor domain fusion proteins. Upon
rapanyci r‘P%g rﬁgzr’l]f)%lfr%%{ny%ﬁ}fB?%Ze%%fjheri zed transcription factor induces
expressi on of Th ke P¥NAeyutish,@as er mpkirgticatiogalefestitehdrusms deerused magdchr ecogni ti on

domai ) in the trans e ynit, thereby ablating transgene, expression. 5In
one odhesik! fo’el’tqlﬂﬁ’%sgf)‘fei %ﬂ?"@ﬁ‘-eﬁr@‘?@ycctof‘@g‘ W@g@“ﬁggbgfﬁr‘%gﬁ?ﬁ%nsyst emis
an adeno-a5$aekRY Sl aiablaio uiVideskribdas SEdteE. 11 heR8®l inGhartRulbr, 2he oAAVL,  AAVS,
AAV7, AAV8, AAV9 or rhl0Q are particularly attractive for use in human

subj ect s. mexaertigatignAetesysstmens aresisedt inprhichibs il gEIREIAD P25 AERRGI ng, t he
transcri E%n'ﬁﬂl@erycﬁ]fotc%nﬁﬁﬂa)bafeﬁﬁﬂ%g@ [i@lgmﬂﬂﬂatgﬂ%@g@fﬂeﬂaﬂe&i\f‘@rogﬁctrﬁpr e AAV

st ocks. exanple, the first transcription 10unit ‘can be packaged in one
AAV st ockoperititle ssharigios onith a prémater thatdortols transariptions said phit owtaiming & packaged in
a se d stock. Alternativel t he sec tr riptiQn unit, can be
pac k;%Sd @%Y%Cea% §‘}C8%’1%tf°"asrl{[8?at%déls eiml’?g?],s’ %W%l%r)) %ﬁ%%ft%aﬁérc lﬁﬁ?"rlglﬁtst%érzi ption
uni ts pacdnagded ah Bblaosgecific folfié ablatiokrec@enitiob sitd mapeigdvecastdniatiol githat he Pl TA
system one or nore relal i cati.on-defective virus s.a[e used .in. which

promoter that induces transcription in response to a pharmacological agent (an ablation
unit).
In one embodiment, the PITA system is designed such that the viral

30  genome(s) of the replication-defective viruses are further engineered to contain a
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the viral genone(s) have been engineered to contain a transgene unit. As
used herein, the term"transgene unit" refers to a DNA that conprises: (1)
a DNA sequenoa/m2bs8 encodes a transgene; (2) at | east omeTAlsk@tios?13
recognition site (ARS) contained in a |ocation which disrupts transgene
expression, including, within or flanking the transgene or its expression
20control elenents (e.g., upstream or downstream of the pronoter and/or

upstream,of t ol yA sjgnal.):..and (3 pronot e equence .t hat regul ates
expr essi 8““%‘?@%@0‘?%‘5%{3@%3&‘%%8 gfﬁ&“én‘g%dp‘n eteﬁ‘&o‘?‘}“gﬁs@’e SEVENE e genoni ¢
DNA, cDNAimedizatide TOWANAIR ahit, itargdt delBuromedified 1Rbexiprisy twsudMy gbtethsone may
enhance expression of, the trans | n systens designed. for, val of the

t r ansgen&ontYipigg ARSIArdINg dogpig (ﬁgﬁg Bt benseption &cios thst B‘Pds(‘gé?él?‘f‘ &d in

25Sect i onamncter2bnthdi@fe (ROAMIENA the DMk 8GRaikiREa ErhRBHURAR acBVvallon d&hhin
endonucl ease recogni tion sequence including but not limted to a

r econdi n44B) ¢fghgtranseriptionfastar tharacsiyyeseths indpable poimofer caypollagythe dlagganucl ease
(e.g., 1-S st.en. n.artifici aShikl €1 YR Sysi-em or anot her
artifici 3?0%?555?? ¥‘? ‘Ec‘ﬁed%erg‘ﬁ%@ﬁé"’&s‘%'%% J#ﬁsgrg%g E{{ g%h?ﬂseﬁgf n@@rﬁ]g&ef? nucl ease, or
a restri ghirdacasgyiegesp et dimerideor(dacriedtin Bativof . 1s4)ttleat toredimolenenslyr arel y i n

t he human 30gen ,.and the |ike. To repress.expressjon of. the transgene,
he ARS caTed AR At s P BRRgAetPbi CRNACSUIBIAE rCHHE) | o an
RNA sequeneRuk@eoahé ABGudivh $rbRin 13 Bleat @ilarddRbmalb, aliwding Rensthigidaes thet i on
product of the transgene or_translation of_ its_ nmRNA ri bozynme

, €.0., b
" ecoghi t ibitos cge ertodhe ARadhBENSBUYHFT Kesribekin bs Saion Na T S3heFease
recogni tipg ﬁﬁqvﬁg.ofwgﬁg%@émmcmg HISPERRY b},ltﬁ&e&%me#eﬁ] iAngkmgayed in the

transgene units o present 1nvention inc es, but are not limted to
a t r ansgaeusingalimeireciieding domams this baive rorafBmityi fooahg ahetheyrie e abieate afeut ral i zes

HV infegtivity, a th ' i bod h ' | TNF-
ant 1 body HeBAnap Ao o e s AR e e R e 5 T,

cet uxi mahye addftloh 6f tRe@imdrizéuxumab, al ent uzumab- CLL, dacli zumab, efali zunmab,
omal i zumab, pavilizumab, trastuzu

X . gent yzumab,. adal i nrumab,. or an
ant i bady 10f r dgribisenthegipp! %?POTF@%%FQHECHBOT FehpRYIYSES ‘?HEF B’H@Fres; sol ubl e
vascul ar KpeledbelicBha bt andadhh tfa%&ilpti@ﬁ arkt (@ fhdrizdble TB @bimbih @nifi\F- a

receptor (e.g., etanercept), Factor VIII, Factor IX insulin, insulin like
growt h f aetlencodigr) dimespabiedomain efradvenberibten Betof Reryeulaesthe Biydiinase- 1

it ert er o aeRg e i s eqfd Fnleriohh B b (Pl HRRE TR R
pept i de- len¢dePsht)ON & binding dbingih af tht Sackesptiarfactwl fessd tea biading deregjnifor ant i body,
glial 2oce| tlhe Lfilartlr(?léc% orggc\é ggerl;]tenlil E}g)eth’:l;tlc‘)v% ra]iiss%ci]fat;iié:ntVscfllrth a constitutive promoter; and (d) the

fourth transcription unit encodes the activation domain of the transcription factor fused to a

binding domain for the pharmacological agent in operative association with a promoter. In

one embodiment, each component of the dimerizable TF domain is expressed under

constitutive promoter. In another embodiment, at least one component of the dimerizable TF

25  domain unit is expressed under an inducible promoter.
One embodiment of the PITA system is illustrated in Figure 24, which shows a

transgene unit encoding a therapeutic antibody that is in operative assoctation with a

constitutive promoter, an ablation unit encoding an endonuclease that is in opetative

association with a transcription factor inducible promoter, and a dimerizable TF domain unit,

30  with each transcription factor domain fusion sequence in operative association with a

constitutive promoter. Priot to administration of rapamycin or a rapalog, there is baseline
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(CGDNF), aromatic L-am no acid decarboxyl ase (ADCC), brain-derived
neurotrophic factor (BDNF), ciliary neurotrophic factor (CNTF), gal anin,
neur opeptwoeoM/188M8, a TNF ant agoni st, chenoki nes from Ph&/usked/sens | vy,
BC12, 1L-10, a therapeutic siRNA, a therapeutic u6 protein, endostatin,
pl asm nogen or a fragnent thereof, T1MP3, VEG--A, 20RI FI al pha, PEDF, or
I L-1 receptor antagonist. The transgene can be under the control of a

constitutive propoter, an, induci bl onoter, a.tissuesspecific pronoter,
or a pr oﬁﬂf‘%ﬁm’P@g{g‘F gle@d’e‘ﬁﬁf “B%Wif" Bp‘gbﬁg%ﬁw"ct{f’é‘%‘?“p“o“ éc{oEQ"é‘gﬁb‘? OBt

const i t Upjot@nd UpSPiaBlrty it ddnafikearbh thE Anlerigddltian@ ripd fR&si induced t he

t herapeutic products include, but are not limted to human cytonegal ovirus
(CW) 25pxrsessioa of the gedaanglease, avhdch clraxesheopndpriclsagsrrecognitign dgnail o the - ( Sv40) |
1li6 pro 3 I | olycol . FFl a pronmoter, ubiquitin pronoter,
hypoxanm%ﬁ%e%%tétgﬁ%@bﬂ%@%ﬁ%??ggﬁsferglggm(nﬁPRT) pronot er, di hydrofol ate
reducfase ( DHERnepmiwditrent, (hSctpdicdtionalefectte vatus psePimbe PNBA | . Acad. Sci. USA

88: 4626- 4630 (1991), adenpsi ne i.NAase .nr t S I ol ki nase
(PCK) pr 8}‘%{’% ,anﬁé‘)f"ﬁilaﬁo@la elﬁﬁ’érgseﬁgrﬁ g?ng 8%“"@?5%%%%‘%[?85%@@%%%? §{s6é pr onot er,
the (3- actAv7, praov®)seyVy drahl(edre pdrtiquld?rycmracﬁm{’m usBdrabumfBcubjedtdSAu8 o _
10006- 10010 (1989", the long term n%r eptﬁats i(_IrLTR21 of I\/bhoney Leukem a
Virus andzetepaipsof te AN gdome oy BRIRING MBS URISHEREN SPGB 8F of Her pes

Si npl ex hbiteer@hd Phdk8EedGRBSS biirkdrk KA PHKOITRE SxdhpMhettRst tla@eBp@hh Skill in
the art. Inducible pronoters suitable for controlling expression of the

t her d@eutuni cpr eschackagedhisl anel & A9t Bkt andshe weepnda third and Hugh gawsadrtionagént s (e. g. ,

Phar mecol el i A4BRHT I w0 ARDHRIEh OBk Cabn BB PERF LR RONSe €l erment o

i ncl ude, are no imte ki a response el enent (HRE) that binds
1- 11F- | a pacichgtdBin ohe Anatyadki ad thefipo thidd aed Gnshtrafssuptionamittipskagehak by Gossen
& Bujard 1983 ‘{Pro . Natl. Acad. Sci. USA 89:5547-551); an
ecdysone-SFHA&AYY E°Fesponse el enent (No D et al., 1996, Proc. Natl. Acad.
Sci. USA. 93 :3346533%1TrapsA@iéUniton response el enent such as descri bed by
Mayo et al. (1982, Cell 1029:99-108); Brinster et al. (1982, Nature

206: 39- 42) andn e FUTA sesterm|one prirges repligationdsfertivepjiypes ars upadin WAE0) :  a heat
shock re : i : | cad(Held: at Shock
Reaponse, Pedre gEigEEEY pedt ti ARigaR g BRAMMARNAL i, AByscdlii, o2t 212

hor none resplirmsgead enie méfers tehDNg tHasomphisd: (bya DNA sequeate thit 9@ dles Nat ur e

204: 226 2920805 & 8L o SR b AR < Slnea WPENTRIRUA2042.  1981);

K ock et &™
disrupts transgene expression, including, within or flanking the transgene or its expression

20 control elements (e.g., upstream or downstream of the promoter and/or upstream of the
polyA signal); and (3) a promoter sequence that regulates expression of the transgene. The
DNA encoding the transgene can be genomic DNA, cDNA, or a cDNA that includes one or
more introns which e.g., may enhance expression of the transgene. In systems designed for
removal of the transgene, the ARS used is one recognized by the ablator (described in

25 Section 5.1.2) that ablates or excises the transgene, e.g., an endonuclease recognition
sequence including but not limited to a recombinase (e.g., the Cre/loxP system, the
FLP/FRT system), a meganuclease (e.g., 1-Scel system), an artificial restriction
enzyme system or another artificial restriction enzyme system, such as the zinc finger
nuclease, or a restriction enzyme specific for a restriction site that occurs rarely in the human

30  genome, and the like. To repress expression of the transgene, the ARS can encode an

ablation recognition RNA sequence (ARRS), i.e., an RNA sequence recognized by the
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15and Is
i nduci bl
ecdysone
is a tet
pr onot er

limted to those listed in Table 1 and other tissue-specific pronoters
20known i

R et G

Li ver TB
Ner vous

(Ca2+/ cal nodul i ndependent protein kinase) Pancreas |Insulin,

rael and Kaufrman (1989, Nucl. Acids Res. 17:2589-2604) and ot her

e pronoters known in the art. Preferably the response el enent

IS an

-Wwoaocif2bsesr esponse el enent, nore preferably theCrTaspan®soes enent

racycl i ne response el enment. Exanpl es of tissue-specific

s suitable for use in the present invention include, but are not
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Examples of transgenes that can be engineered in the transgene units of the
present invention includes, but are not limited to a transgene that encodes: an antibody or
antibody fragment that neutralizes HIV infectivity, a therapeutic antibody such as VEGF
antibody, TNF-a antibody (e.g., infliximab, adalimumab), an EGF-R antibody, basiliximab,
cetuximab, infliximab, rituxumab, alemtuzumab-CLL, daclizumab, efalizumab,
omalizumab, pavilizumab, trastuzamab, gemtuzumab, adaiimumab, or an antibody
fragment of any of the foregoing therapeutic antibodiés; solublé vascular endothelial growth
factor receptor-1 (sF1t-1), soluble TNF-a receptor (e.g., etanercept), Factor VIII, Factor IX,
insulin, insulin like growth factor (IGF), hepatocyte growth factor (RGF), heme oxygenase-
1 (RO-1), nerve growth factor (NGF), beta-IFN, IL-6, anti-EGFR antibody, interferon
(IFN), IEN beta-l a , anti-CD20 antibody, glucagon-like peptide-1 (GLP-1), anti-cellular
adhesion molecule, ad-integrin antibody, glial cell line-derived neurotrophic factor
{GDNF), aromatic L-amino acid decarboxylase (ADCC), braiﬁ-derived neurotrophic factor
(BDNF), ciliary neurotrophic factor (CNTF), galanin, neuropeptide Y (NPY), a TNF
antagonist, chemokines from the IL-8 family, BCI2, IL-10, a therapeutic siRNA, a
therapeutic u6 protein, endostatin, plasminogen or a fragment thereof, TIMP3, VEGF-A,
RIF1 aipha, PEDF, or IL-1 receptor antagonist.

The transgene can be under the contrel of a constitutive promoter, an inducible
promoter, a tissue-specific promoter, or a promoter regulated by physiological cues.

Examples of constitutive promoters suitable for controlling expression of the
therapeutic products include, but are not limited to human cytomegalovirus (CMV)
promoter, the early and late promoters of simian virus 40 (SV40), U6 promoter,
metallothionein promoters, EFla promoter, ubiquitin promoter, hypoxanthine
phosphoribosy! transferase (HPRT) promoter, dihydrofolate reductase (DHFR) promoter
(Scharfmann et al., Proc. Natl. Acad. Sci. USA 88:4626-4630 (1991), adenosine deaminase
promoter, phosphoglycerol kinase (PGK) promoter, pyruvate kinase promoter
phosphoglycetol mutase promoter, the B-actin promoter (Lai et al., Proc. Natl. Acad. Sci.

USA 86: 10006-10010 (1989», the long terminal repeats (LTR) of Moloney Leukemia

25
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Adi pocyte Ap2, Adiponectin Miscle Desm n, VHC Endot helial cells Endothelin-I
(ET -1), FlIt-I Retina VMD For exanple, and not by way of limtation,
t he repliweatznoneé®Becti ve virus conpositions of the invenriuseoicas2be used
to deliver a VEGF antagonist for treating accel erated nacul ar degenerati on
in a human subject; Factor VIII for treating henophilia A 5in a human

subj ect; Factor 1X for treati ng henmophilia B i n a human subject; -insulin

l'i ke grow.h factor 1GF or atocyte grom h factor for treatlng
Congest | S a2 TN s Y e RO er e YRy SRR VAR B NGF) f or
treating oalef:&ﬁ.fsﬁtadw gﬂé:ﬂ&b&%kﬁd&ﬁ{ﬁ%ﬁbﬁpﬂkﬂ% thebr@ human subj ect; or a
neutralizing anti body against HV for treating HV infection in a human

subj ect. 10St induciblerpsmaiese puitable fercapealtinecexprestiencaishg therrRrglc hor mones and
row h t , I

R o e S S G e S I A M

L el easi ngo plwstolrrgm@ﬁl%s ThésIrtsperse eb?ﬂ?ﬂlmtudn@ugc nmtri'eni(eﬁlsl-a hyplouila;alh ni zi Ing
or none 0 vascul ar ot helia

gr owt h fg?:sﬁ’%sc ftéi )(ﬁ@?& gtﬂg‘?sg'ﬂgﬂg an%ﬁg‘?%%& Cg't“le éSpﬂ}S‘éﬁ]ﬁﬁ"S'gﬁ 8 i%col ony

stinul at ldagzriinécBlS 0ss&AQSBLjarde(19$) PEiRON&L. iAad. Ea@sammewm;aam ssue grow h.
factor baS| c fi brobl ast growt h factor E‘ﬂg cidic fibrobl ast
gr owt h f&é@)@?“e(@#’@@lc reghoneRasisragnt Q)W"ha $ 4&10pFrog §P‘ep§f\ deri ved

growt h T agt. o9 6(RPFR) merhiNS el fond é?é%ehn E&ﬁfa%e%crlibea'%?M:Jyo@tléﬁiiészaaﬁin| GF-11),

any one of the transtormng growh factor a superfaraily, including TGra,
act i ViOns,29:99ni0B}; Msinstoret alh (1982, Nange BYmid- %@MS@dnﬁt:alﬁﬂ %&591\4% QeBNBipl. BVPS

20015, aighnnd) o MDA SYNNAARHT SAHLL BLORLALPRAL S fisrnispt i on Factor
Shock Response, ed. Nouer, L., CRC, Boca Raton, Fla., ppl67-220, 1991); or a hormone
response element such as described by Lee et al. (1981, Nature 294:228-232); Hynes et al.
(Proc. Natl. Acad. Sci. USA 78:2038-2042, 1981); Klock et al. (Nature 329:734-736, 1987);
15  and Israel and Kaufman (1989, Nucl. Acids Res. 17:2589-2604) and other inducible
promoters known in the art. Preferably the response element is an ecdysone-inducible
response element, more preferably the response element is a tetracycline response element.
Examples of tissue-specific promoters suitable for use in the present invention

include, but are not limited to those listed in Table 1 and other tissue-specific promoters
20 known in the art.

Table 1: Tissue-specific promoters

Tissue Promoter

Liver TBG,A1AT

Heart Troponin T (TnT)

Lung CCl10, SPC, FoxJ1

Central Nervous Synapsin, Tyrosine Hydroxylase,

System/Brain CaMKII (Ca2+/calmodulin-
dependent protein kinase)

Pancreas Insulin, Elastase-1
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grow h factors, nerve growh factor (NGF), brain-derived neurotrophic
factor (BDNF), neurotrophins NT-3 and NT-4/5, ciliary neurotrophic factor
(CNTF), ogWwoabii¢cebsdos! i ne derived neurotrophic factor (GDREX/USe@anses n,
agrin, any one of the famly of semaphorins/collapsins, netrin-1 and
netrin-2, hepatocyte growh factor (HGF), ephrins, 25noggin, sonic hedgehog
and tyrosine hydroxyl ase. O her useful transgene products

i ncl ude pr ot ei ng—that—regulate—the i.u...c system-aehudi-ng, W t hout
linmitation, cyt HABREYSnd | ynphoki heRLIPNERIN by onhopoi eti b (TPO),

i nterleukins (IEjklT through TL- PhedhiRMp@ Ny, €. 9., TL- 1L-4, 1L-12
and | L-1), rmonogyte chernoattractapt protein leukenmia inhibitory factor,

gr anul ocyt e- macy Emlm}géialmollbny sti muEaiqthvgﬂ'ﬂéféT d),,FltFIas | i gand, tunor
necrosis factors and—t+3—interfe —and—7—stem—cell factor,
I1k-2/f1t3 ligan g‘et"@ene product s ohﬂ%ed by the i mmune system are al so
suseful in the invention. These include, wthout limtations,

i mmunogl obul i nsl gG | gM r'i‘@\g@” I gD and . lg gﬂ] mar i mmunogl obul i ns,

-+

hunmani zed ant FPoar@ele. ad vyt imitation, digirerdicatien f‘iCt'Yf‘e‘H tors, chimeric T

cel | rec%@ﬁl%sﬁmn?bﬂgé ﬁwamheanTb&ﬁéd tord‘e‘ﬁ'@a?%q/flfﬁ}F ahkaagaﬁsafomnﬁg ass |1 MHC
mol ecul es, as well as engineered i munogl obulins and M -1C nol ecul es.

Useful g @n@lqnatcxtmmu@f degsoerptingling bummmubﬁnfeﬁ@ctqréﬁ[llf@nttﬁagmg)lpm@hwg As uch as

corrpl ment regu Ly decay
accel rat'l ﬁé rﬁ%\ %’rfr% t Ef/&l% Qk%i%rea@—gi{zﬁ%gﬁ E%Eég%%&%wﬁ Ep}n@m@t ot her
useful g %Iﬂ@mb bt QIICEF) bhisdpadeytagypwdntactof (HATY forecetganagdstve lichr fehhlrem) ne s

growt h fact cyt oki nes, ulator rotei ng and inmun
system pridf WH%“ st el FWP%%W%#%S@% "&?é‘ﬁ?%alj gerf’?ﬂs Séﬁ%‘ngPré]P

regul ati qp a &xdAPdubletH bl deatrRIcki gahtiBdty agﬂﬁslt B B theliind OV BeRG6M M al | popr ot ein
(LDL) receptor, high density lipoprotein (HDL) receptor, the very |ow

density Ihuﬁ‘@bﬁ'&l@in (VLDL) receptor, and scavenger receptors. The invention
al S0 @ncomPasses [RAR.RN ks E&nc}?&iﬂc@%aﬂﬁ%&’i&n@gmﬁ%ﬁoﬁﬂ@M)'d hor mone

receptor supe y inclu ocorticoid receptors and estrogen
r ecept or sdnffé\fentatmmfar:}orsemélphmg, withowd liotitagon, nudileahcageo,egm\@l‘lhéormweaddl tion,

usef ul ge product.g.i ncl uﬂx;r ran ion 0 tor jun, fos,
nax, RitR yé%‘aé}ﬂ%’b"“? ctl_hr grp g%r_l)opm%g r‘il CtW§@w&Ba§nd nyogeni n,
ETS- box cmmuwnng n@n@h@(f@m,slutefﬁﬁﬁeg, hodéne (Amlflwmaaaﬂmoﬁ«'sgsnadmmﬂn ZF5, NFAT,
CREB, HNF- 4G C/ EBP, Hq?CAAT- ?ox P\i”%g%n%]%gt eins, .interferon regul ation
factor (1®EGH)vasoper ﬁ’iéiofhﬁ &P fasion K" PRAISIAIN: EFRHOCYIATA- box
bi ndi ng pJo%n&sﬁﬁulaf‘r”nngaeto%%F? erAiEpdifif (EP()B( Q@%cﬁ@rﬂskdé gﬂfwt}‘l\‘fa’%ﬁﬁd hel i x
proteins her useful gene’ prioducts include, carbanmoyl ¥nt het ase |,
oni t hi ne (CTGF), basic fibroblast growth factor (bFGF), acidic ﬁbroblast growth factor (aFGF),
epidermal growth factor (EGF), platelet-derived growth factor (PDGF), insulin growth
factors | and 1§ (JGF-1 and IGF-II), any one of the transforming growth factor o superfamily,
including TGFa, activins, inhibins, or any of the bone morphogenic proteins (BMP) BMPs
20 1-15, any one of the heregluin/neuregulin/ARIA/neu differentiation factor (NDF) family of
growth factors, nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF),
neurotrophins NT-3 and NT-4/5, ciliary neurotrophic factor (CNTF), glial cell line derived
neurotrophic factor (GDNF), neurturin, agrin, any one of the family of
semaphorins/collapsins, netrin-1 and netrin-2, hepatocyte growth factor (HGF), ephrins,
25  noggin, sonic hedgehog and tyrosine hydroxylase.
Other useful transgene products include proteins that regulate the immune

system including, without limitation, cytokines and lymphokines such as thrombopoietin
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transear banyl ase, argi nosucci nate synt hetase, argi nosucci nate |yase,

argi nase, fumaryl acetacetate hydrol ase, phenyl al ani ne hydroxyl ase, al pha-1
antitrypswo,2ogl/uesegse- 6- phosphat ase, porphobilinogen dea&eirnsse,1/030233 at hi one
bet a- synt hase, branched chai n ketoaci d decarboxyl ase, al bum n,

i soval eryl - coA dehydr ogenase, propionyl CoA 30carboxyl ase, methyl mal onyl
CoA nut ase, glutaryl CoA dehydrogenase, insulin, beta- glucosidase,

pyruvate boxyl at.e, tic phgs ryl ase, pho oryl ase kinase, glycine

vcar boxg Ao meeit e B B0 Gl r I ar el 137 S ey ane

r egul at Olndn6EyTdFDheMBEHIGIGE protn] IcukehiRti AHIRINf200F @raatReHE mab®plthge @ MM ni - or

m cr o- dyst rophjn Still other useful gene products i nclude enzynes such as

may be _u§_@‘PﬁN Sty %ﬁﬂﬁ?@%%‘él‘i&%{@n@ﬁ@of BW@E&W‘_""\?\H o B doter€aens o haad vari ety
of condi t,i 943 &IEEUbL HRY /1S ﬂg%ng._efdﬁﬁé ﬁlaauc@s%auc%a/by% ﬁﬁ‘rﬁﬁ(rg%ystglﬁ %re%%arrpl e,

enzymes t'hat contai A mannos@ phosphate ‘may be “utilized in therapies for

| ysosémaluseftlon thgenvgnisaa Jdese(inclgde, withant liméiticns,gmmainglehtulidekgGy Fed, 12A,

encodi ngl3- roni dase (GU . . atdon.Unit,. The .viral~genone(s)
o “one. ot e RRERS Pt RP s Butofes BURAGHI otel IGR To et em ar e
engi neer egll tedeptotk,Ichieric qrieHirdteptorsaddhgd ¢Ham Ticelkrecptoe diagyd aséglagntes for an

abl at or, .as_defi ned hereg. , For per ent do of .transgene
expr essi SAICmplecykp. 35 WFﬁé%WgHEerﬁﬁil"’é‘HW[}’g}T]é'}i%‘?WF‘H&?‘H@S' ﬂ‘ﬁff’ﬁ’ﬂéﬁ%el imted

to a recopiiuBRate ilkluiE HMGHER EGulafrZbrbfeids sHBak cOplonMR rEARRrPr any
restriction enzyne with a restriction site that rarelﬁ occurs in the human

15geri@ne prethias, nismberse cofaetprepraRs (MCR)tscayraserigyating fegior(DAKY GRJl, &F28ndr

exci ses tél%gtransgene. Exanpl es of such ablators include, but are not
limted to the Cre/l oxP system (Goth et al., 2000, Proc. Nat). Acad. Sci.
USA 97, 5995- 6000) ; StilethetdtfaRiens psidects (n8bide eyl onetof tle rece @08 30r tB: ot echnol .
Adv. 23, 431-469); anucl eases, such .as 1- Scel ich recogni zes a specific
asymet r iy %?Vgﬁg%fori’fﬁﬂ%wmﬁ ngﬁ?ry(p\é%&}ni; B“@B‘“%@f Sﬁ%ﬂ, arare
sequence gréteiné) ETHERATERLibrAdhc GRAREDS rec@ftors G5 0hbRSerdDie I RichiandBeligld eaks (Jasi n,
M, 1996, Trends Genet., 12,6224-228); and artificial restriction enzynes

(e g.15 a medvlation.derdyding the loxcdsasitydimeprateam(URL) reseptary high dpnsity fipepgesein
DNA- bi ndi g1 § 0885k, 1 v&y%ﬁ@ﬂsﬁ?ﬁﬁﬂﬁot@gr(v:[,ﬁm R@éptﬁgﬁh(d%]@aln?ﬁ@i‘ RegH&E. to

target ARS sequences unique to e mamal i an” geno er et "al., 2008,
Proc. NatThe imeation &ksi encangpasses @5 psBOGEs 584 Jnembers ohe statvidiiomeane  t he

25abl ator_is.a chidrenic ; i ma a i or a
het er odi nefP Foﬁé?pgﬁ#%}bb{ngﬁﬁ&lggﬁlboe’%'ef?%@?f%%@ﬁ%&%ﬁ%ﬁ %35%@%'.1}?@ transgene
i s desi r edcepauns @ldlotifconuctdaotebeptdre minddienn, tukeft] dehapiediots indledeAliRS ripfiod he RNA

transcript of the transgene unit and abl af es PE: tr ript, or inhibits
Lot H i cReiorsSHER A dEo e AL PRERS, S PO L AP oo\ 2t NBODIH ¢ e
myogenin, ETS-box containing proteins, TFE3, E2F, ATF1, ATF2, ATF3, ATF4, ZF5,
NFAT, CREB, HNF-4, C/EBP, SP1, CCAAT-box binding proteins, interferon regulation
factor (IRF-1), Wilms tumor protein, ETS-binding protein, STAT, GATA-box binding

proteins, e.g., GATA-3, and the forkhead family of winged helix proteins.

25 Other useful gene products include, carbamoy! synthetase 1, ornithine
transcarbamylase, arginosuccinate synthetase, arginosuccinate lyase, argin.ase,
fumarylacetacetate hydrolase, phenylalanine hydroxylase, alpha-1 antitrypsin, glucose-6-
phosphatase, porphobilinogen deaminase, cystathione beta-synthase, branched chain
ketoacid decarboxylase, albumin, isovaleryl-coA dehydrogenase, propionyl CoA

30  carboxylase, methyl mafonyl CoA mutase, glutaryl CoA dehydrogenase, insulin, beta-
glucosidase, pyruvate carboxylate, hepatic phosphorylase, phosphorylase kinase, glycine



30 to interfering RNAs (RNAi ), ribozynes such as riboswi tch (Bayer et al.,
2005, Nat Biotechnol. 23(3):337-43), or antisense oligonucl eotides that
recogni zewaroAWRR&ISRNAI , ribozynmes, and anti sense ol i geolaiSeatlioskes3 t hat
recogni ze an ARRS can be designed and constructed using any nethod known to
those of skill in the art. This systemis particularly desirable if the
therapeutic transgene is admnistered to treat cancer or to nedi ate host

i mmune respons 5l.n one enbodi ment ression of the abl must be
control | a&‘? ﬁ?ﬁe ﬂﬂc?&%‘?‘ﬁi p‘ﬁ?l‘%‘hﬁt‘%?mtfﬁ’ S‘Saﬁﬂawmawelfawa“&éﬁ%f over the

transcri pdguérite Ofnd al9stRPhiRlgetic HEMRL R: g -2 mifi- BhAIAREROIFRISHAGERE , OF
transcription factors activated by a pharmacal ogi cal agent or in

al t er nat bseéul @asaupduststincludsiepzimsss sidfhaa may be ysefubinpergyae replaserass theray. ar e
non- | eak cible
pr oot or A St ins At ol ook Rl e iR R b Py PR e .
r espohs e exingrie pozymicn &Iaumnmgl iparinosmed-phasphateday be wilizet indloyapidsder (tet)
response, el ene as .descr.i. Bu 2. Proc. Natl.
hoad. ol oAl yehEeGRaS (C L gRE S RS Dol LB sk ot (o b
et al., 18@8B)Proc. Natl. Acad. Sci. USA 93:3346-3351) a netal-ion
response el enent such_as dech bed by Mayo et al. (1982, Cell. 29:99-108);
Brinster et al. (19622 AlaipeUbs: 39-42) and Searle et 15al. (1985, Mol .
Cell . Biol. Synd¢Rfplffif)s) oﬁo&%mmiaﬁcaﬁ&wasme SIREBRkd fieh as descri bed
by Nouer et aI (1n7 Heat "Shock Response, ed. Nouer, L., CRC, Boca Raton,
Fl a. 10pp PEVA m,m arg ngineernd t@ﬁmﬂwmn@mraegpbhgleumﬂ anveding saquéncessfotiescr i bed by
Lee et al abl % Ng%ure 294: 228-232); Hynes et al. (1981, Proc. Natl.
nead. ! sobIGEAS Jeins ¥°2042): Klock et al. (1987, Nature 329:734-736): and
| srael & Kauf menpetth®@Ht shikiddwn o‘mﬂanigeﬁeﬁpreis?o:ﬁﬁﬁ%mﬁﬁéz)n w»@and ot her

duci bl t k t h mot i f
the. abl aEBoLARBANIEATE Bt PE IR0 &iesHBr Broech MEHBTGRE G BT el ot om
(Gossen %Bd@h'ueleas?:%Q r&@h&i&ﬁ%n%ﬁﬁ witQB=QiictioASREMathrefy occurd BXBe hihac. Nat!.
Acad. Set. USA 2) 5547 the Tet R-KRAB system (Urrutia R, 2003,
Genorké® Bigehome, xt(am)l sztglheﬂe?e%gfétm Banseene ugjt and ablayomr exgises B8l | Bi ol .
m 1507 itigend RS ECRTLEH Aford ﬁgﬁﬁ@%u@w&q@a{ah @og%%@még Giegnesw teh;
Sch| | |'i ngéirotieer @l 200R0BG. NatloAcad\&eil USASAAF9936000); uhﬁwms&m@m 13789-94) ;
the huma ta e aj S 2002,
Vel ThorSoatey AeT8s e RE e i ou R R R Skt Lo ol
(Rheoswi trgdvgnitéed dxpecific aymmeB@0Bbp awﬁelau(wmmr AA?CAGGGTMT (SEEtIDal ., 2003,

Eur J Biochem 270(6):1308-15) to pane but a_few. 30A chi m?hﬁag enzyme may
be coft r PPy e sgHYCE i rama! lwwwaﬁ@flwrsatﬁsr@h@eévan he

embodi e asmtnﬁ ?étﬁéﬂdéﬁehétz‘?@zﬁl -83%); %alaﬁlmaﬂﬁau%&%gymew@gemne he
nuclease as at east two domdins, i.e., a catalytic domain and a sequence

speci fi c fidiger tblchtdseﬁ gentonadi by, fusiegdzing fingsr ENAa[Plédleg(@f@%%@(ﬁ INbeleaxagsar at el y
are expr B fh B Al KB aRE RSB ntoe DlE e LB D e
chimeric (emumed,ezaem Procy Nitt.alchy.,Sch &jSar, 40% S80RIRE))i [t ormrembndmmncthat ai ni ng
25  ablator is a chimeric enzyme, which may be based on a homodimer or a heterodimer fusion
protein,
Where temporary shutdown of the transgene is desired, an ablator should be
chosen that binds to the ARRS of the RNA transcript of the transgene unit and ablates the
transcript, or inhibits its translation. Examples of such ablators include, but are not limited

30 to interfering RNAs (RNAI), ribozymes such as tiboswitch (Bayer et al., 2003, Nat
Biotechnol. 23(3):337-43), or antisense oligonucleotides that recognize an ARRS. RNAi,
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5 each of domains linked to a DNA bi nding domain are provided. Such DNA
bi ndi ng domai ns include, for exanple, zinc finger notifs, honmeo domain
notifs, BNG2boxi2ékesai ns, STAT proteins, B3, helix-I| oop- rerivsomioseesl

hel i x-turn-helix, |cucine zipper, helix-turnhelix, w nged helix, PQU
domai ns, DNA bi ndi ng domai ns of repressors, DNA binding domai ns of
oncogenes and naturally occurring sequence-specific DNA binding proteins
that 10recogni ze >6 base pairs. [US 5,436,150, issued July 25, 1995]. In
one enbo&‘gﬂ@mes apg antisgise 8‘3%‘?“8?43‘?}?“&% thal rsgseaizepn ARRY farebe depignedaindr ol of an

i nduci bl goRf-a6Rd @sﬁngtamgtneth%d KRG @ttﬁdie Qs/sknhﬁ tRH JFEr AR EME AREGIRL | On
factor domai ns described in Section 5.1.3. An exanpl & of such an’induci bl e

pronot er desirabladfcte thiygpeuti tramsgerei lmdf@dlskmdao ot dangenrad fvggedidte Boski ni mum

pr onot er , Wﬂh&QJlﬁ Jesponsive to a GAL4 15transcription factor. A GAL4 DNA
bi ndi ng domain dr tfansactivation domain can al so be fused to a steroid
recepbor, sucinas emhedmcdy@qmmmeoéhe @blat()ﬁnﬁst be Smtdolledityimnn&mbﬂeabl e

i nduci bl e_pr ters,.such as are e selected. 5.1.3.
D mer | 2 BB Ao isEt b BB b DR G B g R ek e . the i TA
syst em i phileatgnachl sxenl) of h@iscription Yictodd actienen®(Sphafthacbldgical agent or in
20replication-defective viruses are further engineered to contain a

di mer i zaBlteniiyeeabogiments.phesiolagienl GensnBromY isHF Bt areion-leakyaed Baf t s may be
a di meri zgbbeyhh U&h;on@@ar@giefé}ﬁcq fRLebR %m@apgd?ﬁme%rs%ﬁ&aﬁr@ e fusion

protein unit (e. O, a chinmeric enzyne). In such an i'nstance, a
di merl0zerxpressicnad tf(ﬁ@bbtoswtelgarlre$011se4)ememhurwhldblgrhmantbntlthétocﬂ meri zer binding

dormai ns i ? ling (t Laﬁ %Emg?ée % el §r{t Xh SR Ec%bHi %éé%s%ﬁgg% h‘99§1 &, ﬁg{m In

f usi on pro IOn omal n ormn
bi f uncti oxwad. Sci. Arsc89: 47 SA1Y; &Cédﬂ&son&éﬂumblegesporﬁsheleﬁulente(dlomm'%é,yst em

which is des i bed i . 2002/ 0173474, U. P ication
No. 2000 F600¢ gigicad) i IIJ%%} 3539‘%\%)%% %@&‘a 198 resppnge “"ﬁ@?‘gﬁt’c"l\ﬁ%esﬁl%{a 317,
U.S. Pat q;gttM:Na eta?l 6852 4:411 29@951(1??@%@1\9:41 01,983 N 296J39542)l?1a8 SeHrlcNp-

5, 869, 337, . S. Patent No. 011,018, U.S.

Pat et NGl- (1398é4M0b§211 330155 Hﬁ@éﬁ$9)1\bheae@eclﬂzmmowlenwnssu0ba& daseriteg
6, 063, 62 P P 5
6, 063, 625y gt RUETHA o R R0 sy LLBRENB MRl B pART oY S

uU. S. 1991); or a hormone response element such as described by Lee et al. (1981, Nature

294:228-232); Hynes et al. (1981, Proc. Natl. Acad. Sci. USA 78:2038-2042); Klock et al.
(1987, Nature 329:734-736); and Israel & Kaufman (1989, Nucl. Acids Res. 17:2589-2604)

20 and other inducible promoters known in the art. Using such promoters, expression of the
ablator can be controlled, for example, by the Tet-on/off system (Gossen et ai., 1995,
Science 268:1766-9; Gossen et ai., 1992, Proc. Nati. Acad. Sci. USA., 89(12):5547-51);
the TetR-KRAB system (Urrutia R., 2003, Genome Bioi., 4(10):231; Deuschle U et al.,
1995, Mol Cell Biol. (4):1907-14); the mifepristone (RU486) regulatable system

25  (Geneswitch; Wang Y et ai., 1994, Proc. Natl. Acad. Sci. USA., 91(17):8180-4;

" Schillinger et al., 2005, Proc. Natl. Acad. Sci. U S A.102(39):13789-94); the humanized
tamoxifen-dep regulatable system (Roscilli et al., 2002, Mol. Ther. 6(5):653-63); and the
ecdysone-dep regulatable system (Rheoswitch; Karns et al., 2001, BMC Biotechnol. 1: 11;
Palli et al., 2003, Eur | Biochem. 270(6):1308-15) to name but a few.

30 A chimeric enzyme may be controlled by a coustitutive or an inducible promoter. In

one embodiment, the system utilizes a chimeric endonuclease, wherein the nuclease has at

30



Patent No. 6,133,456, U S. Patent No. 6,150,527, U S. Patent No. 6,506, 379,
U.S. Patent No. 6,258,823, U S. Patent No. 6,693,189, U S. Patent No.

6, 127, 52woln8/12B8ent No. 6, 150, 137, U. S. Patent No. 6pPCOAISINM4/03dd1S5.
Patent No. 6,509, 152, U. S. Patent No. 6,015,709, U S. Patent No. 6,117, 680,
U S. Patent No. 6,479,653, U S. Patent No. 6,187,757, U S. Patent No.

56, 649,595, U.S. Patent No. 6,984,635, U S. Patent No. 7,067,526, U. S.

Pat ent . 7,196,192, U. S, Patent,L No. 6,476, 200, . Patent No. 6,492, 106,
VO 94/ 183AF WOEPHETD 0953 SRR SISMIBITY? 2 SWG@C?/SBW@%{?‘*S‘%‘ APBBY: WO

98/ 02441 ¢, WO QM B 3R2Z pre Vel 8kt 8208t MOnBMEPadRoterVEh PRAiSIO e 3perPely

99/ 41258, WD 01114387, ARGENTTM Regul'ated Transcription Retrovirus Kit,
Ver si on Jinked( ¥leg tixyvo damainamerxrrivedRe dhel same dimeothe piededts ofitheop| asmid Kit,
Ver si on 1,023 i g : i reference in
tsenti AaahOkR o iinerE A e Eibidofy SRRPOLBLATONSHR iR Lo
targef cehdhofdomainplinkied exh PYAdIndngrtogme drewprobided.osuch DdtAebinding hat are

dommi . ( BEBY "L torRRgelr A BRer ae FOpR SRR Rl gl "

15pr onot &y AJOsbtek,| B3N Belixbeomhdlial wingadlkklik e die e leucing tipperi Idix aurn-
transcriptional actjivation donmain %ﬁ% of the i[:lranscriﬁi\]i olgg%actor t hat
act i vat edebihaingsd helip PRUSlogRe PN ng domags ehrePipiosy BNA P fused to

i Mer i ze1qohly AdbhHRREI 413 rafahs B fuchiespkiiflc DN GRGRE HoRimShatmy be
consti tut iove,_ oirq&lgs an added séf ety ea%uur e,SpiEnd?Jci bl e. l%g%e an ai nduci bl e
promdQer reeogsiat 2gbaselpsity [EXpraesibissestl Tad@>oF9%he fusion proteins, the
promot er 1y gl AldBlnkn, BlexGlid/ R Mblald: ATAANOLAREI drnduci bl e or
regul atabl e pronoters 1n the viral conposition. Addition of a

phar macolaagaduaibleggendter that is' @putated bethe d{nckeigahl¢ bedeiptioSctor dom&ns 1. 4) t hat

can simul faneously L nt ct with the dinerizer binding.,d ins present in
bot h fusi FF’%P%PG% téO"rsggﬁl‘AtnsexiaWplFé’EFll?ﬂtawc'glf: Pf Oq?&ﬂgqfﬁgg%ﬁﬁﬁfl@t ein to the
regul at edinfifedn®4 BALA4ibiHdiHealte RthifnhAsehawe whidh @fredpomsivlib atGNL4 By usi ng

di meri zer binding domains that have no affinity for one 25another in the
abserlde dfansarigipifagiag AaRARD PRBpbindingdomain ArFansicgiBon domaip 4LEH Bt i on i s
made. abs gl ¥ BRRAGHBIE. Bth &i1fe AHMoh RBARL: (ELS. BhillBieZfabiSUl Lably, a
replication-defective virus conposition of the i'nvention may contain nore

t han one idiueiné pratwbersdairhanare Teseribedrhiersirs mag pe padestddon- def ective viruses in a
conposition may be dif £ er . i 1 LEferent

transcri ption uni tssqi'g’: S’F’?g@ﬂ&%ﬂ?ﬁ’%g?%@ ﬁglitg @ét‘%ﬁaghftner able unit in
situ) and/or 3JQageéhbairadnt,ald RITArsgsterriksdesigngalr satlethasthe dirdl génoimp(s) ofthe or nor e

transcription factor domains ar . T . .
20 prepl?cation-dcfective viruses are %rt?wr engineered to contain a dimerizable units which are

heterodimer fusion proteins. These units may be a dimerizable TF unit as defined herein or
another dimerizable fusion protein unit (e.g., part of a chimeric enzyme). In such an
instance, a dimerizer is used (see Section 5.1.4), which binds to the dimerizer binding
domains and dimerizes (reversibly cross-links) the DNA binding domain fusion protein and

25  the activation domain fusion protein, forming a bifunctional transcription factor. See, e.g.,
the Ariad ARGENTTM system, which is described in U.S. Publication No. 2002/0173474,
U.S. Publication No. 200910100533, U.S. Patent No. 5,834,266, U.S. Patent No. 7,109,317,
U.S. Patent No. 7,485,441, U.S.Patent No. 5,830,462, U.S. Patent No. 5,869,337, U.S. Patent
No. 5,871,753, U.S. Patent No. 6,011,018, U.S. Patent No. 6,043,082, U.S. Patent No.

30 6,046,047, U.S. Patent No. 6,063,625, U.S. Patent No. 6,140,120, U.S. Patent No. 6,165,787,
U.S. Patent No. 6,972,193, U.S, Patent No. 6,326,166, U.S. Patent No. 7,008,780, U.S.
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di scl osed in WO 94/18317, PCTIUS94/08008, Spencer et al, supra and Blau et
al . (PNAS 1997 94:3076) which are incorporated by reference herein in their
entireti e8020he12688i gn and use of such fusion proteins Por/Usegansenedi at ed
gene- knock out and for |igand-nedi ated bl ockade of gene expression or

i nhi bition of gene product function are disclosed in 5 PCT/US95/10591.

Novel DNA bi ndi ng domai ns and DNA sequences to which they bind which are
useful in enbodinepts involving regul ated transcription of a target gene
are di sclBEBNo-G:1g2-45¢ 1 PAAiPNe Go st LrogBnair b 3a4 3-8 asmt Nenose

ref er encgzspRoyilde mrASNAH 498186 NT OrFiRint RB.6,241588N0S. B Ry ATPoas7s el ating
to the design, construction and use of DNA constructs encodi ng anal ogous

fusi on prb$.dlatest Ne.dx49d07¢dh8. RatsmeNp16309,15814S Jtatrst Negallge®P.Uhhi ch may al so
be usef ulp,f.0, 4 & 177385, § PARhe RS, éi‘i@,é%%‘kﬂgﬁcﬁaxén 8.’1{1@”}57 Rﬁ.?fl%et%PNX the DNA
ma p can g It; bi'nds to i

bi ndi ng é}o in, and a 'fusion protéin ainin S recogni zed
DNA séquertds,ses,tthS sRatehi Bo.6xR84585,dE8 1 Raitiny Ne 7,067526 5i. R dRangpt No. %, 16,192] ect ed

despi o the harabunaet BB RS et REre doararoll et vBRRORES R YT
Pr ef er ablog/0609 M@ g7/9f 898 ey Of 9534 1865, WO @i 44115 RANPI/ B TSP IWDID®] [H868 bvadi ng
domain to the sel ected DNA s at le re preferably three

sequence | ast_two, no
and even HbHE 1HrEPEPELHIA. B 29/ AR W 01 119386 ARGRN HY fvev latgd greater than
bi i NG 0, ABYARS relb R, VYA (ORUADSEa AR AERP el fkead! N gt udi es

invitro or measuring relative rates or levels of transcription of genes
assodilat ebtansetition Résmisl Ieie.t \eedsiNRO 68 §08Rx each of whinh isrivaprpagatediliereit ber nat i ve
DNA sequenges. iquerq%rr{eri zabl e 20transcription factor (TF) donmain units of
the inverdtioncan~&ntode DNA bi ndi ng domai ns and activati on domai ns of any
transcri ption Th aad enibodineam by deliveeingis timebxabigphritStacdet slis bretnicalified e pd-i on
factors include hut are not limted to GQLé1 ZFH@L VP16, and NF-KB (05).
The di merSXP%ss WoAMProfsina At BRmFEaedRy the phepmacelgisagetitied: 3% t he i nventi on

can be arl‘)bnﬁinﬁ%ré BIRA-HHdRel ddehafOMEDN of 82 GlahRABkidn TadtorShat BiHak tveatdupileNo.
2002/ 0173474, . S. 25Publ1 cation No. 200910100535, U.S. Patent No.

5. 8341526 arompter coptrplting thyigblatpr ampighaqther cpptgininpgitpserigiionalacgasion fomaig, S,

Pat ent . , . . ) . : , 871, 753,
U pat SPHb B¥ R rptpgc At s s (R R fomosgton{iAliffthe Mlaor, U

6, 046, 04 7eactUiuSed tPaireerizeMNiondify da3ir62BxpredsiBn ofthe vt fubion p®elmtinay2®, U. S.

Pat ent No.

oot oS AL e LT B b 2, 5 320 260
6, 150, 527seletlefor Rapression NG onebof S FDprotdinS, thPplombdter May rguid@aBleSis, U. S.
rat enﬁO Nodiﬁgfer?tgfgdmlgng’ot}%r %dufiglte%?}‘e u afabl%’ 1:!-021117(.';'(65[‘82 i]ffthéJ \'iirsdl cg)n? to%{t]iton.No' 6,150, 137,
u. S Y g p p
Addition of a pharmacological agent, or "dimerizer" (described in Section 5 .1.4) that can
simultaneously interact with the dimerizer binding domains present in both fusion proteins
results in recruitment of the AD fusion protein to the regulated promoter, initiating
transcription of the ablator. By using dimerizer binding domains that have no affinity for one
25  another in the absence of ligand and an appropriate minimal promoter, transcription is made
absolutely dependent on the addition of the dimerizer. Suitably, a replication-defective virus
composition of the invention may contain more than one dimerizable domain. The various
replication-defective viruses in a composition may be of different stock, which provide
" different transcription units (e.g., a fusion protein to form a dimerable unit in situ) and/or
30  additional ablators.

Fusion proteins containing one or more transcription factor domains are
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Patent No. 6, 464,974, U. S. Patent No. 6,509, 152, U. S. Patent No. 6,015, 709,
U S. Patent No. 6,117,680, U S. Patent No. 6,479,653, U S. Patent No.

6, 187, 75 WwWolnB/126%8ent No. 6, 649,595, U.S. Patent No. 6Pe8ASE®3/030215.
Patent No. 7,067,526, U S. Patent No. 7,196,192, U S. Patent No. 6, 476, 200,
U S. Patent No. 6,492,106, WD 94118347, WD 96/ 20951, WD 5 96/ 06097, WO

97/ 31898, WO 96/ 41865, WO 98/ 02441, WD 95/33052, WO 99/10508, WD 99110510,

WO 99/ 36553, WO 99/ 4 8 0] 4 .. ARGENTr m Regu] ated Tr ription

Retrovir Gssc‘vzﬁe@,m%f’%%éz)%*ia %@%%9@;’,&’&?&? ﬁlﬁ&ﬂ?ﬁl’%"i@@ﬁf“é’légﬂ%anscri ption
Pllasm d Kbb7 94/8078) Rhickal iﬁc@ﬁp@%&@y,rei@@ﬁ& HRefeitAitkdir dnfiretiB Thodsahedd her ei n by
reference in its entirety. 10A dinerizer binding domain that can be used in

the PI TAussafisueh fugon preteinnferigard-mediatrkamekpraoBi pidar kegnimedisted) . FKBP i s
an abundafieidd of Phe @&toa%mr&ib@ﬁ&tog:gghget Gyc AhioR SreldiRIcka ihacel | ul ar

receptor r the”I nmunosuppr essi ve FK506 and rapanyci n. Regul at ed
t r ansGri PATAISEAI059k Nawkli [BVA dinding fdomping ardDNA peqenaspioeshidf thexBERdt 0 a DNA

bi ndi ng dqmai n of .a.transcription.factqr d an actjvati mai n of a
transcri M%q%rf"ri%qeg’i‘fnoeﬂ",‘ 036%“@0\%‘6’?"59% tH atg'%‘%ﬂs?rg’ﬁm%f) hﬁ%ﬁﬁ?ﬁ% n?amhom)di mer
of FK506; diflossd, Mg, inton@hanz el 19695 NRicnte26738 D6 SBIAY refddtideirovidd  si npl er
synt heti c anal ogs such as_ AP1510 (Anmar a, ef ,al., 1997, Proc. Natl.

: ! , J. F., al .,
Acad. Scisubstagpial infaymasipn, euifgngs.and pxamples relaling e thesiesigh, geustrucion@pd Uan be
i mpr oved ' i ' [ i A coB@RctsMnkibedesi gned
' bunps’ tﬁg%%%%&g@?%%@ggk%ﬁ@ﬁ%n%c%rgﬁgﬁg CEKBPG%SPSI I E)ck et al.,
1999, 10Metaspagts vhichymayl also@ 1eeol t8 08 prastitiogBoBhy subjespinvsntidn-appr oaches based on
het er odi r neri zatd o e it i . d] t : anycin
naturally funérf}?fl%rﬁglwheéﬁih‘%Slinr?g’%tdtgg]g{nhée@%%weﬁg{éﬂ’ cgﬁlslég'gr%r{glggi g%%gt pr ot ei n.
Thi s al | cwxedoarizabDNAaEquanaduidi ssffidimtsddctigs), soohat Aimding gsthe bdeatmf DNAO be used
directly as dinerizers to control .gene expression. The .structure qof
FKBP- FK5cfeq‘t?BFFp‘ra&?Eg“ﬁ’%"‘ﬁ@l%‘%ﬁé’&W&%‘H&& iR 47 (& ??P‘f"ﬁﬁ%?r“fg%ﬁ‘? . cell,
82: 507 52gher LR humbdts HRLIDNARE RS, Fretb@blyesindif 4F thd RsibalpRtkid2 394) was
shown to be effective as a dinerizer binding domain using a three hybrid

syst ek i neoppsising theiNA-bindisg dersmpdo thgselectedDIDA BaqusHis it #deagiies. moret o 394 of
. . . f ; . STULES S
Tobe. et P SERSH RS DR R e s P SGR ik an o 1

1996 Nat ur activated transcription of a
reporter lgediag ioranydresieroaivedINAseguenee.mainteagisdddiyrpendingrsties donao or ber med a
CAB, which is.a smlle r ni pul at abl J.e a as a

di mer i zermﬁqsﬁﬁ?%rﬁgg‘ém{eﬁf)ﬁgve% orﬁmn#;ﬁg{'ﬂ § ?egg%gﬁg&a%vﬁﬁ? ﬁ]%fs %}g‘ﬁgdn protein and
acti Nat i opDNAGERiehcd d3Sbmparpd wiagy lteemaiod BN AxeqidneesdiThedingaibdbée f usi on protein
units_of the invention my contail ne or, nore c f .one or, nore

di f f et®nt trenseRAtion &ctop { Hdidhgald ot ‘?fs:‘].c‘)e FHetgh Ft"’é’ﬁ“ﬁ‘g%%l[ﬁ% gi“ﬂié'g g%’ﬁ@ﬂf’ﬁs may be

N-t er m najng derida@bAHARdins &fany ﬁ&r@é%ﬁ%ﬁﬁ'@@lw%é% MmERREE ExiripleNE sINA bi ndi ng
domain and 5 activation donmai n. Enbodi ments i nvaol w\a}gﬁrrul tiple copies of a

di r ner i zetransetingion gretpsniarinde by anginpt limiigddo SAL4. gFHIAI, 3P PiFesB OfRe vari ous
o, 1 1, TGP, Wl oS SRR bR, er
het er ol ogaysdimerizer binding domain described in U.S. Publication No. 2002/0173474, U.S.
25  Publication No. 200910100535, U.S. Patent No. 5,834,266, U.S. Patent No. 7,109,317, U.S.
Patent No. 7,485,441, U.S. Patent No. 5,830,462, U.S. Patent No. 5,869,337, U.S. Patent No.
5,871,753, U.S. Patent No. 6,011,018, U.S. Patent No. 6,043,082, U.S. Patent No. 6,046,047,
U.S. Patent No. 6,063,625, U.S. Patent No. 6,140,120, U.S. Patent No. 6,165,787, U.S.
Patent No. 6,972,193, U.S. Patent No. 6,326,166, U.S. Patent No. 7,008,780, U.S. Patent No.
30 6,133,456, U.S. Patent No. 6,150,527, U.S. Patent No. 6,506,379, U.S. Patent No. 6,258,823,

1.S. Patent No. 6,693,189, U.S. Patent No. 6,127,521, U.S. Patent No. 6,150,137, U.S.

33



As used herein, the term"variants"” in the context of variants of dinerizer
10bi ndi ng donains refers to dinerizer binding domains that contain

del eti onswoOi2nseRt808ns, substitutions, or other nodificaPrcons20ieloaiye to
native dinerizer binding domains, but that retain their specificity to bind
to dinerizers. The variants of dinerizer binding donmains preferably have
del etions, insertions, substitutions, and/or other nodifications of not
nore than 10,9, am ng acid residues, In a specific

0,9,8, 7. 6. 5.4, 3,2 or 1
embodi meREEniR 6B5HP Hh .S BaRntNG 6mP % V- iPaBre- ddHaPO-AhS: Rekst Nat i ve

sequence 69f1 7,@8@' iUTS.Qfa{eEﬁQo.Q[Wd,lSS‘Q Womicht BS 6,51F8$9i5f,iLﬁSl BRAYRo. £h98Ps, t _hat 1
to 5 amino acids are added or deleted fromfhe carboxy and of the amino end

of the dilh®mateetNoioithii635 dbPrellatest NawTeltd,5ehd) s.dteat Med HiP6d82.déSar e t he

f 1 anki ng paft, e, 3G76680 mg.ﬁ»agew.% 4*99,%‘06‘%0\9211‘%5%‘?%6%/28@5!1"%9 domains). In
order to conserve space W thin the virdl géenome(s), bircrstionic

t ransér i P6i060072Bin91/31 898 WD 6&i 867 8D 88Y02430 r WEXIHFH062, WOSSL10508] W(hid f ourt h

transcri pt| j b i r i Gl j € upit containing an

| res: (1 noat B0 b 3eBRB e R PARSE) WO s L AGEN BALSsBLs oot

het er ol 0gRABCHRIBE ROKOGIE KSt, Wyrsidn TBYS/8962) EMARGENTY Regdl#060t er .

Al tenatively, a single pronoter_ nay direct expression of an RNA that

cont ai ns, [rriseriptien Rigsmiddyi Y et G 9/ Wnsaghagrmyhich i gcesporaied berewder ol ogous
genes (e.r&mn&hﬁitggﬁtfrg%_and fourth 25transcription units) separated from one
anot her by sequences ehcoding a sel f-cl eavage peptide (e.g., T2A) or a

prot dése r ecognditienzer bindmg demgjin thak cani be)usedTih ¢heRFA shaligm evtbodes a singl e

pol ypr ot ei n I.C i urin i.n t ase_of f2A fter translation,
is cl eavéﬁ‘ﬂ“ﬂ%ﬁg"1%’92"%@?@?%@51"‘“&%6@%‘? sﬂ@%’gé%%tiﬁnga%iz E@? %Opq S(5“\/]\/£ever, t hat
al t hough gréteinehat RicSasahglinpadeiplaOregdiptor $or sticeimnubasuppressiseaitugs FKSag endAAV
packagi ng space, th can only be used f Oexpr essi on, of onent s that
can be drrFRFéH’C'Snyﬂﬁ‘g}{%déf?ﬁ“ﬁ’Pﬁ%‘fa@_rb? a&“e"_e‘%y gegmgmtﬁtﬁ? 4P Ofﬁﬁﬁﬁéo Exanpl es
bel ow, Va5NRBhdGRIMBRBRANYTS tr@hschBtfoni XS AhE adi@Midn ST a irbicriptiyrer t ed

term nal repeats (1 TR) of AAV serotype 2 &168 bE). I n one enbodi nent, the

AAV2 ISTRSfagprefollemed bieiie pddidaand Fhi B1 72 pomoeioeypE K Mnlio, 8.Ne. et alard 9%y 5havi ng
gefla\ezldd I’Mtl?r’g,] S%ZEHSM)%%); M\l‘ﬁfslgﬁg’nﬂlaﬂ:tanalﬁgs mvasfﬁlﬁl@] Wf'AlﬁQa,t ﬁg, g TRs are
al., 1997, Proc. Natl. Acad. Sci. USA, 94(20): 10618-23). The potency of these systems
can be improved by using synthetic dimerizers, such as AP1889, with designed 'bumps’
that minimize interactions with endogenous FKBP (Pollock ef al., 1999, Methods Enzymol,
20 1999.306: p. 263-81). Improved approaches based on heterodimerization, exploiting the
discovery that FK506 and rapamycin naturally function by bringing together FKBP with a
second target protein. This allows the natural products themselves, or analogs thereof, to be
used directly as dimerizers to control gene expression.
The structure of FKBP-FK506 complexed to calcineurin phosphatase (Griffith et
25  al., Cell, 82:507 522, 1995) has been reported. Calcineurin A (residues 12 394) was shown
to be effective as a dimerizer binding domain using a three hybrid system in yeast using
three FKBPs fused to Gal4 and residues 12 to 394 of murine calcineurin A fused C-
terminally to the Gal4 activation domain (Ho, 1996 Nature. 382:822 826). Addition of
FK506 activated transcription of a reporter gene in these cells. A "minimal” calcineurin
30  domain termed a CAR, which is a smaller, more manipulatable domain can be used as a

dimerizer binding domain.

34



Cw: full cytonegal ovirus (CW) pronoter; including enhancer. CW: m ni nal
CW pronoter, not including enhancer. In one enbodi nent, the human CW
pronot er wodbarizesBancer are sel ected. FRB-TA fusion: f esirars2afi/osiziheri zer
bi ndi ng domai n and an activation domain of a 10 transcription factor. The
FRB fragment corresponds to am no acids 2021-2113 of FRAP ( FKBP

rapanyci n-associ ated protein, also known as ni TOR [ mammal i an target of

rapamycin]), hosphoj.nosi ti.de 3-Kki nase honol.og .t hat .control.s cell growh
and di vi si on. %?EQ@%APA‘E%&T&%@SPHBB‘F%%?%”@EW“H%d%‘l“’ﬂ@ PSRNyt at i on
Thr 2098 L @HcddERA\ I} din®ridgdHIONsiE Broffin GffslbAthe iMeAHINMHANQERIYNE 9B n¥ree I apanycin

anal ogs (rapal ogs). FRAP binds to 15rapanycin (or its anal ogs) and FKBP and
i s fused copiesofpoe o1 mere dffferanbdimenizer kmdgmaiomane. Theiditacrier kigdingdonaiinscri pt i on

activat OrmeEfj be N-terfiinalCh l}]rbafl,g)g &rrg%}%rets & Wik & ecg%o%ﬂhbr\gﬁd?ﬂg SRR dhgand 1

copy of a merizer bindi , copi es drug bi nding donain
( 2xFKBP, aofivafof SorfaBE)mtwdiments infolving mulipledppies afardinerizet bindinpdphdins n FKBP

FK506- bi ndi.n rotein) s an undant ,12 .k 2 opl asm . i.n that
oo os RED R Rt Bhuh o TRE PSRN SR HRNb PR BRTLE SHRRIN" L 15
and rapanypdriled BFAMRinge NS rbisidiwhichdaaEteriericalads et «ffihemdpicere domaiger pai r

and a honeodonain. | n another alternative, various other copy nunbers of a
sel ected %%bﬁﬁﬁﬁfPW@O‘&on&i n may be sel ected. Such fusion proteins may

contai n N-ter i Nakd Gh QR tehPGakhARLH 2 SRAHINCHiahlsOMuimimag C-MWC at the 5
and/or 3' end. 25Z8l: contains 8 copies of the binding site for ZFED (Z8)

f ol | oed Hiyding dvinmins refens npdimerifer bindingslomaina that qontayr delgtions. ins¢rtipnsp) gene ( SEQ
ID NO 32),.Varian f ths.. i ¢ - Al mlto
about 20 ¥B eGP g midfilR i3 Bl Bz AR GARAR AT L0

t he m ni netainth@nykeificify to indilte inerizan dthh earianst| of dinsdizgrhamingdomadse: Cre
reconbi nase IS type | topoisgonerase.jsolated.from 3Qbact eri ophage
Pl. Cre n@ﬂﬁe'g%j‘agq 4@“@%@&5??8"% 8‘(?8%?%3’[%“8’?? erm‘%%lﬁﬁréseogna‘morfs oxP sites
| eadi ng t@afIR] ®8,1706, 54,3.9678 agMVRISkaluck 103 phific ebibUiiini\Be vddant  1- Scel a
menber_ of intron endonucl ease or hom ng endonuel ease which is a | arge class
of melfanuefiachimerizerbadipgdongithashaetivgseuentpela HPEiEsh PBdng dB?'alﬁ‘ﬁE)i |l e genetic
el enent s %‘é&he@ﬁbob&%ié&?ﬁh:ﬁtqlﬂ?g ahfhcRR R Gfel AN dDERA KO m the HFExyadd & Yyeast

endonucl ease 1 nvol ve nan intron honmng process. |-Scel recognizes a
speci fi c thsymmetend of thetimes ke rinding damains &vIBsehe edded aminoragidrateitsn  genone, and
creates dguble strand hreaks. See,. i . (19 . Tt ends Genet .,

12, 224- 22@‘?“1}?“ng e a&)dl(ss P Ff:senﬁfimntlﬁ?rﬁ?tw%gf’?&%%geﬂﬁlﬁ("%%@am-sgi'gnal from human GH
(SEQ I D NO  35h.ordeRicSonsemicaspaal withirbihs oinal geminteys) shitigraneqraasriptibn om ECW

( ence%] al 8111 s%gl? edei',ntgin%er\éé. rFlél)rs gxagrgEgh%t imgnd :§06l)[ﬂ’1 transcription units can be
engineered as a bicistronic unit containing an IRES (internal ribosome entry site), which
allows coexpression of heterologous gene products by a message from a single promoter.
Altenatively, a single promoter may direct expression of an RNA that contains, in a single
open reading frame (ORF), two or three heterologous genes (e.g., the third and fourth

25  transcription units) separated from one another by sequences encoding a self-cleavage
peptide (e.g., T2A) or a protease recognition site (e.g., furin). The ORT thus encodes a
single polyprotein, which, either during (in the case of T2A) or after translation, is cleaved
into the individual proteins. It should be noted, however, that although these IRES and
polyprotein systems can be used to save AAV packaging space, they can only be used for

30  expression of components that can be driven by the same promoter.
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105.1.4. Dinerizers and Pharmacol ogi c Agents As used herein, the term
"dinmerizer" is a conpound that can bind to dinerizer binding domains of the
TF domai rwbusilonesesot ei ns (descri bed in Section 5.1.3) &ad/uspanms0213

di meri zation of the fusion proteins. Any pharnacol ogi cal agent that

di meri zes the domains of the transcription factor, as assayed in vitro can
be used. Preferably, rapanycin and its 15analogs referred to as "rapal ogs”
can be used. Any of the dinerize described in fol.l ow can be used: U S
abl §cat on” NA IS0 A, TRmp s Bl b L OTBHR O SOOONI00REE. L o

Pat ent Ngucl®ie834, 266, U.S. Patent No. 7, 109 317 U S. Patent No. 7,485, 441,
U S. Patent No. 5,830,462, U S. Patent No 337, U.S. Patent No

5,871, 753, U. §[R:payedad expinalgeprets (R of 9AY] SEP%xr@ﬂt(l%bp)elm 082, U.S.

Pat ent Y/ t iR t

6. 140, 1';'%311b%c.h%é§bpgé é&rﬁ\%\ﬁ‘l{s fld %Ete@@: geﬁtggteggg’eugg?ped%ﬁ?‘v e?tfﬁlﬂéﬁ?)\wou S,

Pat entt Ndavig 824psilgBm w.geremmthandhatmeo@svmm whiclsthe FBR seane ditYCdG 133, 456,

U S. Patent 527. . U.S, 506 U.S..Patent; No.
6. 258, 823, u v FOW“I%"Bﬁg“?gggmﬂl\%“ ]%ée%%%ﬁgqce%,@y; @&'T‘?I"u. S,

Pat ent NaCMB pidfbtdrdnot ikdlBingRah®ioér. Na.onb eibetliBeid, théd ifanRaMEptoridaer 6, 509, 152,
U S. Paten(tj No. 6,015, 709 U S. Patent No. 6,117,680, U.S. 25Patent No.

6, 479, 653ndir eshansgr appeleglEd- 6 187, 757, U.S. Patent No. 6,649,595 U.S.
Patent No. 6, %ﬁﬁ@mmdﬂ §rsmﬁ%¥‘ Bitferibly bmﬁn%@i%nﬁ%@nd%%twﬁ%n%haﬁkbf al, 196, 192,
U S. Patent No. 6, U S. Patent . 6,492,106, WD 94118347, WO

96/ 20951, tram@rmm@cﬁgv wagﬁf@m com@@ﬁ 1P1EBEB0 a0l 203] -8 PUef FRAD 95/ 33052,

Requi at od' FPEABEA bt et Pty dRo Rl G tOR TaRnal R 13100 ana

ARGENTTm rammcmmed pﬂ'qrsp}lrtmmsntqde Béimaky lagumil el tattcontiids @illqgnovﬂh @nd 4¥B®N02), each

of which or por ated herei referen

Exanpl es ﬁ&r}&eﬁﬁﬁ%"éf%mf‘ﬂﬁ?m {l]?e Béglﬁﬂ'&pmﬁ‘?ﬂ%ﬂb{?é ﬁ}{‘f\f;&éx 4 8l8%i ncl ude,
but are ngg ofdeﬁhiliﬁldn-ﬁrﬁmﬁﬁﬁa;ﬁﬁt‘@dsﬁe raplta Odin arlin@g@@rapa(l@gshqudmms tof FK506),
rapar?/m n anal ogs é}%a al ogs") _which are readi repar ed by chg cal
modi f i3 at fepAmycHr(of ﬂraaqu BBa%ts fiasgd woatmuﬁﬁlﬁmale NEKB aed

el i m nat s FKBP and/ or FRAP. 5Exanpl es of rapal 0gs
i ncl ude, u@g Iédﬁeﬁﬁ%tfinﬁér}%‘aglgg&ﬁg@guch as AP26113 (Ariad), AP1510 (Anara,
J.F., et al., 1A%D-FRBEJusat: EusAmadaQﬁAbJSmnggwp@oyndhmm mmz%o
AP22594, AP AR22594 . - APZ30

AP1692 an@(ﬁ %@5""” zcoﬁlesd%fsf%e]aéﬁ%dé%am @Egp i i K]:z]éesg)]?jﬁ:t(8 é‘F %@ﬁ S WI th

endogenousindikBiomdDi. Nietmehiopkitin FKBP (ElRfmkbisdind proicindism abonddnmni@rkiDaer bi ndi ng

domains or to other . . .
20 cytop?asmtic protein that acts as the intracellular receptor for the immunosuppressive drugs

FK506 and rapamycin. ZFHD is DNA binding domains composed of a zinc finger pairand a
homeodomain. In another alternative, various other copy numbers of a selected drug binding
domain may be selected. Such fusion proteins may contain N-terminal nuclear localization
sequence from human c-Myc at the 5' and/or 3 end.

25 Z81: contains 8 copies of the binding site for ZFHD (Z8) followed by minimal
promoter from the human interleukin-2 (IL-2) gene (SEQ ID NO: 32). Variants of this may
be used, e.g., which contain from 1 to about 20 copies of the binding site for ZFHD followed
by a promoter, e.g., the minimal promoter from 1L-2 or another selected promoter.

Cre: Cre recombinase. Cre is a type I topoisomerase isolated from
30  bacteriophage P1. Cre mediates site specific recombination in DNA between two loxP sites

leading to deletion or gene conversion (1029 bp, SEQ ID NO: 33).
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10endogenous constituents nmay be readily identified using a variety of
approaches, including phage di splay and ot her bi ol ogi cal approaches for

i denti f yiwQ 2pepi2689$] bi ndi ng conpounds; synthetic di ver CTYUSE011/030213

conbi nat ori al approaches (see e.g. CGordon et al, 1994, J Med Chem
37(9):1233-1251 and 37(10):1385-1401); and DeWtt et al, 1993, PNAS USA

90: 6909- 6913) and conventional screening or synthetic prograns. Dinerizers
capabl e of binding to 15 dinerizer binding donmains of int t}e]r_est may be

i dentified by-YestiagnenbrechipHen gidonyeisass qromie epaueleass WHehs 2 di rect or
conpet it jye Dot rﬂ%aﬁﬁe%’é(ﬂos BE,|SED) IMONOGSEAY Phel ANQhYddad b Bebild Redikig of the
protein to conpounds I mobilized on solid supports such as pins, beads,

chi ps, etlempnts Sish agingronsdovfoin begterig and pbtuﬁ@rlascegé neeast endosisdeshd inyolvadne

di merizer_ | S . f - -bindi ; ] i ules, in
ei ther of't é]rmtgdi}ﬂgqmﬁlﬁﬁ frg%"g%ﬂgr’%eéﬁ %‘%%ﬁa%?{}ﬁ%P ﬁ)”é&[@t“@‘!ﬁﬁ'ﬁg‘g’g‘{ 1%53 about 10-6
nmor e Pr ebeueaik yn hahoaliakenemd @nd ¢regesatoubie seangdrbedaks. 8bd, Yasire Mol W6put  10- 8,

and in s me e odi t4 Bel ow about 10-9 M The dinerizer preferably is a
non- pr ot ef %% ﬁ’eﬁa@‘?ﬂ; ?8 ecul ar wei ght of |ess than about 5 kDa. The
proteins so OhGHYBY A ZAHinE Yol QdényRtiSRNEnD froliHufmah &M (SERAYAND0353. di meri zers
are hydrophobic or can be nade so by appropriate nodification with

| i pophi |ic gr 8% intemagliribesameraniry sith ssauanseiram EGM A (shesmyalrmyesarditisioi et i es can
be nodi fi fjtr8¢) i pophilicity by including one or nore aliphatic

si de chaivﬁgs)g%(ﬁrmgm égojut 12 to 24 carbon atons in the |inker noiety.
5.1.50 Generating Bdpd.iRiatarzaroaidChameaddlogic AGemMsosi ti ons 30Any virus

suitable for gene transfer (e, qQ...0ene thera may, be. used .f or packagi ng
the transcri p%sc‘)‘FFdd‘r‘?fef'é theﬁf%‘ gﬂﬂerggr ot %OméthS'E‘i%latocfiXPl@glt(? ‘2‘3}‘3‘,"6@5_ def ecti ve
virus, ivididgdiondinduf th8 Q¥ domBintfegor mo@ite Mes@ibedin Sttwh /i Bumd (dddy" ) ;
adenovi rus; al phavi rus;, herpesvirus; retrovirus &e.g,,,lenti irus);

vacci ni a dimerizationsaf ghe fngempraiemzehny Riagnasologicplipgent that digieriges dhedamainst or e gn

genes i nt,0eRhiARbdRAChERtd L inidd'SR%e 68 BREHIAI rdpBmPdifRRI @& the
replication-defective viruses containing the therapeutic transgene unit,

t he dbl atandnzsunfetred wrad "Bpaegsd nanl beyused diny pf b diregivizgy desaabadi inErloning e
transcriptipn fa r i ni raf ] | ski, 2008,
R Beg 'ésﬁgc%% Pu%ﬂ%mﬁﬂﬁ MO2/ 574195 %ﬁg@n;gﬁtl%%@%/eﬁ?@g?

"Optim zi ﬁ% el'ivery vectors for the trea sease, "
Expert Oi.f. PaBinoNp. ST$3dr2668) S 1Rat&2 Np. MUY, 8. SHPgént No0D885.44GeUS. t her apy f or

vectors. ToErem ity dry aent Bos S S Seen e HerySatates cones

et al., 2Q08,011,0Me D Phichii§o. k43 962,a1.S. PléntNarBhabloY7 ALS FRt@eNe. del i very
systens for vaccination against infectious diseases and canc Current

er,"
Gene 2fher&fip.68597.S1Bagent No. 6,140, 12000 ¢ Bateris dloerb @l &eHtSs PatpHdio. 972,193,
repli cat gl figlok KoC81826 16U SCPIRRNOL 7 0074000 of PRERNRLE 63 Mseyay € gener at ed

using an thods for generating and isolating AAVs suitable for gene

t her apy afatenkNowinl 50527 He.SalPatent Neeb, g all Sy Patent lo, 6,548 83 eY SePaeniiNoski |
152005, " - i.a i a t Ve

dovel opreht o BY e L Rt T PAE R SEIGRY, VAR Gn pEE B 074,

Engi n/ Bi ot Schaiait No9850911152; U 45PatButMNong,0 &1, 219, 17.20aént NoRet Eh680i BVl opnent's i n

adeno; Ass Qe Ale % Jhoets, USSPl NeCE IS AP U's. BateniRibS6 M51503, U S. Patent No.
6,984,635, U.S. Patent No. 7,067,526, U.S. Patent No. 7,196,192, U.S. Patent No. 6,476,200,
U.S. Patent No. 6,492,106, WO 94118347, WO 96/20951, WO 96/06097, WO 97/31898,
WO 96/41865, WO 98/02441, WO 95/33052, WO 99/10508, WO 99/10510, WO 99/36553,
WO 99/41258, WO 01114387, ARGENT™ Regulated Transcription Retrovirus Kit, Version
30 2.0(9109/02), and ARGENT™ Regulated Transcription Plasmid Kit, Version 2.0 (9/09/02),

each of which is incorporated herein by reference in its entirety.
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10: 717-733; and the references cited bel ow, each of which is incorporated

herein by reference in its entirety. 20Adeno-associ ated virus (genus

DependoviwopiifrasioBy Parvoviridae) is a small (approxi meCelus2@0/02@1nn) ,

non- envel oped singl e-stranded (ss) DNA virus that infects humans and ot her

primates. Adeno-associated virus is not currently known to cause disease.

Adeno- associ ated virus can infect both dividing and non-dividing cells. In
[ adenoqvi rus or

t he absence of_ functi hel per virus, (for exa %

her pesvi r us) /@A‘%‘“{’]@ ?’05‘{] E‘b’icfsé ‘c%bed@%é‘ttﬁ“’v@eseﬂﬂ Yf‘t‘}h%%‘&‘g PUPYi ruses form
epi somal RERGAMEERipam antmsohq%ow{alhomaeinﬁ#smtmsm%amymhqhﬂagscel I's, these
concataners renmain infact for the |ife t he In dividing cells,

AAV DNA i(Srapadegs tvitrehaghreadily prenamdsh}/@hemlsﬁlﬁ@@lfiqa@@mfﬁ@mﬂuraﬂ)mdm thot

replicat I..ﬁg@;.. E}Nﬁf @){ﬁ i al so
i ntegrat gaﬁgt% \Mé%t/g dgsjpﬁ%r?%]gl%wgtg% enone: éﬁ%ﬁ%e AV genone is built of
a ssDNA, Edamipks ofwapalogsuscluder but egaioi l\wmtesiensmh ag/APE 6l IB:{Aathutﬁ\PAlSm ki | obases

opoat s (B The ab e Ny RS B P BRI B AP g T s,
(ORFs) : reppiang ArapsosTAe23054 p186S, ATaSpRSed 701, APOBE1, APesd2appiAPgsgINes

encodi ng the Repﬁ%otel ns that, are requi r%d for th?: V |ife cycle, and the
latter cotthdesignes Bymespipatipneeig istseastionspyyth eadessastk&Peapsi d protei ns

(Cap): VP, VR§nedfiflertfe 1:§1caMBleCcl? blnﬂ%&@&ﬁncﬁ&r%ﬁrﬁfﬂ@d%m%ﬁil?%i'1@ offer an

i cosahedral synmmetry. are 145 bas€és each, and forma hairpin
t hat Wontandpgenews cmst@@ntsantdyé:d re’adéy fderpirﬁcmunlgg a vhriety of appweches, including

pri mase-i ent nt d. TRs, al so
Dbpear 1 L SRR g RL PORES Crplihe T REfuehE pBh N narlforlabiTasg 00 e
(e.g., i rﬁynthbﬂ’\aed&&mtw ¢ Romhmastoria appsrodruhesa(@a:)e @aKdrdoascalel 991 onvied Chas wel | as

o ot ISR 60 Syt B 198, ARBSTIEIRY ¢ e

onl'y AAV gnapaebhvenfisifdMick@dink Or SinthetiOpro@ms AW AARSEphias oﬁﬁnd&@ot ransgene.
The c&p and rep genes can be supplied intrans. Accordingly constructs

can bb dedimgries b@dmgﬁlamamh@f ingasgs) pcberideptifiedbievaswounmetiodstol efigity r anscri pt i on
units (i fi t diLheintpell neri zabl e
transcri pﬁ"or?atib%coﬂoj ﬁ%?tgfc H@h{'twew l‘%b‘ig&gﬂg/%)heclﬂpillel{gglagnlsit g{v@ mgrrpl ified and
packaged bindihgofthe yrocbsstognmgmmds merhettilized on golidseppopis euchlas ping, beddst he si ze of

the DNA t aged matel y 4.5 kb). Adeno-associated virus
engi neeriﬁ'gpaﬁtg?% £¥ éﬁgl des Stuﬁat can be used to save space are described

bel ow. 20 Met th&rdll(?rsp@iﬂg rihd dimgridoés d2pglld cﬁfaﬁmﬁﬂg-tﬁ)aff@(lﬁﬂ imoee) Protdis
Conpogj tion t hogs have been est abl i shed he effjci en
pr odui‘ii OWOE‘F“ PIRART ORI tgnepyslys preferally }35‘(’:?( t&' S?IBWSJ" @hd%. these can

be used of,cRqRAL&Hly bRloWREA1E, &B@mﬁ@%&f&%l&%&o@%ﬁ&ﬁq D¥,@nd i ddfeCOMPOSI ti ONs
of the invention. Fn a one system a

embodiments below about 10™ M. The dimerizer preferably is a non-protein and has a

molecular weight of less than about 5 kDa. The proteins so oligomerized may be the same

or different.

25 Various dimerizers are hydrophobic or can be made so by appropriate
modification with lipophilic groups. Particularly, dimerizers containing linking moieties
can be modified to enhance lipophilicity by including one or more aliphatic side chains of
from about 12 to 24 carbon atoms in the linker moiety.

5.1.5. Generating Replication-Defective Virus Compositions

30 Any virus suitable for gene transfer (e.g., gene therapy) may be used for

packaging the transcription units into one or more stocks of replication-defective virus,
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producer cell line is transiently transfected with a construct that encodes
the transgene 25fl anked by | TRs and a construct(s) that encodes rep and

cap. In aweeounde®gst em a packaging cell line that stalpCy/tsaq@plod@s3rep and
cap is transiently transfected with a construct encoding the transgene
flanked by ITRs. In a third system a stable cell |line that supplies the

transgene flanked by I TRs and rep/cap is used. One nethod for mnimzing
the possibility of generating replication, canpetent. AAV (rcAAV) using these
syst ens i“%"lhﬁ‘)‘f‘géw ‘é‘?t%m“ﬁ‘éfq ar‘}ﬁ‘gcf‘%s@‘?%aﬁ@a‘ﬁ?“sﬁ&%{ngg%?e‘b%’f‘\‘l\ké‘}?g‘?"éﬁ‘?’ons fl anki ng
the rep/ %@@e@aags,eétﬁoeirawiﬁa entil i8S, vabuitia Lir@nke tN@hddsansiganen indayayer, in
each of these systens, V. virions are produced in response to infection
with hel perpagiging(oreigs eges {ag wekicalipi-defective yiguses ¢ag beneedde pepaethén of t he

rAAVS fr ggﬂtllﬁﬁa%[bﬁigfgfegﬂe' V'?[leéé!cﬁﬁinin]g the ther%@:rvt\llI (t; Eﬁﬁgﬁ[ﬁe lu){i’t, R/ iR uﬁ'ia\éﬁd been

devel ope not require 1 nfectio _ per virus to recover the
AAV - 5t heptiawlly (tedpreterabér) tHeudroeriizbls trhnscaptiondaoralpimainginitl See M@, 5VA, and E4

or herpesvirys AJL5, U8 . yneand UL29 d _her VA I US | yr.nerase) are
21 50 supgtrae S Samdiskig Sk pene SO eBCIeBRR bl ME B 0%, Rl per
f unct i onshesrfdisdase, syt Bth. [Byolt Than St M1922 rMnphes tHigh) 2008, t Genealsdrdpy Wit h
constructs that encode the requi rgq he%ﬁeh benct"i onsg, .or the cells can be
engi neer der hagmephilin.\Bic Hagmatolpgh d40:aReHr HY: 2008 "Basyivirat vretors fgheene  he

eXPr essi Qifdry:WieCiRwiarikAt GAR e ab e 58065 IdREndzIRAIS COOR E TRk viRls
10posttranseriptional Tevel. In yet another system the transgene flanked
by | TRs ametorsdby degnddené A Gaseenedelivery sxstentsifoiovaceisaion against mfasfiousnf ect i on

wi t h bacuj. qyi d Prevay on these production systens,
see gene?ﬂéﬁ%%@f,g @@g&‘jseﬁacﬁﬂﬁ%ggciegﬁgﬁﬂysw F%’805; and Btining et al., 2008;

Zhang et ai., I2pR%&red AsibodtimentsSheaddivati@sdadicicat vohs vomprsitiopbior d f or

| ar ge- scal e reconbi nant adeno- associ ifus producti.on,” Human CGene
Ther apy Z06°Tgsylc 'i%@?gg,e“?rﬁtégﬁ%?ﬁ @#‘gvg&%g'ﬁ%ﬁﬁwmgﬁﬁ%aﬁdés‘ﬁ%'@%F%‘g?sat ed herein
by ref er eip@ld far bdns tiRRipyafd Rhowlyhi theds, b ga_ﬁl@llpge.@,r@riags}wamh@ﬁ,e and ot her
AAV production systens are al so described in the followng U S, patents,

the clont 63008, "drderosaspocited yigus ps 3 genp HieePp srdeTe ererdsrsiomyent. @redei®e in its
entirety: : 4 : - 1R2: ,13995. , . 6,491, 907;
6. 660, 5148 e Lo Bopnb Bt 00 N30as BARRALS . " ane

7, 439, 0632008 Recdns devR0pinbes padenp-apiviatdsielimsyecidriteshnadescrd. benedletiods f or
scal i ng up,. roduction usi t hese t el .an ri . thereof .

Due to si@éﬂﬁﬁﬁgt@gm B3 i '?)erlo“ﬁac%shéogiwﬁléc ('% %‘?%%%Pgleﬁgérgmtbpansgene of
appr oxi nedefekanceinStskhtiretyt he transcription unites) (i.e., the transgene unit,

the ablator unit, and the dinerizable transcription factor unjt) described
may nebd to beA%ﬁa-.aﬁF@@f%ﬁngwﬁiék%\’d%rwsffgfaﬂ? %W%\fm } B small
repli cati@ﬁprdﬁma@i,ezuzeﬁm §érP&K SlopelVir | IRMn A () OB AllsGhat hEGRUSE there is

evi dence at exceeding the ackagi ng capacity ma\é | ead to the generation
of a gr eahuspansgndpsher primaesidgno-paReigsed Yirus lirot curendy keawntgicguset he avai | abl e

space for ;DACKAGL IR YatddE it BRERIEEDoBYai GiaMR 2R A¥h-dividing cells. In the

absence of functional helper virus (for example, adenovirus or herpesvirus) AAV is

25  replication-defective. Adeno-associated viruses form episomal concatamers in the host cell
nucleus. In non-dividing cells, these concatamers remain intact fdr the life of the host cell.
In dividing cells, AAV DNA is lost through cell division, since the episomal DNA is not
replicated along with the host cell DNA. However, AAV DNA may also integrate at low
levels into the host genome.

30 The AAV genome is built of a ssDNA, either positive- or negative-sense, which

is about 4.7 kilobases long. The genome of AAV as it occurs in nature comprises inverted
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nore than one transcription unit into a single construct, thus reducing the
anount of 30required reqgul atory sequence space. For exanple, a single
pronot er wayodinesms expression of a single RNA that enced®astevw/os021% hr ee or
nore genes of interest, and translation of the downstreamgents are driven
by 1RES sequences. |In another exanple, a single pronoter may direct

expr essi on of an RNA that contains, in a single open reading franme (ORF),

two or three separated from one anot her by
sequences®EHE d"rpﬁﬁfs §Tg E‘“@F@%’\Pﬁg@%ﬁf gnd tyo opeppading frames - o ea5e
i e s e N L o ﬁ%ﬁﬁzﬁpﬁ‘fﬂ@%ﬁe‘%ﬁ’g‘“??*s?‘ep

trans| at i RSALeinp thatare sguised fﬁr@eﬁrf?ég lifg gy ele.and the datist erwswsr@@p@g e.g.,

t ransgene i C ) ot ed,
however, ﬁm{zc%fﬁg ﬁphﬁciﬂe %i'“pﬁcoi‘%g&f}?pyg%é‘."%%?@g“&qﬁgﬂﬁt e used to
save AAV fpanhag)snigafspmmhedrhl@ynmtryonl y be used for expression of

aTernati ve, | T RaREdEnbiEkpeiobd o AR IRt litne? ke b ovi i ng

AAV | TRs 'Qf:lf-bﬂ@m@eﬂﬁﬂaﬁ)ﬁslpﬁtna&aﬂd@ﬂﬂtﬁa{ syhthediOsithd@echdDNA airdndcphitcat aner s.
Ceneral ly, upon entry ﬁAAV inta the host, cell, the singl e stranded

DNA cont alT; r%sﬁboﬁl’i@a"ttf’éﬁé"@é‘r‘i@ Aé(YnQ@r\t“e‘Egr%‘mHB@tthed@Fq celhepnagisi §-fer ase
COMPI exSiniq 1) 519U ioShica Aen P rBchefro, KA fhTRkighd T conoat aner

formation in the nucleus. | ternative, 15the AAV may be engineered to
be a kel fer@mﬂdaemtbﬁr&Ab’s@)'AWSSWhlthféﬁé(maésﬂeﬁhe virus to bypass the
step of secon provi di ng an
SCAAV Vi rus dliq?ﬁ) %@gﬂeﬁ tBQ Iy,ﬁﬁkgﬁ éa?ne)a ?tct?p%{)'llen OO-foI d)

t r ansgenerequiprdds sis amthe Emne @narqot -, thd tltmlsgwe/ Myaﬂa@dee’;gganwaedet o have a

genorne conpfising t conne si ngl e- stranded ode

respect i vﬂﬂ”g{‘ed; f’%ﬁﬁ&%‘ﬁg @ﬁf@ﬁgﬁanﬁtﬁgt%%r% [3’(}% @ﬁ%‘}a Ssnap

t oget her figlkl RvbP@oRef thé@ialschipich whith Aled ee thBbdone Wit iaP@toruslQuRl ®e st r anded
DNA encodi ng the transgene unit of interest. Self- corrpl enentary AAV s are

descr i beddimsrizablegransqyipgon fagioewritNgys defnmg ghegegion tp be amplifier and packpeeds g 683,
each of mrhelanlzﬁeg.gsw%a%m@d %g@b& ¥t rr@reesrz%rmelﬁmrosbeeﬁaara y. The

transcription unit In the replication-deficient rAAVs 'may be packaged
25w t h angapmwwq@:eil&kp} dderomasgatigtdd viks enditpedngwnddenign ¢hetemthateanhe art, or
to be di SC,S’ quesggesaréa gLt wpes AAV |, AAV6, AAV7, AAV8, AAV9 or rhlo
are parti c O| erre f'or generatr ng rAAVs for use in human subj ect s.
In a pref erred errbodl ment, an rAAV Cap is based on serotype AAV8. In

S o ARl Cebrb e T B e A Vi Sty oo
AAVE and AAVI. Many methods have been established for the efficient production of
recombinant AAVs (tAAVs) that package a transgene - these can be used or adapted to
generate the replication-defective virus compositions of the invention. In a one system, a
producer cell line is transiently transfected with a construct that encodes the transgene
25  flanked by ITRs and a construct(s) that encodes rep and cap. In a second system, a
packaging cell line that stably supplies rep and cap is transiently transfected with a
construct encoding the transgene flanked by ITRs. In a third system, a stable cell line that
supplies the transgene flanked by ITRs and rep/cap is used. One method for minimizing the
possibility of generating replication competent AAV (rcAAV) using these systems is by
30  eliminating regions of homology between regions flanking the rep/cap cassette and the ITRs

that flank the transgene. However, in each of these systems, AAV virions are produced in
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Cap proteins have been reported to have effects on host tropism cell,
tissue, or organ specificity, receptor usage, infection efficiency, and

i mmunogernwoi2b/1a6808AV viruses. See, e.g., Gieger & SampCIRIS2012088;]13 Buni ng
et al., 2008; and the references cited below in this sub-section; all of
whi ch are incorporated herein by reference in their entirety. Accordingly,
an AAV Cap for use in an rAAV may be sel ected based on consideration of,
5for exanple, the subject to be treated (e..g., hunman or non-human, the
subj ect’ ?SP%%WdT‘be‘NE‘é’Y‘ﬁ‘s*FL{Fb,def‘%"é‘“% %‘f%@éﬂ&ssrawa?ﬁ the separtien 9IgRY or
short -t epAAVE BBLTBAEminGfige vinld!r @ particul ar therapeutic application (e.g.,
treatnment of a particular disease or disorder, or delivery to particular
cel I's, tissueMoranecestlyapggms have beawalcealonsd thebda sot regtire midgticapiths sel ect ed
for 1ts Rl IGe&hld Gl KAV Ynd ol AMIMUERORATL! EthAinE B | poal | sSUC, OF
organ, for exanple, to Ich a particular t%erap is targeted.” In sone
enbodp meMas andaBd orbaxpe@ars iL8.5sEL8dilead, drdrUli20sardthetpeswrus polgmersse) aret i ght

endot helial cel.l. barrier, . for ex | e, the blood-brain.barrier, the

b1 ood oy BRDSIER|ith T s T et PUBS APy P e e B BB RP BLF 11 or . ¢ he
endot hel is@lplie®by trandieht tRinsfadtion @O icaIG WithecoR@Ak s thadéncobiethb taoiled el nt 2
barrier. 15Ti ssue specificity of adeno-assaoci ated vi ,ruseg@f AAV) serotypes
i s det er Rinslenspyr thaestls eandreyepiinesred i stably santyin eies SRSOHRE thedetrst based on

di ffer enty, AV CRP SkSsIIRYS SRR LAIRAohRIID ot thdirthsespiRhader ation their ability
to infect different tissues. AAV2 presents a natural tropismtowards

skel éfal prstgariseriptions lgveh & et andther sxsteny; die trapsgenalankydbeifRsvadenicap snoot h
nuscle cells. V1 h bee i . as .haj I f.fLCi than AAV2 in
tr ansdueigreftlfzjeg ﬁﬁﬁﬁéocj:qug%%gtro t"ﬁsr@ ?tg ?lisctjwdﬁﬁ&so,% ‘%glﬁdé ‘rggé%‘fll é'%i"'%f’fé’f és%érg'hr}teoért , vascul ar
endot hel iremigwsaaithdsaprodadtion ugstesiyss sce ecBS) e anGritdev 8rSamalsks 2006hefdeas AAV3

appears to. be well li.ted for the transductjon of .cochlear inper hair
cells, AM'%& ”i)rzgﬁﬁzthm “f’o?rOB%l\lé_,derfol‘iHEﬁ'a_ %?SS&W&‘WHS@Y?‘"&P rﬁf s and |iver
cell's, AdBe-Eqle rBabSbint AABRI-dssatitledlifudBdodeioh N @limdMGe A WHerdr20m29C] €, AAVS
for- nuscl e, pancreas, heart and |iver, and AAV9 for heart. See, e.g.,

Buni 1§ et92%¢the copgots. of paeh of whish Jsiacasporater hengin Ry esisenca in eentirety- e. g. |

serotype , DY WO

2003/ 042 %ﬂﬂ%}% %'@‘,Aﬂ\%éé]?e,Sé f s ALY i, %@Sﬁﬁﬁg&%%ﬁ%] . AAVO
[ see, WOi20B5H0S3BRUIS, paids, theGontémy/oficachgfiviiiich is ntorporatsdibicathbyAAV [ see,
e.g., WO 2006/ 110689 o) t e di e o bj AAV based
t hereon, " elﬂ?“f)eemlﬂtgglg]rgg' %l%bg}lf’r] t§7@0§89t?§g%¥]§2\ﬁ%%48@i9%’5%§? é??)%gé Or?gf\ ural ly
OoCCUTr I'i Ngh,a0005 14659715 BEN09440%S7, 1 120893 1 7,201¢89€] PP HB26] @id 7438065 Seddis6 Cap and

Rep proteins and their sequences, as |1 as methods for, isolating or
gener®t i e p*}ﬁ‘i‘%ﬁﬁ'@ET%PWQ‘?’h'g‘hgesfﬂhei“F%cﬂ\é\?%6@%“&%&%@?}1‘% chgp ‘b%ﬂgttf‘%sﬁl ar, their
capsi ds, gubhalldsafifs e@of N producing rAAV s are described in Gao et al.,

2004, "d ades of adeno-associated viruses are widely dissem nated in human
tissues," J. \Ruedp sizg@megsins 388V foy meckapingdialeralos 2 tangey 02; 7, 056, 502;

7,282,199, : ; x , 1 : 74 at ent
Aol 1 cat RIS e iginetfdion ko e ARshs B85 Bl A 5007-
0036760; thsdigRb2bi0vEnv3ipriomfadtotithiQ de8ribl 1bay4Red mrbd ehgiheredanidonal Pat ent
Appligation Publication Nos... 2 1014367; WO.20011083692:. WO 2003/ 042397
(AA P PR 1 f&orﬁfawr%&?}jc%ﬁ%wﬁ SRS Gles e FER TG B3 o
200611106%93us¥\Be2008/ifaéOMd: exadedindhe2A0kALIhE taadity machadio thidhgenbraiien
i ncor porated herein by ref erepcs inits

of a greater number of "empty" AAV particles.

Alternatively, the available space for packaging may be conserved by combining
more than one transcription unit into a single construct, thus reducing the amount of

30  required regulatory sequence space. For example, a single promoter may direct expression

of a single RNA that encodes two or three or more genes of interest, and translation of the
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10entirety. In sonme enbodi nents, an AAV Cap for use in the rAAV can be
generated by nutagenesis (i.e., by insertions, deletions, or substitutions)
of one ofwOhetiaf2éso8nent i oned AAV Caps or its encodi ng nRCTAiSeo1ams@13 | n sone
enbodi ments, the AAV Cap is at least 70%identical, 75 Al identical, 80%

I dentical, 85%identical, 90%identical, 95%identical, 1598%identical, or
99% or nore identical to one or nore of the aforenentioned AAV Caps. In

sonme enbodi nents, the \Y Ls.chinmeri C ri sing domains fromtwo or
Chroe of  AOUTTER SUIR 6 ANy IRES SHuRRGeD T Aol CEanmes @ FREG GREhodi mant o,
the AAV Cajy dired eXfd&aiof oPdn RIDA thaVEohtai) i a\4hgldapeR bR g Fa@E(ORP), 8o t hr ee

di fferent AAVs or reconbi nant AAVs. |In sone enpbodi nents, an rAAV

conposi t i Bhthess prpsasnesof iisrest sapaisted domorneppatherthy sedvepres eredingapalf-

In some eghadbiBitide @& Q4 AN OO SIRF (AL | S

engi neeregk?%hggﬁlgf ﬁaggi %Yg%ﬁrg%pﬁgh’c? altl?glh?g' %?Aotrﬁg?m?r?é%i ft?'%at i on. For
exanpl &, anqedets siglagpolypraeing whidhe githen dering{(it the easé of B2 Aer aliaritmaslatinget i ng or
I mmune evasi e. engi i.nto a rotein. At lvel.y or in
i 1 on, Vel e GIRAERAER i P BlsRl BB A OF 1
rAAV i s pdicyee). sh@néborat@iphateer, (HaEBhbadghatiyse TRIBS ardal pobyprdteis systdnsitcani nmune
evasi on. The p protejn pay al so be rrutagﬁ%r%i zed, e.qg., to.renpbve its
natural r 8BS SHF AdiRpCKABNSSHacEaRY &1 op r\‘éi?efﬁ’f PESHELY ORI IS f or
Scal abl e NaRbhaglhé B thd\Avhe3PdRE0ods for the scalable (e.g., for

production at conmerci‘al scale) manufacture of AAV, which nmay be adapted in
order 100 gener & aothapaltesatiyro Hlettianiegng ¢sptcitioé AN ¢aathe yncrdagnddyeneous and free

of  COnt MRS, ARY.1REot BoShidhe Har BARMATY 0P8 PulbaRaliin [ (he

art, and gre S rized bri eno-assocl ated viruses can be
manuf act urGederally, spal entry st thg A Vranomtht hest cadk the singlestronded DN ponvaicing such as

the appr O%lgehtra%ggieggis%gﬁvglrteed l%[ l?océtu S DNA lpl)lyrlnierra]lgesco%% c():(«[:s! itr)lg)ddoiugle-stranded

DNA, after which the ITRs aid in concatamer formation in the nucleus. As an alternative,

15  the AAV may be engineered to be a self-complementary (sc) AAV, which enables the virus
to bypass the step of second-strand synthesis upon entry into a target cell, providing an
scAAYV virus with faster and, potentially, higher {e.g., up to 100-fold) transgene expression.
For example, the AAV may be engineered to have a genome comprising two connected
single-stranded DNAs that encode, respectively, a transgene unit and its complement, which

20  can snap together following delivery into a target cell, yielding a double-stranded DNA
encoding the transgene unit of interest. Self-~complementary AAV s are described in, e.g.,
U.S. Patent Nos. 6,596,535; 7,125,717; and 7,456,683, each of which is incorporated herein
by reference in its entirety.

The transcription units(s) in the replication-deficient rAAVs may be packaged

25  with any AAV capsid protein (Cap) described herein, known in the art, or to be discovered.
Caps from serotypes AAV1, AAV6, AAV7, AAVSE, AAV9 or rhl0 are particularly
preferred for generating rAAVs for use in human subjects. In a preferred embodiment, an
rAAV Cap is based on serotype AAVS. In another embodiment, an rAAV Cap is based on
Caps from two or three or more AAV serotypes. For example, in one embodiment, an

30 rAAV Cap is based on AAV6 and AAVY.

Cap proteins have been reported to have effects on host tropism, cell, tissue, or
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5Thonme et al., 2009, "Manufacturing reconbi nant adeno-associ ated viral
vectors from producer cell clones,” Human Gene Therapy 20:707-714, which is
i ncor por aWeaohierneson by reference in its entirety. |n thecapsecaanbodescri bed
by Thorpe and col | eagues, producer cell |ines stably containing all the
conponents needed to generate an rAAV - the transgene construct (transgene
fl anked by I TRs) and AAV rep and cap genes - are engineered, which 1l0are

i nduced to make virus by infection per viruys, guch as a live

th a
adenovi r GEP yRFEIISIY: A%?‘“t??é%ejﬁ%“‘@?%&}?f’%‘b? NGB S AAYIRSCSar e al so

vel | knowge iey. IR @& %amﬁﬂ@%cﬁml@ﬁllglet A1l NBB; BAEthS Fdbnted EiRABEBGLLD W th
construct(s) cont al ning (i) a packagl ng cassette (rep and cap genes of the

desired d$hus sbypetioand! efedutharoingorporated Rersintba defeients in reirenédety. expr essi on) ,
(i) the 4 c%%ﬁ?g ;‘%C%J\@% qmtlbée hERIAAN rh%l% t;easeﬁ'é eﬁ’B%s’e&’Qn E@{Siia?{atlgl‘lo(gf mammal i an

cells, 15a nts necessary ion i h bacteria.
St abl & prfadueeple.abd subjectte be eaedigahmash dnwohfhamaﬁ eh:et smhgcﬁshe packagi ng

const r uct, sel ctln drug-resi.s t ce replica-plating to ensure
o oduct | dfbpoIGT aleo e AT ST franasr shuRREm GERRERoEE) 814 LS. i ch
are t hen pagkcalanerapatic APltQAIARNE Sir@fflerUpd pdriiculdAieasd pPdiSRddradre clones are
chosen, growth of the cell lines is scaled up, the cells are infected with

t he adené@hWﬁ%mﬂﬁﬁﬁé@r“ﬂﬁdm$@§ﬁrﬁgﬁ§ T AAVs are harvested fromthe cells.
I'n an al ternagy &Téé?nﬂohﬁqcﬁﬁti?ﬂﬁi&\d@%% s@&@ed f9r Iﬂ?ﬁlﬁ?to%fﬁé!anﬂ a packagi ng

cell line is st transtected wt V' rep and cap genes., and the
tr anleenéraosﬂqut apaﬂthﬂas cell, msaug,dmomdn,sfemwpbl 4 whitghra mrt@ducthe@ny 5f the rAAV

col |11 nairestRl VMR mbahRRARARY CAAIAIRUIE AEUTR b b dlsCepti bl e

to inf eCtelndlclitheMaI dsellhﬁhpelfonﬂxampls, thdbleod-braliehatricaithe badaéyy blalmieﬁ,‘gfeat ed copi es
able to nsion for

of ther ene f er abl i.n su

expansi oﬁ)l?%{ﬁdcsfﬁ‘is aﬁ’é’f’t hsrplgad- Oafaéﬁb&w&éb%?n 9]'3(5\@5[1}?&1“ SW‘&@&’SSH?nce with the
et hods deselor BRBIdod-plle@iPBarér. @l . I n the foregoing nethods, rAAvs are

produced using adenovirus as a hel per 30virus. In a nDdlflcatlon of these

nmet hdds, rAAV ssseeawegéc@eqf@dwwsqq@mquwé&z&éé’b seEdypes isdetgsnined batef ect ed
with one 59{] e)fﬁpoﬁthgeﬂﬁ A tﬁraf&;afo?b&'eﬂgn e RVAAV%aggAswy gIeHé}&E ons,

avoi di ng t requir ect the cel s wth enovi n a

vari at i ortaklog\mtamnsrmraianﬁhmrrﬂénlayjaxiofﬂ:ctrdlﬁerh&Itlpmes f AAYE pesentea mtwant ai ned
W thin th same. ¢ qgﬁ Scs]ethe 1en ﬁndli%pmgengg ﬂmy t&p e ne%hods
expr essi of P& tPH’%‘” adem Sheﬁfuﬁ P F RETT GG ‘Fﬁi&/ e plvﬁ 3

transcri phioRaklo rAm‘(DBhastbémcfrlbﬁﬂ aovilg ieare effiRient thaxavd in transducmg

adenofl{)l ' unslus% esz?rt TI%EJ Joclints pancreatic islets, heart, vascular endothelium, central nervous system
(CNS) and liver cells, whereas AAV3 appears to be well suited for the transduction of
cochlear inner hair cells, AAV4 for brain, AAVS for CNS, lung, eve, arthritic joints and liver
cells, AAV6 for muscle, heart and airway epithelium, AAV7 for muscle, AAVS for muscle,
pancreas, heart and liver, and AAV9 for heart. See, e.g.. Buning ef at., 2008. Any serotype of

25 AAV known in the art,e.g., serotypes AAV]I, AAV2 AAV3A, AAV3B, AAV4, AAVS,

AAV6, AAVT [see, WO 2003/042397], AAVS [see, e.z., US Patent 7790449; US Patent
7282199], AAVY [see, WO 2005/033321], AAVI10, AAVI1, AAVI12, rh10, modified AAV
[see, e.2., WO 2006/110689], or yet to be discovered, or a recombinant AAV based thereon,
may be used as a source for the rAAV capsid.

30 Various naturally occurring and recombinant AAVs, their encoding nucleic

acids, AAV Cap and Rep proteins and their sequences, as well as methods for isolating or
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Scytotoxicity, In an alternative to producing stable cell |ines, AAV
s may al so be produced at scal e using transient transfection nmethods, such
as descriweadotwi2g¥osght , 2009, "Transient transfection meChasgofoso2es i ni cal
adeno-associ ated viral vector production,” Human Gene Therapy 20: 698- 706,
which is incorporated herein by reference in its entirety. Wight's
10approach i nvol ves transfection of cells with constructs that contain (i)
the transgene .of interest flanked by | TRs; (i .h \/ rep ,and. cap genes;
hnd (11 SRR g Rgan PR e o A 0% ytin TR PO TB SR genome
replicati g ugid pRAIGKAE SV (QFe dbdrbed M Gactd )i, 28041E0RAEs oflalldhS-as@Biafk@SCr i bed
in Thorpe et al.), Alternatively, the adenovirus hel per functions may be

cont ai nedVifiSEHaTh Widry derminatsAdn hurean tiisues.fd Yiep RIS ARG e datentNis, r AAV s
are 15pr 0‘?"3@@902‘,“7}0?%’,9@2; haxgh gy, 79 9@,_?%#??28?}39@' és‘jkgﬁg%ﬁ??%F@ﬁﬁ 4 he

transgene and rép/ ap constructs. rovi I'exi bl e and qui ck net hod
f or geher Betemighpplisation Palitation NesubSi28&R0138372; piSe2004-0052064; UheD02ar | y- phase

clinical ) bi \ . b ener at transiently
transf ect ﬁ%ﬁlrsr(gtmmtg = |:§#82%@?P3n?§j§52 (@ﬁ‘}ﬁﬁﬁ?ﬁg aé@rgrg?rpﬁ%:otngﬁﬁgﬁgﬁﬁpqllrcgthosni ent
t r ansf ect Poblicandnoaks WODM3 10136 havarod] 1683692 xwml003/04138MsAAVT and et hods

nost 20suited for. |arge-scal ion jnclude Q- cjpitation with
cal ci um phYSPREHTEAN ’g‘ﬁg);l}’gé%&’/ E{?-I%g&m\&\ i%ﬂ@@é&ﬁ %%%ﬁﬁjé&@i m ne (PE),
and cat i onpee/43708418nd WO 2007MRR263f ERR bf WRIOR BSIn@p AAGNRYT Berefterie REtPEr has
al so been exploited to devel op alternative nethods for |arge-scale

r ecomdP nametit®®y producti on, for exanple using hybrid viruses based on

adenovi rus and Ad- H,d'e). . . Thi r ti.Qn plg;j has 25t he
advant age t hat lfgt%}éé(g?e}@o%lognf’egu‘?%gqag ggr{g?ee@tt?eor%A?p%%lﬂe%ﬁ%%m%s required for
r AAV pr oduaitdgenesisgi.d. rifydodertons, ditletibs, srapbatiapiop okargi of theaddréraervipned

adenovi ruse In this process,. a.stable rep/cap.cell, l.ine is jnfected with
a hel per 2‘(@%8 Srotﬁés5‘?)05@8%1}"??80??]&‘2??%%?"“ dfm%ésn&‘g %\éga%ﬁBE%ﬁ%ently, a
r econmbi nanvAdenf&N, 1oy ridetiotl, /0% idéntiohli 83v, IdBRLARYOLLi e 6. I8 PildesichlT RS

sequence is inserted into the adenovirus El rerg;\on. Met hods for generating
Ad- AAV 3018 Brifiensicalry 9P Heqrmang entical ta 0858 erR of Ragioprmsatiencd vt aFaPsdescr i bed

in Zhang et al 1 s@RQGhbotHehll, the ANVCOLPRERMBAC, R¥mpESife) Kkchs fﬁ%&ﬁm inits
entirety. In another variation, rAAVs can be ‘generated using hybrid viruses
based on AAWrerm fowsopmeresif tsiaforeréntiosed Ap¥ Capg. HExme(carbodigrs/ thd A hy bri d*)
such as dec%ﬁrié ?%dsaic”ofgﬁ?, '(gnﬁt an%tv}ﬁz,' monofiters from {;’?oroqgﬁrgé:% .ereﬁtdﬁﬂgf associ at ed
viral vectof production’using a herpesvirus-based syStem enabl es
manuf act uror rgothbinart IAAN C Bl sostewdibedimentsiuanan ABsempbsitiar @pprizgd: 796- 806, whi ch
'S I NGR POLAL Gn Ped il iRromentoned Capst 1 | 1S entirety. This method
In some embodiments, an AAV Cap for use in an rAAV composition is

engineered to contain a heterologous sequence or other modification. For example, a

peptide or protein sequence that confers selective targeting or immune evasion may be

engineered into a Cap protein. Alternatively or in addition, the Cap may be chemically

25  modified so that the surface of the rAAYV is polyethylene glycolated (PEGylated), which
may facilitate immune evasion. The Cap protein may also be mutagenized, e.g., to remove

its natural receptor binding, or to mask an immunogenic epitope.

Methods for Scalable Manufacture of AAV
30 Methods for the scalable (e.g., for production at commercial scale) manufacture

of AAV, which rﬁay be adapted in order to generate rAAV compositions that are suitably
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expands on the possibility of using HSV as a hel per virus for AAV
production (well known in the art, and also reviewed in Cenent et al.).
Briefly. Wi\ZAAZ6dogbri ds conpri se an AAV transgene consPcidaiS2wmiliobi2zm3 an FI SV
backbone. These hybrids can be used to infect producer cells that supply
the rep/ cap and herpesvirus hel per functions, or can be used in
10co-infections with reconbinant HSV s that supply the hel per functions,

resultln eneration of rAAV s _encapsi.dating. the tra ene qQf interest.
| anot NP av) FRtEOHABERTS SRass Ry B RS, SEArCSnaY

reconbi n@]{garbmrg)wnﬁmmg@mmﬁgloaxpr ession of AAV conponents in insect
cells, for exanple, as described in Virag et al., 2009, "Producing

recombi nant adérr-gssesisediingesyan bamamifactiressat sealousings: maypalisseelhg pr oduct i on
| "
imtatiqns bHs%B Q%g@acg,is‘%% Shd HrdaBF ﬁs?r’é%s&%é aqr@{]ﬂ?fc%ﬁ IR cEEcrri%%c?ﬂny Hurman

Gene Ther apy whichii's 1nc erein by reference inits
ent i r 6t y . Thome ehils 2@@95‘fPémufztchemgMGbmhmmWadMEasiwmtadwsralaaeptnesa“mrmn vect or

(BEV) systemis od i-nant .AAVs. For t he

Syot bm S e SRy e BT SR e HeomSheg o8P, nsect

cell's W tréfetens if Gk eﬁthétgeelh tl&%proﬁarc&sdnb&w\sndipd arfdicoNdagees( prpddéneeliep and cap
(either |n on% or twq and (ii) the transgene construct.

Al t er nat illpes SR )E‘F%‘taST‘@ Qﬂe F%O%%ﬂ?erﬁ%“%eﬁ%fbtpyge’éqﬁﬁ? ARELEY) - the fransgenss s rep and

cap, all QuhdQcRirAtEsT IRAk@by TERTRE RAN rep AV &pfgeﬁésomerqum&fr@@ww with only
a si ngl e BEV cont al ni ng t he transgene construct. In ordér to ensure

st oi dHi omlmﬂ@eétmd@twmbbquch@ Welpa bheiper Cips, prcbtoe hiss adehevituatyped of whi ch
I's requi f(ﬁﬁ eth%ﬁ{]éf%l:eﬁ% ﬁ%&d‘cﬁgﬁ 8Bwh dEﬁ‘SeFﬁ}/w%u R tl?eSrﬁ?r}%&%% ed to

i ncl ude ena re- ranscrlp ional” ‘regulati on of
gene expreeB sknccsrare s‘[drtéy wildfeced Imtht:hestruq:tengc kangpninh @) 4 peakageasenngty uct into

AAV capsi d and t sultin Vc n be harvested.fromthe culture
super nat éﬁﬁ C@rgeﬂ?q (f'?@'retdﬁgmg@F% regulatory ell:cé'(’:ei‘?tsdfq”t‘rﬁ%;qf “Bgoi ng net hods

permt thape&adndllipth trebdéde RRKRHYTARY (69 ARISckibh Mafker fHPMamBRNLAEILS | NY
process for an r AAV conposition suitable for 30commercial use (‘I ncl udi ng

use ild t HadEiv) sanpenepistecessay for plasmidsaopazatinn in brctgrizndolle pedueserllani nat i ng
cells; Sugﬁyarggb@ eldbn@aﬁremtgtﬂ%&gég%fgfﬁ(mtﬁuﬁs)(gmtls?gmgyéaﬁ{anp&né am nati ng

vi rus, as endogenous retTovirus e particles novi ng and
i nact i vatdndgephing-plabugav enswrqproductiogofshotoernbivamt A Vomalm presstderd helperd r enovi ng

ety (LN ARBING LR OBk bRl S Sanat Y ORI LHAR LG P V1 N9

t he r AAV ron rorra on size
affinit y)c,homrldgrb@fhtdf [i¢13 cteh(hnassAsﬁMaled p.akd ctel]loarefm:flf:cm:mwitlt the atahosiafset y. 5These

OO Gl o8 BN oL D h LSS oRe e ted T the foregoi ng
In an alternative to the methods described in Thorpe et al., a packaging cell line
is stably transfected with the AAV rep and cap genes, and the transgene construct is
introduced separately when production of the rAAV is desired. Although Thorpe and
colleagues use Hel a cells for the producer cell line, any cell line (e.g., Vero, A549, HEK
25 293) that is susceptible to infection with helper virus, able to maintain stably integrated
copies of the rep gene and, preferably, able to grow well in suspension for expansion and
production in a bioreactor may be used in accordance with the methods described in Thorpe
et al.
In the foregoing methods, rAAVs are produced using adenovirus as a helper

30 virus. In a modification of these methods, rAAV s can be generated using producer cells

stably transfected with one or more constructs containing adenovirus helper functions,
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i ncorporated herein for this purpose. One di sadvant age of the

foregoi ng nmet hods of scal able rAAV production is that much of the rAAV is
obt ai ned W9 2bugi2og98t he producer cells, which requires sipgmiudse@anso2esfort to
not only obtain the virus but also to isolate it fromcellul ar

contam nants. To m nimze 10t hese requirenents, scal able nethods of rAAV
production that do not entail cell lysis may be used, such as provided in

| nternati onal. Patent . licatiop Pyblication No, WD .2007/ 127264, the
Contents. STONPE 6 AT Bfeat Beic s WB PETTRMES. It BIAG OP & THE £ aty. 1 1
t he exanphR a@énoPREd HeRr Rinktink re cAntBIAYY WRIGh 82l sBmEBdPet @bthakdpiang cdpAAV from
cell culture supernatants is provided, which may al so be adapted for the

prepar at i 8fneailn thagamatbedsnirprsstionef thapdeneydrus belpgs Sgrctientaravbieriicede met hods
descri bed hgr ﬁkcription?ll o b&t%ﬁécl&tg@dﬁgf Qo185 %H&viruﬁ-?%o&iﬁ‘t\é@ ntion provides

human or non-human ce whi ¢ ntain one or nore of e DNA constructs
andi or 5vi cystogivitposi ti ons of the invention. Such cells may be genetically

engi neered and, my . i ncl.ude . q. | ant.,.. bagterial . non- n mral i an or
mamal i an cel | g’.a"éétfg@%{“fe ﬁp{)oguﬁ%ﬁ%é‘? Tetlltlﬁf'ﬁsé(sAAle\és %S)f alzo Ffi %H@F g %ﬁ of the

20i nvent i @énle dxing. trabisiem GEhdféctits methods, subh@s Peserited by iWnghn2009) "Praasiemdes
replication-defectiye virys.c ositigns suitable for use in therapy (in
vivo or elagsiRegen H‘eﬁ_\kﬂ? RI ¢ W&aggwsm@%@f Vet p(%’t““ﬂ‘i‘:ee%ﬂfqne@i”fgv_e genones
of two or B, SEEIS-RRL WRth ASh@FIdME Nekdin By RER&GHS iisadiifed. aiipat i on)
conpri se 25the therapeutic transgene unit and the abl ator unit defined in
Secti dA 3.approzchdnpdiss franséagtienpfeg!ls witticansipuctsthat ientaip dvpheitepasggnaedt i zabl e
fusion praot.ei k qtﬂg%al i r . s of
conveni enéﬁetgjg@ ﬂgﬁlﬁ%rbyza é‘%ﬁéﬂ}t"}(‘g@ arknc?/'g gﬁe%gnéglni %eg%%?égéne t her apy
may be useaderonirid)gereo mgosid to suypon fzendne replicetidn and padkagihg dliraberbativelyot | i m t ed

t o adenoasspoci ated viru SAAVY) enovi r.u her pes.si | ex vi.rus,
lentiviru Ffl)’BrrV'%\‘s’raétdFs(?f)ﬁ?‘{JE%?'ﬁ% g @8;5{]%}1 egﬁt ?ﬂf’gﬁqvﬁﬂﬁ ,petriﬁ'ﬂ’c BRposi tions
are repl i GalylRRofGHhECHithME thdAYMS condinict Bs BE Rpdas 6dp deaek. ThusINAV dedeai | i n

Section 5.2.1 herein. The conpositjons of the invention conprise a
repl i dat i gredypesdwithopbhaying e ersure stablertiapstectiop pf the BRBSEGNCENA PHB or ex vi vo)

in which theQAEROMEs Rbvilihie ek bS8 Shick HEHol 5 Seferating AAV s, and is thus
ideal for pre-clinical and early-phase clinical development. Recombinant AAVs can be
generated by transiently transfecting mammalian cell lines with the constructs using
transient transfection methods known in the art. For example, transfection methods most
20 suited for large-scale production include DNA co-precipitation with calcium phosphate, the
use of poly-cations such as polyethylenimine (PE), and cationic lipids.

The effectiveness of adenovirus as a helper has also been exploited to develop
alternative methods for large-scale recombinant AAV production, for example using hybrid
viruses based on adenovirus and AAV (an "Ad-AAV hybrid"). This production method has

25  the advantage that it does not require transfection - all that is required for rAAV production
is infection of the rep/cap packaging cells by adenoviruses. In this process, a stable rep/cap
cell line is infected with a helper adenovirus possessing functional E 1 genes and,
subsequently, a recombinant Ad-AAV hybrid virus in which the AAV transgene plus ITRs
sequence is inserted into the adenovirus El region. Methods for generating Ad-AAV

30  hybrids and their use in recombinant AAV production are described in Zhang et al., 2009,

which is incorporated by reference herein in its entirety.
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transgene unit, an ablation unit, and/or a dimerizable unit. In one

enbodi nent, a conposition of the invention conprises a virus suitable for
gene t herwpyoim2edi8ch t he genone of the 5virus conpri segCa/usc@ansgens unit .
I n anot her enbodi nent, a conposition of the invention conprises a virus
suitable for gene therapy in which the genone of the virus conprises an
abl ation unit. In anot her enbodi nent, a conposition of the invention

conprises a vi uitable fo en thera h th enorne of the

virus conprise %‘F??@F‘P‘ioé‘bf’aé&\ﬂ%' Igﬁ“eﬁ‘?’i h\g’ﬁ%‘gﬂfm asedone 5 posi tion of

the i nvenwmnaﬂaqwes ﬁ&@le&vwmﬁe EmS\@Qh@"HW/QﬁW&ybﬁah%a% de&triobd mh the

genone of the virus coqrg ses a transgene unit and an ablation unit. In
A86S

anot her efifaMhE 4, 2089 1§73l aslgnespsspgied Yi(ﬁéh?qt%ﬁr%ﬁtﬂnl%'égaa vi rus
sui tabl e hgh eﬁﬁﬂﬁbis&ﬁsé@t%ﬁ eh%l%ﬁhfat’:ﬂﬁn?%@chﬂgtualle?" Ml hbPGeRPri ses a

transgene unit and nmeri zabl e unit n anot her enb I ment, a COITpOSI tion
of theSi nVéerapod):VErifei wiich is incorpesatesdifierearbbyerefeomcgyries entmet‘yalilyls mathethi ch t he

genone of F%&E svddlt D smmﬂy o%'%?m ﬁs%bgs%t ]@l%n l’l'rnu!s orgﬁgv Broguc%ﬂ r(\%é’]Pkn%w%“' t. 15

I n anot he €t on he'? nv n CONpri ses Viruses

sui t abl e firothe geread hlﬁ@l‘e&i&)&edi‘h &\Hameuh et 419. g[eemgvr HEVOLAY hebrids coprisoapri ses a
an ablation unit i

transgene u r| Z it. . The

i nventi on Aﬁ%ﬁ“ﬁﬁ%\?l"ﬂ‘?&“@&%‘ﬁb‘?“t'ﬂgﬁg %B ]%qsﬁgy%i’"g%arﬁhehlé‘ﬁitto BBst construct s
that conphtcifed?081sWat BPpE the RPRSS brﬂtﬂeﬂﬁé\hmb' REipS fREENS Haddn BenLl

Corrp05| tions 20conprising reconbi nant DNA constructs are described in nore

det ai 10i n cadfeqtions Witiprepomignant 1S VRatisenaty bahedegrdienctions. wpyliing igonposi ti ons
for Gene [{ions conprising a

replicati gg%gﬁ@ectﬁ%‘vs}é% dl%sgf)hg\lgl%g%@mc&gm o% mul ati ons of the
replication- deﬂremothicemWhodlsbAé’sc)ompnmaorphl;ee'lpUidogﬂdcaaIsdaic wmimgept abl e carrier.
These fornul a n.be used for gene.tr s er e erapy. The
viral gendfg™ &}F‘a{‘ @%Vﬁ%fﬁﬁeﬁagﬂgx%rg rnlogéé L(()Q}pogenﬁ lpéqse‘tqtgglffs@f i ption unit
t hat encodesmple,labe¢safiidtin Virpd @G CI000T PeRREIAL kcBmBinsR Glldahbiatddcialel Rirgs pr onot er
t hat caont roI S transcrl pti-on, sai.d ynjt_ containij n% at | east one abl ation
recogriPt i dmiosier eellst Puercogungeprodhiction limpatioppysing abaedlayrusdnsegelr i pti on un| t

that encodesre@fbnalhdsyQr HERBLGE I bRy bhgoRSITalvhRR isifCRAMitd RIS by € a
fragment thereof, in operative association Wwth a pronoter. In one

enbodi mentreferehes igits antqu»rioﬁﬂs temh the wePikinewn basyladispeexprossonjectes . The
abl ator i %BE@’) Qﬁfehﬂ?%a% eﬁ%(y\ﬂ'%ﬁl?ce r&:olnmnﬁn &@94%9&%&8@, the system

described by Virag et al. comprises the infection of Sf9 insect cells with two (or three)

20  different BEVs that provide (i) AAV rep and cap (either in one or two BEVs) and (ii) the
transgene construct. Alternatively, the Sf9 cells can be stably engineered to express rep and
cap, allowing production of recombinant AAV s following infection with only a single BEV
containing the transgene construct. In order to ensure stoichiometric production of the Rep
and Cap proteins, the latter of which is required for efficient packaging, the BEV s can be

25  engineered to include features that enable pre- and post-transcriptional regulation of gene
expression. The Sf9 cells then package the transgene construct into AAV capsids, and the
resulting rAAV can be harvested from the culture supernatant or by lysing the cells.

Each of the foregoing methods permit the scalable production of rAAV
compositions. The manufacturing process for an rAAV composition suitable for

30  commercial use (including use in the clinic) must also comprise steps for removal of

contaminating cells; removing and inactivating helper virus (and any other contaminating
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M Stocks 5In a preferred enbodi nent, the replication-defective virus of a
conposition of the invention is an AAV, preferably AAV1, AAV6, AAV6. 2,
AAV7, AAUBO 2000426898 rh 10. I n one enbodi nent, the AAV ofPCrrius2@iofpizsd ti on i s
AAV8. Due to the packaging constraints of AAV (approximtely 4.5 kb) in
nost cases, for ease of manufacture, the transgene unit, the ablation unit,
and the dinerizable unit will be divided between two or nore viral vectors
10and ‘packaged. in separ at e .AAY. stock. .in _one enhodi.nent, th )
opl ot VOIS SEhat BB GeoUBRBE PRTTR BRETPE B TRUVRMESR FAMGcr i pt i on
unit (a ififfeaeNsodRtibl o aednBaaek, bid RABYINAYMBH JRknsgeadessi@AVecond (an
abl at or unixé, third and fourth transcription unjits (dinerizable TF domain
o]

uni t) padkaigleleis by csriobsanonapugiiinache 10 Mie HarlilEisar ppmatogiaghy
e i cat haladrtee s avﬁf@'gggﬁma thd 0\ P QUL BER (0 B B@ UKt " anSCT T pti on

unit (an ablator unit) ackaged i n one AAV stock, and the first (a
t r ans §endhessimethods hieratho pryided i thé referenvseeiieg in he faredoing padigraphd andiskee TF

donmi n uni t@gﬁa?%g_‘ac%g‘g{?gg%a second AAV stock. |In another enbodi nent, all

four uni ¢%° *PHBne AAV stock, but this inposes linmits on the

size of the Didhe dishdantagdofiie: forgkiag edthofosf seaipl AV plodoctivaiisatCr e as t he
abl ator and, FRB/ FKB. as the di mer.i zabl e TF dgmai n as sho in the
exanpl es,MYchof ty }"AEH 'B?G@PGQ%@W%)'SE R'é’&%ccéfel(?ls’f%}ﬂa‘ r%ﬂ‘i”’feé 553%83"{5 °ThAV st ock,

the size QhotloR§ Joh LGP NPk i§dIRE ARRH deflully RAGHRRASTOMIAINRE | ess than
about 900 base pairs in length; this would acconmmodate DNAs encodi ng

cyt oKi0nedghesgreanirgmrstsagralablecrethodmafl AV profhectiopthat dancg potail edidstismpht s of t he
AAV geno r NGy :at g [ Pl j ‘CA: i neered and
packaged BB o AR, Gk ARFRGE AT BIERRN K6 89, 102! ©Dsat ock
whi ch i s 8?2764 aheveantestsod mhizhiit inompaatedbydicfegencoherbie in isetitdtody or in two
or nore vjral stocks which.forma virus co Si.tio f. the,.invention, the
viral geﬁh‘?‘r@‘aﬁ‘gt?c?%:és(fno? Pé’g%%rqfwﬁfflatblie(fﬂ?tﬁoec %}@P%r@%ﬁﬁgpﬁ:ep @ylfr? rst and
second t rsapsifdtnd is grovidal, tehi@nadilRbetagptéd vor tp prebaratidrfRag¥ne and the

abl ator; and may further conprise additional ,Lr anscription units (e.g., the
t hi r dSanFoMpastion fof usde aqepidarss Withithemethedsdestgbedi 14 ner i zabl e TF domai ns) .

For exanple, t} %gﬁm&ﬂeﬁamﬂdd%ﬂéﬁ,ﬁhd%mﬁoy BlobidS@nkR oP AGKRGRE defls Wi Vi r al
stock, and second, third and fourth transcription units packaged in a

second vi qoataireine ok moyl af drer ¥ A wetsyructs pre) wegonebmpoaifietsraf preiipentiemiSuckan be

packaged in.one, viral stoc i , \ . A anscription
units pac(i?asgré1 ylbengeélglécea@ %éﬁqﬁe%gﬁnésﬁg%ﬁp f%ielgté%agféjp %ﬁg{‘a Ej(r?lldik@n%e to size
cont ai ns mamipalidagimamniatien &NV, §devior pf the babktypes iuses limitytidneoftleed t o prepare

a vi rﬂ)ﬁ conposition according to the invention. In another enbodi nent, the
vi ral “con¥&APons of the invention, where they

5.2. Compositions
The present invention provides replication-defective virus compositions suitable
for use in therapy (in vivo or ex vivo)in which the genome of the virus (or the collective
genomes of two or more replication-defective virus stocks used in combination) comprise
25  the therapeutic transgene unit and the ablator unit defined in Section 3.1, and described
supra; and may further comprise dimerizable fusion protein or TF domain units(s) (referred
to for purposes of convenience as dimerizable unit(s)). Any virus suitable for gene therapy
may be used in the compositions of the invention, including but not limited to adeno-
associated virus ("AAV"), adenovirus, herpes simplex virus, lentivirus, or a retrovirus. In a
30 preferred embodiment, the compasitions are replication-defective AAV s, which are

described in more detail in Section 5.2.1 herein,
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5contain multiple viruses, may contain different replication-defective
viruses (e.g., AAV and adenovirus). I n one enbodi nent, a virus
conposi t w0 2at1¢i26898Ng t o the invention contains two or mOTAISAdIfifaMENt AAV
(or another viral) stock, in such conbinations as are described above. For
exanple, a virus conposition may contain a first viral stock conprising the
10t herapeutic gene with ablator recognition sites and a first ablator and a
second viral rr% ock cont ai r'{J ng an additi onal bl,at_%ré:sé. Anogt her viral
conposi tion ;‘e&%ﬁ‘)ﬂt‘t‘?“%" fiheIayeniipy (RIMNISH R EPORANGPPERHY Y P&V apeut i ¢ gene
and a fragpi foPthe@Py 8RLAS 8 exaNP) B WHEARE gt T the QRls(&PBRHprEey® anot her
fragment of an ablator. Various other 'COTT%I nations of two or nore viral

st ocks i rragsgehe wnt, efohiasion unibrandlpr a dimerizablenmitan ong pmbaskmersyregoapesitioom t he
15descri pl . : . rmmul ati ons
Compog ¢ b uR Tyt RnEORRANEIL Sudb KiH 3t EREN n SHENUR cetbher B8 o mal < for
vet er isnarwrupconpoisesa tfasgene uhii. e atottek erfbaiirhéng, a qoingssitiat af)the iavehtiot her

non- hurman manmal i an ququbems’ as_wel h ﬁ%to hurmlﬂ subj ects.. Thne

repl i cat iSOMPHEF &IPS WK [PL &ene dhgranydn poicR ey he ‘é‘rdﬁﬁ?rg%ﬁe&&i cally
accept abllatias Ghi€ In dMthebi&AbIdIMGE R oMmbasInSIT (ifegBiecontpeisapwimppl i cat i ons.
Because the viruses are r.epLj cation-defecti,ve, the dosage t he
f or mul at i s8itetdalonatne therepy 4% Whish theeeromrecafithe ARs Sampy1ses AP ol ng

uni t) . | Nb@eComBURA, hlcGRbdshdnQF the iR AERAUTRpRAR R §Fud sufdbid fdFgyndde used as
the neasure of the dose contained in the 25fornul ation. _ Any net hod
knownl0i n thérepyain whishirthdugenome df the vidustcemptises a traesgeperivitand apsblytoaunitdnber  of
the replication- Y | EUS [ tiQ he. i ' One et hod
for port oPBMSEr IR 8 STt R oF SRR ol St AR KR Be<any Vet or
sanpl es aheaapy ihsthidhrtkagendmenf the Diassemiptises hittahsgateaunitand a d apsizatde adt. AAV
genone or_contam nating 30. pl aF@i d DNA from.t he Prodg%ﬁ? rocess. The
DNase r est@Phtr sprdimented cOpROSERR AT 0F BlVERHO §OPPrISTR A ¥ irgs syl 85 rel ease

t he genorﬁﬁer&é VI t bile ofl A8 vir@ RASASks 96 BBIARS unWGhd a dimerizable unit.

2011/ 126808 / US2011/ 030213 . R ) .
15 In another embodiment, a composition of the invention comprises viruses suitable for gene

therapy in which the genome of the virus comprises a transgene unit, an ablation unit and a
dimerizable unit.

The invention also provides compositions comprising recombinant DNA
constructs that comprise one or more transcriptional units described herein. Compositions

20  comprising recombinant DNA constructs are described in more detail in Section 5.2.2.

5.2.1. Replication-Defective Virus Compositions for Gene
Therapy
The invention provides compositions comprising a replication-defective virus

25 stock( s) and formulations of the replication-defective virus( es) in a physiologically
acceptable carrier. These formulations can be used for gene transfer and/or gene therapy.
The viral genome of the compositions comprises: () a first transcription unit that encodes a
therapeutic product in operative association with a promoter that controls transcription, said
unit containing at least one ablation recognition site (transgene unit); and (b) a second

30  transcription unit that encodes an ablator specific for the ablation recognition site, or a

fragment thereof, in operative association with a promoter. In one embodiment, the viral
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are then quantitated by real-time PCR using priner/probe sets targeting
specific region of the viral genone (usually poly A signal). Al so,
t he repliwatznone®Bect i ve virus conpositions can be for ruratSedtioso2ddsage
units to contain an anmount of replication-defective virus that is in the
range of about 1.0 x 5109 GC to about 1.0 x 1015 GC (to treat an average
subj ect of 70 kg |n body weight), and preferably 1.0 x 1012 &Cto 1.0 x

1014 G&C for_a i.en Prefera t he do | i cati on-defective
virus in ta%‘“?‘fo? &f‘%ﬂo‘] efetiye 3’(‘“?08““&913‘37 ‘6353‘%@9& @?W 1egn3iy 010 GC, 5.0
X 1010 GCspéeificatfort011 GC, 5.0 X 1011 GC, 1.0 X 1012 GC, 5.0 X 1012 GC, or
1.0 x 1013 GC, 5.0 X 1013 GC, 1.0 X 1 014 GC, 5,0 X 1014 &C, or 1.0 x 1015
GC. 10The replication-defective viruses can be fornmulated in a conventi onal
manner usi Qfkor nore physiol ogically acceptable carriers or excipients.
The replication- defective viruses may be formul ated for parenteral

admi ni $trat i on by piefijreed embedimentghs replicatiob-defestive eortis afia compogitidri afuous

o in ABIE SRR Ve P o R B AR AR o B RS ot v

The 15r epI Th onad ¢rtoditedng clid Mevwme&omp@mmni AQNS. DRYtoltiRdRicRdpiity coRitamtaAS
suspenS|o sol utions ggﬁESIOHS in oily or aqueous vehicles, and may
contain f ﬁf} afaBPr)?x%@?bf % A mos! catgsJencinef maufasturs, i}leﬁ@"%ﬁ‘?ﬂq WL,

di sper si NgnagRMfof unik 204 ird dﬂﬁ&ﬁ%l@ﬁﬁl@@ﬁ] B%fdnhﬁlﬁ Yefldeh 644 | hrqﬂ ShAGkiys Virus
formul ati ons may be prepared by conventional neans wt %ar maceutical ly

acceptl&bl end grakagaddn a sqpatateaSA ¥ yiople nlsliong eiag@hmm(tbe qpllca@om-ldeftecﬂve simup,

cel l ul ose %ﬁﬁrﬁb%@éd c%g@n%s tlfe%&%ﬂ&? f’%cgnelﬂutjgh' gene%t(lsc %acﬁ%{ig fnélﬁpng agents

(e , lecithrn or non-aqteous oi ly
est er s, etsnek, akmlmrnad;ondr(anfabhm”unm)atm an@ﬂmﬁhb’aﬁcﬂpticm)umtﬁmﬂn@‘hﬁbleIT‘Fat ives
(e.g., nmethyl.or.pr dro es or C ac

prepar at i SRS P@EX%’S %% O'Biﬁ%/’?gftzo ‘?@“Otlmrf"ép?fh‘f’f"?}eth ‘??é“’%onpom tions
may be in d@w&ﬁ&rvnﬁﬁ%ﬂqé&ftmﬁ@&ﬁ%ﬁ%yﬁb SdtoMd frdhs@iptidh LAt au@tyr Ghi§ €. 9.,
sterile pyrogen-free water, before use. 25A so enconpassed is the use of

adj uva1r§t s ReRkage i e AROhstoks "Hlddhe finst (g dnansgengy unithithird anddourth transcription

repli cat! QhideiRGilHE 1% doHafinR] pdclieh VAR Eamg Ao AL fgpnt el at ed

include but are not limted to vants or mneral salt gel
adj uvant s, emrpdinent ol faur guoffswanbe mckatﬂed nmqmrAA‘é atbd{, duiethijs impastslimituoctbal

adj uvant 3,31%%%“3%& tfm%tcn}i'l) Iga}'%{(a\{l%glqjouvant (‘ﬂ’e? u%]/nagv re&fﬁlﬁ&ﬁ@m{; ni st ered

to a subject as a mXx 17°c8 t he
i nventi on, FRB/FKlBadtherdlmm‘zhlnlaaﬁdeﬂnam {ah slidwen me}plelxﬁ:aplbgny‘idﬁflﬁetdet/ﬁ viruses of
truct Conpositions

the i &/2 g ant_.DNA Con
For Pp%oguc'falcg"’rge 8H fouE prifsdateoBnA Dar esk ‘“es“?ﬁmféh éteSF%d“l&‘E? Herapgtic
Ther apeut i ganElehp SRR bENEs kHA @Rduk 900 BAONid 88 1ch &7 ARR MR ack i SRRSHITE t
conposi tions conpri sSi nq{N
encoding cytokines, RNAi therapeutics, and the like.
Due to size constraints of the AAV genome for packaging, the transcription units can
be engineered and packaged in two or more AAV stocks. Whether packaged in one viral
25 stock which is used as a virus composition according to the invention, or in two or more viral
stocks which form a virus composition of the invention, the viral genome used for treatment
must collectively contain the first and second transcription units encoding the therapeutic
transgene and the ablator; and may further comprise additional transcription units (e.g., the
third and fourth transcription units encoding the dimerizable TF domains). For example, the

30 first transcription unit can be packaged in one viral stock, and second, third and fourth

transcription units packaged in a second viral stock. Alternatively, the second transcription
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transgene unit, an ablation unit, and/or one or two dinerizable domain
units flanked by 5viral signals that define the region to be anplified and
packaged woteolwepdoscat i on-def ective viral particles. These/UShA1O80233 r uct s
can be used to generate the replication-defective virus conpositions and
st ocks. I n one enbodi nent, the reconbi nant DNA construct conprises a
transgene unit flanked by packagi ng signals of a viral genone. |In another

enbodi nent,, a co sition of .10t he i.nventi on.copprises a.reconbi nant DNA
constr uct““&t(‘f%% &Fﬁ e%ﬁ‘ “é‘ﬁlvg?‘isgﬁtgiﬁ’?flgkeﬂg‘n‘g‘gﬁ a’B‘{/TBBﬁ‘&H%TBFYHﬁ‘OQ gial s of a
viral gerabiuged i aaBnd @fral@rRRAWKEE Usefiil ier X £¢ aidionaRicotiNis MGASHaEIAgt
conprises a dinerizable unit flanked by packaging signals of a viral

genone. Ithe AAYtEBPMS PHSHYIFHSRT May bSO R MTUDRIMRAS oD pererdingmihe ses a

t r ansgeneginiitibn. aNdn@Rer@RivadiiRk, BeiviralldoRBESELNRY S PRGKRAIWRLIRR] S of a viral
genone. I n another 15enbodi nent, the reconbi nant DNA construct” conprises a

t r ansg@eneconiinmeltiple airgiesnardy catthia diffiirent faplipatien-dpfecthgoicuss (g shgNand of a
vi ral ge@%gﬁovirk{i anot her enbodi nent, the reconbi nant DNA construct
conprises an abl'ation unit and a dinerizable unit flanked by packagi ng

signal s of a Mhiat elgbedinient, 4 Rira@nipesitionbodrdirgto the heenttohavhiaiantvo DNA
construct conprises a transgene unit, an ablation unit and a dingerizable
uni t f1 arfderrsiffensis &G (a5 gnatheridrad) syrckqinsugiygorahipaijons as are descmped £ j ¢ gt
transcri pfy i o) . i : I I ve. ciation
W proed KRR e At ohBolRReLLL EoRhRAEL i ABA AptBBNOC % cant
one alf]l attherapeutic @emme With ablstiot ec(gritersgenandinfitsy abladardy) sebdrel went stock

transcription.unit that encod n abl atqr specific for the ablation
recogni ti GREARG2N § ltaonflr%%@- %ﬁ@bwr%gwov%%mw FRAGHE ASESHE n, i n
oper at | VeuagSQeipaisinga thérhftulc Eérﬁ%ﬁ%rfra%?ﬁht 6ﬂﬁ‘éﬁﬁﬁntaﬁi@9§é‘croh@wrﬁ’§ in

response to a pharnacol ogi cal "agent (ablation unit). In another enbodi nent,

t he r econttockanompiblag enotbérr fregmenbofiani abbgora Voiries ethermom biifatidomnefitwo wni t

flanked b ackagi .signals of a viral .genone. . a preferred enmbodi nent,
the r econbPiaiel BRASIE AL Srhostiodor e PRRT il Pofubieat b 3fe, di mer | zabi o
uni t pest gdeiptionof thet@mpbhdts PREK AR spk@mal s. 1 n one enbodi ment, each
unit encodes ‘a dinerizable donmain of a transcription factor that regul ates

t he inducible
Viral Formulations

Compositions of the invention may be formulated for delivery to animals for

veterinary purposes (e.g., livestock (cattle, pigs, etc), and other non-human mammalian

20 subjects, as well as to human subjects. The replication-defective viruses can be formulated
with a physiologically acceptable carrier for use in gene transfer and gene therapy
applications. Because the viruses are replication-defective, the dosage of the formulation
cannot be measured or calculated as a PFU (plaque forming unit). Instead, quantification of
the genome copies ("GC") may be used as the measure of the dose contained in the

25  formulation.

Any method known in the art can be used to determine the genome copy (GC)
number of the replication-defective virus compositions of the invention. One method for
performing AAV GC number titration is as follows: Purified AAV vector samples are first
treated with DNase to eliminate un-encapsidated AAV genome DNA or contaminating

30 plasmid DNA from the production process. The DNase resistant particles are then

subjected to heat treatment to release the genome from the capsid. The released genomes
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pronoter of the second transcription unit, in which (c) a third
transcription unit encodes the DNA bi nding domain of the transcription

fact or fuweaotiaizesobi ndi ng donai n for the pharnacol ogi calPCagsnaitioso2oper ati ve
association with a constitutive pronoter; and (d) a fourth transcription
unit encodes the activation domain of the transcription factor fused to a
bi ndi ng 5domai n for the pharnmacol ogical agent in operative association with

tit mhodi t | t f d
s oxpr escnt BRIl il B BTGB pabg e iopesibsbne Rt Che

phar macol abé viedl gagent(uivaiy pdlpdusigslyt ranscription of the pronoter that is in
operatl ve assocj.ation wth tiﬂe secaond unit of the reconbi nant DNA construct
conposi tion is AHsuitsderlationdefactivg vimes icorapositivas erorbifermubsiiedtih dosapanscri pt i on

factor as uhQETWe%Hfaﬁ'th'aﬂlo\ﬁhttcff?e&)htd?lo){%Efe@tr%tm% thaPss Or;( %ﬁangenb ) lﬁgr&){ ht hel sin

phar macol ogjcal agent that uces transcription
oper at ifve 135 §6dp abaush.Owi HOF GGi&o geaI@ndvenagetsubJéctbﬁ%(} k@m@ﬁb} waight), A const ruct

conposi ti RANY# St further t he reconbi nant
DNA const u%ﬂteél():g?rprl sdésag t%?%rlloza g) F&g‘i‘%‘hpﬁ'g%&gﬁ geqj’ﬁﬁ the desgrofoxanpl e, the
di neriz ?blreplfcamtedtfq:mm aius inthie formmlatibeise o o6 c(@)sloax bo*%h: gy ﬁqr;fﬂlcrchof an
enzynme fu 10 M a a.catalytic domain of tHe enzyne
fused to ;ﬁg r}g gjéilgg)r’gth %\ﬂﬂg@ P(Heag fm@?xn](j)] 3 187 ©Gior h8x IBNA bi ndi ng
domai ns orGe,es RiloBiGw 1doed heCE 90 a1 @i G@rérzleﬁx]()w Ggc, |n order to conserve

space ﬁlthl n th vi ral genorre(s) bi cistronic transcription units can be
engi nedr ed For k%%t@“'¢ﬁglwmlm$5&mb¢bumlated manwoydnpibnabmaniert S can be

20engi neergigdne & b PRLIANIGALLoSARLAAL A0 AR LFER Literoal o1 bosore

entry site WhIC ovvs Coexpr 6s8i on Products by a
message f f?PﬁVﬂs‘ilwgﬂS@qyrb@rfmm:ﬂatedﬁtbtmnattera/leaﬂm;nlﬂraﬁdnmlgl iBjepicAMBEChy My direct

expressi o t contains,. in a. open readi ng frarre (ORF),

two or th?’é)glfs 1@?%‘? of)o%)(l)1 Hogent i‘?m@e?ﬁm”l?tf‘?é‘s F‘ﬁi‘qﬂ‘('f“g hErey Bepesented et i pti on

uni ts) septasage &om e. gmﬂnq)oanﬁbhﬁﬁndh)Ld%QHﬂﬁiﬁ% \ﬁﬂ%@ﬁ@&l@eﬁ&% veChgavage

25pept,i.de or, a rot ease recognition site (e urin). The ORF
1 Sicor gl

thus encodgdic Vepﬂf‘ﬂ?ﬁ TPPRStions fAY tke sushdorms aaﬁnspemgroos, solutmsonse of
T2A) or aferisidng ﬂﬂﬁiyairla@jboud ﬁ:hfche@aa\ﬁ@% RbfRai B@%&g&g!ﬁ%ﬂﬁl groteins. It

shoul d be noted, however, that al thou t hese po yprot ei n systens
can be usSHSPERAIRE slabifave pad %‘abﬁpnglns@a@ms Liduahpreparationd of theerepiiz@ion-or

; th t 301
cpoc 1o oepeneaee Rkl e 1 h BTl KR e ot i ot POHRHEE WO

2011/ 1268@8@@ﬂb@$ﬂ¢lids($&ﬂﬂib3uspamg &gests fe. gl sarbitor SRipe cdliicke §@RRIVeS8S an
compodlti hoERG BBl e SRR PER S T BT PR, B SHe
vehicles (e.g., almond oil, oily esters, ethyl alcohol or fractionated vegetable oils); and
preservatives (e.g., methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations
may also contain buffer salts. Alternatively, the compositions may be in powder form for
constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.
25 Also encompassed is the use of adjuvants in combination with or in admixture
with the replication-defective viruses of the invention. Adjuvants contemplated include but
are not limited to mineral salt adjuvants or mineral salt gel adjuvants, particulate adjuvants,
microparticulate adjuvants, mucosal adjuvants, and immunostimulatory adjuvants.
Adjuvants can be administered to a subject as 2 mixture with replication-defective viruses
30 of the invention, or used in combination with the replication-defective viruses of the

invention.
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(a dinerizable TF domain unit) conprises and | RES I n another specific
enbodi nent, a reconbi nant DNA construct conposition that conprises a
transgenewOnont1/ieesvpri ses an | RES. 5In anot her specific ecibaszomio080213
reconmbi nant DNA construct conposition that conprises an ablation unit
conprises an I RES. In another specific enbodi nent, a reconbi nant DNA
construct conposition that conprises a ditnerizable unit conprises an | RES.

In a specific enbodi gent, a ecophinhant \ onstruyct conposition that
conprises a third %Eah%w{)waf‘mh@t&%?% ROSLONG FRI RredwetionTr  domai n

unit) cormrn%x;\&aﬂ&-mc&ﬁa%@q:%cﬂoﬁs B8efulMr THRRSIdutie FRIFposHisTeNt , a

r econbi nant construct conposition that conprises a transgene unit
conpri ses T2A Kedumsniéan providesmerombinastddNA Constrastisompesitivns cemprastgrbi nant  DNA
const ruct o t €0 i n f.on.uni.t ¢ rises T2A
cequence. "TEEae iR bRy iR Soritly BT 0t ERTRATR o1 e
conposi t i ol sipeds thainipfinesthsregiod itover anzydificd ankFpadkuged mtampkcadonpeftges T2A
sequence. .15l n.an odinent, the aplatqr that is encoded by the second
transcri p‘f‘faiﬂarﬂ‘ﬁfst ‘Fg%%e M FOBBI RA ?“%&I}Q %"BF@Y"F}EFCFFS[&‘GH?IB@‘???Q“B% is an
endonucl eass coMpdsffoAiRidiasgs. a neganucl ease, or an artificial zinc finger

endonucl ease that binds to the ablation recognition site in the first
transcri pti on Ingne erabpdlirasndithergcasmbingst BNAscopppct qampaisespdansgese eibodi nent |

t he abl at@fvifn abl gt CRARLE [ ' - O ot he
ablator is HZ%FLerJ[Eaglr(\ t Sﬁeé?'glgl a% i@ltéir%%fgneor:ngegm t %hpi??q%gﬁfegi,éﬁgﬂ%{;}f log'r?ct;t her
enbodithenth¢ invbeioalsbmpiises & eabmbipare A4 echstoyet toreprsggandblaticraunsicftankéd on uni t

of the reconhi nant . onstruct c ositign.s interferi RNA, a

ri bozyrre,ebyo‘;ryg'léaﬁ‘“&ﬂ%[‘%m%ﬁ%é‘“’t' gsitome ot s °F€W£“€ﬂ5&§‘i?ﬂbﬁia“‘!o¢ﬁt‘he first
transcri pidnstfuctiéntiprisesa dikipiizab @R flafiled ol phdkegin@fighdieofBNfral r anscri pt of the
first transcription unit. In a speci ;_l c enbodi nent, transcription of the
abl at or i €"EBftlP ANGHREY 36’§7°‘Hmf"§tt-h8Fﬁ°8‘F‘ ‘"%M ESUYL! FUPIRISRENNSE e e a

m fepri st @iend Mﬁaonnﬁatﬂaﬂeatwaaa&%mg Rendls dAR1 {RDMEAR i RRY| at abl e
systegJ or an ecdysone-dep rggul at abl e Ssystem The reconbi nant DNA
c

const Fuct erebndeest.itheorcangrnaat RN ApmoRegt eompsisegradtagsgehauril ang atdireerizaldascri pti on
uni ts des;j I i fi . i.n repli,cation.defective virus
vect ors. i enkel BBl leih: 8RR EERIRC o hEReEInBL IR ARV | Tro.
Wher e a 3@pueticot Phedcodiiict sompmpistanpbladorcadt antl helirhdrRablaueit 8sked¢bed from a

PoLC ﬁavh%agﬂgggr}g‘;s@ég off L ?fpﬂ;gﬁq}ﬁ% %ﬁ%@?gmt%fdhﬁerﬁ?, RS Do HNR APl €, AAV2

construct comprises a transgene unit, an ablation unit and a dimerizable unit flanked by
20 packaging signalé of a viral genome. |
The first transcription unit encodes a therapeutic product in operative association
with a promoter that controls transcription, said unit containing at least one ablation
recognition site (trémsgene unit); and (b) the second transcription unit that encodes an
ablator specific for the ablation recognition site, or a fragment thereof fused to a binding
25 domain, in operative association with a promoter that induces transcription in response to a
pharmacological agent (ablation unit). In another embodiment, the recombinant DNA
construct comprises a dimerizable TF domain unit flanked by packaging signals of a viral
genome.
In a preferred embodiment, the recombinant DNA construct composition further
30  comprises a dimerizable unit nested within the viral packaging signals. Tn one embodiment,

each unit encodes a dimerizable domain of a transcription factor that regulates the inducible
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AAV1, AAV8, or AAV9 capsid, and so on. In another specific enbodi ment, the
AAV | TRs may be fromthe sane source as the capsid, e.g., AAV1, AAV6, AAV/,
AAVB, AAWSO 2011/12680BTRs, etc. | n another specific enbodi memus2@aneRedbi nant
DNA construct conposition conprises a first transcription unit (transgene
unit) flanked by AAV1ITRs, and the second 5(ablation unit), and optional
third and fourth transcription units (a dinmerizable TF domain unit), and/or

a dinerizable fusi.on tein.unit(s), flanked by AAV ITRs et anot her
specific é’ﬁ%ﬁ?f?‘n%ﬁl?e S"g““gé‘é“bsr‘?‘apﬁ‘i)& DNR"’&‘EH&“’NHE tr&‘??ﬁ%’é’i“?f‘%ﬁm@é‘??ﬁhq ses a
second tr amgA birndidgQBmein df tHeaRha@tib@h ftbl fisddl 18 bRdin ?wor%}{f&ﬂiﬁ,s and the
first (transgene unlt) third and fourth transcription units (a dinerizable

TF donai n RfAiMapolggigal ARG Rieapersiivenasociatiog with g cansmomep@mom apdbbdiferstit | t he
transcri ptt}aﬂ%:l\lfgﬂbﬁ 1§l11t0Jnc@deE {h-g abtivad St @dﬁa@r{ & thf érga?g n%aﬂt cf{o a Biid me o

r econbi nant conposi t I'n a speci reco
DNA cordst rdspmalltfonﬁaphﬁmacdcrgmahwnten umratmetwstomemmudﬁsa mymumecp'rornmere of the

fol l { t t that
nout ral i 2o AR EbL RPN e BEf-ES LB e e e P2 51 ct or

recept or - Iin @sﬁéciﬁcl cmboﬂia&hmhe‘gﬂh&rknac&fagi&@agdni(,thdt malidels &arlldck}ﬁhcﬂro@%h factor
(IGF), hepatoc }\]&Eqr ow h factor éHGF hene oxygenase , Or nerve
growt h f acﬁr%‘POt% s injoergtivegssoriafion with#gissrond uni ‘éfdbﬁ'r‘EPW’ﬂa“ Aconst ruct

contai ns & ohftARSARMPEsiHE ik atdhﬁérlz&ocﬂﬁrd'lﬁﬁﬁcﬁﬂy@&ﬁm@g ofttRErdnSdrpBth RgoPLOTOL €7'S
that controls transcription of the therapeutic gene: a con£ trtutive

pr onotlér | racasyred {peitng b et prothar spastfisrembadinsht, the phoimacadogicad Agenethat an

201 ndct O SaRECBSToaf e BLARS Bl € SEAANELY BB IR DOULESHRSE .
5.1.5 to géﬂmmbnammqﬁcmBMt clefipesitivw & ryvpamysins Trogils fu&hé‘eﬂnbod?h.aﬂitnmeeut i cal
Conposi ti ons ati ons of Di nmer rs The .prese i nv nt| on

provi des prﬁ%l Eﬁﬁggﬁo“%%lﬁ&%’mpf‘?e&ﬁgll'E‘Eﬂ‘Fﬁ':"lF g‘fsl‘?@ pf?f%‘géﬂ“ﬁ'e qr £grepleythg pe

i nvention dndeﬁzab]elf@ﬁ)ri grotSRGihit @y De dnchde (aEaBmEandeﬁlﬁlﬁ@f SNQRGhERAL] olhe

phar mace conposi tions conprise a pharmaceutical |y acceptable carrier

utic
or ex C]iSpl e'H't‘da“@ﬁWd)‘h%ﬂ di() 2 qatpdatis demainph theenpeng fusedripa binding demainevhesiapt ed f or
veterinar YthPth@iﬁé 8Smaifts e eltﬁePDN%%%th’&{rXalﬁs%r%e r}%éﬁeﬁﬁ{ll A I (e.g.,

| i vestock), such as are described herein. The phar conposi tions
of the mv‘ﬁﬁ?il@n can be admnistered to a

In order to conserve space within the viral genome(s), bicistronic transcription

units can be enginecred. For example, the third and fourth transcription units can be

20  engineered as a bicistronic_unit containing an IRES (internal ribosome entry site), which
allows coexpression of heterologous gene products by a message from a single promoter.
Altenatively, a single promoter may direct expression of an RNA that contains, in a single
open reading frame (ORF), two or three heterologous genes (e.g., the third and fourth
transcription units) separated from one another by sequences encoding a self-cleavage

25 peptide (e.g., T2A) or a protease recognition site (e.g., furin). The ORF thus encodes a
single polyprotein, which, either during (in the case of T2A) or after translation, is cleaved
into the individual proteins. It should be noted, however, that although these IRES and
polyprotein systems can be used to save AAV packaging space, they can only be used for
expression of components that can be driven by the same promoter.

30 In a specific embodiment, a recombinant DNA construct composition that
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subj ect at therapeutically effective doses to ablate or excise the
transgene of a transgene unit of the invention or to ablate the transcri pt
of the traoegamessodr inhibit its translation. A therapegCirasbé/osdiiecti ve
dose refers to an anount of the pharnmaceutical conposition sufficient to
result in anmelioration of synptons caused by expression of the transgene,
e.g., Stoxicity, or toresult in at |least 60% 65% 70% 75% 80% 85%

90% 95% 100%.i nhi hi.ti on of .expr ign of the transgene. In an
embodi rrentcgé'g‘f‘nseﬁlf‘rf}h 1 eb‘H‘a“t"H’é’&‘é"ﬁtz‘l‘E@‘%'&Wﬁﬂeﬁﬁcéﬁlﬁﬁﬁhmﬁmn@ a dinerizer

of the in\ta:lohibﬁﬁpﬂBNﬁdﬁﬁsﬂhéttcﬁihg_&iﬁdﬂ_ﬂﬁat k&ndpﬁbeﬁ Dird ARDR uRh rARE ol uiit O
m cr ogr ans é{%/ Ki | o,gFr am (kg).. To this end, a pharmaceutical conposition

conpri si nd? Sitsrigadls Tedomsin Uiy semprisgeand IBRS e afotherspeaifie émbedicestes i n t he
range of 38QWhindntTBNAQ Iy : n_avera bj ect of
70 kg i n body \1/1\1/e1i]gh_t. Ql'%g? a#géﬁ(t?slto@ tiﬁﬂﬁé‘ﬁé@eﬂ% ?%“%@g‘?é‘r‘r%%'ms%sng‘?@%ri sing a
di meri 2er lofnothee spepifie nmbodimanna rcatisingd DN cistiyct GonzhosifloBthalcotpries5, 0. 6,

0.7, 0.8, 1.0 . 20 3.0, 3.5 4.0, 4.5 or 5.0 ng/kg. The
Gose of - n“fabatich it comBrisef APIRES, B apithet sosoiRi eyt 3sgtondinanigNASS 4o,
45, 50, S3pnsifict compositihn (i coBBPriseSD diBrizdbhe unltTod@lsel R IRASO, 175, 200, 225,
250, 275, 300,1325,.%50, §£5, 400, 4Q0, 425, 450, 475, 500, 525, 550, 575,
600, 625, 650, T5F¥Pecipgmbediment 4 regaippipgnt PNA qopgrict ompopitien thaln aver age

subj ect Ofcorffrideda itirdRAEY fARhGRAkripTRESR (§ESRSZAMETIPEGESS ﬁhggo@gﬁe?' stered

oral ly, Th%se doses can be given once or repeatedly, suc y, every
ot her 1Hay  T2Qeseqyepce. b1 anstiwr specifie embastimeny. a meeaaitaraabDYA cohsruptrampagsart i cal

conpositi - 2 riqd of about. 4- 206 eks. In
come. embod et ity Bl BRE Bt Re i SR I o B B8 o Rt e 1 o
adni ni st ergebormbirantdiRA eotstruct compoditinsiehat oompriset WwDablRIBR Snit fmprRed ThEE doses,
or in fourseqlggces ar.,.in fi.tve dq%ges, or in Six&gses or nore. The interval
bet ween dSEBGES o speqills sRuvdinds, daerombmant DNA ConsgHecompesisiotbat nat i on
that ther @omprisgs de@tbrikable THhérRiih LEIOcHprRMEITBSRLQMQf the transgene, for
exanpl S in order to-ameliorate synptons caused by expression of the 25
ne

transdéne, e.glnan WOHITVF t}dela&(MISépchﬁd Byt sesenduinseintion whikef t he need
for transgenecaimhi DRAISn@@et &mpdaiidis glg%ﬁ&léﬁge,gr&gﬁ[){ﬂ?‘s%g%“ cal

conposi tion conprising a dinerizer nay mnistere her
enbodi menteEgaricgase, Gpamrtifivial pge fingeo endonaiergethat lailsas ihomblason ess acute, or

is not ac : 2 ropceutica 0 sition conprising a
di meri zer lﬂ%rcggmﬁgggdgﬁ? ﬂ]fo's1 eﬁgﬁ%@g’ﬁﬁgﬁﬁ%r%%xﬁ{sf%%lak%%ﬁ%':['? %%C'%Br use in
accor danc emhpdimenththe pbletoeiatere and ¢rtabhriomeyogdnitichalesLak B Gr the aBRBY &Nt i onal
manner,,usi one o re physiological]y acceptahle carrjers or

exci pizgnt SF?‘ gfﬂﬂgl,e aplﬁggrhrieﬁ‘%ﬁé'?&rsge 'ghg&t h&"?tﬁfﬂfg&hogwgi,éwabkﬁoati@@st able salts
and sol valsacdsbly e sdconditbikagtionanit 3 He NS bRRAIIN R Yods AR L thbAflfts

i nsuf f | at |ag?r}té_§e|f‘th ( through the nouth or the nose) oral, bu caﬁ,

par ent er al 158 RNéy. 2 ribagygrerranlanagnsethas eblates tha RNWotwanserint of/be fiest hods of
adm ni st r abhRA I . Sl tion, .the
p@nSinf! é‘%p@?@s&rﬂ%ﬁﬁtﬁfg otf ﬁ"é:acﬁf’N@ Erﬂsg:?ﬂ%&e%trgt?raﬁlsgrpt{ogb| ets o

pharmaceuti cal conpositions nmay ta orm o r-éexanp
capsul es priégdanepeciis eotndigsnt, sambriptoans thaiablatopapmeadled by & at-bioffccept abl e

ox1 PRSIt Sl 48RRI B0 RO PRE AP ELSR PR LT
| act ose, regulatable system, or an ecdysone-dep regulatable system.
The recombinant DNA construct composition contains packaging signals
flanking the transcription units desired to be amplified and packaged in replication-defective
virus vectors. In a specific embodiment, the packaging signals are AAV ITRs. Where a
30 pseudotyped AAYV is to be produced, the ITRs are selected from a source which differs from
the AAV source of the capsid. For example, AAV2 ITRs may be selected for use with an
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m crocrystaliine cellulose or cal cium hydrogen phosphate); |ubricants
(e.g., magnesium 10stearate, talc or silica); disintegrants (e.g., potato
starch orweadiummwssar ch gl ycolate); or wetting agents (@Cg/US2soaseens | auryl
sul phate). The tablets nay be coated by nethods well known in the art.
Liquid preparations for oral adm nistration may take the formof, for
exanpl e, solutions, syrups or suspensions, or they may be presented as a
dry produc rocopstitution with water or_other_ suitable vehicle before
use. Such M‘g& %A‘ggé)ﬁ&‘%ﬁ ‘@H?X\fr?@?‘?L@be‘nﬁ\"@beéls@‘&lfwm?@ﬂwm sy Mens with
phar maceuthgabd frorhe Sthefufoe 36 e hpeRS e.g.‘ﬂQ%\ﬁ?A%%PRR%PﬂA@Q?H%?O,( 16

r

sorbitol syrup, cellulose derivatives drogenated edible fats);

enul si fyi g Ragpéntls apashey specifissimbhdiment a ssambiaynt Dihcangesd campesitioe | es (e. g. ,
al nond oi | I .ef . L or &1 ctiogg{, Y abl ils); and
pr eser vat i??e l%éeg.agﬁ%‘t%%égfcﬁﬁ J%llrn'tglrr%%g% c ;')JRIIEPyﬁc?P gg?y enzogf%ssg%fﬁ’géercg?(g acid).
The pr épar(@blatbmsunith pndbmonaomtdand fowrfhfteinscsiptidrsynit f dimeorabRdlF dadadt | Nng and

2 i st 1 ArTORHay TmCEARaRR 0P Prvsinmit e EROLA ARTITR g Pdnotrease of the

di meri zer Sspecific. embddithier,4Ge@Im bR ]DN&tcbﬂgtﬂu@trboanSSiﬁ(ﬁ:rﬁéﬁ\?H&és@@&soﬂ@y take the
formof tablets or l.ozenges formulated in conventional manner. 25For

admi ni st r HAETPHI" PHHAPaRGomIL) fiankedPyrdAV RS, and the fise (arnseangiunig), therdt he
present i ny@RbirdrALEipROINER '(a?c'ﬂHeMzda@%l PR bty b3 ahua By Aa P Priels 080!
spray presentation frompressurized packs or a nebuliser; wth the use of a
sui t ablle prrefsetd embodineeny the teiinsdriptieoenitslofio PO sysemeare tontahddin ok wor oret hane,

di chl or ot e&l&%frécld&lijgﬁr&jtwg’co%?&;?on di oxi de or other suitable gas. Inthe

case of a pressuri zed aer oS ﬁ%&dosage unit may be 30determ ned by
provi di ng a vallue spaiftbedmbodiment, Rbabimeht MDA Binstricd PSidifsa Rddeepahit i dges of
e.g., gela may he fornmul at ed

li1in for use in an itgtnal“ r or llilnsuff_lattié){r(i
cont ai ni ng™"& BERRINVAPSOTSFOTE Agthefaligring dherans s produgtsi AnE by Mer base such
as | act os eanibodyt fRlgfdnt thA hewtiaNEds HASTiBfe bRty DR LDRIVIMuAF BfliofRlialRps ARt er al
adm ni stration by injection, b bor‘{us i njection or continuous

€. g. y Pus 1t
i nfusi bh. REPMsERIrd fF eIy Faptas Eﬁbfé?‘orﬁﬁylﬂﬁ@llﬁﬂﬁm]éfﬁctm(l@ﬁb,t dosage form
e.g., in ' g;u(llfd J,I W ervative.
The corrpo??gtﬂigllg%lbgé f\/rtﬂtig%e sucﬂ%ggﬁgyé}éﬂgnggr%%ﬁl%@%gﬁﬁ?%%rgﬁgr ‘enrul si ons
in oily orlrggpesisenimidindnssecombhantd)NA oodsauet chtainud aimsgsneagiettas such as

suspendi ng %il' i ng..a or. di sper si agents. Alter iyely, .the active
i ngr edi ent‘:Or'rn*ﬁ{rll‘gl 3 n%’%eﬁgth g(?ﬁ PR ‘E‘P ef%ﬁ%f’ ?rfq‘iff S TBRSSPE P ﬁ%‘%?ﬁ%ﬁ”gcvehi cle,
e.g., stergdne: qphagaivepr@eterpd Bysuc-REific Broueer, a cell-specific promoter, an
20 inducible promoter, or a promoter responsive to physiologic cues. '
The DNA constructs can be used in any of the methods described in Section

5.1.5 to generate replication-defective virus stocks.

5.2.3. Pharmaceutical Compositions and Formulations of
25  Dimerizers
The present invention provides pharmaceutical compositions comprising the
dimerizers of the invention, described in Section 5.1.4. In a preferred embodiment, the
pharmaceutical compositions comprise a pharmaceutically acceptable carrier or excipient.
Optionally, these pharmaceutical compositions are adapted for veterinary purposes, e.g., for
30 delivery to a non-human mammal (e.g., livestock), such as are described herein.

The pharmaceutical compositions of the invention can be administered to a
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The dinerizers may also be fornmulated in rectal conpositions such as
10suppositories or retention enenmas, e.g., containing conventional

supposi t owQ 2basessosuch as cocoa butter or other glyceri @#€$/US2011/0302Lh
addition to the formul ati ons described previously, the dinerizers may al so
be fornul ated as a depot preparation. Such |long acting fornul ati ons may be
adm ni stered by i npl antation (for exanple subcutaneously or

t I I i.njection., 15Th l.e, th
i mor zor S0 e Hms ol G ERTNR e b B RE ISR et ok RO BTE

mat eri al s of he invexamRl & Aftthe 8RSt ONthe &aﬁs@er&cmmﬁlaﬂﬂit?trﬂlslaﬁoﬂm i on exchange
resins, as sparin 1E\g sol ubl e derivatives, for exar;g as a sparingly
sol ubl e s&]efapeﬁlft?é]l)&‘f%ﬁ dopeoisleryiagn ampuny efthe pbrrmageutivabsempasion n a pack or

di spenser gggVikmQo tat m%éh&‘amr%f@%lﬁg@mgf:adgw 5 Pf’e&mgpocfﬁ&etrd(ng B, ecé)nt ai ni ng

the active ingredient for exdanple conprise tal “or plastic
foil, $uchkoxigtyzortsp regmltem ap&@ﬂt 60%1”@5"/13&@% ﬁ%,cﬁo%%%e?()“/@,é%ﬂ’/@er HYe be

acconpani %ﬁuﬁ?ﬁl’o AT b%@&efta{lﬁggﬂm nistration. Al so enconpassed is the use

of adjuvants 1 n conbination w in adm xture with the dinmerizers of the
i nvention. Adj uva&rﬁnﬂ)odmﬁ:hea@hmﬁ;&ﬂofphahm&eutiwitcompem’mtcoinplnimhgd to m neral

salt adjuvants or. . m.neral salt, gel uvants, part ate adj uvants,
rni cr opar fjl'%elﬂzﬁrt‘gt%aﬁnﬂ%ﬁla@“mﬂsﬁ&%@g%t BRIV é)faéﬂ’l'ﬂb Edﬁqn??ul atory
adj uvant s g‘)ﬂkﬁlﬂ%rﬁﬂt(ﬁg)%hk%n@%rﬂhainﬁcéﬁﬁﬂ bR ng@sﬁ%ﬁbioﬁ‘@hsxﬁ%a dirfBrisdrisfe with

di neri zers of t invention, or used in conbination with the dinerizers of
the i Aenthegnvengorsis farmalatademdoses inthesiangecof abad 7 Diedo ebriit 35BOTkirdahtrent i on

pr ovi des geLhqds. L. bLaa v AIIhEERS I lndlhS A G Rfal S aEnabl e to

gene t herapy or reati ng ref ers to an
anel i or at icompasition cdinpesiggea dimetzes of tliemvemronatlmimatd onkl,d508r hitHl.® synpt om

anel | or at {00100 b dRe Lot At G by < ey e By 8L o i

a di seasei9s fcﬁlmslaf@iem 201 10)€0,2353], 35 >40d45$5@r5|51¢d 65,09, 19780, 83l9pegs,. I n yet
another e "treatnment" or_ " S to 5 inhibiting the

o5 LR T s oE T e, S5 b7 G S 425, 3. 1 S

stabi | i zatsh9r550f578, 60SERT BAPERS, JVITHI OB 7%@ tt@h@&lt&ﬁédt ¥n a\ﬁ'r&e subject
stabilization of a phyS| cal parameter, or her condi t1 on i ncl udi ng

cancer, i rofiitbe thbody teigbt). Heee dostsard Prafqﬂbb’cﬂdmmwt@m@ oraltpyThaseglosdsean r eat ed.

be given once or repeatedly, such as daily, every other day, weekly, biweekly, or monthly.
Preferably, the pharmaceutical compositions are given once weekly for a period of about 4-

20 6 weeks. In some embodiments, a pharmaceutical composition comprising a dimerizer is
administered to a subject in one dose, or in two doses, or in three doses, or in four doses, or
in five doses, or in six doses or more. The interval between dosages may be determined
based the practitioner's determination that there is a need for inhibition of expression of the
transgene, for example, in order to ameliorate symptoms caused by expression of the

25  transgene, e.g., toxicity. For example, in some embodiments when the need for transgene
ablation is acute, daily dosages of a pharmaceutical composition comprising a dimerizer
may be administered. In other embodiments, e.g., when the need for transgene ablation is
less acute, or is not acute, weekly dosages of a pharmaceutical composition comprising a
dimerizer may be administered.

30 Pharmaceutical compositions for use in accordance with the present invention

may be formulated in conventional manner using one or more physiologically acceptable
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5.3.1. Target D seases 10Types of diseases and disorders that can be
treated by nethods of the present invention include, but are not limted to
age-rel atwo 2nac2bs8 degener ati on; di abetic retinopat hy; PCmfuseailos®1sli seases
e.g., HYV pandemic flu, category | and 2 agents of biowarfare, or any new
energing viral infection; autoi mune diseases; cancer; nultiple nyel ong;

di abetes; systemc | upus eryt hemat osus (SLE) hepatitis C, multiple
sclerosis; 15Al zhei mar Sb ar k nson's, di sease; anyotrophic | ateral

se
scl er osi s “PREE)PT SHRITS, %Hﬁ‘*g‘é san ‘@B‘F P‘@ﬁ?}ﬁglﬁ? Y asiepialipsaits aed i ve

pul monary sﬁﬂhf&@ﬁﬁ@ te@eRNated fot mmlhiairétmtimﬁmno@éﬁlhmﬂﬁdtﬁn (aﬁﬁerctﬁfoqglal
infarction (M); congestive heart failufe (CHF); henophilia A

hermophi | i &hegnovtihprdbe pesgiorel; buseal eparantesal, reetn, *Héfamcbﬁtl@dd@mlﬁ}tfﬂWEnt ed by the
met hods OfNJnmad?Jeﬁﬁéﬁﬁds%%dﬁY ﬁn@ﬁ-dtf%ﬂ af B0 G BHERMaRY, | Nfectious agents

i ncluding, but not limted viruses, bacteria, fungi, protozoa,
hel mi nfhs, and Fpmdsadmsstraﬁbm themhemnacmlcalsompmsrtianmmhkb thetformadf ng or

preventin di seases cau i.ntracel at hoge
b B B R BRSOy it he
Tindal |- G ent Bl Lo m 1985 the it rE e s of b ban 2ear e her eb

i nda n e entire contents o ic are hereby
i ncor por atpgg‘“l’i'ég WadBQe ?rz'fyg'f"é%%py methylce@ﬂ%%%rﬂ“ﬁﬁ (¢-&f lBgiofns or di seases
that can b.ﬂcrbe:g@mﬁe QREEH B RiFh @Mr&g@@pﬁ@%ﬂ&%ﬁs\gﬁicaﬁ@%?rﬁ%@&uﬁlnvent' on

are caused b acteria including, "but not bacteria that have an
intradél | @teaqatestakg%sullﬁa)l cﬂr@nqegmetscey&mtat@ sfarhh assodippottarch gydodaté)eory. |

Mycobact e | AV, M.af r canur‘r) ,

P cieort ot AR dRNEHE Shdigm MR o), RS il bR Hel St o2 o
bacteri al mq\i/motthmrs Loquid grappirattoadfor nel adbeinistiitiona heny mkde tlhdfbmheﬁfdro i nfections
caused by ti ve bacil | us Li stgrl a, Bgm llus s

Baci | | us a?ﬁ?rﬂ?m% @IOIEtWPBQT WW&%BE@P%@?Y PEHRS @%uald@'eprgéﬁ folrus (e.qg.,

Bar t onel | @ondtitutiog Mith wafea Bp)th@RaiebRIvehicR bR foRD®E t Rich 1iGHE BRPAGINR may
Franci Egl | a, Henophilus, Klebsiella, Mrganella, Proteus, Provi denC| a,
Pseudd pregated By, eanventionglmegps with EfF?PQ%HeP%Fa"X/F%FIPt@b]e adiitiveesushias a speci es),

spi rochet %u@@ﬁ&lﬁg"%éntg?egg sortRe! §v?11 gelf gﬂé?ﬁfal!l\% '0 drsh ﬁﬂ&f&% Hl@faﬁsslur gdotferi

t hat causes sease), anaérobic ct eria RCTT Nofmy ¢ 68
Cl ostridi wmuéspfwg@ggms (@gaiﬁcﬁ‘ms ot d0aeia)aneh- mgw5|wb01@©(e@.lahbfardt@: bidy,

Ent er 0COCGYs, ssalgﬁ Iaﬁﬁhol §¥‘ ﬁé&%gﬁgfvgggtaap a%ganeu Ves CHUS eilgy ci1es,

St aphyl ococcus ecl e TTe*e i nf ecti ous

bacteri a |prrq1yupl-chy<ﬂmkybanmammbr soihig ﬁoatj Tie: prégatationsangmt 4o d@uﬂamrbuﬁer #hgel i a
bur gd fe;dé Legi qnel | a pneurnophilia, M/cqbacteria tuberculosis, M avium
M 10 i PINE spIMEng SKEEising agPiR 3 sHRRRBMIalE aphyl ococcus aur eus,

Nei sseria gonompkdpamBens fNedrﬂ%Gﬁlﬁrﬁstlraﬂ&nﬂnﬁ'\gbéduﬂhlﬁ fi ﬁfaﬁﬂ't@ oA hQoenes,
Strept ococcus pg@ 8enes (Group A Streptococcus Strept ococcus agal acti ae
&

(Group B Seleaspe EReSIYers.St r ept ococcus Vi ri dans St rept ococcus faecalis,
Strept ococcus %Yb&cal%ﬁﬁlﬁnﬁ)sttﬁﬁtﬂﬁﬁyéongﬁg g J@gm%wﬁzﬁ it ! uenzae,
eri-ae, r

Baci | lus antracis, corynebacterium ysipelo
r husi opat Hozgeges formulated in conventional manner.

25 For administration by inhalation, the dimerizers for use according to the present
invention are conveniently delivered in the form of an aerosol spray presentation from
pressurized packs or a nebuliser, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide
or other suitable gas. In the case of a pressurized aerosol the dosage unit may be

30 determined by providing a valve to deliver a metered amount. Capsules and cartridges of

e.g., gelatin for use in an inhaler or insufflator may be formulated ¢ontaining a powder mix
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15C ostridium perfringers, Costridiumtetani, Enterobacter aerogenes,

Kl ebsi el |l a pnettnoni ae, Pasturella rnultocida, Fusobacterium nucleatum

St rept obawOl2buw/26808ni | i form s, Treponerna pallidium Trepdrsa®1psn2ignue,
Leptospira, Rickettsia, and Actinonyces israelli. Infectious virus of both
human and non- human vertebrates, include retroviruses, 20 RNA viruses and
DNA vi ruses Exarrpl es of virus that have been found in humans i ncl ude but

are not d to: roviridae nmuno ficiency viruses, such
as H V- 1 f’ “?“é‘lZ%‘FP %e%u&a@gpw@&s%mch {E?W?S%PT “111iLA V. or HV
-111; and ot hemh¢ galeAk@SmasbCldrmsatell ¥ bitentBiat FBNisdtda By (econ, POl i 0
V|ruses hepat|t|s A virus; enteroviruses, human xsacﬁ|e vi ruses,

r hi novi r u€és, Yéelhbwqcu%@)conwwq mfwsuoné‘empela@onss“@rrlalpﬁ@nmtbe@eaa@éed
25gast 1 oery Gl stégg,forﬁpgevurugg@%]e@%rgmm%eecoﬁfae RN 4 fia¥d ruses, rubella
viruses); Flaviri :

ue viruses, encephalitis viruses, yeI | ow
fever Vir tpsee@')'atw@oﬂ@wampmltdme n(aE tae seahrfomes\as slu;pw)qns Rhlabicrewr cmdlalens( e.g.
vesi cul ar t| tiS. VihFuse r abi iru % Filowviridae ebol a
Vi ruses); lTSDar ary AR RRT: T e%’(%.d mavﬁgﬁgﬁn\r? I'Imdle&1 a%ﬁn#SuS'sJ as SM% mgll r us, neasles
virus, r es;abmamgrayd/mgpyfsinglagmtg Asprnatielyl) diyadnei mgrelcaalt oy Ge i ]:n;f“ldulenza

Vi ruses) Bungavi ri dae nt.aan vir ses ga viru
phl ebovi r @ng%a?ﬂawﬁk&aﬁl%w tg%‘? l_ﬁ%?]%ﬁag e weogehirﬁeweﬁwﬁ relisrer

viruses); ReoVithi @@Rrig&s glay RIGON forfiied B fOéuA dfpBRic dudh@k avi ruses) ;
Bi mavi ri dae; Hepadnaviridae (Hepatitis B virus); Parvovirida

(par vd¥i r guRpsyitorPapIeENtian caemas; pgpFeniamng wnverdiosal SpRRoOyitaTR bases kel ;
Adenovi ri Q@&a(bﬂﬁfrtorﬁfﬂgﬂﬂ%}‘rfdeﬁ&é.es) Her pesviridae ‘(herpes sinplex virus (HSV)

1 and 2, varicella zost virus, cytonegal ovirus (CW), herpes virus;

Poxvi ri dae (vaﬂm add#tionito the dsrmulegions desaibed pmsiessly,pm(dnmbmusseeay alsrig
5Iridovir| ever v and uncl SSler Vi ruses
(e.g. the'® Jﬂ(t‘iggqgééﬁpoéﬁeeﬁ?r&?% g%‘&oﬂ@ﬂ@&fl éléﬂ I“E%é’f’ﬁ rauster 6fﬁj(e:,\{’agent of
del ta hepamptamaudd(lfmgmplé thbﬁa&odﬂff 8ChirdBussdh})lor b indhmb&RRE infdeSoB Vi rus),
the agsnts of non-A, non-B hepatitis_(class 1 internally transmtted; class

ent g fornexpmplachs @lff@azem may bﬂrféﬂalflatﬁi witesuitaRlg PRETIETIGAY r el at ed

v. ruses, aRero %&tét't'eﬁ?@c)r exMBeaeai drhflsic AARARp iaefonf nop&cge{n?@t ed or
prevented by the nmethods of the present |nvent|o I ncl |ng,

| inmited taesmsneisisapiringlyralubleidarivatisess fomaxdmple, eoe eppadngly S‘@]lﬂd@ siltasi s,
cryptosporidi osyg mrﬁ@&éﬁ%hé&ﬁ? $ cﬁ:ﬁﬂé’%ln H%é}%éfe%p ?qs Oé?a%c?%l' 81§peALe§ Qeiliconpassed are

i nfections by various Worns 0 ascari asi s,
ancyl ost orthasiag cottaineheior Et apit dcbsagrrfgyhmodtaaﬁnghe badive ngeadlcas T&e pack

trichijposis nchocer ci asi s a,.and dirqfilari

15encc%¢p @'oto O PEMP IR etﬂ)}”?é?tfcofﬂﬁl Speh A lls@wgibelﬁ’ﬁ?k‘ﬁot limted to
schi st 0SOdigpehser ddIRE AGHY Bk B RflpSnieEBinGHROOTTH AFliSistralef.asi t es that cause

t hese di seases can be cl assi f| ed based on whether they are intracellular or

extracel | ul ar. Ad$p encompassed)is the yse qﬁa@amsen °9!§b'€l%t§t§ Wiy asiithadmixtgrepar asi t e
whose. ent i\igh tht (ifacR¥Grt Bt think o S HhRleoniErt h%m}rbmt liplikage! [ul ar

parasites include Lels mani a spp., asnD spp rypanosona cruzi,
Toxopl asnanineral salt adjuvants or mineral salt gel adjuvants, partlculate adjuvants, microparticulate

25  adjuvants, mucosal adjuvants, and immunostimulatory adjuvants. Adjuvants can be
administered to a subject as a mixture with dimerizers of the invention, or used in

combination with the dimerizers of the invention.

5.3. Treatment of Diseases and Disorders
30 The invention provides methods for treating any disease or disorder that is

amenable to gene therapy. In one embodiment, "treatment” or "treating” refers to an
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20gondi i, Babesia spp., and Trichinella spiralis. An "extracellular
parasite" as used herein is a parasite whose entire |life cycle is

ext racel Iwban11/Bxg08acel | ul ar parasites capabl e of i nfectcmgshars®1s ncl ude
Ent anbeba histolytica, Gardia |anblia, Enterocytozoon bieneusi, Naegleria
and Acant hanoeba as well|l as nost helrninths. Yet another class of parasites
is defined as being mainly extracellular but with an obligate intracellul ar
exi stence _at. a.critical 2bstage in their life cycles. Such rasites are
referred %‘%eﬁlﬁrea%‘? ?lttaaésea%ebqri%&gg%‘"’Pﬁ?ttrl??eq“f: f}lS&“r‘“‘ﬁ rsé@P*t"E‘stH‘?mefﬁ@se par asi tes
may exi stanomst endodinieit, "trtdtMes" o tredting" Ref& sl an apRlidrhtdh (Tt lelebsic | 1 ves in an
extracel lul ar envjronment, but they all have at | east one obligate

i ntracel |fasirakle g “iaﬂl"aat""ﬁ%ﬁt‘“rr apsopiated yith @dliseqsg jox disyderenot negeasguilyy of parasites
i ncl udes FERMIOBPIR sitjRIaR y&@ﬁ&h&%b&li}%ﬁ@G{%%g}?eng'%bfrgaﬂﬁ% refeRQ5POr @ SPP. ,
COypt osporidium spp, E freria spp., .Areospora 30spp., Sarcoeystis spp., and
Schi stYosoinbibiting the pypmsession ot adissassortditardes githdsghysicslly. e, stabpizaticanted by t he
met hods of:. pnyentian include, .but.are.not limted to human

sar conas %%cgn’gba{?%?‘ﬂ%&n%’&hyé&ﬁéf 8&? %?‘bé%h’@%ﬁ%‘? Ofr?yRPB%&ﬁ(}@S"ﬁE}Q"F Pf)g%tg'r conma,
chondr os adthenmndidsise ingiding caie g dNMuncChFdbs)Bnd \REHinGS 6AIHEhs, may also

endot hel i osarcama, | ynphangi osar cona, | ynphangi oendot hel i osar cons,

synovi ona]?ﬂff’ége thelioma, Ewing' s tunor, 5l eiornyosarcoma, rhabdonyosarcong,
col on carcinoma, pagHeFhidget DidRes breast cancer, ovarian cancer, prostate
cancer, squanous cell carcinoma, basal cell carcinoma, adenocarcinoma,

sweat 1yl and cahmenefrfiseasse padcdisudergthatedn batresitaddryanetipalp of thapsesanar ci noma,

papil | ary: i carci ul l.ary..carci noma,

D onchogany 4 1o SRNEL MAIRS po LGRS b B REB GRC 4 Lot

car ci nonmaetindpathiy piatectous diveaseddg el Vipamdemerfint yapdpaty CadQ apewmaof W | ms'  t unor,
cervi cal C.ancrgardf,a testicular tumor, |lung carcinong, small cell |ung

b OF AVA1 SRS WAl iHeqtion aufoiprp aseg) PRRE, MUURIF ocyt oma,

car ci noma? Bt

medul | obl @géIoRR:, didbe@E)isPREIE Yipals hemBBERIYNE Repatti € ah@iRe sclerosis;
hemangi obl ast oma, acoustic neuronm, oligodendroglione; nmeningiona,
mel anbira, ARBEIMEH dissassBarkingan sbispsgsamayeirophie laesahiselerosie (ALS), huntingon'y nphocyt i ¢

| eukem a | We lﬁ’ﬁh A i C. | ocytic,

nyel onnno%f}% f%gﬁkﬁsﬁég%ﬁgggn g‘ge t hr o| éukgee%eﬁg)%?b?ﬁ%]ﬁring%@%%m a (chronic

nmyel ocyt i arthrigis:amyrdcardial indgreticau(d)ricengasttve bbarofailare (P beydphdial Agukeni a) ; and

pol ycyt heﬂg"gpm{% | ymphoma (Hodgki n's di sease and non- Hodgki n' s di sease),
h .

mul tiple rrye(f na,” Wal denst roni s macr ogl obul i nem a, and heavy chai n di sease.

205. 3. 2. DosagkfatichsMddescothadiba irsdtéddripisveitd B thaneltogd ithe pri®Rnt
repl i?@ti on- def ecti ve mr s conpositions of the invention can be

adni nfSt e"&ENOR 8¢ YT Briiget agpys Hislrding g potdimited 4. wiswserM8HFHIE N the art .

For exanpfifig, blo®zb£ Bbinfidthd, o FRfREL THEInVidiibR isTRIPRRLL h AR&iRlor t he invention
can be admnistered to a hunman subject by any nethod described in the

f ol | owi ngPiE¥RNERg MfasHensshscases cavpgsl hydnirdcethgar pathogens. Many medically relevant
microorganisms have been described extensively in the literature, e.g., see C.G.A Thomas,

Medical Microbiology, Bailliere Tindall, Great Britain 1983, the entire contents of which
25 are hereby incorporated herein by reference.
Bacterial infections or diseases that can be treated or prevented by the methods
of the present invention are caused by bacteria including, but not limited to, bacteria that
have an intracellular stage in its life cycle, such as mycobacteria (e.g., Mycobacteria
tuberculosis, M bovis, M avium, M leprae, or M africanum), rickettsia, mycoplasma,
30 chlamydia, and legionella. Other examples of bacterial infections contemplated include but

are not limited to infections caused by Gram positive bacillus (e.g., Listeria, Bacillus such
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25that relate to nethods of using AAV vectors in various therapeutic
applications: U S. Patent Nos. 7,282,199; 7,198,951; U S. Patent

Appl i cat iwo 2Pubi2sgvat i on Nos. US 2008-0075737; US 2008- O0TI40011/030213

I nternational Patent Application Publication Nos. WO 2003/024502; WO

2004/ 108922; WD 20051033321, each of which is incorporated by reference in
its entirety. 30In an enbodi nent, the replication-defective virus

conpositio f the invention are deliyvered systemcally via the liver by

i njecti o_n"‘sg%c “ﬁ%’g@ﬁf’érf@s’lf ; Py spEpe ’f(_\’/rﬁﬁ‘r'teﬁ?t“’??g?‘ghusi?-ﬁ* 5?(6‘%’1‘?5?’ enbodi nent,
the repliBatéiRNCARHREHALME EhlekdboicoP WRERIEAR r}_&a&ffqey&]q{an@%mms,l Rebsig, del ivered
systemcally via nuscle by intramuscular injectioninto e g., the

quadr i cep¥orgenglac Biptavs Jepadencianl srdtmanes. Samedeiiae ferratianShigella, Vibrio,

replicati Qﬂ'l@%’%ﬁ&&ﬂe‘éﬁs@}’épﬁﬂd&e Q{Eﬁgﬁﬁegﬁ‘%%rﬁha gé};‘éiek i?x\é%ﬁﬁak% ;g delivered to

t he basal forebrai'n region o n contai ning the“nucleus 5hasalis of
Meynery (ddBiforfey thit catserIgime discased ahzrebicbdcterie {t.g. ofctinbmyanatdner enbodi nent
t he repl i'\@%%{;l%n-defce‘%;i emviorils cgr;{gog tioonsl oft thg ti nvention .are delivered
to the e LM SRETh TR PP IR ATRET VS0P B PASEHA BHPGEAT BEEY i on. I n
anot her eshpeicornt spetibg Prephdceaius spreids SRELIN®@ s Sptties,OvaM&id ipagtes. of t he

invention_are delivered to the jaints by intragrticular injection, In
anot her e%&gﬁcﬁé‘i‘ﬁl?lestq{é“f?@ﬁ}’?‘@& F‘%H‘-"E‘é? é%&arwtmta%w'cﬁﬁ!ffe FHETEHOTIL00f t he

i nvent i onp@kBy BRLioes L edishellD Bnddf@pRiliD WA cDEdoRSRI P osi sk LA A4 | N anot her
enmbodi ment, the replication-defective virtus conpositions of the invention

are dH) i vesfreepiiulgre Wékansail, fbgargonan Sentviopodcs arahieNaubrieginsaiogsace. | n

anot her e j.d . AN i L,gn- i LIS, conposition is
i st S e lRhimg s SRR mBtoch BRUAES 3 AS PRI PRLNS (ol EOM 5" ' 00

genone copirgpoch&uChidpitdcocruanydlicgiye tG@roa B StreftofbcnGL/Skgproaueduspirafaas,abl y 1.0
x 1011 GCLkg to 1.8}5x llg513 Cl k 0.a_human patient.. Pr ferahb}@g/, t he anount
of 1 epl i oS oL BEF T S EPER P T PO Bptioe Fe@oR e « 108 GO ko,
5.0 x 108inHens@s, Bheillusant/A8is GohBbackrRmXdiphhdr i Besipelothine hadddfuiikd kg, 5.0 X
101 Gdkg,’ﬁ?o_x 1011 GO/ kg, 5.0 x 1011 GO kg, Eé?"f.o x 1 012 G/ kg, 5.0 x
1012 8o k§lostridympertymgersyRyridigmaetgnisloieyobytag gerogenssKlalgiela o kg 20These

doses can,Rg,@h¥e PaomMefia Multb&RE oSS badierih Gl IO Bbrkdiob RUES Yo Bl hisday
weekly, biweekly, or nmonthly, or until adequate transgene expression is

det ect ed Trepereenagetiidism. Trapancmn remswe hepmspire, dickettse. ianh Adéfertdsve virus
conposi ti sPc?ell?re gi ven once weekly for a period of about 4-6 weeks, and the
node or site of administration is preferably varied with each

adm ni st r at i oninfdRépesatims of butlelninamrand aonvatan vekierytes, agliude edrokdisegonpl et e

a0l AR IS BR G SARES B aMes T R b P B RSB 27 e 2

but are not limited to: Retroviridae (e.g. human immunodeficiency viruses, such as HIV-1
(also referred to as HTL V -Iil, LA V or HTLYV -III/LA V, or HIV -IIT; and other isolates,
such as HIV-LP; Picomaviridae (e.g. polio viruses, hepatitis A virus; enteroviruses, human
Coxsackie viruses, rhinoviruses, echoviruses); Calciviridae (e.g. strains that cause

25  gastroenteritis); Togaviridae (e.g. equine encephalitis viruses, rubella viruses); Flaviridae
(e.g. dengue viruses, encephalitis viruses, yellow fever viruses); Coronaviridae (e.g.
coronaviruses); Rhabdoviridae (e.g. vesicular stomatitis viruses, rabies viruses); Filoviridae
(e.g. ebola viruses); Paramyxoviridae (e.g. parainfluenza viruses, mumps virus, measles
virus, respiratory syncytial virus); Orthomyxoviridae (e.g. influenza viruses); Bungaviridae,

30  (e.g. Hantaan viruses, bunga viruses, phleboviruses and Nairo viruses); Arena viridae

(hemorrhagic fever viruses); Reoviridae (e.g. reoviruses, orbiviurses and rotaviruses);
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injections. Also, split injections may be given. Thus, for exanple, half
the dose may be given in one site and the other half at another site on the
sanme day.wuohen/pesskaged in two or nore viral stocks, the@CT/US2011/030213
replication-defective virus conpositions can be adm nistered

si mul t aneously or sequentially. Wen two or nore viral 30stocks are
delivered sequentially, the later delivered viral stocks can be delivered

one, two, three, or four days after the admnistration of the first viral
st ock. Pr%mﬁﬁf‘?%_reﬂﬁg’ﬁ“f‘aﬁ @‘?P@&F {?’js"frBE)k AN RPN S equent i al | y, the
second depipgedvretiay (Faplllomb Qftiseh, poH Bk VRIRS; ABE0OKidhd\@nddPaRnAfhiRk); del i very of
the first viral_ stock. Any ‘net hod known in the art can be used to

det er ni neH¢mRsvdavherPebHpPleeTusiisya and 2vadcdllegpsierains sytgmpgsdovitye vi r us

conposi ti i) 3 : g f I: ) GC nunber
titrati on@lgvgge#gﬁlg\?\}s%%@ﬁ ﬁvggﬂws{%g%%&qas‘gﬁﬁség&% Igg??b@s{? treated with
DNase % o kidpritidet(egubfriemceayisd RatredusiiuidgerenticDkuss (ecptcanbiogicilng pl asni d
subj cct octn RESRMEL A e EBE et DB B RRE SRR iR s o e

r eIt eatsed MEMMEsatéﬂrite fo_fli@atittsg.mmds?,ahl%?emyoi_‘rﬁ;allA,tnbﬁm H%m( itl$$&:lﬁs pri Ims*r {A\ pr obe
sets targeting specific region o e viral genonme (usually po

signal). 1= mtgmi‘lﬁ' EREM i § S’f’r%ﬁtp?rc{“ﬁ'@n}’ Eb‘?%‘éﬁd&b‘h-%é?té@tqgv@mv’?ﬁ‘ﬁg

conposi t i pRgedfirdiCandRUeRtALRE). are delivered systemcally via the liver by
injection of a nmesenteric tributary of portal vein at a dose of about 3M x

1012 B/ kg. | nPassrdictibscasspihetitandatreatecher prevpnipd by the methoflecfithe/present us

conpositi . i n i I 1 ver SY, i cal |y via. | e by up
C o Pent y 2 il WE Rbt BRGNS bl S PRV BARTAGE cbotidl BulRR ® 1Y 00
nmuscl es atrypioghosidioais, templabmési() and ttphadstinkagis. Also emmompasedarbindictientby t he
replication-defective, vi %uxs clorrFf%%i tions. of the invention are delivered to
the basal ¥ SFEBPESUCR AT B e mpifrd W PSS AN PHPRBSIEHECHTR 2 us basal is of
Meynert ( NEWylbiiabis tatdtlasis, StieHiRisagichsetcisBCfi Ih@d) add difbfitRRass. Hs@bout 5. 0 X
1011 kg. I'n anot her. enbqdi nent, the repljcation-defective virus

conpod&d t i BfemBRssed e iRCHSHY; vaHous fukesesucy @y il npdimpited tesehisksomiariat er al

i nt raput agi-fghiRRdd, Qhd LIBdrARsBI Blrasitty RELLAR titke BsAOS ar nge of about
1.0 x 101 r%ni(g to about r_5.‘5’ 5 1011 G%CE : Ine_a?lotgfﬁe?1 %nﬂ%glﬁﬁgnt, t he
replicat i basediet whethsrgheyiaraustraelyarsir ekicasspdr. AndinirepeBnad porasite”@s dedi vered to
the joint dntra- I C i-nj ect.i Qs f about.1. 0 x 1011 GO/ nL
of - oint Drtietpa@ERhR e MR Ra R BERGOS o AR itortitialc s
enmbodi menparaditeeintiefd Lo dinopia-sppf Blatmatbun? Sppi, Tepasasomo siilzi, Gawmphikmb he i nvention

are deglivered. to the heart by intracorongry infusion.ipnjectjion at a dose in
t he rgtb]geg%'? "a%‘[‘ﬁ‘ff"“fl_?fh’ %?fitlrfffkilm‘t%*’{??ja&ogab' Ceg].“ T RATIE 22567 lﬁf.re‘?ﬁaanot her
enbodi Menparadi@evhoSdntiteAift OvHiie bRl Mar VEths IR PRSIt &pablobr hieidgvention
are delivered to the retina by injection into the subretinal space at a
dose of abwninsinchudg Enepyelachingvigo Figsdie lgnbiqolrreragdomsebiektusi r ansgenes t hat

can be dewayﬁér%nﬁiﬁaﬁth%eui F&J\livé\[ astd'lo%g g&ﬁ%l&?‘?et%oﬁa‘%lzﬂ; Jfbpa@éﬁés%n of the

invention to treat a particular disease.
defined as being mainly extracellular but with an obligate intracellular existence at a critical

25 stage in their life cycles. Such parasites are referred to herein as "obligate intracellular
parasiteé“. These parasites may exist most of their lives or only a small portion of their lives
in an extracellular environment, but they all have at least one obligate intracellular stage in
their life cycles. This latter category of parasites includes Trypanosoma rhodesiense and
Trypanosoma gambiense, Isospora spp., Cryptosporidium spp, Eimeria spp., Neospora

30 spp., Sarcocystis spp., and Schistosoma spp.

Types of cancers that can be treated or prevented by the methods of the present
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Tabl e 2: Treatnment of Di seases Di sease Exanples of transgenes Target Ti ssue
Age rel ation macul ar degeneration s-Fit-1, an anti-VEG- anti body such as
bevaci zurmsib 20Aaviaeto8n) , rani bi zumab (Lucentis), or a domeChm/usneltiosaty3 ( dAB)
Retina H 'V a neutralizing anti body against H V Miscle and/or |iver Cancer
Ant i angi ogeni c agents (s- Fit-1, an anti-VEGF anti body such as bevaci zumab
(Avastin), ranibizumab (Lucentis), or a domain antibody (dAB); cytokines

t hat enhance tupor i muune responses, anti -EGFR, | EN Muscl e and/or |iver
Aut O mmn‘é‘vﬂ’it‘g‘é%&g?’ at e f‘“‘j\“ﬁﬁa ¢ humansgrepmps 0d CHBREMH €8 T cel |

acti vat i offbroQFdirRemetdRsdsma, KipSdakcdfa SohofdtbRkdoR@ Sostdd@niddagdmbmMune nul tiple
sclerosis (M5) Antibodies that interfere responses e.g., fl-1FN, adhesion
nol ecul e grrdoma; agrseem: erdodielingaseme. lymghasglosareana,

lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor,

5 leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast cancer,
ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,

10 seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, g]ioma,
astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, melanoma,
neuroblastoma, retinoblastoma; leukemias, e.g., acute lymphocytic leukemia and acute

15 myelocyti(-: leukemia (myeloblastic, promyelocytic, myelomonocytic, monocytic and
erythroleukemia); chronic leukemia (chronic myelocytic (granulocytic) leukemia and
chronic lymphocytic leukemia); and potycythemia vera, lymphoma (Hodgkin's disease and
non-Hodgkin's disease), multiple myeloma, Waldenstrom's macroglobulinemia, and heavy
chain disease.

20 5.3.2. Dosage and Mode of Administration of Viral Vectors

The replication-defective virus compositions of the invention can be
administered to a human subject by any method or regimen known in the art. For example,
the replication-defective virus compositions of the invention can be administered to a
human subject by any method described in the following patents and patent applications

25 that relate to methods of using AAV vectors in various therapeutic applications: U.S. Patent
Nos. 7,282,199; 7,198.951; 1.S. Patent Application Publication Nos. US 2008-0075737;
US 2008-0075740; International Patent Application Publication Nos. WO 2003/024502;
WO 2004/108922; WO 20051033321, each of which is incorporated by reference in its
entirety.

30 In an embodiment, the replication-defective virus compositions of the imvention

are delivered systemically via the liver by injection of a mesenteric tributary of portal vein.
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Mul tiple nyeloma anti-CD20 anti body Muscle and/or Iiver D sease Exanpl es
of transgenes Target Tissue D abetes G.P-1, IL-6 Miuscle and/or liver
Hepatiti sw@20B/1268d8 shRNA targeting | RES Miuscl e and/ or [PCYAS2iM1oB@isrer ' s
di sease NGF Central nervous system (CNS) Atnyotrophic |ateral sclerosis

| G- 1

In another embodiment, the replication-defective virus compositions of the invention are
delivered systemically via muscle by intramuscular injection in to e.g., the quadriceps or
bicep muscles. In another embodiment, the replication-defective virus compositions of the
invention are delivered to the basal forebrain region of the brain containing the nucleus
5  basalis of Meynert (NBM) by bilateral, stereotactic injection. In another embodiment, the
replication-defective virus compositions of the invention are delivered to the eNS by
bilateral intraputaminal and/or intranigral injection. In another embodiment, the
replication-defective virus compositions of the invention are delivered to the joints by
intraarticular injection. In another embodiment, the replication-defective virus compositions
10 of the invention are delivered to the heart by intracoronary infusion. In another embodiment,
the replication-defective virus compositions of the invention are delivered to the retina by
injection into the subretinal space.
In another embodiment, an amount of replication-defective virus composition is
administered at an effective dose that is in the range of about 1.0 x 10® genome copies
15 (GC)/kilogram (kg) to about 1.0 x 10" GC/kg, and preferably 1.0 x 10'! GC/kg to 1.0 % 10"
GC/kg to a human patient. Preferably, the amount of replication-déf‘ective virus
composition administered is 1.0 x 10 GC/kg, 5.0 x 10* GC/kg, 1.0 x 10° GC/kg, 5.0 x 10°
GC/kg, 1.0 x 10" GC/kg, 5.0 x 10" GC/kg, 1.0 x 10" GC/kg, 5.0 x 10" GC/kg, or 1.0 x
10" GClkg, 5.0 x 102 GC/kg, 1.0 x 10" GC/kg, 5.0 x 10"° GC/kg, 1.0 x 10" GC/kg
20 These doses can be given once or repeatedly, such as daily, every other day,
weekly, biweekly, or monthly, or until adequate transgene expression is detected in the
patient. In an embodiment, replication-defective virus compositions are given once weekly
for a period of about 4-6 weeks, and the mode or site of administration is preferably varied
with each administration. Repeated injection is most likely required for complete ablation
25  of transgene expression, The same site may be repeated after a gap of one or more
injections. Also, split injections may be given. Thus, for example, half the dose may be
given in one site and the other half at another site on the same day.
When packaged in two or more viral stocks, the replication-defective virus
compositions can be administered simultaneously or sequentially. When two or more viral
30 stocks are delivered sequentially, the later delivered viral stocks can be delivered one, two,

three, or four days after the administration of the first viral stock. Preferably, when two
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CNS (ALS) Huntington's di seaseNGF, | 3DNF AND CNTF, CNS shRNA targeting

mut ant Hunti ngt on Epil epsygal ani n, neuropeptide YCNS (NPY), glial cell line
derived meEOnotwiapgusc factor (GDNF) COPDchenoki nes from PCTAISeeng/os@ms |y, TNF
antagoni st Inflammtory arthriti sTNF antagoni st, I1L-1,Joint anti-CD 20,

1L-6, |L-Jr antagonist. Myocardial infarctionHerne oxygenase-|lHeart 67 WO
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viral stocks are delivered sequentially, the second delivered viral stock is delivered one or
two days after delivery of the first viral stock.

Any method known in the art can be used to determine the genome copy (GC)
number of the replication-defective virus compositions of the invention. One method for

5  performing AAV GC number titration is as follows: Purified AAV vector samples are first
treated with DNase to eliminate un-encapsidated AAV genome DNA or contaminating
plasmid DNA from the production process. The DNase resistant particles are then
subjectéd to heat treatment to release the genome from the capsid. The released genomes
are then quantitated by real-time PCR using pr{inerfprobe sets fargeting specific region of

10 the viral genome (usually poly A signal).

In one embodiment, the replication-defective virus compositions of the invention
are delivered systemically via the liver by injection of a mesenteric tributary of portal vein
at a dose of about 3.0 x 10'> GC/kg. In another embodiment, the replication-defective virus
compositions of the invention are delivered systemically via muscle by up to twenty

15  intramuscular injections in to either the quadriceps or bicep muscles at a dose of about 5.0 x
10'2 GC/kg. In another embodiment, the replication-defective virus compositions of the
invention are delivered to the basal forebrain region of the brain containing the nucleus
basalis of Meynert (NBM) by bilateral, stereotactic injection at a dose of about 5.0 x 10"
GC/kg. In another embodiment, the replication-defective virus compositions of the

20  invention are delivered to the CNS by bilateral intraputaminal and/or intranigral injection at
a dose in the range of about 1.0 x 10'" GC/kg to about 5.0 x 10'" GC/kg, Tn another
embodiment, the replication-defective virus compositions of the invention are delivered to
the joints by intra-articular injection at a dose of about 1.0 x 1011 GC/mL of joint volume
for the treatment of inflammatory arthritis. In another embodiment, the replication-defective

25  virus compositions of the invention are delivered to the heart by intracoronary
infusion injection at a dose in the range of about 1.4 x 10" GC/kg to about 3.0 x 10"
GC/kg. In another embodiment, the replication-defective virus compositions of the
invention are delivered to the retina by injection into the subretinal space at a dose of about
1.5 x 10" GC/kg.

30 Table 2 shows examples of transgenes that can be delivered via a particular

tissue/organ by the PITA system of the invention to treat a particular disease.
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light chain containing the A3, C1 and C2 domains. Both the single chain polypeptide and

the heterodimer circulate in the plasma as inactive precursors, until activated by thrombin

cleavage between the A2 and B domains, which releases the B domain and results in a heavy

chain consisting of the A1 and A2 domains. The B domain is deleted in the activated

procoagulant form of the protein. Additionally, in the native protein, two polypeptide chains

(“a” and “b™), flanking the B domain, are bound to a divalent calcium cation. In some

embodiments, the minigene comprises first 57 base pairs of the Factor VIIT heavy chain
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The invention provides for nethods of determ ning when to adm nister a
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product and an abl ator, 15conprising: (a) detecting expression of the

t herapeutic product in a tissue sanple obtained fromthe patient, and (b)
detecting a side effect associated with the presence of the therapeutic

product in said subject, wherein detection of a side effect, K associated with
t he presence of th5-4-%?@5&\'}9@3%%@9‘1%3@8?é" d@étfeﬁ&i‘%é%@%’isa need to
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Wi th 1 veportie &idyy, doEMaEth &%, 9fbridk@ton, &rk.§. The REdlgeMEHYRNOderbkdbum n,

al ani ne transam nase, aspartate transam nase, al kaline pPosphat ase,

bi i r ubi nfrommlr tepasgeac gan ey detestedhRnQuantigiesPCRIQ-HGR) cHich 8¥52YSA¢ her
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t her apeut f@%ﬁ%ﬁ%‘%ﬁ%tﬁpﬁwﬁmubﬁﬁﬁﬁ %tn;,g[%tc??é f%s%teaﬂ odegﬂl%r otein in a
t i ssuéS sakysing afppputationef sellsjiree tysis bvier quahras RID Athuéiarn (hdn NPt Ot df Tiritan x-

phar macol ogi %J ent that r](? o 9 i @p% XY:]\; ein the
b esence. 00§ R BRR benth s T her TSP BNAE gl B Bl
transcri py.2, ote Thasyl@nappledenedigh proteimplogihetseandme grofaase iahibegedtg.t r eat ment
with the p& | ogi cal. agent that igcgjuce expressi.on of the abl ator.
100ne undé: qlﬁengg’ggfd_ r%‘f"l"bé‘?d?‘ﬂlﬂ éﬁ‘“aa%ﬁ?’ "W’otﬁ‘? ?“(5'58‘5’ ‘?%lﬁntﬁreffé? _{hg ﬁ?l?t hat has
recei ved fshgPhéubatingdr H5kies b Nifle bl g, Uso A0RMEPA U000, RAllingheotdin Wedmtliopn is an
anti body response to a . _ .
20" protein G Sepharose beads to the cell lysate, incubating for about an hour or more at 40° C,
washing the beads in lysis buffer and resuspending the beads in SDS/sample buffer. The
ability of the antibody of interest to immunoptecipitate a particular antigen can be assessed
by, e.g., western blot analysis. One of skill in the art would be knowledgeable as to the
parameters that can be modified to increase the binding of the antibody to an antigen and
25  decrease the background (e.g., pre-clearing the cell lysate with sepharose beads).
Western blot analysis generally comprises preparing protein samples,
electrophoresis of the protein samples in a polyacrylamide gel (e.g., 8%- 20% SDS-PAGE
depending on the molecular weight of the antigen), transferring the protein sample from the
polyacrylamide gel to a membrane such as nitrocellulose, PYDF or nylon, blocking the
30 membrane in blocking solution fe.g., PBS with 3% BSA or non-fat milk), washing the

membrane in washing buffer (e.g., PBS-Tween 20), incubating the membrane with primary
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secreted transgene product. Such an anti body response to a secreted
transgene product occurs when an anti body binds the secreted transgene
product owotoligebfosant i gens that share epitopes w th thecCrrsesigeseipr oduct .
When the transgene product is an antibody, the 15response is referred to as
an "anti-idiotype" response. \Wen sol uble antigens conbine with anti bodies
in the vascul ar conpartnent, they may formcircul ati ng i mmune conpl exes

that are tra nonspeci.fically i e vascyl ar beds of variaqus organs,
causi ng %E‘%(QEE‘SW tﬁ’ﬁ%h%fl‘ oiis 8‘2(“‘641@}%‘5@,3 ?’B{f}?hw%*g‘%é?%‘ﬁ?@i’r&%'féss,
vascul i t iveashiRg piffdr lihubatit tRinembldidiwites ygcbﬁi’é@aﬁr‘@iﬁ&d%ﬁhff@%%rw:és%es or

gl omerul onephritis. 20l n another, nore generalized undesirabl e i Mmune
react i on PrigapAntisedys e gedh AtidHia gatibodpineatugatagtophenpmpic sebspongeg.t o t he

t r ansgeng, REOGNE berb tkdli Ratast PGSyt M ne or
nor e selfoant?gehg, ggﬁgf%g QFR%% aﬁ%ﬁﬁi%g&%yéautgﬁﬁ%@%ﬁ?gsgﬁﬁ§élnnunity
i s thé failutgddn bbckang Huffifer, washimethe yetmérant i wash dyfiérzandidesctongrthec onst i t uent
parts as sel ich.all i, re se ainst its own cells and

ti ssues, pé%slgdﬁé’%ggtl%eg' @#@%@Hf%ﬁ"'&%ﬁ ne i Sedse. %?ﬁ%%iaﬁ%%tﬁft y to the

t r ansgengapinetiicCthatain bh@odifivemtih@ease thd sighy@efettsdaridao astyicetie oi r nmune di sease
including[%l but not, limted to, Ankylosing Spondylitis, Crohns D sease,

| di opat hitkgund#ais¢-ory bowel di sease, Dermatomyositis, Diabetes mellitus
type- 1. GoodmAas{ A Sendrafty BHHRIE ﬁéhg%ﬁi' &l &RASEhe it bf 20e0Barre syndrone
(GBS, Antjganglios?gké'¥b§hinngggi isé%se,.l |o%aghic th?onbocytopenic
pur pukla, migptiter platsryithiberantigsm adding she antthodn etintetest cPnigated B asdstesebleMyast heni a
gravis, R . asi s,

Beor i at i L3RS SR Sl e ReralEh BrbliGhE oPIRA hosbRlbON ) o
arthriti st tifs vodi 0 irgusating formgperi deeofitiiea bndxicteeting the pfesdnsootkkhomnigas 14 gi ant

cell arteritis"), Ucerative litis (one of, t types qf idiopathic
Bt | ammt OB B amtas aBelsten & i GF e Sringatel o Bgrarhls acone

gr anul onehQeddsa sechilBafiBody GWRICR YecHEiRITR adfisbdF Mmﬁg%hﬁﬁﬁﬁkoae det ect ed
and/or_ nmonitored in 5patients_that have been_ trea W t

t
repl i tat | $ifchblesempound iay bs addsdsp B tellnkurder. insisad ﬁ&@ﬁténgdhe well with et hod
known 10 e Red b H cofted BRARIL MRfhisca, P&cBRI {8 to measure

i mmune conpl ex di sease and/or autoimunity is an I mmune conplex test, the

pur pose ofonjightedtol asdetegtabile mgens tap be adsied falloaingthe idditinef dwaptigsne in t he
bl ood, to. estjmate the severi .of ] ne | ex, di. seas d/ or
aut oi rnnu'rrllge%a% t@ﬁscg?teghvaﬁ'tq;ger?gélf' or éh%&oﬁgﬁ%ngwleggeaggﬁghoﬁE? ration of the

di mer i zer pardetéritiangn 6o mplied tecigtreasa thebiienplafeteoedadwbly asiiber WRidiiods dhown t o
one oi ski‘ljll§ inthe art. In particular, an inmune conpl ex test. can be
per f ofhredEUSAR "My B8 Bt nore of the methods described in U S. Patent No.

4,141,965, U R Eéhhlg‘mc dN%hysﬂylc?g:l&i Rédout bAnlsoBR s to BiRessxpréfRicAdda U. S.
Pat ent No. 4, 335, 64 U S.” Patent No. 4,544,640, U S. Patent No. 4, 753, 893,

and U. S. mepsgsse. Hqgg:xf@}m theaBility ef adranggene product to ameliorate the severity of a
disease or a symptom associated therewith can be assessed. Moreover, a positron emission

tomography (PET) scan and a neutralizing antibody assay can be performed.

25 Moreover, the activity a transgene product can be assessed utilizing techniques
well-known to one of skill in the art. For example, the activity of a transgene product can
be determined by detecting induction of a cellular second messenger (e.g., intracellular
Ca2+, diacylglycerol, 1P3, efc.), detecting the phosphorylation of a protein, detecting the
activation of a transcription factor, or detecting a cellular response, for example, cellular

30 differentiation, or cell proliferation or apoptosis via a cell based assay. The alteration in

levels of a cellular second messenger or phosphorylation of a protein can be determined by,
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15which is incorporated herein by reference in its entirety. Detection of
synpt ons caused by or associated with anyone of the foll ow ng autoi nmune
di seases weoi2ng/1mwsg0Bods known in the art is yet another way/ustoldesecsi ng
aut oi nmuni ty or i mmune conpl ex di sease caused by a secreted transgene
product that was encoded by a replication-defective virus conposition

adm ni stered to a human subject: 20Ankyl osing Spondylitis, Crohns Disease,

| di opat hi c i.nfl anmat or owel disease,. Dermatonyosjitis, .Diabetes nellitus
type-1, éo‘bdﬁ‘ﬁ‘?ﬁ‘&?s‘éayé“é&}' ?%W,onéﬁgg‘é‘%‘ h%%?@%?ﬁﬁi? b0 Bdr e syndr ome

(GBS), Ankiivgion e} inRisitR of FBSREMMA it icERSRiecledboPak hiisctidoBpeyt openi ¢
pur pura, Lil%&l;s eryt hemat osus, M xed Connective Tissue D sease, Wastheni a
gravis, Nifcastapapd pesHyar gsponse pushies eellups prolifarasion cambeedefested Pygrd-asi s,

Psori ati Grgan BLE Bl dobis, "HAhYHAXARIifdo or;{%*oh,%amoaicgiogie cirrhosis, Rheumatoid

arthritis,” S ogren's syndrone, Tenporal arteriti also known as "gi ant
cell drteritis"), U cer at4.2eMooitdringsUdesirable Sige &fendsToxicitdi opat hi c

i nflammatory bowel . di sease "I1BD:),.Vascul.iti.s, and Wegeper's

gr anul omat osi éﬁ?%g}e&a%‘r'?ﬁﬁﬁ“%iogé'é?é')"%t’r?_afdgéﬁl?e‘gw&ﬁ?mwlt'ﬁgfgri?’ﬁmni ty and i mune
conpl ex dhspaseiodPatie ABALHired side em_ts(alﬂdﬂoﬁtoﬁiait%l &nl RABMtbRA bPEnyt he bl ood
vessels. Vasculitis causes changes in the walls of blood vessels, including

t hi ckeni rigetheddarennithene skiled Buihe art s detspripgtion gf wigtherdmadmigisiestodhd pr ocedures
that can he.mMsed i WS GHhbEiSe & Btk hgj4ed to
bl ood tesl%s? sg’cﬂ%{aagwg?gt% ﬁ?g%sfg’z%segﬁﬂg%% &ahﬂeg%%%t e,be@nreseeg{g(%r} gv'ﬁe'gjpﬂé]ot ein
t est , 1(conpilerteatlito otexcist b transgerte cabaabdatt the trenscrippiithe teysgond, asmhibitatmt i bodi es
test; wuri ne hests, whi ch may show i ncreased anounts of protein; inmaging

a

tests suct s %‘ray, ul trasound, conputerized 5tonography (CT) and magnetic

resonance i madihednyeMin providatier methedswihi éétbratinihgwparto admhiste@a, such as the
aorta and its branches, are affected; X.-ra of bl Qodﬁ%esse_ls (angi ogr ans) ;

and per f oRITASOREKFIGEEY febjsans e Mesippisaiodede arubial nbp Hecatds. and
synpt ons @plidkASE M fbdive virRabmpadtiifnel iy é’ﬁ@ka{;&ti@ﬁkﬁﬁd@h% i pkgd by the
met hods of the invention include, but are not |imted to, fever, fatigue,
wei ghtS | oensprising e kdesasting oprrssipmpfihe thetapepsic grodugs et tissue sample ohtained pr obl ens,
such as “HSFR BeSatié, amﬂb%@t%aing a side effect associated with the presence of the
therapeutic product in said subject, wherein detection of a side effect associated with the
presence of the therapeutic product in said subject indicates a need to administer the
pharmacological agent that induces expression of the ablator.
20 The invention also provides methods for determining when to administer a
pharmacological agent for ablating the therapeutic product to a subject who received a
replication-defective virus compasition encoding a therapeutic product and an ablator,
comprising: detecting the level of a biochemical marker of toxicity associated with the
presence of the therapeutic product in a tissue sample obtained from said subject, wherein
25 the level of said marker reflecting toxicity indicates a need to administer the
pharmacological agent that induces expression of the ablator. Biochemical markers of
toxicity are known in the art, and include clinical pathology serum measures such as, but
not limited to, markers for abnormal kidney function fe.g., elevated blood urea nitrogen
(BUN) and creatinine for renal toxicity); increased erythrocyte sedimentation rate as a
30  marker for generalized inflammation; low white bloed count, platelets, or red blood cells as

a marker for bone marrow toxicity; efc. Liver function tests (Ift) can be performed to detect
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When adm nistration of a replication-defective virus conposition of the
invention results in local transgene expression, |ocalized toxicities can
be det ectwo 2andi26s08noni tored for a determ nati on of whePh@&mUSt@1as802ihi st er
to the patient a pharnaceutical conposition conprising a dinerizer
(described in Section 5.2.3) in order to ablate or excise 15a transgene or
to ablate the transcript of the transgene, or inhibit its translation. For
exanpl e, en admnistering.to the retina a_repljcation-defective virus
oS 1 BN PALIC DTG SaR VS FEATTRE T SR RS WG i bi ¢ or 1 or

t r eat NENta iR A8 rah LfhikBS Hiparate 68RBRMAL HRalink bhosphdiRe] WN@Bint st VEGE may
be neuroprotective in the retina, and inhibiting it could worsen eye-sight
due to drespmautgnylgapgpeptislasecel |s. Thus, after administration of 20such a
replication-d =1 \4 L OR, =S| arly

noni t or ed and%&g%é%ﬁ%%H%%@$c@?@%@%ﬁ?ﬁ@%&b %ﬁﬁéyé tg%ﬁg§mgﬁyq%§éhod known
the ait, escqling thotherapasic gene predpchgs BN Arteansanipt, oMby erovded profitin 4 fidsidi ti on nmay
al so depl et ed .necessar. L Cro seulature i.n the reti.n i,ch can be

moni t or Sd BRI SPeL TRl R Gy 8 Yy Ger bt el oun i 1t he
art. 25l np@reentession sfehedtlaat vhérbiatheqaeseite of e @IN L eidvdinEtier ed in a patient
after admnistration of a replication-defectjve virus of the invention for
a det er nithelfReytic Bme Rindhtelts RINA SaRICHPs P1afs cacqdrd Proifinetaflicatss 2 RSt ti on

conpri si Nyt YRR $4h ﬂ(e%ﬁgmtcg\e cae1 géée%{ Aluces SpssibPof tHEaglabd. ent ,
|

i nclude, but are not limte I ng of the intestine or any organ,

deaf ndss, | osOnsfundssired sighetieckthatray b¢ mionitared in @padant that hag agseiaeds on,

di abetes, diarrh 30vorm ting...er i : i gl aucoma, hair
ogs,  hoda Rt o i YRR PR F ol thEafit s BREHRN, reh R o0 2

aci dosi s, setiieted trankgenegeoduce Sadhnm, antibody mdsperiss 1o pet@fpd sramsgetegivoducny ol ysi s,

sei zures, drowsi ness,. incr.e in appetite, decrease,in.a tite

di zzi nes s?ocgrls\lg’%ﬁ'é?“ ?‘I’é‘g?‘?y lﬁﬁﬁ%rsg?regﬁgﬁ%sﬁﬁe pé?‘ﬁ‘ th{?o i n%é?xﬁﬁa{ WBifonl y used
in the ardpitbgs vidtRCkindgknt BRIHQr WBE the trense QRgIutYis alhtiBbdiethesi de ef fect s
can be enpl oyed, Ablator Therapy; Once it has been determned that a

t r anslfenerepoBEUE feferrdio dieall "BuEIqEce PASH Phnniselible gytigenseanties Wih ¢ he

i nventi on i brhhiens G nfal KRG Frelirird iBRtn Bomplfkes that
pharnaceu??@%?&ggﬁgggg?%gﬁ_conprpé}ng apdinerfggﬁﬁ%an_ge 5&%?ﬁ?sfered to a
pati ent umt trgpred ypowsbedifwlly sghervassylanhsdesf vefiousdngans, seysrgisoreglledor doses

described. in Sectigp .5 2.3 herein. L t | t1.0n. i ot to be
linited | ‘H‘“%%“Sﬁ%mB@xP *°"3e‘*‘S%*“’p%”c"ﬁﬁ ?%"“‘e’?r%‘g%?r%ﬁ{sg‘ﬁggs"ceﬁ’%‘if’g‘yﬁg‘?‘é’i"?P.“Q| ndeed,
vari ous nagthtmatatus avith vasculiticori ghoneniloaphiitis. addi ti on to those described w |

becong_ apparent to those skilled in t art fromthe foregoing description
and giQ:orrpanyi ng‘“?‘ih‘g’fu}n@?.ge%@ﬁe&ﬂ'&%ﬂm@%'mﬁ@e HRetqn e Qﬁé@‘ﬁg‘f’ fall within

t he scopeggfsedd@rDRCAHRHLEd ALIBnse IOthe trafSoNdrbdubt reSRRAGI NN
RECOVBI NANT V%VECT ORS AT ga‘CAE{LﬁI% ) ) ) ) _ &
immune response to one or more self antigens, causing almost any kind of autoimmunity.

Autoimmunity is the failure of an the immune system to recognize its own constituent parts
as self, which allows an immune response against its own cells and tissues, giving rise to an

25  autoimmune disease. Autoimmunity to the transgene product of the invention can give rise
to any autoimmune disease including, but not limited to, Ankylosing Spondylitis, Crohns
Disease, Idiopathic inflammatory bowel disease, Dermatomyositis, Diabetes mellitus type-
1, Goodpasture's syndrome, Graves' disease, Guillain-Barre syndrome (GBS), Anti-
ganglioside, Hashimoto's disease, Idiopathic thrombocytopenic purpura, Lupus

30  erythematosus, Mixed Connective Tissue Disease, Myasthenia gravis, Narcolepsy,

Pemphigus vulgaris, Pernicious anaemia, Psoriasts, Psoriatic Arthritis, Polymyositis,
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Thi s exanpl e descri bes a high yielding, reconbinant AAV production process
based upon pol y-et hyl eni m ne (PED nedi ated transfection of manmalian cells
and 20i odwwanal12¢s0adi ent centrifugati on of concentrat edPcuiuseria/ 030213
supernat ant. AAV vectors produced with the new process denonstrate

equi val ent or better transduction both in vitro and in vivo when conpared
to small scale, cesiumchloride (Csa) gradient-purified vectors. In

addi tion,_the M)‘dl xanol. gr.adi ent ”E‘H[Lf i,cation procegs descri hed gffectl vely

separ at e< TFAREPiIEH SITRpsiEteumapidathdis. Blogiens sPdyores, dempral atepintelsap) o
property indwn hetilnt 8l d@Xiie), WicckRRB ol Sdwb BPASY ilRpameses during
pre-clinical studies. 6.1. |Introduction In recent years the use of

r econbi nanﬂanaﬂfé%ba%ldﬁéeaiee"" RDr dascylitissepd Wegenes's granglometopifi cal gene t her apy
applications has, heg e%i?e%%“in@%ﬁ'tfoﬁﬂ#udi%@%eg&ltééteg‘Aﬁd/BPmM]{% fgonstration
of long-termtransgene expression fromr vectors 1n animal model s with
30l i t t5 e meucthathete bagn itreated/ wiintbphoidn-defestvk Ivirsafostppsiporsfof thes i n bot h

pre-clini.cal .and clinical trial der and Fl ot 002: SS al . 2004;
Dl 1§ not divaiE Ry ol SRumb v yle PE R SanPle s bt et eiiTeR bt £ 2008,
Brantly eheaslre im@O8) conlfatdiseask labid/dviMtciBmeanityie aa piym Grielbdinpex &f, ¢heper f or med

W th serotype 2 (",AAVZ"‘i)1 vectors, Put vector systens baseg on ot her AAV
ser ot ypesPUioshohphieh §iq deanomsfatgerulatiag immang camplesgsin ke Slpodstp gxtiate

speci fi citwseae.@cly%yfnﬁrﬁmelcxmgﬁx RHERE ald/drAb iR thd diRbde, #RiG0 Wohtor! | kel y

increase (BrantlTy et al. 2009; Neinhuis 52009). A maj or requirenment

for ddvel opensstafigraiminieration f the dikiericergAnimmurseaemplen desheap bdipedormsdt he

abi 11ty 1@ B AEE khi\ey BERE oGl ho'art SFhSicull A iSHbE Gk BGake. 1N the
as bee ot

past thisrequirenen een a barrirer e success application of
r AAV vect i ribtiiedmsing an@ae ot inyre € the madthads deywdlieid\ne UR. BatenatNoo#, 141,865 have

been devel qped | C C tib i e scal uctjon for

clini cal Qgpﬁt@ﬁwﬂ%‘ﬂ?%s@g@%wﬁr %’%&%@ehg{igﬂﬁ@ﬁ\?%g’?%g&pé i rus and
bacul ovi r pigend WBI 4 §451,440, US| PatéHi Nohe 757889, SRNOEEPaBAEING  2888;838 Leadlothel per
functions to pr.oducer cell s and have been recently reviewed (C enent et al.
2009; 13vi r whiclts ipgorpopasgbhergimbiyyggfesencg in itsggtigly. The ease of introduction of
the required gsnghiof RiMsahQd b Sr REQCALitESlbnd It biGAHGN 1 AAV hybri d
virus infecti on&%téfr rriofgsyﬁ{eﬁ% ciaent ?Afb\v vect_or] 1§|l%'r%dducti on e}n% i nportantly,
up- scal i ngutamniune dissascsas g methsdokmadtio e, artThes enatijes wapref datectipgr ti cul arl y
suited to_fi.nal clinical Ldate _ve nS.. out f d to nmake
hybri d vi ar'ulﬁéélrenén g Yeac un\?é@?@ re)f glts %a?cagéeg bs'eass gcr%tﬁcipﬁée:ngg%g P gogﬁt?ﬁaé%gl oprent
and pr e- cércodeddly a replication-defective virus composition administered to a human subject;

20 Ankylosing Spondylitis, Crohns Disease, Idiopathic inflammatory bowel disease,
Dermatomyositis, Diabetes mellitus type-I, Goodpasture's syndrome, Graves' disease,
Guillain-Barre syndrome (GBS), Anti-ganglioside, Hashimoto's disease, [diopathic
thrombocytopenic purpura, Lupus erythematosus, Mixed Connective Tissue Disease,
Myasthenia gravis, Narcolepsy,Pemphigus vulgaris, Pemicious anaemia, Psoriasis, Psoriatic

25  Arthritis, Polymyositis, Primary biliary cirrhosis, Rheumatoid arthritis, Sjogren's syndrome,
Temporal arteritis (also known as "giant cell arteritis"), Ulcerative Colitis (one of two types
of idiopathic inflammatory bowel disease "IBD"), Vasculitis, and Wegener's
granulomatosis.

A common disease that arises out of autoimmunity and immune complex disease
30 s vasculitis, which is an inflammation of the blood vessels. Vasculitis causes changes in the

walls of blood vessels, including thickening, weakening, narrowing and scarring. Common
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studi es where several conbinations of transgene and vector serotype may
need to be eval uated. 20Wiile nuch pre-clinical rAAV -based gene therapy
wor k has weentipesfodr ned in mce, results obtained in | aPgerusaniloai2s3 ar e
often considered nore predictive of actual clinical outcones. Large ani nal
studi es require higher rAAV vector doses and to satisfy these demands, a
versatil e production systemwhich can rapidly produce a variety of test

vectors at sca&l e w,thout the ne‘gd c{.or tine- gon,sum' n% producti on of
i nt er medi S ipé"“?%‘f"%%fg?trc@ab”\* RPagnpserREy Aetingh PPAreRRt Amitkd Whosphat e
CO- preci phibat ) sth ab b tiotytt sLRARNGOIH @lcNC RehctiNEprOB e ChAPleQINRAE, the AAV

capsid gene and the trans-acti nrq hel per genes into HEK 293 cells (a process
known as ¢ellcpwitand ndimepisenhil sitoplasmigentibedigs sl Hrinerests whishianay shest hod t o

pr oduce r; I g1od 4 . . Mat sushita et
al . 1998; 'ﬁé\gfi‘s\%? %%@%ﬁiﬁélg’ggéggﬁfeg%%% aggﬂa@t%s?mﬁ %’ﬁg@&z %\%n- based

met hods rtemagnaphyH€ Tirerst m@MDvtir sanahoe imhgiag (MRIMOgrmihgothethar kugehni ques and
permt sinyltaneous.manufacture of different.,rAAV.vectors. However, triple
t ransf ecta}méﬂgﬁ’lg'%c 5%?1?31331%} %}l%r"n%{bmﬂgheeﬁ’ a&%ﬂgﬁcc‘i’g’r%ﬁaysl‘)&éﬁé Y5l arge scal e rAAV
pr oduclt [ O@rrl]gjb@‘alhg; and prefkrmtifg £ BiIBPSLdf Park walmcms@usjfeemli Sﬁgmf gad ture ?yst )ems.
Recently, however, some prom sing results using poly-ethylenimne (PElI) as
a transf eﬂﬂp&m%@d%%tlsﬁ%féa%%ﬁﬂ@d?@Eflef‘ﬁéreﬁt%gh@?i“ﬁﬂm&? ofrthenv2 vectors in

manmal i anpG&hibn HERRE TR 8P nGUintitet S, Yvel) A43R wef%?gaséf hfRkdSafjoike phirk 1013
vector particles per liter, which are 5conparable to yields fromattached

nmode (el logs of eppatiteasndrsmi| paghdemso spch @b numbnesh of Weaknessasf ect i on syst ens

(Durocher et fﬁﬁg? [ di .et. al ) .. T va es of PEl-based
transfection g‘l;vge a m1|sth18gHP%1%é% ngﬁg%f?cf%%?@r%s Cloﬂj%(s)%}{r?%nrr?r}?lr%ge medi um wi t hout
t he need Mheentibheesnisdh docecinargeasxprdsiict |auabzed tiiditdslcgn bedptdcteddnidvbt h

conventional., c i um phosphat e- nedi at ed .t.ransf ectj.on rocher et al.
S007)  roBgu P Y SRETTRRET SPue B NouRran L Pt 1 BEHESGHRM mat s on of
concerns gigoSitbeltdighria s ARlim& et (Me@riBaY iHBe&16613.239 it Hiledib aS@B6Lexefse Pri ONs
and ot her adventitious agents. - A further inpedinment to the scal e-up

of r ARV vbeseensop i blatedhe Bensering ofithe rapseensnarsinhibii s Bansleies Fag of the
vector. A{:xaﬁfﬁﬁ", lwh ﬂllTﬁﬂiStFl}ﬁ% tp%treﬂﬂ{a%\s/r@%lﬁgﬁon%?&g% \Hﬁ.@go&ﬁ(}gs(i:t[] Yit vect or

purification'involves multiple rounds of overnight cesiu oride (CsCl)
15gr adi entongpsisesd kangzene omt ¢rigodiog aNHGY iehibigir for1@s@ent ofhagsratated thacght i on

met hod ca r f i A an tory equi at, 1S
general | yg?#g%&&néllﬂ {Bﬁgevgﬁﬁa%#%%y ?’ or %ﬁgrgtgétgggrf f/regt%é(a/’eagbl\l/@ﬁtg}g of
r easonabl & cpuld woysen Tleesight dwdradkop onf oftdahglioheelsn Thuseaftdh adveivisstratioarof first,

t hat ol onged exposu to CsCl has, been reported to conprom se the potency
of r vé‘{fﬁé‘r’%"?‘(’%ﬂnzﬁ{e&%‘fﬁVN“&F%JP"F‘“?@@Q?'S‘A (2 B fegulatly BPnItosstand By upent . et

al . 2002) Fa@ﬂo@&uwwcarﬁﬂéaietet:t@@b?_ﬁ@%&ﬂmm%w%eam bg h&thvaadi ng capacity
for cell Tysate which can in turn limt rAAV purification scale-up. An

al t er nat i Veagieadrasing. MergovgmVE@inkibition mayakso depleebrasessysy &bcrpo purify r AAV
vectors ( L1hedk X | i 4 . S .l SQt oni ¢ nmedi um
was devel g%ggﬁgr&i lfg?li ﬁg{jtfnﬂ’l‘g@%c%%ﬁﬁog@kgagéﬁ 3111!05?5%1312212%%}@# O%:%n onary

angi ogr aphtperanethediaolvoiin thesoci at ed toxicity and rel ative inertness are

ravansases ovel, SR LAOHAR BB RIS B RELEIR PO Mo of v v
administration of a replication-defective virus of the invention for a determination of
whether to administer a pharmaceutical composition comprising a dimerizer (described in
Section 5.2.3) to the patient, include, but are not limited to bleeding of the intestine or any
organ, deafness, loss of eye-sight, kidney failure, dementia, depression, diabetes, diarrhea,
30  vomiting, erectile dysfunction, fever, glaucoma, hair loss, headache, hypertension, heart

palpitations, insomnia, lactic acidosis, liver damage, melasma, thrombosis, priapism
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shares the sane drawback as CsCl in that the | oading capacity for rAAV
production culture cell lysate and thus the scalability of rAAV

puri fi catworroarieedosm ted. To overcone these gradi ent - specirfiseoicosRts ai nt s,
researchers have gravitated towards ion exchange chronmat ography and, nore
recently, affinity purification using single-domain heavy chain 30anti body
fragnments to purify AAV at scale (Auricchio et al, 2001; Brunent et al.
2002; Kal udov et al. .2002;, ZoJ otukhin et al. 2002; Davidoff_et al. 2004;
Smith et BFPIDHRIYYS: SeREES SOREHRTSGNEERE AhRRERC AR e & rppetitedizzingts | i ty and
purity. HeWRY BEart faih@E Sr heFBdtACK Gl AethoR|cahREnly WRNih tHe@t folfefecaty €MPLY
capsids, which are not generally separated fromfully functional vector
parti cl esheifraggingisyspiams gr dyipiheb sideeffactschm boereloyedhi i e some progress has
been made usin 1 . I i - I | uti on of
enpty and 5f ul 1@@2‘%{;}’@%@%’%5@3ﬂ%@egﬁnlﬁd}h%gt}ﬁé‘%ﬁ%@g&gﬁ tha ‘?’%2009), CsCl
gradi ent dedmndred fowgatiénd hy r eretliod sf thh énvestsin-heheascltuadésiratle st Efédtsfior r enovi ng

enpty parti.cles fromrAAV vect.or preparations. Recent|y it s observed
Chat. | Tl saph Pl sot Rt fon RrERRlRy Gl e a6 darnisbrel e 1y r el eased
into the paehtasiag a@adfﬁﬁdtﬁ'%inhﬁﬁWéﬁfhﬂﬂﬂﬁ@ﬁﬁrﬂ@rﬁb@dd@&ﬁbﬁﬂ igBbdtighes 10and
not retained. in the cell |lysate (Vandenberghe et al. 2010). Since this

di stributi-oAP&E®urs in the absence of cell lysis, it was reasoned that the
production culture nmedia would represent a relatively pure source of rAAV
vector and that the | ower |evel of cellular contam nants may inprove the

| oadi Hy capaciThe peasentimvsotian is oot tobe bmitéd in senpe by thgspagifisrembodiDestsr i bed i n
this exanpl.e.l cal r AAV. pr 110 o) it,abl e f | ar ge 15ani nal
studi oo, B i pEBE UGS HERRR RIS AR T B st e P vest . Tho
met hod | sdeiéried wile betomg appagens atthdse skitled thhlee gt okt chicl forrgsihg daclimioa W t h

di fferent serotypes apd transgenges, .and si epough.that it be
per f or med® r‘?c?ﬂ‘i'é?“y(‘% $‘5fso§i'%g'"%?$%“%ﬂ“r?f‘?f?g8‘$‘ﬁ%d? P@ﬁ%&‘%@? 2€8° P&Bgni ques and
equi pnentapfpbﬁueagginsg,on, this exanpl e denonstrates the use of iodixanol

gradients foor the separation of genone-containing vectors fromenpty
20particles. 6.2. Materials and Methods 6.2.1. Cell Culture Lat e

passage Id 4. i i p,#-:-ﬁ &n DVEM
(Medi at etﬁ?ﬁg, éng@éw@m@m‘ﬁ@%@gﬂﬂ?ﬂ%ﬁ%e a ﬁ%%\s/i ne serum
(FBS; HycAOr&CARBEaboratories Inc, South Logan, UT). The cells were passaged

twi ce weekly tg nmaintai . . .
y '?his example <Pescribes a high yielding, recombinant AAV production process

based upon poly-ethylenimine (PEI)-mediated transfection of mammalian cells and
20 iodixanol gradient centrifugation of concentrated culture supernatant. AAV vectors
produced with the new process demonstrate equivalent or better transduction both in vifro
and in vive when compared to small scale, cesium chloride (CsCl) gradient—puriﬁed vectors.
in addition, the iodixanol gradient purification process described effectively separates
functional vector particles from empty capsids, a desirable property for reducing toxicity
25  and unwanted immune responses during pre-clinical studies.
6.1. Introduction
In recent years the use of recombinant adeno-associated viral (rAAV) vectors for
clinical gene therapy applications has become widespread and is largely due to the
demonstration of long-term transgene expression from rAAV vectors in animal models with
30 liitle associated toxicity and good overall safety profiles in both pre-clinical and clinical

trials (Snyder and Flotte 2002; Moss et al. 2004; Warrington and Herzog 2006; Maguire et
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themin exponential growh phase. For small scale transfections, 1 x 106
HEK 293 cells were seeded per well of 6 well plates and 1.5 x 107 cells
wer e seedwo 20n268D8 cm di shes. For | arge scal e producti eaT/uUsEKM123R1zel | s
from sixteen confluent 15 cmplates were split into two 10 |ayer cell
stacks (Corning Inc., Comng, NY) containing one liter of 30 DVEM 10% FBS
four days prior to transfection. The day before transfection, the two cell

st acks we si.niz an cell s resuspended i 00 of nmedium Cell
cl unps m@ﬁ'g()bé%ﬁ‘&%‘o“ﬁ%‘%%&ggﬁﬁ%Fbalpar@%' ﬁg’%‘?“‘gy f(‘r’l‘l\ééﬂ‘é FP¥i nto each of
six cell sﬁid%ﬁkﬁ:re &h@nﬁ&ﬂwi&m s\éﬁﬁ}%e@(i'ﬁx\’e@')%&&@bu{ %ctq%ys&@r&krbisdardnor to
transfecti on. Confluency of the cell stacks was nonitored using a D aphot

i nver t ed AW AGSCBPRYRERMIE inocpefficipntigepndalinery And iEferspabanccppifidlarhar dwar e
had been 4agRkGd hfaPiHRlnd BeRGEAMAEY TS @iy o ACkINNLRRSM cr oscope

stage. 6. asm ds The plasm ds us or al ransfections were as

fol | ods: 2009). 1) cis plasnmi d pENNAAVCWeGFP. RBG (al so referred to
as "AAV cis"),, which contajps,an eGP expressiaon,cassette flanked by AAV2
1TRs: 102) tr ghasf ?&%T%°"%%AWF?Pmﬁm?‘é‘?“&ﬁipf}&%‘i“f‘,g ‘%ﬂ& /ther%m,d PAAV219
(al so ref@ig Rahd abilapto phdct thaRene)delivdty oditdtand Qiffiviént scalAlXthe ppt tisne and
capsid protein genes from AAV1l, 6, 7,8 and respectively; and 3) adenovirus
hel per mraweaw&&ag\p@pabamer to the successful appli@tlglbofgg vqcé){ssb%fno 0%

super coi | r%genﬁ# %@aﬁinﬁﬂaﬁv%@ﬁcﬂ%ﬁ sysfRHs BEVe el GevelopIMAiMELR cofiibRNd used

for all transftections. 6. ci um phosphate transfection Small scale

cal ci im phidfslerestseale pradustion for elirnicakeprdicasions Breserevbsysiems phedencyires.ect i on of

AAV Ci S, _ . . i g i bed
(Gao et APéstiBiia BRHGPREIAMANG ARCPRE LA WERIR: AR RhEK BBk 50
monol ayer finctionStopebdducel callemdvae: eharegendly rovidENC EOtnTeBS. 2009; Noeget prior to
t fecti P i ds Ain..t ti f, 2:1: 1.73 j.1g. [ hel
/086 g 85 SPoePHaRE pia 0P s iRy ol whreal i sBeSHERR e pi t ot ed
and addedths\lgﬁwu\é@@eltlﬁme@lﬁr@&g@ﬁAAVWiﬁ@ﬁhsi iafstiefeemityenkiatted Aatvedior C for 24

hours, at ich point the nediumwas changed again to DVEM 10% FBS. The
cul t ub®s medustipn adigportantiniprssalingdt the Presgrsdo pigtsactons; Fhese BysmB @for e

harvest | NfkdififrfRlite A TAEH TLRARR RLBLY but Belader e RERloImdzanst ecti on of
cell stacks, t pl asm

T rati o was kept constant but all reagent anounts
wer e i ncr eybsiddimses forfeadt \wrton thes 3@ lesFyuitedta pastyaievdlemment sndaecladerdd direct!y

(9, L BB S B 0, LB PP AE R T i e
medi um weelhadvested after 72 hours or 120 hours post- 30 transfection
ei ther, directly ar after further jgcubation for 2 hoyrs, inthe presence of
mice, results obtained in larger animals are often considered more predictive of actual
clinical outcomes. Large animal studies require higher rAAV vector doses and to satisfy
these demands, a versatile production system which can rapidly produce a variety of test
vectors at scale without the need for time-consuming production of intermediates is
25  required. Transient transfection by calcium phosphate co-precipitation of plasmid DNAs
containing the AAV vector genome, the AAV capsid gene and the trans-actihg helper genes
into HEK 293 cells (a process known as "triple transfection"), has long been the standard
method to produce rAAYV in the research laboratory (Grimm et al. 1998; Matsushita et al.
1998; Salvetti et al. 1998; Xiao et al. 1998). Transfection-based methods remain the most
30  versatile of all rAAV production techniques and permit simultaneous manufacture of

different rAAV vectors. However, triple transfection has generally not been considered
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NaCl. I n cases where vector present in the cells was to be quantified, the
cells were released by trypsinization and |ysates fornmed by 3 freeze/thaw
cycles. owD.2411/130B8| scal e vector preparation Forty 15 egralSatie®30ms e
transfected by the cal cium phosphate nmethod and cell |ysates prepared 72
hours post-transfection with 3 successive cycles of freeze/thaw (-80 C 537
C). Cell lysates were purified with two rounds of cesiumchloride (CsCl)
centrifugation and pure gradj ent fractjiaqns. were cloncgtgtrat ed angd desalted

usi ng ul tPep! 108 lggseplp FHG X PTRAYH F i Hleck PRty MG SUSPRRRIN B8PE  cor p.

Bedf ord Nodem® R2echily HoRkelerSomle@raiaibine kit s@RinpBIg-ctHyddhrh € (REINaskor _

pol yet hyl éni m ne (PEI )-based triple transfections of I-1EK 293 cells in six
10wel | plteangfaction meagens havesiemonstated Misunedictiey & rdddd vagtonds BpmBBlag &l cal ci um
phosphat e | . | V@R izl NGHL: PA) was

i sl ved S, S e s B e bl e e
used per jonpambleBidels nmfatathedimoiEce isrmioDNG menolayerohruliaddish) 0 1004 of

serumfree M and t he t sol.uti-gns., conbin d—m xed exi ng.
Ator 15 FRATEE Hren Dy St P s 0P TR AN e Y e e
to 1.2 nibsertwmsfeérn afRthtioanalo bspafcied @pREMGRrdcgedimelivthmit thetaed wel | . No
further nedia change was carried ,Ol.it. For 15 cm\PI at els, the plasmd ratio
was kept lobhsmedts ehehengas avhighorrippiot! e o th cemspyiaal caleige RRSPRASd wer e

i ncr easedyby8q fdftelfioDutoeherft A: 07} 3h88 1SRAbarRAkE eih IR LIS ARt
transfection Large scale PEl-based transfections were performed in 10 | ayer

cel | b acths etdvatnaif gpnegmy 5escsnding erinmel-desived sepum suchfas tERgRe e8| | s.

Plasmds in th [ PN 1092 jig adenovirus hel per /546 jig cis /
546 jig t?réoﬁléalgdegrtﬁ%g Ye%{s'?(gué%gén&\s/(ére used. The PEI - nmax: DNA rati o was
mai nt ai ned at 2&:furfhef ingiedintenvisitighicdle-up-of rAZE heatwr|prodattimlaecdrhdurpigasm d m x

and PE re each added tp, a se ate tube containing serumfree DVEM (54
mL total SOVHREA PoRGSIPE e Ve Akl St dEmskery i Beadtst iy for 15
m nut es atA A PRt PuANRALA Vb RedthiBpleWhinahoft dvernidhx tddfuen sdsideddard) to 1 liter

of serumfree DVEM containin T

15 gradient centrifugation (Zolotu%hin et al. 1999). This purification method can be performed
easily with standard laboratory equipment, is generally high-yielding and when performed
carefully gives vector of reasonable purity. The drawbacks of this technique, however, are
first, that prolonged exposure to CsCl has been reported to compromise the potency of
tAAYV vectors (Zolotukhin et al. 1999; Auricchio et al. 2001; Brument et al. 2002) and

20 second, that the gradients have a limited loading capacity for cell lysate which can in turn
limit rAAV purification sbale—up. An alternative gradient medium, iodixanol, has also been
used to purify rAAV vectors (Hermens et al. 1999; Zolotukhin et al. 1999). This isotonic
medium was developed originally as a contrast agent for use during coronary angiography
and the low associated toxicity and relative inertness are advantages over CsCl from both

25  safety and vector potency points of view (Zolotukhin et al. 1999). However iodixanol
shares the same drawback as CsCl in that the loading capacity for rAAV production culture
cell lysate and thus the scalability of rAAV purification are limited. To overcome these
gradient-specific constraints, researchers have gravitated towards ion exchange
chromatography and, more recently, affinity purification using single-domain heavy chain

30  antibody fragments to purify AAV at scale (Auricchio et al. 2001; Brument et al. 2002;
Kaludov et al. 2002; Zolotukhin et al. 2002; DavidofT et ai. 2004; Smith et al. 2009). These
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antibiotics. The culture nediumin the stack was decanted, replaced by the
DVEM PEI/ DNA mi x and the stack incubated in a standard 5% CO2, 37 C

i ncubat orwoOAb117126808ur s post -t ransfecti on, 500 niL of fre®hTASRATI0802¢8- DVEM
was added and the incubation continued to 120 hours post-transfection. At
this point, Bensonaze (EVMD 30 Chem cals, G bbstown, Nl1) was added to the
culture supernatant to 25 units/nL final concentration and the stack
re-incubated, for 2 hours. NaCl .added to_500 and the incubation
resuned fEFNIGHESERMNES O y‘gg%éi#@ﬁ%?ﬂ%m%wgﬂe%w Franay Y e oy éel"%’r@é. um (at
this poi Niphitfes Gethtay ERphyREHsIHY WESh S8 hb@inédie, sepgnu@s fromannyf eedst ock”). In
cases where cell associated vector was to be quantified, the cells were

r el eased fimetipna) medtaripagicles nsingehromaiagrashyrhaped techpigies. While pereerregrgitent i al
f /'t - .7 i lit
reeze hﬁ%’k&%&}aﬁ? ugmgfgé%%z 158 to éev@loé écﬁ exgh ‘g’@%ﬁars@m&?t%%??}gggtahg) reers

of feedsto ture iumftrom si X s was clari rough a
0.5 urh Prfoll vécgorlpdrtidiep(Qu dtial. 2607; ORadd et @o2YN9), G50t gratamtivemgfugationNY) into a 10

liter allegro nedia bag, (Pa]l ... Fort W\ashi ngt o ~Jhe clarified
f eedst ocKCHHES tthﬁg?f?'ﬁlbaﬁ%é‘%'tz?‘la‘?’ggg‘%&r i"(ﬂ%ﬁ@eemp?ya‘?a“%ﬁegwofq%\é? ‘7‘%?{ using a
Novaset - LjpedaMtlofd! der with customi zed 1/4" | D tubing and ports (TangenX
Technol ogy Corp., Shrewsbury, MM, and a 0.1n® Sius-LS single use TFT screen
channel cassetfegeniytivas obesgvedithatNineeytiaside A maghPHiEa RS VSPERYER X Technol ogy

Corp., ShEeysRaY relddd intd tﬂ@rﬁecfi@ma&mmﬁgg@&é.%si_teae@,'émaﬁcﬁaﬁm&%f or med

according to the manufacturer’s recommendations with a transnmenbrane
pr essifr e il noOrethined Bobé calidysatesiVardenbirgl ey b e@10h.Hénc thig diggipetionThe TFF fil ter

was di scarded. aft .and ! 1 . Na CH
bet ween riffis.’ ee%%ﬁ%@ﬁ@?@? %%qf%aég%tsg%ak@aﬁh%igﬁhgﬁﬁg flec{E Ejfglgér?{hﬂ fugation
at 10, 500repregenanetialivelCpirosorte ofiravivescanand tha tisulpeematehof cetalaef ul |y renoved

to a new tube. Six iaqdixangl step gradients re fornmed.according to the
met hod of CORBIMIRARISRAY T@proxe awé%hn&c gt resqfiong aﬁr@ﬂ% e

nodi fications @éscrfi&l:l!ilpi{’{%cx@rﬁbl@@ﬁ@&]k@%%%ﬁﬂ%@cidn%ﬂtﬁ(ﬁ%@it&bﬂe%ﬁ iapeep; Si gma
Chem cal Co., St Louis, M) solutions in PBS containing 10 nM magnesi um
chl or1de enidalzgidien yoeheis brsadipmr RE] sigesecsion ord spperpetang hpagdb dl e retipd. qui ck

| centyi : - A anA) . The st
of 't ho. qr ) feHE S Ergh B R R B Sl Bl S e S bbGente 5 o 506

i odi xanol trankdengs, and simhle eobughitliat Banayde petfoied iawost febaratvies Wityed ont o t he
gradi ent and the_.tube.25was .seal ed. The ere. c r.f 70

m nut es a?“%’%‘?(%?e?aldzelgrtiecgn'9besfpg?%l¥%l?en5'g£§idﬁ%% ’ hsses %%g#@&ﬂg&@{ Pal o

Al to, CA) thaluseld idizandl dritkerty fatlihe séparativmof genat-eshtaihing ugiorafroh@mgauge needl e
inserted horizontally approximately 1 cmfromthe bottom of the tube.

Fract ?®nsP#E?es- di | ut ed 20-fold with water into a UV transparent 96 wel |

plate (Com ng §BCMat&iIs BAd Mo?‘d the absorbance nmeasured at 340 nm A
spi ke in 0D340 readi ngs 1 ndicated 30t he presence of the major contam nating

protein band and al8.2ft £&=lliGuitireel ow this spi ke,
Late passage HEK293 cell cultures were maintained on 15 cm plates in DMEM

(Mediatech Inc, Manassas, V A) with the addition 10% fetal bovine serum (FBS; Hyclone

25  laboratories Inc, South Logan, UT). The cells were passaged twice weekly to maintain
them in exponential growth phase. For small scale transfections, 1 x 10° HEK 293 cells
were seeded per well of 6 well plates and 1.5 x 107 cells were seeded into 15 cm dishes.
For large scale production, HEK 293 cells from sixteen confluent 15 cm plates were split
into two 10 layer cell stacks (Corning Inc., Coming,' NY) containing one liter of

30  DMEM/10% FBS four days prior to transfection. The day before transfection, the two cell

stacks were trypsinized and the cells resuspended in 200 mL of medium. Cell clumps were
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were coll ected and pool ed. Pooled fractions fromall six gradients were
conbi ned, diafiltered against 10 volunes of the final fornulation buffer
(PBS/ 35 mvbiatu)12es0d concentrated 4-fol d to approxi mat el pCT@SAd11/050213
tangential flow filtration according to the manufacturer's instructions
using a 0.01 n2 single use Sius TFF cassette with a 100 kDa MACO Hystream
screen channel rrenbrane (TangenX Technol ogy Corp Shrewsbury, 5MA) and a
Cent rarrat LV cas shi n

h P , A
trans msrrﬁ? et % fg“* at"ﬂ%lﬁ\%é‘s‘%%rﬁ?‘ﬁt”é?ﬁ%@q A GE FFBQ]‘PQ{*}?Q?&%N&%SS The

hol dup vQl 14 ffacH fRE2ARAM FHdd %o M@ﬁfekﬁﬂt ChfWehS/ dPeheBe N siBds Wagngt hs  of
pl ati numcured silicone tubing (1.66 nminner "dianeter, Msterflex; Cole

Pal mer | mymitoned Hsingp Diaphetrimisrednioresconel(Nikon orddfFam which shelphagst abl e part s
were pre- " I ogen Corp.,
10Car | sbaéﬁtﬁg&?‘%&ﬁé h%i &Qlylreﬁo‘%\cflgncgdg;hlQr?g%nﬁ{lgd}*ecm %%vséagmcg)fr] h{eo surfaces. The
TFF f Bl t esicres®pelstsgear ded after each run and the systemsanitized with 0.2 N
NaOH bet ween runs. ga%dgrol s added to the diafiltered, concentrated
product to 5%fi naf5 '@ﬁ@ eparation was aliquoted and stored at -80 C.

6.2.8. Vector ThBahakidehicddbd MirahStNRESWdre hERIIGH@Nt vect Or genomes were
titered by TagMan PCR anplification é@o&l i ed Biosystens Inc., Foster City,

CA), using priners [agaplarodeENNASYE ng(alsﬂéef?ﬁldﬁ&ﬂ%'m\éﬂsan si gnal
encoded '%:M“ﬁm{a‘irﬁ@ﬁgéﬁ? ﬁﬁhg%g tfghﬁ @drg VA @F Pg{sadl ent fractions and

final vector ts were ev uat e po yacry am de ¢ el ectrophoresi s
( SDSHAGE) and the Dl)\ﬁammasmﬂszm?d\\(&’l MW’J’,&IMW/@ hmd/pAMSLj{@n Cor p. ,
Carl sbad,, CA |veto no |npur|t|es
visible Al % %e‘aﬁa“ fve'rChmg i ng %ee Ak C%‘Jg%dtp%ée ( Syngene,

Frederi Ckgenéﬂ}om Em)/tly6 [¥e8 dridabspectivalyeand of vect or pr epar ations was assessed

by negative stainin nd electro ro y. Copper grids (400-nmesh coated
with a formvar/thi rﬁé BYRS P ﬁﬁquﬁp’é‘&’@%&oqt\)ﬂ croscopy Sciences, Hatfield, P

A) were pre-treatedsy §him m&#ngs@ef&%ﬂéﬁ%ﬁhaw&e%ﬁw&m Phicences,
25Hatfield, PA) and | oaded with nl of vector preparation. ﬁe grids were

t hen \fas hdalverst BA)asd updd for all 'l%n&ﬁC@FWF acetate (El ectron M croscopy Sciences,

Hatfield, PA) and ? efa@rﬂ%lhasﬁﬁ%tle tﬁﬁs%&q transm ssion el ectron
' Wpty- ra

m cr oscope. Ircle Ios were determ ned by direct
counting of tHm#le elbbﬂaumpmbq:gataphmfecﬂ&& vﬂar@perﬁerhadbwteplzect or potency

\?\EISFS[S)FE? rté@ ectu% OFH\AS\?Q § tr%r?s?’an aden%vuvﬁ.rh%lpp r [?Igs?rgds a3 p§le%)uglonf luency in 96

described (Gao et al. 2002). Briefly, the medium on 85-90% confluent HEK 293

20 monolayers in 6 well plates was changed to DMEM/10% FBS two hours prior to
transfection. Plasmids in the ratio of 2:1:1 (1.73 pg adenovirus helper /0.86 pg cis/ 0.86 ug
trans per well) were calcium phosphate-precipitated and added dropwise to plates.
Transfections were incubated at 37° C for 24 hours, at which point the medium was
changed again to DMEM/10% FBS. The cultures were further incubated to 72 hours post

25  infectionbefore harvesting the cells and medium separately. For large scale transfection of
cell stacks, the plasmid ratio was kept constant but all reagent amounts were increased by a
factor of 630, The transfection mix was added directly to 1 L DMEM/10% FBS and this
mixture was used to replace the medium in the cell stack. The medium was changed at 24
hours post-transfection. Cells and medium were harvested after 72 hours or 120 hours post-

30  transfection either directly or after further incubation for 2 hours in the presence of 500 mM

NaCl. In cases where vector present in the cells was to be quantified, the cells were
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and infected with AAV vector at an MOT of 10,000 in the presence of wld
type adenovirus type 5 (M)1l: 400). 48 hours post-infection, G-P fl uorescent
i mges weweo 20upi2esoed digitally and the fluorescent intemrsiTtus2gquasiisi ed as
descri bed previously (Wang et al. 2010) using |Inaged software (Rasband,
19997- 2006, National Institutes of health, Bethesda, MD,
Shttp://rsb.info.nih.gov/ij/). For in vivo analysis of transduction, C57BL6

mce were injected j.v,, with 1 x_,10" gengone copies of AAV vector. The

ani nal s VKEF%*%H%&@H%&THQW%&?@?‘gq gg‘f’?zﬁﬁ‘}a t4¥8'ehi vers sectioned and

i mged for GFP flugresceman segledeetdrippgshraigyi ously (Wang et al. 2010) and
fluorescent intensity quantified using | maged software. 6.3. Results of

conpari son of Fortansfaplatesiveretapsisetcd bythe caliymipbpsnbete otethod and edllandar d
upstream i V, . I tab ~, yi el d:
et S8 PRl PR PP BB ST oLt
phosphiat 87/EiGelldybates wptegutifiahsitietta romds of ¢Ein2dbrile (CC1) senfrifudagioll5 cm

tissue culture plates. Wiile this t.hod .reproduci bl y .yi el.ds vectors of

vart ous. ARYPUE et RiciPrrr ot trPlant Arghui Rt fuhRal *Tsand ¢ he
cul ture nRéedtratoMaRtenenighe Millipate.Codf) I88dfort MA)s technically cumber sone,
requires the presence_of animl serum and involves two nedia changes. For

scal ed rAAV producthidf, Smalligalerpolyetdaniniag transfestiontonpl i cat ed, nore
robust transf ' A1t My -be

advant ageous. qf?ﬁEag?t@’gﬁﬁ’f'%xﬁ@'%?ﬂwe\?‘té%‘%%?ﬂmé‘g? ?@F{éggg%\e]ggBQexpr ession
casselht e wellpleds, éeBsine platrhidwnognieiveieasedaldescribedothosyidiah phasphdBEl - 20nedi at ed
triple transfecti wa uanti fied .gPCR e-resjstant. vector
Genones. 1RGSR R SRVt Pl v dnkisd st bPERI: on

cul tures WitbrGad thbAHLD)usteWits N1 e aeF PEF s (ed by SN transfAAM/PEIGEP
production was found to partition _equal I)é bet ween the cells and culture

medi a at ¥HNA P’V"Teée\?%ﬁ addediiod P wk of ssrvRdice DMEY @ad ths W solytinas getingd ansgene

in the Caalnqinug@dq&mabﬁhg-&ﬂeaﬂ%%&%f fehdaBion ib@&ﬁm}i@w{&&hk REkGRt € t hat

transgene 25expression Tevels in the production culture are not predictive

of r ARV praddded tord- 2k betsmdisd mediam andaser-te GpRct the medissiedhawelk e cul ture

medi um at ¢ si.m | |.S  L.L L ' f e £ i chpi.que.

0.3 11 PpeEehdls R s cHETRR S o kit BRARFIRGH BRI

cul t ur e naditheran3Qiaofiphgmiisind btheshagints ieedvadre aseawet by AfddoreGFR to t he
culture nedia followng, PEI triple transtection, an i medi ate goal was to
denonstrate sinil aré%vgl' Lage %’ageﬁpglyﬁ@y eﬂm"eé@ﬁéﬁ}?ﬂeg. In addition, a goal
was to see if Ed?ge ﬁ@%@ﬁf-b&%@&ﬁ%s?e@li&ms%?éﬁbﬁ{om@tinﬂ@@b{t%ﬁ s@digoci ated with
the cells (Figs. 1A-D) could be noved into the cultire nmedium By

post p&hi nepntairend &Y%y eatflugnttmdnolzegs ploFK 2Pbes!lsHtasmidsdn dreaatid &if:1:hs opposed to
the st andalbgz Zgadenovirus helper /546 g cis / 546 pg trans per cell stack) were used. The PEI -
max: DNA ratio was maintained at 2: 1 (weight/weight). For each cell stack, the plasmid
mix and PEI were each added to a separate tube containing serum-free DMEM (54 mL total
volume). The tubes were mixed by vortexing and incubated for 15 minutes at room
25 temperature after which the mixture was added to 1 liter of serum-free DMEM containing
antibiotics. The culture medium in the stack was decanted, replaced by the
DMEM/PEI/DNA mix and the stack incubated in a standard 5% CO,, 37° C incubator. At
72 hours post-transfection, 500 mL of fresh serum free-DMEM was added and the
incubation continued to 120 hours post-transfection. At this point, Bensonaze (EMD
30  Chemicals, Gibbstown, NJ) was added to the culture supernatant to 25 units/mL final

concentration and the stack re-incubated for 2 hours. NaCl was added to 500 mM and the
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hours, the total vector in the culture nmediumwas found to be doubled (data
not shown). 5Adopting this strategy, 15 cm plates of HEK 293 cells were
tripl e-traoehactesdsusi ng PEI. Trans pl asm ds encodi ng 5PdirfuSesianso2ARV
serotype capsid genes were included in the various transfection m xes and,
following a 120 hour incubation , the culture mediumand cells were
harvested either inmediately or 2 hours after addition of 500 MM NaCl . The

eneapsi dat ed AAV gen s in.the | | sates angd culture pedia were then
quant i fi €8° “%a%@sg?%aa.ﬁddzs‘?mlsigw%){%yf?rﬁ mrvmg RAGHIE @?@E{@éa‘tﬂa& ed was
rel eased ponttihteusibhe SicariARds cafiddne fdowastebamSfedistobl'y.UR adsb OWhak Edmout  sal t
addition at |evels between 61.5% and 86.3% of the total GC yield. This

resul t conpacirdeetwaie ¢ gueniitied. Hacrliigvaaralpsaddy dvepnigstion 2t ysaterat
| nereasec, L el bphrde! IR fied LANR! Skl PR0d @AfisCL O i gher titers of AY

vector in the culture nmedi um I"on production cultures with salt
has béen denonstrated to cause 15rel ease of AAV2 to the supernatant,

presunmabl y t hrough qang@hani Fm nmedi at ed by cellular stress (Atkinson et al.
2005) . The hi gh sal%=i ntQBEEIBHMEPTH Y here 1ed to a further

approxi mat el y @09%r56f fe€dsBRR Eulfiire MENEM Fdeh HOVEN VRRE WiscldriTiell fiRougtlat Ur e
medium but elicited very little cha?t‘gﬁ with the other serotypes. 6.3.1.2.

Ef f ect of 0-8ea Reofilp lgdepthAiior (Ral Conr. Fprelerbingtyn, ¥ aintas 1 & erelisgraaiedidas t o
devel op ab%q%ﬁéo .,vomgl%gétbm meeamdzatfeeaayékdrmh&%ﬁ&ﬁH@sh 1 nost

| abor at ori €s usi ng standard equl pnent to support |arge animal preclinical
st udi Es. taegeots] Oorfiliratgpnibing aevascel$ LyHdwlkder with eustdmoizgehl /4'dDstgbing- up t he

PEI - based_transfecti i nce 1hisgt of \ii.ssye.cubtur essel can be
acconmodat¥d® E@‘P%Wg{g?e&ﬁ'?oé réan%’r §/hr¥vﬁsg’ﬂ'ﬁ/awéqr)§p ?Rﬁ{ni ;ﬁlﬁfsfe/ij %ngi? 61 e

10- | ayer TEF ber&habhnnebassseediitla 1o¢ kKDOMIVCO H9BirddhkmanBan: TahdeaXsuch that the
nonol ayers woul d be 75% c ent the next day.. | r to sse(fs t he

nf | . In d
conf | uencyHOPRCHBe PRV ERRY )nﬁﬂgﬁﬁgﬂgrc(’wm&“oﬁp%‘Hﬁé“iaé@'t %Hed a st andard

| abor at or Y Fidfzqs fRRGnIBSARFARE SAmMMaliGRWMINGrah RRedti ARG &Rt bRRL 1har dvar e
such that the cell stacks coul d -be acconmpdated. One cell stack was triple

t r ansiect pd maintainedibropghout/tha propdasni bis T ofikar ovde discandedafieceh waerdr usi ng
ei t her Ca{h%'s&'%%ﬁ%@&ﬁh 8.? I\Pﬁ%oﬁ%gt%vegiw\@g.eﬂh% SRR VELGRES L a@nd then
oUrs post-infection prior to g

i ncubated to danti freatton of
DNase- r estestaafitd wehtifuggaooad 8,500 x lgand 1 el fg 28 ndnutesdind theBapernacml | yi el ds

fromthe PEl_transfected cell stack were sim.lar to.those obtained

pr evi ousl WrFthHe)‘PO\XE(ﬁO adﬁt?(%ihf- @'ﬁf%‘#’&ﬁ%‘sﬁ?ﬁf@'e“%&’%‘? fogm .acfyralnﬁﬁ%%Sver al |

yi el d fromethde ot Béitulting: STl (ZuTdtukhid Bia$ 193PEVithBME nwaHicatichs ¥s H0dws:GC per cel |

stack, The cal ci um phosphate transfected stack produced si glni‘fi cantly | ower
S

vect of0yi &cirasingly dense fodiygae] (GBURIPR SiEmsy EhFmiid £9- PrLqyisaMEY s@litions in

PBS containing 10 mM magnesium chloride and 25 mM potassium were successively
underlayed in 40 mL quick seal centrifuge tubes (Beckman Instruments Inc., Palo Alto, CA).
The steps of the gradient were 4 mL of 15%, 9 mL of 25%, 9 mL of 40% and 5 mL of 54%
iodixanol. 14 mL of the clarified feedstock was then overlayed onto the gradient and the tube
25  was sealed. The tubes were centrifuged for 70 minutes at 350,000 x g in a 70 Ti rotor
(Beckman Instruments Inc., Palo Alto, CA) at 18° C and the gradients fractionated through
an 18 gauge needle inserted horizontally approximately 1 cm from the bottom of the tube.
Fractions were diluted 20-fold with water into a UV transparent 96 well plate (Coming Inc.,
Coming, NY) and the absorbance measured at 340 nm. A spike in ODs4 readings indicated
30  the presence of the major contaminating protein band and all fractions below this spike

were collected and pooled. Pooled fractions from all six gradients were combined,
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5this effect may result froma lack of diffusion of CO2 into the central
areas of the cell stack. Based upon the 10 | ayer cell stack transfection
resul ts, wal2omwaésBosen as the transfection reagent for PCurushen/oseeel oprment
of the scal ed procedure. 6.3.1. 3. Downstream processi ng
of the r AAV7-eGFP production culture nmedia 10A goal of devel oping the

scal ed production process was to maintain flexibility such that any AAV

vector could be purified by gepneric nethod. Separatio vector from
cont ani naQﬁ%fgtefFéé‘é%in%r\Oa%‘HQF’i%“&fn“g“ag%“‘é?‘é‘ Tﬁi’.%gé*?’.‘@ﬂq‘%?@ s that can be
appl i ed tQnfalhiPhfold @EARFoXERAQY YO RS, byliabeRtial DR YA adtOffif) o ki t he

cul ture medi umwas concentrated by Tangential flow filtration (TFF) to
vol unes smatiufacwsia gnstracsiopersinga QA&our single usei s ToFeasserividan 690 lansi t y

gr adi ent Sy G HEk b L8] LR nchBRnP [ LG Fnitbdyidp MBHLMBILIT OUgh @ 0.5

pm dept h er “was done to renove ce ar _debri s an det ac cells and
to prevenAg hobmCergrambitetiVecaFieFe helddr(BalkCorp., EG0 WashingteoMdBnhr at i on was t hen

achi eved usin di sposab 100 .kDa cut-off screen c F rane
Wil o o FESAREP TR oh S red Bt Sty M Eas IR g ol e
process. hbeppdtafRess Reptidw udig tivema Gt bepletimwDdukalhiliddge nbied (1.66 de- f oul
and sanitize between runs and therefore adde% to the r,%phﬁgquci @i.l ity of the
process. mAdnir danetendfesteria Cele kalmen fastraent Laa Vamopitis. paddigon,
(Benzonasg) yLigu b peHsaree ol RRL B RhB D A PaRchiEPéd @hvaogehBorpand 500 nM

salt was added prior to concentration to mnimze ag%e ation of the vector
to botth i €Cebbid, ON)iinybrderge manimizz OBl ngof thetvscteintsuiiicant ﬁgFBﬁB@refvaﬁs during

processi n&s??%ﬁnﬁﬁﬁtcmr Bg@&ﬁg&}&ﬂéﬁéﬁ#&é@@_gg}ﬁﬁﬁ&&% H;ir'i@ﬁge@p i ncrease

recoveries e 1 odl xanol -gradi (data not shown evel opnent
of the dowasdddedsmtinr disfdescdacohegnafed prinaao 6% final dnd dhegirepapitibmtvas uns, no

significant |1oss of vectgr, was observed at any point due to the
concentra{‘]f%ﬂtegﬂfgﬁ%@‘? tsg(is q:gbl e 3 below. 4 -4 00 co. ka. en cf.) trl NN

N? NNe.2,.... .6, ..e528. VectorcRaracterizatibhN . N 00 1- Ncl In ce) kn N
kn 00 ,--1 --.rn,--1,--,,--1CZ;oiicr.; L
15 DNase I-resistant vector genomes were titered by TagMan PCR amplification

(Applied Biosystems Inc., Foster City, CA), using primers and probes directed against the
polyadenylation signal encoded in the transgene cassette. The purity of gradient fractions
and final vector lots were evaluated by SDS polyacrylamide gel electrophoresis (SDSPAGE)
and the DNA visualized using SYPRO ruby stain (Invitrogen Corp., Carlsbad, CA)

20  and UV excitation. Purity relative to non-vector impurities visible on stained gels was
determined using Genetools software (Syngene, Frederick, MD). Empty particle content of
vector preparations was assessed by negative staining and electron micrascopy. Copper
grids (400-mesh coated with a formvar/thin carbon film; Electron Microscopy Sciences,
Hatfield, P A) were pre-treated with 1 % Alcian Blue (Electron Microscopy Sciences,

25  Hatfield, PA) and loaded with 5 ul of vector preparation. The grids were then washed,
stained w.i.th 1 % uranyl acetate (Electron Microscopy Sciencés, Hatfield, PA) and viewed
using a Philips CM100 transmission electron microscope.

Empty-to-full particle ratios were determined by direct counting of the electron
micrographs.

30 6.2.9. Relative vector potency assessment

Early passage HEK 293 cells were plated to 80% confluency in 96 well plates
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and infected with AAV vector at an MOT of 10,000 in the presence of wild type adenovirus
type 5 (MOI: 400). 48 hours post-infection, GFP fluorescent images were captured
digitally and the fluorescent intensity quantified as described previously (Wang et al. 2010)
using Image] software (Rasband, 19997-2006, National Institutes of health, Bethesda, MD,
http://rsb.info.nih.gov/ij/). For in vivo analysis of transduction, C57BL6 mice were
injected i.v. with 1 x 10"! genome copies of AAV vector. The animals were necropsied 9
days post-injection, the livers sectioned and imaged for GFP fluorescence as described
previously (Wang et al. 2010) and fluorescent intensity quantified using Image] software.
8.3. Results of comparison of transfection reagents for r AAV
production
A standard upstream method for producing rAAV vectors at small scale (total

vield: about 1-2 x 10'* genome copies (GC)) is based upon calcium phosphate-mediated
triple transfection of HEK 293 cells in forty 15 cm tissue culture plates. While this method
reproducibly yields vectors of various AAV serotypes with good titers in both the cell pellet
and the culture medium (Vandenberghe et al. 2010), it is technically cumbersome, requires
the presence of animal serum and involves two media changes. For scaled rAAV
production, it was reasoned that a less complicated, more robust transfection agent such as
polyethylenimine (PET) may be advantageous. The production of rAAV7 vector carrying
an eGFP expression cassette (rAAV7-¢GFP) following either calcium phosphate or PEI-
mediated triple transfection, was quantified by QPCR of DNase-resistant vector genomes in
both cells and media of six-well plate HEK293 production cultures (FIGs. 1A-1D). With
either transfection method, rAAV7-eGFP production was found to partition equally between
the cells and culture media at similar levels, despite stronger expression of the eGFP
transgene in the calcium phosphate-transfected cells. These results indicate that transgene
expression levels in the production culture are not predictive of rAAYV production yields and
that rAAV7-¢GFP is released to the culture medium at similar levels irrespective of the
transfection technique.

6.3.1.1. Effect of serotype and salt addition on rAAV release
to the culture medium

Having established the release of rAAV7-eGEP to the culture media following PEl

triple transfection, an immediate goal was to demonstrate similar release with other AAV
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AAV6 EG-PWO2e11/126808 1 | odi xanol gradi ent purificaPCorusedl1dddivect ors
has been fully described (Zol otukhin et al. 1999) and the step gradient
used here is adapted fromthis work. The volunes of the gradient |ayers
were nodified in order to achieve better resolution of vector

serotypes. In addition, a goal was to see if the 45% of detectable vector that remained
associated with the cells (Figs. 1 A-D) could be moved into the culture medium. By
postponing the harvest until 120 hours post-PEI transfection, as opposed to the standard 72
hours, the total vector in the culture medium was found to be deubled (data not shown).

5  Adopting this strategy, 15 cm plates of HEK 293 cells were triple-transfected using PEI.
Trans plasmids encoding 5 different AAV serotype capsid genes were included in the
various transfection mixes and, following a 120 hour incubation , the culture medium and
cells were harvested either immediately or 2 hours after addition of 500 mM NaCl. The
encapsidated AAV genomes in the cell lysates and colture media were then quantified by

10 gPCR (Fig. 2). Each of the five AAV serotypes tested was released to the supernatant after
five days of incubation without salt addition at levels between 61.5% and 86.3% of the total
GC yield. This result confirmed the observation during early development runs that
increased incubation time post-transfection leads to higher titers of AAV vector in the
culture medium. Incubation of production cultures with salt has been demonstrated to cause

15 release of AAV2 to the supernatant, presumably through a mechanism mediated by cellular
stress (Atkinson et al. 2005). The high salt incubation performed here led to a further
approximately 20% GC release of AAV6 and AAVY vectors to the culture medium, but
elicited very little change with the other serotypes.

6.3.1.2. Effect of scale-up on rAAV7 vector yields

20 A goal of this study was to develop a scaled AAV production system that could
be performed in most laboratories using standard equipment to support large animal
preclinical studies. Hence, Corning 10 layer cell stacks were chosen to scale-up the PEI-
based transfection, since this type of tissue culture vessel can be accommodated by standard
laboratory incubators. Initially, a single 10-layer cell stack was seeded with 6.3 x 10° HEK

25 293 cells such that the monolayers would be 75% confluent the next day. In order to assess
the confluency of the bottom HEK293 monolayer prior to transfection, a standard
laboratory microscope was adapted by removing the phase contrast hardware such that the
cell stacks could be accommodated. One cell stack was triple transfected with the relevant
plasmids to produce AAV7-eGFP vector using either calcium phosphate or PEI (see

30  Materials and Methods) and then incubated to 120 hours post-infection prior to

quantification of DNase-resistant vector genomes in both cells and media. Per
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fromcontam nants (see Materials and Methods). Fourteen mlliliters of TFF
retentate 5containing concentrated AAV/ -eG-P vector fromthe production
cul ture meodi2arviabsodne cell stack were | oaded onto a 27 mCTiusdéasei3 st ep
gradi ent and centrifuged for 1 hour at 350,000 x g. The gradient was then
fractionated fromthe bottom of the tube and the fractions (275 ul)

anal yzed for vector content, iodixanol concentration and vector purity
using qPCR. optical density at 340 nm (Schroder et al. 1997) and SDS- PAGE,
respect i vvél‘y!emfcfm@bﬁhé@hwﬁe%d ﬁ‘oﬁfacpé@reo%mgmo @a&%%* diPEitouald shown i n

Fi gure 3.spAwbil RAIS & sk &Fig. OA -1 a4d. 93 MRE oCRNE Bl BB chIREE adigd Py the
decreasi ng, 0D340 r eadi ans was observed up until fraction 22. After this

poi nt, t H&isespafimegswisict v HE ebrC(rer ¢pll stiak. Thagaleiwny phoprbag suntfested sask ke i n
cont am nag l nd.pPLoLel boSAl o8 Ol »aRRT A |- ol naked eye
in the fgérm of %%ﬁ%ajr%ﬁ%g)n pércéogelr?t i’ t-l!wg glr%gg ﬁa% ré@%lgﬁgg4%sgl§]§| ke was

| i kel o dubisteffea vy Iresplifnn allbeks difbmivo of 60: prtotheicent@hatedsodiheanlbbtackt t hi s
wavel engt h and thi s, nhenonmeno rvi.ded urate and repraduci bl e met hod
o " det oot Piig prse thisHBEn S ERR Ry oo PE A Th et s ERREHGA ' € 1C

peak of veedeat fog finheREyIRSNMbsRhY adlet @rsedise.t he bottom third of the
gradi ent between fractigns 12 and 22 at an 0D340-extrapql ated i odi xanol

concentration 20range of-3131 Downstregmprogessing of gAY eGFEst bel ow t he
start of é}bgugﬁd}{@ﬂfwﬁgﬁ cellular protein band (fractions 23 to 28). This
ided W ose

peak coin racti ons containing pure vector particles as
j udgetDh by t he predefidecpinditié scapbprdducpompecess was tolmoaidtaia diegibitinnach ng

cel lul ar protei Fig. 3 imately 50%.0f the vector genones
Const st entPoE A bt ackiaps ARG b B aesii Moo Pt 6 ety 8901 0 mot be
resol ved gasdihitsdhaddl@mehstybid dge &0 pusicagorthéthetseik cirosh aspinglto
concentrations, spin tine salt concentrations_and detergents (data not

S €
shown) . Dasfpleaertanssraiper disare. furidie 7ospirea thculBemedluge¥on (101u GO) on
t he SDS- PA(Fe v T i i SalGRAL Al | evel s of the
capsid prot e|rﬁ§le\ﬁﬂg\1/, Eéfﬁgﬂﬁ%ﬁgwﬁlﬁ?%%zég@tgrh?s %tes?tjlln?q% ggéé trglg} t he presence
in thtse purfcaiionyevibdisartohdmsisngadienss Pei-clarifivaticapishapradwénbiylturant er nedi at es
wi th no asseci ated or. 30pack d genome i S ncl uded that, t i odi xanol
gr adi ent 1“39‘833%}‘%" aoq?gg‘pcﬁéptﬁﬁﬁtﬁbg?sucfope gjnljﬁ%g‘rffp e@‘?‘?r “%%r}d#%gafﬂéesd%gs resul t
t hat prevaslispyevbadiogging beha TFD mgalblaye de MRl d @ineshiratidh Wdk.then achieg® scal e

pi l ot produyction ryn recoveries. and yi el i\i The ﬁeve] opnment wor k
descri bed"#boY S@é#&é?? %@*t?ﬁéﬁ%é@we G mebragF “egumd B B dduced at
hi gh titefadshRRbAng pR&uR Febl12 phiakbughduinge proe QBB Atshabifity JPlle transfection
and iodi xanol gradient purification. In order to characterize the
produd®i omembrane avoided the need to de-foul and sanitize between runs and therefore added to the

reproducibility of the process. The production culture medium was treated with nuclease

(Benzonase) to degrade contaminating plasmid and cellular DNA, and 500 mM salt was

added prior to concentration to minimize aggregation of the vector to both itself (Wright et

al. 2005) and to contaminating proteins during processing. These two treatments were

25  subsequently determined to increase recoveries from the iodixanol gradient (data not
shown). During development of the downstream process and performance of full scale
pilot runs, no significant loss of vector was observed at any point due to the concentration

process (see Table 3 below).
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TFF 1 (100 kDa MACO Concentrate 125-fold .l1. 7 Carify Load to 6x

I odi xanol step gradients 1 hr, 350k x g | WO 2011/126808PCT/ US2011/ 030213
7Har vest woaetiie®sand nonitor 0D340 Pool pure w ndow 7PEF/R2¢1106802kHa MANCO)
Buf f er exchange to final formulation Concentrate (1-4 x | 013/nl)

Three runs each of rAAV8-eG-P and r AAV9- eGP were perfornmed along with two
runs of rAAV6-eG-P. | n-process sanples were taken at various stages to

assess vector | 9gss thrqughout as fol|lgws: 1) feedstock sanples were taken
fol l owing tred? 1%?‘g§%ﬁ\é“ P?TU?MHF“(}WF ShyehBNY 9R5ERY%. 5 M salt and

clarifi caybigfhkhiakt 411990} AdehSRPUrffientBLea hkkeMahed oM tRg wdiETRONCENt rat i on;
3) i1 odixanol gradient fraction sanples were taken after gradi ent harvest

and fr actvobnepobiht argdicariayess werp marifisd duerder te aghisve Setie resolptignedf vadttler buf f er
crehanse e bSO 90 SO TG R e coover
vari ods roonginargeohdestrgied AA VIQIGER ecBr fifinchapaductiecovereymalium ARV and r AAV9
vector | nceh rs]t%cléc Sg‘g ?c;[aggc}( oG 2 2791'119 iddixanol step gradient and centrifuged for 1 hour at
350,000 x g. The gradient was then fractionated from the bottom of the tube and the
fractions (275 pL) analyzed for vector content, iodixanol concentration and vector purity
using qPCR, optical density at 340 nm (Schroder et al. 1997) and SDS-PAGE, respectively.
10 Representative profiles of one such gradient are shown in Figure 3. A linear gradient of
iodixanol concentration indicated by the decreasing OD340 readings was observed up until
fraction 22. After this point, the readings increased (Fig. 3A) and corresponded to a spike in
contaminating protein visualized by SDS-PAGE (Fig. 3B) and by the naked eye in the form
of a thin band present in the gradient. The ODxyq spike was likely due to overlapping
15  absorbance of protein and iodixanol at this wavelength and this phenc;menon provided an
accurate and reproducible method of detecting the emergence of the contaminating protein
band.
The peak of vector genomes was observed towards the bottom third of the
gradient between fractions 12 and 22 at an ODay-extrapolated iodixanol concentration
20 range of 1.31 g/mL to 1.23 g/mL (Fig. 3A), just below the start of the contaminating
cellular protein band (fractions 23 to 28). This peak coincided with those fractions
containing pure vector particles as judged by the presence of AAV capsids proteins without
contaminating cellular protein (Fig. 3B). Approximately 50% of the vector genomes
consistently co-migrated with the contaminating protein and could not be resolved despite
25  attempts to do so using different iodixanol concentrations, spin times, salt concentrations
and detergents (data not shown). Despite loading equal genome copies of each fraction
(10" GC) on the SDS-PAGE gels, fractions 26, 27 and 28 contained elevated levels of the
capsid proteins VP1, 2 and 3 (Fig. 3B). This result suggested the presence in these
fractions of either empty capsids or capsid assembly intermediates with no associated or

30  packaged genome. It is concluded that the iodixanol gradient is capable of separating full

and empty rAAV particles, a result that previously had not been formally demonstrated.
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1014 GC, whereas for rAAV6 vectors the nmean recovery was 6.7 x 1 013 GC.
Simlar low yields of rAAV6 vectors were seen in transfections during
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occurred, the average overall process yield for @AVS and AAV9 vectors was
2.2 x 1015"4‘“@“(5%%éklﬁﬁﬁ’ﬁ@wné@w&ewlégﬂ@f@%@  Methods.  Char act eri zati on
of | arge scale production lots The vector |ots produced in the pilot runs
were characterized for capsid protein 5purity by SDS-PAGE anal ysis and for
enpt ylar Taled. Sommoary dfthe|asge scale vectoo poauctioprgcesst ajari nor bands in

addition to the éAV capsi d Bro(h.ei ns yP1, 2 End 3 were visualized by

SDS- PAGE RIRAPYS FEPF ANdA0esPOngiRg fIRI8E ArSiM o | arge scal e producti on

|l ots, and the estimated purity exceeded 90%in all but a single case (Fig.
4). These results conpared favarably with a standard small scale prqcess,

in which{R&tor purities exceeding 10 85% are routinely achieved. EStinmates

of enpty par tTche—Tont e'gee&’g céli's‘faci{?ﬁgﬁﬁ ahfg productiomtots were
determ ned by direct observation of negafively stained vector partigles on

el ectron| mcrographs (Figs. 5A-G .| Enpty particles are distinguished on

these im {
conpar i saﬁ to full partiP(ﬁi(?%S,es\m‘ﬂi?:ﬁ‘ia'@&&ﬁ‘%‘sttﬁé‘s!ﬁ'ggﬁéi ve stain. The |enpty

particle|content of the pilual sRdet 3T, I50kps ranged from0.4%to 5% In
15unpuritied preparations, the enpty-to-full ratio can be as high asl 30:1

(Sommer et al, 2003), and hence tHese results support the conclusion that
i odi xano 3 attents—are ﬂl.?li e-+0-S pa I%ttc' tbllpt y—and—fut—TAAv—partiches. An
essential ®quality of anyger Wseptﬁ'ﬁlgu@{:i 8R™ ot is the ability of the vector
to deliver and express tAgugeiletodho M eroesinalln cel | s. The potency of| the
r AAV8 and r AAV9 Clarify

}
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also consistently observed in a standard small scale AAV production process.

A 125-fold concentration of the feedstock from 10 L to 85 mL (Table 3: TFFI
retentate) resulted in no loss of vector except for one instance where the loss was dueto a
mechanical failure. In several cases, there was an apparent increase in yield upon
concentration, but this was attributed to error introduced by extra dilution of the retentate,
which was necessary to overcome inhibition of the gPCR reaction. As was the case during
development runs, there was loss of the vector during pilot iodixanel purification runs with
recoveries between 35% and 50% of feedstock for AAV8 and AAV9 vectors. More loss
was seen with AAV6 vectors during purification (80-85% of feedstock). Final
concentration and buffer exchange led to further losses, although this was most pronounced
with AAV6 vectors, possibly because of the lower titer of the starting material and therefore

a larger fraction of vector absorbed to the surfaces of the TFF apparatus. Excluding the run
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20production cells, and thus the bul k of cellular contam nants present in
the cell lysate is avoided. The upstream process is extrenely efficient and
yi el ds upwoao/268085 GC per cell, or 1 x 1015 GC per | orCTafS26i10302e3

stacks (Fig. 2; Table 3), The choice of iodixanol gradient centrifugation
for the downstream process facilitates maintenance of a generic
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nature of .iodi xanal .has prov 25advant ages with rqto i.ntai ni ng
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|l ow, and faqr ce j | i I .S - r Of | i ted
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10r el eased to the superhatant,.in both cal ¢i.um phosphat e and, PEl -t{.r ansf ect ed
Ul L ur os JOEPRST ACEHGY OF (AP HEP S 39n Gt ) Dot R S T HSEREE S FBHA ous
cyt opat hodfgyrhe Thgtyt fantttd @alehiUT theafldnpragibhs Rek rihgdd fom 18 s $9%. Ihnf | uence
t he amount of vector released to the culture nmedium but extendi ng t he
n

i ncubbl i ovppyEfiecpreperiions, therratpbctorflh ratiegan be asdielrasdPil dPommen et aks 2803 .
el ease. MAIERkShese WARR LBRATRILHEIES AAHLUR R radifls hERbRGFL RIS UCCESST Ve
or r

days post- Faner ec Ion, the recovery vector 1nt culture
medi um r eeraptpend indAdart{cliat a not shown). This observation suggests that

the incorporation of. perf.usi.on cul{ure techniques. .fo e _process may even
further incr ea‘é%eﬁf)’gfaf%l?Wﬁfé?yd@A # Hm? cetlo&l(%és?tﬁ?r%bﬁ{'tg Ot?{ei'] 6? A n this
exampl e, agiver matexpiEss (ROBn€ 6f ihtefesd ih UEIBSTVeOENUB 6fthd BXAVEARIGABMIT sinplicity

A & e senie prodoctiSh Yotk relallve fovectons producdd by o small el prodess was &' ection in

assessed in vitre by eGFP expression and in C57BLI6 mice livers of following I'V injection

(Figs. 6A-G and Figs. TA-G, respectively). By both in vitro and in vive analysis, all rAAVE

and rAAV9 vectors manufactured by the new production method exhibited equal or higher

potency (up to 3.5-fold) when compared to identical vectors produced by the standard small

25  scale approach. While rAAV6 vector yields were consistently low, the large scale production
lots nonetheless exhibited a 2-fold transduction improvement compared to rAAV6-¢GFP
produced at small scale.
6.4. Discussion
The demand for rAAV vectors for clinical gene therapy continues to grow, and

30  asthe current progress in the field accelerates, large quantities of vector for use in late stage

clinical trials may be needed. In parallel, a growing demand for vector to satisfy the
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20production of rAAV in suspension cultures (Durocher et al. 2007;

Hi | dinger et al. 2007), this upstream process may al so be adapted to

bi or eact owe.20m2esd8ant age of such an approach woul d be wPha&/tsbilliosoz1t o use
t he sane upstream process for both pre-clinical and clinical vector
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denonstration in this exanple that nost AAV serotypes can be efficiently
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transductl on assays to be at 15| east equi,valent, if not %l ightly better

t han, 5idel?ff"i]%3hl“ stpééqréﬁé\bkabwaf@@@f hhe produstien J?receéwéﬁwrﬂseéan ISS¥YBRIESS on net hod

(Fi gs. da,{bg / t s e r AAV
vect or pr oac%u OEEgt? l:eetég%crtleoge‘ﬁl%%h Al?’r‘?g tﬂi&{stﬂdggg%meelmf\qgk? ogag%%* toward the

needs of toRvfectemebasddaqraduytidrabdmigques: sush ab guieh M@Gafmﬁupﬂtl@monmf@aﬁferﬁrtl al s and
is antici Rﬁ‘f%ero?ype/?r%rtls'g%r‘i%oﬁ{%?r\%m&n%qk'd i iQE ?eaR]E- SESEwWH %‘aflg tha.\‘l_ﬁlgl udi ng 20

the pre-clinica urremen f1exi e vec rranuf ac I's AAV
product i omajprinet R vIaaSr dah®e bmatﬁdlfmlm 1ﬂ‘tﬁcﬂdﬁlr6m&|1$ﬂ ratferittndrotiethe t o suppl y

rAAV vect or f.or i ni_cal i cat | e retaini e advantages of,
24 ea@ré? etign FFB': s; 40 s dﬁqg‘h%%f "Eéanta'HWGHtﬁP‘@%FPBWG ‘Ef‘lruq\/fé'@t'%r specific

| rrpurl ti e§v01d%56ﬂ"§ upRREAMRRERSs extremelyAlHdidhs okt yidliup to BUNDY GF Rr cellV | Ki ns,

P.C., Takeya, ﬁ Reynol ds T.C, and Ar anha LL. 2005. Methods for

gener ati ngf h¥ b(h 6L mer lok @f e pelkstasks (i gaFals Dnheghoice phigdigancd @dknhant  AAV
vectors. éé%trﬁh'&lnbﬁ ﬁ)‘?‘%e%%mmeaé%wegs%&ﬁtgteg\plam%%)rﬁé 9??@&@17 ic purification

process for alf serotypes. The isotonic, relatively inert nature of iodixanol has proven

25  advantages with regard to maintaining vector potency (Zolotukhin et al. 1999) and
overall product safety. By applying concentrated production culture medium to iodixanol
step gradients, highly pure and potent rAAV vector was obtained with acceptable yield in a
single one-hour centrifugation step. The whole process is rapid (7 days total, Table 4) and
cost-effective. The average overall yields for AAV8 and AAV9 vectors were 2.2 x 10"

30  GC, with an overall process recovery of 26%.

In the current format, the production method is partially serum-free since the

92



Auricchio, A, Hldinger, M, O Connor, E., Gao, GP., and Wlson, J.M
2001, 30lsolation of highly infectious and pure adeno-associated virus type
2 vect or swaizotv/aé®sngl e step gravity-fl ow col um. Hum Geoe/UBhen/03®24d) :
71-76. Brantly, ML., Chulay, 1.0., VWang, L., Mieller, C,
Hunphries, M, Spencer, L.T., Rouhani, F., Conlon, Ti., Calcedo, R, Betts,
M R 2009. Sustai ned transgene expression despite T |ynphocyte responses in
aclinical ;trial of @A\I\(? ene t hera Pr.oc ti Acad SC| USA 106( 38):
16363- 16364 TS ERHREN % ta*b PEFRAAT BEST 1 RASTog iR, HEWEVEr, W HOUEPanG, E. |

Rai mbaud, prdduct- m&ilum Xemmé:r@llail% Blailable for @?ﬂ&ﬂls the pro&@%aﬁﬂﬂ@ﬂaptéﬁ to be

Kroner-Lux G 02. A versatile and scal abl e two-step ion-exchange
chr omat og:pmfﬁlwﬂ\psemﬁse meemphance with Safetsreeyletions. Piarlobi theprecestisnoassoci at ed

virus ser nop, D.R,
and Byr ne?}%lpgaﬂégg]gquga" %lsa(l:n-ag e %é%%a%ﬁ%cﬁﬁ 391'%V| ral yg(':tth gr
produdt i ahe s ngs dal’omszpfagwabmﬁt "ﬁm&ﬁﬂe,sysclchﬁmne”maﬂtﬂ Leﬂ;ltynl‘nnpﬂea;d:iniqali ng for

| | studi 96- 80 Ng, C Y.,
Sl cop. s SoEh 5 org el SR ol A oV il T BRI - ane

Nat hwani , defafid is26%) 4nd F&urceriamcaz};tphmoﬁs‘ sutle eOfd iredint a€ RAGrited retma’:lSSOCl ated
virus type 8 vectors by iop exchange chronat ography generates clinical
grade 15VHERHS WherrdRY VIctes 4o8s apgantiigated 01 ( 2) :  209- 215. Dur ocher , Y.,

Pharn, P.L. %urhﬁ%&\%‘iﬁlgmegt of tﬂ@ﬁﬁ@ean&roceg@$§lk\f%f wartdtd B@btypR-wasLau, C. J.

Nal bant ogl u . 1., "and A. "2007. Scal abl e ser umfree production of
r econtfl namieased &ntbe stpemsiant inothicalgigmeghosphatetsyd PELimsstseted evltuess (Bigs 1duspensi on

cel T A e 4 i S0 e g M Vo
adeno- ass@dinijue dsadi dl‘id.lﬁiﬁ grcﬁﬂlpmﬂuchﬁs the anoukey secas relestdoshd altulruman gene
nerany” PLpe ML fead ok VA SaCLTLL MBS LIBNE i preSeb T O
pr oduct i OR|eaRdMRELLE Rk twmedlmh%@Hmésee@tana%meemgde&awﬂdays foss vectors.
Hum Gene Ther 259(18): 2745-276
15  transfection, the recovery of rAAV7 vector in the culture medium remained constant (data
not shown). This observation suggests that the incorporation of perfusion culture
techniques to the process may even further increase upstream yields. In the experiments
reported in this example, adherent HEK 293 cell cultures were used for reasons of
simplicity and convenience, but given the recently reported use of PEI transfection in the
20 production of rAAV in suspension cultures (Durocher et al. 2007; Hildinger et al. 2007),
this upstream process may also be adapted to bioreactors. An advantage of such an
approach would be the ability to use the same upstream process for both pre-clinical and
clinical vector manufacture, which is desirable from a regulatory standpoint.
The demonstration in this example that most AAV serotypes can be efficiently
25  harvested from the production culture medium (Fig. 2; Vandenberghe et al. 2010) indicates
that the new process will be widely applicable to most AAV vectors. However, for some
AAV serotypes, modifications will be required. For example, rAAV2 is mostly retained in
the cell (Vandenberghe et al. 2010), and release of this serotype to the culture medium would

need to be optimized. rAAV6 vectors were not efficiently produced in either the cells or the

30  culture medium following PEI triple transfection (Fig. 2; Table 1), and was not reproducibly
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w t hout hel per virus. Gene Ther 5(7): 938-94 , . Mbss, .RB.,.. Rodman, D.,
Spencer, IS ?xaﬁp[ek%ﬁ,gewwviQW%?ﬁtﬂg ?&P,r oagh fo r%’\?(_ﬁ?‘frg‘fcatﬂ“: a'l\‘fl!llg',c S&'.dfe_s Br ody,
A S., O afE¥nied héfe proBad¥l & Wect&h pedO@d: wisgRRANE eI ARRRTrR DS S8R pREics I US

serotype 2 aerosol -nedi ated cystic fibrosis transnenbrane regul ator gene
t ransfler @Fig ¢hed Fighdd-Gx Thisexarnlehagifonmally demenstrated, deri the first g, thecent er

doubl e- bl j.k = ' : AL

Muel | er, %ﬁq‘éﬂﬁk’%&gw %&%ﬁh%k%%g@c ﬁtgn?]lr'lei't}(lzoijﬁ g ﬁ%‘%h ra%?/mglg?rng r ecombi nant
adeno- assgattichsed virus vectors. Gene Ther 15(11): 858-863. Nei nhui s,
A. 2009. Dose-Escal ati St o, A.Self Conpl t AdenoAssogli at ed
Viral Vector F’Elﬂ p&ﬁ%‘/ ‘%E}?;\ ré%srs g rﬁé%ﬂﬁftﬂsg’pﬁ'%éﬁé%%‘?wﬁ (,?esmsbeg n
Nonaﬁa- Sat'hl—ﬂéﬁ%lﬁple Mas dddfdﬁbt%@%d herdh in HéiHJQSrhirota%d ifvivo ﬂrwas:hb:;] &sigis oo, at H. |,
Ni t ahar a- Kasahara, Y., Takeda, S., and Ozawa, K. ,20Q9. Scal abl e -
pur i f 1T at leahegivaiad s §1!ﬂ'9ﬂ&g%f W%d@e"é‘g’rz' yesipre p‘PdE“i&ﬁ\?ﬁ)a royte ApRfBseglsct or s,
usi ng dua{)roﬂ&%@mmgglgqgsagﬁgjQ;dlp{gs_ mgfdé_r anes. Hum Gene Ther 20(9):
1013-1021. Q, G, Bahr-Davidson, J., Prado, J., Tai, A, Cataniag, F.,
McDonnel |, J., InZoodlusi@Gthe Jarggasealk ARV vecinnproquctionspiepsss presenigd iptas7

Separ ati 0la fpleaigt%ﬂgfeg%sv%% L ﬁgedy bf Hﬁvtg\égeethgrapy laboratories involved in
preclinical trials and is anticipated to satisfy most requirements of these studies, including
20  the pre-clinical requirement for flexible vector manufacture. This AAV production process
has the potential to be scaled up in order to supply rAAV vectors for clinical applications,
while retaining the advantages of, e.g., reagent simplicity, process speed, and clearance of

vector specific impurities.
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Lysatl® prrepuced vishput ipsr viws. Ceng Therp U338 P.eezer for 15 minutes at 37 C.
Resuspend the’og%Jf’)Rf?gﬂr{&% bpélsgglgel{e’r}:gghﬁg,?%gge%hmp %uf g, (50 MM Iris,

pH 8.0, for a’ |na vol ume of 20rrL

and pl ace\/lﬂfa;)ﬂ iBredy. A.S., Clancy, J.P., RamsEy,db 2604. Rapeagdtadenesas{odiatedivores and et hanol
bath/ 37 C ut of Benzo U nL) per
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Add 6 nL of 5MNaCl to bring the final salt concentration to 1 M Mx. 30
Spin at 8,000 rpmfor 15 min at 4C in Sorval centrifuge. Note: Ensure the
Sorval i swolern26Bt er centrifugation, sterilize tube wprChH/URRGIDER205 €

proceeding further. Transfer supernatant to a new tube, Spin
again at 8,000 rpmfor 15 mn at 4Cin Sorval. Note: Ensure the Sorval is
clean. After centrifugation, sterilize tube with 70% bef ore proceedi ng

further Add, 1.8 f 10% for fin concentration,of 0.5% and m x
Gont 'y, Sy SaEien SroRoCa sitsel R e SErep e St BLR P Eh { on

For each pueparmatizen, pr epare two 2-tier gradients consisting of7.5 nL of
1.5 g/nm CsCl and 15 niL g/nL CsCl in Beckman SW 28 tubes (do not use
ul tracl ear tub¥sifh, RL‘@)aBWD’hERJa agkKetionBM.2999 1A simplifigdbacHeyimsst4¥m | oad t he

heavi er lcé(ﬂ-esst&rpvé%ﬂ)e y;s:f_ég{%n P]fed SafRh stEfaﬁ' [y Lgﬂicﬁ)tfion St ur%@ﬁ%ﬁ%«v Add

sanple slowmy to t hetueso as not to e gradient.
Label % hestoakb&emvingebt celhs. Mol Th@di7gl 1xt1 88% 180 r pm at 15 C for 20 hours

m ni rum Day ect 1st n and up 2nd CsCl
spin 15 1) Col | et %Qn‘ﬂ’df%% %05 ]p?r’lamfson Sr¥fhicdty grad&é?cgfnul“fly remove the
centri f ugglehorbgsciftdd Bird3)veqiois. (errDbﬂB%tediﬁblB(SﬁMﬂmgzI;are not to disturb the
gradient. Secure the first t a be hol Take a
pre-sterilized>Per: |- ¥n Gt #Elt f@éﬁf‘sgﬁqh?’c%ﬁéaaﬁaﬁr%WJg K5 nner

20di anet epowdti, 8 REMNGREAE 08 Odnd WhiERD Wbin. bmntmc&@%fa&ﬁ&aﬁamea uers
(Fi sher NC9507090) and insert 180 1" needles into the |uers.

Pi erctt h@ﬂtSlPBéiC?@ and Wlfgjmapaldgb)eom@alcde@%@ U@%Sl{rﬂ‘eeﬂbd\ﬂ@ld"rhﬁaﬁlbé%%ﬂﬁ e with
one 1 i, SRR L TRIEM L Sse 80, 1 | APV 4P L (e
nL/ m n. CDIDIIOeHEpaTrlhelelband&tt re4€£e %mwmtb theaupkinatdnt §islptifies manbfac@ridg.t hen start
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plate (fromtube A). Collect 48 fractions. Run the rest of
the gradient into a beaker containing a 20% bl each sol ution and di scard the
needl e/ t WOnNg11ZIR6%R/D| v. Take anot her pr @cstuseottiozead’ 2 ft

| ength of tygon-silicone tubing (1.6 nm 30i nner dianeter; Fisher NC9422080)
fitted wth two 1/16th inch male liters (Fisher NC9507090) and insert 18G
1" needles into the luers for collecting fractions from second tube (from
t ube B). . . Repeat.the entire harvest for_the tube B. Discard the
need| e/ t (AOFIRGASERAAASHHYITHS Hfoits in fhgabsenss ophelper pdanpyisi bYireldien: 2R

Usi ng a myhktichannel pipetter, transfer 10 uL of each fraction (of the 48
collected, first from96-well plate A) to a fresh plate (label with 1 to
48) and | eave 4haeg, Hertip.dd e, &, WHeonf FiMatand fgo.ith 29‘!’@/\@?@3/3?1%@#n@-abi net .

Take 5 Rl g i . i ef r t The

101 T act i ol el WGP R R ANG: epd BBt (RRAATE B, 1% 3660,
Read thhe ®Rinedbewr2((®: 9223890 and then pool the fractions in the biosafety
cabinet with in,th . 3740 to 1. 366 nge. . (JVeas t he tal vol une
after pooli ng%&citﬂ(hfr}’lg” "WEIST' &aﬁ‘fneg" 28{0&‘?&"@ IJt\é%crt E/{)’gChfSTBfﬁggQ. In case
there i s Sinmmdrfed@ e, SARGR, RAT, addBlupgzkD) Ne 19BdHedorbinaweddbfo-bdchhtddl  Of
1.375.) 15 Repeat this process for the second 96-vve|l5gl ate (fromtube B).

3) Load t¥esgudligatonysing neye! methods improves infectiqus titgx 2l yiskb OsBe Ui 640 f r om each
gradi ent 4¢fitga@ tubes A and B) should be 5-6 nmL. Pool the two gradient
harvests in a 50 rnL falcon tube and bring the volune to 13 nL with a 1.41
g/ L Hbl uti on Zflotdddr, S..fostennd. | Zolatukhing LpSabel, e Loft@. SisFmyesal 40wl syri nge

and 18G n e dg, - (o]=1) fihstyg i.ent t . seal abl e
centri fug@g ? %%X‘Q%}l@gqe?ﬁ’?dy%zﬁ%%{?’c}“ 'bie]g%%?fgkd\f!g{?ﬁ@' Ffoﬁléagﬁg?% neck of
t he tube pirificative diwdrbiypesl, 2, Sl retdmebitanbadens-hsgeiithdvipd vicads. Maeaker , net al
t ube capszgz%gglglgq%?.si nk.

15 7. EXAMPLE 2: CESIUM PURIFICATION OF AAV VECTORS

This example describes a new procedﬁre for cesium chloride (CsCl) purification

of AAV vectors from transfected cell pellets.

20 Day 1 - Pellet Processing and CsCl Spin
1) Lysate preparation
» Thaw cells from -80° C freezer for 15 minutes at 37° C,
« Resuspend the cell pelletin = 20 mL of Resuspension Buffer 1(50 mM
Tris, pH 8.0, 2 mM MgCl) for 40 plates of cells and for a final volume of 20 mL, and place
25  onice. .
* Freeze/thaw 3 times (dry ice and ethanol bath/37° C water bath).
* Add 100 pL of Benzonase (250 U/mL) per prep and invert gently, incubate
the samples at 37° C for 20 minutes, inverting the tube every 5 min.
» Add 6 mL of SM NaCl to bring the final salt concentration to 1 M. Mix.
30 * Spin at 8,000 rpm for 15 min at 4°C in Sorval centrifuge. Note: Ensure the

Sorval is clean, After centrifugation, sterilize tube with 70% before proceeding further.
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Squeeze the tube to test for |eaks and then place in a Ti70.1 rotor with
the 25appropriate bal ance. Insert the rotor caps and |id and then spin at
60, 000 r pwp 208/126808r 20 hours. Day 3 - Col |l ect AAV bandPCrarse@n®3@3Ll Spin
and Desalt 1) Collect band from CsCl spin 30Carefully renove the centrifuge
tube out of the bucket, taking care not to disturb the gradient. Secure the
tube on a tube hol der. At this point a single band should be visible after
bottomil nati on about hal fway up the tube. Take a
pre-steri 'F‘? supepatantia aMEWAEde v on-si |i cone tubing (1.6 mminner dianeter:

Fi sher NC9422080) f'ls})m@a.WIatt\oawxﬁmlfbrlﬁﬁrhmlamﬂ“cM&vdm@c&@ Hnbiirs ber  NC9507090)
and insert 18G 1" needles into t uers. Use | engt h of tubing per prep.

5 Pi er ce Soral isiglsen-gifies conmifiygation itesilize tube yith 70% befoes maeceding Bsthpossi bl e with
one of the 18G 1 ne\%@lhe&smﬂa?v@}? dégﬁfgpgﬁﬁb@)ﬁo&@rqraﬁhﬁm 5%%&1%%&5 nto the

easy load rollers of the master ierce the tube agal the top
with @ seyonersi®G needl e. Gently increase the speed to | nlL/nmin and then

start to coII eé”%ﬁﬁh@%i%spoﬁgﬂqe ?ﬂ %ﬁ wel | plate. Collect the whole

gr adi ent (-45 |ve i ndex (RI):
Using a mul ti channeIFopeanpteparandnr pnapéremdl)um gr@jﬁenesamhsﬁtmg@ﬂ Hmltod a fresh

pl at e and e the i nder ctl bi osaf et cabl net .
Take 5 ! AL 6/1%:3%%‘“3?‘5 Lomior sk ‘?Sb a’éeﬁg s%gnt@ eé?‘? 9t 43e ) The
fracti Onstuﬁapm%hme%sfdwsé@wIfﬁlstIaad/ﬁe@bst@fmaﬁthyﬁealvmdegmof 1. 37504 3660.
Read the RI 15down to 1.3650, and then pool fractions with Rl in range of

1.3750 to 1.3660. 3)AdddSank pirgmplarip therorsfieach aradiens idrspmnply slowdoldint r at or s
In this psacai Gnd B&s YEGH AstukPnd btatiiefidr et fhe BBSs #iIBRUN at | ow speed

» Spin at 25,000 rpm at 15° C for 20 hours minimum.

Day 2 - Collect AAV band from 1st CsCl Spin and set up 2nd CsCl spin
s . L
1) Collect band from CsCl spin
+ Carefully remove the centrifuge tubes (A & B) out of the bucket, taking
care not to disturb the gradient. Secure the first tube (A) on a tube holder.
* Take a pre-sterilized 2 ft length of tygon-silicone tubing (1.6 mm inner
20  diameter; Fisher NC9422080) fitted with two 1/16th inch male luers (Fisher NC9507090)
and insert 18G 1" needles into the luers.
« Pierce the tube at a right angle as close to the bottom as possible with one
of the 18G 1" needles (bevel facing up), and clamp the tubing into the easy load rollers of
the masterflex pump. Gently increase the speed to = 1 mL/min. Collect the first 4.5
25  mL into a 15 mL falcon tube and then start to collect fractions (250 pL) into a 96 well
plate (from tube A). Collect 48 fractions.
+ Run the rest of the gradient into a beaker containing a 20% bleach solution
and discard the needle/tubing assembly.
» Take another pre-sterilized 2 ft length of tygon-silicone tubing (1.6 mm
30 inner diameter; Fisher NC9422080) fitted with two 1/16th inch male luers (Fisher
NC9507090) and insert 18G 1" needles into the luers for collecting fractions from
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t hrough the 100 kDa MACO filter device. Because of the |arge nol ecul ar

wei ght of AAV Particles (-5000 kDa), the vector is retained by the
menbr ane woaotiee®al t passes through. 20Vector can bui | @CuSen1obe13
menbranes, so rinsing is required at the final stage. Aliquot 50 nL PBS +
35 mMM NaCl into a 50 nL tube. Dilute the pooled fractions
fromstep 2 above with the PBS + 35 M NaCl to 15 nL total volune. Mx
gently and add tg Am con filter device. Spin in a bench top
Sorval | c&HY i“f‘iﬁg@m&“ﬁ’?%oo to 4,000 rpmfor 2 minutes. 25Because it is

inportant to keep tiRgpdaeMelentitt hilest For el tGbea® QYiGoatd tBe ﬁé}Bleﬁﬁbi%@@ssérﬁﬂlff er
surface (-1.8 nL) at all tinmes so that the vector does not dry onto the

menbr ane,3fiefuses reconmended that the | ower speed spin is attenpted first to
determne the flow rate of the sanple. The goal is to reduce the vol unme of
the retentate to -1.8 nL. An additional short spines) nmay be necessary to
achi eve t his. d)ReadeeivaitomindtadBJpo bel ow that desired, bring it back to

1.8 nL with PBS + 30,35 mM.NaCl . . . Add .a further 13.2 PBS,+ .35 rnM NaCi ,
m x by pipette with SW&W@{@&?Q{‘*@’P@%&%{‘?@ lioriﬁﬁéa%f\rﬂ%g'} E’iﬂtﬁ 4gepeat t he
spi nni ng qlles&s Srstfc@ochad AeOXEo A3k platedlabélivithol o @8 pandudiv theal | the 50 nlL
PBS + 35 nM Nad al i quoted,previously i s spun through the device.. 5 R nse

t he menbramaindsrofthedractiong &) the BlogaliEdinet-1. 8 L) by repeatedly pipetting

agai nst the entire .sycf 86E of BRE WY&TonbNE a8 NI AkiRg h RirQcBmeidt. figb! v- si zed
sterile centrifuge tube using 1 nL and 200 | AL E&Endorf tips (the 200 [IL

tip i ¥ fofractipes dontaimingrAed ¥ shanicchane 2 rafractivstindsmob] 374! .30 BeaditheaRI i s

. ol Lin). . R . o e o ¢
1001, ct o> P TR SEren oL nErRT St iR i K, 2 TR O
Det er m nel.SHé tex 3660 ranteu(Measured ttrdatalglofumer afler panlibfboth Meidguwadll i nto 5 x 25 u:
aliquots, .1 x 1001AL for archive, and the rest into 105 }IL aliquots.
Freeze i niiags aeneipede t“-%éd)aﬁfﬁi%?@& Fﬁ'§5tﬁgsé’8"eisﬂacf’k$\?ag’ﬂg }”F‘feeati on
ResuspensiddfrdatiéiBrwit] RGbrmg7Igis (pH 8.0), 2 nM MyC11: 50 nmL 1 M Tris (pH

8.0),2 ML/ MMCh to 948 nl. MQ water, filter sterilize.
15 * Repeat this process for the second 96-well plate (from tube B).

3) Load the second gradient
*» The total pooled volume from each gradient (from tubes A and B) should
be 5-6 mL. Pool the two gradient harvests in a 50 mL falcon tube and bring the volume to 13
mL with a 1.41 g/mL solution of CsCl, Mix well with a pipette.

20 » Using a 10 mL syringe and 18G needle, add the pooled first gradient
harvest to a 13 mL sealable centrifuge tube. The solution should be added to the line on the
neck of the tube with no bubbles.

* Seal the tube using the portable sealer, metal tube caps and heat sink.
* Squeeze the tube to test for leaks and then place in a Ti70.1 rotor with the

25  appropriate balance. Insert the rotor caps and lid and then spin at 60,000 rpm, 15° C
for 20 hours.

Day 3 - Collect AAV band from 2nd CsCl Spin and Desalt
1} Collect band from CsCl spin
30 Carefully remove the centrifuge tube out of the bucket, taking care not to
disturb the gradient. Secure the tube on a tube holder. At this point a single band should be
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1.5 g/mL CsCl solutions: dissolve 675 g of CsCl in 650 nL PBS and adj ust
final volunme to 1000 m.. Weigh 1 nL of the solution to check the density.
Filter stwoi2biize6sd®t he sol uti on. 1. 3 g/ nLPCIAB2610/08121DHNS

di ssolve 405 g of CsCl in 906 rriL PBS and adjust final volune to 1000 ni.
Weigh 1 nL of the solution to check the density. Filter sterilize the

sol ution. 10% (WYV) Cctyl -PD- gl ucopyranosi de (OGP)

(Sigma, 080p1-10G): Bring 2510 gr to 100 rnL with mlliQwater. Filter
sterili ze‘“f‘g@ aé%‘%f‘?‘&ﬁll.‘““%“a“ma tﬁgg”ayli‘ipk‘éqm Ormul ation buffer: PBS + 35

mMWNaCl . To "1 |iter. 3kei pletteniBznd 2 tbngth @B tygbn-Sili€drie tebimy (VN inner
Sterile glycerol: AlLiguot 8I¥cerol into 100 nmL gl ass bottl es. Autoclave for
N0

20 ni nut eS2BHCE Fiy ) fatpd with twenl Ao ipcigmalplysrsaBRir RGP 87496k
PREPARAT! G iiderd TR Medls il O¥Re LR UsY Rk QR ubigllt prsp.f at ed by Exanples 3

-5, which denonstrate the tight regul ation abl at or expressi on using

rapam/in, to di meriFPierce thatwbe af qxight angleaastchose thahmbetionbasipassiblndith eneexpr essi on

of Cre reg ' e. and. the.successful inducible ablation of,a transgene
cont ai ni n%fqg)ieﬁzc%eﬁﬁﬁﬁb?)vric?gaf”f]ééls%"gfl?}“piqﬁe té‘é'lng Lo &'ﬁgaﬁyﬁ%ﬂqtmlrlcéﬁﬂflr ation of
expr essi ofhe afasteHRx plthAtFdrcd the hbeRIAS dt @ieardp with aBécond 18®ARME. The fol | ow ng
are exanpl es of DNA constructs DNA constructs and their use to 10generate

repl i cat i GftdR@eass (e speadtay e dtrl/grit id thanestario sellest Wachions AY BLX he PI TA

system of . t he,i nvention s jllustrated in.the.exanples bel ow 8. 1.
Const ructg‘tt%%do‘ﬁflﬁéatﬁ' ‘nﬁl{?%trt‘]ez‘é{ﬁ(ﬁ%gr#'gﬁs%ﬁ ;g{aftb‘?{lsﬁact or Domain Unit and an
Abl atyen Unit Ik Abrefr8V8 ibddxogpy Figs. 12B are diagrams of the follow ng
DNA constructs that can be used to generate AAV vectors that encode a

di meri zabl e transcri Yingnmplichaorel angtsrnramier [ obtrch fretiondma fehe : (1)
AR T L e
pPAAV. CWI 73. TF. FRBTZPek8 % KB cohera¢ fraingsnd rdad AheBY T usanga r¢fdctometer. The
PAAY. O, R on iR A S G hiutd Fave arbiealive Fided ¥1EBH50-1.3660. Read the RI
15 down to 1.3650, and then pool fractions with RI in range of 1.3750 to 1.3660.
3) Desalting: Amicon Ultra-1 5 centrifugal concentrators
In this procedure the vector is diluted with PBS and spun at low speed
through the 100 kDa MWCO filter device. Because of the large molecular weight of AAV
Particles (~5000 kDa), the vector is retained by the membrane and the salt passes through.
20 Vector can build up on the membranes, so rinsing is required at the final stage.
» Aliquot 50 mL PBS + 35 mM NaCl into a 50 mL tube.
» Dilute the pooled fractions from step 2 above with the PBS + 35 mM NaCl
to 15 mL total volume. Mix gently and add to Amicon filter device.
* Spin in a bench top Sorvall centrifuge at 2,000 to 4,000 rpm for 2 minutes.
25  Because it is important to keep the level of the liquid above the top of the filter surface (~1.8
mL) at all times so that the vector does not dry onto the membrane, it is recommended that
the lower speed spin is attempted first to determine the flow rate of the sample. The goal is to
reduce the volume of the retentate to ~1.8 mL. An additional short spines) may be necessary
to achieve this. If the volume does go below that desired, bring it back to 1.8 mL with PBS +
30 35mMNaCl
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A description of the various domains contained in the DNA constructs
follows: ITR inverted term nal repeats of AAV serotype 2 (168 bp).[SEQ ID
NO 26] 2B0CWMM71268081 cytonegal ovirus (CW) pronoter; i neCudiSagiesizancer .
[SEQ ID NO 27] CW (173 bp): mninmal CW pronoter, not including enhancer.
[SEQ I D NO 28] 30 FRB-TA fusion: fusion of dinerizer binding domain and an
actiNation domain of a transcription factor (900 bp, SEQ ID NGO 29). The

protein is provided rein a E NO, e.FRB fra nt corresponds
to amino acids 2021 Aggf% ’[‘}Te iﬁiﬁ’?(‘%ﬂ%Bb?’ﬁﬁﬁgwgrﬁné XHEPH P PF ot ei n, al so
known as pif¥Re rSRATRRE irARe Béﬁ&eénd%peﬁﬁﬁéﬁ’ﬂnﬁhﬂg]ﬁmceﬁs REQ RO WAL dnkif 3- ki nase
honol og that controls cel and division. 5The FRAP sequence

i ncor por ahis pracess usilagitee iﬁbﬂgﬁ’Bﬁm%ﬁthﬂ@hﬂﬂmddwe‘QMPﬂpuvo al | ow use of

certain pressi ve rapamycin anal ogs (rapal ogs). FRAP binds to
rapamnyci %{bokmggg%gl ogs) and FKBP and is fused to a portion of human

NF- KB 65 (190 am ndime itldspenasartervatistbe ﬁpﬂlr@mtz&e(ﬂl\sanb}by éfeaifBD- FKBP
fusion: fusion of DNA .bi ndi ng, domain a opy a.Di,nmer.i zer binding
onat n ( TIPSR 2y dgigtiresDte3 RO o Bl PR B R aRB lekap, 1050
bp), or &eﬁﬁx@%%emﬁglbﬂ)amb% Epperitobf3ipd (tR€l 2 0L I0@FRifer. thd firunophi | i n
FKBP ( FK506- bi ndi ng protein) is an_ ,abundant 12 kDa cytoplasm c protein that
acts as tqﬁ@“‘iaﬁtafﬁ’é pltqin gf the devdgsiteat is ingccessidle taal melstippRssiee drugs FK506

and rapamy &ané@@dsﬁﬁ%mum MDGEL%??BSQSBSC}W%&&&I@MBC finger pair

and a honeodonai n. Both fusion proteins contain N-term nal nucl ear
| ocal 1k at yoonfisdggiei@e from human c-M/c at the 5 end. See, SEQ ID NO 45.

T2A: self cl eavage , E%Qtl d%t x%é @%a&?‘gﬁ%%e%%o;@l) Z8l: 8 copies of the

binding site for ZF m ni pronoter fromthe human

i nt er | euk+ Atiguof ibto 23 zgﬁmihq(uﬁEQﬂ DOND tBEarchNaramatht$es0i‘ntdlh5 gLpronoter may be
used, e.g., which contain from1l to about 20 copies of the binding site for
ZF1 -1 D f of{9%Ed by a pronoter, e.g., the nmininmal promoter fromlL-2.

» Freeze immediately at -80 °C.
15 . Reagents used in rAAV 'puriﬂcation ‘

+ Resuspension buffer 1[50 mM Tris (pH 8.0), 2 mM MgCl]: 50 mL [ M Tris
(pH 8.0),2 mL/M MgCh to 948 mL MQ water, filter sterilize.

+ 1.5 g/mL CsCI solutions: dissolve 675 g of CsCl in 650 mL PBS and adjust
final volume to 1000 mL. Weigh 1 mL of the solution to check the density. Filter sterilize

20 the solution.

+ 1.3 g/mL CsClI solutions: dissolve 405 g of CsClI in 906 mL PBS and adjust
final volume to 1000 mL. Weigh | mL of the solution to check the density. Filter sterilize
the solution. '

+ 10% (W/V) Octyl-PD-glucopyranoside (OGP} (Sigma, 08001-10G): Bring

25 10 grams to 100 mL with milliQ water. Filter sterilize the solution.

» Final formulation buffer: PBS + 35 mM NaCl. To 1 liter sterile PBS, add
7.05 mL sterile 5 M NaCl.

+ Sterile glycerol: Aliquot glycerol into 100 mL glass bottles. Autoclave for
20 minutes on liquid cycle.

30
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.re: Cre reconbinase. Cre is a type | topoisonerase isolated from

bact eri ophage P1. Cre nediates site specific reconbination in DNA between
two | oxP wot2esl/12és8di ng t o del etion or gene conversion (P023Sh@1/08EQ | D NO
33). 301-Scel: a nenber of intron endonucl ease or hom ng endonucl ease which
is a large class of neganucl ease (708 bp, SEQ ID NO 34). They are encoded
by nobile genetic elenents such as introns found in bacteria and pl ants.

recogni - ERARBLER ONASARFRULIEEH bREARRANCE o* AR T rarmre 1 an
genone, e es doubl e strand breaks. See, Jasin, M (1996) 5Trends

Genet., 12,224-228. hGH poly A: mnimal poly adenylation signal from human
GH ( SEQ | D NOTH85)vention is illuREg:d hyribampls 35 bekiomderemstrate g tightsequence from

ECOW ‘ ditis.10vi SEQ I D NO. .36) .. 8.2, Co
Encod ng TRAREAEh A BR! piresion feine By Sncte ot cterpfoydecs gy

di agr s @kt ibduee Exprdsolnh BOCIONGofbIMatd; tied the Srtesifbpiatwitds ngioanf MAV vect or
encodi ng a transgene fl anked by | oxP reco r“ti on,sites for Cre reconbi nase:
(1) pENN.tea0Rgepq canaimng (e rswolt'mrﬁ'&é.ﬂoﬁ)/m% Is. Blafor'e??)egulaﬂon of expression

PENN. CW. RlihesS88kdGs ¥R st O anitnafmBlels. A description of the various domains
of the constructs follows: 20 1TR inverted term nal repeats of AAV

serotype 2 (SEQ ID NO 26). CW: cytonegal ovirus (CWwW) pronoter and
h l.ati j: [ ' | D NO
enhancer regu ﬁ;e'fgﬁ’ov{u%glese lgsaorfmzﬁg?&gﬁ%cfg(lﬁlﬁg?%hsgﬂgtggﬁaéhéfuse%EQ

27). 25 | oxP: recogni uences o enment
conpr 1Gi ngeneffatetreplicatdonbfefichivieA A¥d ectopdart usé irerckordapecamitB thiedFAgywem whi ch

confers orientatian. (34 hp, SEQ I 37). 30Ffluciferase: fire fly
| uci f er as®® (“l‘8@@“%‘,‘&%@6%@&%6%@%5%%0”

8.1. Constructs Encoding a Dimerizable Transcription Factor Domain Unit

and an Ablation Unit o
15 Figs. 8A-B through Figs. 12B are diagrams of the following DNA constructs

that can be used to generate AAV vectors that encode a dimerizable transcription factor

domain unit and an ablation unit: (1) pAAV.CMV.TF FRB-IIRES-1xFKBP.Cre (Figs. 8A-

B); (2) pAAV.CMV.TF.FRB-T2A-2xFKBP.Cre (Figs. 9A-B); (3) pAAV.CMVI73.TF.FRB-

T2A-3xFKBP.Cre (Figs. 10A-B); and (4) pAAV.CMV.TF.FRB-T2A-2xFKBP.ISce-I (Figs.
20 11A-B).

A description of the various domains contained in the DNA constructs

follows:
ITR: inverted terminal repeats of AAV serotype 2 (168 bp).[SEQ ID NO: 26]
25
CMV: full cytomegalovirus (CMV) promoter; including enhancer . [SEQ ID NO 27]

CMYV (173 bp): minimal CMV promoter, not including enhancer. [SEQ ID NO: 28]

30  FRB-TA fusion: fusion of dimerizer binding domain and an activation
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SV 40: | ate pol yadenyl ation signal (239 bp, SEQID NO 39). 1 -Seel site:
Seel recognition site (18 bp, SEQ ID NO 25). 58.3. Constructs Encoding a
TransgenewOnotr/assdsa Di neri zabl e Transcri ption Factor Decmius2anioso2Fs gure 14
is a diagram of DNA construct for generating an AAV vector that contains a
transgene unit and a dinerizable transcription factor domain unit. This

pl asm d 10provi des, on AAV plasm d backbone containing an anpicillin

resistancg gene, an AAV 5 1T t ription factor. (TF) domain unit, a
OW pr o BB S ERE TP e aeY B SERI 0P o fra-perefieRigmed heren s
rapanycil SEGEYRIcAted TRE PRE!fﬁgm@rht%@rr_&‘éﬂ&m t@gmil GEdd 702mal 3 sevRar get  of
rapanyci a phosphoi nosi tide 3-kinase honolog that controls cell growth

n ]
and di vi de Jappmypin-asyiciated | petingesodamun ps mAAR frepmgbanepiget eind a hunan

grow h h : S| a: P_si n:taterferon

al pha cogriraﬁg Eséﬁggﬁgﬁ‘s&a{ﬁ(ﬁhgﬁ 3£%\'/4 %ﬁ@%%@?@%@% ?‘3‘5“?‘8%&3‘3909 (cre

expr essi ohheddeseteednce borperates thatsimglegringmtation Thi@0PWies (FRARL) toTHlos st r at egy
could mnimze any potential back und_ | evel  ex i e derived
From upst B8t e e nsBIERhyDorg A6 Heiie R (RPORERERIBLSER i T

Thi s examapeng@nonii dratogs) shd AKBPhad [isee kenpoitien (flninhs NFedB peeaced into the
AAV vectors, sucgcessfully achieve tightly controlled inducible ablation of
the transRRRAGIHES) asiranscrintign aiVefokyl ar, this exanpl e shows that |uciferase

transgene expression can be abl ated 25upon di neri zer (rapamycin) treatnent
of cells transfected with constructs contai ni n? a transgene unit
&

(expr Essi AGHPUKBPcfusior: fagien «f@ddMh Rindingldemain asd { eany ofaDigstizer bindingni t
(expressi ' Is : ol eyl tor domain unit. Human
enbr yoni C@%aﬁ}@éFﬁﬁgﬁo%bggg% gg%@%leﬁl%&%?%&ds@%% ?IF %%?’o 12 wel |l plates.

Tr ansf ect i @9 bpj, ot BEXFEIBIPsI 389 dp) copies ollbudhirdiopdsbaindmsudeshilin FHBP i n secti on

9.1 herei 30carried out the n da en the.cell dengity reached 90%
conf | uenc&%?'ﬁ@’%mgﬂ’ﬁﬁtge} '3?'&?‘?‘]@8%%5‘86?%?&%&50 PP %ﬁﬂ tﬁ?‘f\?f"g F%é‘%n. A vect or
encodi ng pEBaNcRSregpaR Forl theidimmeapreddial @igs FKS506 and rapamycin. ZFHD is

15  DNA binding domains composed of a zinc finger pair and a homeodomain. Both fusion

proteins contain N-terminal nuclear localization sequence from human c-Myc at the 5' end.
See, SEQ ID NO: 45.

T2A: self cleavage peptide 2A (54 bp) (SEQ ID NO: 31).

20
Z81: 8 copies of the binding site for ZFHD (Z8) followed by minimal promoter
from the human interleukin-2 (IL-2) gene (SEQ ID NO: 32). Variants of this promoter may
be used, e.g., which contain from 1 to about 20 copies of the binding site for ZFHD followed
by a promoter, e.g., the minimal promoter from 1L-2.

25

Cre: Cre recombinase. Cre is a type | topoisomerase isolated from
bacteriophage P1. Cre mediates site specific recombination in DNA between two loxP sites

leading to deletion or gene conversion (1029 bp, SEQ ID NO: 33).

30 1-Scel: a member of intron endonuclease or homing endonuclease which is a
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(EGFP) was added at 10% of total DNA in each well to serve as internal
control for transfection. The DNA suspended in DMVMEM was m xed with

| i pof ect awDre1122688t o f orm DNA-|i pi d conpl ex and added PoTAS301¢0B1233 f Or
transfection follow ng instructions provided by |nvitrogen Corporation. At
6 hours post transfection, half of the wells were treated with 5rapamycin
at a final concentration of 50 nM Culture medi um ( DVEM suppl enented with

10% FBS) was repl.aced daily wth cin. At 48 and.72 haur post
transfect'® F{aéig‘?fl“%eg%\“gaﬁﬁé%#e@’ 3%@33\%@%&% Vil e‘f‘“ﬁ@?‘?%’c‘f’g’ﬂ@@e of the
wel I, resgehandech adintrositsuna il bRteria uRPpligtsl 1190 1Y€ haet cRgudRERmoed
purchased from Pronega. The cell suspension was vortexed and the debri spun
down. Theinjafiéntfopha@ingpeqcess; bicahesognddes o spesElg apymmetiis hprrlement. a19®f t he

| y-sate w : r i 1 S&§L.0 nd read
froma I\tlj\gr%mril%g}r‘g&er&hrgéhif& Q%%dﬁg&s%%lé il b%ailes' éc?f’ fkg)@m’e%ga?gﬂst ructs,
most of whicods Ganet..dés242B%d in Section 8, Exanple 3, 15were used to
generate infectious, replication-defective AAV vectors: |. pENN AAV. CW. RBG
as a control, containing a CW pronoter and no transgene 2.

PENN. CW. IR3H hobyRA : IntiginfaV/iély dengiationls2gkaBrém jhmhbh GHVSBYNDRES 36CW pr onot er- and
no transgene ) 3. pENN. CW. P1. 10xP. Luc. SV40( Fi gs. 12A-B/

pAAV. TF. CW. FRB- T2A- 2xFKBP. Cre 20(Figs. 9A-B) 4, _
DENN. OW. () b b SURRIrD e sk bnfd MARFCHTY, EéphiREm) &ERnfKI 3P Cre (Figs.
8A-B) 5. pENN. CW. P1. 1oxP.Lue. SV40(Fi gs. 12A: B)P 2
pAAV. tw 7iBusHERIBQMEINGKHBP. Cre (Figs. 10A-B) 25 6.

PENN. CW. P1. 1oxPl uc. SV40(Fi gs. | 2A-B)/pENN. AAV. CW. Pl . Cre. RBG, whi ch
expresses the Cre gene froma constitutive pronoter 9.2. RESULTS

The resul ts at 8428 Gunsticty EncddivgnTramsEege Unitd5A and the results at 72 hours
are 30shown in Figure 1513. In the control (treatnent 6), where Cre is
constitutively expressed, |luciferase expression was abl ated i ndependently
of rapanycin cpipas ek -BOadd g PIU JB0re di@%RNS 56O IbIBNiNgUNA e6R&eetyMor hout  10xP
sites (treatnment 2, cells transfected with |uciferase construct). In

cont r 48t , generagiag psAAYCEFIPr egodinga ranseerel flapkadry ledoreagpisien siks AestGrtict pl us

one of recombinase:

(1) pENN.CMV PlLIoxP.Luc.SV40 (Figs. 12A-B); and (2)
pENN.CMV.Pl.sce.Luc.SV40 (Figs. 13A-B). A description of the various domains of the

constructs follows:

20
ITR: inverted terminal repeats of AAV serotype 2 (SEQ 1D NO: 26).
CMV: cytomegalovirus ({CMV) promoter and enhancer regulating immediate
early genes expression (832 bp, SEQ ID NO: 27).
25
loxP: recognition sequences of Cre. It is a 34 bp element comprising of two 13
bp inverted repeat flanking an 8 bp region which confers orientation (34 bp, SEQ 1D NO:
37).
30 Ffluciferase: fire fly luciferase (1656 bp, SEQ 1D NO: 38).
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the constructs carrying cre under the control of PITA system (treatnent 3,4
and 5), the level of the reporter gene expression is conparable to the
control iwotha/2bsence of 5di merizer, rapamycin, indi caPcmgiSe@ny3diztl e or
no cre expression is induced. However, upon induction by treatnent with
rapamycin, the level of reporter gene expression in cells receiving PIT A
controlled cre constructs were significantly reduced conpared to the
control (treatyent 2), indicating cre ex ' ) activated. The results
confirmthat t 4@)&?}% B%@?‘gﬂyﬁ%tf"“tsg%a‘a{gwa\ﬂgEﬁﬁib(ﬁ;%g%g'i cally regul ated by the
di meri zer, rapanycin. 10 10. EXAIVPLE 5: I'N VIVO MODEL FOR A

DI MERI ZER—I NDUCI BLE, SYSTEM exanpl e shows tight tissue-specific
control of traSedsee: &ﬂﬁ‘é‘é’gi"ﬂﬁ’ﬂ@l(h@bliasﬁwprh‘@p@élf|c pronoter that is
regul ated by the dinerizer-induci ble system described herein. 15These data
serves as a nodel for tight regulation of the ablator in the PITA system
Four @7 oups of8.8hr deomstusty BoeddirglalTvansgenet Unihand aAlimevieabler s encodi ng

bi ci stronic re orte|1_: &enﬁ (aGFP- uci ferase) at doses of 3x 1010, 1 x 1011
and 3x Ie]B fn Tactor Pgmain Hellectively: " Goup 1 (G 1, &, and 03)

recei ved AAV vect ors expressing GFP Luciferase under the control of

ubi qui tous constitutive CW pronoter (see Figure 16A for a 20di agram of the
DNA const ruct ) Figae dtips Qd(agam@@N@mswfm@e@w@aaedxﬁ\hye@@m@h of the

foll ow ng ) ﬁ,ﬁ%/ r

transcri pf‘l%ééf\éf aﬁlgéegég%én# N “Z%@%E{%mﬁ %&‘;’1&%&@‘"@{1&‘5{? vrﬂa}tlt%ﬁg%l dOITB.I n and
DNA bitdi pgvidesyah AAXFHASniH beaddonwi cohtaBingapiaepicdfin ferBR)cegeny em ABY $'he CW

pr onot er DNA .const r.uc hown | Fl e 9: and AAV ve

expr essi néﬁgﬁﬁfaﬂ?&&‘l"r“’é’r Adgr Qﬂ: ?W"ﬂ)k}“"ﬁa ﬁ%{og}otqrrﬁa o (YNQ #e SZ@%] neri zed
TF (see Fpowr& FRAE (FRBPaapding6inandotiatet! PRotdiyAIse RAGUT 4GHBOR [iiampliad (G7, B,
and (D) received AAV. vector expressing GFP-Luciferase under the control of

a liver ct¥estptaparpsings 6RBQSE'P°‘“°FB@°@§‘§@S¢?%]% thgfeontls cellgrogr amd of t he DNA
construct hmsﬁn§> léprz‘l\ &@%@eav&% Hom§thZan FIESIEIMERAN, GRa b mtﬁeﬁlt W @brite fol I owi ng

2 AAV vectors: AAV vector expressing a dimerizable transcription factor
domai A5 unpolyéﬁlm afCiMEdthmQttr, pBBP aite, py mtarfsron3dphd cpdingsegwatcdivind & g domai n

ZPHD {used WU Sraclleifn i KSR NSRRY LG TR A TBERL: 80 2) ANV

vect or exB?léss riven prono

di meri zed This s(rsteg dﬁu@lumﬁlrﬂlﬁd:hrfy@bteatlaiibmjﬂgﬂmnd)fevélft&plﬂ\sﬂhn@ﬁ mstdemzntdﬂom

About 2 weeks ;aﬁ virus admnistration, the mce were given TP injection
of the di Hﬁﬁtﬁei'g YEPMRin, at the dose of 2 mg/ kg. Starting the next day
the luciferase expression was nonitored by Xenogen inmagi ng anal ysis.
Approxi mat el y 24 hQurs post 5ra5ErryC| n |n|]_|ect|on the mce were IP injected

wi th Rlci Be EXAMPLE 45 (N A TROMPBIEL TRRfR then anesthetized for
i magi ng.
This example demonstrates that the DNA elements (units) engineered into the
AAYV vectors successfully achieve tightly controlled inducible ablation of the transgene in
cells. In particular, this example shows that luciferase transgene expression can be ablated
25 upon dimerizer (rapamycin) treatment of cells transfected with constructs containing a
transgene unit (expressing luciferase and containing lox p sites), an ablation unit
(expressing Cre), and a dimerizable transcription factor domain unit.
Human embryonic kidney fibroblast 293 cells were seeded onto 12 well plates.
Transfection of the cells with various DNA constructs described in section 9.1 herein was
30 carried out the next day when the cell density reached 90% confluency using lipofectamine

2000 purchased from Invitrogen. A vector encoding enhanced green fluorescent protein
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The mce that received 3 x 10'1 particles of virus had inmages taken 30 mn
post luciferin injection (Figs. 17A-D). For Goup 1 mce that received
vect ors cworyimges8BP- Luci f erase, expression driven by CRTArSemmoa213t he

| uci f erase expressi on was 1lOobserved in various tissues and predom nantly
in lungs, liver and nuscle (See Fig 17A). In contrast, |uciferase
expression was restricted to liver in Goup 3 mce, which received

| uci feras tor j.n i.ch .t ressjon s controlled by.TBG pronoter
(see Fi o EAEFT Wt sdaPoofheucld ISR ARl S e ar i Eul ks b v

el evat ed @3hsfedtich. TREDNA su9g6ded APMEM wa® mhxed elithQpofRE@mind A0GH foGeem and t he
expression_is_ predoni nantlég in_liver and Sg%.lss_cl e (see Fig.. 1517Q). In G oup
4 mice, nBN&-limdeemmex andjaddedrto pYselly for FanstseHpodpywine Wik vstiogt prenidsthd

restrict e%ﬂhin'@itﬁog& d:ériﬁ&%t’ion@Q%ﬁéﬁ?p&s?tr{iﬁ%‘c@ic?ﬁ HALSRAY wéRSRrdtrted Wil -

The mice that received 1 x 101 particles of viruses, show results simlar
to thal ofapiriysin dedwarooesygatinmonif nM. Coltwre medivel (DMEM guppissesintsd withon

i nducti on, e i by i i ee, Fi - USI ONS:
|. The di 'rr%/r%?ggf&igsﬁg‘%%gIraélll))slvfg?g%hxgafnggﬁs%@/%gdt%ﬂ 7%@%5%%\;%%1‘0 “Puci ferase
expr essi octelivovee: wishad ched aiB PB8and thas elrapeé oatrod tHeaedll, tesuspéndseintlpsibasel i ne

wthin a kK (nqt.sho . 252. Liver is the nost efficient tissue to be
't octed BGhPe B NiisegRgi kit puchased rom Prgiegs T cr ESuSpatgion RES o

ef fici ent yriekSdimdlite 8GRl RRHIVESHciMrdsh ackivith S Bieririca by nSixigg 16 hcal for

t he dinerizer-inducible systemto work. .. 4. The luciferase expression
regul &9 edofe tysete with 480 pE ef the pubgieate pud light eraission rer secprthisad figmiaon f act or
expressi o aARQ! | ed by COW pronoter is significantly higher in 30 mouse
i ver than expression comng fromCW pronoter w thout regulation. This

i ndi cated that inducible pronoter is a stronger pronoter in |liver once it

is activated corrpaégd $.ﬂs pr onot er . 5. Luciferase expression
was det ected speci fT- apm' P r upon induction by rapanmycin in mce

recei ving vect pksfofaking chiridte moddireiHihard &serle® MP$Rtiosy, xample BUci f er ase
expression nediated by the liver-specific, regulatable vectors was

conpl &8 el yemdispbingerarate fidastipyse tsplicabian-Befestiyp AMIC Y408 d t he peak | evel of
luci feras ,}@Wﬁw eV BB AR BEAR!, Sott@nind 2N BRIt SnE AHrdrdkengf TBG
pr onot er.Grl i's study c()n?lér med that 0‘?@%? sp_ecﬁfi C ge[rlle reguéegti on can be
achi eved BypEAV.CMNIPRIoERILgenedtidlgsy@ryBE PENNARY $1)4¢ IRBG(CMV promoter
di neri zer - i(pduci bl e system
and no transgene?
3. pPENN.CMV.PLIoxP.Luc.SV40(Figs. 12A-B/ pAAV.TF.CMV.FRB-T2A-2xFKBP.Cre
20 (Figs. 9A-B)
4, pENN.CMV PlLloxP.Luc.SV40(Figs. 12A-B/pAAY.TF.CMV.FRB-IRES-FKBP.Cre
(Figs. 8A-B)
5. pENN.CMV.PlLIoxP.Luc.SV40(Figs. 12A-B) pAAV.CMVI73.FRB-T2A-3xFKBP.Cre
(Figs. 10A-B)
25 6. pENN.CMV.PLIoxP.Luc.SV40(Figs. 12A-BY/pENN.AAV.CMV.PL.Cre.RBG, which _

expresses the Cre gene from a constitutive promoter

9.2. RESULTS
The results at 48 hours are shown in Figure 15A and the results at 72 hours are
30  shown in Figure 15B. In the control {treatment 6), where Cre is constitutively expressed,

luciferase expression was ablated independently of rapamycin compared to the control
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10 11. EXAMPLE 6: PI TA FORAGE- RELATED MACULAR DEGENERATI ON ( AMD) THERAPY
Intravitreal adm nistration of a nonoclonal antibody has proven to be an
ef f ect i vewOhleriapysoBor AVD to sl ow down di sease progr essiPOm/Usa@1ioaeidye
visual acuity in a subpopul ation of patients. A key limtation of this
approach, however, is. the requirenment 15for repeated intravitreal

i njections. Gene therapy has the potential to provide long termcorrection

and a single i.njection shaul ufficie t o achi.eve a,therapeutic
oen ! Mgl EHRRCHANDI BR R rtEmeRz, s AR R iSARD
cont ai ni N@nétFude)Sig eBRrasdt) inf R 11€RBINVIhS the J 0P MinkhnganiiRBeNESktruct plaklomsofan

anti-VEGF anti body (Avastin heavy chai nﬁ AvastinH) and Avastin light chain
( Avast i nLthe cqpsigystscarryiggersyyderdiis) cogirol of EHIA tyse\fEregtmonf et @ity sFit - 1;

Fi gure 190e| oM&E tpbi IHERE]I'&E 6h it BGRSrdNA0 GRS hEMGH fhe GBRn&Syrdel | vered vi a
subreti na'f%\)ei gj egt#oner%t? txg osel of Iga.rl- 18 ny/ ké, AE]Ieatﬁgl&gn of transgene
expr essi ohimewaer, yapanyhinendidating verydittledirme ciczxpressiom inirsiveedt Howevief, upelver se

effects of .l ong, termanti:VEG- t.hera are observed. 25 12. EXAMPLE 7: PITA
For L1 et Rt et Ber 3F SRR S e Sl Bl et at 7 or

treating feterdfig PHEt Rbeitiollediirs easBusUe e signifiesmall irédusedoaipdrel @mbp borltioh. Fi gur e
20A shows a PITA construct for treating hganhi I ia A _.and/or B, containing a
t r ans gendUGHMENInpdIFating grepexprpssion wes agtiyategy Thgresults configp 89t e del i vered for

t r eat Ment ex@fesHGMONR Atidors GRETBIKISRERL v4-he/ difEasEk Gapadlykin. and | X for
henophilia 30A and B, respectively). The therapy coul d ’be ablated in

patielts if inhibitor formation occurs. Figure 20B shows a Pl TA construct

for deliv \ 1 h _ conprising this
construct%‘&%ﬁnﬂ'@gﬁj@gpg@ I\\/II{E%J%L ﬁé?lﬁt%éﬁEcR'?mL@%F%ﬁ portal vein at
the dose 8¥SIEM12 GC/ kg. The expression of shRNA can be ablated if
nonspecific toxicity of RNA interference arises or the therapy is no | onger

needed. 5 13. Ehipwphpleghows tekt tizspe-pRepifte conteobakiranigqpragpyession Using? TA coul d be
utilized jQr hRAIGGEARSR iARRIIAERSY RO FinleRFd LR Ble BUbmUlcribldMdrtl t O,
congestive heart failure (CHF) and myocardial infarction (M). The :
t r eat Kent Thdse GriFsarousiasia modd Ifurgightreguleicnwé the ablator ethe PITA $yitemgr owt h f act or
Y e e
of genes binistrirdc @poiter gaiea (BBP-bicifetas)ambchepofdixdot’®, t keo'hend 3x 10 'qmticks
of virus, respectively: Group 1 (G 1, G2, and G3) received AAV vectors expressing GFP
Luciferase under the control of ubiquitous constitutive CMV promoter (see Figure 16A for a
20  diagram of the DNA construct). Group 2 (G4, G35, and G6) received co-injection of the
following 2 AAV vectors: (1) AAV vector expressing a dimerizable transcription factor
domain unit (FRB fused with p65 activation domain and DNA binding domain ZFHD fused
with 3 copies of FKBP) driven by the CMV promoter (the DNA construct shown in Figure
9B; and (2) AAV vector expressing GFP-Luciferase driven by a promoter induced by the
25 dimerized TF (see Figure 19C for a diagram of the DNA constructs). Group 3 (G7, G8,
and G9) received AAV vector expressing GFP-Luciferase under the control of a liver
constitutive promoter, TBG (see Figure 16C for a diagram of the DNA construct). Group 4
(G10, G11, G12) received co-injection of the following 2 AAV vectors: (1) AAV vector
expressing a dimerizable transcription factor domain unit (FRB fused with p635 activation
30 domain and DNA binding domain ZFHD fused with 3 copies of FKBP) driven by the TBG

promoter; and (2) AAV vector expressing GFP-Luciferase driven by a promoter induced by
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del eterious effects of ischem a but allow ablation of the therapy when no
| onger required. Therapeutic genes for this approach include hene
oxygenasew 20H0r24808whi ch can function to limt the extemrCTafS20130b@1hi c
injury. Delivery methods for vector-nedi ated gene delivery to the heart
i ncl ude transcut aneous, intravascular, intramuscular and cardi opul nonary
bypass 15t echni ques. For the human, the optiml vector-nedi ated gene
del i very praqt ocol | d..lik utilize retr ade or ante grade trans
coronary @83\W§F§f‘ W@B“dﬁ‘ﬁ‘é‘e i%‘?‘(g?fé‘r‘{}“gé?‘? 8‘?’&7" g’%%‘i‘?f‘%‘ﬂ“@ * cardi ac vei n.
14. EXAVPLE 9: ARuf AwebiR pofNiRA YRR, Y mideMetd ivan 1PlisjeAiol o0 THERAPY
Attractive candidates for the application of PITA in the central nervous
syst em i nF dinerigerurapamysih picthe dese oF 2 mete. $tAding theaereday therlusferasei ner' s
di sease, L; ' i ] t . IS S),
unt | ngt o g S Ro A AR Pfen A e R AR OIS B onst ruct
f or trieat tapgnyizingctiny, the miteseers & ingotetl avithilwriferin, ttheanbgpetecfouicifer®8conpri si ng
nerve gromtrtl f gtt% NGF% i AAV vect or-nmedi ated gene delivery of NG, is
currently Befu}‘% SHEE4FE 388 Phase | clinical trial conducted by Ceregene
:‘Agr L hﬁ trgat n‘E}mE]mi@é théal rebudiedery B 'diaftiz ks of vilehad Bnagenmken@Ormiphbe f act or,

iC as $en,s,omn to b fective 'n,reﬁucin, holinergic cell loss in
ani mal ol @‘“d?leﬁé’ﬂr(g‘a%dgﬁﬁ)a?‘?r OgR saiged aéﬁ‘iﬂ’e‘gﬁ‘iveﬁ@r%‘f P8ive in
pr event i ngppassit@hse EPRESorPR e BPOMY Mendhk,lthd h&iferdsB eRtdsRAtGs W th AD. The
30del i very nmethod for the approach consists of bilateral, stereotactic
i nj ecl® onolservedingationstiissusaand predontitandy in lwags Byer efd mpssleySeg Hgddht- & ni ng t he
nucl eus b Ma%ts]um“erflggg r])%stsioéi N@Mcstriaég to lﬁ\%r o ]95 fHide! @Licfl Peeiv éje’ effects
resulting in the need HO8Rd tF eat ment, further engi heering the construct
t 0 i ncl udéucPérask viestomiarwhdohttheexpidsdorappd doaabliedrby GB(Pbrdioien (seBigd @B} dral

nervous system for the treatnent of epilepsies gould alsq ,be of value both
due to th r%%ﬂ‘f’?!é'?eqfﬁt] aﬁf‘%ff%as@@%eség[il’v@gg]?ﬁﬁe drore ﬂ'@"gil%gé‘ﬁgmgﬂf' oundi ng
the sei ZugLsvd)BERBBTUERROANIGEE SProdBbi is Preddbithahtly inhied dnfiintuséle aké Bignat i ve

approaches_available for the treatnent of epilepsies thaf are unresponsive

to drhg t h&raByOmHR Sutgmer thip YO ofilusifergsercrprgtsion was e @dses, in
particul a?estrﬁﬁeh'iﬂ’ﬁnéKyéf?édﬁﬁqx%d't@ﬁﬁ‘élh\/du@&néﬁ REOFRCIAm. 1 nj ection of vectors
expressing therapeutic genes, would be far less invasive than alternative
surgi cal treat Fenmise t@aredéivkt lex 1§ oparddescof eicpreashew reselbssimilarpethaigd  gal ani n,
10 neurop i Y (N . iLal .l ne- i LG factor,
N, wiy ST pirE B oEplrani b i Pl ARk BB G T000T S o
epi | epsy. liékdiae Fagpl84:B).i ons i nclude to deliver nerve growth factor (NGF)
for Al éhei mer's and aromatic L-am no acid decarboxyl ase (ADCC) for

Parki #8on' s Di sease. 15 15. EXAMPLE 10: Pl TA FOR H V THERAPY

CONCLUSIONS:

1. The dimerizer-inducible system is robust with peak level of luciferase
expression more than 2 logs over baseline and back to close to baseline within a week (not
shown).

25 2. Liver is the most efficient tissue to be infected when viruses were given IV.

3. Liver is also the most efficient tissue to be cotransduced with 2 viruses which
is critical for the dimerizer-inducible system to work.

4, The luciferase expression regulated by that dimerizer-inducible system with
transcription factor expression controlled by CMV promoter is significantly higher in

30 mouse liver than expression coming from CMV promoter without regulation. This

indicated that inducible promoter is a stronger promoter in liver once it is activated
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Natural ly i nduced neutralizing anti body against H V has been identified in
the sera of long terminfected patients. As an alternative to active

vacci ne approuchness whi ch have resulted in inefficient iPatdaseélon3dus
sufficient levels of neutralizing antibody delivered by AAV, PITAis a
prom si ng approach to deliver anti-H V neutralizing antibody for 20passive
immunity therapy. See Fig. 23. The construct design is simlar to avastin
gene deli very for AEN,Q}\} her a (see Figures 19B and 19C). A vector

conpri si fGMPAES HsbE BRESH ng an antibody regul ated by the liver specific
pronot er (TBO)s, ¢aiiteshsdBxprédbiof Wadddidtied shigfidally 8Y livef updnGaeidiby3 x 1012

GC/ kg. Alternatiyvely, a vector conprising a_construct carrying a ubiquitous
Cl 37 pr onBpasycHyin vigtgeenitinhsqipresapy s shegpdusily B G eramatsryastay by

i ntramusc oV ' : 20

i njecti on%uc?}gﬁag‘% g&ﬁﬁ{a %%%gﬁgggﬁfég%g@gﬁ C%%]%EHT % %gcgg]?legegyn be abl at ed
if it s dependontgpen mdediod by rapafmy¢ingndiht pealiders] ofjucitirage exprdssiduist i on of
anti-drug_anti 6. VP : Th .constructs ribed in the
ol | ot neRRalaBREY ey P T AR P G P E A CRRS PO BRTEE ARV T uoes
and Vi r usspe€fip @é&e rég@isioR cmbedichigveld by tAXeV ingiliert igar. delitdpeof liveaghetife f r anes
encodi ng f.or various, endonucl eases were codon optim zed and de novo

synt hesi z&meHger-axielRlesystom at or expression and target plasnids were
produced using standard nol ecul ar bi ol ogi cal cloning techni ques.
Transfections were performed i n HEK293 cel | s using Lipofectam neTM 2000

t r anstect 1 brEXAMBERt 6:(RITAF OB ABBIREIAEED MACUEARRBEGCEMNERAEIQNMr e per f or med
usi ng optj fagtion conditions as defined in transfecti-on reagent
pr ot ocol @%? H]’%I%O 250 ng plasm d DNA (excluding transfection control

pl asm d) was crEpigxddministatdn®h emhacbreadivddekid eebveotodrlahs in 96 wel |
pl ates. DNA quantities were consistent across all conditions by .

supp! enentifeHntheRPhoRAMIaloy depvihfissess Rroggitioniand Hepre e ivaasuisy Bt er as

test plasgjyfspulalioR BBARELS Q0KkGAMRLEYE S R BprbAhURARE, WikdvedQfelehs for 4-6
hours as transfection reagent protocol before the addition of FBS :

suppl &henfeedpased atravireah ijestonsdGensl therapydhae thepotghtial dapravidglpas feon 24- 72
hours. Fol | ow.ng i.ncubat.i. | . gene

expr ossi oft" e e AR ERan SEd RO RS e FRAE BT o (e
manuf act uFgores 19 Ast shost PITASDA candBiuotd éd¢ ti€htingi AMDptatadtiesaaesgeaadnitseni | | a

L\g(r:lef S ;ffs gqrﬁm@%iq%rs?%élparﬁgg%%{sg lSUCE‘lcE)lIE; altl zrlr%r—]%]fi&ﬁtallm r(])d? H\I/a%tline}?e%¥y ch'?i\&nl sanpl es
(AvastinH) and Avastin light chain (AvastinL); Figures 19B and 19C) or a soluble VEGF
20 receptor (sFlt-1; Figure 19A). Vectors comprising these DNA constructs can be delivered via

subretinal injection at the dose of 0.1-10 mg/kg. Ablation of transgene expression can be
achieved by oral dimerizer administration if adverse effects of long term anti-VEGF therapy

are observed.

25  12. EXAMPLE 7: PITA FOR LIVER METABOLIC DISEASE THERAPY
PITA is potentially useful for treating liver metabolic disease such as hepatitis C
and hemophilia. Figure 20A shows a PITA construct for treating hemophilia A and/or B,
containing a transgene unit comprising Factor IX. Factor VIII can also be delivered for
treatment of hemophilia A and B respectively (Factor VIIT and IX for hemophilia
30 A and B, respectively). The therapy could be ablated in patients if inhibitor formation
occurs. Figure 20B shows a PITA construct for delivery of shRNA targeting the IRES of
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15quadrupl i cate and standard errors of the nmean were cal cul at ed.
Coexpression of wld-type Fokl ablates expression of transgene nore

ef fecti vewg 20h1anesd8l i very of Fokl protein The am no aci #C3ase@noao2ed t he
Fokl enzynme is provided in SEQ ID NGO 12, 20wherein amno acids 1 to 387
are the DNA binding domain and ami no acids 387 to 584 are the catal ytic
domai n. The codon optim zed Fokl sequence i's provided in SEQ ID NO 1.

Fi g. 25|I&? rates that, ﬁe ﬁt ef.fcg‘{lve abl exr S|on of the
| uci f er asia e‘%BF%‘%‘rma‘@H@% 9 gt OB VPR A M “H eI I's (Fig.
25A bar  ZjortalMtiid & 1R doe SR 0'AGCAR. Thd dproseisn SMERNMEHn Bheatkdlfl protein was
delivered to the cells (Fig. 25A, bar 3). 25ln a dose - dependent

exper i mentonsperidic fgityk wieplarepesAriSes & dietheTARYdS pmlongssingedsdt al yti ¢ dommi n
fused to a zinc finger DNA binding domain (ZPHD). This construct, which is
963 bp, is provided in SEQID NO 21 and is conposed of base pairs 1 to 366
bp ZFHD, BB EXAMPLE &pPIWArH@R,H%%BTﬂSEﬂ@EQBBEBﬁ%kI catal yti c domai n. The

i ds 123 124 978 e BREH1 i MBLRRSe SRV HEAos Bans Sy UML) e Fok

cat al yti crofeungéstive fdaft-faikd GHH) WAd mb@sdlzilhﬂhrctmqn\ﬂasnhn@emhenmmmt rati on of
Fokl resulted in dose dependent ablation of Luc reporter. No _ablation

sites wer@uidgglyehe EI?JWB@/ ob insk e BrecgowthitestarioR) on hepatorge BB TRIRFT cont ai ni ng

the tr ansaens Ustg b c%nguluw%ﬁcrvahwigme%mﬁaﬁfﬁ %Pth‘é%étﬁieﬁk%f%&dr&h\e native
Fokl site his provides support for the use of the PITA
syst el usinfegctiont qleéme?eﬁg@ds chd caeli tpees qﬁMI@@ulé@rcﬁ@tﬁpéearr frem#isl ation sites
inatran tig i f he cell.
5. oni mor 1a- ey SOy R BTN e b UARE NG Bhe BN ek ed TE 0 ¢ e
DNA by theheZapmnd:gangefor thisHdpprachoirelude lﬁehfeexxygenedeyl @6)-a) wisclecgprfessibotw of Luc
reporter Pene The fasmd cantr cts Inﬁ‘@ exa | e cogtalrgds ei ther the
Fol d cat af'pftithe SisRoiHs o8l 'TBQ’ ﬁlbveéyc’i" ‘%S Q°F N@fhatf genedsliyed9ondi ng to

am no aci g hdfintRdOBshs@ltaneh®, intth¥asdu@RIhiamuscular and cardiopulmonary bypass

15  techniques. For the human, the optimal vector-mediated gene delivery protocol would likely

utilize retrograde or ante grade trans coronary delivery into the coronary artery or anterior

cardiac vein.

14. EXAMPLE 9: PITA FOR CENTRAL NERVOUS SYSTEM (CNS) DISEASE

20 THERAPY

Attractive candidates for the application of PITA in the central nervous system

include neurotrophic factors for the treatment of Alzheimer's disease, Parkinson's disease,
amyotrophic lateral sclerosis {ALS), Huntington's disease and ocular diseases. Figure 22
shows a PITA construct for treating Alzheimer's disease, containing a transgene unit

25  comprising nerve growth factor (NGF). AAV vector-mediated gene delivery of NGF, is
currently being studied in a Phase I clinical trial conducted by Ceregene for the treatment of
Alzheimer's disease. NGF is a neurotrophic factor, which has been shown to be effective in
reducing cholinergic cell loss in animal models of neurodegenerative disease and may be
effective in preventing loss of memory and cognitive abilities in patients with AD. The

30 delivery method for the approach consists of bilateral, stereotactic injection to target the

basal forebrain region of the brain containing the nucleus basalis of Meynert (NBM). Due
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protein) (untethered Fokl) or a ZFHD Fokl catalytic domain of 963 bp as
described in Part A above (tethered Fokl). Even at the highest

concent r avpani/2bsescat al yti ¢ domai n of Fokl which i s unPCatuseriem3aae3 DNA
does have no effect on expression of Luc reporter gene (Fig. 26A). Chineric
engi neered Fokl tethered to DNA via fusion with ZFHD effectively abl ated
15expression of luciferase reporter in a dose dependent manner when

i ncreasi ng concentratl ns..of ZF- HDF Kl ressi on md wer

cot r ansf e@tRPIHIY m@@eﬁ&@rwm@%f 2@3}5 end treatm ﬁ i@h‘ﬁ‘é&’tﬁ?@& he use of
the PITA ﬁ,yg@,g;f;h@rﬁpllngmgemlgwgﬂﬂtecpaf ety el ement provided by a chineric”
enzyme directed to specific ablation sites in a transcription unit

contai ning a tFherapplésation ofiPTHAIIN KheFWtabnEtrﬁélSé)@qu fopthe treatment €. DNA bi ndi ng

speci f1 ci %ﬁﬂe 1es%9 T sb Be Ef%'lue%%%t{“ g | Fa'l Bl i ?JE%HQ%&: %}Goxﬁ Hide @i W th

vari ous c es o het er ol ogous donal ns” an atron of target
t ransg%nelsﬂamuﬂnmnﬁmgtﬂimmzumpbmmds Teyoleldis lweblas de thétedinoted gitarsatide S 25Thi s
exanpl e illustrates t the zin i nger neodona s not the only
Gorm s AT iS pEp b b Brefn of el s R R RRIoRt 65 ol by s
chineric griguReNedifRazmteteatHaltesetdsecin Mﬁicﬂ!aﬁﬂbl&lc@dn&lﬁ&fs&ﬁx&aﬂ@ﬁg of

| uci ferase reporter . in a dose dependent manner V\/n HéH DNA bi ndi ng domai n
was f usedstegtapikipiestignafyeqters gemessine (lwra@euwﬁ@es Veu %b% 55#%1%&5@& i ment

(Fig. 278)yerkdiSe aﬁ%lbéﬁ'nreé‘m@ﬁts HrafaRkd foBshe Wit ffMm cbﬁ‘[@'i&m@ gh¥nigddi ng 30
het er ol ogous NLS at the N-term nus of he H Fol d codin uence.

The HIH- Fodiropeptidel Y/ (NEY )poeglial c¢lbHg- ¢®vm®rotr0phlcé@tqm&@ﬂlgo@hrq hare bp HTH

fromGn i ne combi nase Kl

cat al yt1 BTt © 1B ROBRARE esulto ohRS ol SEeeRy, e BRI e

resul ti nglmmdmdeav@mzmagroé&f@cﬂouW) for Alzbeiman'snd asnihtib L-aafindEl f r om G n,

a |linker (aa,58-59) tic domain 5(amno acids 60 - 256).
Figs. 27Ad W@Oéﬂ%seﬁp%gﬁg?rtpg '}SP'hﬁ)}s f'ng that the DNA binding specificity
of chinmeric Fokl can be reprodum bl e changed by fusion with another classes
of heterol ogous DNA bi ndi ng_domai ns and .abl ati on of target transgene can be

furthé? ipr BRAMRKE ﬂﬂeplél'd‘df@RdﬂlM THERAMYet er ol ogous nucl ear | ocal i azation
signal (N-5). Raflraid thoubdd desb-AiBhgSnti Ry AOHER Y Rotlect RebdRBI gEL 1 0N Of

pCW. Luci f erase W asi ng | ons' Of an expression plasmd
encodi ng kahkbf loeg tvem ededtal panwmsm@. analtddalive fmtlmve(cﬁanEppr(iaﬁhéS wiigh 50, and

100 . The f b t |
Fio. 7o pewebEd ndrae e PLa i Bt o PR P A e B S on
plasm d e@go@mmm1¢£Fﬁrbm1sfr@lagpr6at$ﬂt@aehv\emmmmetuh@un@aaanaodytf& at its

N-term nus.
20  passive immunity therapy. See Fig. 23. The construct design is similar to avastin gene

delivery for AMD therapy (see Figures 19B and 19C). A vector comprising a construct
encoding an antibody regulated by the liver specific promoter (TBG) could be injected into
the liver at a dose of 3 x 10'2 GC/kg. Alternatively, a vector comprising a construct carrying
a ubiquitous CB7 promoter driving antibody expression could be delivered by intramuscular
25 injection at a dose of 5x 10'* GC/mL for up to 20 injections into the quadriceps or biceps
muscle. The therapy can be ablated if it is no longer needed or if toxicity develops due to

induction of anti-drug antibody.

16. EXAMPLE 11:
30 The DNA constructs described in the following example may be used to prepare

replication-defective AAV viruses and virus compositions according to the invention.
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15 17. EXAMPLE 12: Al t hough not illustrated here, other chineric
enzynes have been nmade using the techni ques described herein: An AAV

pl asm d cwotaimizegysSV4A0 T- Ag NLS- Hel i x-turn- hel i x ( HTH) pCrarse®@@@so21§ 192 bp,
SEQ I D NO 7), which includes the nuclear |ocalization signal (1-24 bp) of
SV40 T-Ag and HTH from G n, a serine reconbinase (25 - 192 bp). In the
resulting enzyne (SEQ ID NO 8), amno acids 1-8 are fromthe SV40 T-#.g NLS

and am no acids 9-64 are the H[H from. G n;  An AAV pl asnjd cont ajni,ng SVv40
T-Ag NLS- FI TH PRSRIrcaSiedanes encgoma iy VE%‘“{S?%@“BSF&S?E%YF EPORR OBy Mz,

i ncl udes gh@veo¥helizADby\EcneARD Abtaldtlexpredifondhiiatde0pldahils woR poauded2) , a
i nker (bp. 15‘533-63”5%9)“86)1,Z and tﬁe cat al yt :q(j:r dor?ai n o%e ?pﬁe lF%)kl Fpr199- 789), In

t he resul ¥singgtandardaioleculenbiglegictl sEmingteqmauey) Trapsfertipns sierpperfomnedin from t he

SV40 T- Ag i i ~ BATvoF k: i i i 66 are

| i nker r eg%?gs‘s%gﬁn%%} %%Ctglglﬁlgs ’60?0 g%géf{fpgﬂe%&%g&k}fmgg%@ﬁfﬁ )c E}Agz)'rrai n. 30An
AAV pl Zs nirghsteotiina iwgrerpgriarn8AGinT opigmaitgnsfgp Dedrslitions e deffiped i trdngiesition (984 bp)

the 7i nt. FrsgLRoRso AR50 S PR SN Bl PERslofBrbbiqhi ™, 29

Fol d cat alvyd dotnplxeadivith (ipifea@ahicls amPadid&Bi kelld in 96 hell pxsas] DNAgquahiiter i ¢ enzyne
(SEQ I D NO 21, ,328 aa), a(gjaﬁ]o acids 1-8 are the SV4 T-Aggml\lbs, am no acids
9- 129 ar eWEIREODAEqY! ackass Al conditipgs bysppismenfaion withan unrelate dand ani no

aci ds 132 38niR¢ fhe SRhApeAbRE ¥th& pROHREL NTraRtRR88 caflelt RRfe iIRABSLA WK S can be
used to prepare viruses according the nethod of the invention for use in a

vi r us 1@ onpdisiferidomhancastttesietipareagent erprocoghefarxiwpiditiarsef FSpupptemented
REPLI CATI Qi | T, : . 10Thi s
composi t 1 DR EoN PR e Bfit e ot LT P fobob T Aot R mctbtichy o

t r eat ment cals wdrdhssaRed fon tdpyrterpenackpyessieutsirg] Rramexy [Ruat LisdfdrassddtecGon kibng-t er m
non- progressors,, i.ndi vi dual s, whi ch. mai nt gi fur status for .several
decades V\na‘fcﬂg{'ﬂg 8 ths Jpanutacter tsénsiﬂ’%g,“s ﬂ'hﬁi,gl(ﬁg@ﬁlaflﬁ’elﬂ?tﬁﬂ?%a arﬁ(/)'e%@?/er al

resear ch giHtRs wahlubedas dom@l fo grhufstion effifiendye Wirsambliel Wereaiifblardyn t o HI V

(H'V NAb) are pl aced -
15 ° quadruplicate and standard errors of the mean were calculated.

A Coexpression of wild-type Fokl ablates expression of transgene more
effectively than delivery of Fokl protein

The amino acid sequence of the Fokl enzyme is provided in SEQ ID NO: 12,

20 wherein amino acids 1 to 387 are the DNA binding domain and amino acids 387 to 584 are
the catalytic domain. The codon optimized Fokl sequence is provided in SEQ ID NO:1.

Fig. 25 illustrates that wild-type FoklI effective ablated expression of the luciferase
reporter gene following contrasfection into HEK295 cells (Fig. 25A bar 2), while only partial
ablation was observed when Fokl protein was delivered to the cells (Fig. 25A, bar 3).

25 In a dose - dependent experiment, the Fokl expression vector contained the Fokl
catalytic domain fused to a zinc finger DNA binding domain (ZFHD). This construct, which
is 963 bp, is provided in SEQ ID NO: 21 and is composed of base pairs 1 to 366 bp ZFHD,
367 to 372 bp linker, and 373 to 963 bp Fokl catalytic domain. The resulting expression
product comprises amino acids 1 to 122 (ZFHD), amino acids 123-124 are a linker and

30  amino acids 125 to 321 are from the FokI catalytic domain. Fig. 25B illustrates that

increasing the concentration of Fokl resulted in dose dependent ablation of Luc reporter. No
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15between the inverted term nal repeats (I TRs) of the AAV. If the overall
size of the constructs are below 4.7 kb (including the two | TRs), they are
packaged woto11t126808AV capsi d. The AAV serotype capsid cirosars2evitioBo2depend of
the | evel of gene expression, the nethod of delivery and the extent of

bi odi stribution fromthe injection site required. In addition, the
constitutive pronoters used for expression of the H'V NAb (and potentially
t he 20part,s .of the inducible systemin the one .spall_ nolecul e situation)
woul d dep%bﬁﬁ“’&ﬁ“‘is%“? 'iegg‘lfg R %é‘gfrﬁf"'ﬁéf‘%ﬁhe ANSCHRIOD | SORHBNE Menpl e of a
pot ent i al tradsbdhie GdhisSHuehtidnN S MERERE cSREIR MPEPIE AABRIFokDEE be AAVY

adm ni stered by intravenous injection which would enable utilization of the
liver specific pronDteproviges supipriiprthe usealithedEA sustam psing 4 mansGetedf AAV
Vectors CKRIeRANMGIRNE spfhh Exilfioh BES  2RarddkprdR A Alntahifla EHLARI e

woul d | ead to I'ong-term high I'evel expression of one or re oadly H'V
NAb and weuKdeliveedad cellr al | oad and potentially prevent acquisition of HV.

AV veotor s at Ba udelitslie 8iBnBe g ek EHSH R IRH YRl or 1"
Cont ai nedthai DA ibytthe Zinod infydY - Heaieatismamuéfibctely histatdls \éxpressionlof Lueg ant i body

under control, of a constitutive pronoter, 30all ow ng expression to occur
rapi dly fPOB® 9'%dni ni stration of the vector. WD

2011/ 126808PCTH{ {34844 Botddss i 5leRiri 0 Sl rtTRY eithEtdnd TUR1 SR tic J@Sﬁ{i@ bgs

Follow ng the first signs of potential toxicity to the HV he first
snal | 19| amimeacids (FEQIBLING: . eoamspandingtosninopadidsd§e & Bl dedilblength t he

conponent f i ' 3SR 1 ' -ndi: mai n
T nked t oPERip b ARE(CH & A SEEbT ol Bl BB R s B bATT) Bace
enzyne. Thiwe@otbbrd EbkIpvEtehet thy bighest tanctrgrafion, thectafabtic darhaionf Békdshathf ur t her

toxicity to the H'V devel op. Lf toxicity |levels continue i se then
ot at ) off s NR 468 T R rls ittt o1 e ek 28t on of a
second smahimen®lepgndeteddioDtetaiedno POIN da higad wid ZRMD éfichivdly avlated an active

enzymf and abl ati OQ of H'V NAb gene expression. 10B, Heterodi ner and one
smal | ol &9FssionpEyci{rese renorer ip 8 dpicsierawdent gransronhen yisreasing eussngationsul d be

th I - 1aldmf ' ; c . Fol | owi
e el emegt 2r.en-F4§ ﬁ]ﬁ%%@}{‘ﬁla@mldﬂ@é%%&}aﬁsf’ééféf ﬁﬂ@qﬂg{% gll'l‘sggleé%arﬂ% ol 1 ow ng

[~
adm ni stration of the vectors, patients woulc nitored at
regul ar i nt er vahis sipporiside eseaif thedd T 4 systém auihe addjtional safety element provided
by a chimeric enzyme directed to specific ablation sites in a transcription unit containing a

transgene for delivery to the cell.

20
C. DNA binding specificity of chimeric Fokl can be reproducibly
changed by fusion with various classes of heterclogous DNA binding domains
and ablation of target fransgene can be further improved by addition of
heterologous NLS
25 This example illustrates that the zinc finger homeodomain (ZFHD) is not the only

domain suitable for altering the specificity of ablation mediated by a chimeric engineered

enzyme. Fokl effectively ablated expression of luciferase reporter in a dose dependent

manner when HTH DNA binding domain was fused to Fokl catalytic domain (Fig. 27A). In

a separate experiment (Fig. 27B), the activity of HTH-FokI was further improved by adding
30 heterologous NLS at the N-terminus of the HTH-Fokl coding sequence.
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to the H'V NAb devel ops then delivery of rapamycin or a rapal og woul d be

i npl enmented. 151V adm nistration of 1 ng/kg rapamycin/rapalog in the first

i nst ance wbt2hitzesopot enti al to i ncrease to repeated dosiPog/usouiig3dees
adm nistered to abl ate expression of the HV anti body. Toxicity and HV
anti body | evels would be closely nonitored until expression of the H 'V NAb
had reached undetectable |evels. Therefore, the ablation of gene expression

of the HI I rovj de, f swtch to.a expressi on
shoul d i nsur no%‘?%%&?%&t i@?aﬂggﬁﬁ.ﬁw&%’ ’S,&Pf“pﬁﬁf‘rglom'g{l\egﬁg?ﬁpat ents,
and pat enfrord | {aGalinca8Sontbinags), 4 Inkehibs 12pPYT ); akd OFok] astalyd dongdin A78Or i ty
application US Patent Application _No. 61/318, 755 and the Sequence Listing,
are her ebipSitmidarpyed Eipmgodgr-ansimired ikl iThe resuitipg ghimpreenzye 6FQ D Ben

| Nl v QU2 Bk 621159 0¢ AT HRREG, ZRARPLL SRR IS SRR 4l ¥ and

i ndi vidually 1ndicated to be 1 ncorporated by reference. Al though the
f or egdi ng(ammeeastds 60 - B&®. been described in sone detail by way of

illustration d e for r es. 0 ary of. unde ing, it wll
be readily apgﬁgseﬁ?’g{ightaﬁot?éc%s ﬁ@gﬁraﬁllg It/hag{ble H]\w Pfg@lﬂ%srée? {ﬁ%ﬁjﬂgﬁjl ght of the
t eachi ngschheridWdk taiMentproductbiadhangt baifsicnvamgmsthandassm df héteralogoss can be

made thereto w thout departing fromthe spirit o cope of  the appended
30cl ai ms. DNyndinaslomaspnpablationpf rges pnsg icﬁlhb"dé'ftg?ftlﬁg'?‘é’v?ﬂ lf‘yutge conposi tion

sui tabl e fHiionsiEoriaMelpBEbuS HRAGE IR atiBatWhisiRalt(ReSY Mgl 788 NeMEIRS #ePr | Ses:
(a) a first transcription unit that encodes a therapeutic product in

oper al0 vereadtsof caxtrpasfectipn ¢f REMNBY dreifasase with inceesping epnsertiaipRsc @pt i on, sai d
first tra L:RL | un| i 0 l 2t 1 bl shi ey and

(b & seoith pRfntThiodiHTR| @lply RDRR M AITHERARN 2102 224,50, 37 e
abl ati on metgmig).i Bre faittber is a capmi stowirer WemeEIMY LLocifenast hloae. prigrdBer , wher ei n

transcriptj nd/or ablation activity is.controlled by,a pharm gi cal
hgent | 2" phi Bl Fih Rt ot dns SeEpeR o B R BTH o m 1,
wher ei n safgkifrdic which it lisla LSt itk NG@iimisns nore than one abl ati on
recognition site. 3.The replication-defective virus conposition according

to cldm 1, wherein the genonme conprises nore than one abl ation recognition
site, sal q7”B5(KA4FtEE‘1?“e abl ation recognition site conprising a first
abl ati on recogni [

ion Site and a second ablation recognition site which
differs from saitiodghmst illahtasdiher, stherabinietic encymict kave bad¢rdmaderusing ther t her
conpri st ngecﬁniques described herein:
An AAV plasmid containing SV40 T-Ag NLS-Helix-turn-helix (HTH) from
20 Gin (192 bp, SEQ 1D NO:7), which includes the nuclear localization signal (1-24 bp) of
SV40 T-Ag and HTH from Gin, a serine recombinase (25 - 192 bp). In the resulting enzyme
(SEQ 1D NO:8), amino acids 1-8 are from the SV40 T-Ag NLS and amino acids 9-64 are the
HTH from Gin;
An AAYV plasmid containing SV40 T-Ag NLS-HTH-FokI Catalytic domain
25 (789 bp, SEQ ID NO:9), which includes the SV40 T-Ag NLS (bp 1-24), the HTH from Gin
{bp 25-192), a linker (bp 193-198), and the catalytic domain of the FokI (bp 199-789). In the
resulting chimeric enzyme (SEQ 1D NO:10), amino acids [-8 are from the SV40 T-Ag NLS,
amino acids 9-64 are HTH from Gin, amino acids 65-66 are linker residues, and amino acids
67-263 are the Fokl catalytic domain.
30 An AAV plasmid containing a SV4Q T-Ag NLS-ZFHD-Fokl catatytic

domain (984 bp) was prepared (SEQ ID NO: 23), which includes the SV40 T-Ag NLS (bp 1-
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first ablator specific for the first ablation recognition site and a second
abl at or specific for the second recognition site. 4. The

repl i cat iwo-2dgfeeto8ve virus conmposition of claim11l in wrCErUSReta0s@ns pti on
of the ablator is controlled by a regul atable system 5, The
replication-defective virus conposition of claim4 in which the regul atabl e
systemis selected froma tet-on/off system a tetR KRAB system a

yst em - alDaRApEPRees NoREAEGD 85 L st D ek ot R e H) R REL B0 at abl o
system  Méhaf b/ atid6 80R6¥T/ 14SROLWIGH hinericnzye(SESRID 19@{ 210828aH ect i ve

virus conposition of any of clainms 1 to 5 in which the ablator is selected
from the grvapeigbhdiasthhdyd T-AeNlchamingereadd 29 arethecdiitip mayen acids
rreganug:l CRRE131%re Anidel %gid;éspﬂlﬂram%d&ﬂﬂ%ﬁ?%arg p@i&l cmaﬁqé d&rﬂaih.he abl ati on
recognition site 1n the first transcription unit and exclises or abl ates DNA
and andi nt er f eThesgardNther aonsirbazganrbe usedrto arepam virsenseotdirgtthamethodsl t he RNA
transcript_of the first tr.anscription it r suppresses translation of
the Rua | InsitiepiiobisEim AR RSP PR Ral P TR SRR 7 The
replication-defective virus conposition of claiml in which the ablator is

Cr dth bl at i Lt ' ' P, h b is FLP and
the abi at f8nERAMRYE 150hSH bk RePRTION- DRRECTVE Y MRDSeT cctive virus

conpositi ?@ﬁﬁ%ﬂ?%ﬁﬁﬁ SMENT Ofgf@i n the ablator is a chineric

engi neer ed endonucl ease, erein the virus conposition conprises (i) a
first 18equenceThioupnpasitiog codié bEphtertiatiylised atlo sty methahbm ie Heddratmestsfe f used
to a bindi omaj.n.for, a first pharmacol ogi cal agent; and wherejn the
virus combbi RESAY. preaiyhentipmeanolier St laesmirsgeRuarsohabiRg « ne
nucl ease Ghad\gRait QRRTV" @iud foese@BdDIbdsdes ARBo: pefbssion @ ATDSChave bekpmai n for
the first pharnmacol ogi cal agent, wherein the first sequences (i) and the
second se _ﬂ%‘é”(YiSFﬁer%lrf@e%!tﬁOm- operative association with at |east one
promot er whi Ch ApQRARE kS FXBY & RARAIARERBEAy 1o Bt TREV NAR bieqidegn- def ecti ve

vi rus conposition acco di ng to claims, V\:th’EI n the chifmeric engi neered
endonuél edstaveesthe onverddtenhinl rdpeats dTBH)rnd e A i Hitheoriewllojzenf theadi ng frane in
the second transcripti it, said tr riptio nit, .furth conprising a
i ker  betosuaet fop bBiy A1 8 ctgBR i S ATRET B b8 ReckBietptB e oAV i B cor di ng
t o cl ai m &apsiheThei AAY beotgsopagsic ehosén wiliddpand of e loeboferaeexprdsyiomale an

i nduci bl e pro r. 11. The replication-defecti,ve virus conposition
accor di ng ™% og%)gﬁ?ﬂvgr,y A degrignt ?'O@f‘f’frﬂ’é‘P?’bg%‘Hé?eHB@?té’& SES EFGH 'j%se is

cont ai ned Juitibi, heSORAANE Emrw@mfdﬂ‘gx;ﬁrmm@ﬁhe HIV NAb (and potentia]ly the

WO2011/ 126808PCT/_U82011/0 0213 12. The replication-defective virus
conpogit i aartaeldbs wrvrdble &vstemaip thedne iall mlscda sitpatn) maldrdepend cgdbpiesieee and

t he secon of - ' ' ter and
the abi at oY BUEREAnRAHRGRE LIl e A AR I NFAARRAI®, 5T T1E
repli cati chesdefrecklibe AAN ¥ adsnicismged by intmrenacciojediongwiich amyd efablel ains 1 to 12,

wherei n the,codi ng,sequence. for th | at or further conprises a nuclear
| ocal i zat i@Hzag'ioﬁﬂgﬁhe ﬁg?fél’eé:ﬁ-‘@rmﬁ?tergr&?‘o the abl ator coding sequence. 14.
The replicati onn HEVERitieME alininikbraGOTGTOSA YV hvedtorf &:68¢s6th gnd & ndddy oftheeof cl ai ns
8 to 13, wherein the DNA bindi ngl donﬁinn i's ﬁ_eLected fromthe grou
consi 32t5! nd‘HHf“eﬁtr%]lZmB af‘f‘lj’ﬂji&ls wopld| f%@-t? B9TBY: Mig! leael%em of gpe, pr PP 8t ei ns,
B3, hel i X-4rQMaR, 1Bt NXb akid NGAE rdABld viral kM atiHotohtiallygH&chacghiBiBes of FIWM Nged
hel i x, POU dorai ns, and a honeodomnai n., o .

In this situation, individuals would receive intravenous injection of two AAV vectors at a

dose of 5x10' genome copies/kilogram of each vector. Contained within the two AAV

vectors would be the HIV neutralizing antibody under control of a constitutive promoter,

30  allowing expression to occur rapidly following administration of the vector.
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15. The replication-defective virus conposition according to any of clains
8 to 13, wherein the endonuclease is selected fromthe group consisting of
a type | Iwoestrizégo8on endonucl ease, an intron endonucl ease/Usand/os@13 ne or
tyrosi ne reconbi nases. 16. The replication-defective virus conposition
according to claim15, wherein said ablator is a chineric Fold enzyne. 17.
The replication-defective virus conposition of any one of clains 1 to 5 in
which the viral ge further, . conpri.ses a.third and a fourth transcription
unit, each encodi ng%gg'&f‘}%?’ia?&ﬂ?@%g}ﬁm e%‘f"e% transcription factor that -

regul ates an i nduciHallewingeefiretsigne bf pdietiabxbaitiof to the HIWNNGB, the first small( c) t he
third transcription unit $,codes t he. DNA bi ndi nfgt donmi n of the
transcri pBPlerls drug iould be agmingstesed o ifupyO @M BT camenenteeiibtc ol ogi cal

agent in QBRHEE e RERRIA DN Yhdhd dofrbin IIGTRIED AATRAP, linked ) the

fourth transcription unit encodes the activation domain of th

transcyi pthe oaialyaedamain efsesidernicizassienziimeg Tdredud 4llow thireysisheto hapoimedi cal

agent in ive ci.all. j_t p £r, . .

wepo11/ 12RBBBETHTLOBRERHh T sV E R P EIATBR B velssoryes s

conposi ti then diitiatib@bfMenddnucisheraetivitytwald berisucpd byrminginisiedtiop ©f a s&sednd he second
pronmoter of (d). are,ind ndently selected froma,constitut.i .pr oot er and
an i nduci BP%‘%%IB%EE@W Wﬁ'[f)g.wo*fﬁée%éé%ﬁe? e @Pé‘&tﬂ‘fe\)egzwerﬁ‘gaggﬂ%bﬁi on of
cl ai m 18, nwhend gand bgrdsdibt and second pronoters are both constitutive

pronoters and the pharnmacol ogi cal agent is a dinerizer that dinerizes the
domai h& of t heBt r andetergsimenandeneosmall molecyiée replicati on- defective virus

composi ti on_of ARl 3hdth 4 colAR LRI Ghpleliforl A dut] beHOBRIENs B t e second

fe
pronoters is an | nduc e pronoter. 211.3 The replication- ctive virus
conposi t i cipamjcimingucible syseinmEKBP and FRAPi.nFelfeivaing adienistitiod ofthd ARGUr t h

transcription units ar icistroni g unit, contajning an. 1RE r.furin-2A
2o " The | apireSevooR G g bt ERGR AL AR A v AR, 0 21 S
whi ch t hetghaHMSRIbaRd6s tR@aitivers of AR ot a@lipatbgveduid edmpRiheliod.
replication-defective virus conpositiqn of atgry one of clains I to 21 in .
whi ch1? he TV pdmistration pf Asve/kexgpamyean/rapalog ks Rt igdance piitg dhanofential ddnposi ti on
of any ongcRiaseth Apiied ddstheddouldbeainiisié 8@ toMMid SpRediGrLsrert MROMibg. gr oup
consi sting of AAVI AAVG, /§A\_/7, AAVE, AAV9 and r hEO. 24. The

repl i cati on- defledeitnandily pstibaspeysistyogle kerclasply mymiorsd uatil gxprassionefthg i n

whi ch the gpﬁ I | i V. i hat
neutrali zéfébﬁ i 'r#éeagbefa\r}?ltg %/{?&%H(% Iﬁb Sea@{ggg% ’aﬂr]é)gebrll%%%ﬁggﬁle Ig?%vn\;/tﬁ %?P{'gct or

r ecept or - HIY$VAH waild pieaicit asafetly IsvitciRaablate geié expressibn shobidkesugnauntablef act or

(I GF) ,.hepatocyte grom h factor (HOF), hene oxygenase-1 (HO- 1), or nerve
gr owt HOf adPEFYORRSE) |

All publications, patents, and patent applications cited in this application, as well as
priority application US Patent Application No. 61/318,755 and the Sequence Listing, are
hereby incorporated by reference in their entireties as if each individual publication or patent

25  application were specifically and individually indicated to be incorporated by reference.
Although the foregoing invention has been described in some detail by way of illustration
and example for purposes of clarity of understanding, it will be readily apparent to those of
ordinary skill in the art in light of the teachings of this invention that certain changes and
modifications can be made thereto without departing from the spirit or scope of the appended

30  claims.
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WO 2011/ 126808PCT/ US2011/ 030213 25. The replication-defective virus
conposition of any one of clainms | to 25 in which the first transcription
unit and wbeosi¢ieesed transcription unit are on different Peirskodosehs in the
conposition. 26. The replication-defective virus conposition of any one of
claims Ito 25 in which the first transcription unit and the second
transcription unit are in a first viral stock and the a second viral stock
conprises a second ablator(s). 27.A reconbi nant DNA construct conprising a

first an?mafggcimis?tl on unit flanked by packagi ng signals of a viral

genone, a) a first transcription unit that encodes a

t herapeutic product in operative association with a pronoter that controls
transcription, said first transcription unit contajning at . |east one

abl ati on F-ecoghrapiigatiogidgisctivgryirus composifigy suilable fosvge mhwmae F\fbpﬁchdﬁW&wgt t hat
encodes afﬂe@#él%%&fmes& lifdsc for the at |east one ablation recognition site
in operative association wth a pronoter that induces transcription in
response to a (phar redretltmgsacitiomgatihat ep@dhatherpeutio poduaidn opsfatizt ai ns 27 in

whi ch th ’ i ng S | 5. f 1 .anki : i REIQR Uit an AAV 5'
e e BRI IR A SIS R BB BAEaD
cl ai m 28 adabidtion Fechfittiddife] ahBRs are AAV1, AAV6, AAV7, AAVE8, AAV9 or rhl0

| TRs. 30. The constryct of, claim28 in whic he first franscription
unit is flanke® by aﬁﬁ\‘if’“liif‘ﬁgs,maﬂ?i‘ L{Wé@@{}@ﬂ&ﬁ,aﬂtaglﬁﬂa SREHCf ?ﬂfb‘f %’qﬁt'roanscri ption

uni ts arepbdAticadidm etiteldsSociatidn Wit a BN RQNGhIrbIE ra®brigdoalaf¥/@8 1 n whi ch

the transcription units are contained in two or nore constructs.
WO2011/ 128d388peqivisiodenrotkgiy3 pharmacological agent.

2. The replication-defective virus composition according to claim 1, wherein said first

transcription unit contains more than one ablation recognition site.

3. The replication-defective virus composition according to claim 1, wherein the
genome comprises more than one ablation recognition site, said more than one ablation
recognition site comprising a first ablation recognition site and a second ablation recognition
site which differs from said first ablation recognition site, said virus further comprising a
first ablator specific for the first ablation recognition site and a second ablator specific for the

second recognition site.

4, The replication-defective virus composition of claim 1 in which transcription of the

ablator is controlled by a regulatable system.

5, The replication-defective virus composition of claim 4 in which the regulatable
system is selected from a tet-on/off system, a tetR-KRAB system, a mifepristone (RU486)
regulatable system, a tamoxifen-dependent regulatable system, a rapamycin - regulatable

system, or an ecdysone-based regulatable system.
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32. The DNA construct of anyone of clains 27 to 31 in which the therapeutic
product is an anti body or antibody fragnment that neutralizes HV

i nfectiviwg,2os0i26898e vascul ar endot helial growth factor PCEASPA10MN3@R13
(sFlt-1), Factor VIII, Factor IX, insulin like gromh factor (1GF),

hepat ocyte grow h factor (1-1GF), hene oxygenase-1(1-10-1), or nerve growh
factor (NGF). 33. The DNA construct of claim32 in which the pronpter that
controls transcription of the therapeutic product is a constitutive
pronoter, a ti.ssue-specifi.c.pranoter, a.cell-specifi¢c promter, an

i nduci bl eSpr onbtedFRlcg ‘3369”8 YIS cPaRosEea;ol any Cg’mfa%@{@“‘g‘d@%. 34. A
et hod f0£b15t6[q_§1§dlé&€bd&‘ﬂﬁfﬂh@h@b?@onﬁﬁﬁh’é&farﬂ@ﬁ@:ﬂﬁfeﬁ%e‘ PRecbhibidasByTaAN SUbj ect,
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located 5 or 3” to the ablator coding sequence.

14, The replication-defective viras composition according to any one of claims 8 to 13,
wherein the DNA binding domain is selected from the group consisting of a zinc finger,
helix-turn-helix, a HMG-Box, Stat proteins, B3, helix-loop-helix, winged helix-turn-helix,

leucine zipper, a winged helix, POU domains,and a homeodomain.

15.  The replication-defective virus composition according to any of claims 8 to 13,
wherein the endonuclease is selected from the group consisting of a type II restriction

endonuclease, an intron endonuclease, and serine or tyrosine recombinases.

16.  The replication-defective virus composition according to claim 15, wherein said

ablator is a chimeric FokI enzyme.

17. The replication-defective virus composition of any one of claims 1 to 5 in which the
viral genome further comprises a third and a fourth transcription unit, each encoding a
dimerizable domain of a transcription factor that regulates an inducible promoter for the
ablator, in which;

(c) the third transcription unit encodes the DNA binding domain of the transcription
factor fused to a binding domain for the pharmacological agent in operative
association with a first promoter; and

{d) the fourth transcription unit encodes the activation domain of the transcription
factor fused to a binding domain for the pharmacological agent in operative

association with a second promoter.
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18.  The replication-defective virus composition of claim 17, wherein the first promoter
of (¢) and the second promoter of (d) are independently selected from a constitutive promoter

and an inducible promoter.

19.  The replication-defective virus composition of claim 18, wherein the first and second
promoters are both constitutive promoters and the pharmacological agent is a dimerizer that

dimerizes the domains of the transcription factor .

20. The replication-defective virus composition of claim 18, wherein one of the first

promoter and the second promoters is an inducible promoter.

21. The replication-defective virus composition of any of claims 17 to 20 in which the

third and fourth transcription units are a bicistronic unit containing an IRES or furin-2A.

22.  The replication-defective virus composition of any of claims 1 to 21 in which the

pharmacological agent is rapamycin or a rapalog.

22.  The replication-defective virus composition of any one of claims 1 to 21 in which the

virus is an AAV.

23. The replication-defective virus composition of any one of claims 1 to 21 in which the
AAYV is selected from the group consisting of AAVI, AAV6, AAV7, AAVE, AAVY and
rhl0.

24.  The replication-defective virus composition of any one of claims 1 to 23 in which the
therapeutic product is an antibody or antibody fragment that neutralizes HIV infectivity,
soluble vascular endothelial growth factor receptor-1 (sFlt-1), Factor VIII, Factor IX,

insulin like growth factor (IGF), hepatocyte growth factor (HGF), heme oxygenase-1 (HO-
1), or nerve growth factor (NGF).
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25.  The replication-defective virus composition of any one of claims 1 10 25 in which the
first transcription unit and the second transcription unit are on different viral stocks in the

composition.

26.  The replication-defective virus composition of any one of claims 1 to 25 in which the
first transcription unit and the second transcription unit are in a first viral stock and the a

second viral stock comprises a second ablator(s).

27. A recombinant DNA construct comprising a first and second transcription unit
flanked by packaging signals of a viral genome, in which:

(a) a first transcription unit that encodes a therapeutic product in operative
association with a promoter that controls transcription, said first transcription unit containing
at least one ablation recognition site; and

(b) a second transcription unit that encodes an ablator specific for the at least one
ablation recognition site in operative association with a promoter that induces transcription

in response to a pharmacological agent.

28.  The DNA construct of claims 27 in which the packaging signals flanking the
transcription units are an AAV 5’ inverted terminal repeats (ITR) and a AAV 37 ITR.

29. The DNA construct of claim 28 in which the AAV ITRs are AAV1, AAV6, AAV7,
AAVS, AAV9 or rh10 ITRs.

30. The DNA construct of claim 28 in which the first transcription unit is flanked by
AAV ITRs, and the second, third and fourth transcription units are flanked by AAV ITRs.

31. The DNA construct of claim 28 in which the transcription units are contained in two

or more DNA constructs.
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32.  The DNA construct of anyone of claims 27 to 31 in which the therapeutic product is
an antibody or antibody fragment that neutralizes HIV infectivity, soluble vascular
endothelial growth factor receptor-1 (sFlt-1), Factor VIIT, Factor 1X, insulin like growth
factor (IGF), hepatocyte growth factor (HGF), heme oxygenase-1 (HO-1), or nerve growth
factor (NGF).

33.  The DNA construct of claim 32 in which the promoter that controls transcription of
the therapeutic product is a constitutive promoter, a tissue-specific promoter, a cell-specific

promoter, an inducible promoter, or a promoter responsive to physiologic cues.

34. A method for treating age-related macular degeneration in a human subject,
comprising administering an effective amount of the replication-defective virus composition

of any one of claims 1 to 26, in which the therapeutic product is a VEGF antagonist.

35. A method for treating hemophilia A in a human subject, comprising administering an
effective amount of the replication-defective virus composition of any one of claims 1 to 26,

in which the therapeutic product is Factor VIIL.

36. A method for treating hemophilia B in a human subject, comprising administering an
effective amount of the replication-defective virus composition of anyone of claims 1 to 26,

in which the therapeutic product is Factor IX.

37. A method for treating congestive heart failure in a human subject, comprising
administering an effective amount of the replication-defective virus composition of anyone

of claims 1 to 26, in which the therapeutic product is insulin like growth factor or hepatocyte

growth factor.

38. A method for treating a central nervous system disorder in a human subject,
comprising administering an effective amount of the replication-defective virus composition

of anyone of claims 1 to 26, in which the therapeutic product is nerve growth factor.
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39. A method for treating HIV infection in a human subject, comprising administering an
effective amount of the replication-defective virus composition of any one of claims 1 to 26,

in which the therapeutic product is a neutralizing antibody against HIV.

40.  The method of anyone of claims 35 to 39 in which the replication-defective virus is

selected from the group consisting of AAVI, AAV6, AAV7, AAVS, AAV9 and rh10.

41. A replication-defective virus according to any one of claims 1 to 26, for use in

controlling delivery of the transgene product.

42. A replication-defective virus according to claim 42, wherein the therapeutic product
is selected from the group consisting of a VEGF antagonist, Factor LX, Factor VIII, insulin
like growth factor, hepatocyte growth factor, nerve growth factor, and a neutralizing

antibody against HIV.

43. A genetically engineered cell, comprising a replication-defective virus according to

any one of claims 1 to 26 or a DNA construct according to any one of claims 27 to 33.

44.  The genetically engineered cell according to claim 43, which is cell is selected from

a plant, bacterial or non-human mammalian cell,

43, A method of determining when to administer a pharmacological agent for ablating a
therapeutic product to a subject who received the replication-defective virus of any one of
claims 1 to 26 encoding a therapeutic product and an ablator, comprising: ( a) detecting
expression of the therapeutic product in a tissue sample obtained from the patient, and (b)
detecting a side effect associated with the presence of the therapeutic product in said subject,
wherein detection of a side effect associated with the presence of the therapeutic product in
said subject indicates a need to administer the pharmacological agent that induces expression

of the ablator.
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46. A method of determining when to administer a pharmacological agent for ablating a
therapeutic product to a subject who received the replication-defective virus composition of
any one of claims 1 to 26 encoding a therapeutic product and an ablator, comprising:
detecting the level of a biochemical marker of toxicity associated with the presence of the
therapeutic product in a tissue sample obtained from said subject, wherein the level of said
marker reflecting toxicity indicates a need to administer the pharmacological agent that

induces expression of the ablator.

47.  The method of claim 45 or 46, further comprising: determining the presence of DNA
encoding the therapeutic gene product, its RNA transcript, or its encoded protein in a tissue
sample from the subject subsequent to treatment with the pharmacological agent that
induces expression of the ablator, wherein the presence of the DNA encoding the
therapeutic gene product, its RNA transcript, or its encoded protein indicates a need for a

repeat treatment with the pharmacological agent that induces expression of the ablator.
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