METHODS AND COMPOSITIONS FOR INCREASED TRANSGENE EXPRESSION

STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER FEDERALLY SPONSORED
RESEARCH [0001]Not applicable. TECHNICAL FIELD 100021The present invention relates generally
to improved methods and compositions for expressing exogenous nucleic acids in cells, and more
particularly to improved expression of exogenous genetic material in human immune cells using
adenoviral vectors. BACKGROUND 100031Reliable transgene expression in immune effector cells
such as T cells can provide needed insight into immunological mechanisms, and would also help

oo wel oo SRS AT EN BRGNS A e AR SRR R =

however, stable and effective transgene expression in T cells has proven to heart elusive goal, often
requiring hit-or-miss experimenjaiiokNirnwedrasiakisbad) vrexampighat transduction of resting
primary T lymphocytes with viral vectors, such as retroviral derived vectors, generally results in very
low efficiencies [Yamash e QER P A 487:88-93]. Accordingly, studies
in retrovirghppgfliated genre dfpnistango primary T lymphocytes over the past ten years have examined a
number of different strategies to improve transduction efficiencies, leaving the even greater hurdle of
satisfactory transgene expression as a more distant goal. [00041With respect to viral systems
providing permanent integration into the h@3CEINIC AdsHhE&R shown that T cell activation in
conjunctiop,xi Ientivir’alh % 1 ignifi j [ .g.,
Unutmaz g’ éﬁ&? 1 Exp e%iﬁig %?E%%Eﬁl%g%ﬁ%%ﬁ%ﬁﬁ@g@ q%yt‘{\%%l?é%%gg%ﬁﬁme
72(6):488 200 2x MossielreuesdnaCeneciRACEE 0D wHE; AT Mot o ikt W ImpERes FEPTSHI0R Aug;
1007):1446¢ 570 Lih 61 Abent GRS M0 GRIA(0L 06 (3B aiRh¥rand et al., for example,
independently réported that both phytohemagluttinin (PHA) and anti-CD3/ antiCD28 costimulation of T
lymphocytes can improve lentiviral gene delivery efficiencies, demonstrating 80 to >99% transduction.
Despite these reported successes in transduB AQKEIRGEINN however, the actual levels of gene
expression gbtained by these researchers is inconclusive bas n the repoyt ata.
100051Un“9)9%.ﬂately, hg??é@éﬁ té?{bsﬁeﬁ%et’fﬁgﬁ’%%&%é 48 fest %rlﬁg}}lsg %%Bn%-g:rrgtgé?gtf\?g viral
systems hauey hiearesdedénpight énation®eelogigal Behhoriars: and Fopld elsmbslpzoeblonais? (6):53646.
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with adendViral vector , approaching only 45 pércent transduction, &gnificanély lower than that

obtained usiastiviraiolegicns ipmatlesicd ravslinys aigharestic Abeeimsnbaietupiibroved
methods apdl LomPYsitiens Cerelis Ol HigheHapsHRRe AR eHNNHAS hieRYs i ponriaingvatiealyiral

systems, e.g., to provide proteins of therapeutic, industrial, or research uses. The present invention

addressesahes APRFBIRE PHeI RIS GRRRTIREEH RO AT IS iesiehlishrrb fabr AR 4 Mbm the surprising
finding that,anl £elk&Po SHRMAPRARIETRI itk pikseriaraimbDi dwoed atlyasienrsiialfdmitd improves
adenoviralmediated transduction of T cer\ls with exo e:@ls nu%l?ic a&' S g&lrgdnﬁbons.li,gig%tﬁcpgg,
produces HiEHB R eI IEFESIR AT RE R Ao FETRoEa AT, TRE Eipositions®and methods
described hgiaialawgeosicraaseritnghsisnt expnassioviral-and exabeseusasefynénparimany T cell.
Accordingly, the need for an integrating vector (retrovirus o jvi j r n cause
insertional ﬁﬂﬁ?a&%ﬂ%%i%"&? %%%%%3 %‘%%ggloﬁx u\é}{téc?sr%oﬁs‘llﬁ{(}}rye% ec:[fsy(,¥ %ﬁglsl}én%{r?a%g%@?n addition, the
ability to trémpient\rexplesmoxdfeiroussdeprang ds sy narstan iyl vifieatisiasiory SesrReERel|

popuIation%xf%sgmglg%m%mlégglgenic peptides may be cleared out before the host immune
system can rﬁount a response. Thus, as described herein, the exogenous mqglecule may be any

diagnostic 1084herapeuliéivhatereat orinte RISETIS REPHGAG RETRBVEN HRIGRSABH RIS hOL, treating
and/or pre\é%miﬂg@s Wide viarietnefcopditine ane disRigerttion with lentiviral transduction can

significantly improve gene delivery to T cells. See, e.g., Unutmaz et al., ] Exp Med. 1999
Jun 7;189(11):1735-46; Pollock et al,, J. Virology, 1998 Jun;72(6):4882-92; Costello et al.,
Gene Ther. 2000 Apr:7(7):596-604; Bai et al., Gene Ther. 2003 Aug; 10(17):1446-57; Lu et
al., J Gene Med. 2004 Sep;6(9):963-73. Bai et. al. and Lu et. al., for example, independently

reported that both phytohemagluttinin (PHA) and anti-CD3/ antiCD28 costimulation of T

lymphocytes can improve lentiviral gene delivery efficiencies, demonstrating 80 to >99%



(00071In one aspect, methods for increasing expression of an exogenous nucleic acid in T cells are
provided, comprising 1) activating a population of T cells in vitro or ex vivo with a co-stimulatory signal
produced by at least a first and second co-stimulatory agent; and 2) contacting said activated T cell
population with an adenoviral expression vector comprising said exogenous nucleic acid; wherein said
contacting results in expression of a transgene encoded by the exogenous nucleic acid in greater than
50% of saichmctiveted Despits theseneperntduonicnesststietBradihesian@Biticicgshowreegrotheretddodiment,
the T cel j2.2,08F JLeel [DOGRIN B piEleHP el badingdts ihecosiitvipaniianald elifies activation

In I
ofthe T ce?IvFecgp%Reder}f rg?rsllp oys a co-s{)t??nu%?ory agent comprising a CD3 lig particularly

preferred datbodiment, the CD3 ligand comprises an anti-CD3 antibody. In certain embodiments,

expressiofyghde endogagHa AL RaIRaskARALS 1y RAbfelrhal BRles rRIRIERAY Abjeast about five

fold greate even more preferably at least about six fold greater as compared to T cell activated
with PHA HiieBmitine issl s ypamashaseierm mera amnmalive St 2 8o oM ibitriePembodiment, the

co-stimulatepysignabalspuinehides auti aipm oS tha &PABd ¢ PRIDLARE he ol Watpr agent
further comprises a CD28 ligand. In a particylarly preferred embodiment the CD28 li andlC(a@prises a
CD28 antiB8d§S HBRENAEF I FARO LA RHERY WL AOSBRH ¥ Ay RPIaRRET cSMYrises IL- 15.

In anothengliginatircrhadisiantichel ¢ tostémblat oyt sibraahéd ki demtiitaéseatieed@husll. 100111In
a preferreq embodiment, the adenpoviral expression vector js pseudot to enh %gggpg of
it =3 R e O AR AR R SR
compriseshigiqurengesdromr a3l adensiitemelymvirgaitens. edbiuitvide Protaass

sequence f 3 I A0GHBGLTIOGE I e 0STH09hES RIS AR RIS BSIREComprises

sequences from Ad 11 adenoviruses. [00121In one aspect, the exogenous nucleic acid
encodes ah@fdgnostic molecule such as, e.g. a fluorescent protein (e.g., GFP or RFP). [0013]In
another aspect, the exogenous nucleic acid encodes a therapeutic molecule such as, e.g., an RNA
molecule or a therapeutic protein. In preferred emhbodi ts, the therapeutic protein is selected from
the group consisting of hormones, enzymes, cé@ﬁ@,ﬁemokines, antibodies, mitogenic factors,
growth factggesplifferentigtiopréeaioiaydatitorddrfteefroinghenginysiesiindag tnstiafluesicing cell

apoptosis, and factors, infl enfiﬁlg?i[gg%rrr{l%igﬁ 0c gf I]Q”ﬁﬂ} thS#ﬂ?Bﬁ%}}ﬂﬁp%Q&eﬂﬁ%Q%@ip acid

encodes fSF WL EERpAbIE O didrupting, enhaneing or altering endogenous gene expression
such as, emedtrermserptitntiastef I cehvvlithsasgtnquetorieit epboentheneee invekeibhous nucleic

acid encodes {013 B J9ERIRTEIMAR FRUHIBA SBRARIRTRbERE M RaRiakaigi irdirected to

CCR5. 108 n another aspect, the exogenous nucleic acid sequence may produce one or more

non-codindrstndsissesibed berinposhonmere RKBRSIEBISSPIESSIa Ol SMFFABHTRHS Sequence

in any T cell. Accordingly, the need for an integrating vector (retrovirus or lentivirus), which
vectors can cause insertional mutagenesis or variegated expression due to position effects, is
eliminated. In addition, the ability to transiently express exogenous sequences in T cells may
provide for more stable cell populations, for example in that immunogenic peptides may be
cleared out before the host immune system can mount a response. Thus, as described herein,
the exogenous molecule may be any diagnostic or a therapeutic molecule of interest, thus
providing novel methods of diagnosing, treating and/or preventing a wide variety of
conditions and disorders.

[0007] In one aspect, methods for increasing expression of an exogenous nucleic acid
in T cells are provided, comprising 1) activating a population of T cells in vitro or ex vivo
with a co-stimulatory signal produced by at least a first and second co-stimulatory agent; and
2) contacting said activated T cell population with an adenoviral expression vector
comprising said exogenous nucleic acid; wherein said contacting results in expression of a

transgene encoded by the exogenous nucleic acid in greater than 50% of said activated T



RNAs (shRNAs), small interfering RNAs (siRNAs), inhibitory RNAs (RNAis), microRNAs (miRNAs),
etc.). [0016]In one aspect, the invention provides an improved method of integrating an exogenous
sequence into a T cell, said method comprising: a) activating said T cell with a co-stimulatory signal;
“and exposing said activated T cell to an adenoviral vector comprising said exogenous sequence, for
example, using ZFN-mediated targeted integration. In certain embodiments, the integration of the

exogenougelsqleABe snbedemsntienT rebiss SE% tefitstntmedeiranedumeatdisdusivséh e.g.,
70%, 71%g1R8%T €390, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,

87%, 88%, 89%, 90%). [0017]In one aspect, kits for expressing and/or integrating.arn.exogenous
sequence@p?s(l,ells areiﬂﬁgfaéﬁ'sgﬁfﬂig%@%g&?iﬁ?fﬁﬁm A rﬁ%&aifélgi'?f{%&%gr%ﬂnang%n
adenovirafiexir essipRy astoén{PRISHr estnasipett, spethodsywidlepy i@ htigandoderaous gene in a cell
are provided comprising.expressing.at least inc finger nuclease in. ell according to any of the
methods %Eﬁggﬁ%%rr%ﬁs %lﬂstfﬂglt @2%1%?‘28@13%{1 e%'é’@?ss)e%%%%%‘g? R%agﬁ 8‘§én¥)ﬁus gene. In
certain empodimentsdineaiscofipgssinucitdeeniogresia mm@ﬁh@aq@@em@lmm@@ in HIV
enty nto o8l 60 R BN} AN RIRAENS, e e PRy SopsR e

glucocortigél receptor us, also provided are methods of preventing and/or treating HIV by
expressingraBT R-Samaird teifcorHget nierid FHdpedier fetinktonsduseinyit &1l immune
function dygpg,gltgqeerticoid treatment by cleaving a OR are also provided. [0019]Additional features
and advanta@)es of the invention will be set forth {# the detailed descri%icin which, follows, and in part

will be realfifP8bparent 1 amsefeariieabadimeth o AP TP R HBR O P FOJBEHICE f)tyl/vf)ipé)&icing the
invention gy grSciReddiepain, inelidiog-shisdatateapdmshiriyioronpeizdoli @Y dhigaidinis,aas well as

the appended. figures. [0020])t is to be under hat both the fore eral description and the
following d@‘[ﬁ“’é%iaﬁ%s&}[ﬁgﬁb‘# Bf%]%% PSS %ﬁr@r%%ﬂﬁg%n\?e%sﬁgﬁ ,@%gagrlgﬁl}ﬁ?é‘ﬁded. to provide an
overview qobEopework fiorannderstaidi nglblodinmqrdxamd—sﬁammer)tﬂgh@ @v@ntimﬁ%@aimed.
The accompanying dravings.are. DGHISH 18.PiRYIde. A WHABH U IRRHIRG o1 ey aalins. and are

incorporaté 0 and constitute a part of this specification. The figures illustrate various embodiments
of the inveetibn, and together with the description serve to explain the principles and operations of the

invention. GRIFF DESGRIFTLAN QR biaiRBAWINGS R hisstsoh Histiaesstansgpiation and
expression of GFP in primary T lymphocytes using_ either Ad5 oy Ad51F3556FP‘§den%éiral vectors,

following aeshenssrarsasiamaldnBapEe S Bantistilied" RLIRGHTDLIRR BEWINBE, are graphs
illustrating jrRRgJcleRpRAdiBX RS QBaHRIes abGukRtis EM-AdeimdgidgSeitmnAdsar AnB/F35 GFP

e A B S Rl R s (o
adenovirus expression vector comprises sequences from Ad5 and Ad 11 adenoviruses.
[0012] In one aspect, the exogenous nucleic acid encodes a diagnostic molecule such
as, e.g. a fluorescent protein (e.g., GFP or RFP).

[0013] In another aspect, the exogenous nucleic acid encodes a therapeutic molecule
such as, e.g., an RNA molecule or a therapeutic protein. In preferred embodiments, the
therapeutic protein is selected from the group consisting of hormones, enzymes, cytokines,
chemokines, antibodies, mitogenic factors, growth factors, differentiation factors, factors
influencing angiogenesis, factors influencing cell apoptosis, and factors influencing
inflammation.

[0014] In another aspect, the exogenous nucleic acid encodes for a molecule capable
of disrupting, enhancing or altering endogenous gene expression such as, e.g., transcription
factors or nucleases. In preferred embodiments, the exogenous nucleic acid encodes for a
zinc finger protein. In a particular embodiment, the zinc finger protein is directed to CCRS.
{0015] In another aspect, the exogenous nucleic acid sequence may produce one or

more non-coding sequences, for example, one or more RNA molecules (e.g., small hairpin



using 2 different lots of Ad5/F35 GFP adenoviral vectors, following activation with antiCD3/anti-CD28
antibodies, in either primary T lymphocytes (Fig. 3A); or CD4+ cells (Fig. 3B). 100241Figure 4 is a
graph illustrating transduction obtained in CD4+ cells over time, following activation with either PHA or
anti-CD3/anti-CD28 antibodies at MOls of 30 or 100. [0025]Figure 5, panels A and B, are graphs
depicting transduction (Fig. 5A‘) and expression (Fig. 5B) of GFP Day | after transduction_.in CD4+ cells

using AdsHE3SsEHBNAshsvall terfsrngdibiahG IR0 sk drhihtiosit ANA S oPUETEBRNSANtG-CD28
antibodiegnfRAIHIGS .6, panels A and B, are graphs depicting transduction (Fig. 6A) and expression

(Fig. 6B) of GEP Day 2 after transdugtian in CD4+ cells using Ad51F35 GFP adenoviral vectors,
following igﬁ&gflon with 2R ABER | eZ‘%YGEHﬁ&%fdf{?ﬁ&'b%pé?\‘ﬁ%&%t&%gﬁfﬁﬁf}%?I}s a graph
depicting &fdgeaspsesgicnalitaned el Bdd celisodwemnipmisifglajany adibigatioh Tkl eitter PHA or
anti-CD3/anti-CD28 antibodies each the indic of either 30 or 10 81Fi illustrates
T-cell expgcr)]g“l%rﬁ“ésteoﬂi rsr%%r}afgl?g\iﬁ%xgo %Séﬂga%ﬁ)@ng?vglmmé%ﬁfe?gm %} %ﬁ%&%@}a%ﬂ%qé Déggll%ﬁ%%dies each
at MOls of8dE3 @B mus6eqjooe feinanplpansis ARhmerisiedviamgated épraratiotifférassdstin CCR5

gene modifigationin £ 0 TGRS FIPLIRLIS RANE SUESLRTS seIiparRingdingeinsiclease directed
to CCR5 when pre-stimulated with either PHA or anti-CD3/anti-CD28 antibodies. Lane 1 shows

non-trans@Beignteins nins 2renvwiuecbresheisanded wilvar Kas 185 Brieotiny B 18%e 3 shows

cells transginged withysfNsotar e ings ive, BRR8ATNEs eS80V S8t snsdorgd with ZFNs
targeting CCR5, and lane 5 shows cells gansduce.d with a second set of CCR5 ZFNs. CCR5 and

IL2Ry-tard B ZENs ar GBE &SR, KOP AL TRPIESSIRE RS RAABISET bR AR BYSFESHS ANOL WS
2007/1399B2¢1R0AS/PATRY antpiEh2R0/A841BG&rAbgent int ittt bed/ b qoeist dnd nechdetionjrah aliquot
of cells were harvested and genomic DNA harvested using the MasterPureTM DNA Purification Kit
(Epicentrecé%%%]ﬁﬁo‘igcdfg's). The level of ZFN activity in response to different activation conditions was
assessed [0h#asuringitheneffipiericinethgds efivicaifieatosadatenevtigtieisrscE ORENBIG%ing the

ri%%e(%%@?ﬁﬁ%% RENGIR I exantsdspust beneatipach1ang (Bl k&l

Surveyor 3%
DESCRIPTI?)% eference will now be made in detail to the present preferred embodiments of

the inventié\@}@é‘érﬂ?ﬁé%tﬁf‘\k}?ﬁéﬁ’aﬁ‘é‘hIﬁﬁ?ﬁfééiﬁtﬁ%gﬁ%ﬂ%ﬁémqﬁﬁ@smﬁ)mﬁesem
invention rglatesrio: BRiRQeH8AReATRAs HRR Qe ARIsa IR aves a gene encoding a receptor

involved in HIV entry into a cell (e.g., CCRS). In other embodiments, the zinc finger
nuclease(s) cleave(s) a glucocorticoid receptor (GR). Thus, also provided are methods of
preventing and/or treating HIV by expressing a CCR-5 binding zinc finger nuclease inaT
cell. Methods of retaining T cell immune function during glucocorticoid treatment by
cleaving a GR are also provided.

[0019] Additional features and advantages of the invention will be set forth in the
detailed description which follows, and in part will be readily apparent to those skilled in the
art from that description or recognized by practicing the invention as described herein,
including the detailed description which follows, the claims, as well as the appended figures.
[0020] It is to be understood that both the foregoing general description and the
following detailed description present embodiments of the invention, and are intended to
provide an overview or framework for understanding the nature and character of the
invention as it is claimed. The accompanying drawings are included to provide a further
understanding of the invention, and are incorporated into and constitute a part of this
specification. The figures illustrate various embodiments of the invention, and together with

the description serve to explain the principles and operations of the invention.



exogenous nucleic acids into T cells using non-integrative viral vectors such as, e.g., adenoviral
vectors, and particularly to the expression of transgenes contained therein. The invention is at least
partly based on the surprising results obtained with respect to high transgene expression as well as
transduction efficiency in T cells when activated with a co-stimulatory signal and transduced with
adenoviral vectors carrying the exogenous genetic mterial. 0032]0One aspect of the present invention

relates to methods for expressBgle il ErDR AW NG S referred embodiments, the

invention pygyiges impreyad-Mmefinodaiay talQRieng MUQGIadfR EIGEmRRI sisREPTINg a transgene
into a cell, where the transgene is expressed. An "exogenous hucleic aé:)%) can be.defjnedgfbany

nucleic ackiMRBENIES HsieochanAThardyERd G h 90 HER) YRLY Entod e e 8K BEBREE b duct.

Alternativeii D B%agarOS diftleiisscid sequence may produce one or more non-coding sequences,

for examp) e or mote RNA molecules (e,q,, small interfering RNAs (siRNAs), small hairpin RNAs
(shRNAs)ﬁﬁﬁ%itory Rl\ﬁg"(ﬁ%%ﬁgf eﬁﬁé&&@’s"‘(&%ﬁ SS}E S?E%t.i%ter aé‘)%g{d%tﬁ%nus aﬁéﬁ%ﬁ‘é%éﬁ)% may or
may not clyvesnifiGRD in SEUerdts (Bigs gere)atherids/ AU slpredsddattie tdlowigexample,
the ‘exo0enRuRia IRIGRGT MR RS GSRANAIA D 9ENG kAl fGuIcs TRty T cels, but ol

found or f8HRTO 2 lesser ex or'éxp ed to a lesser extent, in the T cells being transduced.
"Transgeri®023jused hdfignresie patslamaushBnansmohe tHutireting daasderting sl 58 @kpressed,

2., transqliped ARHAHANNAIEASIPR RAYRRRHORRINULE S IRBRNRHRAVAIRI prdkis also used
gea

interchan y herein with "exogenous genetic material.” 100331The term "nucleic acid’ as used
herein carClaféris-S BB ApHBeRiGs éb AR PRBSEHY I AYRRBYHIEHET8n Hih &F SHFE B 6 UBle-stranded

form. The =)0 is used to indicate, for example, genes, cDNAs, and mRNAs. For the purposes of the

present disclosure, these terms are not o.ﬁe construed as limiting with re to.the le Ilt%of a
polymer. T8 ms canFéﬁ'é'c')%'p'gé"ngéW ug}{gfg&,%asng WAt o %go ?d%easg,%sc\?vfglogggr?ﬂc €otides
that are maglifiednp dbgvatise witgeittan@dAphcsphaR3aote (32 Srydbatizs 2MOBI0§38 of a particular
nucleotide_ has the same base-pairing specificity; i.e., an analogue of A will base-pair with T. The term
also encompasses nucleic acids containing modified backbone residues or linkages, which are

synthetic, [a25hlly occuFiguredngansisinand|B, seeernly, toristipesasdutirbisgyhéfiftie, without
limitation, nggl%eggﬁoeﬂ 2405 P RASPRALAMIdRIGS R P oePINNQiRS ushisakds Aty Igipsphonates,

2-0-methyl ribonucleotides, peggg.e-nucl.elc.acids. (PNASs). [00341The T cells tran%fléjg§d by the
methods ofdpropiesdareierse fallsving ast wipmeidh gtheny’ RE AR AT herein, "T cell"

is used intgreiaaggably with "T lymphocyte.” In preferred embodiments, the T cell is a primary T

lymphocyte, more preferably a human primary. T lymphaqcyte. In some preferred.emhbagdi ts, the T
cell is a CIEEI. The F'Egﬂec%rf’ﬁﬂ%é %“gl%%%éﬁl%}&/a& IXtut %‘F% é&%‘r@él%%ﬁ s. T cells
for use in thg aesbiet(BRE®pitfahERDdyRathads madubtorbiaitiDd-anellonsivgos d8tFBY fEthods well
known in the art. Samples can be used immediately r : 4 mples can be
thawed anﬂggﬂﬁﬁ%% Yrgcg)ﬁfﬂ?)%}?ﬁén%%ﬁfg%}g o%%seé?ﬁgt{:ﬁc%/ rf% t{(ﬁyngeﬁ[fw}?c?s?,érﬁ%%v@nbiggthe art.
Co-Stimulatatipdsigrals 100351 The methods of the present invention involve activating the T cells with
a co- stimylgiany signal. fapeSf Ty Sipalh & e e Rtein Ghrimia meoominatd aeiivation
signal employing at least tio co-stimulatory agents. In preferred embodiments, the co-stimulatory
signal inclutiee, detiostiogmastivation ceteiBerSH AT ARl frR et anybalizt E%%‘]B?Fses a CD3

ligand, and,piefarahlyde antirkP3@stipgsly. In preferred embodiments for T cells, and CD4+ T cells in
particular, the co-stimulatory signal further inclltfes activation Z.f the CD28 rece[pton and the second

costimulatdAP2ent compiaiee & B8ty dnte LRI Bf R O S T A

ibody. In alternative
embodimegis o PERSH Incells3 i cOEuabodicsignal duM@Isintydés Hetivafion of the IL-15

receptor, a second.co-stiulato ent comprises IL-15..1n s gm%l [ antibodies
are provide%d@?i)eads su%“gé%Pg??é%l/ﬁagfgéfa%’%&éﬁ%g%ﬁﬁt@%g{%ﬂ% ar sﬁgg@c%.gg%%oselwmle
co-stimulatinadifithat G DBCIHHIDRY pethosass el 5ET A reer fors sptiviabtramse fegshnocEpe+ T cells,
as shown hireln. AUAORAL R BIARRIFIGRl IR anRs HERVBAME cosimutaton iimuaeal least two

distinct pathways (e.g. a mitogen signal and a signal associated with cell-cell contact)sto achjeve

complete ab#vatlomonscireisenydusedrelioliatid shans S s EARFALSEA VIR I ABRHS SREPLBR types,

using simils@slenayiahyaetos A RNRINWAIOZY RN GRPIRPTIRIR f Qi InRsticianealbixpe.
Examples include, but are not limited to, CD8+ T cells co-stimulated by anti-CD3 and CD%}B?Iigand
|

(4-1BBL) [Wansdtead with&fiNolarestoaflRs A8Eer6) a0 o 6e)s MBS AN LS ¥R Stated by
CD40OL and 1L4 [Fecteau et al.;1 Immunol. 2003 Nov 1;171(9):4621-91, and subsets of NIC cells
being co-stimulated by anti-CD94 antibodies and IL2 or IL15 [Voss et at., J. Immunol. 1998 Feb -
15,160(4):1618-26.1. Expression Vectors [0037]A furgher step of the present methods involves
exposing the activated cells to a vector carrying exogenous genetic material to be expressed. The
term "vector" as used herein refers to a carrier nucleic acid molecule into which a nucleic acid
sequence can be inserted for introduction into a cell where, in some embodiments, it can be replicated.

In preferred embodiments, the vector is an expression vector. By "expression vector” is meant a vector
containina the annronriate control ceaniiencac to nearmit trancerintion and ontionallyy tranclatinn of an



Adenoviruses contain a linear double-stranded DNA molecule of approximately 36,000 base pairs with
identical inverted terminal repeats ("ITRs") of approximately 90-140 base pairs. The exact length of the
ITRs depends on the adenovirus serotype. Adenoviruses have been used as vectors to achieve
transduction and transgene expression in various cell types by capitalizing on their mechanisms of
infection. For example, using Ad5 vectors, the initial step for successful infection is binding of

adenovirusfto @B $£Eblsc ANCR proddid Rrciaraased Hidagreeseribrst froexipapienanilplarprtess has a
trimeric StEHID(GIRUIRR Bo VD 2561185082, Riisali781 WahvRagiG/8askoSAA82) New triple
helical model for the shaft of the adenovirus fiber. J. Mol. Biol. 226, 1073-1084) with different lengths
dependindSiFte dansPersansdussions Tqurkalesils vsredravested ”dree 1888y Adenovirus 3
fiberpolypaatidsigeigng o Migadienseor tresruaivgion e (bscainteBiotetiptdgiEdirdibgy. 53,
672-678; Kidd, A. H.,,.Chrtboczek, J., Cusacgk, S., and.Ruigrok, R. W./H. (1993) Adenovirus type 40
virions cork?%ﬁ% @ﬁ&?&ﬁﬂ&‘%&é@%ﬁ%é@%%@feig?éﬂ)‘faﬁ%%? rﬁ%‘ lngti'/végsaﬁ’g%/Sg%%Yypeptides with
structurallynssuikam g\ lenef {2 itewrpiof, gout différBodtioidd|thstemogegionsCTRS frst8@mpihe acids at the N
terminus are_involved in ancharing.of the {i J., Ruigrok R. W. H.,
and Cusaﬁlgfyféggaxdﬁ%eﬁrﬁg%ﬁ er,0 %ﬁ?g%}%gﬁfﬁg \% %ggﬁgéﬁggg?g%%m (ed.), The molecular

repertoire of adenoviruses, |. Springer-Verlag, Berlin), especially the conserved FNPVYP region in the
tail (Amberg N., Mei Y. and Wadell G., 98 frippr 9e8€R ffaeppoviruses with tropism for the eye and
the genital tract. Virology 227: 239-244). The C-terminus, or "knob", is re‘zazponsible for initial interaction

. T
with the cdB0BM adenovitaierencegiol norebernedsimiBmbIghe sreab Ayl ah SRRt hel capsid

penton bagg andsedrseasgIReONRRICAdS st Aligalign athyinalinaiglessin coated pits and
endocytosis (Morgan, C., Rozenlcrantz, H. S., and Meoépis B. (1969 Structugéerat\nd velopment of

viruses asi®fbved in tﬁ%eéffécéﬁ%mﬁ?é‘,‘b%ﬁedéﬁ%.‘%m? AN O O PR oTIS  RFirol 4,
777-796; Sxepasams NichididksEne TRe(984)g hotrjntfzealéreovirais/2chots $deteasetls..Journal of

Virology. 51, 687-694; Varga, M. J eipull, €., and itt Jafect g way of
adenovirugjq%%vg 2 g%ﬁ?ﬁéﬁﬁ#%&%’&@o@f%&% re%%&#%%%%ﬁﬁgﬁg?ﬂﬁdjﬁ&%ﬁt? E’ and
Helenius, Av®Re)isStdpwsismdisaaatbtinghofsuruing tesPtd ehirinednitiniespenstodishy s 477-486;
Wickham, ok MebiRRBon GRS brasuaBtbhEMERALy fr Re 4129 RUNIeGrnEAVRE Rad.avbS

promote a Irus internalisation but not virus attachment. Cell 73, 309- 319). 1ntegrins are
ap-heterodivms Biony g band sansdused mith RABRY B 3SIpTS SRE LSS50 S5BAR B G nes, R. 0.
(1992) IntegsiRsversatility, modulation and signaling in cell adhesion. Cell 69, 11-25). The array of
integrins expressed in cells is complex and will vary between cellntly es.a d cellular environment.
Although thPRAbb contdiite aRAe! 85?&%?&?&%@‘6 IR R ETS R RS KB SFotems show a high
degree of wagghilitys indiertingdhiat Tiftdreningstefimmddusniendiptents sthis infG8oiSumedsther adenoviral

vectors may use other nisms.for entry. For e , . ' s Ad35,
iize o RS e e A A e Rt s e ol o,
pp. 1408-1#hak thhasnagsociserpuessmn sttt spenaisinwaiicaid Jerdadesipubae aansdsine
receptor specificit allgyyi H ansslidcti iR SiRia@s human
hematopogﬁédégh‘)sé%?éggﬁoe?@}: (2?(})(1\((%21113)%I %ﬁ@ﬁé@ﬁﬂﬁggﬁﬁ\%. 9, pp(.% 7&7%%% [0040]At least six
different subligouasiy gy hihmexpaeRIISVIHGEES HATSWBEICH FBAYL BERANSH IH PREWHY Bk iRtately 50

distinct adepQviris SeHMRRSIBESIEs MasRMABIsiRanIEisemalay: RNk AU @IRMges, have
been identified (see, e.g., Ishibashi, M. and Yasu§%(1198 ' den.ovi@es i{ﬁm%g,egngﬁg 12,
p497-561 )s%a%ﬁ%%%c%lﬁ%%%ﬁﬁ&w{lm'é% B 5 rBl6G! ARRVEREE L delérmined
by quantitatisaeuisalizasionodthay tnal snitserimesdions e rdelitpnierlewalmaethshuiss a certain
degree of cross-reaction between t iruses, distinctivenes se I8 |
emago AT TR £ Sk CRBARR Bk or o oRmes TERAE S ET e i o
or B) substagtiat bimpimtbidalibibcheswitel Hitkis e ooh DMl exfesnEiarlgskr exgniratiquet, C. M.,
Knudson, I%?cle‘:r'c%p&l BIRsEr é%%ﬁ&l&kf?éﬂ@ﬁ&iﬁagi dapemenglatyig Rbyisas.fithaenprt of the

international Committee on taxonomy of viruses. Arch. Viral. Sliﬁ)pl. 2, 140-144). Besides differences

towards theedemsdRiamycreanernetnehstis AHeBEERddNR eRRs ORSRIBRE Pl s! SerBRseaPaienoviruses
in subgroup(3/sHeRsAd2:a0d pelfrepchiopeitiecentErcgniots asclanpadtdstaladesdviruses from
subgroup B such as Ad3, Ad7, Ad %J,, Ad 14, Ad21,{.6\d34fea1%fl,Ad35 (see, e.g., Defer C., Belin M.,
Caillet-Bouti N BSEAB ISR D 1998 IR BFSWe B8V host cell interactions: comparative study
with members of subgroup B and C. Journal of Virology 64(8): 3661-3673; Gall J., Kass-Eisler A.,
Leinwand L. and Falck-Pedersen E., 1996. Adenovirus type 5 and 7 capsid chimera: fiber replacement
alters receptor tropism without affecting primary imm%ime neutralization epitopes. Journal of Virology
70(4): 2116-2123). [00411Pseudotyping of adenoviral vectors can be made possible primarily by
swapping the knob region of the fiber protein of one adenovirus serotype with that of another serotype
[Stevenson, J Virol. 1997 Jun;71(6):4782-90]. This type of fiber protein manipulation allows for

modification of the vector tropism, i.e., allows for transduction of a different range of cell types
INLziicnicht 2002 (Adenoviriie vectore containina chimeaerie tvvne B and tvwvne 2B fibar nroteaine avhihit




can be made to the adenoviral vector in the practice of some embodiments of the instant invention. For
example, in some embodiments, the adenoviral vector is modified such that the capacity of the
adenoviral nucleic acid to replicate in a target cell is reduced or disabled. In some embodiments, the
adenoviral nucleic acid is modified so that the capacity of a host immune system to mount an immune

response against adenoviral proteins encoded by the adenovirus nucleic acid is reduced or disabled.
In some elfiB3Himents, The tenovieidinaeidiceasitbdshareinfied mieasote drointebpatcisatids e host cell

genome. @l L AAFRE AEARAISRNES BOmalIBaaRRAUBARCTIY RtiGdRinigorate at least a
e

portion of adenoviral nucleic acid into the host celgzlgenome, e.g., via tar%eted homologous

recombindhBift4002 £1apekERF o RS BN AT HrpHBASTHalbe B Miowed to

transducedfieldseR)] s e XPORNG0IBE dotaisctDad Bnvie P Fithdies RN Elittae Sengitnbfe for
transduction, For e@mgle, T lymphocyte c]%ltures ca{;)eg%e inc bateéﬁt at[%)u 37 C, ?{K) CO2. A vector
can be saRPIEFanShE S (3N HRURRIRKDOLB BRI ! safs é@%se B, Brocess, e.q.,

receptor-madiededeanblacyrtosisdifigdibhidie pastichagaramtéée phoppbyte elloidsesulmgehanatnene detail

above, up f e adenovir ticles i r WO ss invalyi injgial
R T A S R
and the coksuidklesirpsintetholirdbe derapedso whetppsress preleinacideadsiaintogmegiiréell receptors,
faciltatingypieralizelianaled RERICL WRipled SRIRBA SRR GxamAle, dMipsihamanganism used

by A5 vectors. Other adenoviral vectors, e.g., AD5/35 vectors, utilize CD46 for entry. Adenovirus

vectors ca?FEJ‘é“Fégdi@ﬂéﬁ}?éﬁﬁf&ébcbéﬁfé%mﬂagq(h‘éWH‘}hI%ﬁ’é*?i?f’%rrR!W@Bﬁ?f’ﬁ%ﬁfl#y available kits
such as thenbéPnamnlihtc sttt pasHhohatds) i fa B9 pildapatitaesne-emiadiments of the instant

invention, Qge or more of the adenoyviral vsct&rﬁgﬁcribed herein are used in combination with other
approachdRABHFCHIASPSRUESPUSIE RS A WIdtEke of adenoviral and lentiviral vectors may be used

to achieve[@agduction TROTaEAstkasdurtd tyake incthedarbfveciorsapambentiddedrdireatly 10 the T
cells at varigus dilutions to achieve vary; multiplicities of infection), Forexamplervectors can
be diluted ?/v%rhocﬁ re met %?ﬁ an M If%?t 4(\eélgr?ﬂﬁrélé% of about I% tg)ég (%t%l%%% %?g:tious units per cell.
One advanymphebtsindd profarigsecotopdimeate theneehishaprmanhé viophesyisemeticed to levels

that are legg tRxigiiPHmaAR ﬂﬁﬁ%@%ﬂ@%%ﬂ%&&@%%&& atlsastillaghigvingeafiicient

adenovirus transduction an equate levél of transgene expression. 100471In some preferred

embodimeri4hehatheeli ssthean aterssigisathicontdarkitreaf-BhHR a2t eB¥s dntibodies
and transcisRdurNiBeAR Hds3bjveciarspoaliivngaierexnoes castaitainddaisitiigested by

100481Following transduction, the exogenous gene can then be.expressed in the T cells. As
described meg}%%i&%z ﬁWﬂ?&@)@ﬁh&%‘E@Sﬁﬁ? ES See%ﬁ%e RENSOIRTE Illr?é aéljrtnllrrl\a/élﬁ ion
provided sBrqzisinghypdeccun bx tieoted yridighBntecd nisgppepripiessidia bedels eanpareding that obtained
using metr}ggﬁo%e cribedigr&\éi%sly (e.g., using lentiviral gene delivery). Moreover, methods of some
embodiments OF the Instant invention produce at least about 3-fold, at least about 5-fold, at least about
10-fold, at least about I5-fold or at least about 20-fold improvement over using no T cell activation.
[0049]For %’ffi‘mﬁﬂfbﬂf%ﬁﬁﬁﬁg embodiments, the methods provided herein result in increased levels
of expression of the exo%enous gene as compared with methods previquslﬁéescribed in the art. For

example, H9%ds hereihhedneedsq Heemseabbueotiidnypissdstintine sl sl sy ithdpout

4-fold the lgyglpfiexPiRssioNCRIGIRRAUEING BRea sisatasyesicaNMoOsawaItBR DR Geatidavention
can also provide improved levels of expressign compared with knowp methods for activating the cells.
RRAEMARTY. ARSI P eBB e Ot

For examplHB Eb AT S /S SATH MG PR ABSPHE: 20 RIEHSES DBt fents of the
instant inveﬁﬂmmw@/%atihaﬂsﬁmwmm fabbﬁmﬁbmmbﬂld&hbﬁm abatinh:falckprgédeast
200Ut OO e nSares CSARRA SN, %esm?.-em%%ﬁ%etf%gg&&%%@ﬂg@g&ﬂ%@%&%&sgene

expressionc?énv%?ss%sre measgre Via mean rescent_lnten5|ty 0 , usm‘ a gene_as the
transgene TeoBS)]méid-ehpdtimarsicriethddsoistimulaeansignd fishgsiovlides trisatsiout 3-fold,

at least abyt gifqigh At Jeashabans 4 Qldes sy&mémtz?%we&ﬁpmgsmwy@h@mm@ne
expression when compared to @re-stlmulatlon with PHA or IL2. See, e %.pExamplegsé[érowded below

where tranBiésiatixsreddivk tihedhelsahematy Hrnhadiveniien LDSHd call %YPexpression of
a nucleasesgROs8E, A5t finRsgRdaIdiSR 6eRiIGI0NN thd 1L thatrdbepicatandhpeditiancs-in CCRS gene

modification.in CD4+ T cells exposed.tq Ad5/F35 vectors.carrying a zinc finger nucle directed to
CORS i T BV B AT RR o PORE STt O A T PP A uction
can result ieedtharchianstent DysudineddXPREIZH. (Whibie de Carlsbad, CA).
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transgene becomes stably integrated into a host's genome, for example, stable expression can be
obtained. In some applications, transient expression is more preferred. For example, one approach
involves using almost homologous sequences that differ from a region on the host's genome by one
nucleotide. Integration in such cases can occur at high frequencies, e.g., 1 in 10 or | in 20, but as cells
divide, the nucleotide difference is corrected. This approach can achieve high transduction efficiencies
and high H003@nsient trdfslpaestrprietisionf (BOS2IDmel TIRRAI patbveyr hwilleglisoedelbo gptimal
app"Ca“°%(%}HS&?&H%F&B%”PU%E}‘Q%&%%%é?éﬁ?,%ﬁ’ﬁdﬂ&?tﬁrﬁ%ﬁ%%jp”&ﬁH?n%kf?ﬁ&%d- For

example, methods of some embodiments of the pre_sent invention cah deliver nucleic acid sequences
that are useduitn epstisaloten thuersk adrastdnosheinctvatinrayrdpscAmairpen fgnalatdated include,

for examplg, aptamesaddheRe - RN Aot BMACRIfEFO BN a ARISRASARNALSERNASNRNA,

MiRNA and mRNA, Accordingly, another aspect of the instant invention relates to methogds for

transducingeedngessaber BersinmayroeapRiipabicd QeI SEd YRR ing HiBY A28 X H 8 denoviral
vector caréng i isueseganaaaenReand AireingthRveetpaltcaniesdneyte. ealhriflesqalitydectors and

-stimulat ' d ib b Iso b d with t.to thi f | tion.
Preterred BHRBULHES B7 56 GRRAn, HAUB A BRI A D S B ARG it
respect to [iteaducihg drogandu Genehy fatedal 8 T7ee06). | & exaphpipidn costiaalaisddiments,
transductionyigrat A%Bﬁggﬁv%&égﬁ/& at ;"?%ﬁ&%&g@%s %Ed@ﬁ?ﬁ@k{&@?f@?raﬁ 1381 2BpE80%,

efficient. Nucleic acid ery efficienties can be measured by various techniques known in the art.

Examples ¢aliienp gestimydatidboe anid Gl%¢ eptihndiey aodib Assdl 1 d b asreetivk, kitgoesdiAnother
aspect of theyingtant snMaREPNJYlyes kits for transducing T-cells and/or for expressing exogenous
genes in T-cells. Such kits ¢an be constructed by packaging the appropriate materials, including one
or rnorecompositions of the instant invention, 4 stt r" | 'as "I preferably with appropriate labels, in
suitable contglagionSisean also include additional reagents and materials (for example, suitable
buffers, salt solutions, etécégﬁg\l%ful for éc rryiniout tht%Péoced res andéonr f%crgg St ri&mgetﬁgtdgfgree of
transductidf%dd/or tran TR &L AP B LR HEnT (RERIIEBISE 1ReIidE a Sultable set of
instructionsqeesiaimingn dheptransditottn mackiial trahs gepecssedreEbtoiarm trotis dissclesdd herein.
[00541in sqime embednents 0 h R MAUSTRA IR BT WA Aaekanteqptov e ector, e.0.

and adenoviral expression vector. A "co-stimulatory agent" as used herein can refer to any compound,
compositionsertgst éopinirablation nieca tedreherprinsamacspbedinanio iy @8 S5 HiseRhilh of a T cell.
Examples include hitaig naidiniledeto DRt cpriabinibcaii-BP S apibadiesedisnds sraiad with

anti-CD3 and anti-CD28 antibodies, and IL-15, in combinations as described her&%(é?gg The
adenovirus'seieraeatainingtearPPEBHE HFIRERS BHUFRET IREIHEhEHEE AL A erein. In

preferred amhadimgpisaihaoansisas rieneimicedREESDpiatinnpsexteised totiacilitate

transduction of T cells, In a specific embpdiment, the vector cqmpris Ad51E35 .0 some
embodime EUERS 9B CROPLFSHPLFARESh &% *@%ﬁ(?ﬂ%pﬁéenseafgﬁnct‘roa ﬁ%ﬁgar?%ﬁ 3?%(%@@%%#1%1 T cells.
In other embdimentpréhmteeclurisxaropieatieitipoessitre Yorsigmaysam{ g, HITApteT SEARSERS is
provided with adenoviral sequences instruction. for. | ' QlbEy9 ice by the
user. 100581 55%]1\0/?{3%ﬁ%] newaric\gvﬁg?]eﬂjaogeﬁi{zhgr\l/r;a%lggj?ﬁu@gg %???ég%n?groved%ﬁgﬁéﬁand
compositioimsatstribadih ecislsedimmearipkx prsssindscoionelsn daghder e Hedardhat BEEEEd in ex vivo
applicationg. et Biebes iANSALCionRBiRacniRI#iErS RAPeIFGRLRaRducath:ANiMopigher

transgene expression levels are desired. Such applications include, hut are not limited tg gene

modificatioRNohafslebavidalicmeit géﬁémﬁé%&&%%ﬂéﬁhd'ﬁ%ﬁam&%ﬁ%@@%%g fiation
(miRNAs), etc.)

[0038] In more preferred embodiments, the vector is an adenoviral expression vector,

Adenoviruses contain a linear double-stranded DNA molecule of approximately 36,000 base
pairs with identical inverted terminal repeats (“ITRs") of approximately 90-140 base pairs.
The exact length of the ITRs depends on the adenovirus serotype. Adenoviruses have been
used as vectors to achieve transduction and transgene expression in various cell types by
capitalizing on their mechanisms of infection. For example, using Ad5 vectors, the initial

step for successful infection is binding of adenovirus to its target cell, a process mediated



100571With respect to gene modification, enhanced delivery and/or expression of nucleases can lead
to increased gene disruption, gene alteration, and/or targeted integration. For example, in such
applications the exogenous genetic material can comprise a nuclease such as zinc finger nucleases
(ZFN), discussed in more detail below, such as CCR5-ZFNs (8267 and 8196z) and the GR-ZFNs
(9674 and 9666). Integration may occur via NHEJ and/or through homologous directed repair donor

(HDR), evreygh theiofibeertwseinto gerdikstprateintbas teGoariarisdusctyigaten. defé- dhd/or randomly
disruptingQaeHCIaGE DR QY SaLSHYeNG N YI¢i99) mw&gmlﬁmﬁmiﬁaa%ymgmmologous

to the ZFN target site that can be used as the template for the HDR machinery. 100581In some

embodim@itdictaderarios Jdsg. fér MahdHattds- 8 thdiffryertdeneths ArRenttie Phir refers to
two bindingHamais Al NESUNOE ZNG{jReLS GIairiEetTditoig N {Z98S Yingaerywtais or "ZFP" refers
to a proteip having DNA binding domains th%t ar sttabilized %){ zig?f. The {ndivi ual IZ?N binding
domains AR RIRAY HAFHFRE ¢ %@%F\Eﬁ . SRS BR BEr Bhicalf s fingers, three
fingers, fouidingers sty neessioiddiafingeChrbarctekjdgel iads SroandRuigrébuRb¥sEhairs of DNA,
typically t r four base pairs.af DNA. A ZFP bind cleic g¢i Galled a target site or
target seg%%?ﬁﬁ é(égﬁof\{ hﬁé?’({}ﬁ%%ﬁ;ﬁé’é‘rsn%“ré%? Eﬁ"a‘ﬁéﬁé‘%‘?n%téﬁy ?gﬂglggﬁ%%?ﬁébhelaﬂng,
DNA-bindBiffsterd senatiypes haepn hipeptidestiv thatestesihgsonidas e CGriese prdret differom2 class)

is -Cys-(X)GdafPel M adAS- 003 fsHe QHRR5S S AMATIBA RGNS QRN aRhstHgIes have

demonstrated that a single zinc finger of this class consists of an alpha helix containing the two

invariant Hiktifitrs te Sheuresten-brerr Slabortrsihe RISHG RN Yhdn e f<t8ASE Pesidids of a single beta
]Eum (see, ﬁ&m&ﬁfeﬁ&%ﬁ ,p.SPBﬁ%@@%)ZZA:: 1@81?&%5aﬁi@?ﬁﬁomf@(leagn@nmb%mm@ep%&) ziné:
inger proteins are also described, for example.in U.S. Patent Nos. 7,27 7,262.054 and U.S.
Patent PUBI GBI RO bsEPAESN 8 SEORT RPN ABB SO B0t AR inding
domains cait berehginserakiorbing W aiplidtletasdinEbaugtectidfadeqorences Sath ogist. Br
Application Publicatijon No. 2007/0059.795. | of bediment , the zinc-finger pair can be
directed t%@%ﬂ% #1% ené%f%?%d?ﬁ%%%ﬁnn%%ﬁs?%sgﬁ é%%{grp%%?ﬁé%’égthlﬁggﬁcﬁnger pair
directed taGRRSibad@ nikidagertatior N)fintheresis rederdvirve icarpipecifitenisuntial CCR5 gene,
as elaborajgelon. . A000ANGY YRk RINAIRDR SomalrRAYkhB desbies ipmapumiease. For

example, the recognition sequences of homing endonucleases and meganucleases such as
IScel,|-Scemammaigatimpef virggumiclrsin cpated i And sedonyare kYR s de JRagmiEamz thi No.
5,420,032V SdRatanidNe: 6,563 8a3cBrlia abalibhaRn) bodeisAsidsRess i 83783868, Dujon et

at (1989) Géne 82:115-118; Perler et at (1994) Nucleic Acids. Res. 9:1127; Jagin (1,996)
Trends GeRiIopoops <o FRteyiAnd unsealing "R.OK}IB{SB'r%ﬁéﬁ’ﬁ’eﬁéﬁl;gz%g%ﬁ%{‘aﬁ( 8) J. Mol.
Biol. 280:3A&+353 &n¢IyErNaminefadehBidtaby tataiixaeells. attditioh pféiDNAYhIALIG B68dificity of

homing endonucleases and meganuclease ngineered to bind - ites. See,
for exampl ?@ﬁe@l?e’r tebq};{fzgﬁﬁélg@&%ﬁ%?@&%ﬁ@gmﬁgﬁ %E%r@%ag%@'@%%g%gslds Res.
31:2952-296% 2\shwiorth ef @lrdROES N6t e0020;: 656066 37 Faqgalets, & (206Py@ueanGene Therapy
7:49-66; U%&%‘E”&F’Q@E&f A2 AR ARG VAR Nielf s M6 LUeserlpgsheren

are zinc fingér nucleas ) that can be used for gene inactivation, for example inactivation of the
CCR5 gené Z#6s Powignse 3.zindithjas BrofeftigtF B) dontafhbiecomy fefsé (Behin§8 8o main.

Exemplary dis¢lostues 05 anc dnaensHris asemandine hiadefriRainsmihasiscandssgogre provided
in U.S. Patent Application Publication Nos. 2003/0232410; 2005/0026157; 2§OI[%§/ 0644

! . 4.
2005/02083HY: dRtrervBrn sbdsterofimpest pli alisas M Soeums 760 W%ﬁ)g9‘i‘i4275.
ExemplarydefrRderianeatagyAENR. and voejhatiefashairssyiitpesisdulaios endre ghisithpsmdci!
International Patent Puflicatiqn \WO.2007/139982, also incorporated in_entirety herei Zjng, Finger
Proteins 1098519 T g@?éﬂwﬁg ofame %glnn SETSG reer%a tbntﬁ%%tlg %103% éﬁ%hﬁc%vcﬁ%hm e. See,
for examplegBeerlicetlalp@002) dddulreeBittenimnl. 20thaeseh4le Rufocen@ingzo019 wnseTRed. Biochem.
70:313-34Q; lsalan.cf ol e Binteelioh :9-6RAH0:-Searl shai R0 HiCHH QRiD-
Biotechnol.relgi;(:jél %%%%%eézﬁ%%&%? (2003; Curr. Opin. St%uct. Ei%l. 10:411-21%8 Aniengi%eered zinc
finger binddigfereniagroayimsvecaptrserithding specificity, compared to a naturally-occurring zinc
finger protqigyfongineering meghndaderiidial betiaremsy lisdirbdomatianahriepigemand Farious types of
selection. Rational design includes, for example, using_databases comprising triplet (or quadruplet)
nucleotide SRR SLEHY MBI ORI FHREHAYER &t Saﬁﬂqggjlféﬁ%@ﬁsﬁieﬁ%%% triplet or
quadruplet aucleatitersaguan g assoaia2eba)iiNone dadoiscaivin@,ggid 196§ueHdds bflmac fingers
which bind the particular triplet or quadruplet sequence. See, for example, co-owned U.S. Patents
6,453,242 and 6,534,261 and U.S. Patent Applicatiog Publication



No. 2004/0197892, all of which are incorporated by reference herein in their entireties. Design
methods are also disclosed in U.S. Patents 6,013,453; 6,479,626; 6,746,838; 6,866,997; 6,903,185;
7,030,215 and 7,153,949; and WO 01/53480, the disclosures of which are incorporated by reference in
their entireties. 100631Exemplary selection methods, including phage display and two-hybrid systems,
are disclosed in US Patents 5,789,538; 5,925,523; 6,007,988; 6,013,453; 6,410,248; 6,140,466;
6,200,759 80 errsdenereyatehthahshifrissARD 30610 QEER VAACS DHYS SR T TRAD TR SIS

21/58197 Aadtsglgﬁg%g&%ﬁg fé?@tﬂi?GW&;aéiﬁwﬁiﬁ%@ﬁﬂéms%_@ﬁ@Eﬁ%% ﬁ?@?ﬁd%&?@gti@mire?es-
nhancement of binding specificity for zinc finger binding domains_has been described, for example, in
co-ownedG'8 (Biltson o?‘%,?&ﬂigé?‘ll%%ﬁrl ?é%i?(@n%dmrﬁgﬂgfg%ﬁe zinc finger domain of the

zinc fingeqegutipases degdebdiRalidierdinsds poagarfdhsesuahen wrasésGR-Sgenerdmised ]l describes
a number of zinc finger binding domains that haye been engineered,to.bind to nucleotide sequences in
the huma R R 2P R O o0 DS LRI A e SRR INE S Hhain. The DA
target sequimoaifoseaoiudpaninmisdtovitisestafi Seeolidenti{iofl fsaarget, Jiibasiidstethih uppercase
letters, noy, QB m:gl Wﬁlg@gl d.inlowe e)s 1 co ifth.columns show
the amino aac%d sﬁgggnce g%we rgcogﬁﬁ‘lﬁl I']rllgg%:’)o% _(?r???ngzé &*%i?bfg%e@é%%a%gs}pect to the start
of the helidyGreshen e Prsizintitigarpripgind duHirt iengss #EsseAmNeS Prevastavhe first column

is an identifigatinR.nBmkah falifas bopRiain-(Takie dbKine finaskalsieessdvgs et ithtbeghieman
CCR-5 gene 2 designs Target sequence FI F2 F3 F4 GATGAGGATGAC (SE% _ItDASlgé!) 7296
1

DRSNLSR{ R TEARITERRINSRYBIERS (BRSSP REEDAISARNBE ssume

hemagglutinins are unrelated, e.g., as shown by lack of cross-reaction on hemagglutination-
inhibition, or B) substantial biophysical/biochemical differences in DNA exist (Francki, R. L.
B., Fauquet, C. M., Knudson, D. L. and Brown, F. (1991) Classification and nomenclature of
viruses. Fifth report of the international Committee on taxonomy of viruses. Arch. Virol.
Supp!. 2, 140-144). Besides differences towards the sensitivity against neutralizing
antibodies of different adenovirus serotypes, adenoviruses in subgroup C such as Ad2 and
AdS5 bind to different receptors as compared to adenoviruses from subgroup B such as Ad3,
Ad7, Ad11, Ad14, Ad21, Ad34, and Ad35 (see, e.g., Defer C., Belin M., Caillet-Boudin M.
and Boulanger P., 1990. Human adenovirus-host cell interactions; comparative study with
members of subgroup B and C. Joumnal of Virology 64 (8): 3661-3673; Gall J., Kass-Eisler
A., Leinwand L. and Falck-Pedersen E., 1996. Adenovirus type 5 and 7 capsid chimera:
fiber replacement alters receptor tropism without affecting primary immune neutralization
epitopes. Journal of Virology 70 (4): 2116-2123).

[0041] Pseudotyping of adenoviral vectors can be made possible primarily by
swapping the knob region of the fiber protein of one adenovirus serotype with that of another
serotype [Stevenson, J Virol. 19971J un;71(6):4782-90]. This type of fiber protein
manipulation allows for modification of the vector tropism, i.e., allows for transduction of a
different range of cell types [Mizuguchi 2002 (Adenovirus vectors containing chimeric type 5
and type 35 fiber proteins exhibit altered and expanded tropism and increase the size limit of
foreign genes. Feb 20;285(1-2):69-77., Takayama et al., Virology. 2003

May 10;309(2):282-93.); Stecher et al. Mol Ther. 2001 Jul;4(1):36-44]. Construction of
such chimeric adenoviral vectors is known in the art, For example, it has been demonstrated
that receptor specificity could be altered by exchanging the Ad3 knob protein with the Ad5
knob protein, and vice versa (Krasnykh V. N., Mikheeva G. V., Douglas J. T. and Curiel D.
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ID NO: 4) TSANLSR (SEQ ID NO:3) GATGAGGATGAC (SEQ ID NO:!) 8181 DRSNLSR (SEQ ID
NO:2) ISSNLNS (SEQ ID NO:5) RSDNLAR (SEQ ID NO:4) TSANLSR (SEQ ID NO:3)
GATGAGGATGAC (SEQ ID NO:!) 8182 DRSNLSR (SEQ ID NO:2) VSSNLTS (SEQ ID NO:6)

T., 1996. Generation of recombinant adenovirus vectors with modified fibers for altering
viral tropism. Journal of Virology 70(10): 6839-6846; Stevenson S. C,, Rollence M., White '
B., Weaver L. and McClelland A., 1995. Human adenovirus serotypes 3 and 5 bind to two
different cellular receptors via the fiber head domain. Journal of Virology 69(5): 2850-
2857Stevenson 8. C., Rollence M., Marshall-Neff J. and McClelland A., 1997. Selective
targeting of human cells by a chimeric adenovirus vector containing a modified fiber protein.
Journal of Virology 71(6): 4782-4790; see also, e.g., Yotnda et al., Gene Ther. 2001
Jun;8(12):930-7).
[0042] In some embodiments, the adenovirus expression vector is pseudotyped. For
example, the vector can comprise a chimeric adenoviral vector, that is, a genetically modified
vector comprising nucleic acid sequences from two or more adenoviruses (plus an exogenous
gene). Typically, the nucleic acid sequences will correspond to adenoviral proteins from
adenoviruses of two different serotypes. In preferred embodiments, the vector comprises a
sequence corresponding to at least one tissue tropism determining fragment of a fiber protein
derived from a subgroup B adenovirus, where the tropism is directed towards T-cells. In
more preferred embodiments, the vector comprises sequences from Ad5 and Ad35
adenoviruses, for example, where the Ad5 fiber genes are substituted by the Ad35 fiber
genes. In still more preferred embodiments, the Ad35 sequences corresponding to the Ad3S
gene encode the knob portion of the fiber protein, known as F35. Such a vector can be
referred to as an Ad5/F35 vector. In some embodiments, the vector comprises AdS and Adll
sequences. In still some other embodiments, a combination of adenoviral vectors can be
used, e.g., a combination of any of the kinds of adenoviral expression vectors and/or chimeric
adenoviral vectors described herein.
{0043} Those of skill in the art will recognize other modifications or alterations that

- can be made to the adenoviral vector in the practice of some embodiments of the instant
invention. For example, in some embodiments, the adenoviral vector is modified such that
the capacity of the adenoviral nucleic acid to replicate in a target cell is reduced or disabled.
In some embodiments, the adenoviral nucleic acid is modified so that the capacity of a host
immune system to mount an immune response against adenoviral proteins encoded by the
adenovirus nucleic acid is reduced or disabled. In some embodiments, the adenoviral nucleic
acid is modified so as to be integrative into the host cell genome. For example, in some
embodiments homologous sequences are used to integrate at least a portion of adenoviral

nucleic acid into the host cell’s genome, e.g., via targeted homologous recombination.
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RSDNLAR (SEQ ID NO:4) TSANLSR (SEQ ID NO:3) GATGAGGATGAC (SEQ ID NO;!) 8262
DRSNLSR (SEQ ID NO:2) ISSNLNS (SEQ ID NO:5) RSDNLAR (SEQ ID NO:4) NRDNLSR (SEQ ID
NO:7) GATGAGGATGAC (SEQ ID NO:!) 8266 DRSNLSR (SEQ ID 140:2) ISSNLNS (SEQ

[0044] According to methods of the instant invention, the vector is allowed to
transduce the T-cell, e.g., by exposing the T-cells to the vector under conditions suitable for
transduction. For example, T lymphocyte cultures can be incubated at about 37° C, 5% CO;.
A vector can be said to “transduce” a cell where the vector enters the cell. Entry may be by
any process, €.g., receptor-mediated endocytosis, by which particles are taken up by cell. As
outlined in more detail above, uptake of some adenovirus particles is generally a two-stage
process involving an initial interaction of the fiber protein of the virus with cellular receptors,
such as the MHC class I molecule and the coxsackievirus-adenovirus receptor. Viral penton
proteins then bind to integrin cell receptors, facilitating internalization via receptor-mediated
endocytosis. For example, this is the mechanism used by AS vectors. Other adenoviral
vectors, e.g., AD5/35 vectors, utilize CD46 for entry. Adenovirus vectors can be readily
constructed using methods known in the art and/or commercially available kits such as the
AdEasy™ Kits (Strategene, La Jolla, CA).

[0045] In still some embodiments of the instant invention, one or more of the
adenoviral vectors described herein are used in combination with other approaches known in
the art. For example, a mixture of adenoviral and lentiviral vectors may be used to achieve
transduction.

[0046] As known to those in the art, vectors can be added directly to the T cells at
various dilutions to achieve varying MOIs (multiplicities of infection). For example, vectors
can be diluted with culture medium an MOI in the range of about 10 to about 1000 infectious
units per cell. One advantage obtained from use of the present invention is that the MOI can
be reduced to levels that are Iess toxic to human immune cells and T cells in particular, while
still achieving efficient adenovirus transduction and an adequate level of transgene
expression.

[0047] In some preferred embodiments, a CD4+ cell is activated using beads coated
with anti-CD3 and anti-CD28 antibodies and transduced with Ad5/F35 vectors carrying the
exogenous gene to be introduced.

[0048] Following transduction, the exogenous gene can then be expressed in the T
cells. As described in greater detail in the Examples below, some embodiments of the instant
invention provided surprisingly and unexpectedly higher transgene expression levels
compared to that obtained using methods described previously (e.g., using lentiviral gene
delivery). Moreover, methods of some embodiments of the instant invention produce at least
about 3-fold, at least about 5-fold, at least about 10-fold, at least about 15-fold or at least

about 20-fold improvement over using no T cell activation.
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ID NO:5) RSDNLAR (SEQ ID NO:4) TSGNLTR (SEQ ID NO:8) GATGAGGATGAC (SEQ ID NO: 1)
8267 DRSNLSR (SEQ ID NO:2) VSSNLTS (SEQ ID NO:6) RSDNLAR (SEQ ID NO:4) TSGNLTR
(SEQ ID NO:8) GATGAGGATGAC (SEQ ID NO:1) 87741 DRSNLSR (SEQ

[0049] For example, in preferred embodiments, the methods provided herein result in
increased levels of expression of the exogenous gene as compared with methods previously
described in the art. For example, methods herein can provide at least about 2-fold, at least
about 3-fold, or at least about 4-fold the level of expression obtained using no co-stimulatory
signal. Moreover, the present invention can also provide improved levels of expression
compared with known methods for activating the cells. For example, compared to pre-
stimulation with PHA or IL 2, methods of some embodiments of the instant invention provide
at least about 3-fold, at least about 4-fold, at least about 5-fold or at least about 6-fold the
level of transgene expression See, e.g., Examples provided below where transgene expression
levels are measured via mean fluorescent intensity of GFP, using a GFP gene as the
transgene.

[0050] In some embodiments, methods of the instant invention provide at least about
3-fold, at least abut 5-fold, at least about 10-fold or even at least about 15-fold the level of
transgene expression when compared to pre-stimulation with PHA or IL2. See, e.g.,
Examples provided below where transgene expression levels are measured via the rate of
NHEJ events caused by expression of a nuclease encoded as the transgene. Also see Figure
11, that illustrates the difference in CCRS gene modification in CD4+ T cells exposed to
Ad5/F35 vectors carrying a zinc finger nuclease directed to CCRS when pre-stimulated with
either PHA or anti-CD3/anti-CD28§ antibodies.

[0051} Transduction can result in either transient or stablie expression. Where the
transgene becomes stably integrated into a host’s genome, for example, stable expression can
be obtained. In some applications, transient expression is more preferred. For example, one
approach involves using almost homologous sequences that differ from a region on the host’s
genome by one nucleotide. Integration in such cases can occur at high frequencies, e.g., 1 in
10 or 1 in 20, but as cells divide, the nucleotide difference is corrected. This approach can
achieve high transduction efficiencies and high but transient transgene expression.

[0052] One of skill in the art will also recognize applications where the exogenous
nucleic acid introduced into a cell need not be expressed. For example, methods of some
embodiments of the present invention can deliver nucleic acid sequences that are useful in
themselves. Nucleic acid sequences that are transcribed but not translated include, for
example, aptamers, ribosomal RNA, IRNA, splicosomal RNA, antisense RNA, siRNA,
shRNA, miRNA and mRNA. Accordingly, another aspect of the instant invention relates to
methods for transducing T-cells by activating the T-cell with a costimulatory signal, exposing

it to an adenoviral vector carrying the exogenous gene and allowing the vector to enter the T-
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ID NO:2) TSGNLTR (SEQ ID NO:8) RSDNLAR (SEQ ID NO:4) TSGNLTR (SEQ ID NO:8) 168
designs Target sequence Fl F2 F3 F4 AAACTGCAAAAG (SEQ ID NO:9) 7745 RSDNLSV (SEQ ID
NO: 10) QNANRIT (SEQ

cell. The cells, vectors and co-stimulatory signals described above can also be used with
respect to this aspect of the invention. Preferred embodiments of the instant invention
provide for increased transduction efficiencies with respect to introducing exogenous genetic
material into T cells, For example, in some embodiments, transduction is at least about 60%,
at least abut 6§5%, at least about 70% or, at least about 80%, efficient. Nucleic acid delivery
efficiencies can be measured by various techniques known mn the art. Examples include, but

are not limited to, flow cytometry, Cel I assay, and the like.

Kits
[0053] Another aspect of the instant invention involves kits for transducing T-celis

and/or for expressing exogenous genes in T-cells. Such kits can be constructed by packaging
SR R -

. o . 2T . . ) S L

the appropriate materials, inciuding one or morecompositions of the instant invention, » s o L3sd

preferably with appropriate labels, in suitablé containers. Kits can also include additional
reagents and materials {for example, suitable buffers, salt solutions, etc.) helpful for carrying
out the procedures and/or for measuring the degree of transduction and/or transgene
expression. In some embodiment, the kits also include a suitable set of instructions
pertaining to the transduction and/or transgene expression methods disclosed herein.

{0054] In some embodiments, the kit comprises a co-stimulatory agent and an
adenovirus vector, e.g., and adenoviral expression vector. A “co-stimulatory agent” as used
herein can refer to any compound, composition, aggregate, solution, etc. that can provide a
co-stimulatory signal for activation of a T cell. Examples include, but are not limited to,
beads coated with anti-CD3 antibodies, beads coated with anti-CD3 and anti-CD28
antibodies, and IL-15, in combinations as described herein.

[0055] The adenovirus vector of the kit can be one or more of any of the adenoviral
vectors described herein. In preferred embodiments, the vector is an adenoviral expression
vector pseudotyped to facilitate transduction of T cells. In a specific embodiment, the vector
comprises an Ad5/F35 vector. In some embodiments, the vector also carries an exogenous
gene for introduction and/or expression in T cells. In other embodiments, the vector is
provided without the foreign insert, e.g., where the vector is provided with adenoviral
sequences and instruction for inserting an exogenous gene of choice by the user.

[0056] Those of skill in the art will recognize various uses for the improved methods
and compositions described herein. For example, methods of the instant invention can be
used in ex vivo applications, where higher transduction efficiency (in terms of percent

transduced) and/or higher transgene expression levels are desired. Such applications include,
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ID NO: | ) RSDVLSE (SEQ ID NO: 12) QRNHRTT (SEQ ID NO: 13) AAACTGCAAAAG (SEQ ID
NO:9) 8165 RSDNLSN (SEQ ID NO:14) QNANRIT (SEQ ID NO: 11) RSDVLSE (SEQ ID NO:12)
QRNHRTT (SEQ ID NO: 13) AAACTGCAAAAG (SEQ ID NI0:9) 8191 RSDNLSV (SEQ ID NO:10)

but are not limited to gene modification, characterization of gene function, and altering

properties of T-cells.

Gene Modification

[0057] With respect to gene modification, enhanced delivery and/or expression of
nucleases can lead to increased gene disruption, gene alteration, and/or targeted integration,
For example, in such applications the exogenous genetic material can comprise a nuclease
such as zinc finger nucleases (ZFN), discussed in more detail below, such as CCRS-ZFI\fs
(8267 and 8196z) and the GR-ZFNs (9674 and 9666). Integration may occur via NHEJ
and/or through homologous directed repair donor (HDR), events to introduce the exogenous
gene into a region altering a targeted gene and/or randomly disrupting various genes, HDR
events involye providing a donor molecule with sequence homologous to the ZFN target site
that can be used as the template for the HDR machinery.

[0058] In some embodiments, the vector used for transduction comprises a zinc finger
pair. A zinc finger pair refers to two binding domains of one or more zinc finger proteins.
The term “zinc finger protein” or “ZFP” refers to a protein having DNA binding domains that
are stabilized by zinc. The individual DNA binding domains are typically referred to as
“fingers.” A ZFP has least one finger, typically two fingers, three fingers, four fingers, five
fingers or six fingers. Each finger binds from two to four base pairs of DNA, typically three
or four base pairs of DNA. A ZFP binds to a nucleic acid sequence called a target site or
target segment. Each finger typically comprises an approximately 30 amino acid, zinc-
chelating, DNA-binding subdomain. An exemplary motif characterizing one class of these
proteins (C;H; class) is -Cys-(X) 24-Cys-(X)2-His-(X)3.5-His (where X is any amino acid)
(SEQ ID NO:29). Studies have demonstrated that a single zinc finger of this class consists of
an alpha helix containing the two invariant histidine residues co-ordinated with zinc along
with the two cysteine residues of a single beta turn (see, ¢.g., Berg & Shi, Science 271:1081-
1085 (1996)). Non-canonical (i.e., non-C2H2) zinc finger proteins are also described, for
example in U.S. Patent Nos. 7,273,923 and 7,262,054 and U.S. Patent Publication Nos.
20060246588; 20060246567; and 20030108880.

[0059] Zinc finger binding domains can be engineered to bind to a predetermined
nucleotide sequence. See, e.g., U.S. Application Publication No. 2007/0059795. In preferred
embodiments, e.g., the zinc finger pair can be directed to CCR5. In more preferred
embodiments, e.g., the vector carries both a zinc finger pair directed to CCRS and a nuclease

(a ZFN), whereby the nuclease can specifically cut the CCRS gene, as elaborated below.
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QRVNLIV (SEQ ID N0:15) RSDVLSE (SEQ ID NO:12) QRNHRTT (SEQ ID NO:13) AAACTGCAAAAG
(SEQ ID NO:9) 8196 RSDNLGV (SEQ ID NO:16) QKINLQV (SEQ ID NO:17) RSDVLSE (SEQ D
NO:12) QRNEIRTT (SEQ ID NO:13) AAACTGCAAAAG (SEID NO:9) Q962

[0060] Alternatively, DNA-binding domain may be derived from a nuclease. For
example, the recognition sequences of homing endonucleases and meganucleases such as I-
Scel, I-Ceul, P1-Pspl, P1-Sce, I-ScelV, I-Csml, 1-Panl, I-Scell, I-Ppol, 1-Scelll, I-Crel, I-Tevl,
I-Tevil and I-TevIIl are known. See also U.S. Patent No. 5,420,032; U.S. Patent No.
6,833,252; Belfort e al. (1997) Nucleic Acids Res. 25:3379-3388; Dujon et al. (1989) Gene
82:115-118; Perler et al. (1994) Nucleic Acids Res. 22, 1125-1127; Jasin (1996) Trends
Genet. 12:224-228; Gimble et al. (1996) J. Mol. Biol. 263:163-180; Argast et al. (1998) J.
Mol. Biol. 280:345-353 and the New England Biolabs catalogue. In addition, the DNA-
binding specificity of homing endonucleases and meganucleases can be engineered to bind
non-natural target sites. See, for example, Chevalier et al. (2002) Molec. Cell 10:895-905;
Epinat et al. (2003) Nucleic Acids Res. 31:2952-2962; Ashworth et al. (2006} Nature
441:656-659; Paques ef al. (2007) Current Gene Therapy T:49-66; U.S. Patent Publication
No. 20070117128.

Zinc Finger Nucleases

[0061] Described herein are zinc finger nucleases (ZFNs) that can be used for gene
inactivation, for example inactivation of the CCR5 gene. ZFNs comprise a zinc finger
protein (ZFP) domain and a nuclease (cleavage) domain. Exemplary disclosures of zinc
finger nucleases, and methods for their synthesis and use, are provided in U.S. Patent
Application Publication Nos. 2003/0232410; 2005/0026157; 2005/0064474; 2005/0208489;
and 2006/0188987; and PCT Publications WO 2005/84190 and WO 2007114275.
Exemplary CCR-5-targeted ZFNs, and methods for their synthesis and use, are disclosed in
International Patent Publication WO 2007/139982, also incorporated in entirety herein.

A. Zinc Finger Proteins

[0062] Zinc finger binding domains can be engineered to bind to a sequence of
choice. See, for example, Beerli et al. (2002) Nature Biotechnol. 20:135-141; Pabo et al.
(2001) Ann. Rev. Biochem. 70:313-340; Isalan et al. (2001) Nature Biotechnol. 19:656-660;
Segal et al. (2001) Curr. Opin. Biotechnol. 12:632-637; Choo et al. (2000) Curr. Opin. Struct.
Biol. 10:411-416. An engineered zinc finger binding domain can have a novel binding
specificity, compared to a naturally-occurring zinc finger protein. Engineering methods
include, but are not limited to, rational design and various types of selection. Rational design
includes, for example, using databases comprising triplet (or quadruplet) nucleotide

sequences and individual zinc finger amino acid sequences, in which each triplet or
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8 RSDNLSV (SEQ ID NO: 10) QICINLQV (SEQ ID NO:17) RSDVLSE (SEQ ID NO:12) QRNHRTT
(SEQ ID NO:13) AAACTGCAAAAG (SEQ ID NO:9) 8196zg RSDNLGV (SEQ ID NO:16) QKINLQV
(SEQ ID NO:17) RSDVLSE (SEQ ID NO:12) QRNIIRTT (SEQ

quadruplet nucleotide sequence is associated with one or more amino acid sequences of zinc

fingers which bind the particular triplet or quadruplet sequence. See, for example, co-owned

U.S. Patents 6,453,242 and 6,534,261 and U.S. Patent Application Publication

No. 2004/0197892, all of which are incorporated by reference herein in their entireties.

Design methods are also disclosed in U.S. Patents 6,013,453; 6,479,626, 6,746,838,
6,866,997; 6,903,185; 7,030,215 and 7,153,949; and WO 01/53480, the disclosures of which

are incorporated by reference in their entireties.

[0063]

Exemplary selection methods, including phage display and two-hybrid

systems, are disclosed in US Patents 5,789,538, 5,925,523, 6,007,988; 6,013,453; 6,410,248,;
6,140,466; 6,200,759, 6,242,568; 6,790,941, as well as WO 98/37186; WO 98/53057, WO
00/27878; WO 01/88197 and GB 2,338,237, the disclosures of which are incorporated by

reference in their entireties. Enhancement of binding specificity for zinc finger binding

domains has been described, for example, in co-owned U.S. Patent No. 6,794,136.

[0064]

In certain embodiments, the zinc finger domain of the zinc finger nucleases

described herein binds to a target sequence in a CCR-5 gene. Table 1 describes a number of

zinc finger binding domains that have been engineered to bind to nucleotide sequences in the

human CCR-5 gene. Each row describes a separate zinc finger DNA-binding domain. The

DNA target sequence for each domain is shown in the first column (DNA target sites

indicated in uppercase letters; non-contacted nucleotides indicated in lowercase), and the

second through fifth columns show the amino acid sequence of the recognition region (amino

acids -1 through +6, with respect to the start of the helix) of each of the zinc fingers (F1

through F4) in the protein. Also provided in the first column is an identification number for

each protein.

Table 1: Zinc finger nucleases targeted to the human CCR-5 gene

r162 designs

Target sequence Fi F2 F3 F4
GATGAGGATGAC | DRSNLSR (SEQ| TSANLSK (SEQ RSDNLAR (SEQ TSANLSR (SEQ
(SEQ ID NO:1) 7296 1D NO:2) D NO:3) ID NO: 4) ID NO:3)
GATGAGGATGAC | DRSNLSR (SEQ ISSNLNS (SEQ RSDNLAR (SEQ TSANLSR (SEQ
{SEQ ID NO:1} 8181 ID NO:2) ID NO:5) ID NO:4) IDNQO:3)
GATGAGGATGAC | DRSNLSR (SEQ VSSNLTS (SEQ RSDNLAR (SEQ TSANLSR (SEQ
(SEQ ID NO:1) 8182 ID NO:2) ID NO:6) 1D NO:4) ID NO:3)
GATGAGGATGAC | DRSNLSR (SEQ ISSNLNS (SEQ RSDNLAR (SEQ NRDNLSR (5EQ
(SEQ ID NO:1) 8262 ID NO:2) ID NO:5) ID NO:4) ID NO:7)
CGATGAGGATGAC | DRSNLSR (SEQ ISSNLNS (SEQ RSDNLAR (SEQ TSGNLTR (SEQ
{SEQ ID NO:1) 8266 iD NO:2) 1D NO:5) 1D NO:4) ID NO:8)
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ID NO:13) AAACTGCAAAAG (SEQ ID NO:9) 7568 RSDHLSE (SEQ ID NO:18) QNANRIT (SEQ ID
NO:11) RSDVLSE (SEQ ID NO:12) QRNHRTT (SEQ ID NO:13) 27 designs Target sequence FI F2

F3 F4 GACAAGCAGCGG

GATGAGGATGAC

DRSNLSR (SEQ | VSSNLTS(SEQ | RSDNLAR(SEQ | TSGNLTR (SEQ
(SEQIDNO:1)8267 |  IDNO:2) ID NO:6) ID NO:4) 1D NO:8)
GATGAGGATGAC | DRSNLSR (SEQ | TSGNLTR(SEQ | RSDNLAR(SEQ | TSGNLTR (SEQ

(SEQID NO:1) 87741  ID NO:2) ID NO:8) ID NO:4) ID NO:8)
168 designs
Target sequence Fl F2 F3 F4
AAACTGCAAAAG | RSDNLSV (SEQ | QNANRIT (SEQ | RSDVLSE(SEQ | QRNHRTT (SEQ
(SEQIDNO:9) 7745 |  ID NO: 10) ID NO: 11) 1D NO:12) 1D NO:13)
AAACTGCAAAAG | RSDNLSN (SEQ | QNANRIT(SEQ | RSDVLSE(SEQ | QRNHRTT (SEQ
(SEQIDNO:9) 8165 | 1D NO:14) ID NO: 11) 1D NO:12) D NO: 13)
AAACTGCAAAAG | RSDNLSV (SEQ | QRVNLIV(SEQ | RSDVLSE(SEQ | QRNHRTT (SEQ
(SEQIDNO:9) 8191 |  ID NO:10) iD NO:15) 1D NO:12) ID NO:13)
AAACTGCAAAAG | RSDNLGV (SEQ | QKINLQV (SEQ | RSDVLSE(SEQ | QRNHRTT (SEQ
(SEQIDNO:9)8196 | 1D NO:16) 1D NO:17) D NO:12) ID NO:13)
A"(‘ggg ?Sggf;‘;@ RSDNLSV (SEQ | QKINLQV (SEQ | RSDVLSE(SEQ | QRNHRTT (SEQ
SO ID NO: 10) ID NO:17) ID NO:12) 1D NO:13)
Al (“S‘g %:ggggxc RSDNLGY (SEQ | QKINLQV (SEQ | RSDVLSE(SEQ | QRNHRTT (SEQ
g ID NO:16) 1D NO:17) 1D NO:12) ID NO:13)
AAACTGCAAAAG | RSDHLSE (SEQ | QNANRIT (SEQ | RSDVLSE(SEQ | QRNHRTT (SEQ
(SEQIDNO:9) 7568 | 1D NO:18) ID NO:11) 1D NO:12) ID NO:13)
r627 designs
Target sequence Fl F2 F3 F4
G%%Ap;gcéag?ge RSAHLSE (SEQ | RSANLSE(SEQ | RSANLSY (SEQ | DRANLSR (SEQ
(BEQID O ID NO:20) ID NO:21) 1D NO: 22) ID NO:23
633 designs
Target sequence F1 F2 F3 F4
CATCTGCTAGTCG | RSDSLSK (SEQ | DNSNRIK (SEQ | RSAVLSE (SEQ | TNSNRIT (SEQ
(SEQ ID NO:24) 8040 |  ID NO:25) ID NO:26) ID NO:27) 1D NO:28)

{0065]

In certain embodiments, a zinc finger binding domain as shown in Table I is

fused to a cleavage half-domain, such as, for example, the cleavage domain of a Type Iis

restriction endonuclease such as Fokl. A pair of such zinc finger/nuclease half-domain

fusions are used for targeted cleavage, as disclosed, for example, in U.S. Patent Application

Publication No. 2005/0064474. For example, ZFN-215 denotes the pair of fusion proteins

containing the zinc finger binding domains designated 8267 (which recognizes the

target sequence shown in SEQ ID NO:1 and comprises the 4 recognition helices depicted in

SEQ ID NOs:2, 6, 4 and 8) and 8196z (which recognizes the target sequence shown in SEQ
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(SEQ ID NO:19) 7524 RSAHLSE (SEQ ID NO:20) RSANLSE (SEQ ID NO:21) RSANLSV (SEQ ID

NO: 22) DRANLSR (SEQ ID NO:23 jgfls Target sequence FI F2 F3 F4 CATCTGCcTACTCG (SEQ ID
NO:24) 8040

ID NO:9 and comprises the 4 recognition helices depicted in SEQ ID NOs:10, 17, 12 and 13).
ZFN-201 denotes the pair of fusion proteins containing the zinc finger binding domains
designated 8266 (which recognizes the target sequence shown in SEQ ID NO:1 and
comprises the 4 recognition helices depicted in SEQ ID NOs: 2, 2, 4 and 8) and 8196z
{which recognizes the target sequence shown in SEQ ID NO:9 and comprises the 4
recognition helices depicted in SEQ ID NOs:10, 17, 12 and 13).

{0066] For targeted cleavage, the near edges of the binding sites can separéted by Sor
more nucleotide pairs, and each of the fusion proteins can bind to an opposite strand of the
DNA target. Hence, any one of the proteins identified as an “r162 design” in Table 1
(indicating that it binds to the reverse strand and that the downstream edge of its binding site
is at nucleotide 162) can be paired with any of the proteins identified as a “168 design’
(indicating that it binds to the strand opposite that bound by the r162 designs and that the
upstream edge of its binding site is at nucleotide 168). For example, protein 8267 can be
paired with protein 8196 or with protein 8196z or with any of the other 168 designs; and
protein 8266 can be paired with either of proteins 8196 or 8196z or with any other of the 168
designs. All pairwise combinations of the r162 and 168 designs can be used for targeted
cleavage and mutagenesis of a CCR-5 gene. Similarly, the 7524 protein (or any other r627
design) can be used in conjunction with the 8040 protein (or any other 633 design) to obtain
targeted cleavage and mutagenesis of a CCR-3 gene.

[0067) The CCR5-ZFNs described herein can be targeted to any sequence in the
CCRS5 genome. For example, CCRS5 genomic sequences (including allelic variants such as
CCR5-A32) are well known in the art and individuals homozygous for the CCR5-432 (see,
e.g., Liu et al. (1996) Cell 367377), are resistant to HIV-1 infection.

B. Cleavage Domains

[0068] The cleavage domain portion of the fusion proteins disclosed herein can be
obtained from any endonuclease or exonuclease. Exemplary endonucleases from which a
cleavage domain can be derived include, but are not limited to, restriction endonucleases and
homing endonucleases. See, for example, 2002-2003 Catalogue, New England Biolabs,
Beverly, MA; and Belfort e al. (1997) Nucleic Acids Res. 25:3379-3388. Additional
enzymes which cleave DNA are known (e.g., S1 Nuclease; mung bean nuclease; pancreatic
DNase [; micrococcal nuclease; yeast HO endonuclease; see also Linn et al. (eds.)
Nucleases, Cold Spring Harbor Laboratory Press,1993). Non limiting examples of homing

endonucieases and meganucleases include I-Scel, I-Ceul, PI-Pspl, PI-Sce, I-ScelV, I-Csml, 1-
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RSDSLSK (SEQ ID NO:25) DNSNRIK (SEQ ID NO:26) RSAVLSE (SEQ ID NO:27) TNSNRIT (SEQ
ID NO:28) [00651In certain embodiments, a zinc finger binding domain as shown in Table | is fused to
a cleavage half-domain, such as, for example, the cleavage domain of a Type IN restriction
endonuclease such as Fokl. A pair of such zinc finger/nuclease half-domain fusions are used for
targeted cleavage, as disclosed, for example, in U.S. Patent g\gplication Publication No.

iR

2005/006847h IFSselxiiped, FiaqHa b Grehdrdsthd-perlomadid aprbietidedattn st Ahc finger
oiving oo e slna 0867 R e S RO S BERD O and
comprises the 4 recognition helices depicted in 2,64 a z (whict
recognize$hd t8rge é&]’é%é’ﬁ‘o%ﬁgﬁ)é;ﬁﬁ %ﬁéyb%nz" Egﬁﬁﬁfigléféﬁ reucg"})%%ﬁl‘ghgﬁelices
depicted iRGER, D MNOS120; TdsihZ 1096)13endk Wealrl Henotes2BeGimbi fusiofi PR6)einkfebntaining
the zinc finge ggédl ai sséie:(si na «?g %ig%?wm?h FeRpanize ?e r %%aglﬁ%?&ﬁhown in
SEQ ID N@D{ ‘é%%h%%@egﬁgésﬁeg%ogmgo he ﬁ:éslgéplctég m% leflg%Os: 2, 2,4 and 8) and
81962 (Wlmbllxbslognlﬁgseth@margemequéﬂnceeﬁmownm(mmdnﬁ:ﬁwwr’fmﬁ@& ¢Ae Berecognition
helices depicied 1,359 B NGHA0 L AR AN 43|

%Qﬁgllf_lz&t;ﬁgﬁgfted cleavage, the near edges of
the binding Sites can separated or more nucleotide pairs, and each of the fusion proteins can bind

to an oppd@R6%Ntrand ofine DA slersesedntcdemiinpen draderyetdingiashinel§ase ShPHiE design”
in Table 1 (indicating.thatl biade, brearesststipndantb i hedaunsiyeamngrsalptiis binding

site is at nucleotide 162) can be paired with any of the proteins_ identified as.a "168 dqfign' (indicating

that it bindSHPBHREHAs A6 FRBEREAERIIBTAGRHY HYF 18D REURIAS SOTPHSS HIF8 358084 m edge of its
binding sitggis,ahnUAIRQELEVEPR) ERER@NPIR cOREIAINGA6/D charhaPhiiédiovithinroseiheBd®d.or with

protein 8196z or with any of the other 168 designs,.and protein 8266, can ir ith. either of
proteins 8796 B’F‘B‘il%‘f‘g‘?%ﬂm%a&ﬁS%E?haégﬁeéi?ggg{r% Wﬁgﬁeﬁggﬂ%ﬁ%ﬂgﬁ%% Atshe r162 and
168 designagaehrethaediipviarghteiiolegy/hgé dmoainsmybadsityod FQCRA e, Similarly, the 7524
protein (or any other r627 design) can be usedl in cANINCE e 3040 aipimd Yradmugdner 633
design) to eo'bﬂéﬁrllm?aeragsg 84 %%%%Oa%ag%% r%u%a%é%ggé %?g&%%%-’S%ene. 100671The CCR5-ZFNs
described preteinscan frefranhbalisposedy wish resneet e fIhCRRE Fshotias bhexah PR OCR5 genomic

sequences;(iagluding Aleligyariagis EHen A CRRI AR me walhkp pur idiharrinansniividuals

'homo.zygous' for the CCR5-432 (see, e.g., Liu et al. (1996 _CeII 367377), are_resista ttloaHvQ/él

infection. BrEKidy® ErsthgiAer that allows the cleavage half-domains to form a functional cleavag
domain, e.g., by dimerizing. Thus, in certain embodiments, the near edges of the target sites
are separated by 5-8 nucleotides or by 15-18 nucleotides. However any integral number of
nucleotides or nucleotide pairs can intervene between two target sites (e.g., from 2 to 50
nucleotide pairs or more). In general, the site of cleavage lies between the target sites.
[0070] Restriction endonucleases (restriction enzymes) are present in many species
and are capable of sequence-specific binding to DNA (at a recognition site), and cleaving
DNA at or near the site of binding. Certain restriction enzymes (e.g., Type IIS) cleave DNA
at sites removed from the recognition site and have separable binding and cleavage domains.
For example, the Type IIS, enzyme Fok I catalyzes double-stranded cleavage of DNA, at 9
nucleotides from its recognition site on one strand and 13 nucleotides from its recognition site
on the other. See, for example, US Patents 5,356,802; 5,436,150 and 5,487,994; as well as Li
etal. (1992) Proc. Natl. Acad. Sci. USA 89:42754279; Li et al. (1993) Proc. Natl. Acad. Sci.
USA 90:2764-2768; Kim et al, (1994a) Proc. Nat'l. Acad. Sci. USA 91:883-887; Kim et al.
(1994b) J. Biol. Chem. 269:31,978-31,982. Thus, in one embodiment, fusion proteins
comprise the cleavage domain (or cleavage half-domain) from at least one Type 1IS

restriction enzyme and one or more zinc finger binding domains, which may or may not be

engineered.
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[00681The cleavage domain portion of the fusion proteins disclosed herein can be obtained from any
endonuclease or exonuclease. Exemplary endonucleases from which a cleavage domain can be
derived include, but are not limited to, restriction endonucleases and homing endonucleases. See, for
example, 2002-2003 Catalogue, New England Biolabs, Beverly, MA; and Belfort et at (1997) Nucleic
Acids Res. 25:3379-3388. Additional enzymes which cleave DNA are known (e.g., SI Nuclease; mung
bean nuclE¥5d] pancredticensmiary, iypedEd sediatienmsy o 2h0tafyaEvBRIBAIR; ISee also Linn et
at (eds.) NUGIRARE SrdnPlH- BN IRMRamL AUIRIO YR Pasukat e MO IRiIAAG £ 38 a dig:0f homing

endonucleases and meganucleases include 1-Scel I-CeuI,PI-P,fqu,PI-Sce [-ScelV,l-Csm

_ |
-Scelll, 1-BHRaite&sRl FIR Eract-Nubiftead RroWRADSe 08 10-605 %2598 4ngh0 53¢ S patent
No. 6,833RBRsBeS0hehaithOaR:NsLTEithé pistidies 1R6 BA7 DeAsRR: Dijd nahall{d988XGene

82:115-118; Perler et at.(1994).Nucleic Acids 422, 1125:1127: Jasi 9q), Tren enet.
12:224-228SRIHBESLCE IS CRISKFF SHeavae ?fé’ﬁ‘é‘o?%‘é%zs’%te{aéﬁfgé?é’)%ﬁg 8 80.345.353
and the NelwaEagy and/BitigtetedatgibgameDnd o wlarsegitnese wsingy zies fogéulickdriasieagments

thereoh) can PRASED ARG BhHARKIIPHRMAS AR aleavas el Talas, 006SISImilarly, a

cleavage omain can Be derived from-any nuclease or portion théreof, as set forth above, that
requires dinteristiithaortelutcelleastiveigiearage dermainwd iesteh yoid s alendypsiififor cleavage if

the fusion :HB‘P&@H?@é&iﬁ%ﬁ%&hﬁﬁé’@ﬁ%&ﬂn@iﬁ@@Mﬁaﬁ'&%@ﬁﬂ&@ié{kQamlﬁg@miadi@dﬁw&lﬁg two
cleavage half-domains can be used. The two cleavage half-domains can he derived, from the same
endonucleds® R PiemhcBarRERFHaig RS R aRIerIpR 8RR ARY, e F e MR A QA BREA Y ed from a
different endpauritasti{eniunetiRoridéagsavisterdof)discRdditon, the target sites for the two fusion
proteins are preferably disposed, with respect to each ather, such that binding of the twq fusion
proteins to@ﬁﬁ] respectiv %V@gf g?é’éamé%ecieﬂg%ﬁzlg%%% E -C(?(])‘rllr;\%ﬁlqng iﬂoég é)ﬁ)]acf% %rr?g%lt%ation to
each otherihataliond dhe pieativiy, valfdoragins tocfarility fonotitinedrde éegg didemadh te fgrmby
dimerizing. E.hu§, in £ rtain e bogiments, the near edges of the target sites are separated by 5-8

. od unclio avage go 11, . . . .
nucleotides or %y P8 T8 hi&kotides. However any integral number of nucleotides or nucleotide pairs

can intervé®@Bktween Exemiget Sives S gestishien 8730 ReiRIE Sgaaipaténdd mdreeh general, the site

of cleavagg ligs bebweaBibaita 8et 3tes/d0erAIRasiNstoNMRdANPEGATRS KLastiEtnD enzymes) are
present in rggiy?lqi?%emes and are capable_of sequence-specifi¢ pbinding to DNA (at a regclo nition site),

and cleavifi TorinReEPRF e ReER BT eLEliRs e SPLHSRAL AR HAORS TV RIBR'YS) cleave
DNA at sitesrainayes fenithiigengditevegidans quadstpasable bingindatoibyl deevagsaidmains.

For example, the Type ITS, enzyme Fok | catal uble-stranded cleavage of DNA, at 9
nucleotideSHURSHTE roES ﬁiWé?éeoﬁ%g%ﬁta¥j§%8d9 X tﬁ‘ff% %gt? c&sﬂ%fﬁt’sﬁgggglitig site on the
other. SeejdoT4xample;Td SnRatentdda 36, §02] f 3 6; b5 0agn d&ned T a9y, dsovbeluxlifiest. aln(1992)
Proc. Nal Sead afloline: Ao da TRl Pl S8 L BRI I0A N e AR A LGt 6
Kim et al. &%ﬁaﬁrﬁrgc.Wat » Acad. Sai. SX 01:883-887, Kim et a|ﬁ}§19 4b) J. Biol. Chem.
269:31,97 831082 oT hrayent bomedihodmtim of ibRriwaeshe dolinmaus (iloadiniing avrmaiesor

cleavage haitdamaindianah/sashARadhass 1= EsiHsianaans o overariaprs, zinc finger
binding domains, which may or may not be en%!Fne_ered. [0071]An exempla'r:%‘gyﬁ)e ITS restriction

enzyme, wineewelaigddtyrelsranss I8 desataeielirminda sRERFaBetiments lepnpes 4omeala:
enzyme is Qe RS MR ae Blinaiia eiehaL99MaR pasdattenned Salihkhidatidn Hmdlr10,575.

Accordingly, for the purposes of the present disclosure, the partion of the Fok me used in the
disclosed fORSIGH PS8 RINBERSHRIBEFR &%’B\?gﬁﬁeﬂﬁ?ﬁa&ﬁ%?ﬁﬂ’ﬁﬂsg?%ro fgr%fést%%@gu%'ﬁé?gganded

cleavage afioidal getedaiaplace vishPatar bl serudice 2 08HGFATHiage2 (FOOR 188RIGNS, two fusion
proteins, each comprising a Fokl cleavage half-domain, c u itute: 8 catalytically
active clea{}‘ézé’ép aﬁar%ainy%afg?%% R/E )%/h 3gselﬁtglfg“pggl%%%}id%§gcﬂg Et:%!\‘?‘w?%%} gg ftllr?g%inge’r binding
domain and4wad Fok8LId89 4RO H7dManR cAPH A8 O BTN, PAtartetd Tormdigdtali Krddvage and

targeted segquence alleraliamysingziatinask&iobd disions ie.pigyinad slaamherrdndls disclosure.
[0072]A cleavage domalin or cleavage half-domain can be agrg %ortlon,ofa{a}ogroteln that retains

cleavage aRaiwmy Publisatieadies #0030 14 AAGORATI85RE: latsTerbyal formt BYbiealifih cleavage
domain. 10§73 bEMenRIR MTRe: LS. [estitivg. emswenaresdestTdbadsn U.S. Patent Application

Publication N .2005/00%74 and International Patent Rublication 07/014275. incorporated
herein in th@ﬂq’esﬂtireties. mbﬂle&ﬁ?gﬁ%%ceeﬁfﬁﬁe%agLség)rggln Sa?nellggf)g?gg ep%rm(%ﬁéggﬁed cleavage

domains, aheldvesaandedmdempiatan whithe freseleavigelbalfrdoBein il wesmplaliRpbeirarsng|.
(2003) Nucleic Acids Res. 31:418-420. [0074]To enhance cleavage specificity, cleavage domains may
also be modified. In certain embodiments, variants of the cleavage half-domain are employed, which
variants that minimize or prevent homodimerization o} the cleavage half-domains. Non-limiting
examples of such modified cleavage half-domains are described in detail in WO 2007/014275,
incorporated by reference in its entirety herein. In certain embodiments, the cleavage domain

comprises an engineered cleavage half-domain (also referred to as dimerization domain mutants) that
minimize nr nreavent homodimerizationn are known to thnoce nf clill the art and dAeceribed for evamnle in



heterodimers include a pair in which a first cleavage half-domain includes mutations at amino acid
residues at positions 490 and 538 of Fok | and a second cleavage half-domain includes mutations at
amino acid residues 486 and 499. See Figures 2, 3 and 4 of International Patent Publication WO
2007/139982, incorporated herein by reference. [0076]Thus, in one embodiment, as shown in Figures
3 and 4, the mutatjon at 490 replaces Glu ?,EﬂE) %Nith Lys (K); the mutation at 538 replaces Iso (I) with Lys
(K): the matiiBTaLoaH PORARS AT FIOY MR &Rk (Bndmraondslrarres hellulmanioevdtiaces I1so (1)
with Lys (ifuapesificaltyintheckhgisideredsdandage. sk doguais 3 deaadiked hasaiatvaiepiepared by

mutating itions 4 38 (I to K) in one cleavage half-domain to produce an engineered
cleavage %ﬁ%@rﬁ%ﬁ%@%@n@@ g@‘ﬂf&:’fg %haeﬁ%%f’ rﬁ%%aﬁﬁ%epositions 486 (Q to E) and 499 (I to
L) in anotlj@dtgavage Mhkisdonvaindm prdidess, as sbogmee fogurts dvagb4) dik dortaionde si§bated
"Q486E:1499L ", T. ' a - | ' in ar igate heterodimer
mutants in ?ﬁ%%ﬁsa ﬁleriﬁa%&?gg%%. e |’S,Y?ne?%‘%%%%%?%b%@ﬁi%%%%&ggkﬂEEQE p éqﬁgompﬁtgzifﬁrgtional
Patent Publi¢88iserRec@ini0a g thiiel diSoioud e nuitpnimesiponaARroplreteden b il entirety

for al purngsegc (OGFZIERIReered iR eAar Al demaR G led sse Rean erpiapaiRa using any

suitable method, for example, béésne-directed muta&enesis of wild-type cleavage halt--domains (Fok I)

as describ®tmatias patiiane dBfdEioINanS 508 /B de Al 1 eacsleevasn bl sjompinirr sstyrrL4275
E}e-g-, Exampkaéiﬁ&e@déﬁd{t&@e@amﬁl% Bﬁsig?jé@@iﬁﬁn@tmhm?sém’ @lxﬁ%g ﬂ;@ﬁz&&ﬂgﬁmiﬁuﬁkaalse
aving a target site in a CCR5 gene can be used in t ods disclosed herein.. For example,
oming er SR IaEE  Bh SUAE T 8 g e SR S5 BB B EE e of wrich are
likely to bejprsagatabfdastati stésalriaesis (HEE 4@ Humdihs raihgenrdriea vagy balfhlomelsase having a
unique target site | -C ] Of_OF | iti Ing finger: ase, for
argeted e B e o e B
PI-Pspl, Pabslighetl. Stasrw/g - Examplerta Intgoetionsh Batent Beblication@te| O/t 8989M8Td@ I and I-Tevlll.
Their recogifion, SEHGRRAS Phk SHRMSEPreleRIdeIn REIEREMY- B bARsts.S. Patent No.
6,833,252; Belfort et al. (1997) Nucleic Acids Res. 25:3379-3388; Dujon etal. (1989) Gene 82:115-118;
Perler et ai?¢13b4) NuckeingsErsIRlsavaee halfdomains dessHiabberin eBemERACE FIDA IB8: Gimble

etal '| (lg%,hillakl)Ml@lnchld,Z@%'éb@%xéﬁ%bhﬁxm&ﬁﬁé&éd @aagbaeawfam,@geaé@a@a@mdthe I\:ew
England Biolabs catalogue. . [0080]JAlt the cleayage specifici ming endqgnycleases is
not absolu‘f@'ﬂﬂiﬂsrﬁgéﬁe%taﬁodéfgﬁ é%%ﬁlg)rk%tﬁggbe\% cgitllégp ﬁ%‘ gpgﬁ%'%ﬁ? fg@ggh gﬁtm ¥ s?r%é le
cleavage ewdniVetoaiiatidge siZExhgpbob8d. can be obtained by expressing a homing endonuclease
in a cell containing a single copy of its recognition site. It has also been reported that the specificity of

homing endonucleases and meganucleases can be engineered to bind non-natural target sites. See,
for example, Gldditidiel detho@0ob2 Iurgkied Clidvap8sCidsS Epinat et al. (2003) Nucleic Acids Res.

3112952'2&@2@5“W°”5&.§1§ %A@Q&@a’&ﬁ%%etsé% Jt?_é"é@fx%%&@ﬂgh@éeeéaﬁ'b@%% ke R fRREE

Therapy 7:4 . Gene Characterization [0 ith respect to characterizing gene function, improved

delivery andivelosshhetaiponfor sepmpicaberting dxlenlsirastnand i searuckeaseseNE ¥%préeRkn of a gene

being studjgeh MAiBRALIRESERMBIRC BIVRAGASINEIM S D Bl 0ssa At RNARXPIRESIPB

cassettes can down-regulate to a greater extent eﬂjression of a ene_bejn% rqs:ctelghe%? In eithgr case, the
|

enhanced BB - AEERSOA BT S EHE ah R O O B SR Y ne can be

used instead of, or in addition to, a zin¢ finger nuclease, for targeted cleavage in a CCRS5

gene.
[0079] Exemplary homing endonucleases include I-Scel, I-Ceul, PI1-Pspi, PI-Sce, I-
ScelV, I-Csml, [Panl, 1-Scell, I-Ppol, I-Scelll, I-Crel, I-Tevl, I-Tevil and I-Tevill. Their
recognition sequences are known. See also U.S. Patent No. 5,420,032; U.S. Patent

No. 6,833,252; Belfort et al. (1997} Nucleic Acids Res. 25:3379-3388; Dujon et al. (1989)
Gene 82:115-118; Perler et al. (1994) Nucleic Acids Res. 22, 1125-1127; Jasin (1996) Trends
Genet. 12:224-228; Gimble et al. (1996) J. Mol. Biol. 263:163-180; Argast et al. (1998) J.
Mol. Biol. 280:345-353 and the New England Biolabs catalogue.

22



T-cell genes. [00821EXx vivo applications also include altering the functional properties of a pool of
transduced T cells. Examples of transgenes that can be used to alter T-cell function include, but are
not limited to, chimeric T-cell receptors that can re-target a pool of T-cells against a specific antigen;
and cytokines that can be over-expressed to enhance immune function and/or anti-viral activity, as
provided in more detail below. Treatments 100831The methods and compositions.described herein
can also f948Me in the Adarebriberlearasmmestishnataosiiamite RSIBIEar s A genetic
conditions; Gt suULipets 1d hritavodrepsingitdq et sty ara oTaticht et dnighaban aesdnglrein
includes achieving a therapeutic benefit aﬁd/or a ro;r)llkvela%tgc b%[gafi% Byeggieraggg&qn enefit is meant
eradicatiof GV ABTTIIR BAILHRISIRAA S EENATER Peny treated. ARS A thérapeutic benefit is
achieved tidoihie iessslinatial oo maisiigy atbongf ape of narewhitionpsivsididyiealseybagnoms associated
with the underlying condition such that an.imapr. I j | ' nding the
fact that tH&rsU ﬁ%%%argaﬁ g‘?ﬁf%ﬁ%lﬂ:h@éo Vﬁl@%ﬂ%@ﬁ%%%&é%%%ﬁ% opﬂi‘%%ﬁ%%i@gﬁ}négsition of
the preseribibirehtionnutayebtgdhsitistevet) forpsunpe: Ghewtien dal(@MRyMesadfieh, or to a subject
reporting Cl*b?s%%%%@ﬁ@%ﬁé?ﬁ@&ﬁ'ﬁﬁx'c%{mm&e%@i%h@ma@ﬁi%rﬁmﬂﬂwm@o@pgnOSIs
ade.

may not have beén |The invention also provides pharmaceutical compositions for
administrabighte 44 Ei5e-e0tH dtasiesisé aheidlY LQP@GBHQ‘BM%F?BV%@%@modS and/or compositions
disclosed herein. In some embodiments, pharmaceutical compositions comprise a therapeutic gene as
the exogenous gene carried by the adenoviral vector and introduced into host cells ex vivo. By
"therapeut@e@égg‘“i@ﬁ‘%'éﬁ%‘ﬁﬂwucleic acid molecule that when transduced and/or expressed produces

a beneficighyaylt in a swhjecicspeet vinghiiaaterients Exanfples of, suphdhet dpbvtiy gades include 1L.2,

which enhances T-cel nsion and can find use in tre ' | , Bsiyvell as
CD40L (g5§@r?ﬁ5559}£§%f&%sﬁ%ﬁscaanrgf)érﬁﬁfée c?% %%gggg%%ﬁéﬁ%’%% r%bgg%r;%%rﬁ angﬁgan find
use in treasréiidof Ansientsneithrcpitaimpypesdofelbuiesrd/ R SxPEFsIEN C ESIBNAIS RTREL Ween

demonstrated that an alloste conirollable Jibgaune doduces celdanih ineliemianeigiegenous
leukemia (ﬁ\slff %Seﬁal?r?éoc@rgé ?ril%(eﬂ%qb g.type bcr%gﬁ oncogenegin VitrQ agnd in viv‘%.{lTanabF et al.,

Nature 2000¢081e4Tdu7a] Chamee s PIRsHIRS ST HHRTRELRT ShotasterRaRn BERR TR Blicing the
ribozyme(;qtg%ﬁ[igé?@éT cells of patients with CML, e.g., Wherr(]e tr?e ribozyme caln be tgansduced and
expressed at high levels using one or more approaches tau rein. Immunological.Di S
[0085]In ol88Ahbodimert HERBPHGRIRS 8?éﬁ?$‘£?§%e§§&%§/%ﬁneq}%nna? e ‘H%Scag I% %é?lssegs
immunomaguisiaeseTtisns. FxaexAsspitraigenap duticpobmeptde diahE-peldunctivndnaBiienay be
useful in treating deficiencigs or. disorders of the imm N IVALIOEOL AnhiRiL e
proIiferatioHPHFﬁE F@ﬁgﬁ?i‘é?{f‘c?r ﬁk‘b%ﬁﬁ%?é%%ﬁc Y& ﬁji)rg gﬁ@?&%@ﬂfﬁ%ﬁ%ﬁe@mﬁﬁg Il%%%sgglég\t/tglop
through thepicifeambférematoptiksiss thaiduoihg ongeRyRrestafie enhas LIBBRLESIRIHERrophils, and
macrophagfns arnd lym ﬂ%l%ii@?tf%g gr[wmggg{:}ﬁggg &&lls fagwpluripotent stem cells. The etiology of
these immdRe Gefitiencies or disorders may be genetic, somatic, such as cancer or some autoimmune
disorders, acquired (e.g. by chemotherapy or toxins), or infectious. [0086]A therapeutic polypeptide of
the presentipé/tﬁmgg;;smay be useful in treating deficiencies or disorders of hematopoietic cells. A
therapeutic polypeptide of the present invention_could, be usegd to increase diffe %ng%t]i%eor
proIiferatioriQﬂﬁﬁématopoT@ﬁd@éh%?Tlﬂﬁﬁmﬁﬂ?%tﬁﬁ?ifﬁféﬁ?e AR 8 Eh le’\“?or? to treat those
disorders agsggiatadpithudecseasmitotegian (ammaciypiyaiendiemgtoptictodishss Bxanipids of

immunologic deficiency syndrfomes include, but are not limite o] rotein disorders (e.g.
aganunaglo"b‘@lﬁ’r‘é?ni@%lfféﬁhnﬁrr%%@% bél .n“?trﬁi5?%%‘5%&%%%%%3?%0%@ l\(ijdz:li‘}ii%e{ble

immunodefiginieeynigharye S rmficadjoriafrtibnladtie bemsiy. B drsap itk PRI bHESHN
deficiency syndrome, lymplaRenie, BRagaGMe RasenlBbARlianescate combipedic
mmunodeﬁc%ncy S), Wiskott-Aldrich Disorder, anemia, thrombocytopenia, %r hepwogcloblnurla.
benefit is achieved with the eradication or amelioration of one or more of the physiological
symptoms associated with the underlying condition such that an improvement is observed in
the subject, notwithstanding the fact that the subject may still be afflicted with the condition.
For prophylactic benefit, a composition of the present invention may be administered to a

subject at risk of developing a condition, or to a subject reporting one or more of the
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[0087]A therapeutic polypeptide of the present invention may also be useful in treating autoimmune
disorders. Many autoimmune disorders result from inappropriate recognition of self as foreign material
by immune cells. This inappropriate recognition results in an immune response leading to the
destruction of the host tissue. Therefore, the administration of a therapeutic polypeptide of the present
invention that inhibits an immune response, particularly the proliferation, differentiation, or chemotaxis
of T-cells, phayitle ginabHgoiiterthef apghin pradisiotingvantbiongiumdisgsosdena y1 00IG8MVE kantples of
autoimmu%gggorders that can be treated by the present invention include, but are not limited to:
Addison's Disease, hemolytic anemia, antiphospholipid syndrome, rheumatoid arthritis, dermatitis,

allergic ent@iiomyeliffhegmiertionoapprddes pbappasensiessarapenidons fayadnBugEiionMRItiple
Sclerosis, Myasthenia Shayisdied finOpiERAIMR: BriRuadempianid (5apiRlaHS disclosed

Polyendocrinopathies, Purpura, Reiter's Disease, Stiff Man Syndrome, Autoimmune Thyroiditis,
Systemic 1§HHE- B A8 S8R S RIS BUFALFRIAP RSTEARTFAMRTIE AilRarRssiie 88 dfome,
insulin-depgedesisiahetendvatita, Kynobndetinantacoiceandviatonliitedainch disknicemunevivilammatory

eye disease. 1Q0891Similarly,, allergic reactjons and cqnditiops, such as asthm rticularly allergic
asthma) osrga’thg}efégf)‘i'}éci(g@%résnﬁ%ﬁ Ay sl&s %I}é %gqa? eucseb{%/laé %&%&%ﬁuﬁ%%aé%%ﬁde of the present
invention. [B@9&skMqrasiness thbesefividbotdels ramsbbjestadce wentrantapsinyl aRisinhyloe ifanshivity to an

‘éi‘ﬁiﬁ%@%‘iﬁ&ﬁ%@ﬂ?? PRURHINC0920M ADSIARGHUG PAYRGRIING 9 thexiesent

antigenic rﬂ%j%?
used to treat and/or prevent organ rejection or F;'%raft-versus-host disease

invention may also . .
(GVHD). Crfjp#tirsisctith esarsasyvabgsifirttlelsaifqaderdadh whirk aysprattdn s hrough an

immune regRENSEom dRIABE AhIMERYAGHE SAATAR s RO/BYNRINIIEHR wath ceridiisigpeeothe
foreign transplanted immune cells destroy the host tissues. The adminisg}aﬁtion of a therapeutic

polypeptid &ERKEMig SRR ERESATRYE it MittReah demenntatsd Sipan sliasiencaly ﬁ?é“ﬁ?ﬂl?#e?ation,
differentiatigb Qe pinelaxisIidatbaliscHimychaibgéiantivizikerdpydiviinevehting lendanimgjdetion or
GVHD. [00921Similarly, g therapeutic polypeptide. of the present inyentio 0 28 Yysqd to
modulate |?f%3%1'i¥%en€ﬁy@1? 8 'ib‘?ér,lt%13 r%%éﬁle‘ﬁlt‘fco 'p%%}%e%t%glma;a}t}tr{ﬁ%wgagofﬁgreﬁ?h and
differentiat®smef @aisdimehredfithamindtarmmatdon resgonsesdindsasdotomios ti_hanrei@Jé@_t@ to treat
inflammatory, cqndifions, bpt e e ACG CRRBIions dinslyribYdRimmRLRGASsRCIated with
infection (er.’g. segtlc Shoc , sepsis, or systemicinflammatory reSponse syndrome (SIRS)),
ischemia-reppréasidnthjghylcspid mrioReIvalBAra RPPRICEBRH IR dSEsediated hyperacute rejection,
nephritis, cytokine or chemokine induced lung injury, inflammatory bowel disease, Crohn's disease, or

resulting from over production of cytokines (e.g. TNF or IL-1). 100931Examples of classes of proteins
having imn{mﬁﬁfﬁm&fﬁ@‘éﬁi‘(ﬂ’@/ include cytokines and thymic hormones. Thymic hormones include,

for examplegggsthymosimalnhambbymien, thymicsbemiomideiioepésdbyFthe Batisdnvedyfe growth
peptide (TOP), thymopoietin (TPO), thymopentin, and thymgsin-a-l. The, term, cytokine stoa
diverse gro%a%’f’%sc?rsgt%f“%m? ‘5?6%/ S %‘ﬁ%ypg&ﬁé%ﬂ?g ’ﬁ%eqﬁéﬁ%egg%ﬁ%%%%%[ﬂ%ng cells and
modulate tpechgnciionatiaativiticseofsiefdlvio rah Geiisleficictissescsy. disanbas of hyptormusd sERiem,
interleuking, interferons, colony stimulati Aoki hanpesalayiekingsinclude:
IL-la, IL-1(3APDVATESH lt%ﬁé‘r&%%?fﬁéﬁfﬁﬁﬁ?%ﬁﬁg ?F?Efa |FN.$§(nma., TNIIQZS?TNF-a,
TGF-P, G-08miM-GIF, lnonercaBrRerniershivesh BgBrases cAhpeainpoigsiceBratirthter-expressed
in T cells, %%ef&@ﬂh%?&s[%ﬁ%%&mt@ﬂe%ﬂ%ﬁﬁ@p&hd/ﬂ%%gﬁ@g&@%ﬁymw&mﬁw Pisorders
on

100941In embodiment, a therapeutic protein of the invention is capable of m?(/)gu'%tin cell

proliferatiodyspeacataskraiefem iR trle e 58 s ERF G iR SRS PO RETAR F& or

including NQQRIARMSay be genetic, somatic, such as cancer or some autoimmune disorders, acquired
(e.g. by chemotherapy or toxins), or infectious.
[0086] A therapeutic polypeptide of the present invention may be useful in treating
deficiencies or disorders of hematopoietic cells. A therapeutic polypeptide of the present
invention could be used to increase differentiation or proliferation of hematopoietic cells,
including the pluripotent stem cells, in an effort to treat those disorders associated with a
decrease in certain (or many) types hematopoietic cells, Examples of immunologic

deficiency syndromes include, but are not limited to: blood protein disorders (e.g.
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(00951Examples of hyperproliferative disorders that can be treated by a therapeutic polypeptide of the
present invention include, but are not limited to neoplasms located in the: abdomen, bone, breast,
digestive system, liver, pancreas, peritoneum, endocrine glands (adrenal, parathyroid, pituitary,
testicles, ovary, thymus, thyroid), eye, head and neck, nervous (central and peripheral), lymphatic
system, pelvic, skin, soft tissue, spleen, thoracic, and urogenital. 100961Similarly, other
hyperprolifgative: gisortines:zad ysiconvea glohtdintipia) tlatrigdeldo gietigsép tamoromaasiadent invention.
Examples 1%@?%&%&8@%9 IEE@HY& SRR W%ﬁepﬂbﬁrﬁ'ﬁﬂwﬁﬂﬂﬁﬁction, leukocyte

obu

hypergamma Inemia; lymphoproliferative disorders, paraproteinemias, putpura, sarcoidosis,
Sezary SyrIenes delgHAG¥EREVS LI RINBIRERR2 %%%@%ﬁé&ﬂﬁ@ﬁ&&?ﬁg&?rﬁnd any other
hyperprolifgygiivg.disaastobesisas peripsipvViesa s ARammIDIRRdEY Sigbmiis et ahisve (pRAEA
therapeutic polypeptide expressed by a transgene according to the present invention may inhibit the
proliferatio?fBFW&EW’through direct or indirect interactions. Systemic administration of the
transducegiposhg provides fiasrasaskspelfharageuiithpimtaimtinaanitin vadieijsobtissed. iAlternatively, a
therapeutic oale}/peptide of the sre(?ent [ entioq may stimdjlat% etpser &&q{i?&a&i&r& ofrgtrll%ecells which can
inhibit the Hgf)t 18 R P S S 1D By S B T S eSS = ImATine Fesponse,
particularlydoasgaaming Bseifjenforgigalitier:oilthy nyponsrotifisraiikis iisppoamriatoieenatifépating,

differentiaind, @ O IRINGL seslis YBRIRPIRIRNE ARARP FRALE HEaledmbifofb e response
may be mcreasecpby ellrtlfl:lner enhancing an existing immune response, or by initiating a new immune

response. Alrermatietily ebctberaimytimpehynepiedeRiisa searra) B BRI HEb SRR dLmgre
hyperprolifgraiye disgigslis, s4eb po b rhemehiriansis assnbudpiestiousMsaaged @A99]In one
embodiment, a therapeutic polypeptide of the present invention can be used to treat infectious
disease. Fefiestivhsherany iMGtEySH B ARMITHRS E8SEIRE: particularly increasing the proliferation and
differentiatjgogafi B and/op dueplis dntrctivus isensedsnaihedratetabidjninpneseasponse may be
increased by either enhancing an existing immune response, or by initiati immune response.
Alternativeli},v?ﬁgcfﬂé’?&B‘é%ti%‘%gfﬁﬂé)ﬁ?f g s §§é£*a%  Dieite ﬁ%”%"%%g“d%gﬁ;% inhibit the
infectious agephoapthdipidepetsardyrhéicitisigidraitmtisnéerowisivsell foaioGwRRIESAYEIBife example of
an infectious agent that can cause d Synatems hatsanhe ticaise Ryiadbrrapeutic
polypeptidg?gfr%urg%?eegz}a"ﬁ?lfﬁ(\ﬁﬁ%r% %%g%r?pqgs of viruses, include, but ares not limited to the following

DNA and R¥iiasthenitaGritics; Nebotiguephialia Britous Rempliaeid; Rsapkigis, Birnaviridae,
Bunyavirid 1y%9585\4;'19sﬁhg'gcwisiﬁa,eamﬁv&eg@?sﬁtawmﬁi@@adfammwmwepatitis), HIV,
ae

Herpesuviri such as, Cytomegalovirus, Herpes Simplex, Herges Zoster?t,} ononegavirus (e.g.
f

ParamyxovitiEsdVisrBRARIS [RARSBEHRREPSBASRIRGURA s S B G M ATEATS 2 B8 bovaviridae,

Parvoviridag, MisarpryiddaadRae/iidarmgupbrasn oistkrex meNdsolirishn Reosdridael{erati Rotavirus),
Retroviridae (HTLV-I, HTL.V-II, Lentjvirus), and To avaisridae (e.g. Rubivirus). Viruses falling within
these famil ‘%%ﬁﬁgﬁg@%?lﬁvg?ﬂﬂggé@seg? VAptoms, including, but not limited to: arthritis,

bronchiollitipoengephalitisireieripfetitiqns réactons mdnuindits e satisis aHthomdfatiuwdashndrome,
hepatitis (A, B, C, E, Chronic Active, Delta), meningiti PR, W{gﬁé@ oS {60t 61DS),
pneumoniafII ﬁ%?t?%twgp%gﬁgf f:‘:ﬁg% gﬂ%ﬁf%@%ﬁrﬁggic %ver, Measlés, Murer‘?pes, lParaim‘luenza,
Rabies, thepotypeptdecoldhPmitesieitkentianRubella, sexually transmitted diseases, skin diseases (e.g.

Kaposi's, waggslyand virgipia, Adhaansuiicpabosntile,ebihe ReaseRijRyRAtIOR fRsBRsisaE Lo treat
any of thesgjr synlptoms or diseases. o
to an antigenic molecule, or blood group incompatibility.
10091]) A therapeutic polypeptide of the present invention may also be used to treat
and/or prevent organ rejection or graft-versus-host disease (GVHD). Organ rejection occurs
by host immune cell destruction of the transplanted tissue through an immune response.
Similarly, an immune reéponse is also involved in GVHD, but, in this case, the foreign
transplanted immune cells destroy the host tissues. The administration of a therapeutic
polypeptide of the present invention that inhibits an immune response, particularly the

proliferation, differentiation, or chemotaxis of T-cells, may be an effective therapy in

preventing organ rejection or GVHD.
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101011With respect to HD/ infection, one approach involves using adenoviral vectors carrying zinc
finger nucleases targeted to regions of the CCR5 gene as the transgene, as described in more detail
above. See also, e.g., International Patent Publication WO 2007/139982, also incorporated in entirety
herein. According to some embodiments of the instant invention, improved transduction and transgene
expression can be achieved, resulting in efficient targeting and cleavage within the CCR5.

101021 Bai@@92%l or fundiihdbelysatthataentapsiymiptdsefohspmpionis anticthatayaaisb deresaéd or
detected by AJARIARSHASRONRERUES: oL IG R SRe ManpROteRFUsRa bARMBRIIUted fo, the
following Gram- egahve and Gram-positive bacterial tamilies a ngi: Actinomycetales (e.g.
Corynebaotelifierativiyeo défErienti aticorofiegily invopead inoxns nBeammateas pensinthisse Clostridium),
Bacteroidageng, RIAsio By/sasise BesdsiplanBasrslianBisalesin Gangidiagise Gacumuioaster,

Coccidioidomycosis, Cryptococcosis, Derrnatocycoses, Enterobacteriaceae (Klebsiella, Salmonella,
Serratia, VBFYHiAE Eﬂﬁélﬁémi?(?sﬂ@ﬁ?&b‘ﬁﬁféﬁé&@?&r@l%sﬁ@?‘ﬂeﬂ%ﬁﬁ%& OEFEmIC
Mycoplasmgiaiasaejsespieras{eandSIRD) ActberioneehRsiol Bijigpcantatxindstiealipljacea
Infections (e.g, Actinobacillus, Heamophilus, Pasteurel!}:%, Psi_lrjgomon%s Ric‘éﬁéﬁ@ﬁ%@e’
ChlamydidEHEH S RS B e RS AT SR Yo BRI A S TN IS Use the
following dis@asddwizSyipromaainciadiyddout dixehseit€rdim b dttenenma rendoua fiis o¥ge infections
(conjunctivitis, tubercylosi ,uve#iFs ,Qﬁgivit'ﬁt,_ portunistic infections (e.g. AIDS related infections),
paronychig,r%(;B(gtllﬁ’é‘s(?s-c e e tions, Reiter's Disease, respiratory tract infections, such as
Whooping [C8Jh or Emipyemydssepaasses/nieDistaday Daioatanempiyiaies, sy tEs!U8s aty phoid
Fever, fooggv&'&ﬁg g Tﬁ%ﬁﬂ&%ﬂﬁ@ﬁ’é&%i@xﬁ@ﬂ@f%%ﬁiﬂai% Shalapwdidodymbilis. Diphtheria,
r [

Leprosy, ParatuberculosiS, Tuberculosis, Lupus, Botulism, gangrene, tetanus, impetigo umatic
Fever, Scatiehfretisimadisy, mmiahgmméoﬁﬁggﬂé@ JsliHkda ‘?é‘.ec@'l?d'ﬁ'ﬁ%?%%}‘g‘?éﬁgebses) ,
toxemia, Ui SERGkINTEEtNSyWepasiniadianmdsitharapauitapalyeskide efthaipuedsntiavention
can be used'to treat ag of these symptoms or dis@as%s.t Jé)]‘}os Moreol\ller A%%rﬁslgrigg agenfs ag%using
disease orS§HSHSTHEHSHIBL FERIERF B LPERISS IR BehATE SoRE s {He Bresent mvention include,
but are notyisaiieddehdTentelauingfamiies indhébiatis| Babd sigsiss. Cdesidiosisy®lipesspetidisis,
Dientamoebiais, Doutine, Ecloparasiic Glardiasiasminiasiz LAsheaniasis: Shejleians.
Toxoplasm‘8§? ?%Vg’ah%go?nr?élsisfoandy ‘Ftrlc omoHas. Thése parasites can cause a variety of diseases

or symptoris;likietudlingge ot bt linittdoesiSiabib deakemtsidubirrydpetpideionE Mite iit% disease
(e.0. dyseﬂt%%n%?%ij&%v&f 5058100 disease .ppRAVILIGHICORESHiRREd eylolitiRSslated),
i

Malaria, preggnancf/ complications, and toxoplasmosis. A therapeutic polypeptide of the present
invention canibrasksadendeaucasy e & ATt M8 JP FRRACEMRBIEAUPSHOR 18184 therapeutic
polypeptidgggltpgoggﬁ@@t invention can be used to differentiate, proliferate, and attract cells, fostering
to the regeneration of tissues. (See, Science 276:59-87 (1997).) The regeneration of tissues could be
used to repair, replace, or protect tissue damaged by congenital defects, trauma (wounds, bums,
incisions, OffipeepsH/fgeridisbasedeg. osteoporosis, osteocarthritis, periodontal disease, liver failure),
surgery, including cosmetic plastic surgery, fibrosis fusion-inj : | ine damage.
[OlOS]Tissdgg9 t could BE ggﬁé“r%@éﬁ%& %ﬁklﬁgt?]rgpggé?r' %ng)t{;%)% g@%ﬁ?ﬁéﬁ?&gﬁ&%ﬂ% the invention
include organg{kingecitrakfdiatoninfostnettiduneytiskiolvepriitnsrudg Heds@&¢a8mooth, skeletal or
cardiac), V%SCU|afé§$§|1Léﬂipeqdy qularendeiheliugpluBgEvous, hematopoietic, and skeletal (bone,

cartilage, te gﬁ),ran igament) tissue. Preferably, regeneration incurs a small amouynt of scarring, or
occurs withi898¢arring. Beeyentssetion Brser phids aHve @‘Hﬁﬁfﬁ)&@f‘lé%i‘sb‘fdﬁé‘iﬂ/l@é’o{ffgﬁ“%efﬁgzrapeutic
polypeptide, of e, pie e AN RaN BFRRasec RUeBRS AUO MRS B psopidioitite hiedlinFtbe:
example, incréased tendon/ligament r,egeneratiogwwould %ruicken recovery ti@ecgfter ggglage. A
therapeutic39gRBEptiR & TFE T ALt iR AR (S GTaPART B8 RSB BrophyTaCIcally T an effort to
avoid damaggr-aRe piicwineasgstthangasdtdes waisdtinaudettonciditisys el andmetkyndrome, and
other tendon or li ent defects..A further example of tissug reganeratign: o] li nds
includes prﬁwgﬁ%é?&ﬁﬁ%%%cg%g’a& ed Wi tfa%é?ﬁ’iﬁ?u%b%ﬁ% §§r‘§fﬁc’gi%#§ %gl%n%%%%’
wounds. Cliednaiagesif8lL07]In one embodiment, a therapeutic polypeptide of the present invention

possesses EBEE“OtaXisﬁﬁﬁiiYé‘iéfyfcﬁié? iomelssweiatrasts Qn mebdzasasliveg. monocytes,
fibroblasts, neutrophils, T-cells, mast cells, eosinophils,O%pithelial and/or endotheg?l cells) to a

particular siteeianpisaYRIRS a8 i HIRPRIFEIARY SRR o BPRIES BF TAFHRRETREIAIBA ¥he mobilized
cells can thgpfigtofianedorhiant g pastisular ispnaenalidraliatiyid036g]Hotheldpetive

polypeptide of the present invention may increase the
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chemotaxic activity of the transduced cells. The expressed chemotactic molecules can then be used to
treat inflammation, infection, hyperproliferative disorders, or any immune system disorder by
increasing the number of cells targeted to a particular location in the body. For example, chemotaxic
molecules can be used to treat wounds and other trauma to tissues by attracting additional immune
cells to the injured location. Chemotactic molecules of the present invention can also attract
fibroblastsligerieiscasr saicingnvas.car sy aEcqOreD) Bream & veasnspWmdensiioa therapeutic
polypeptide Qf Y BIESERT N RRLAG D BYIARDRisheIas isacty MnEPRssIpRIRR AR c0UId also be

used to treat disorders. Thus, a therapeutic polypeptide of the present invention could be used as an

inhibitor oﬂiﬁﬁ%?ﬁd?ﬁ%ég‘?s[ﬁi‘iﬁﬁﬁi&dlﬂfﬁﬁﬁiﬁ‘?e?‘éﬁé%i’l’?csﬁﬁﬁfﬂéﬁfﬁﬂe%b%ﬁtemplated for use include, but
are not linjiiesi7io, growth theigssuta: golgpepibd wiprasel nsuliride o avddrdaias- thapatetat-derived

growth factor, epidermal growth factoy, acidic and hasic, fibroblast growth factors, tfransforming growth
tnctor (3, SRS IaN BT I RO it G AR GRETb BREA o
humanize8ystenpicoadeie stsstien fithe mizasdoanedroptteriiodesffarsebiec bl deinpe tviejgntemtigens or

th e.0., H. Pylori), or t ide treat briti ' i ;
Cytonos o ey B R e R e S B AR R e
interleukirgifeudptel the proliferafionof othee crblsisvtaehcramingbit therheroradifestiivediispedaiiocyte
macrophaggéglony stinpylating, gty (V£ RE hPRRERIAS R (AT AR NI Rhghpolypeptides

(e.g., antibacterial, antifungal, antiviral, and/or antiparasitic polypeptides), enzymes (e.g., adenosine
deaminas@itigensder e the SymsrRERREr Y8 -BsrIARS P Serie R ute At RS pUEERNS; Hemoglobin,
erythropoig{yn: 2 a\iIMOLEPRI M ieIgldGEASE e SREBFAPROSi b diseatedD | A %R IAGIAAAGHYEERE (HEA),
urokinase streptokinase,S%henylalanine ammonia Jyase, brain-derive neurotroghic factor (BDNF),

nerve gro@ﬂf‘?&r&i‘ﬁeﬁ\%ﬁ I ETHBR BRI B LOPRRSIGE A5 $a 28 PEBHIE AdERoUHE e
deamidasesspataiasa kalsionihy, decethalipm iraspsr agipase pepysitsolrccasetodsiitratingotrypsin

elastase, ¢carbox tidase,lactase, su rase.'tilltri gi&]_f for, & I&i:t(‘)i Qtparathyroid hormone(PTH)-like,
hormone,%\é?ﬁmgd%‘?gf?%ﬁ Antibodies and/or aﬁ&gen-%ﬁi}laﬁaﬁg%ragr%en'ts (e.g, FAbs) thereof (e.g.,
orthoclone OKT-3 (anti-CD3), GPllb/lla monoclonal antibody). 10111]Those of skill in the art will
recognizeﬁ’yggﬁgpﬂggg&géc gene products that can be expressed in transduced cells using methods

and/or compositions of various embodiments of the instant invention. See, e.g., additional examples

listed in U8 lication Iuanrcem8adimeon tsoaats rohewtider filmersrentingatisecaghice the
utility of mgtheds iaclapadiheraiseiagans sranapy,; by grneathel apyiarnatedsgonseation is usually
delivered to a_host cell in order to correct Slif}?%%%?? atpﬁ?netic efic&inc}( inlfhe (iellﬁgo Sinhibit an
undesired AT i Hrecasmedh e EmiirRaiet ARG Ut eCeRtation SE R Rion F T M A be
intended tdipeasdsiemiyebbosiacel| Wiih imdesicadshunstions fdreiirstense] by sithglerhaedrgted protein to
treat other cells of.the host, etc. [0112]In some embodi o] tig. gene products
may be puermcsag’ oruse i 108 ?&S[gt%ﬁ ' é?’gl?élﬁl r%t%%gsﬂﬁqgg?n%k g’ﬁ?g]d iﬁﬁ?éér?%étﬂ%k’t’rlgln%genic T cells
themselvethengpetiécysdspepsidpelticaiipsaudhvintichaplatmabiesstiboainrbdri fbeinder tonspasas
”ansge”‘%tﬁﬁﬁn@&&%@?%ﬁ%&&%ﬁxﬂm@ Pelafsd.01131In some embodiments, a

ca

pharmaceutically acceptable carrier Is included in the pharmaceutical composition. Pharmaceutically

acceptabld®lers are YaruspsinEPTT BRARBVCRERIECHOUE ARTH ARSI adifF*iERFed, as well as
by the partighlaiomethadoused iR AdMNIistakEif-0a0RASHRNIJIA eFardipgheriiareisienwide variety of
suitable formulations of pharmaceutical compositions avaga%(lg gsee, g)% m on.s Pharmaceutical
Sciences, FFATBIFS L08EYs e IS M AR EE RIoS fRI Bt QARG Lan be
administergghities:sWhjeeotiin ) arlibathicacatiertice Arroividusl Bireifddiive, Bwoyavitideen referring
to a phar eutical composition comprising .T. cells transduced as described.here; l-generally
mean the 06t }élréﬁg%%,@rﬁga\é?g?% MmNt ‘fg’f%ﬁ’ o?ﬁﬁf&ggﬁsﬁg%ﬁﬁ‘gﬂ%‘\a/%ﬂ%eée%ﬂ;ggé{rgﬁ’ended or
approved Blegrepofithe (@rdbuas, r@gﬂ@i&ﬁg‘o}lmﬁmyﬁwpEg'ammméivgi}icstﬁesmd}dan@mﬁ%{ﬁmaceutical
arts (0., [0yl vl amRACRRLaUARIALT TG AIRRHRE AR Y RERISING [0

enefit | y

producing reating a given condition, such as leukemia, will generally mean the amount

that achie\Rapenpvérfirechne paiiiaemBitQER¥IrdaprBox iy as{sush S Rex REgYASEMAdr advisory

organizatigiginiag.Megisa)evistyg Relravisida< g HIF DX JANI) WIThY e viras) e Treson sagplier.
[0115]A person of ordinary skill using techniques known in the art can determirt]%.the effective amount
of the tran$Br8cBYPHABIFY X IHBEY R F@Wﬁ%‘%’eﬁéﬁ&%@@%&% RRUEFRYADEY ROUIREHE) "depend on the
exogenousgapmandintl cdhstirbulatariingedtd eandrise dramchicdlitiscetechiudiifr ope mamodata, e.g.,
data regarding desired expression of the exogenous gene, measures of the exogenous gene obtained
ex vivo (for example, as provided in the Examples hegein) and/or in animal models, along with
knowledge of translation of such data to the subjectto be treated.



[0116]The pharmaceutical compositions can be administered by various means known in the art. For
example, vectors can be delivered to cells ex vivo, such as cells explanted from an individual patient
(e.g., lymphocytes, bone marrow aspirates, tissue biopsy), followed by re-implantation of the cells into
a patient, usually after selection for cells which have incorporated the vector. Therapies where cells
are genetically modified ex vivo, and then re-introduced into a subject can be referred to as cell-based

therapies 6 gaibtienaiiéss, lhezaptisle chedrinibogimameroniis, hepativiatad Bdm Bh ERiBECt organism,
transduceg with 351, GXPARIRHS SE1IEAGFISAE TN ACOEIRETS) g drssRI Bsslapyre, and

re-infused back into the subject organism (e.g., a patient). As a specific example au,tologgus cancer

cells can Bl déekromey theammbagia 6&%&?@@?{%%@%&%@%&?{8&’%@% one or more
imMUNOStERHAGT ORIk ARGKERR RAVIIR, retaloduaashittediesartisnkia. giseases @agcer vaccine,
[0117]One of skill in the art will recognize several adyantages of embodiments of the instant invention
arising froftPIRS n SE5 B BRI L‘]’Z:"thP\egﬂﬁlRﬂY éeﬁgd%r? @&reegg%ﬁngﬁ{l 1RRERES %Sﬁ?ﬂ herein.
In particulay itbe sse «dfthekengwistbuaciodseaseproduce certain advantages over lentiviral vectors. For

example, JRIGYTS SR SORSEIRAIS GRIRHIEISS RAMORGEn UL ISR RRS roer

inserts of nous gene erial. For example ectors typical ve a deletion in the early
transcribe dagames Bt dngomBEGeafettergraige neginnswhtite GRS grnsasdhinfoansgann aan be

introduced,(heLdgiglinn AsaIranirr s s uRbinahrdadeplicatipmieiestivRlor urthermore,

large quantities of vector can be generated to transduce large gquantities of cells in a single round. As

is known iRQAE EIP98detsvinromsaied HrenIiEF B e ElREdRFARe ST RS 18 dBRer, clinical
studies haygmrewidestvaluabinidormaling on e uasspbikeseestorsdn paicntsea0iBlingaddition,
the improved delivery and/or expression efficiencie uire less adenovirus to achieve a given effect.
Accordingh}, ok E%Mﬁ?%%s@f%%&?ﬁoéﬁﬁgto adenovirus (within the cells and/or in the
culture meipdzjan be reshigcathbyrmuagticipgmomea: emhadindiimaf theyimstantsaudtbiarandditionally,
where cells are frartsduced.in a manner. favoring lang-term culture, the long-

transducear%%ﬁé,oé. el 3%’52?&%]6{%633& s r%éaé:gnge oF gsr?eélxt}gﬁ’alé%g Bgﬁ‘?é%et{%?g%g%tbe
analyzed. Sminsi eonbediollentsgiGheminstgnt invedtGranhpasitive becterithémmilies ond fiee cultures

andlor tudies (el 0f AN RIEAHIA OR daGhitil shoh GBS ARl o the clinica

manufacture of trahsgenetic matefial after adenovirus transduction. For example, In. some

embodimeResiinerestime 1b0Branofdosiaditom: Basksridarsre.cheemisasih Berdgelimddosieitituring
after ade”%HéllUﬁE‘?@h&%ﬁ%ﬁhsﬁ?Q%%}%aﬁi@,Rl‘@&@imdmtﬁﬂ}&%iﬁ,aﬂr@iﬁ@d@edﬁﬁd to produce more
X sl

efficiently transgenic cells for use in cell therapy. [03319#0@3' of skillin the ? will recognize other
applicationBSAAEYFesTaRekdaRtIRASAR g&lﬁ‘?&’re Spradoy ‘f’gkeeﬁrgfilé’i fiatton in T cells would
be desirablgiijightherkitectetaletdiseiaubssid\iptespirredin Liowkaa My oisttismstales,expressly
incorporated herein in their entirety by reference. EXPERIMENTAL led: ion of
anti-CD3/aNf BB PE A é’t’e’é%’-’ﬁ}ﬁ?ﬁ?g& &g T%Bﬁ%}@ﬂ%ﬂ%ﬁégﬁs\}gtﬁgg i-cgellfi’f (-)Ei%%]égﬁ%ary T
lymphocytesctirersactitasnEddmumhilea) tPastoruie, RsehdorzeraniRiokettsisarapl &3 aneydiesidere thawed
and cultured in RPMI medi ith:109 %0 b~ ingeAand APaein IL-2
(Sigma 12%OI %'tsh&gé{lr}q e rﬁi{ it?/ Lé?%%ﬁ%%?s%%@#@ﬁﬁfﬁ%%@wgg mediately ac,tiva%_d via the
anti-CD3/ alite:6628 prtpimyswinslDiinalbubaetibniehRs hackerenin codoranditis Exs ipfesiintiion and

usage of t Iksad WG RRs N ed ptgmg‘ngda HpsnantiaciainRieiosokTBEatated
resuspend eads (75 uL of resuspende z;nalbead per | E6 cells/mL) were washed three times

with medialiHeaHBsheraeny shife PrestRery oL Rt REIF LRSS IS PERMEEShith a magnet.
T lymphocyigeetliHses.weks WabbsteduiGr B¥pseafeeibsid ¢MhaDiseadd) 122 Veadkoiving incubation,
activated T lymphogytes were diluted to 3E5 to 1 E6 cells/imL. AdS/E35 vectors wi n' with
Culture melRITHIYS PARENTCE FUNBHCE) RaLehs RoR A at Ao APRD e IO T S
1000 infectinttsingits, (hiaaiidBjBypdifs Dissresstdrepweste PasrubdoudogiseEupam sy, JaPhocytes

and returneg to,the incubator. ivery efficienci YReHyifeden
Ad5/F35 GEP Vet scdlgéég%r]’%ﬁz%’gﬁé’s’s%}? %v%%fﬁ%%?ﬁ%?ggﬁgé%gﬁﬁﬁ used). [01231As

shown in Filjsresas, slsinalrasesi(8 s S hHititv SESen A0S ¥ARSHBr Ao STH HEBR IR A BIesiRBBY 35 vectors
at MOls 10Qang H300:bAL/ celh Wil @i sa fipaRseRmt iptessitynddhtib o3 8 cnetd ’BRdaspactively.

of these symptoms or diseases.
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B. Comparison of transduction efficiency of bead-activated and 1L-7 activated T cells
[0124]Transduction efficiencies of adenoviral vectors into IL-7-stimulated T lymphocytes was also
assessed. Briefly, primary T cell were obtained and activated as described in Example 1, except that
10 ng/mL of IL-7 in the T cell culture was used for activation instead of Dynalbead CD3/CD28.
101251As shown in Figures 2A and B, at MOls of 100 and 1000 RJ/cell, T cells activated by 1L-7
yielded a #@H{8duction pdroesvaye ohSEvnaenisAOUsINg thsRASeLDSTDOamY thescmbedrmpaadon, T cells

activated by RyRIRRAGS WELR HARRANGREAS! SHVAREH RZHa i WEIaRTSARan 4520, respectively

C. Comparison of transduction efficiency of bead-activated and PHA/IL2-activated T cells
101261CHgHov naIfmiies aberakissindirbspinusabanritivip ARRinePridigsisy Biatasioehiass,

anti-CD3/anis 2B sonindine admiahd dusninalianing setivalipmsiiheeitsinae transduced with the
Ad5/35 GEP vector at an MOI of 30 or 100. The transduc(i@ efficience/ comparing the two afctivation

conditions KPORIASFIORS, 3OVBRAQE A H AR HITRAMS R CE SR AYRY R SER MY thE B Htage of
cells exprepsiag:drBywigibmi)enfilatihglays etaintissasdu Sicibi¢h oAb skitsis, ioyBigfiectibns,

bead-activated,. T-cells were trapnsduced with, higher. efficiency than PHAJIL 2 acti cells (example,
at MOI of %?%{Hﬁfo&ﬁ??g?é‘f/%gﬁ%sgf%@ﬂsg%ﬁ%u a é{ V&%ﬁ/ﬁ%&ﬁ?&?@éﬁé’%&%&% of those cells
stimulatedibﬁecamhﬁ_x@@lmms@sm Mﬁﬁﬁal@mmmmlé@ﬂt@dbmmh_mmm?%%% _
wansductiop pressHTRIAG iPRRGRUSR WAL aseyaated Wil unasaciongentbodies

against the and ll-surface receptors results in 60-90% transduction efficiencies, as
compared @ dis88setransduction efficiency of PHA-activated T lymphocytes. See, e.g., Schroers et al.,
supra. In addition, when directly compared with other methods of T lymphocyte stimulation (PHA or
IL-7), T cells co-stimulated by anti-CD3/anti-CD28 bead activation achieved a significantly higher level
of non-horﬁé&fﬁﬁﬂ%"@ﬁd joining (NHEJ) events when transduced with an Ad5/F35 vector encoding for
a pair of Zg¥84proeting CHERBpeutiEpaIptide bfahsgusianiofantoC OB/ hetidd 28 G atkndutvated

T-lymphocytes [0129]Peripheral hload mononuclear cells (PB T, . S
transduceé’Wﬁf‘IFf%?f én‘?e?'g’fﬁ%F&E%racf%gh’é“ﬁo?s§‘8f RT3 l&&%%%%%’igﬁcésscgrﬁugﬁ E‘%ms 1 and
2. [0130]Ag1saayWTTinckrigeresa8Ananiti3B eatuidbeofstd oareraB0 OcRALS. it pisRé BaFafion, Ad5/35 GFP
ransduced EBNIC 3 G0, T, Al 8k G ACTGEAIBSRARY AL YRharct MBS (S8R LGRSl

transduction eftiendies \ere observed with both lots of Ad5/35 GFP vector. Example 3: Transgene
expression(§QL 3siAtreriesisloveecanbaitiscrariproatibishasedit eictihrsd FUEBHY viBduRBassessed.

CD4 T cellg watsejiiier ashivaigd dndes aesliriasal Rinfy26eslstenndyyasditionafagatiCD3/anti-CD28

coated beads for 4 days, and the cells were transduced .vﬂtphthe Adg/3_5 GE \‘lector att an I\QCI of 10,
30. or 100.10105} Tissues that could be regenerated with the contnibution of a therapeutic protein

of the invention include organs (e.g. pancreas, liver, intestine, kidney, skin, endothelium),
muscle (smooth, skeletal or cardiac), vascular (including vascular endothelium), nervous,
hematopoietic, and skeletal (bone, cartilage, tendon, and ligament) tissue. Preferably,
regeneration incurs a small amount of scarring, or occurs without scarring. Regeneration also
may include angiogenesis.

0106} Moreover, a therapeutic polypeptide of the present invention may increase
regeneration of tissues difficult to heal. For example, increased tendon/ligament regeneration
would quicken recovery time after damage. A therapeutic polypeptide of the present
invention could also be used prophylactically in an effort to avoid damage. Specific discases
that could be treated include tendinitis, carpal tunnel syndrome, and other tendon or ligament
defects. A further example of tissue regeneration of non-healing wounds includes pressure

ulcers, ulcers associated with vascular insufficiency, surgical, and traumatic wounds.
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101321 Transduction efficiency was determined by measuring the percentage of cells expressing GFP
(Figs. 5A and 6A) and the level of transgene expression was determined by measuring the mean
fluorescence intensity of the transduced population (Figs. 5B and 6B) for all 3 MCI conditions tested at
day 1 (Fig. 5) and day 2 (Fig. 6) post-transduction. [0133]To demonstrate that transgene expression
was transient or that transgene expression was not affected by some delayed response created by the
PHA/11-2 SRERIIBY GFP expression was monitored in the MCI 30 and 100 samples for an extended

Eerigd of tWH:j@}Jt tondaynléhgeattébanﬁem@mnmﬁi@u& ?sosppmiaia%parepf(vmeiﬁf&ﬁlﬁhpositive cells gf
ead-activated T cells, transduced at MO| 30 (gray squares) or MC| 100 (gray triangles) as compare
(0 P act VRS SR L TR A AP 5 AR SHCIAFOLS BTRR PO R HHIAGTAD) (013410
also excludetloeypasibibbidiat teansgbiie Exikssiont weltsaétactegdhilsapiatieldsiomdtocell division and
dilution of p e ; f, fIcke ion.wa ' by _
measuringét 88%%%3%@% }é)o% |rn§§ %Q% ié%ﬁ%@%%ﬁﬁa ]L—%?Péﬁﬁé%l Pécﬁ\t%?g’ﬁr 855% %g)qrrew as well

as or moréyapwsalifgrariorHEha caobilierd cellsamtbrigiibn deanlae thealdbepedipnlvetiauranstuced

with adenqyirus,yagiors at higher efficiencies than PHA-activated T cells. See, Fig. 9. Example 4:
Cleavage of endogenous targets [0136]T-cells are activated with PHA/1L2 or anti-CD3/CD28 beads
and transd0&88l with theMhemesytisoRlBrasidng fdemresrntinyestisprayngreaecediR-ZFNs as

described ghayfiafae bRyanesied ateay GiandrdaxdiRest -tRnsstieliomarauyanamihaNA
isolated. The ability of thﬁﬁﬂﬁ:ﬁ‘g to cleaye their res ectg',ve tar‘geéé,site at CCR5 or OR is analyzed by
Cell assayR® B§§8 A Feok HtRke ﬁ?‘%ﬂa‘i"@b‘%?ég HEtAl s (S RrIERR Y IR RER B BF viral
genomes iisérdee pydsarugiap activateskiranatisaedeel i dqimmirhadmmarqth@m@tayiv@cﬁc_m assay
that measyres e DHber oL A 4, ARES BerENd0gRIPS RNAR 98158 QUARIAING &R i
performed {6 detemine whether the activation conditions effect transgene expression or affect the
transduct@@ttl@ﬁﬁmemdyii(@.lgﬂ atfowircehsre awénj;m&paﬂ@@e§m@nt@rtm mebsiiy)esoLIBAfter
transductionauith fie. R MRCING IR EHBDeEMISARLIPENEH:I0RERSE: 06 AUsber (percentage) of

cells transduced. The mean fluorescence intensity is also be determined to evaluate whether

anti-CD3/d®#8head reliufirpransmpiaid Srholereratinpedmeriids sl depetecst iRXRRHRRe

expression {8, InhifbineHepIcABIRIR Bty R RS HHREEIS (e AEIDalivedite aaat Atotdetshe mean
fluorescence is increased). The difference.in the level of Ad5/F3 rec%)%%%CDA ).Qn th(—;{-_ cell surface

in responst M ofBFEREESRAISACREaROMS RISHEY Haamvonsouy b AR b termine

whether trahagloeiion is in response to upregulation of C046 receptors on the cell surface by

are evalualdi ing flov bR e e R s R B L e e

versatility diftitedhetaonyti-Betsrafe prepantl kmmhone, insulin-like growth factor-1, platelet-
derived growth factor, epidermal growth factor, acidic and basic fibroblast growth factors,
transforming growth factor-(3, etc.), to treat growth disorders or wasting syndromes; and
antibodies (e.g., human or hurnanized), to provide passive immunization or protection of a
subject against foreign antigens or pathogens (e.g., H. Pylori), or to provide treatment of
cancer, arthritis or cardiovascular disease; cytokines, interferons (e.g., interferon (INF), INF-
a2b and 2a, INF-aN1, INF-(31b, INF-gamma), interleukins (e.g., IL-1 to IL 10), tumor
necrosis factor (TNF-a TNF-R), chemokines, granulocyte macrophage colony stimulating
factor (GM-CSF), polypeptide hormones, antimicrobial polypeptides (e.g., antibacterial,
antifungal, antiviral, and/or antiparasitic polypeptides), enzymes (e.g., adenosine deaminase},
gonadotrophins, chemotactins, lipid-binding proteins, filgastim (Neupogen), hemoglobin,
erythropoietin, insulinotropin, imiglucerase, sarbramostim, tissue plasminogen activator
(WA), urokinase, streptokinase, phenylalanine ammonia lyase, brain-derived neurotrophic
factor (BDNF), nerve growth factor (NGF), thrombopoietin (TPQ), superoxide dismutase

(SOD), adenosine deamidase, catalase calcitonin, endothelian, L-asparaginase pepsin, uricase
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activated as described in Example I. The cells are then transduced with an Ad5/11 vector instead of
Ad5/F35. Similar analysis is performed to verify T-cell transduction efficiency and transgene activity.
1014011t will be apparent to those skilled in the art that various modifications and variations can be
made to the present invention without departing from the spirit and scope of the invention. Thus it is
intended that the present invention cover the modifications and variations of this invention provided
they comédTiReith theneeiaymsisfalatassperberyernidesracines aarseByinsiRg o RYetRR ons,
articles, pgiesisanrheatikarplisatiensdnaoionshibtipspaifisaionissantrimingaiporated by
reference to the same extent as if each individual publication, article, pa %nt or_patent application was
LD RRRE T

specificall PRI & EReReAR S ARY thersafis fodiperiarg %}ﬁé?e hat is claimed is:
I.)A methagddasdnsraasimebepression of an exogenous sequence in T cells, said method comprising:

a) activatin opulatign of T cells with at least.a first and second co-stimulator nts; and

b) contact[ﬁé actianlrSl?SF 8gﬁﬁ}:\ bﬁg‘ﬁgﬁt \Wﬁh BRo&GE oVt tefﬁ?%%%ﬁlgrg%% (gl(r) %gc%’&ﬁgﬁ%nsaid
exogenousesequessed;in transdustteceils thingontdaiisgréultinmexpiessidivafitue erbodmetiissequence
in greater fg, 3066, Sl A alec To el donkNE A BRAAIING S lRidn MlkGIRdRe T cellis

a CD4+ cell. e met accordingto claim 1, w inthe T cell is a CD8+ cell. 4. The method

according N aH}PB0IARA3 108, afkilbin daessy Bheisrane syzaitmibly elgartaods dirissedan
anti-CD3 appiady. éreW&d};ﬁthﬂ%a@ﬂ{&' toslgimidiomherei it e sacpadicerstitulalosyagent

comprises an antiCD28 antibod . The method according to claim 5, wherein the antibodies are

provided dA ﬁfﬁ%‘éﬂ.CUFT"FhéWﬁB{F}’@G“é}:E&%%C@e@I‘&ﬁWX,‘%H@r@ﬁmt%’%gﬁhﬂ‘d&%ﬁ’ﬁ tory agent

comprisesgiscton in the cell, or to eliminate the host cell. The genetic information can also be
intended to provide the host cell with a desired function, for instance, to supply a secreted
protein to treat other cells of the host, etc.
[0112} In some embodiments, one of more therapeutic gene products may be purified
for use in pharmaceutical preparations. In some embodiments, the transgenic T cells |
themselves may be used therapeutically, such that the pharmaceutical composition comprises
transgenic T cells, as described in more detail below.
[0113] In some embodiments, a pharmaceutically acceptable carrier is included in the
pharmaceutical composition. Pharmaceutically acceptable carriers are determined in part by
the particular composition being administered, as well as by the particular method used to
administer the composition. Accordingly, there is a wide variety of suitable formulations of
pharmaceutical compositions available (see, e.g., Remington’s Pharmaceutical Sciences, 17th
ed., 1989).
(0114} A pharmaceutical composition of the instant invention can be administered to
a subject in need thereof in an effective amount. The effective amount when referring to a
pharmaceutical composition comprising T cells transduced as described herein, will generally
mean the dose ranges, modes of administration, formulations, etc., that have been
recommended or approved by any of the various regulatory or advisory organizations in the
medical or pharmaceutical arts (e.g., FDA, AMA) or by the manufacturer or supplier. The
effective amount when referring to producing a benefit in treating a given condition, such as
leukemia, will generally mean the amount that achieves clinical results recommended or
approved by any of the various regulatory or advisory organizations in the medical or surgical

arts (e.g., FDA, AMA) or by the manufacturer or supplier.
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8. The method according to claim 4, wherein the second co-stimulatory agent comprises a feeder cell.
9. The method according to any of claims Ito 8, wherein the adenoviral expression vector is
pseudotyped. 10. The method according to claim 9, wherein the pseudotyped adenovirus expression
vector comprises sequences from Ad5 and Ad35 adenoviruses. 11. The method according to claim
10, wherein the Ad35 sequence is F35. 12. The method according to claim 9, wherein the

pseudotypd denovirud espassefondisamskidhupinedechaignsadagwoin hasmaensgtermigrivviruses.

13. The meihed RCEANG IR ARl RIBIDT L9 ddcMiaRiteRRld BRIAMRRP gt er@pler further
comprises a sequence encoding at least one zinc finger nuclease. 14. The methodgaccording to claim

13, whereMARS RS QR &XBRFISS SPRS Y LieorstiEg atons age iR E NS PES ISR
%ogAenour?esdeawaf l@&rmnTkﬁeus)mmpeigingaad tegsidanadesirsiinuadesioRge tedd genadegawiral vector.
. A method for cleaying an endogeno ene, the method comprising ., expressing at least one

sinc finger TR S SRR B BT S IR SCUNGHL S SAATPLS B BRd SR er TELEE ine
finger nucleasms rledias thaiend ageiviy slgepevith kndivtedgethOolaot akiom dfGuothdstitotiee endogenous

geneis a %Z&%F%gt g%g.t{élzgé&l'he method of claim 16, wherein the endogenous gene is a OR gene. 19.

A pharmaceutical composition comprising at least one co-stimulatory agent and an adenovirus vector

comprisind®d @xogenolbspbprerseutizal FopnarHaBecitRFEImsigticn ko rasiesingIeans T-cells
obtained by,achyaieR rdinsdhgion efidreells vlbaveharpacayicalivempasiiogaecording to

claim 19 and a pharmaceutically acceptable carrier. .
explanted from an individual patient (e.g., lymphocytes, bone marrow aspirates, tissue

biopsy), followed by re-implantation of the cells into a patient, usually after selection for cells
which have incorporated the vector. Therapies where cells are genetically modified ex vivo,
and then re-introduced into a subject can be referred to as cell-based therapies or cell
therapies. In a preferred embodiment, cells are isolated from the subject organism,
transduced with an exogenous gene (gene or ¢cDNA) according to the present disclosure, and
re-infused back into the subject organism (e.g., a patient). As a specific example, autologous
cancer cells can be modified according to some embodiments of the present invention to
express one or more immunostimulatory proteins and then may be re-introduced into the
patient, e.g., as a cancer vaceine,

[0117] One of skill in the art will recognize several advantages of embodiments of the
instant invention arising from the unexpected high transduction and/or {ransgene expression
efficiencies taught herein. In particular, the use of adenoviral vectors can produce certain
advantages over lentiviral vectors. For example, adenovirus can be engineered to carry large
payloads, such that the vector carries larger inserts of exogenous genetic material. For
example, AdS vectors typically have a deletion in the early transcribed genes (E1 and/or E3)
of the viral genome, where novel genetic information can be introduced (the E1 deletion also
renders the recombinant virus replication defective). Furthermore, large quantities of vector
can be generated to transduce large quantities of cells in a single round. As is known in the
art, adenovirus vectors are relatively easy to concentrate and purify. Moreover, clinical
studies have provided valuable information on the use of these vectors in patients.

[0118] In addition, the improved delivery and/or expression efficiencies require less
adenovirus to achieve a given effect. Accordingly, cytotoxicity caused by excessive exposure
to adenovirus (within the cells and/or in the culture media) can be reduced by practicing some

embodiments of the instant invention. Additionally, where cells are transduced in a manner
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SEQUENCE LISTING <110> HOLMES, Michael C. KA LEONG LEE, Gary <120> METHODS AND
COMPOSITIONS FOR INCREASED TRANSGENE EXPRESSION <130> 8325-0053.40 <140>
PCT/US2008/006571 <141> 2008-05-22 <150> US 60/939,825 <151> 2007-05-23 <160> 29 <170>
Patentln version 3.5 <210> 1 <211> 12 <212> DNA <213> Artificial Sequence <220> <223> Derived

from human CCR-5 gene <400> 1 gatgaggatg acl2 <210> 2 <211> 7 <212> PRT <213> Artificial
Sequencefavoring long-term culture, the long-term effects of transduced cells, e.g,, expressing the

desired transgene for an extended period of time, can be analyzed. Some embodiments of the
instant invention therefore better facilitate long-term cultures and/or studies thereof. Of
particular interest is the fact that such conditions can allow for the clinical manufacture of
transgenetic material afier adenovirus transduction. For example, in some embodiments,
more that 100, more that 100"’ or more that 100" cells can be obtained by culturing after
adenovirus transduction. Accordingly, the present invention can also be used to produce
more efficiently transgenic cells for use in cell therapy.

[0119] One of skill in the art will recognize other applications in which enhanced
introduction and/or expression of genetic information in T cells would be desirable, in light
of the detailed disclosures provided herein.

[0120] All citations are expressly incorporated herein in their entirety by reference.

EXPERIMENTAL
Example 1: Transduction of anti-CD3/anti-CD28-activated T-lymphocytes
A. CD3Ab/CD28Ab-activated T-cells

[0121] Primary T lymphocytes were obtained from healthy donors. In the case of
frozen samples, the cells were thawed and cultured in RPMI medium supplemented with 10%
FBS 1 % L-glutamine and 10 ng/mL I1L-2 (Sigma 12644) at a cell density of 1 E6 cells/mL. T
lymphocytes were immediately activated via the anti-CD3/ anti-CD28 pathway with
Dynalbead CD3/CD28 (Invitrogen, Carlsbad, CA). Preparation and usage of the Dynalbead
were performed according to the manufacturer’s protocol. Briefly, resuspended beads (75 uL.
of resuspended Dynalbead per I E6 cells/mL) were washed three times with media in an
eppendorf tube. Pelleting of beads in between washes was performed with a magnet. T
lymphocyte cultures were incubated at 37°C, 5% CO, for 15 to 48 hours.

[0122] Following incubation, activated T lymphocytes were diluted to 3ES to 1 E6
cells/mL. Ad5/F35 vectors were diluted with culture medium to transduce T lymphocytes at a
multiplicity of infection (MOI) in the range of 10 to 1000 infectious units per cell. Diluted
Ad5/F35 vectors were then added directly to the T lymphocytes and returned to the incubator.
Gene delivery efficiencies were assessed by flow cytometry (when AdS/F35 GFP vector was
used) or the Cel I assay {when Ad5/F35 ZFN vectors were used).

[0123] As shown in Figure 1, up to 92 and 87% of activated T-cells were tfansduced
with Ad5 or Ad5/35 vectors at MOIs 100 and 1000 IU/cell, with a mean fluorescent intensity
(MFTI) of 630 and 1780 respectively.
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<220> <223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 2 Asp
Arg Ser Asn Leu Ser Arg 15 <210> 3 <211> 7 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 3 Thr Ser Ala Asn
Leu Ser Arg 15 <210> 4 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Synthetic zinc
finger DNA-binding domain targeted to human CCR-5 gene <400> 4

B. Comparison of transduction efficiency of bead-activated and IL-7 activated T cells
{0124] Transduction efficiencies of adenoviral vectors into IL-7-stimulated T
lymphocytes was also assessed. Briefly, primary T cell were obtained and activated as
described in Example 1, except that 10 ng/mL of IL-7 in the T cell culture was used for
activation instead of Dynalbead CD3/CD28.

{0125} As shown in Figures 2A and B, at MOIs of 100 and 1000 1U/cell, T cells
activated by IL-7 yielded a transduction percentage of 55% and 70%, with MFIs of 109 and

288. By comparison, T cells activated by Dynalbeads were transduced at 91% and 87%, with
MFIs of 910 and 1620, respectively.

C. Comparison of transduction efficiency of bead-activated and PHA/IT 2-activated T cells
[0126] CD4+ T cells were also activated by the addition of PHA and I1.2 or by
addition of anti-CD3/anti-CD28 coated beads for 4 days. Following activation, the cells were
transduced with the Ad5/35 GFP vector at an MOI of 30 or 100. The transduction efficiency
comparing the two activation conditions at either MOI 30 or 100 was determined by FACS

analysis measuring the percentage of cells expressing GFP within the first 2 days after
transduction.

[0127] As shown in Figure 4, bead-activated T-cells were transduced with higher
efficiency than PHA/IL2 activated cells (example, at MOI of 30, approximately 35% of cells
stimulated by PHA expressed GFP while 65% of those cells stimulated by anti CD3/28
expressed GFP).

[0128] These results demonstrate that Ad5/F35 transduction pre-stimulating T
lymphocytes with beads that are coated with monoclonal antibodies against the CD3 and
CD28 cell-surface receptors results in 60-90% transduction efficiencies, as compared to
~45% transduction efficiency of PHA-activated T lymphocytes. See, e.g., Schroers et al.,
supra. In addition, when directly compared with other methods of T lymphocyte stimulation
(PHA or IL-7), T cells co-stimulated by anti-CD3/anti-CD28 bead activation achieved a
significantly higher level of non-homologous end joining (NHEJ) events when transduced

with an AdS/F35 vector encoding for a pair of ZFNs targeting CCRS.
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Arg Ser Asp As_n I__eu Ala Arg 15 <210> 5 <211> 7 <212> PRT <213> Atrtificial Sequence <220>
<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 5 Ile Ser Ser
Asn Leu Asn Ser 15 <210> 6 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Synthetic

zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 6 val Ser Ser Asn Leu Thr Ser
15 <210> 7 <211> 7 <212> PRT <213> Artificial Sequence
Example 2: Transduction of anti-CD3/anti-CD28 bead-activated T-lymphocytes

[0129] Peripheral blood mononuclear cells (PBMC) and CD4 T-cells were also
transduced with two different preparations (lots) of Ad5/35 GFP vector as described in
Examples | and 2.

[0130] As shown in Figures 3A and 3B, at MOIs of 100 and 300, with either
preparation, Ad5/35 GFP transduced PBMC and CD4 T cells at a high percentage (67-51 %)
and MFIs (598-1408). Similar transduction efficiencies were observed with both lots of
Ad5/35 GFP vector.

Example 3: Transgene expression
[0131] The levels of transgene expression in bead-activated T cells was also assessed.
CD4 T cells were either activated by the addition of PHA and IL2 or by addition of anti-
CD3/anti-CD28 coated beads for 4 days, and the cells were transduced with the Ad5/35 GFP
vector at an MOI of 10, 30, or 100.
[0132] Transduction efficiency was determined by measuring the percentage of cells
expressing GFP (Figs. SA and 6A) and the level of transgene expression was determined by
measuring the mean fluorescence intensity of the transduced population (Figs. 5B and 6B) for
all 3 MOI conditions tested at day 1 (Fig. 5) and day 2 (Fig. 6) post-transduction.
{0133] To demonstrate that transgene expression was transient or that transgene
expression was not affected by some delayed response created by the PHA/11-2 activation,
GFP expression was monitored in the MOI 30 and 100 samples for an extended period of
time out to day 14 post transduction. Figure 7 shows the percentage of GFP-positive cells of
bead-activated T cells transduced at MOI 30 (gray squares) or MOI 100 (gray triangles) as
compared to PH-activated T cells transduced at MOI 30 (black squares) or MOI 100 (black
triangles).
{0134] To also exclude the possibility that transgene expression was affected by a
reduction in cell division and dilution of the transduced vector sequence, the rate of T cell
expansion was also monitored by measuring the population doubling rate.
{0135] As shown in Fig, 8, bead-activated T cells grew as well as or more robustly
than PHA-activated T-cells. In addition, bead-activated T cells were transduced with

adenovirus vectors at higher efficiencies than PHA-activated T cells. See, Fig. 9.
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<220> <223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 7 Asn
Arg Asp Asn Leu Ser Arg 15 <210> 8 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223>
synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 8 Thr Ser Gly Asn
Leu Thr Arg 15 <210> 9 <211> 12 <212> DNA <213> Atrtificial Sequence
Example 4: Cleavage of endogenous targets

{0136] T-cells are activated with PHA/IL2 or anti-CD3/CD28 beads and transduced

with the Ad5/F35 virus encoding GFP, the CCRS-ZFNs, and the GR-ZFNs as described

above. Cells are harvested at day 3 and day 10 post-transduction and genomic DNA isolated.

The ability of the ZFNs to cleave their respective target sites at CCRS or GR is analyzed by

Cell assays.

10137] To examine how many viral copies have entered the cells, the number of viral

genomes that are present per activated transduced cell is determined using a quantitative PCR

assay that measures the number of Ad E4 genes per endogenous RNAP genes. Quantitative

PCR is performed to determine whether the activation conditions effect transgene expression

or affect the transduction efficiency (e.g., allowing more adenovirus particles to enter the

cells).

[0138] Afier transduction with the GFP vector, flow cytometry is performed to

measure the number (percentage) of cells transduced. The mean fluorescence intensity is also

be determined to evaluate whether anti-CD3/CD28 bead results in transduction or more cells

and/or increased levels of transgene expression (e.g., if the percentage of GFP positive cells

remains relatively constant, but the mean fluorescence is increased). The difference in the

level of Ad5/F35 receptor (CD46) on the cell surface in response to different activation

conditions is also determined by flow cytometry. To determine whether transduction is in

response to upregulation of CD46 receptors on the cell surface by anti-CD3/CD28 activation,

the cells are stained using an anti-CD46 antibody and changes in the MF1 are evaluated using

flow cytometry.

Example 5: Transduction with Ad5/11
[6139] To demonstrate the versatility of the method, T-cells are prepared and
activated as described in Example 1. The cells are then transduced with an Ad5/11 vector
instead of Ad5/F35. Similar analysis is perfqrmed to verify T-cell transduction efficiency

and transgene activity.

{0140] It will be apparent to those skilled in the art that various modifications and
variations can be made to the present invention without departing from the spirit and scope of
the invention. Thus it is intended that the present invention cover the modifications and
variations of this invention provided they come within the scope of the appended claims and

their equivalents.
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<220> <223> Derived from human CCR-5 gene <400> 9 aaactgcaaa agl2 <210> 10 <211> 7 <212>
PRT <213> Atrtificial Sequence <220> <223> Synthetic zinc finger DNA-binding domain targeted to
human CCR-5 gene <400> 10 Arg Ser Asp Asn Leu Ser Val 15 <210> 11 <211> 7 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5

gene

[0141] All publications, articles, patents, and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if each individual

publication, article, patent or patent application was specifically and individually indicated as

being incorporated by reference.

"
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<400> 11 Gin Asn Ala Asn Arg lle Thr 15 <210> 12 <211> 7 <212> PRT <213> Atrtificial Sequence
<220> <223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 12 Arg
Ser Asp Val Leu Ser Glu 15 <210> 13 <211> 7 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene

CLAIMS
What is claimed is:
1. A method for increasing expression of an exogenous sequence in T cells, said method
comprising:
ay activating a population of T cells with at least a first and second co-

stimulatory agents; and

b) contacting the activated T cell population with an adenoviral
expression vector comprising said exogenous sequence;
wherein the contacting results in expression of the exogenous sequence in
greater than 50% of said activated T cells.
2. The method according to claim 1, wherein the T cell is a CD4+ cell.

3. The method according to claim 1, wherein the T cell is a CD8+ cell.

4. The method according to any of claims 1 to 3, wherein at least one of the co-

stimulatory agents comprises an anti-CD3 antibody.

5. The method according to claim 4, wherein the second co-stimulatory agent COmprises
an antiCD28 antibody.

6. The method according to claim 5, wherein the antibodies are provided on a bead.

7. The method according to claim 4, wherein the second co-stimulatory agent comprises
IL-15.

8. The method according to claim 4, wherein the second co-stimulatory agent comprises a

feeder cell.

9. The method according to any of claims 1 to &, wherein the adenoviral expression

vector is pseudotyped.
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<400> 13 Gin Arg Asn His Arg Thr Thr 15 <210> 14 <211> 7 <212> PRT <213> Atrtificial Sequence
<220> <223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 14 Arg
Ser Asp Asn Leu Ser Asn 15 <210> 15 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223>
Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 15

10. The method according to claim 9, wherein the pseudotyped adenovirus expression

vector comprises sequences from AdS and Ad35 adenoviruses.
11. The method according to claim 10, wherein the Ad35 sequence is F35.

12. The method according to claim 9, wherein the pseudotyped adenovirus expression

vector comprises sequences from AdS and Ad 11 adenoviruses.

13. The method according to any of claims 1 to 12, wherein said adenoviral expression

vector further comprises a sequence encoding at least one zinc finger nuclease.

14. The method according to claim 13, wherein the zince finger nuclease binds to a target
site in CCRS.

15. A kat for expressing an exogenous sequence in T cells comprising at ieast one co-

stimulatory agent and an adenoviral vector.
16. A method for cleaving an endogenous gene, the method comprising
expressing at least one zinc finger nuclease in a T cell according to the method of
ciaim 13 or claim 14, such that the zinc finger nuclease cleaves the endogenous gene.
17. The method of claim 16, wherein the endogenous gene is 2 CCRS gene.

18. The method of claim 16, wherein the endogenous gene is a GR gene.

19. A pharmaceutical composition comprising at least one co-stimnulatory agent and an

adenovirus vector comprising an eXogenous sequence.

20. A pharmaceutical composition comprising:
T-cells obtained by activation and transduction of T celis with a pharmaceutical
composition according to claim 19 and

a pharmaceutically acceptable carrier.
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Gin Arg Val Mn Leu lle Val 15:<210> 16 <211> 7 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 16 Arg Ser Asp Asn

Leu Gly Val 15 <210> 17 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Synthetic zinc

finger DNA-binding domain targeted to human CCR-5 gene <400> 17
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1

12

DNA

Artificial Sequence

Derived from human CCR-5 gene

1

gatgaggatg ac 12

<210>
<211i>
<212>
<213>

<220>
<223>

<400>

2

7

PRT

Artificial Seguence

Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

2

Asp Arg Ser Asn Leu Ser Arg

1

<210>
<211l>
<212>
<213>

<220>
<223>

<400>

5

3

7

PRT

Artificial Seguence

Synthetic zinc finger DNA-binding domain targeted tc human CCR-5
gene

3

Thr Ser Ala Asn Leu Ser Arg

1

5



Gin Lys lle Asn Leu Gin Val 15.<210> 18 <211> 7 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 18 Arg Ser Asp His
Leu Ser Glu 15 <210> 19 <211> 12 <212> DNA <213> Atrtificial Sequence <220> <223> Derived from
human 2%? ggne <400> 19 gacaagcagc ggl2 <210> 20 <211> 7 <212> PRT '

<21ll> 7

«<212> PRT
<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 4

Arg Ser Asp Asn Leu Ala Arg

1 5
<210> 5§

<211> 7

<212> PRT

<213> Artificial Sequence

<220> .

<223> Synthetic zinc finger DNA~binding domain targeted to human CCR-5
gene .

<400> &

Ile 8Ser Ser Asn Leu Asn Sex

1 5

<210> 6

<211> 7

<212> PRT

<213> Artificial Sequence

220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR~5
gene

<400> 6

Val Ser Ser Asn Leu Thr Ser

1 5

<210> 7

<211> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 7

Asn Arg Asp Asn Leu Ser Arg
i 5

<210> 8



<213> Artificial Sequence <2203 <223> Synthetic zinc finger DNA-binding domain targeted to human
CCR-5 gene <400> 20 Arg Ser Ala His Leu Ser Glu 15 <210> 21 <211> 7 <212> PRT <213> Atrtificial
Sequence <220> <223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene
<400> 21.A19 Sgr Ala Asn Leu Ser Glu 15 <210> 22 <211> 7 <212> PRT

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 8

Thr Ser Gly Asn Leu Thr Arg

1 5

<210> &

<211> 12

<212> DNA

<213> Artificial Seguence

<220>

<223> Dberived from human CCR-5 gene

<4Q0> §

aaactgcaaa ag 12

<210> 10

<211> 7

<212> PBRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 10

Arg Ser Asp Asn Leu Ser Val

1 5

<210> 11

<21i1> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 11

Gln Asn Ala Asn Arg Ile Thr

1 5

<210> 12

<211> 7

<212> PRT

<213> Artificial Sequence



<213> Artificial Sequence <220>.<223> Synthetic zinc finger DNA-bingding domain targeted to human
CCR-5 gene <400> 22 Arg Ser Ala Asn Leu Ser Val 15 <210> 23 <211> 7 <212> PRT <213> Atrtificial
Sequence <220> <223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene

<400> 23,Asp Arg Ala Asn Leu Ser Arg 15 <210> 24 <211> 13 <212> DNA <213> Artificial Sequence

<220> .323> synthetic zinc finger DNA-binding domain targeted to human CCR-5

gene

<400> 12

Arg Ser Asp Val Leu Ser Glu
1 5

<210> 13

<211> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 13

Gln Arg Asn His Arg Thr Thr

1 5
<210> 14
<21i> 7

<212> PRT
<213> Artificial Sequence

<220>

«223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 14

Arg Ser Asp Asn L.eu Ser Asn

1 5

<210> 15

<211> 7

<212> PRT

<213> Artificial Seguence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<4Q0> 15

Gln Arg Val Asn Leu Ile Val

1 5
<210> 16

<211> 7

<212> PRT

<213> Artificial Sequence

<220>



<223> Derived from human CCR-5 gene <400> 24 catctgctac tcgl3:<210> 25 <211> 7 <212> PRT
<213> Atrtificial Sequence <220> <223> Synthetic zinc finger DNA-binding domain targeted to human
CCR-5 gene <400> 25 Arg Ser Asp Ser Leu Ser Lys 15 <210> 26 <211> 7 <212> PRT <213> Artificial

Sequencg 52203 52¢3z:3vpielic Zine.finger RNARInding domain targeted {0 humag, CCR-5 gene

gene

<400> 16

Arg Ser Asp Asn Leu Gly Val

1 5

<210> 17

<211> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 17

Gln Lys Ile Asn Leu Gln Val

1 5

<210> 18

<211> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR~5
gene

<400> 18

Arg Ser Asp His Leu Ser Glu

L 5

<210> 19

<211> 12

<212> DNA

<213> Artificial Sequence

<220>

<223> Derived from human CCR-5 gene

<400> 19

gacaageage gg 12

<210> 20

<2il> 7

<212> PRT

<213> Artificial Seguence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 20



<400> 26 Asp Asn Ser Asn Arg;lle Lys 15 <210> 27 <211> 7 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 27 Arg
Ser Ala Val Leu Ser Glu 15 <210> 28 <211> 7 <212> PRT <213> Atrtificial Sequence <220> <223>
Synthetic zinc finger DNA-binding domain targeted to human CCR-5 gene <400> 28

Arg Ser Ala His Leu Ser Glu

1 ) 5
<210> 21

<211> 7

<212> PRT

<213> Artificial Sequence

<220>

«<223> Synthetic zinc finger DNA-binding domaln targeted to human CCR-5
gene

<400> 21

Arg Ser Ala Asn Leu Ser Glu

1 5
<210> 22

<211> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 22

Arg Ser Ala Asn Leu Ser Val

1 5

<210> 23

<21d> 7

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

<400> 23

Asp Arg Ala Asn Leu Ser Arg

1 5

<210> 24

<21i> 13

<212> DNA

<213> Artificial Sequence

<220>

<223> Derived from human CCR-5 gene

<400> 24

catctgectac tcg 13



Thr Asn Ser Asn Arg lle Thr 15 <210> 29 <211> 25 <212> PRT <213> Atrtificial Sequence <220>
<223> Synthetic C2H2 Class Zinc. Finger <220> <221> misc_feature £222>(2)..(5) <223> At least 2
and up to 4 amino acids can be present or absent; if present, Xaa can be any naturally occurring
amino acid <220> <221> misc_feature <222>(7).,(18) <223> Xaa can be any naturally occurring
amino acid <220> <221> misc_feature <222>(20)..(24) <223> At least 3 and up to 5 amino acids can
be presenﬁt?dﬁabsgﬁt; if present, Xaa can be any naturally occurring amino acid <400> 29

<211>
<212>
<213>

<220>
<223>

<400>

PRT
Artificial Sequence

Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

25

Arg Ser Asp Ser Leu Ser Lys

1

<210>
<2il>
<212>
<213>

<220>

<223>

<400>

1

<210>
<211>

5

26

i

PRT

Artificial Sequence

Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene .

26
Asp Asn Ser Asn Arg lIle Lys
5
27
7
PRT

<212>
<213>

<220>
<Z23>

<400>

Artificial Sequence

Synthetic zinc finger DNA-~binding domain targeted to human CCR-5
gene

27

Arg Ser Ala Val Leu Ser Glu

1

<210>
<211i>
<212>
<213>

<220>
<223>

<400>

5

28

7

PRT

Artificial Seqguence

Synthetic zinc finger DNA-binding domain targeted to human CCR-5
gene

28

Thr Asn Ser Asn Arg Ile Thr

1

5



Cys Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 151015 Xaa Xaa His Xaa
Xaa Xaa Xaa Xaa His 2025 .

<210>
<21il>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<Z22i>
<222>
<223>

<400>

29

25

PRT

Artificial Sequence

Synthetic C2H2 (Class Zinc Finger

misc_feature
{2}..(5}

At least 2 and up to 4 amino acids can be present or absent; if
present, Xaa can be any naturally occurring amino acid

misc_feature
{(7)..{18}
Xaa can be any naturally occurring amino acid

mise feature
{(20)..(24)

At least 3 and up to 5 amino acids can be present or abgent; if
present, Xaa can be any naturally occurring amino acid

29

Cys Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

i

5 10 15

Xaa Xaa His Xaa Xaa Xaa Xaa Xaa His

20 25



