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Expressi on System 5 TECHNI CAL FI ELD OF THE | NVENTI ON The present invention
rel ates tWmox4Md2®mM for the regul ati on of gene expressi on. PCTHESR/B48A7t i on
provi des i nproved nucleic acid constructs capable of tightly regul ating

t he expression of a coding sequence of interest. Tight regulatory control
is desirable 10 where the nucleic acid to be expressed, o”mmw

expression, is toxic to the cellular or host environnent ﬁm,mmm’""“m
expression occurs. The invention also relates to the applicati.pgQf
expression systemin cells used to package viral vectors and prOV|des

nmet hods of preparing the necessary nucleic acid constructs as well as their
use in the control of reconbinant viral gene expression. In one aspect, the
invention 15 rel ates to Regulaipd NucbeicQgcngeimsepsmSysﬁm a stably
transfected cell. BACKGROUND OF THE | NVENTI ON 20 Reconbi nant nucleic acid
technol ogy has proven to be a powerful tool for the expression of the
products encoded by nucleic acids of interest. This has resulted in the
ability to produce pol ypeptides and nucleic acids for both research and
commer ci als applications. SOTEBECEKNIOAEFIBLDJIOE THE ROVENEIONare toxic to the
cellular or host environnment 25 in which their expression occurs, either
because the product is inherently toxic or because the |evels at which

expressi on occurs dﬁ ?ﬁséﬂt ﬂﬂreﬁ oﬁl%la{té'sstﬂlatsy'sﬂan{ ¥ it fbYulafififor B8 R{pREsion.

dealing with this iculty been to Use transi ent expression systens
wher ei n t he eHoodeehtimgrtovities mlmﬁmdasshﬁc acid coastontsroepatide o Htighttyoegelatiyg

o pl aced undBF SEestbBUe bR asae e e ekt e MR s fes
10  where the nucleic acid to be expressed, or the level of expression, is toxic to the
cellular or host environment in which expression occurs. The invention also relates to
the application of the expression system in cells used to package viral vectors and
provides methods of preparing the necessary nucleic acid constructs as well as their
use in the conirol of recombinant viral gene expression. In one aspect, the invention

15  relates to the regulation of gene expression in a stably transfected cell.

BACKGROUND OF THE INVENTION

20 Recombinant nucleic acid technology has proven to be a powerful tool for the
expression of the products encoded by nucleic acids of interest. This has resulted in
the ability to produce polypeptides and nucleic acids for both research and
commercial applications.

Some encoded products, however, are toxic to the cellular or host environment

25  in which their expression occurs, either because the product is inherently toxic or
because the levels at which expression occurs is so high as to result in toxicity. One
means of dealing with this difficulty has been to use transient expression systems
wherein the encoded product is expressed and recovered before toxicity results in
reduced levels of product. Alternatively, the encoded product is placed under a

30 tightly controlled regulation system such that the product may be expressed and then
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expression terninated before toxicity rises to lethal -levels. One x0T,
of atightly controlled regulatory systemis seen with the use of a
tetracycl wieoy@gibat ed operator/pronoter in conbi nati on WPCA/TES02/84932
repressor (see for exanple U S. Patent 5,750,396). 5 The expression of a
toxic product is of particular inportance in situations where the product
must be continually expressed because it is a conponent of a |arger

product being produced, or netabolic activity being conducted, by the cell.
One exanple of such a situation is in the case of a viral packaging cel
line, which expresses products necessary for the assenbly and packagi ng of
viral parti Clegsresdibn fmyink@ddeeorefoditiey risssas gl lavetsal Omperampiodiactightlys

toxic to the cell, the need to control tyﬁ ee>c<(§ressi on .becongi critical if
a stabl e (as coppeliesiregdaiornssieanis)scenpithghased)a teiraoyglipgregiisde ysed. One
exanple of an ' I IS rh S hei n
from vesi cul &F 8@?03@3{;@69 iitegi§{vé|\t)rl%t;slfl?t{%%? {Bﬁ%?[ékp}iegésgggs%??gbeﬁgm?gfu t@ hgﬁ‘LQ
production ofs 939t yped viral particles. 15 An exanple using the tet

operator and repressor to regulate the exgrogssi.o of VSV-Gis described by

Henriettedet al. (Theeypression o8 foxigpredyalss of pygsularymportanpain Nations, . ogq oy

teSetal. (1 ! . .
LT i o under 1R g o o e

under the cgrbdwt beihgarddabedpe natabolic Bxfivigslsiingcafduried, kshihesellc Onepr essor

in the absence of 20 tetracycline.results jn.no expressign of VSV-G The
presence of tBePREsupka ’@Ht1§1n'§§§6§ﬁ A VdW?B%")tk%E'élﬁ ctﬁ%&ngh‘ﬁhlfszhe t et

responsive el &'E?&tsé:s é{%g&c%)’ nJcQééng fo tﬁe%s&flg??%@bacﬁa@ir@ dfNYal PALERHT BB 0N

of VSV-G This"syst eferréd to as " -on” where the presence of
tetracycllitne sresoflthsnécessatyeviest genspiodnctsfs tokis tgdlrecell; therneed éxeontrol s

VSV-G). There is alsqQ an alternative, tet-off' t em wher . L1$1: 8.
chimeric 25 TXPAFSYEt ee%{paqn%yceﬁégﬁ??& © @FRBP?SSd?% anlsﬁém] acgaéz;e{? c‘%)lglelﬁea{sor in
the presence Qfye fsgh! BRY kdnisle oBYhetddsdr) €:805RMORNO1s ihahd eabyof theG ptotéin
binds to the operator and strongly activates the |lorormt er to express a

codi ng sequenfremofesicniae stomiatitixyaueey £Y), athich imgesirablerios theprodudionpfo,  2000)

teach the use of sim.lar t nucleic acid systemto control VSV-G
expr essi on. Tﬂsgufl&yg?dﬂW@lpgﬁg?egci d expresses 30 tTA which then controls a

TRE contajqi ng t et AQR&hAPR ustdpethe €2 BbE@LCT aW@Yerfessor to regulate the expression of
VSV-G is described by Henriette et al. (J. Virol. 73(1):576-584, 1999), where the zet
repressor (as a chimeric fusion product with a domain of VP-16 and referred to as
{TA) is under the control of a cytomegalovirus (CMV) promoter and VSV-G is under
the control of a tet operator. Expression of the chimeric repressor in the absence of

20 tetracycline results in no expression of VSV-G. The presence of tetracycline prevents
association between tTA and the tef responsive elements (TRE) found in the operator
to allow the expression of VSV-G. This system is referred to as “tet-on” where the
presence of tetracycline results in the expression of the gene of interest (i.e. VSV-G).

There is also an alternative “tet-off” system where tTA is a chimeric

25  transactivator. It cannot bind to the TRE of a fef operator in the presence of
tetracycline. But in the absence of tetracycline, tTA binds to the operator and strongly
activates the promoter to express a coding sequence of interest.

Klages et al. (Molec. Therap. 2(2):170, 2000) teach the use of a similar two
nucleic acid system to control VSV-G expression. The first nucleic acid expresses

30  tTA which then controls a TRE containing fet operator that controls VSV-G

2



2 2 8 JUL 2006 expression. The sane tTA protein also regul ates eXPE eRBi s
of the rev protein which in turn regul ates the expression of the gag and
pol regions (necessary for viral packaging) by controlling the splicing of
t he gag/ pol nessenger RNA via a rev responsive element (RRE). 5 Anot her
exanple of the use of the rev protein to control gene expression was
described by Yu et al. (J. Virol. 70(7):4530-4537, 1996). They used the
expression of tTA to regulate the expression of both HV-1 rev and

envel ope proteins.wigh wer si_nmul t aneous . | ari f.a
single TRE cSﬁQrﬁfsh(?%gﬁleestmnSSZ?‘ﬁr?ﬁgn Oereggl\a}%s %;r?}grt% gesll&nrp(?fﬁféﬁ%wr{)q {){S?{r}vglggul at es
expressi on ofy fuf@resulatds tROVEIreRPNVTBiEEag andipd] fgidiREecassadOfoneirdl as t he
expression of the gag/pol nmessenger RNA via another RRE._ Wi e

transcri pti opackagings by septpling beishliciag i /bs cagy/PabBesseREst BNEY VIR K¥ot her

pronoter, its__expressi directly regulated by the rev protein and
t hus i ndi rec{ffsi?o’i’éﬁ%%g‘?g@ (g@&)t TA. 15 BRI EF SUMVARY OF THE | NVENTI ON The

present ifventi on Amnother desnple of eeaisaof the fexproeess toocontrobgaterenpressiameyas
met hods for regul ating the expression of o o] re than.gne codin
sequence of dPW@"@P‘é?Y%’WéLrﬁbc‘f@lcﬂga:‘g”@b%ggrL%%%g i?"é’ ped %‘Brifsmg of

recombi nant 1A P8 Hellufar K ekprebisieo bR HIVERRY &H%ﬁ@el%}ﬁ%kﬁﬁ%ﬂqi%%ﬁ t he

| ast one contains the coding sequence of interest. The constructs may be
vi ened and usioultseauslenplee $wirogulatjcn ofra single X BE«costaitieg o dperator.sEbeiavce of

interest, where each cqnstruct express a 4y 0 t e LRE
expressi on oPrqtﬁgatﬁgk‘f‘qB%lﬁgglﬁﬁtff © meﬁslﬂnn()fg%e \gﬁagtem%ﬁ&fen;ér? %Hy?sae%pr es5ion of
the coding SRUURNESeredsVnITE gagi ] iftescha&tRINANSS anutlieriRRE.oWhilel | ed. Each
construct preferably, 25 and individually, contains a regulatory region,

such as a pr ¢rapsasiptipn of thergapippl eading sequentsgevas egylatedhycanpther pIgRAesityn of
the i ti .be found.i i . I f th
i n\? eln'? ;/gﬂ, ! ? %ég%g%?rg\évgs? H@ectllygFéJr%ﬁ:e(gBﬁ gi‘llel er géﬁelﬂggd dfas 1r]1d1§:c92 gﬁg]ﬁﬁagé:tpl%:yeﬁ €

on’'s 'z as part o
line, used tegrpackage viral vectors, to regul ate expression of conmponents
30 needed to package the vector. The expression systemmay be used to

regul ate
15 BRIEF SUMMARY OF THE INVENTION

The present invention provides nucleic acid (expression) constructs and
methods for regulating the expression of one or more than one coding sequence of
interest. The nucleic acid constructs are preferably recombinant in nature and include

20  at least three constructs where the last one contains the coding sequence of interest.
The constructs may be viewed and used as an expression system to express the coding
sequence of interest, where each construct express a product that regulates the
expression of the next construct in turn so that ultimately, expression of the coding
sequence of interest via the last construct is controlled. Each construct preferably,

25  and individually, contains a regulatory region, such as a promoter (optionally with an
operator).

Specific expression of the invention can be found in claims 1, 7, 16 and 22.

In one aspect of the invention, the expression system is utilized as part of a
cell or cell line, used to package viral vectors, to regulate expression of components

30 needed to package the vector. The expression system may be used to regulate
expression of viral structural or regulatory gene products necessary for packaging a
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expression of viral structural or regulatory gene products necessar2y8fJuL 2006
packaging a 3 2 8 JUL 2006 WO 03/054210 PCT/ US02/ 34932 viral vector of

I nt er est . w\@lgs2ipr e than one viral gene product of interePCTIUS02/B498E
expressed, they nmay be | ocated on separate nucleic acid nolecules and stil
remain part of the expression systemof the present invention. The
expression systens of the invention may thus have constructs in common. 5
such that two or nore systens may be conbined to express two or nore codi ng
sequences of interest regulated by said systens. Exanples of systens with
constructs in comon include the use of the sanme first and second nucleic

aci d const r ugfrs VRbfor oPMntdredt WOV kidit hitbre tigtoneoiral gartpaddicngf intevest exlioriey
sequences of interest, both of which are regul at,gd t?%/ tlher?é‘aagﬁ nmechani sm
via the firsexupwseddoanaarbelegatedns Pa@Hsticliat a01¢ PP fBCHEY T8EH8ct of
the invention,  expressi i e oacid construct is
preferably tpa—ﬁ?f&ereéﬁ{fgg?lféé&(ﬁrﬁg&% ﬂgg%eg?gghﬁi@éd. One non-limting
exanpl e i's througiTha ep@eidiby §ystepsifabk invenhammamthsdraee tomstpets ducemofont he

first nucleic acid construct can repress _its own exgression. IB.the
absence of aetdhvthetiwie,or neTe SYSiEMS MAY (ACLOMPANGSK ot Bress (NG OTRETeSOgiNg: §

construct allows for .a very | - | Vi it hRtd0
expressi on ofe%uﬁgce&?éfuhtar eg%rgg@l‘é%e@é@is% ldllﬁltsge?ﬁesé;ﬂ)%%ﬁﬁ? %q}asgﬂ?‘?f l(‘)#rlltgldoﬁﬁcl eic
aci d const r ugt dorameH ifcludbe vexpf ®s sima fiedt ahtl edand smcleiccdcéd conatriats but
construct is activated, the expression of @II addi ti onal COQBttliluoﬁl .1.n the
system f ol | owgth twaihisd ceuitErciSRPNEFURREVP CPCRE SHHEPFHA! ! fgrey a8 ‘%P%q‘ erred
embodi nents qf, {e ﬁlgte@‘ﬁ%ﬁht& Dne hR AR WELHhe 9t 28l sedon@RERTSAcRcdrsgitts.ne

addi tional cons e system 20 The constructs and systens of the
i nventi onomay be itnansther asped aftheoinvetiay, expressiomfromdbe frst pugleiceeld s. Wth

s, th truct i into th | .
o Nt Al nod aSORHTEE RO RARY e R T B lpreEElaed, Ve ML,
long as it iSexRI%h[Q @?\r&é% onéi{we R RETh R afihm! Wers Besiro &6 of Bledirsty St ens

of the inventio dinments of the invention wherein the cells are
used to packagele?bacid tadstruectanrrspressits ows ekprassionyi Inghe shsenes ofj astipatioer abl y

,Cﬁgf) L?gﬁgf rnfpasgu?oqta%ﬂg%%hoﬁgg %E'Srt %ﬁélei?:fac} c?onisg't\{&narllim?vg Oy vet%$ & gagpt on an

15  activity such that little to no expression of the coding sequences of interest (ina
additional nucleic acid construct) occurs. Once expression of the first nucleic acid
construct is activated, the expression of all additional constructs in the system follows.
Autoregulation of the first construct is used in preferred embodiments of the invention
to maximize control of expression from the additional constructs in the system.

20 The constructs and systems of the invention may be incorporated into vectors
or introduced into cells. With cells, the constructs may be integrated into the cellular
genome or maintained as episomal constructs. The choice of cell is not critical so
long as it is permissive for the expression of the constructs and systems of the
invention. In embodiments of the invention wherein the cells are used to package

25  viral vectors, the resultant viral vector is preferably complement resistant.

Each construct of the invention may be present on an individual nucleic acid
molecule or present on the same nucleic acid molecule as one or more than one of the
other constructs (for example, but not limited to, the same plasmid, vector, or
chromosome). In preferred embodiments of the invention where the expression

30  system is used in cells to package viral vectors, the individual constructs are
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nol ecul e or present on the sanme nucleic acid nolecule as one or noheg LARGe
one of the other constructs (for exanple, but not limted to, the sane

pl asm d, Waxexs4210r chronosone). In preferred enbodi nent sPET/USHE3MRent i on
where the expression 30 systemis used in cells to package viral vectors,

t he individual constructs are 4 2 8 JUL 2006 WD 03/054210 PCT/ US02/ 34932
preferably divided into separate nucleic acid nol ecul es. The presence of
the constructs on one or nore than one nucleic acid nolecule is generally
not critical to the practice of the invention so |ong as the arrangenent
of constructs does not result in interference of each construct's ability
to regul at e tpaeferblyrdisiied mtotepamate autlsiequiitoletulennBiapresencabf enat i vel y,
and in an additional aspect of the invegﬁion anstru

n, t .
posi ti oned s RORSTFATES: O ¢7ie;qr mQre thanane HRCisIS 20l Pl@lge[%u rif g?q%ﬁhs%cﬁ:cﬁ%al to

arrangenent . i NAPrcd dfthd iREntAIRbAg h$ thahaghRedniént 6PBSHstr6t Fody ot Raaitt | oned
on one nol ecule so that their prom)%ers are oriented to express sequences

di vergent |y (infreerfereine & caplvearistest’odbili(y te aegulgie therxpressipe o€ hysuIbseqygelt her
than the 3' portions of each pronpoter) so that activation of one pronoter
i ncr eases °t héBSBE M of activating the other. This arrangenment on pl asni ds,

when used in cel | sAkOnRREKAGRI W APAANEEHD hspect FFThORRBntiA Bk conSmidicarease
the titer of vector production. The arrangénent may be mrrored in cells

cont ai ni ng a postiohed suchdbatahéro is ofegnlatdrgictfectanding thecarsanggmesite deR9Mg t wo

constructs 15.t0. be divergently oriented on _a.single I |

i ntegrating '?'HBRW%IC&IBPE I?W?‘ge R ngaéﬁgf’?‘}éc.m e %%VHS@E%@F %(;gﬁa{eﬁ?gti on
woul d thus beyBRibotHPABFcAlcdMdemirtdt sthigencédinérghtlpRdtictd oS’ @brtioheof WO
constructs. I'n a further aspect of the invention, one or nore than one

product epr ezsslgrasyotenie cliseripgahenihan Bive” perions gEeachpremeteiodhiti on i s
preferably vi £cﬁ1!v%‘t:1|(%{ qrdn%I @ox%?trqﬂ éﬁ{%re%g\&atme ?as@fof g«t;twa'ﬁgg 'a{é Jth&O n[tl{i?l l'ing

expression fro er cons preferre expressi on system of the
i nvention t hugrawspmessasplafaidewitnrnsed acello nepadkage viraleguload, hasbeen dowidn
whi ch can regul ate expression from anot her construct of the, K system
to increase the titer of vector production. The arrangement may be mirrofed in cells
containing a stable integration of nucleic acid constructs by preparing two constructs
15  to be divergently oriented on a single molecule and then integrating the molecule into
cellular genome. The divergent orientation would thus be maintained along with the
relative positions of the two constructs.
In a further aspect of the invention, one or more than one product expressed by
one or more than one construct of the invention is preferably viral in origin and
20  capable of stringently controlling expression from another construct. A preferred
expression system of the invention thus expresses one or more than one viral
regulatory protein which can regulate expression from another construct of the
system.
The constructs and systems of the invention are preferably used to regulate the
25  expression of sequences coding for a product or products toxic to a cell or host, such
as, but not limited to, viral proteins. The constructs and systems may also, of course,
be used to regulate the expression of non-toxic products.
In one preferred aspect of the invention, the constructs of the invention are

incorporated into cells used to package viral vectors into viral particles. Such cells

30 may be referred to as “packaging cells” because they produce all the necessary
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The constructs and systems of the invention are preferably used to :ngl gh@
the 25 expression of sequences coding for a product or products tZ) i dUb

cell or h@efesznskGh as, but not limted to, viral proteinspcTheopswsiructs
and systens nay al so, of course, be used to regulate the expression of

non-toxi ¢ products. In one preferred aspect of the invention, the
constructs of the invention are incorporated into cells used to package
viral vectors into viral particles. Such cells 30 may be referred to as
"packagi ng cel |l s" because they produce all the necessary 5 2 8 JUL 2W WO
03/ 054210 PCT/ US02/ 34932 conponents to package viral vector nucleic acids
into viral pashpeleas topecapbivirantectorinualeicacidsainty wirdl gsrtictgst Rocahbipant
cont ai ni ng ot her heterol ogous or endogeno¥$ ﬁgﬁy nces of. interest, may be
MRt aci d

f
packaged by ¥lelmusts acids, Aptienpdlycanigiipg gt QEQUHALFIEIOBRIPUS REAMCRT S

t t i i i t t i the 5
coressary v FLibsnatlnl SRASERL LA B L0 8 6r ipasER ity

necessary viral conponent e viewed and used as an

i nduci bl e syasleinatiicopstalctgiesyt il amindpeaiblei syktes. to Tagulate espressiarsoighe t he

i nvention may be introduced into cells to result.in. th i nt enan of the
constructX a§e@§$¥&<YH?1cﬁ?H§)8ﬁﬁlPts’ash‘8]ﬂS?ﬁﬁ MERHFaLe i, g.us"? as aﬂr%‘?‘écﬂctﬁgd

enbodi nent s g%ﬁt&n%ﬂﬁégge%%%gh%lwééﬂ on of the constructs is used to 10

produce a st y tr Ine that may be used to package viral
particles for an Tetcondbewisarf thewetntinn mapbe invrwdoted inteecellFherdswlyantheon al so

provi des nethods for t production of the constructs and, syste
descri bed abé‘%"éﬂtﬁ’ém\REPPﬁ‘ﬁscoﬁﬁW&ﬁs ?%ac?ﬁ@oa%glﬁnﬂg%é%te@ge[de%gq.gﬁmr egul ate

expressi on of, GGl EmBEAMERE T theROSRI LMt d o1 tHe Corlshactd 3€used td he
invention to 15 produce one or nore than one conponent necessary for

packagi n0a irodice ustably transfected aetiringithatmat breused he prakese visel perielesforsit i on
or for use with the di Ctl osed métrrtl] ds are also provided. BRI EF DESCRI PTI ON
OF THE FI GUREengef gy ipdelinijeperiod o ic of an expression system of the

invention to regulBlgneHlbR afkoPRovides methods for the production of the constructs and
systems described above as well as methods for the use of such systems to regulate
expression of coding sequences. These methods include the use of the invention to
15  produce one or more than one component necessary for packaging a viral vector. Kits
containing the constructs of the invention or for use with the disclosed methods are

also provided.

BRIEF DESCRIPTION OF THE FIGURES
20
FIG. 1 is a schematic of an expression system of the invention to regulate expression
of both a retroviral gag/pol coding region and of VSV-G protein in a cell. The system
uses four constructs, with the first being an autoregulated expression construct for
tTA under the control of a TRE regulated promoter. The second construct expresses a
25  retroviral rev protein under the control of a TRE regulated promoter. The third
construct expresses a retroviral, RRE containing, gag/pol coding region under the
control of a chimeric retroviral promoter. The fourth construct expresses an RRE
regulated VSV-G transcript under the control of a heterologous promoter, such as a

simian cytomegalovirus promoter.



of both a retroviral gag/pol coding region and of VSV-G protein i n g yoel2008
The system wuses four constructs, wth the first being an autoregul ated
expressi owaasmsuzioct for tTA under the control of a TRE r egalsoees932
pronoter. The second construct expresses a 25 retroviral rev protein under
the control of a TRE regul ated pronoter. The third construct expresses a
retroviral, RRE containing, gag/pol coding region under the control of a
chinmeric retroviral pronoter. The fourth construct expresses an RRE
regul ated VSV-G transcript under the control of a heterol ogous pronoter,
such as a siman cytonmegal ovirus pronoter. 6 2 8 JUL 2006 WD 03/054210
PCT/ US02/ 349BER5.F howd thtstwscttite® 054 numberrefslifiéreat muehdie ncidfconstfucsroétite nucl ei ¢
acid constructs of t@e inveﬁlti n. Constrycts that ﬁ{l}gce t he rev coding
sequence undBIVeRREM: roPnsyructy thatyplacsbegiey rrfing seEdpre JRATEOPERAALR ne ( TRE)
pronoter are ' | in@f ' I atrpd inbed
c%tgﬂl ﬂOJ%%I%g?{Ef Fbk}l'a?gbhél@ (STREB'EE%J&@V ARV atrhe &ggﬁ%@c{dnb

in Exanple 1 re et ai in part in Figure

Pl asmi ds pVPbf AFREGCASNBuIET 2 Ry desGits@ i ARamplevh bersin. REESSCBSRREF HYlgs nal

ri bosone entr ite) are detail in l.e 7 herei asm P
and pNI(c t)é%?ﬁ’e‘ﬁw)é’aﬁ'i’g T ﬁﬂasé}é%lbﬁgg'zgzﬁﬂa a MS’;PA-, .noglflglm a
transfected [{{il03RESRs &l ARGAITBHIGHE Bhie Sitdy 4rb daafléd Bekadifle ARéreinl 0 Tat
anti bodies in the presence or absence of tetracycline to regulate rev

expressi on. PBemidsqNRCEFR ahé pdil (cptIGEP aresiivsnssed dh Emamples Said {/heredthi mer i ¢
U3/ TAR2 pronoter discussed in Exanple 7 herein. 15 FIG 5 shows schematics
of constructs containing different arrangenents of splice donor and

accept or sit @3G! DsKRRHLiragiEate ENPI eSS TRILIGRMnRSRARIIedevitil @RERECAI] arli-
non-responsi ve (independent). 20 FIG 6 shows a western bl ot denonstrating
r ev- depenfientTay@vibadissde Hiepresepeeeisibsencedl detrasgclinetogeeulate Fe ewressign; ce
donor sites. SQQ%%E@ AN G THE PREFERRED EMBODI MENTS

FIG. 4 shows schematics of the chimeric U3/TAR2 promoter discussed in Example 7
herein.

15
FIG. 5 shows schematics of constructs containing different arrangements of splice
donor and acceptor sites to render gene expression Rev responsive (dependent) or -

non-responsive (independent).

20 FIG. 6 shows a western blot demonstrating rev-dependent VSV-G protein expression

via the use of different splice donor sites.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

25  Definitions
A “nucleic acid” or “nucleic acid construct” or “nucleic acid molecule” is a
polynucleotide or polymeric form of nucleotides of any length, either ribonucleotides
or deoxyribonucleotides. This term refers only to the primary structure of the
molecule. Thus, this term includes double- and single-stranded DNA and RNA. The

30 term also encompasses linear or circular polymers.
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25_Définitions A "nucleic acid" or "nucleic acid construct” or "nucleic
acid nolecule" is a ponnuCIeotide or polymeric formof mcleotide8 afl. 200y
length, eifd@nsiddgonucl eotides or deoxyribonucl eotides. Thicg/dsesmgsef ers
only to the primary structure of the nolecule. Thus, this termincludes
doubl e- and singl e-stranded DNA and RNA. The 30 term al so enconpasses
l'inear or circular polyiners. 7 28 JUL 2M6 WO 03/054210 PCT/ US02/ 34932 A
"codi ng sequence of interest” as used herein, is a polynucleotide sequence
of interest, the expression of which is desired. The codi ng sequence nay be
known or not known, in terms of its actual sequence, but encodes an RNA or

pol ypepti de of &‘%B&ﬁl seéﬂeﬁée HEREErEeT 8 ihed herdilis a pelynudleside segiedics t o
the corresponding livin ganism in which the nucl ei ¢ acid constructs or

explf IESSI on Etyﬁ]hmmt dhe BXme$smtecpﬁwlmh ma@esm@d Th@ pasking sequeRne Te3PR L OTp
"cell" ma e cel d b
may be t hgs en%tfqmgwdnem tefrﬁggf 16$ c&;affr a %F IrlgjglAa(fr é,éﬁ}g} htldeT Qfe cells

t ransf on- ned;pestOr i N conjunction wt h the | nt roduct ion of the nucleic
acid constructs 10 of the invention. Cel | lines or cultures refer to cells
mai nt ai nell vi a i nAsiusebherain aftdl oriheh refesp e rORCIRRIGIMEIAING Breppis™

parental cell(s r.om wWhi t.h
Non-1imting ré‘%ﬁ'r‘fblﬂégsq%cflelgé"flfisc(?méw?s roerx ﬁ%%{?g[ ?ﬁemy\ﬁﬁf?ﬁ;eegﬁ&gbng as
HelLa, 293, Hindfd8Bed Qd'elvpréEE&V]AGéelmrh@}V bé1ixpeell elhd,mfvabty teed d:ukar}mxtchl?

cells. Oher cells include a | ynphocyte (such as ) or
rr?crﬁphage l(lsdthh%C%llsmam@@ﬁ¢ QPHCIFWWE‘TY@P ﬁ%e Y[!ﬁ"i@ﬁ‘f to ei t her
of these cells uch, as a. he or
the practi cetS?Sf?Wéeq I?%Onnql%hccﬁggh‘gm the ﬁl ?h ‘gcykl Ofﬁ%chu ?6?19?4 %?%Lén%c{s
bowel epiiphelof e 1ﬁ@éﬂt1,ona Eeﬁﬂﬁﬁﬁ bﬁd:ulallreemefdr to aeilsapalhfaﬂieldaha m:'atrb culiuring

dendritic cell, Langerhan's cells, a nonoc cle I
cell (such adiclhgey R noniidentical tPéh‘H?aéPrH la‘%/?h?% iqll"ué lﬁis)ﬂféu ﬁr%gona

hemat opoi eti G, gl g ea lNorf‘inlmti?r% &?%:?Eﬁ% ﬂﬁ fidlde |e{1kar9ot?ceééll IRalsubh ¥e rise

to spermatozoa or an 00C a nmucosal cell and the Iike.
Preferably, tH«.ah283, HfBJlDS(D CV{1, TE6TKer gvhhblr iymanuéelisp Betoudells; or D17 cells.

Other cells include a lymphocyte (such as T or B cells) or a macrophage (such as a

15  monocytic macrophage), or is a precursor to either of these cells, such as a
hematopoietic stem cell. Additional cells for the practice of the invention include an
astrocyte, a skin fibroblast, a bowel epithelial cell, an endothelial cell, an epithelial
cell, a dendritic cell, Langerhan’s cells, a monocyte, a muscle cell, a neuronal cell
(such as, but not limited to brain and eye), a hepatocyte, a hematopoietic stem cell, an

20 embryonic stem cell, a cell that give rise to spermatozoa or an oocyte, a stromal cell, a
mucosal cell and the like. Preferably, the host cell is of a eukaryotic, multicellular
species (e.g., as opposed to a unicellular yeast cell), and, even more preferably, isa
mammalian, e.g., human, cell.

A cell can be present as a single entity, or can be part of a larger collection of

25  cells. Such a "larger collection of cells" can comprise, for instance, a cell culture
(either mixed or pure), a tissue (e.g., endothelial, epithelial, mucosa or other tissue,

* including tissues containing the above mentioned CD 4 lacking cells), an organ (e.g.,
heart, lung, liver, muscle, gallbladder, urinary bladder, gonads, eye, and other organs),
an organ system (e.g., circulatory system, respiratory system, gastrointestinal system,

30 urinary system, nervous system, integumentary system or other organ system), or an
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species (e.g., as opposed to a unicellular yeast cell), and, even P RBL 2006
preferably, is a mammlian, e.g., human, cell. A cell can be present as a
si ngl e enwog3iozaeioccan be part of a larger collection of 2%cxaldoz3498uch a
"l arger collection of cells" can conprise, for instance, a cell culture
(either mxed or pure), a tissue (e.g., endothelial, epithelial, nucosa or
other tissue, including tissues containing the above nentioned CD 4

| acking cells), an organ (e.g., heart, lung, liver, nuscle, gall bl adder,
urinary bl adder, gonads., eye, and other organs), an organ system(e.g.,
circulatory system respiratory system gastrointestinal system 30 urinary
system ner vorgnisysieen a bird, srpmrmaak ar thedike). cireteratdy Hbe oxpapsfissupdeadlspre of an

2 8 JUL 2006,, WO 03/054210 PCT/ US02/.34932 or.gani sm.(e. g. inLd, mal ,
or the like) .thelftlré:lu %Fﬁ?fe%%gm“bcg‘h P&i éliﬁgtsl lgquté) h%?‘%’go(;?oﬁl%gélg’iap gﬁl atory
system (e.g. bldoﬁ?inléﬁhﬂfgbwﬁl’égblﬂgd cdlis'intiged bRoAedld), reblingsty ¢9seRl(6.c., abst,

bl ood, including white blood cells and red bl ood cell Sii.l’; respiratory system
(e.g., nose, phiyax.yarynx] tsgohes brenchs thsenchinlesm bmigs, aod dkreliked] gastroingastinal and

the like), gastrointestinal 5 system(e.q....including . . h nx,
esophagus> sCOHERASEr H%"l%fﬁ?%’_é‘ ‘,l%s gﬁ?@’é\’?’yego%qagﬁ% & %%bagﬁ’clg% 3405 QIP"I\II/E g%"%'

gal I bl adder, ohinds, ahiress, lives, gﬂ?dwdd%_y,%amﬂ(@s)gumn@y@i?staﬁ (K dmehsas kidhegd,er s,
urinary bl adder, urethra, and the like), nervous system (e.g., _.including,

but not | i miureserstwinapy bieddesneretdsa.fad thelike), W@ﬁé{&twl(e@eﬁg@udﬁn@&%pots uch

as the eye) [ ; 2 ems( , | pLder.m ells of
subcut aneous Ei‘féﬂte@ etzr’eﬁ%#l%%{)%sa E%"Zf?’. EHPIQ\/S gﬁgar‘rlosf gé%lpdr}g?gsf %al%ﬁf glﬂ?elfaggg? s are
sel ected froninefen@itayystensest,iskia, ofidetnsiardnd cbllootkubesadons bridemal i ver,

gal | bl adder, uripary bl adder, and eye &el | s.. The_cel Ls need not be nornal
cel I s and0carisse)aPéenmere preferably.dhe pells ae selerded Eppdhe gioup Songigimedfe  not
limted to, t r i RS C or
cells in pr gg(é %qlgﬁo%&ggh%@? Nt%g’ %@hig@%%? ti sgggédg%réﬁm]a@e{%hnl%r ?bgéeélgl ar
endot hel i al aekd aot iEmofmipeells iand ¢arobe diseggedpells. (el disnases céibroge &b) bnt her ei n,

Tor o bases. 119t BEHER CoibBEn At SIoCtd Gelgi GAei ISP RITBH Floapt 1404 about
any of 3, 5, Qxinﬁﬁ’or%gntagtﬁo QBRI BksheHGh RO Faschiar ¥hddiRelial SeIRN
i nfectious agent that consists of protein and nucleic acid, and that uses
a host cdbl's geneif‘pomiashoméegiond usedihterchangeatily perethv of s pslynedlédtisld oby t he
oligonucleotide is a contiguous sequence of 2 or more bases. In other embodiments, a
region or portion is at least about any of 3, 5, 10, 15, 20, 25 contiguous nucleotides.
A "virus" is an infectious agent that consists of protein and nucleic acid, and
that uses a host cell's genetic machinery to produce viral products specified by the
20  viral nucleic acid. The invention includes aspects, such as expression of viral coding
sequences, that may be applied to both RNA and DNA viruses. RNA viruses are a
diverse group that infects prokaryotes (e.g., the bacteriophages) as well as many
eukaryotes, including mammals and, particularly, humans. Most RNA viruses have
single-stranded RNA as their genetic material, although at least one family has
25  double-stranded RNA as the genetic material. The RNA viruses are divided into three
main groups: the positive-stranded viruses, the negative-stranded viruses, and the
double-stranded RNA viruses. RNA viruses related to the present invention includes
Sindbis-like viruses (e.g., Togaviridae, Bromovirus, Cucumovirus, Tobamovirus,
Ilarvirus, Tobravirus, and Potexvirus), Picornavirus-like viruses (e.g., Picornaviridae,

30  Caliciviridae, Comovirus, Nepovirus, and Potyvirus), minus-stranded viruses (e.g.,
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20 viral nucleic acid. The invention includes aspects, such as expfebki 288
of viral coding sequences, that may be applied to both RNA and DNA

Vi ruses. %3degﬁges are a diverse group that infects prokaryustExIsE. g.,

t he bacteriophages) as well as many eukaryotes, including marnnmals and,
particul arly, humans. Most RNA viruses have single-stranded RNA as their
genetic material, although at |east one famly has 25 doubl e-stranded RNA -
as the genetic material. The RNA viruses are divided into three nain
groups: the positive-stranded viruses, the negative-stranded viruses, and
the double-stranded RNA viruses. RNA viruses related to the present

i nvention i nplydes ovigidad iabidkadsd, Osemykevigidae, Bugpuviriddaend Br onovi r us,
Cucunovi rus, Tobanovirus, Ilarvirus, Tobravirus, and_Potexyjrus),

Pi comavi T us- Arémaviridags dovlfle-stranded umises,ers-deovirndreanf BimavId@8e * Comovi r us,

Nepovirus, a Pot yvirus 1_NUSsSE:L { : : 2006,

W0 031 05410t Frenmbike b e Y Brle adéi,néﬁaﬁba%)g&eg?ggf?h% Mwe@

Ot hoyxovi T Rdgsiriiey Sk iiac, and ot eiraligoiplinkindiigy bl imiddal vi ruses
n

(e.g., Reoviridae a Bi maviridae), .. Flavjvirus-|i Vi.r us (g,

Fl avi vi r i Hae Nodavirdes. i The ing§ntionds apriigd peierably é‘(lﬂl.sg‘%ﬂfeﬁﬁ(ﬁ ri dae),
Cor onavi ri dag, and . .other vir r j D BiloPits. B edveblall€ 8 MAbu
Nodavi ri dae. %%aﬁ'éwp%eérﬁrfqr%ﬁ%ﬁf%]a%l%palo\:dg% dgr@%‘ %%‘E?;,% 0 sén Re evi rﬁs of t%e
fam |y Fl avigyiBbb@agmus Moy €ruyr ofies fintily Blaviviridne od a vires oftthe gemis/Raniviogs, and
especially a Marbur or Ebala virus., A vyjrus._.of .the . famly Flaviviridae is
a virus of tlIsuchy Lo @V?f\NIMs@en%‘Eﬁﬁ“%\sw%E\F%Wl?"év%tr EW‘ISL?E?"P@%W ‘ém‘\%/Li rus,
Vest Nile vi:rus, S i b Viafley LAdBhalitibARAB SR6C16 REER vk ibohise
virus, Mirr aﬂa%ef%éncgﬁg%féﬁﬁ%ﬁgn%ﬁYgﬁe 0Cl g a\l/|1 rus, ti _ckl- borne 10
encephal i1pi s enbéghalitiavidug, had thiekike. e ibvengon isprefesably appliedspy vAgpPI 8 to a

virus of the famly Picaornaviridae, .preferabl P i ,

nepat it s B vl Bt te Pt eng silip oA cipse AT it & s (RN

hepati tis Vi riigaidfieVies (BBE) SfraatbnNor Kok Behdpatiwbivels. { he | nvention may be
o] e fa

applied is a vrrus mly Retroviridae (i.e., a retrovirus),,

particul arly a vi rAsothér firaferrge RINA ovirug B whishahg inyexangory beagplied is a virus

parti cul ar |y a Vi rAnothér tiaerge RIA0ia & whish bt 1yt e vins
Che Subf am | yoldhe Buriy Ragoadeader anre i b e e aine by e ©

15  subfamily Oncovirinae, Spumavirinae, Spumavirus, Lentivirinae, and Lentivirus. An

RNA virus of the subfamily Oncovirinae is desirably a human T-lymphotropic virus
type 1 or 2 (i.e., HTLV-1 or HTLV-2) or bovine leukemia virus (BLV), an avian
leukosis-sarcoma virus (e.g., Rous sarcoma virus (RSV), avian myeloblastosis virus
(AMYV), avian erythroblastosis virus (AEV), and Rous-associated virus (RAV; RAV-0
20 to RAV-50), a mammalian C-type virus (e.g., Moloney murine leukemia virus
(MuLV), Harvey murine sarcoma virus (HaMSV), Abelson murine leukemia virus
(A-MuLV), AKR-MuLV, feline leukemia virus (FeLV), simian sarcoma virus,
reticuloendotheliosis virus (REV), spleen necrosis virus (SNV)), a B-type virus (e.g.,
mouse mammary tumor virus (MMTV)), and a D-type virus (e.g., Mason-Pfizer
25  monkey virus (MPMV) and "SAIDS" viruses). An RNA virus of the subfamily
Lentivirus is desirably a human immunodeficiency virus type 1 or 2 (i.e., HIV-1 or
HIV-2, wherein HIV-1 was formerly called lymphadenopathy associated virus 3
(HTLV-III) and acquired immune deficiency syndrome (AIDS)-related virus (ARV)),
or another virus related to HIV-1 or HIV-2 that has been identified and associated
30  with AIDS or AIDS-like disease. The acronym "HIV" or "human immunodeficiency
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type | or 2 (i.e., HTLV-1 or HTLV-2) or bovine | eukem a virus ( By, /N 2006
avi an | eukosis-sarcoma virus (e.g., Rous sarcoma virus (RSV), avian

nyel obl asWd03¥05¢210us ( AW), avi an erythrobl astosi s virus PEEVS02/34932
Rous-associ ated virus (RAV; RAV-0 20 to RAV-5 0), a mammualian C-type virus
(e.g., Moloney nmurine | eukema virus (MILV), Harvey nurine sarcoma Virus
(HaMsV), Abelson nmurine | eukema virus (A-MILV), AKR-MILV, feline | eukem a
virus (FeLV), siman sarcoma virus, reticuloendotheliosis virus (REV),

spl een necrosis virus (SNV)), a B-type virus (e.g., nouse manmary tunor
virus (MMIV)), and a D-type virus (e.g Mason- Pfi zer 25 nonkey virus

(MPW) and " SEugisire wsed fagsein to pefe opp EIIY wirusenand dlil anelated andepssooiateds | s

dosi T bl . A . Y v
v wier e RS BATERANE JUBLBNGY ol KNI ViR 8t ooty St orpediy s 5
(HTLV-111) angla Sedhdimadi i 6. Gath ad et sEaepilrOfeiind it odeditidh@vivas US

(ARV)), or another virus related to HV-1 or H V-2 that has been |
identified atdMasbevnaleativizes, gingan Anpgnedefiqey vine (Ve canseguinprafegtewsny m

"H V' or ‘thu i F(H}Hg (/¢ \/ jthss i ?Qrﬂ (&é@%

PCT/ US02/ 349%@%‘% us qgrﬁgévﬁsagg%ﬁg?%?enﬁ%@i%n é:rgﬂi\%u hes%( I %ioptljes es, and
H V-rel at ed amntion sessi addoctst appliedigesDNgents. CRiefeyabl Wthe DX yiragis RNA vi r us
of the subfanmily Lentivirus_preferably is a Visna/nmaedi virus (e, g., such

as infect sh&EPPs VEUS Eurhas Esteindirer Yiens Aepey simpiex \Ises, cyigsreplovirts) an

l entivirus, SR/, Gl i : i.Af..i Nfectious 5
anem a vi russd?@ A@} g%@ﬂ?@%p@ggﬁégﬁuﬁﬁﬁ@nﬁ&p ali ﬁegﬁ(\?i rus (CAEV). The
i nvention may al sdt masEpdtetithhbasausBiNi this specifieatidreandlthy appendedbaing, thes i s

R L R R
virus, and t nigk{‘ﬁe %di@ﬁﬁ&o@&r@%?d that as used in this specification
ed clainms, the

and the appen a 10 singular forns "a"

a", "an" and "the" include
correspondi ng pl ur@xprestienéincsles ithusssptitie of & demaxibomicdsic hgid dnddat es

ot herw se. " ressiop” .includes .transcription of a deoxyribonucleic acid
and/ or 't rang?a%f]igﬁﬂn8$a5|b9?‘ﬁgﬂﬁé? ic acid.

As used herein, the term “comprising” and its cognates are used in their

15 inclusive sense; that is, equivalent to the term “including” and its corresponding
cognates.

Conditions that “allow” an event to occur or conditions that are “suitable” for
an event to occur, such as initiation of transcription or translation, strand extension or
elongation, and the like, are conditions that do not prevent or inhibit such events from

20  occurring. Thus, these conditions permit, enhance, facilitate, and/or are conducive to
the event. Such conditions, known in the art and described herein, depend upon, for
example, the nature of the nucleotide sequence, temperature, and buffer conditions.
These conditions also depend on what event is desired, such as nucleic acid/protein
Interactions, protein/protein interactions, transcription or translation.

25 The term “3°” (three prime) generally refers to a region or position in a
polynucleotide or oligonucleotide 3’ (downstream) from another region or position in
the same polynucleotide or oligonucleotide.

The term “5°” (five prime) generally refers to a region or position in a
polynucleotide or oligonucleotide 5° (upstream) from another region or position in the

30 same polynucleotide or oligonucleotide.
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As gé ed herein, the term"conprising” and its cognates are used i '
15 inclusive sense; that is, equivalent to the te?m "including 'an EIPEUZUUB
cor TespongdipNBosgq@nat es. Conditions that "allow' an event POTWSGLI498Y
conditions that are "suitable" for an event to occur, such as initiation
of transcription or translation, strand extension or elongation, and the
li ke, are conditions that do not prevent or inhibit such events from 20
occurring. Thus, these conditions perinit, enhance, facilitate, and/or are
conducive to the event. Such conditions, known in the art and described
herein, depend upon, for exanple, the nature of the nucleotide sequence,
tenperature, and b e ‘GOISTAIpRRson,” THEBN Aclenibf 1 “GNRNA portitmyeand Bir what
event is desired, such as nucléic acid/protein interactions, .

prot ei n/ pr ot BNA fegiasy; Arsférdn ghe partier oF Fqiqnodf %ﬂOlﬂ“&k@P £ POALECIECpAdS o m v 3

(three prjne ener.al.ly,.,ref.ers 1o L . hito] i
pol ynucl eot i LPéa%pg%‘V?ISBm%% ee8fli°(§§1esp°1?n 3&%&8 Egg%lébgﬁg%bgﬁ%{aﬁ%?m? e?é in})ar%l or
posi tion in pth@cHadee P nisw aheestidbes)or nidibgsnttatiedts de.3” Thest neclaotids of

(five prine) generally refers to a region or position in a '
_ _ | _ ) ) pol ynucl eot i de
or ol i gorfucl tmtsace plyruglestide angligonypleatiét-her regi on or position in the 30

same pol ynucl eoti r_0kd, cl | decs bk - BhP4210
PCT/ US02/ 34932 Th&iFg?rm %%ﬁ%u o%,'bﬂ"*sge-g%ﬁz\utsegggﬁ,gp %I'IQ’RANA portion,"
and "3' - RNARNeQirépion,” k€fELio the péifiien o tégdiomoda polggnaentidie on opgdnueisstidet i de or
ol i gonucl eotide |ocated towards the 3 eind, of tpe RO m.cl eqti de or

lgo

ol i gonucl eot ilmtedetﬂﬂaiﬁéﬁh‘%)f’ ‘?Wft%POIVHECf eRfdle ke 1d & Yet®) or
moi eties attac gﬁl%]‘utﬁlg ﬂ{,ée‘g nﬁpg%ﬁ%%%f%@@ﬁ% qté_%gm%&w lﬂeétmur’ebﬁﬁé ofde or

ol i gonucl eot i'd region,” "5 -R
porti on, joandhe Sime FRWnuctgitide of oligéreicldotide.he portion or region of a
pol ynucl eoti de or oligonucleotide  |qcated towar e 5' end 81{{ 15@
he gﬁrem)st

pol ynucl eoti de or B}Gi@%fﬂé?té‘@ﬂqg@é?” &FS Hug TRRiang %b% oo P ok
nucl eot i de(s) h(%fo ﬁ%ﬁ?ﬁbﬁﬁl%ﬁ%@e&@r iNGitRe ofisthe wahedistdle Dihe tbint he sane

pol ynucl eoti de ol'rgonucleot | de.
“endogenous” refers to a relationship between two materials where they are normally
found together in nature or in their natural state. For example, a coding sequence may
15  be operably linked to a heterologous promoter, which is not normally associated with
the sequence in nature, to its endogenous promoter, with which the sequence 1s
normally associated in nature. Alternatively, a nucleic acid may be covalently linked
to a heterologous sequence with which said nucleic acid is normally found except that
the heterologous sequence is in an antisense orientation. A coding sequence is
20  “operably linked" to a promoter (e.g., when both the coding sequence and the
promoter together constitute a native or recombinant construct capable of being
expressed) when the promoter is capable of directing transcription of the coding
sequence.
Unless defined otherwise all technical and scientific terms used herein have
25  the same meaning as commonly understood to one of ordinary skill in the art to which
this invention belongs.
The present invention provides nucleic acid (expression) constructs which,
when used in combination, regulate the expression of one or more than one coding
sequence of interest. The coding sequence of interest may encode an RNA or

30  polypeptide the expression of which is of interest or desirable. The nucleic acid
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The term "heterol o-ous" refers to a relationship between two mat ey galigL 2006
where they are not normally found together in nature or in their natural
state. ThWQe&MiF4210endogenous” refers to a rel ati onshi p bet REFAUSOUBAII2
materials where they are normally found together in nature or in their
‘natural state. For exanple, a coding sequence nmay 15 be operably linked to
a heterol ogous pronoter, which is not normally associated with the
sequence in nature, to its endogenous pronmoter, with which the sequence is
normal |y associated in nature. Alternatively, a nucleic acid may be
covalently linked to a heterol ogous sequence with which said nucleic acid
i s normal |y ¢angiractesisaseferably recombingat ynshuse andad saqeptially to regulale ant i sense
orientation. A coding. sequ i . r apd ' . r te.g.,
when bot h t HEPSERI RO a3aTERasugrie PR S ABIK o B s bb fodludliciR} s

native or regsiERhdaFack onstribtiesanaltheegtessionng a peaducetmesigulazan t he
pronoter is capable of directing transcriptjon of the codjng se%Hence.
Unl ess def i nexpreasioarfyprs shearext coustricia tug imtid pltenately; eXpression of SieFortigei n

have 25 the nj r ' skill in
the art to wBelih aetsl T R et Ghaeed RRRaBuri BT
nucl ei ¢ aci dafdaivedsillgnjontainsi ragulsonphregibn thansandusield and/oc osgniatatbyon,

regul ate the expression of one or m)rf'bét han one codi ﬁg sequence of

i nterest. TheXEEWIMNGTeRnehercesirpel dhespnsimstsaptignd Alsophtgp segotable

pol ypepti de ' 2 | oS, 3 ' |

nucl ei ¢ aci dbpqggﬁg}%ﬁﬁ%%&fngggﬁz@%iﬁg%ﬁﬁ%c} %9%%%?1&2%r S(r:t&gtﬁ% e
preferably reamshiciasdent on nabnstachbul vt tndoggumstto aklls/intwhick thel capgiruct has
expression of a coding _ sequence of interest, which would thus be | ocated on

the "l ast® besisipfrpdyced eV ASE drtectahle BREKeT n t he expression of a

product that regulrgl@snstRXRIIR Hlﬁ}elfxt{d?mr% PRl prefRat el g cElife UsHdi |

ultimately, ex ression of the coding p sequence of interest via the |ast

construct istepmkagd & gital vEawh. Thesonstuctsthusfregelaieyhe expressiondgiivine gamole
contains ar %ga%l oarltec\)/rh}étl Cot }i)gnrc]an% rrlléactessials'y f'oir r;‘)géiccaigll%llg%axac{' \(/je/cPorr. The %r éao?npbo%ent
may be any viral gene product that is necessary for proper packaging, including, but

15 not limited to, a viral envelope protein, a capsid protein, the gag or pol encoded
proteins in the case of retroviruses, and/or a viral regulatory protein. Nucleic acids
encoding these viral components may be placed on one or more than one nucleic acid
molecules so long as they may be expressed to result in appropriate packaging of the
viral vector. To decrease the likelihood of recombination between the viral vector and

20 the constructs resulting in the vectors containing all viral components, nucleic acids
encoding the viral components are preferably divided into separate nucleic acid
molecules. Preferred viral components to be expressed are those encoded by the
gag/pol sequences of HIV-1 or HIV-2, a retroviral (preferably from HIV-1 or -2) rev
protein, and a viral erivelop protein.

25 For example, and without limiting the invention, the invention may comprise
three constructs for the expression of a coding sequence of interest. The first nucleic
acid construct is capable of expressing a first product, wherein said first product is
capable of regulating expression of a second product from a second nucleic acid
construct, and wherein said second product is capable of regnlating expression of

30  product encoded by said coding sequence of interest, which is present on a third
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expression from anot her construct. The constructs opti-onally al so 2Zcbnrii 2006
sel ectable or detectable markers to facilitate their identification and
use. A regudad/gsayioor codi ng sequence present on a constr uatCTIUS02/39432
endogenous to cells in which the construct has 10 been introduced may serve
as a detectable marker. The constructs of the invention are preferably
present in a cell or cell. line used to package a viral vector. The
constructs thus regul ate the expression of one or nore. than one viral
conponent necessary for packaging said vector. The viral conponent may be
any viral gene product that is necessary for proper packagi ng, including,
but 15 not |hudldiedcii@ondrct.r Btefarable) o penspornd eff sajd trecapwiac pridtenstructshe gag
or pol encoded proteins in the cas g%d{etrov'ruges d/or a viral

regul atory praRise hefquelogpes micleg a‘“&n ther nrplews V‘b&&n GRS hay be

placed on ong,ory Mpf aﬂf@&oﬁﬁ%oﬂéfﬁ'cﬁiigbgﬁi{gct_flér%h%t?éﬂ ﬁﬁtraﬁﬁcxliﬂﬂﬂl #&d/drhey may
be expressed P8 Pesul A appropriate packaging of the viral vector. To
decr ease t hetrhisi@ionhaigite efprésevamiitteadoding seqtevmernfiteresi frath thethirdr and 20
the constructs resulting in the vectors, containin Il viral conponents,
nucl ei ¢ aXi d@onsghetdabﬁgeg%@%qfépll%&ﬁweh?ﬁ%r&xg?% erably divided into
separate nucleic gej : h PR ERE L the/fidstl r@ﬂﬂ&%ﬁﬁxﬁemmucible
expressed are thogrgblgen%rggéecgﬁ%bﬁtﬁhe gag/ pol sééue%ces of HHV-1 or HI V-2, a
retroviral (pretherwibsé seghtatet pdbiviofier oruch 23 thedetraqycbnepromaierdongrajgrragia envel op
protein. 25 For .exa and w t hout

| EESStin S v e c
may conpri seSER 8k° g%‘ferﬂfe{r’é’tef%?gl?lhe@%%%g%@@ﬁo%gy%&@ggpﬁ&;&esvg}qd gé? :)19 "

interest. ThagiaArsphittkaiticals 86 TheHBRiotsGE obsrabBARREE tOh it psEASI N a
first product, erein said first product is capable of regulatin
expressi 00 obequenerenvddmgaduodudt thatreguiatesogspressiondiam Hs S@COIL@WSWF& In and

wher ei i d d i bl e_of | at i '
broduct encoaBaveel anbgtimag: S e Hisl trl G RRRRE T Baaiping .
third 13 2 §trolh1$te2£}ﬂﬁa ﬁ}/g@cs&hgg Qe RAEL AR 23R BRoneitthe kéiradgdlieconst r uct .

Preferably, ' east one of sard three nucleic acid constructs conprise
het er ol ogous prerobter (oradigion profeiptchmprigingftes pativatarisbelt #e Ruknot dipited 4, td k)

I : grnnst(::? iepI : g%{'%{fﬁ@%@% 1r§dco%&p§c Esu%ﬁxttére.élﬁat%)(y qu{ & Exﬂr@&ﬂlﬁaﬁcic% iRfhe presence

15  oftetracycline. Alternatively, the first coding sequence encodes a retroviral,
preferably HIV-1 or HIV-2, tat protein.

Induction of transcription by removal of tetracycline in this example results in
the expression of tet activator or alternatively, the tat protein. Thus the second nucleic
acid construct would comprise a tet promoter/operator or alternatively a tat regulated

20  promoter region, such as a 5° LTR promoter regulated by the expressed tat protein.
The coding sequence of said second nucleic acid sequence may encode any product
that regulates expression of the third construct. In a non-limiting embodiment of the
invention, the second nucleic acid sequence may encode a retroviral rev protein to
regulate mRNA splicing and/or nuclear export of the coding sequence of interest

25  present on the third construct. In embodiments of the invention comprising
expression of the rev protein, the promoter present on the third construct may be any
suitable promoter capable of expressing the coding sequence of interest as mRNA at
levels sufficient to result in desirable levels of protein production upon appropriate

splicing and/or nuclear export in the presence of the rev protein. Preferably, the
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transl ation while expression of the coding sequence of interest fr@ngtjoe 2006
third 5 construct is by regulation of splicing and/or nuclear export. In
one enbodWRRH054210t he i nvention, the first construct conprPEEAISAH3493uci bl e
or otherw se regul ated pronoter, such as the tetracycline pronoter/operator
or a - steroid or eedysone pronoter region. Another regulatory systemis

t hat devel oped by ARLkD Pharnaceuticals Inc. The pronoter is operably
linked to a first coding 10 sequence encodi ng a product that regul ates
expression fromthe second construct. In one preferred enbodi ment of the

I nvention, the first construct conpri.ses a tetrac ' ronoter and a

|
first codi ngpeeepieriethasof aastrryiah pecdetabbt BEY of It g‘t%&?ﬁ fne pronoter

(or a fusion t e | 7 ' imSHEEVAs, but not limted to,
t TA) such tﬁ@? &eﬁ%ﬁyﬁ%{ﬁ@,&? ?f&%t%lfgﬁlgé‘?gfgelg%&gt ory and no expression
occurs in the presgpsiedib agiackinsayiadfithepredent exveation, ¢hy/codimgesefjnerst of odi ng
sequence encodes a retraoviral, preferably HV- | or H \/i Eat r o} ei n.

| nduct i on of intetgpismy the thighcoRsract maygncege g ¥iralenyelops aratein (fich ag %
results i ' | 1 r ' 1. at
protei n.  TrubinEROLERG BitialyEh S BE0D, GIMAIL G RGN D btel e 67,

pro rTDtSGI’ {_ _CI)_ Ee bastein fiym 3 e&ierhasgdn?tiﬁs ﬁ/ ituat(ViSdHuMokeld vas poraabieeviruse GabN, such
as a b pronot er regul ate y the pressed tat_protein. . The coding
sequence of ﬂp@vé@é@ﬂézg BYEREPiSIty Y BDézgu%h% prafpfeydeling frdpedelte: ¢ hat

regul ates ex Si . | ; %‘i’db" el I ment
of the i nveﬁj’grlﬁ%n%ﬁ? ﬁ%‘lgéelggsr? H%I{chsl i’igga{é{:gf%éhé%%ﬁ%ﬁ%e ngyﬁlgﬂﬁggggy il%f)g?rovi ral
rev protein wsed. rSmukmies enfidingsal énvielnpepnokeiar from dheefatlowiygovital fmilinemewdi ng

sequence _Qf i nterest resent on the third construgt. Jn.enbodi nents of
the i nveﬁgi oﬁpsé’g’l?ﬁ‘\sf"l‘i?é}&gnag &ﬁqn@ﬁvwéa?a rP’é'ﬂ‘Y“B‘ﬁa(S’t g.fu}p,dotv H@g‘gromt er
present on tﬁﬁx%{o@irﬁ%ﬁ@ﬂmﬁiwﬁﬁdb& Filhyavitidhé, 2ot Ravii @IEDP SovigidRabl e of

expressing t ng sequence of intereSt as nRNA at |levels sufficient to
result in dedloxairidec lepedmaviidapy anddierpgsrvaisest i on upon appropriate splicing

and/ or nuclear export in t th tein.. Pref | th
1228 JUL 2ve whienpSmaNte B Res: s SN shiih Rl Wher el pofitte 1 °
retroviral, Rbgfpeiald wtrdabyoling prdnldle@bpdritat ofdratily Pifikéd to a coding sequence for a

15  steroid hormone receptor, the induction of expression results in expression of said

receptor. The second construct would thus have a promoter that is regulated by said
steroid hormone receptor (initiation from said promoter is activated by a complex
comprising the receptor and an activating ligand). In the absence of said complex, the
promoter is inactive. The coding region of the second construct may again encode

20  any product which regulates expression from the third construct. For example, the
coding sequence of the second construct may encode a retroviral tat or rev protein.
With an encoded tat protein, the third construct comprises a region which permits
expression to be regulated by the tat protein, such as, but not limited to, a retroviral 5’
LTR promoter and sequences encoding a cis-acting RNA element, designated the

25 TAR. With an encoded rev protein, expression of the third construct only needs to be
under the regulation of the rev protein (via mRNA splicing and/or nuclear export
control) as discussed above.

Applied to cells for packaging a viral vector, the retroviral tat protein may be

from a heterologous virus relative to that of the viral vector. The viral vector may be

30 HIV-1 derived, and without limiting the invention, a chimeric retroviral promoter may
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cytornegal ovirus (CW), preferably human or siman CW. Applied to &8 JuL 2006
packaging cell of the present invention, the coding sequence of i nterest
on the tthjos%%Qﬁ'erCt may encode a viral envel ope protei npcsLigoas3i hat of
a 5 retrovirus), nore preferably an HV-1, H V-2, or MWLV envel ope
protein; the G protein from Vesicular Stomatitis Virus (VSV), Mkola virus,
or rabies virus; GaLNl, Al phavirus EI/2 glycoprotein, or RD 14, an env
protein fromfeline endogenous virus. Alternatively, sequences encoding a
chineric envel ope protein may also be used. Sequences encoding an envel ope
protein fromthe following viral famlies nmay 10 al so be used:

Pi conavirida eu;réagg%‘ﬁ'ero!r dage ok ARAKId dcitBEonsiri@b dPMielihvkdion. A non-limiting

par amyxovi ri dar, thom Xxovi ri dae, Bunyaviridae, Arenaviridae, Paroviridae,
Poxvi ri dae, kepapleafiarchiaeic mivdvina ppemoter isiswstrovirsl A4 TR promader opataining

enbodi nent of _the ,invenfjign, and wh t he fi.rst '
tetracycli nea&emf’g?‘}%ﬁwn%@’rcz{}ﬁ?; qxglﬁ?ﬁ%égf) Sﬁlcaé%c%:)g%%{%éetggog%ﬁgzﬁf o? a
15 steroid h&?&f@i‘ﬁﬁs hESRAEY exphdiSioh @ ued dodthgQeq@etite ¢inkedtd the pronicter. MA

expression of said receptor. The second construct would thus have a
pronot er § hatpréferredochilretie gramotensamprises anFdVhb s nbhR nremeter spntainmied HiYon

fromsaid pr r is actjvated by a coml ex . I Sl 0 and
an activati né?‘{\g_éﬁ@qu?-nmﬁ& “é%@én@é‘%@?&i‘&‘ﬁ%%‘ﬁ%@?%ﬁémﬁ ?gﬁ%fges?{% s
i nactive. The,qoEiBeatRGERNtHRIcoliM 2qEe6RE of@ablyliiked MMtheafithéricprondeer 20 any
product which regul ates expression fromthe third construct. For exanple,
t he CO?I ng w\;}vmmﬂe of the second construct may encode a retroviral tat or
rev protein. th _an.encaded tat nr ' ' CUs | Ses a
regi on which perni ?ﬁdﬁyﬂﬁe%% ogﬁﬁl?%sggﬁ{regﬁﬁngt% ‘e‘%@g’ﬁﬁe tat% }é%%egffé{ﬁﬁ?d gluch
as, but net |din¥idrasbrt thandne@bhfiMict af the'inveniibh,pr tatpiotin anding eeuenmared
encoding a cis-acting RNA el enent, designated the 25 TAR Wth a ncoded
rev protein, £ PTSSERINGNY CHRSULAT ¢ ESPIQB BY RIS QEEHSCY BeTHD-

tein, wotp eRfrin tugh IR %fﬁ%‘% t he

regul ation of ;the rev ' V] L. : rt
control) as dtihg Ei@érgglegg%&gé Tﬁé%f“?é@ %@h tge tkgdt?i%r %acfglge%é‘?gl}lil%ﬁpvect or,
: Eet r e]E r ?\ﬁ' r aﬂ)roieiﬁ frbﬂﬂérﬁ{tﬁb_ll'_ﬁa}tc&) chlm‘ gxampie, hnd eheteigthesonstruets ofdhat i ve to

hat o e viral vector. e viral vector may be . 30 HLV-1 derjved d
wi t hout | i mi tinwentioneare ifeadupeshintoa el tas gell PR pRRIRIPZD aﬂf“gﬁﬁiﬂe‘f“r" i Acq 2

15  construct, optionally integrated into the cellular genome, that expresses the necessary

tat protein. Such simple expression constructs are well known in the art.

One example of the above is where a tat protein is used in combination with
an expression system of the invention. Where two nucleic acid sequences of interest
are to be expressed, the first can be under the control of an expression system of the

20  invention while the second is under the control of both said system and a tat protein
expressed via another source as described above. For example, three constructs may
be used to regulate expression of the first sequence of interest (from the third
construct) via a rev protein (from the second construct). The second sequence of
interest is then expressed from a fourth construct that is regulated by the rev protein

25  (from the second construct) and the tat protein. Thus the first sequence of interest is
only under the control of the system while the second sequence of interest is under the
control of both the system and a tat protein. Heterologous tat proteins and TAR
elements may of course be used in this alternate embodiment of the invention. Ina

further alternative, the first sequence of interest may also be made to be tat regulated.
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2 8 JUL 21006 WD 03/0-54210 PCT/ US02/ 34932 be used in one or nore? 8f Juth@ids
nucl ei ¢ acid constructs of the invention. A non-limting exanple of a
chimeric e 030s421@l pronoter is a retroviral 5 LTR pronot BETASMYI ng a
het er ol ogous TAR sequence such that expression of the cognate heterol ogous
tat protein i's needed for expression of the coding sequence linked to the
pronoter. A5 preferred chinmeric pronoter conprises an HHV-1 5" LTR
pronoter containing a HV- 2 TAR sequence. Wen used in conbination with a
construct capable of expressing an H V-2 tat protein, the coding sequence
operably linked to the chinmeric promoter is expressed. In additional

embodi ment s of t hdsemekerniidve taike wierpf4at TAking| segances deserdlend abAVE, 10 one or
nore than one construct..of the i.nyention, r ' ' nee
need not beSYRPERSEREIGading R Cimsay yaﬁ f°t§1?1 r%%’ ‘Sei%sre g's g%@%@%gﬁg%%@%gﬁ;&g@ osed
herein. |nst gakkin (4.Her L4y BARAGwRto foein TRahikti fatibgaRey Ry dfthe PIIVEETR nay
be met by supplying tat protein from another source. For exanple, and
wherei n t he prmsatensAthergthimeric Tatpretsinsaraysaleo bhnsed g deng aspufficentel |, the
cell may gcontain an.additi.onal nucleic acid 15 construct, optionally

i ntegrate iLFP%SﬂPﬁ‘éaUBEIaftb‘flgrrlsé%tﬁl&gé, that expresses the necessary tat

protein. Such si NMWienev¥drr&spiotdin 0ked fdikalagy the wRpressictofdmi asubseguentt . - One
exanpl e of the above is where a tat protein is used in conbi nat

ion.wth
expressi on syenssichtheicedingsearance af sajharhsequet prpSITEFtCORIANE, Yd§ H&%@ég tof

interest ar - D > i . an
expr eosi on sgSi i S RSO siekith (RIS or o R Bl Andi 4B heker e
control of beités foategukatish Bpransrotein. aForpaxatnpie) and withewditing theainweriton, sour ce
as descri bed above. For example, three constructs na%énbe uaed t.o regul ate
expressi 68 ofvherrethe izt copstiud semPESES; dROIMEICANTICE SREFding f Viry cnyeiARe Pﬁét)
via a rev pr L r T, : :
nterest 15 Ehan e e o e R e
rev protein 2bgfdi¢ enpkbieinsfor apydopats spliciig) ariiet ruakeat extpopirsotthatrhe dtvedopehe
first sequence of interest is only under the control qf the systemwhile
t he second s@ﬁ@?ﬂ?@“bmay F€¥@§fseas)fhﬁﬂ‘é‘?s T%"ptl?b‘ﬁ{ly g? S%‘Fctﬁ‘gpﬁ’r%/‘ﬁgesyst em
and a tat pr %Tg@hﬁtedl_éi'@ii&ﬂlglf&gﬁféﬁ ih BbnjRRQioi vith MBGev Ateif! AMBRMIaBoRBYovRdes
course be used I1n thris alternate enbodi nent of the invention. In a

15  ameans to make expression more dependent on the rev protein and the RRE. For

an

example, if the splice sites intrinsically function too quickly, the coding sequence of
interest may be spliced out before the rev protein and RRE have an opportunity to
export the mRNA and permit expression of the sequence. The splice sites are thus
selected to be sufficient to permit splicing and suppress expression in the absence of

20  rev protein while suppressing splicing and permitting expression in the presence of
rev protein.

The constructs of the invention may be viewed and used in combination as an
expression system for the coding sequence of interest. Moreover, two or more
expression systems comprising identical constructs may be combined to regulate

25  expression of two or more coding sequences of interest simultaneously. For example,
and without limiting the invention, the first two constructs may be identical with the
second construct regulaﬁng the expression of coding sequences of interest on two or
more third constructs, each capable of expressing a coding sequence of interest. In
one embodiment of this example, the first construct may comprise a tetracycline

30  inducible promoter operably linked to a coding sequence encoding a product which
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further alternative, the first sequence of interest may also be enjio
, . 3
tat regulated. 16 2 8 J U L 2006 WO 03/054210 PCT/ US02/ 34932 Asn?;ﬁ W02

al ternati%%%sgﬂg use of tat coding sequences described aboyasopegsEnces
encoding a chineric tat protein may be used. Tat has be nade into -a fusion

protein (e.g. Tat-Gal4) and shown to retain its transactivating activity of
the HV-LTR pronmoter. Qther chineric Tat proteins may al so be used so |ong
as sufficient 5 transactivating activity is retained. Wenever rev protein
is used to regul ate the expression froma subsequent construct, the coding
sequence of said subsequent construct contains, or is nodified to contain,

a rev respongiye.: &l snent: ¢ RREr-AhdtaR RE@RE sdhn&Pin e sétand comntcacriept or
sites for regtﬁﬁg‘[ I on” by 1roev pr%tglg)n. For %x?np?e, nandswi t ho?Jt I |cm ti ndg t he
mfle

i nveg_t i on, 1_@odd/|hgsmmheeadﬁintdresdnﬁa¢Mthhéﬁwppr so5e hidenpideys
encoding a viral envel.o or rof ei t ' > '

Pl i ce. donor (irrtap Sakiondr atadiRlor e o Bt o BRMEREEaRATBIOIIRS
appropriate %Qédrﬂlﬁ%xs @1& r&denfBI6H 18R brAGA @ikpresseditiathe kétond byrdtope Inar G

protein may be exp S The sites may optionally be selected to provide
attenuat efl sppéafinexdmplestivorcodingseapanses PloAtarpst MayHhe Hresgniindve; thir

at tenuat _ _
ov prot ei n EABSTIE: ARERTESPRBROES o Ra g e gy FLY” PRI e fie}

function too Quiekl ¥nkelt6 af RHM Gn8 BHIRO6RI &fding Sgeessetis AB5\bE aVibkald out
before the reo\(i/} pl’§}t6I n and RRE have anRg%oortugnﬁqy to export t and

Egr rsnmE f ?)é Ip re ﬁtséliueﬁ mfrc])tﬂrl:n fpm’ﬁhé?lkéd torpre iAenafpd é@ovér @etpmo.terss PEEFEY to
20 rev prot eifTouHY RSP atY bE O RaER R, S RIAE APl B SERETCR O
&gzepﬁecl?nbi ;Egﬁéingi@f;gbgiv ﬂ'ﬂgxeeif.ce)gzit guct s of t Pe i nvent i on nay be vi ewed and
i nterest. NoreoverAs poisddereib r%épreéiiﬁfpggéﬁs g?’é?g‘g‘@ he@gﬁ%’ﬂgg}‘%gggﬁgﬁg?lggl
ot Y ARG 2 LG A s, St epsmel
the inventi ongrotiaed hipositive Weedesisheciahsnmaliersdhs prduétedithafirshnudiec acid
construct can repress (directly or indirectly) its own expression. In the absence of
15  activation, this autoregulation of the first nucleic acid construct results in very low
basal activity such that little to no expression from the other constructs of an
expression system of the invention occurs. Instead, and upon activation of expression
from the first nucleic acid construct, the expression of all additional constructs in the
system follows.
20 The constructs and systems of the invention may be incorporated into vectors
or introduced into cells, such as, but not limited to, mammalian, rodent, primate, or
human cells. The constructs of the invention may be integrated into the cellular
genome or maintained as episomal constructs. Preferred cells of the invention are
those in which expression of a coding sequence of interest, alone or in combination
25  with other nucleic acid expression is desired. The constructs of the invention may be
introduced into cells in any order. After introduction, the presence of the constructs in
said cells may be confirmed by detecting said constructs via a selectable or detectable
marker placed on said construct.
While each construct of the invention may be present on an individual nucleic

30 acid molecule, some preferred applications of the invention include a single nucleic
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second construct regul ating the expression of coding sequences szhnhﬂfﬁﬁﬁ
on two or nore third constructs, each capabl e of expressing a coding
sequence W0 0#154218st. I n one enbodi ment of this exanple, PRE/USP?/E1932
construct may conprise a tetracycline 30 inducible pronoter operably

|l i nked to a codi ng sequence encodi ng a product which 17 2 8 JUL 2006 WO
03/ 054210 PCT/ US02/ 34932 regul ates expression of a rev protein coding
sequence in the second construct. The coding sequences of interest in each
of the two or nore third constructs are nodified to contain splice donor
and acceptor sjtes so that expression of the encoding proteins occurs upon
the presence 3¥ PRlgCHE sPBIARIRS FOESEar OBy consiustaf shelinyentian: (kor examplg, &id
speci fic exanpl t0: ' f 1 St e.present in two
thitd  const roaren iR RIRERE §uR ork B CRRY  TRRIORIER® Bt er bl y

HI 'V, gag/ pol ceasiriercef the eveatibry arteistdbbginteprand MR on@stmbRahaesand codi ng
sequence is a,VSV-G ongwbk-ola virus G protein operably linked to an RRE.

As noted aboBromReRons ofiftelle prsiuce gestably wraRsinckadrglldipes lisarativalyy thee any

pronoter e€ap L O ' f rev
D otel . o’ napdniite el bk BLEI of it PR PO, {eiimad JeRbP SFNER bef S, Lo
i s pref erabl yntrodughioh ynto egidlcall e dpplied tovexils doit the parklagingdf vAal vechg)-thé mi ti ng

exanpl e, tight.regulation.is rovided. a, pasi tive feedback nechanj sm where
the product ¢RIY aif ‘?%ﬁ‘“ﬂﬁ&ﬁeéﬁ@%?@ Hglvé‘l?ﬁé’élﬁo@&?aréfér?uPlékPr%m@EﬁCP]@étq y or

| ndi T ecty) lihdreRene KBS eontfinditiis JBARE Girbl vebor Bohnt o Red 1 S
autoregul ation of the first nucleic acid construct resuits in very | ow
basal acti vi tryplinatibn competent, t | e t Brefayaldlypihe senshructsrodthe ineeraitdngespecialiy r uct s
of an eéﬁrestﬁi on gagstemdof i he inventélgn 0 curg. | nst ead, and upon
activation of exfrdssr it Speigg Spqicnes P 1oR, eEReL CORIPESE BERere that fffeviral
expr essi on ofin akigiradttivsiviate B RO reEbiss (wWhib et iS%s) 10 dofllPe8ion 2B ifiRe
constructs and systens of the invention maty be I ncorporated into vectors
or i ntroducedct Wxteanspneprefemed fordhe prastieroef the invention. Examplesdficanactingdent |

' , . . he i on. be i d
"o the cel MERE e TAR R RRE TR Kshudlon Popriie ondbiliBeatomng it cu”

cell's of the refeviedté @NCRSY elements of retroviruses, while examples of trans acting coding

15  regions are the tat and rev coding sequences. Cells used with viral constructs are
preferably free of viral sequences other than those to be introduced by the constructs
of the invention.

Preferably, an RRE heterologous to the viral nucleic acid of interest is used in
the constructs of the invention. Examples include, but are not limited to, HIV-2 RRE

20  for an HIV-1 derived nucleic acid, a CTE (constitutive transport element such as that
from Mason-Pfizer monkey virus and other retroviruses) or a PRE (post-
transcriptional regulatory element such as that from the woodchuck hepatitis virus. In
addition to diminishing, minimizing or eliminating the possibility of homologous
recombination based on the different RREs having different sequences, a surprising

25  and unexpected increase in the production of packaged viral nucleic acid of as much
as approximately five-fold has been observed.

Among the various embodiments of the invention is the expression of coding
sequences of interest wherein the encoded product is toxic to the cell or host in which
expression occurs. Examples of this include viral gag-pol proteins and envelope

30  proteins such as the VSV G protein. The full scope of the invention, however,
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those in which expression of a coding sequence of interest, alongigﬁutqmm.
conbination 25 with other nucleic acid expression is desired. Th

constructg oifsikige i Nvention may be introduced into cells PATARY2/BOEr

After introduction, the presence of the constructs in said cells may be
confirmed by detecting said constructs, via a selectable or detectable

mar ker pl aced on said construct. Wile each construct of the invention may
be present on an individual nucleic 30 acid nolecule, sonme preferred
applications of the invention include a single nucleic 18 2 8 JUL 2006 WO
03/ 054210 PCT/ US02/ 34932 acid nol ecul e contai ning nore than one construct

of the inventjQfdesFRuse1Peiphes séibncashat anoeithdr mot tonie ©xeonll @ hosllcatonig t o

the preparation of a stable cell line, the constrycts of tht% i nventiQn are
stably integ rcmhemdensmca’wem@dmwéu@haﬁe@ﬁ%SSI%lrﬁtélﬁ@&‘Gﬂ@S OF 1Tying BrgSencg ©
produce a stably. tr f j ne.. Alternatively, the 5 constructs may
be pl aced on a%ﬂé‘%?%?)trogﬁbﬁ%ﬁﬁgrygt%%ggg Bl vector or plasnid before

i ntroduction into @@ptefeelell aspyepbf thd itventioh kelattoto thh eremcdtingiofgeldstandi r al

vectors, the individual, constructs are preferabl | yi ded i.nf o, separate
nucl ei ¢ a6i d erilinesrenjainns th%?@_ﬁsl@tstolﬁ@erm}ﬁ%&onofﬁ?tg‘&%ﬁﬁi iR ROPERT, he
viral vector [RMIGH SRERHRH dofs, | ﬁq{ya&%a{e&eO%HR&ﬁsﬁgconeﬁm@foamy, the

constructs of™° nhvent1 on, especi’a the regulatory and coding
sequence por tingpsationentealic catinigpgesems ¢k as elsctrddrations lippfegtion,iand ealeigim,

T gt et a0, el d b e B0 SRSk ATl (v f
2 2119, ehaae e Handand (FoiiEnliabiy s womermrar
whi | e exartpl epartitles camainimgta pagtiaudati vicl necleiegrigrf inteeest. hrefereblsibe Y&dl codi ng
equences. of MBIOR A HBRECTHSTBEFIRRT BHLLET By Ph 8 EoraDr e e
invention. Prgherdblyoyaidr i35 of ﬂ{eeé1ﬂb$éiﬁﬂ§ “sRkbFiag\ignal”. Migheicolatgi d of
interest is used In the constructs of the 1nvention. Exanples include, but
are not |imterbférred dribsdim@RECS (e ifeantian, thi viral nuglai¢ eedd inderved fogeEvV-1a  CTE
(constituti VeI—fI{/?lnéé)n%reh v1er|aler?1§:%ic act Q m%%r bte rf)‘%"(;duced by the pNL4-3 HIV-1 molecular
15  clone which is a wild-type strain which is available from the AIDS Research and
Reference Reagent Program Catalog threugh the National Institutes of Health (see,
also, Adachi et al., J. Virol., 59, 284-291 (1986)). These cells may be viewed and
used as “packaging cells” for the viral nucleic acid, which may be separately
introduced into the cell, because they produce all the components necessary to
20  package the viral nucleic acid into infectious viral particles.
Preferred packaging cells express from a coding sequence of interest at least a
viral envelope protein, or equivalent (such as a mutant, fusion, or truncated form
thereof) or heterologous form thereof, when the viral nucleic acid provides all other
components. Preferred envelope proteins are those encoded by sequences
25  endogenous to the viral nucleic acid in its natural form (i.e. that is normally used in
the packaging of the virus from which the viral nucleic acid is derived) or
heterologous to the viral nucleic acid. A variety of envelope proteins may be
expressed in the practice of this aspect of the invention, including proteins to alter the

target cell specificity of a packaged viral particle or alternate envelope proteins that

30  result in pseudotyped viral particles. Preferred heterologous envelope proteins for use
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from Mason- Pfi zer nmonkey virus and other retroviruses) or a PRE (PPSL yuL 2006
transcriptional regulatory elenment such as that fromthe woodchuck

hepatiti sWwWOpugs4210n addition to dimnishing, mnimzing oPCEUSAY/AEBE ng t he
possi bility of honol ogous reconbination based on the dif.ferent RREs havi ng
di fferent sequences, a surprising 25 and unexpected increase in the
production of packaged viral nucleic; acid of as nuch as approxi mately
five-fold has been observed. Anong the various enbodi nents of the invention
is the expression of coding sequences of interest wherein the encoded
product is toxic to the cell or host in which expression occurs. Exanples
of this incl wdth NIV-aldegaed piodl nuclstcaicids ingludetheeY DY & potgim.dheMekokudhisas t he
VSV G protei The full. s of the invention, however, 19 8 JUL 20M WO
03/ 054210 Fwﬁgﬁﬁﬁﬁﬁ’ §§Q3ﬁﬁ§%UH8§bP?B“ﬁ§B'to express sequences that are

ei ther not toxic ttegnfRkly, @le NS providelBXdabt a Oﬁll%nklaldﬁé pRREE bikd 6ne or

condi tions, such as expression at high levels or in_the presence of

addi tional f aearethentomgreteintnecensewy foosirressipn ahpackneatesamnengalh fom Be t he

vent1 Ongr o il bR BRERAIARL T By SR M ASRL Ltk ES G 11 o

t he const?uctvéra t'hods 'T0 e i roduc nucl ei ¢

aci d constr ugbth amérelpk pPoteine vielli 3G dolgRate 34 pebtelin Beloid Arnfore dniUstieve t o
integration into the cellul ar genone (such as el ectroporation, |ipofection,

and cal ci um oftrsppHeingegrieadipitians, tengckage a retrryina! nuclein acid(e-g. qels thatf er r ed

mbodi ts, .t . ' j -
hocessary tadtonde FEEY GHbRORA SN R ORH IR IR PRekpR |
viral nucl ei year)l BXanipdssfedtitiokslgfretesls ryquitdden wanainclude ¢hoae enaded by s

repli cation deficient and derived froma naturally occurring virus
wi t hout r8no\gae, ol angdisv §¢AUCHEESendogenous " packagi ng signal". In

particularly pr efﬁgfeﬁﬁ@ﬁgwﬁﬁ{@@iag{cid Qﬁgié?e!s%&f Bﬁgackhﬁh% Méﬁsghe Mmighabe

acid is deriv,ed from erived vira clefc acids nay "be
produced by tdxprgsibderRobit Une br motecthan ame vitd actassary\pindtein segueacesi (sach aspe

train which i i | abl . t Al DS, R ch.and Ref t
Pr ogr am Cat al B "0V BIIGHIS, i NAR: SREPY TR T EmEEAGr S B0 G ARreo )
Adachi et al .ywould méke Phe nuctdle adlPathBierid 88Fdskibly PARSeG. | PrishuyBE Vi eved

and
15  achieved by removal of the corresponding coding sequences or mutating them to

prevent their expression at the transcription or translation level. Such proteins, to the
extent that they are necessary for packaging, would be supplied by the packaging cell
either via the constructs of the invention or by an additional nucleic acid construct.
Expression of one or more than one viral protein by a packaging cell of the
20  invention may be confirmed by a variety of methods known in the art, including an
ELISA method such as a sandwich ELISA using one or more than one antibody to
recognize the viral protein(s). Other non-limiting examples of methods include
immunostaining and Western blotting.
Viral nucleic acids of interest to be packaged by such cells may optionally
25  contain one or more than one heterologous sequence of interest for packaging by the
aforementioned packaging cells. Examples of such heterologous sequences include a
genetic antiviral agent as described in US Patent 6,168,953, Exemplars include
ribozymes, antisense sequences, and/or nucleic acid decoys.
In one preferred embodiment of the invention, the viral nucleic acid is a

30 conditionally replicating vector as described in US Patent 5,885,806 and co-pending
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used as "packaging cells"” for the viral nucleic acid, which may be
separately introduced into the cell, because they produce all the 8 JuL 2006
conponent gwAEHESSAR’Y to 20 package the viral nucleic acid ipimusoafzeeati ous
viral particles. Preferred packaging cells express froma codi ng sequence
of interest at least a viral envelope protein, or equivalent (such as a
mut ant, fusion, or truncated form thereof) or heterol ogous formthereof,
when the viral nucleirc acid provides all other conponents. Preferred

envel ope proteins are those encoded by sequences 25 endogenous to the viral
nucleic acid inits natural form(i.e. that is normally used in the
packagi ng of Uﬁ‘ﬁaté’ﬂtra'ﬁﬁhéitﬂﬂi‘ 0o 2B ey Maz 1,12000 elicardtied prefedted i ved) or

het er ol ogous to the viral nucl ei ¢, aci d varlet of envel ope proteins nmay
be expr essecdmbodirhentpihavirakeucitic atid és a@b@cqondmomﬂéy replieattomovector Hat aldp ng

proteins to a th target cell C v article
or alternate %ﬁi\}‘iqs gO%WgF?‘ﬂé‘e?‘f?g n%lff?% Ig(a§ Bgleﬁggtﬁ?s g?ﬁl Vc%eil%*na?
particles. PrgieddAewbehid 0cdd0us aemefopp@cmgmgemmefmlogm segferice®) ihth
2006 WD 03/054210 PCT/US02/34932 with H V-1 derived viral nucl ci ds

i ncl :Jde the w8vl grpcbseﬁhepamlwm@mthemw tiswedapd ypes; a4 2 dehyenhe Hﬁ

envel ope prot [ rovide at |east a viral

envel ope prottgff Hacéfﬁ%e o?*legl%llme%4 %o Célpeo nlﬁ(k)éﬁglogrot ei n necessary for expression
of packagi ng conpaneyt andtharpréfetred Bmbbdiatennuhe eiral nuakichddabthpachagets. A

non-limting exanple are cells which provide hoth an_envel ein as
well as a cogﬁéh@lnt\lalﬂtl%r Fedesignet soghat tBFrer’ff)? gupiggm ghid en%@'ﬁ%?‘”%“&i’%‘?n

required in tran e&c #?)1%38 gtﬂgﬁgﬁ t@@@oci@g%@clpr BIH& (ﬁf&t@@énq}(mél‘ﬁ tSrecﬁl‘éE b that

provi de a Vatalis eln an [eln to package an V-1
derived 1e¢ectigielihobk afipérRsatiy rapldﬂ'atlbmpaiﬁcinmveahmotwqmdecPreferabiﬁrtherams:l ude

t hose encoded b 10 I d Pr ef h
ol ei ¢ aci d fsmer thegeBart § Bopicad Agaa AtRues roveta g Peeicatit i,
encode one or, {r&ct& Vf’lpmeqel\?en‘ﬁb{x/ailt %ﬁgl? ?e%&ngheExréBbﬁf 6 aREABHRR 4 §8eritiRMGRsiases

but not linmité , or conbinations or fragnments
t hereof) thatis emuhxd)resrpfeéerrdale Methbds to mtrodhcpauﬁogm;mdcnw ipclud¢ tsmpoving

athogenic. This may b
P J non-expresse& or non-critical sequences from the viral nucleic acid and/or the

15  constructs or degenerating sequences that are found in both to reduce the frequency of
sequential identical residues.

Methods for the use of the constructs of the invention include their
introduction into cells capable of expressing them to produce a cellular expression
system for one or more coding sequence of interest. Such cellular systems may

20  optionally be introduced into a multicellular host or already present in such a host to
express a coding sequence of interest in vivo. The cellular expression system may be
used to express said coding sequence of interest either for subsequent isolation or
purification or to be used in other cellular metabolic activity such as the packaging of
viral particles.

25 The packaged viral particles may be found in the supernatant surrounding the

* packaging cells and optionally isolated therefrom. The particles will preferably have
both a high titer and transduction efficiency to introduce the packaged viral nucleic
acid of interest into a target cell.
In another aspect of the invention, the invention provides methods for the

30  production of the disclosed constructs and systems by methods known in the art. The
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15 achi eved by renoval of the correspondi ng codi ng sequences or nugagynaKe
themto prevent their expression at the transcription or translation

| evel . Suw® (#0S¢bns, to the extent that they are necessapgr/isn/jaeskagi ng,
woul d be supplied by the packaging cell either via the constructs of the
invention or by an additional nucleic acid construct. Expression of one or
nore than one viral protein by a packaging cell of the 20 invention nay be
confirmed by a variety of methods known in the art, including an ELISA

met hod such as a sandw ch ELI SA using one or nore than one antibody to
recogni ze the viral protein(s). OQher non-limting exanples of nethods

i ncl ude i mmepwabiasni usg ohmations sweleir asideanistiyets,\inglading notleiccacitiplisingf

interest to b kaged by such.cells t.i onal | 5 gontai n one or
mor 6 ¢ han orfBoHEdHar BBRCTCE NS 2ot VE e Ry By e 2t Rag iy 1y Ehe

af or ement i on@EhHAGRAISHrF SlPetimeReioR! RegAtinglells RRURS PARASHE oS eMENCES
include a genetic antiviral agent as described in US Patent 6,168, 953.

Exenpl ar s i nedctats, the inyentjaneggrovidas ingthede fardbpielvising ofmephorellaafeei ¢; aci d
decoys. I.n on ref erred .embodi nent .of the.invention, t viral . nucleic
2l d1s & a0nEaRirPa S A de e dndfions Sl R e bR s ohif el i
5, 885, 806 angtogactRansi Méthodstwell SstablshedBfthe WP 03/ 054210 PCT/ US02/ 34932 US
patent application 09/562,894 filed May 1, 2000. In another preferred

enbodi ment, the vivafurthgeaspeet of dhainyentipne thegonumigistand mabteis tegseafeaay sn
vector that h}gljeégefl 'iri‘&l'eligﬁf ﬂﬁé‘ﬁ‘i’?&ﬂ%%n BEBESSSn SP&%ddr’}ﬁo{e*lﬁ and pol
proteins. T el'rs” may us be viewed and Used as a system for packaging
sai d- het er oicogente ofenuRBC ush aikif dptionylily fcludey dthed @mnpohbats pacdsél g may
then be viewed and used as a delivery vehicle for the packaged sequence(s)
to cellsthy themaeatics e thegnyeationipeludingpbuimet hnged i apprepriate celh 8nes r a
nucl ei c acid t : : f: Lhe J Af ks r.e i -t hat
there 15 a noirorniis ISR ealitizbiato RO o KB W Ao o

possi bil ity cdmpeechboaatmcs abdeésceibed hdreimn dnd maydiigeintlnde béhel iaedriatsahat of
generating replicatjon proficient viral nucleic acids, Preferaply, there is
Pover than aBGUital eRRHee.af thentionasicd it A0RUmISed (e BRVSPSIPE 6 Weicl oi ¢

acid and thegf e invention and/or use of the constructs, systems, or cells comprising them. The

15 items comprising the kit may be supplied in the form of individual packages and/or

packaged together, as desired by the skilled practitioner. |
In one embodiment, a kit comprises at least one expression system in a

suitable container. Preferably, the kit contains at least an indication, such as, but not
limited to, packaging or a label, identifying the kit, the items as suitable for use in the

20  applications described herein for the present invention and/or at least one instruction
relating to the use of the kit or the items in the applications described herein for the
present invention. Optionally, the at least one instruction may be part of a larger set
of instructions relating to the use of the kit or the item in the applications described
herein for the present invention or relating to the use of the kit or the compound in the

25  practice of the present invention. Even more preferred are such kits indicated as
suitable for use in expressing a sequence of interest and by way of the packaging,

label, or instructions.
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constructs of the invention, although fewer than about 6 and abouty g jy_ 2006
identical residues is even nore preferred. Methods to introduce such

non- |dengwby {g&myde renovi ng non-expressed or non-criticedT/osapsamees from
the viral 'nuclerc acid and/or the 15 constructs or degenerating sequences
that are found in both to reduce the frequency of sequential identical

resi dues. Methods for the use of the constructs of the invention include
their introduction into cells capable of expressing themto produce a

cel lul ar expression systemfor one or nore codi ng sequence of interest.
Such cel lular systens may 20 optionally be introduced into a multicellular
host or already present in such a hoftXANPIESress a codi ng sequence of
interest hz vivo. The cellul ar expression systemnay be wused to express
sai d codi ng sequence of interest either for subsequent i sol ation or
purification or t d i n.other f% h as the
packagi ng of vi rghe Hgf‘et“l B}vggtlvez%o &u%dw (ﬂne VI ra ﬁlﬁh@[c&és‘yﬁﬁen i ite

age particles may be found
in the superﬁ&h@@fofﬁwmﬁw Ff&aﬁlb&s Dlﬁ?&kagmﬂgle@eérkrstcarhhisme fiothet thg i sol at ed

therefrom The particles w pref erably have both ﬁh titer and
t ransductd onpeskdnt diventyn al aremebimtendled telipddhe sempent T%Bi ¢ acid of
interest into a target cell. In another aspect of the invention, the

i nvention provides nmethods for the 30 production of the disclosed
constructs and systens by nethods known in the art. The 22 2 8 JUL 2006
WO 03/ 054210 PCUUS02/ 34932 reconbi nant_use of various nucleic acid
constructs, including nucleic acid spFE%ﬂWWﬂeland cell transformation
techni ques are well estahl] i wi t hout
unnecessary experirrenta?i%%{rlll.%'H eggggﬁﬁga P?@Qﬁwﬂﬁ ﬁgﬁggiﬁgg?ng of viral
vectors, jphe invention provides nethods for the cul turing of such ceIIs
after 5 introduction of said viral vector un con%'tlon |%%$

4 e art.

cel | growth and vd&gue | shews asehemptisy! 3B CHIYR aWequu etdaﬁ)efll
Ma further a%@ﬁolhvé}{tlghm%oé{é‘mg&d&ﬂ sédﬁen&@@ﬁﬂtuestswaﬁbv&ﬁsg@v@l btymenad Ay

be prepared i It for use in the expression of gne or nore
t han one and a VSV-G envelop protein, are simultaneously regulated by expression from two

other nucleic acid constructs. The system may thus be viewed as a combination of
15  two systems of three nucleic constructs each where the first and second constructs are
commonly used between the two systems.
In a preferred expression system of the invention, tTA is expressed from the
TRE promoter (tet operon) to permit both high inducible expression levels and low
basal expression in the absence of induction. This follows because the TRE promoter
20  isvery weak and any tTA expression from the promoter will be fully inactivated by
the presence of tetracycline in contact with the system. Upon removal of tetracycline,
{TA expression is strongly induced by a positive feedback mechanism to produce high
levels of tTA which induces expression of the second nucleic acid construct.
Schematic diagrams of the structures of the first two constructs, pTRE-
25  {TASvPuroTKTat and pTRE-Rev (Fig. 1) are shown in Figure 2. In pTRE-
tTASvPuroTKTat, tTA is expressed from TRE promoter, Tat is expressed from the
HSV TK promoter, and the selection marker puromycin resistant gene is expressed
from SV40 early promoter. Where integration of both constructs into cells have

occurred, Rev expression in the cells would be under the control of tetracycline as

30  described above.
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sequence of interest. Such a kit optionally includes other conponents
necessary for 10 the practice of the invention,. including, but nd8 J9L7i208 4
to, approwo@iesnel |l lines, buffers, salts, IyophlIlzatlonC$anyinErs or
stabilization aids. Kits of the invention conprise the constructs as
described herein and may also include other materials that facilitate the
practice of the invention, such as, but not limted to, devices for the use
of the invention and/or use of the constructs, systens, or cells conprising
them The 15 itenms conprising the kit may be supplied in the form of

i ndi vi dual packages and/or packaged together, as desired by the skilled
practitioner. In one enbodinment, a kit conprises at | east one expression
systemin a suitable container. Preferably, the kit contains at |east an

i ndi cation, such as, but not [|imted%¥m aging or a |label, identifying

the kit, the itens as suphahRibRbE ﬁpggwtbg%&ggétgk%%%degqfﬂegns descri bed

herei n for the present invention an Instruction relating
to the use of the kit or the itens in the applications described herein for

part of a5 ar gor  BOHION eel B ol P birIaot BV Al RO SFASTRRTETEY (e

itemin the ?B&hi&ﬁNA@Eﬁa HBRE Htﬁﬁ&fIOhPr’ﬁfe'lrafn@fecfeﬁ%ell’sfﬁ@l%r&llthféﬁ%ﬁ‘ideﬁﬁ or
relating to the use of the kit or the conpound in the 25 practice of the

present i nvethat select&y far puromeygin etfsmtaned afer 2ue R Vl@eksmngl@lceﬂtcebn@s formedt abl e
for use in expressin uence Lnterest. and b of .the i ng,
abel > "or e ot BB 085 "oy BB e et ed helag 5y BRESEY
EXAMPLES Th@n@g i nventive conpounds and methods are further described

in the context o the follow ng exanpl es. These exanpl es serve to .
i lustrafl® furtheReghlation pf Bee axprespiamby tstragyadingr eeliforom ene afidg positive ni t

LD 2000 O e ITLOR, el @Rl o b L8 e G SRR HG 901
gene. ekpr essio@fet@¥fclin®or 48 hours. Cells were then fixed and stained with anti-Rev antibody
or anti-Tat antibody. Figure 3 shows that Rev expressed from TRE promoter is
tightly controlled by tetracycline. There was no positive cell in the presence of
15 tetracycline, however, almost every single cell was stained positively using anti-Rev
antibody in the absence of tetracycline. Because the Tat gene was constitutively
expressed from the HSV TK promoter, almost all the cells were stained positively by
anti-Tat antibody both in the presence and absence of tetracycline. These results
indicate that the Rev expression is tightly regulated by tetracycline and tTA that is
20  expressed from the TRE promoter.

Example 3
GagPol integration

25 Two HT1080-TR clones (stably transfected with pTRE.Rev and
pTRE.tTASvPuroTKTat as described above) were cotransfected with p(SCMV.Neo)
and p(U3-1TAR2.GagPolRRE) at 1:10 ratio, and were selected with neomycin 48 hr
after start of transfection for GagPol integration. p(SCMV.Neo) has the selectable
neomycin resistance gene under control of a simian CMV promoter. p(U3-

30 1TAR2.GagPolRRE) has an RRE containing GagPol coding sequence under the

25



of the invention where two codi ng sequences of interest, a retrovpmalyL 2006
gag/ pol sequence and a VSV-G envel op protein, are sinultaneously regul ated
by expresa,i R fsézgﬁntwo other nucleic acid constructs. Thepgyaisasmsimsy thus
be vi ened 25 3>t hbi nation of 15 two systens of three nucleic constructs
each where the first and second constructs are commonly used between the
two systens. In a preferred expression systemof the invention, tTAis
expressed fromthe TRE pronoter (tet operon) to permt both high inducible
expression levels and | ow basal expression in the absence of induction.
This foll ows because the TRE pronoter 20 is very weak and any tTA

expr essi on { ¢ o { e BIARRLPS WdihoBErbH iy INR8ldiNa: 4 AR sdeneiiRsrnCe  Of
tetracycline’i'ncon Act Wi e system Upon renoval of tetracycline, tTA
expression i Hrgty.ongly i nduced by a positive feedback nechanismto produce

high levels of tTA which ind - t th m Lo prod

Boant ruer S Senbmihe re it SIS P ers AT by B sty e Pl of 45 pBtivec

constructs, &Eﬁ%&wﬂﬁ%&@ﬁ%@%‘lﬁ%@%é@Qelecﬁéiﬁmﬁﬁﬂaxﬁ&i HT1030-TREPSGHOWN i n
np - VvV Puro a

Figure 2. t, tTAis expressed from TRE pronoter, Tat

i s expressedpiepachdghey cdiSiAeT Kherighmsecionacahld peodsiet evariSOR0 marnleaf n3d ey ci n
resi stant gene i s_expressed 0 r r,onot er . i gration of
bot h const r udtas 11%4\106(?8@?11 ]sooﬂé{?lrél @%Sféﬁ? gg IL/leéé C@S’(%rg&%}ﬁspﬁf 1ﬁte‘)?cel S _
woul d be und ERRNE I pe4 859 estieigregtnabore. 24 8 JUL
2006 WO 03/ %@&?@%@%L@%%ﬁh@% .Exarrplg Ze%or{%??ggt i-or?aof HT 1080 based
packagi ng cekdtraciyelis (TabEL08Thisdntlicatse Gagpol axarrssion iseoniollad by teirapysiingn 4
PTRE. t TASVPur 0TKTa asm d .DNA at | ar I f - fected
cells were CGII‘IPHEEEGY'%W%BP%W? ﬂlﬁflessgﬂ'regg?nedu;'gwlglﬁ én\yﬂ?g}en&rlgygrtl%%?f Af t er
2 to 3 wggks

A wRr&Ehdses BronE v G fmégraton. and were sel ected and expanded
and screened By I'mmunostai ning using an anti-Rev antibody. 10 Regul ation

of Rev expression by tetracycline: cells fromone of the positive
Table 1. p24 ELISA assay of prepackaging cell clones

p24 (ng/ml)
Clone name Tct Tc-/sodium butyrate+
11-6 9.0 870-1274
12-5 8.3-8.8 1854
6-3 3.0 538-1030
3-6 4.6 5136
15-2 7.3-7.7 658-979
4-1 4.5 464-757
2-1 28 119
HT1080 8.1 pg/ml 8.7 pg/ml

15 Example 4
| VSV-G integration

The two HT1080-TRGP clones (11-6 and 12-5 from above) were transfected
with 20 pg p(SCMV.VSVGRRE,TK. Hyg), and selected with hygromycin 48 hr after
20  start of transfection. The resistant clones were screened by anti-VSVG
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clones, 2A3(1)-2-F7, were grown in a 4-well chanber slide in the ﬁgﬂesgncmg
or absence of tetracycline for 48 hours. Cells were then fixed a s?lt ai ned
Wit h ant i Wee3/@u2i0body or anti-Tat anti body. Figure 3 shoRETIUSE3488x/
expressed from TRE pronoter is tightly controlled by tetracycline. There
was no positive cell in the presence of 15 tetracycline, however, al nost
every single cell was stained positively using anti-Rev antibody in the
absence of tetracycline. Because the Tat gene was constitutively expressed
fromthe HSV TK pronoter, alnost all the cells were stained positively by
anti-Tat anti body both in the presence and absence of tetra(i)/cl i ne. These
resul ts i ndilmatmosthiming esiReandexiotal Fqasitivie slanegwithystrong entaiVad (hytaining

tetracycline and tTA that is 20 expr d t.er. le 3
GagPol i nt oqral g BbHly i efee ke bRk POTRTR PR o TR po A ©
PTRE. Rev and NpVRRQ &ﬁ%ﬁ%@@&ﬁﬁa i fhe PREehie T AdHAMA paidt H'TA080 ek vasleed
wth p(SCW. Neo) and p(U3-1 TAR2-GagPol Il U~E) at 1: 10 ratio, and were

sel ect ed wi t VH¥Grsjaining 48 phsitivextlones weradecasdd in timeteniasma and aiso congepirated

integratign. .p(.SCW.Neo) has,t sel I cl : e under
cont ror of a BITRG TRRe PORS EBERonTE e S e RS B bRl DGR, HFikee

cont ai ni ng Gagfhol inaRakeh ¥ SSAG egftessistdelsot dagtrolhl By Btrddiclind Grough203/ 054210
PCUUS02/ 34932 control of a nodified U3 pronoter fromH V- | containing a
TAR2 sequence from HI V-2. The resistant clones were screened by p24 assay,
and a total of 40 positive clones w tﬁ"q}"ﬁ‘% ent p24 val ues were sel ected
and nanmed HT1080- TRGP or 5 prepackagi ng ' ce i ne. The hi ghest clone could
produce over 5000 ng/m of p24 andVimhsedttxdhseRabinyer 1000-fold (see Table
1). Most clones gave 100-200 fold of induction and a | ow | evel background
of p24 (399 ng/m) in the presence of tetracycline (Table 1). This

posi t1ve cl ones, TTEGEHIQPIRAAR AR FimbE FREIYAT puefuyuti. Tho

dilution in 96-well plates. Five final clones were selected based on immunostaining

D

and were further analyzed for vector production by cotransfection. HT1080-TR
clones that are >90% purity were plated in 6-well plates at a cell density of 1x10°

15  cells/dish and transfected with 5 mg each of pN2CGFP and pCGCRSRRE 24 hours
after removal of tetracycline (Tc) and adding 2.5 mM sodium butyrate. pN2CGFP is
an HIV-1 based replication deficient viral vector that contains a gag-pol gene
expressed from the 5°-LTR, an RRE following the gag-pol gene, and a green
fluorescent protein (GFP) gene expressed from an internal CMV promoter. The

20  general structure of pPCGCRSRRE is shown in Fig. 2, where “G” refers to the VSV-G
protein.

Post transfection, the medium was changed to 3 ml of Tec-free and sodium
butyrate-free media for 48 hours before collection of supernatants for use in
transducing HT1080 cells. 48 hours post transduction, the transduced cells were

25  analyzed for GFP expression by FACS. Vector titer was determined by % of GFP
expression cells. The results are shown in the following Table 2, where clones 2A(1)-

2-E5 and 2A3(2) produced relatively high titers among the five final clones.
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10 ng/mM, were chosen for VSV Gintegration. Table 1. p24 ELISA ﬁ?sj’lﬁt 2@96 ,
prepackagi ng cell clones p24 (ng/m) C one nane Tc+ Tc-/sodi um buty

11-6 9.0 W& y3hdfdo 12-5 8.3-8.8 1854 6-3 3.0 538-1030 3-ectuSobhisss 15-2
7.3-7.7 658-979 4-1 4.5 464-757 2-1 28 119 HT1080 8.1 pg/m 8.7 pg/m 15
Exanple 4 VSV-Gintegration The two HT1080- TRGP clones (11-6 and 12-5 from
above) were transfected wth 20 ~L- p(SCW. VSVGRRE, TK. Hyg), and sel ected
wi th hygromycin 48 hr after 0 20 start of transfection. The resistant

cl ones were screened by anti-VSVG 26 2 8 JUL 2006 WO 03/054210

PCT/ US02/ 34932 i mmunostaining in situ, and a total 7 positive clones with

strong anti-¥YgMfastaining and 50-90% purity were selected and nanmed
HT1080- TRGPG_ar _packaging cell linpe No VSVG staining was found in the

presence of {Tc_and in parent HT1080 cells Mmhile \SVG stai ni ng of positive
clones were || @=hgid N& [Cioneyisend psviectod peddigtionndentrated 5 in the cell
surface in tlhe absence pf Tc and fyar@iggignce of dodi um butyrate. This
result indid es VSV E[ S?SI 99. S Ikgoqgom-ré)_l tgqd by tetracycline through
M 1™ T ™ T |

> m

3 " 6.0x10e2

4 m

5 2A2(1)-2-E5| 4.5x10e3

6 W

7 " 4.8x10e4

) m

9 2A3(1)-2-F7} 7.3x10e3

10 "

11 " 1.5x10e4

12 "

13 2A3(2) 5.8x10e3

14 "

15 " 6.3x10e4

16 "

17 7A2(2) 6.3x10e3

18 "

19 " 1.7x10e4

20

21 HT1080-P 1.6x10e4

22 "

All samples were conducted in duplicate. The HT1080 controls were co-

5  transfected with all four plasmids simultaneously to result in transient transfection of
the plasmids in the cells. End-point titer of the four HT1080-TR clones are in the
following order: 2A3(2) > 2A2(1)-2-E5 > 7A2(2) > 2A3(1)-2-F7. As evident from
the Table, vector production by use of the HT1080-TR clones is higher than that of a
transient transfection system like that of the HT1080 control. Clones 2A(1)-2-E5 and

10  2A3(2) have 10 fold induction in medium containing no tetracycline.
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Sel ected HT1080- TR cl oneg from Exanple 2 were further purified by i 'bnjl}Legbos
dilution in 96-well plates. Five final clones were sel ected based on

i mmunost aMQ #P5448d were further anal yzed for vector produBCTaIS01534932
cotransfection. HT1080-TR clones that are >90% purity were plated in
6-well plates at a cell density OF 1XI06 15 cells/dish and transfected with
5 ng each of pN2CGFP and pCGCRSRRE 24 hours after renoval of tetracycline
(Tc) and adding 2.5 nM sodi uni butyrate. pN2CGFP is an H V- | based
replication deficient viral vector that contains a gag-pol gene expressed
fromthe 5 -LTR, an RRE follow ng the gag-pol gene, and a green

fluorescent protein (GFP) gene expres niplef an i nternal CN4V pronoter.

The 20 general stru > ! j i . "G' refers
to the VSV-G prot eﬁqﬂﬁ)‘;\ggm@ rans %l%lﬁaﬁ%iﬁﬂﬁﬂé%c@mga%ﬁg%%d to 3 m of
Te-free and sodium butyrate-free nmedia for 48 hours before collection of
supernatants for use in_ transduci ~gHT1080 cells. 48 hours post
transduction, theThe aaglveelgnessaipackaeing wolls vom Pxenple drvaepcrspddeseuh by

FACS. Vec{ or .t } 0 P i I The
results a‘? e %‘%‘m{ef ?5?’ Rg?#pyqpc?vq\f %5&}%5{%@{05 %\%aér?ég{: diiéﬁs)éq%eit(; I“%e-?e 2-E5 and
2A3(2) produgeskdueddini thepsesériogof tétiaeydinewith atwdh buvef the Pahaifilnge6tor,27 2 8

JUL 2006 WO 03/054210 PCT/ US02/ 34932 Table 2 Sanple No Cl one nanme Vector
production #n¢ Gep cujturesd with fresh mediyar wighpgt teiracysdine buteonipinipgd red. 0e2 4

iIf 5 2A2(1)- gécﬁém%u%'a@l% hr@fter transduction. The supernatant was harvested 24, 48 and
72 hr after sodium butyrate treatment and titered in HeLa-Tat cells. The pooled mix

10 producer cells containing 10 copies of vector per cell on average, yielded a end-point
titer of 1.4 x 10° TU/ml or 4.0 x 10° TU/ml at the 48 kr harvest in 12-well plates or
T75 flasks, respectively (see Table 3). TU stands for transforming units.

All the cells were lysed after a 3-day induction. There was low level (<1 x10
TU/ml) of vector production observed in the presence of tetracycline (Table 3).

15  Vector production was maintained at same level for at least 7-week passages of
producer cells (Table 3). This indicates that vector production/vector packaging is
controlled by tetracycline, which first controls tTA expression, tTA in turn controls
Rev expression, Rev in turn (and through RRE sequences) controls expression of
GagPol and VSV-G proteins, which are necessary components for viral vector

20 - packaging.
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7 4.8xl Ced4d 8 9 2A3(1)-2-F7 7.3x1 Ce3 10 11 1.5xI Ced4 12 13 2A3(2k 5\;;.8)21)05
Ce3 14 go 15 to 6.3xI Ced4 16 it 17 7A2(2) 6.3xI Ce3 18 it 19 1. 7xl

20 21 HT1G®o3ksdzhe6xl O 22 to | Al sanples were conduct edC’il‘/rUSﬁiu.‘pI%x:ate.
The HT1080 controls were co 5 transfected with all four plasmds

simul taneously to result in transient transfection of the plasmds in the
cells. End-point titer of the four HT1080-TR clones are in the

fol | owi ngorder: 2A3(2)>2A2(1)-2-E5>7A2(2)>2A3(1)-2-F7. Asevidentfrom the
Tabl e, vector production by use of the HT I 080-TR clones is higher than
that of a transient transfection systemlike that of the HT1080 control.

Gl ones 2A(1) TabkS:. aviectdPpPAfictidh Byastsblt atkiging velllite on i n medi um

containing po_tetracycline 28 8 JUL 2006

LA~ A~ a=

Exanpl e 6 VI ﬂ&iwelleld@f@rl ﬁrxoﬂh@ﬁﬂ%mlvﬁ | day hargeskd) YeqkrRATEAs8 t ed packagi ng cé
The posit I ve b! ones—of—packaginyg (,Iecl s—fTomExanpl e 4@[88(113&1%&8’?%Q+T or

end- 5 point titer by pN (cpt)G-P vector transduction at an nol The
cell's were [pays Titer (TU/ml) | p24 (ng/ml) Titer (TU/ml) | p24 (ng/ml)

1 ND ND 9.0x 10° ND

2 ND ND 1.4x10° 114

3 ND ND 3.9x 10" 9.1

T75 flask; 6.8 x 10° cells/13ml; 3 day harvest; 7 week passages

Tet Tc-/sodiumbutyrate+
Days Titer (TU/ml) | p24 (ng/ml) Titer (TU/ml) | p24 (ng/ml)
1 <1x10° ND 2.3x 10° 74
2 <1x10° ND 4.0x10° 424
3 <1x10° ND 2.5x 10° 205
Example 7
5 Regulation of genes of interest by Tat and Rev expression

We have previously demonstrated that a HIV-1 gag-pol gene (expressed from

a CMV promoter) followed by a downstream HIV-2 RRE (RRE2) can be regulated by
HIV-1 Rev. Chang et. al (Nucl. Acids Res. 20(20):5465-5472, 1992) found that the

10  chimeric HIV-1 LTR with the authentic TAR (TAR1) element replaced by HIV-2
TAR (TAR2) can be activated by HIV-1 Tat. Since only the TAR element was
replaced the rest of R and U5 in the HIV-1 LTR is still present in this chimeric LTR.
The present invention includes a chimeric promoter U3/TAR2 that contains only the
HIV-1U3 and TAR2 (Fig. 4) which was used to replace the CMV promoter that

15  expresses gag-pol in construct pVP1.2RznoG (see Fig. 2) to make pVP1.2RznoG-
U31TAR2 (see Fig. 2). Plasmid pVP1.2RznoG or pVP1.2RznoG-U31TAR2 was
cotransfected with pN1CGFP and pCGCRSRRE into 293T cells. Supernatant was
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transduced in the presence of tetracycline, with a wash out of the

remai ni ng vector, and then cultured with fresh nedi um w t hout tetzzgc%’}} i2f8
but cont aV¥P AHOSA2KI\ 4. sodium butyrate 12 hr after transduraiuse2/3 e

super nat ant was harvested 24, 48 and 72 hr after sodium butyrate treatnent
and titered in HeLa-Tat cells. The pooled m x 10 producer cells containing
10 copies of vector per cell on average, yielded a end-point titer of 1.4
x 106 TUm or 4.0 x 106 TUmM at the 48 hr harvest in 12-well plates or
T75 flasks, respectively (see Table 3). TU stands for transform ng units.
All the cells were |lysed after a 3-day induction. There was |ow | evel (<1
X102 TU ni) celfe ousy aigErdransigcipsanrd/web titeradnm T ER%h Botbfonstuctacycl i ne

Tabl 3). 15 Vi i i-nt ai t .at | t
T veek pussadsif il (PRAUHE LA YRS IR BARS o R CEVRL TR iRhector
product i on/ veeto.opackagi 9@ % $0° TORAIfol bE1 PRZHE6G 286 Y&IP1 PRzZnBBLGN TAR S

controls tTA expression, tTAin turn controls Rev expression, Rev inturn
(and t hr ough Ts¥REctvely@vhers T Udepresaitsstransinrating wait)f Thisageedt indicates/y- G

pr ot ei ns, ¢ Whi.f; viral vect.or .20 - ckagi ng.
0L0L L1 S L SuRGRES A e SATROBRIENPL bhAho G301 i BRELEY 19
st abl e packadthatgf thelCMM premolez- wel | plate; 1.2 x 105 cells/nm; 3 day
harvest; | week passages Tc+ Tc-/sodiunbutyrate+ Days Titer (TU m) p24
(ng/m) Titer (TUn) p24 (ng/mM) | NDNDO9.0 x 10-1 ND 2 ND ND 1.4 x 10°
114 3 ND ND 3.9 x 104 9.1 T75 fl ask;En%lrﬁ l>é8FO 6 c-ells/13m; 3 day
harvest; 7 week passages Tc+ Tc-/sodi unbu 9r atet+ Days Titer (TUmnm) p24
(ng/m) Titer (TU ) p24R€gudgtioh)of gines df ietSbNRePedpmssidch 74 2 < 1 X 102
ND 4.0 x &06 424
_ 1
Hammarskjold et al. (J. Vir. 68(2):951-958, 1994) found that expression of the

HIV-1 env gene (containing the RRE element) is regulated by Rev only when it is in
an intron. If the env gene is expressed as a non-intron cDNA, the env gene expression
is no longer regulated by Rev. Chang and Sharp (Cell 59:789-795, 1989) found that
15 gene expression regulated by Rev is dependent on the strength of the splice donor

signal. If the splice donor signal is very strong and the RNA is very efficiently

spliced, gene expression could not be regulated by Rev.

A series of VSV-G expression constructs were made in which the VSV-G

cDNA. (“gene”) was inserted in an intron. Downstream of the VSV-G coding region
20 (“gene”) are the CRS element and the RRE. The 3’ end of RRE contains a splice

acceptor site (see “Rev-responsive” in Fig. 5). Five different splice donor (SD)

signals were cloned in front of the VSV-G ¢cDNA (see Table 4 below).

Table 4
Consensus 8D NAGGTAAGT
Beta-globin SD CAGGTAAGT
HIV-1 major 8D CTGGTGAGT
HIV-1 env SD GCAGTAAGT
HIV-2 env SD CAAGTGAGT

Hammarskjold’s SD AGGGTGAGT
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3 <1 X107 ND 2.5 x 104 205 Exanple 7 5 Regul ation of genes of interest
by Tat and Rev expression W have previously denonstrated that a HI2\8 YUL 2006
gag- pol gewwol@dpiessed fi-om a CW pronoter) foll owed by mgeswasigaam

H V-2 RRE (RRE2) can be regulated by H V-1 Rev. Chang et. al (Nucl. Acids
Res. 20(20):5465-5472, 1992) found that the 10 chimeric HV-1 LTR with the
authentic TAR (TAR) elenent replaced by H V-2 TAR (TAR 2) can be
activated by HV-1 Tat. Since only the TAR el enment was replaced the rest

of Rand U5 in the HHV-1 LTRis still present in this chineric LTR The
present invention includes a chineric pronoter U3/ TAR2 that contains only

the H V-1 U3 andTRABRiERIV-GLICRE)i 260 RIEE Segicifithré thuk eRprsdtaben GiénRkedrot er
that 15 expresses gag-pol in construct a)pVPl. 2RznoG (see Fig. 2) to_ nmke

pVP1. 2RznoG Figs 3,1 Rextrsspdisijel). . Timsa dne YPVPG SRresasreuruch ReriesieB ITAR? was

30 25 g0 2008 o e ltsianys g R iy REPEEORANS Ve
transf ect i onskayweh eiginet 62 r'Eitbse fiveltdnsB@ots vidat boaninsfettad tdth cither pgCHORE) t 0

produce equal anmount of packaged vectors (pNICGFP). Thetiters  .were 9.0 X
106 and 992 f@ TEYGXIGAHPI EORSUHH) qrm@r{eea@ﬁgﬂ peastrustof{MMR ey peh does not

mat cat s heL AR REy BERL EREH 4 Rt T RS A i bl

i ndi cates the hi her prono can ransa 0 express

at a |level corabpshcvd that VE¥LGekprichstordvepulatet byRevin amsk eclls thegfcadd on of
genes of interest by Rev expression 10 Hammarskjold et al. (J. Vir.
68(2): 951- 959yt@9@ﬂgthﬁé'm?cfopﬁﬁ%0t%xpressi on of the H V- | env gene

(containing the R%":S\?-lﬁeﬂ%@éiﬂ iéé&etéc?gfalhg:%ﬁgc@—\(ram%@@thWv ladd bﬁ'y ofid!

intron. If the env gene i s express non-1ntron e env gene
expressi 00  of pOGORSBRRE-1M gupEGER IRMRIREY or fIHGOHR SRRE-BhaHowe@ed, VSV-G is

59: 789- 795, %1%’[8 @tegtgcij ﬂmdceﬁlrs] %E)—transfected with pCI and any one of pCGCRSRRE-1M or
pCGCRSRRE-H or pCGCRSRRE-1E. The data show that the VSV-G expression
from these three constructs is regulated by Rev.

There was no VSV-G detected in those cells that were transfected with the

15  other two constructs (pCGCRSRRE-G and pCGCRSRRE-2E). The beta-globin splice
donor signal in pCGCRSRRE-G is identical to the consenéus splice donor signal and
the HIV-2 env splice donor signal in pPCGCRSRRE-2E is one nucleotide different
from the consensus sequence (see above). It is likely that these splice donor signals
are too strong (splice too efficiently) to permit regulation by Rev.

20 It should be noted that VSV-G is expressed in the cells transfected with
pCMVG, the expression is independent of rev expression. There are no CRS, RRE,
and splice signals in this construct, which directly expresses VSV G protein under the
control of the CMV promoter.

The above demonstrate the identification of three VSV-G expression
25  constructs where expression of VSV-G from the constructs can be regulated by Rev.
All references cited herein, including patents, patent applications, and
publications, are hereby incorporated by reference in their entireties, whetherl
previously specifically incorporated or not.
Having now fully described this invention, it will be appreciated by those

30  skilled in the art that the same can be performed within a wide range of equivalent
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15 gene expression regul ated by Rev is dependent on the strength of P@
splice donor nal. If the splice donor signal is very strong ano2 h LR?\W
is very efYQe %?fg spliced, gene expression could not be rcagudoabad, by
Rev. A series of VSV-G expression constructs were nade in which the VSV-G
CDNA ("gene") was inserted in an intron. Downstream of the VSV-G codi ng
region 20 ("gene") are the CRS elenent and the RRE. The 3' end of RRE
contains a splice acceptor site (see "Rev-responsive" in Fig. 5). Five

di fferent splice donor (SD) signals were cloned in front of the VSV-G cDNA
(see Table 4 below). Table 4 Consensus SD NAGGTAAGI Beta-gl obin SD
CAGGTAAGT HI Rﬂralznﬁﬁﬁso?Onsglmw@Ad;roncﬂﬂtms_wahwtmdmﬁﬁﬁﬁﬁtauuhVmse nv SD
CAAGTGAGT Haﬂ%ﬁi}ﬁﬁﬁ)%‘l %gh g SDV%GGGTGAGT 31 2 8 JUL 20% WO 03/054210
PCT/ US02/ 3493 OIS MENAGR\R COVeRAE VaiaionRiises GF 3 taéwwﬁt@mmﬁes,sed as
an intron (sebllowing ingensrRete pasE ré§'oY ! g
construct werg tesrf@ed%:en 293%2 | s tgleélg‘éégﬁ%ﬁetﬁermta ?a{e?%{)l((:?r&?glﬁ%ﬁ ?mVSV-G
i s regul at ed tHyPIREent @%@sw@samcpmesmtfgnm“ or FisjemaryGractice sethiin the art to

const ruct ei ther v expr ession
construct S) \Aﬁ‘?ﬁcgﬁle ‘g%ggf;"g agn%\%éli]?srlﬁ@y% Pgﬁ%&g\‘f"%‘?@@ﬁ B%eshot contain

t he Rev gene, hemmbafmed;ea&rm negative control) into 293T cells. A western
blot (Fog/ 6) shows that VSV-G expression is regulated by Rev in those
cells transfected by three of the five constructs. VSV-G protein is
detected in cells co-transfected wth pCNf VRev and any one 10

of pCGCRSRRE- | Mor pCGCRSRRE- Hor pCGCRSRRE- | E. However, VSV-G s not dete cted
in cells co-transfected with pCl and any one of pCGCRSRRE-|M or
PCGCRSRRE- H or pCGCRSRRE-| E. The data show that the VSV-G expression
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fromthese three constructs is regulated by Rev. There was no VSV-G

detected in those cells that were transfected with the 15 ot her twoS JUL 2006
constructs (pCGCRSRRE- G and pCGCRSRRE- 2E). The beta-gl obin splice donor
signal in pCCCRSRRE-G is identical to the consensus splice donor signal and
the H V-2 env splice donor signal in pCGCRSRRE-2E is one nucl eotide
different fromthe consensus sequence (see above). It is likely that these
splice donor signals are too strong (splice too efficiently) to permt
regul ation by Rev. 20 It should be not t VSV-G is expressed in the
cells transfected with pCWG the expression is independent of rev
expression. There are no CRS, RRE, and splice signals in this construct,
which directly ex resses %/‘@‘/ G protein under, the control of the CW
promoter. The abo e derfbR¥kRgng c?ﬁéomﬂ'éﬂtlgﬂﬁéﬁ,tﬁemﬂd@ﬁnd Hirdauolie agid

expressi on 230600t ﬁleEhsreg’ﬂT@cE %xﬁ%&'i&?&f'o%@g?#o}/es\ﬂaﬁ;otlgg Eﬁ%%aggo tt[#gt S can

be regul ated by Rev. references cite erern, 1Nnc

pat ent ap@l i B8gqseay foremdkagmg)a vizatviectos wharein her eby i ncorporated by
reference in their entireties, whether previously specifically

i ncorporated or not. Having now fully described this invention, it will be

appreci ated by thggaaid¥tssiicldieseid @oﬁsﬂ%ctad d}rﬁ@éahmﬁog@g‘%i(gﬂa@%gg Ifgngggg

within a wide range of equivalent 32 JU WO 03
par anet ers, @dhgtdpducihle prosnoterandediret prp@mg whartiodke Grstindueikpgrometet at i on.

Thi |' t t dapt at
of the  venteaes el G L8 e Rl TRt Bt e Rt R rwent f on,

t hat i ncl@detettacycloie pasrhotesspdratomn t he present di scl osure as come within
known or customary practice within the art to 5 which the invention
pertains and as nmay be applied to the essential features hereinbefore set

forth. 33 2 8 JUL(BQQM seldrd deleic acid construct comprises a nucleotide sequence

encoding a second inducible promoter and a second product, wherein the second

inducible promoter is induced by the first product and the second product encodes a

15 viral RNA binding protein; and

(c) said third nucleic acid construct comprises a nucleotide sequence encoding
a third inducible promoter and a viral gene product, wherein the third inducible
promoter is induced by the second product.
20

2. The cell of claim 1, further comprising a fourth nucleic acid construct
comprising a nucleotide sequence under the control of a constitutive promoter

encoding a viral envelope gene product, wherein expression is enhanced by the
second product.

25
3. The cell of claim 1 or 2 wherein said first product is a transactivator of

a tetracycline regulated promoter/operator or a fusion protein comprising said

transactivator,

30 4. The cell of claim 1 or 3 wherein said second nucleic acid construct

comprises a tetracycline regulated promoter/operator.
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1. A packaging cell comprising a first, second, and third nucleic acid
construct which regul ate expression of one or nore than one viral G8nBL 2008
product 5 necessary for packaging a viral vector wherein (a) said first

nucl eic acid construct conprises a nucl eoti de sequence encoding a first

i nduci bl e pronmoter and a first product, wherein the first inducible
pronoter regul ates expression of the first product and the first inducible
pronoter is a 10 tetracycline pronoter/operator; (b) said second nucleic
acid construct conprises a nucl eotide sequence encoding a second inducible
pronoter and a second product, wherein the second inducible pronoter is

| nduced by the ficst pritauell ool her SSARMI BEAUHLINATATRAER ooy by @l RNA
|

bi nding protein; and (c) said third nucleic acid construct conp sed a

nucl eoti de sequence encoding a third inducible pronoter and a viral gene

product, wherein fghe tRiydajRALGID! r..i.s induced by the second
product. 20 2. The cell of cl aﬁ%ﬁl%ﬁs{}%géﬁﬁg I%Iiufds‘for’ilétr'é"tPB%’PFﬁeSrﬁjcl eic
aci d cons?r upromeiengarived fignaa ramvael 5°deTRequence under the control of a
constitutive pronoter encoding a viral envel ope gene product, wherein

expression is enhanced by the second product. 25 3. The cell of claim1l or

2 wherein said first progukhgihs cdl tGARSAES 4 HAL Qecdli. afl hf r%ﬁg{%{]&c{‘f

regul ated pronoter/operator or a ftision protein cohprisi nél
transact i vat 8enstryefs whichsgilatel expfesgibapfiore armarewher aervigiibnefeid; nucl ei ¢

acid CO”Str“ﬁ%naﬁQ%ﬁﬁ%§es a tetracycline regul ated pronoter/operator. 34 8
JUL 2006 5. " The ce of claiml or 3 wherein said second product is a rev
protein.1®. The cell of claiml or 3 wherein said third construct conprises

a 5 pronoter derived froma retroviral 5 LTR
(a) said first nucleic acid construct comprises a nucleotide sequence encoding

a first inducible promoter and a first product, wherein the first inducible promoter
regulates expression of the first product and the first inducible promoter is a
tetracycline promoter/operator;

15

(b) said second nucleic acid construct comprises a nucleotide sequence

encoding a second inducible promoter and a second product, wherein the second
inducible promoter is induced by the first product and the second product encodes a
viral RNA binding protein; and
20
(c) said third nucleic acid construct comprises a nucleotide sequence encoding
a third inducible promoter and a viral envelope or G protein, wherein the third

inducible promoter is induced by the second product.

25 8. The cell of claim 7, further comprising a fourth nucleic acid construct
comprising a nucleotide sequence under the control of a constitutive promoter

encoding a viral envelope gene product, wherein expression is enhanced by the

second product.

30 9. The cell of claim 7 or 8 further comprising an additional nucleic acid

construct that encodes retroviral gag and pol proteins.
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7. A packaging cell conprising a first, second, and third nucleic acid
constructs which regul ate expression of one or nore than one viral 28véllopess
or G protein wherein 10 (a) said first nucleic acid construct conprises a
nucl eoti de sequence encoding a first inducible promoter and a first
product, wherein the first inducible pronoter regulates expression of the
first product and the first inducible pronoter is a tetracycline

pronot er/operator; 15 (b) said second nucleic acid construct conprises a
nucl eoti de sequence encoding a second inducible pronmoter and a second
product, wherein the second inducible pronoter is induced by the first

product and the sd®ond Theadlof cRIEAIRS \ﬁheré’lhrsﬁhfmﬁ) gee' n; and 20
(c) said thi {cﬁ] nucl ei c acid construct conprises (LR

encoding a CRRYIG R ?ﬂl@prmmtaéprom a viral envel ope or G protein,
wherein the third inducible pronmoter is induced by the second product. 25
8. The cell of claim?7, further conprising a fourth nucleic acid construct

conprising a nucl 86t i ddhseqilenclainun@es vHeeeis 94l VRal e BrafiBRll Sblofan.
er

pronoter encoding a viral envel ope gene product, In expressionis
enhanced by the second product. 30 9. The cell of clain17 or 8 further

conprising an addipi onglhe Rei¢beEIGinRE a etraviral
gag and pol pr.oteins. 352 8 JUL 288@3 “%18&?]%?% fcy Hjl %ef{% aI“{B‘FC letc wher ei n

said first p?@é&@ﬂ“ﬂ@ma tat protein or a chineric protein conprising a tat
protein. 5 11. The cell of claim7 or 8 wherein said viral gene product is
a Gprotein. 12. The cell of claiml or 3 which is stably transfected with

sai d nucl@®ic aci @3.conSheé Uell 8f claim 1 or 3 further comprising a conditionally replicating

viral vector and wherein said cell packages said vector.

14, The cell of claim 13 wherein said vector is derived from HIV-1.

15 15. The cell of claim 14 wherein said G protein is a VSV or Mokola virus
G protein.

16. A method of packaging a viral vector comprising culturing the cell of

claim 14 under conditions wherein said first nucleic acid construct expresses

20 said first product.

17. The cell of claim 1 wherein said viral gene product is a viral envelope

or G protein.

25 18. The cell of claim 17 further comprising an additional nucleic acid

construct that encodes retroviral gag and pol proteins.
19. The cell of claim 17 wherein said second product is a rev protein.
30 20. The cell of claim 17 wherein said viral gene product is a G protein.
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10 13. The cell of claiml or 3 further conprising a conditionally
replicating viral vector and wherein said cell packages said veqt®ryyL12008
The cell of claim 13 wherein said vector is derived fromH V- 1. 15 15. The
cell of claim14 wherein said G proteinis a VSV or Mdkola virus G
protein. 16. A nmethod of packaging a viral vector conprising culturing the
cell of claim114 under conditions wherein said first nucleic acid
construct expresses 20 said first product. 17. The cell of claiml wherein
said viral gene prqductty i ar. G protein. 25 18. The cell
of claim17 furt he2§1 corrl;)}ire?g?no\éC%ﬁhézgylﬁllheg%gwpﬁlﬁgg§i°8n(§:ife,’f”ﬂlauycrﬁﬂlé‘ialtlﬂét"lrﬁhat
encodes r et r d¢ptonpndywhersincsapbdellpackagen said Y8ctorThe cel | of claim 17 wherein
said second product is a rev protein. 30 20. The cell of claim 17 wherein
said viral gene product is a Gprotein. 36 2 8 JUL 2006 21. The cell of
claim17 further Qanprishiethod TRk ; ' ' viral vectqr .and
wherein said cell packages sai d(ﬁ\a/%kcfl g%%ggvi&%eéomsg% cﬁk&ﬂﬁ%ﬁﬁgce ofi ral
vect or cofpr C¥Hg ! dmdergandiions avhersin sad firsh nodleic prid kotsteles eXpB8kS 0 Brst
wherei n sai dpf&fuﬁ{_ nucl eic acid construct expresses said first product. 37
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