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15  into the underlying mechanisms of the viral infectious cycle and viral pathogenesis. ,
Studies on these mechanisms have provided researchers with an ever-increasing number of
targets for the development of antiviral agents effective not only against HIV, but against
HIV products, its genome, and other viruses as well. These antiviral agents, particularly
those directed against HIV, can be categorized into groups depending on their mode of

20  action. Such groups include inhibitors of reverse transcriptase, competitors of viral entry
into cells, vaccines, and protease inhibitors, as well as a more recent group referred to

herein as "genetic antiviral agents."

Generally, each type of antiviral agent has its own associated benefits and

25 | limitations, and must be assessed in terms of the exigencies of the particular freatment
situation. Antiviral agents, such as zidovudine (3'-azido-3'-deoxythymidine, also known as
AZT), protease inhibitors and the like, can be delivered into the cells of a patient's body
with relative ease and have been studied extensively. Targeting one specific factor in the
viral infectious cycle, such agents have proven relatively ineffective against HIV. This is

30  primarily due to the fact that strains of HIV change rapidly and become resistant to agents
having a singular locus of effect (Richmal_l, AIDS Res. and Hum. Retrovir., 8, 1065-1071
(1992)). Accordingly, the problems of genetic variation and rapid mutation in HIV
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types of functlonal domains, a conserved catalytic domain flanked by two hybridization
domains. The hybridization domains bind to sequences surrounding the GUC sequence and
the catalytic domain cleaves the RNA target 3' to the GUC sequence (Uhlenbeck (1987),
supra; Haseloff et al. (1988), supra; and Symons (1992), supra).
25
A number of studies have confirmed that ribozymes can be at least partially effective at
inhibiting the propagation of HIV in tissue culture cells (see, e.g., Sarver et al., Science,
247, 1222-1225 (1990); Sarver et al., NIH Res., 5, 63-67 (1993a); Dropulic' et al., J. Virol.,
66, 1432-1441 (1992); Dropulic' et al., Methods: Comp. Meth. Enzymol., 5, 43-49 (1993);
30 Ojwanget al.,, PNAS, 89, 10802-10806 (1992); Yu et al., PNAS, 90, 6340-6344 (1993);
and Weerasinghe et al., J. Virol., 65, 5531-5534 (1991)). In particular, Sarver et al. ((1990),
supra) have demonstrated that hammerhead ribozymes designed to cleave within the

transcribed region of the HIV gag gene, i.e., anti-gag ribozymes, could specifically cleave
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Delivery of ribozymes or other genetic antiviral agents to the cellular targets of HIV
infection (e.g., CD4+ T-cells and monocytic macrophages) has been a major hurdle for
effective genetic therapeutic treatment of AIDS. Current approaches for targeting cells of
the hematopoietic system (i.e., the primary targets for HIV infection) call for introduction
25  of therapeutic genes into precursor multipotent stem cells, which, upon differentiation, give
rise to mature T-cells, or, alternatively, into the mature CD4+ T lymphocytes, themselves.
The targeting of stem cells is problematic, however, since the cells are difficult to culture
and transduce in vitro. The targeting of circulating T lymphocytes is also problematic, since
these cells are so widely disseminated that it is difficult to reach all target cells using
30  current vector delivery systems. Moreover, macrophages need to be considered as a cellular
target, since they are the major reservoir for viral spread to other organs. However, since

macrophages are terminally differentiated and, therefore, do not undergo cellular division,

they are not readily transduced with commonly used vectors.
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macr ophages are termnally differentiated and, therefore, do not undergo
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and, in particular, the mouse amphotropic retroviral vector known as the Moloney murine
leukemia virus (MuLV). These defective viral vectors have been used to transduce CD4+
cells with genetic antiviral agents, such as anti-HIV ribozymes, with varying degrees of
success (Sarver et al. (1990), supra; Weerasinghe et al. (1991), supra; Dropulic' et al.

25 (1993), supra; Ojwang et al. (1992), supra; and Yu et al. (1993), supra). However, these
vectors are intrinsically limited for HIV gene therapy applications. For example, a high
transduction frequency is especially important in the treatment of HIV, where the vector
has to transduce either rare CD34+ progenitor hematopoietic stem cells or widely
disseminated target CD4+ T-cells, most of which, during the clinical "latent" stage of

30  disease, are already infected with HIV. MuLV vectors, however, are difficult to obtain in
high titer and, therefore, result in poor transduction. Furthermore, long-term expression of
transduced DNA has not been obtained in CD34+ progenitor stem cells, in particular after

differentiation to mature T lymphocytes. In addition, the use of defective viral vectors
4 .



high titer and, therefore, result in poor transduction. Furthernore,
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in conparison 30 with t he predoni nan used nonreplicating vectors (i.e.,
repl i cati bataigifiiler gqpﬂlcaﬁmc%f@gtlve HIV vector could recombine in vivo, thus exacerbating

20  an already existing HIV infection. The fact that retroviruses package two RNA genomes

into one virion has led researchers to suggest that retroviruses carry two viral RNAs to
circumvent any genetic defects caused by complementation and/or recombination (Inoue et

al. (1991), supra).

25  In addition to the risk of intracellular recombination, thereby resulting in wild-type HIV,
HIV vectors have an associated risk of mutation in vivo, which increases the pathogenicity
of the viral vector. This has lead Sarver et al. (AIDS Res. and Hum. Retrovir., 9, 483-487
(1993b)) to speculate regarding the development of second-generation recombinant HIV
vectors, which are replication-competent, yet nonpathogenic. Such vectors, in comparison

30  with the predominantly used nonreplicating vectors (i.e., replication-deficient vectors)
continue to replicate in a patient, thus providing constant competition with wild-type HIV.

So far, however, such vectors are not available.
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20  wild-type viruses by a deletion in one or more genes, either (i) cannot elicit a protective
immune response because the antigen does not persist (because the LA-virus does not
efficiently replicate); or (ii) the LA-virus replicates but has other pathogenic potential, as
witnessed by the ability of the LA-virus to cause disease in young animal models (Baba et
al., Science, 267, 1823-1825 (1995)).

25
For the aforementioned reasons, there remains a need for alternative prophylactic and
therapeutic treatment modalities of viral infection, particularly in the context of AIDS and
cancer. The present invention provides such alternative methods by providing a
conditionally replicating vector. The invention also provides additional methods in which

30  such a vector can be employed. Further provided by the invention are helper vector
constructs which complement the conditionally replicating vector to permit its replication
and packaging as viral particles and virions. Such hélper vectors are modified such that

recombination with the conditionally replicated vector is minimized. Various embodiments
6



30 such a vector can be enployed. Further provided by the invention are
hel per vector constructs which conplenent the conditionally replicating
vect or toweenrirgedits replication and packaging as viral pamvseskess2and
virions. Such hel per vectors are nodified such that reconbination with the
conditionally replicated vector is mnimzed. Various enbodi nents 6 WO
02/ 07863 %fpggﬁ hﬁg&/ [ Q2828 onQfuchush dBHB&T - TIRGE BRd 6MBSEBjEGE BnddR afias&y dfbed.
These and ot bj ects and advantages of the present invention, as well
as addi tltbaptesemvevmtme, dsovetlLaseslditionhl inpentivg Seatesiss, Witlbmapherentdfeara thept i on of
t he |nve i on set ff rth here BRI.LEF SUMVARY OF THE | NVENTI ON The

5 i

pr esent SRR LIRSV gRIOY "@nditional ly replicating vectors as
wel | as i mproved conpositions and nmet hods for the production and use of
said vectors. A conditionall licati n vector is characterized by a
capacisty to replicate onIERﬂiﬁlﬁ AR OF @EWFENH%\Er ni ssive for

replication of the vector. The inproved vectors provi ded hereby have
i ncreased safety by being at reduced risk of regaining replication

conpet ency. ASTR'siRserl RyenNGEH RN ElefBYprakedcdiditicalaily | r@ﬂhchmga\&cfdreahme]di
reconbi nation” vectors. In one aspect of the invention,_ an, i nproved
condi t i oned improved|doswopitigny et Hetheds 5 #}?rﬁfg‘é‘éctlﬁfl and 4sg ofsakd WGIrei 4 aci d

sequence, conlaﬁm%ﬁz?{g&g%t%ﬁ%@éa&%ﬁg Bed-Qered bl ANAD A A0 rlicattBh i GAREEH L O

the vector iTnar n-perm ssive ective’a vant age over
a wlxbtypeat ﬁtpvéﬂmlssmé fotireplication bEthp Gracton gl“ma)immevadi veawrS promdedh hcmby have
vector was derived. _Preferably, oved condi tional I re %{’g{%g

he

vect or coMprepsssataty Pﬁégmg@ﬁ@dﬁﬁl@l Iéii nang Llispiion %‘i‘?ﬁ?ﬁ 1&%n
vector a §§:ltc§i§}ﬂa§/ealﬁ%d6@3f”e@1%@ 16 Q¢ “r'é@tmeﬁ‘i'é’éo'rrﬂﬂnﬁ%ﬁ” v8dyrs20 ot her Corrpet ing

genone or genom ement. A genomc elenent as used herein is defined as
a nucleic acid sequence in a host cell that is not derived fromeither the
vector or any W e Vi r.us n?_nd t hat ca erfere Qr af f ect

vector repli ca{I}‘?ﬂ? alsﬂg‘fﬁéth‘?dgi’e ‘08 ‘Tnmwr%v%oci’?f’ggﬁ%%ﬁﬁq IAUng VEEIOt ot an

entirgs gepiBrises YERadonk Bﬁélef%fac{(ﬂ%qﬁ'&iib tG€ptes@ice, RARERGHonV@GEa@Elatién ¥f I US.
The sel ective advant age f replication is conferred by the 25 presence,

transcri pwhish,coofers toeths Wattom aaﬁpls@itlgnmgnmém&e hiegt gelb a gele¢itve adyantageaviser

preferred e he cond|t| [ i v ovi rus,
especi al | § gf?jf ¥Rt F"\WP Biwr%%or{%ﬂ%’r to){h s‘?%%%%c‘)ﬂgc}lr\ﬁ%ltvg?tg{ gfglégiér?gﬁuence
the pres ePfeQerablSrrﬁ@%btd%ﬂ @Bndiﬁoﬁalll@&sﬁlﬁiatlﬁg\v@j‘tox\/dur@memtﬂ&rsmﬁmmldmst
cell, which is infected with the vector, 30 a sel ectlveﬁ&?vanta e over a

cel | i nf eatiddeavienee whighlcanfoysye the yestor agrelepiive advagtage &g RpliGayoR gver any

20  other competing genome or genomic element. A genomic element as used herein is
defined as a nucleic acid sequence in a host cell that is not derived from either the vector or
any wild-type virus and that can compete, interfere or affect vector replication in the host
cell. A genomic element is also not an entire genome, such as that of the host cell or
another vector or virus. The selective advantage for replication is conferred by the

25  presence, transcription, or translation of said nucleic acid sequence.

In another preferred embodiment, the conditionally replicating vector is a retrovirus,
especially a lentivirus, and comprises at least one nucleic acid sequence, the presence,
transcription or translation of which confers to a host cell, which is infected with the vector,

30  aselective advantage over a cell infected with a wild-type strain of virus corresponding to
the virus from which the vector was derived. Alternatively, the vector is not wholly
derived from the wild-type strain, but is chimeric, containing components derived from

more than one wild-type virus. The more than one wild-type of virus may be different (or
7



the virus fromwhich the vector was derived. Alternatively, the vector is
not wholly derived fromthe wld-type strain, but is chineric, containing
conponenw® cdersesed from nore than one wild-type virus. Ha/UoeEILHEANn one
wild-type of virus may be different (or 7 WD 02/078631 PCT/ US02/ 09526

het er ol ogous) viruses or different strains or isolates of one virus.

Pref erably, i i i f :

ot ophy! act |iSTapPEoy yRs RS SR IFRC oo TP IBIBHPYRRS MeleRol) BiapicRic
conferred wvicidsegueuemaydic agvastdagproiides propbylactid effect acsat kastjoeh cBhis:

prevents any infegting. virus fromr.eplicati to | evel s.that .cause cell
feat b & ATETHEH B Pule SHEOAR T FEONH T aeCaDeaHaP LG 2 Ryredience
replicati g, pl8 iy infBEAOVInGOmath kSiiRatRY to 18R tHanGuBdIsdIPddataci d sequence
which confers to the vector a selective advantage for replication over any
ot her cénpeting vector or plasmd nolecule. For exanple, such vectors may

conpri se a sequepc such as for.examle,. a riboz or. an ,10..antj sense
sequence) capabl &mﬁpér(ﬂrggms% am_ﬁ?dla‘égw Y i1W8f°V8$ c?%(gﬁ?rfaiﬁlp@ ?Iflf?a?%p f(‘%:1 Pelvage
or destr UGkRR cOinprisifs d fehdl @nk Audlbie atidey@dite Vhich arReld the vaiet Dicldtive
plasm d when they are colocalized with the vector. If the conpeting vector
and t he hel3depntagefor sepflisaiiaseves payiother ¢rappeting voeter o plasmidiaclpgentqron i s
engi neered t g _cont ajn es_t rovi i ] .
cel'ect ve. SOUTagR T ioPEhn? SRR oo RilctEs s Habible, TheBEALL an
i nventilon rayisddse sQjtieatd) capubdndl eivaey Galguendey, whireshitdedh taydedvagdon he
conpeting vector, and the hel per, yet the vector would have a sel ective

a

advant age fdsptrictioniodaferng Bihe sleayageod it 4QUERFANE y eelgh oo agnid yvhen dhgycare
first-nucl ' g I RNA
over  compatiar P R Ry e B B e S o B P diced
cel | is hi ghet thehaotor bhithe tvendon isgengeensd to oontainpilck agiuegessitg padvidenawiths
present in the vector but not in a 20 hel per) that provides._the .

Bond t| onalHoVeB Seliaith 40\RbE PrFRPate. BoLrap s Siaieeior ot tieduvsntiag ey
Ther ef gie, doR@ifhn hfiRehsel defidnc WRIBUesHEy IR BRCBnipdfihd Gdctdt A EleReIFe, yet
overal | selective advantage replication of the invention's vectors in this
enbodi nent thevewsewolld havevs sfleatye advaritagst forieptedivaricesnse it additiohally ¢ondains

first-nucl eotide, sequence. being targeting the onpeti ng vector d/or the
el per " and 4 1EORLEBRHIHFR I B {6 HEmol tut BrEGhorton SRBE BRICO e
advant age fQmgeBRk vEabi RNA, YR dopl AufBBES the VertaCiRitRY Barlsifccavell ad high& &t | ve
advant age effect. Therefore, synergistic effects of multiple

first-nucl gbe rempeingeomons, @arpackesng signgtbitduprgsae indeverorbiHdif iohs f or
the co %‘ thQ paelri thaf 1? Hd%? {He’l%né{i%ﬁaﬁfy rem(?a'{igg 98¥%or with the overall selective

advantage. Therefore, the at least first nucleotide sequence further provides an overall

selective advantage replication of the invention’s vectors in this embodiment because the
two first nucleotide sequences (i.e. the first first-nucleotide sequence being targeting the
competing vector and/or the helper and the second first-nucleotide sequence provides a
25  selective advantage for replication) work in concert to achieve the overall selective
advantage effect. Therefore, synergistic effects of multiple first-nucleotide sequences can
lead to profound selection conditions for the conditionally replicating vector, where any
individual first-nucleotide sequence provides discriminatory selection over the competing
genome.
30
Cleavage or destruction of the competing vector or plasmid also diminishes the
chance of full length recombination with the vector, which thus has the “reduced

recombination” property. The vector can be protected from cleavage by degenerating its
8



i ndi vi dual first-nucleotide sequence provides discrimnatory selection over
the conpeting genone. 30 Cl eavage or destruction of the conpeting vector
or plasm dv@lsersdsim ni shes the chance of full |ength recopbymsbi@®sgmth
the vector, which thus has the "reduced reconbination” property. The
vector can be protected from cleavage by degenerating its 8 WD 02/078631
PCT/ US02/ 09526 ;angugnce to, not pe targeted by a ri bo or antjsense

r iy

sequence. SHHENSPAE PG DT HREHR h33 PR MG SHEET SR C | &@f@r B3P &ering
the vect opyotQfed HEMIERITE LY @i{g‘fﬁé%ﬂngihet\)%@toll &R gerlothic FersioRloid Rlcloy, thr ack
the RNA sO that genom c vector RNA Ts not S|gn|f|cantly cl eaved by the
conpet i ngdiftecentially trable theekINA Ab ttleat igatdnaie| vigctor R& Aisinoé slgorfmlanltlsbeie&x{emuyahd: y

and solely 5 enginegered f exa insert i n nents to
force theXWQP%E&*wﬁPBthgﬁﬁ'éﬁ?H@B&%ﬁéﬁéRﬂPﬁg’8%8@%%§¥?ﬁ§aﬁﬂ ctor

genom & RbfyihQr&PPY, FbPexalipld, il plisigk dlentRBUE TSRS thdWRllpaifomiesent only
in unspliced but not spliced vector RNA" Such non- Ilnltlng exanpl es of

i mproved vxdwmosn@r&’\élﬂpa@ngm@@m@ﬂly quvragmagn@ﬁwamnmﬂrs@umlﬂg acidr oduct i on
of the a vira d th o] bel oni ng of
Ul o1 o 15uBrer 268 Bt Bench g T nYGEL Bl P Shalelf e R e iRE

mut ageneshﬁntmg\auﬁiﬂ%sa)fgm@ﬁwe@we«steﬁ%!r@ﬁaraaﬂaﬂja@ddahl@%eoﬁ wherPised daesk by t he
present invention is a pharmaceutical conposition conpris

condi t i onaradycticiefthaeivigl vestar oF 2 plaspié veaiuranditbmclapias ot mﬁ’%@%@ﬁm@éﬁm y
acceptabl p

condi i(?ong 1{&%&{1%5 Aisgg & Sﬁgﬁ &?ér%(?ir E\[/Sgké‘%lp%.qhﬁ ugeelgg%?)ét?ge\?&n%alrs ’ 18@%‘2?& vect or, if
DNA, conpbﬁmeskﬁlaMMheﬁkide sequence selected fromthe group con3|st|ng of
SEQ ID NCS: 2, 3; 4, 5, 6, 14, in which at least one Nis nutated, 15 and
16 and wherein said vector, if RNA conprises a nucleotide sequence encoded
by a nucleoti

D2y "C! Ot Hees RS By 6 EELALACAT 08 MERURCRAAT LR TRID.
al so pr ovadenﬂlaenaélryareplmhag &dctemf thelmventesh mrdmplmnna@autldaltmdoequhlﬂs as set

forth herein. ovi de e a nmethod of . e ng .a,vector, with
2O r T bbSy et athmaeyiaRh i fshe Ll hie & o ioTAgY ROt B BB SEIPT Ay and
sel ecti vebyct&a%eﬂan{lgm@ve&m itHRRALINpARR lalnﬁaltew& AEERERE sWebiB@ WontiiibNY a

packaging cell I|ine. et another aspect of the present invention, a

met hod of gtdﬂercap@&tmgcfaﬂ SE,Q Hﬁé@ﬁs :B3phyh, 4ch.ildain which eblepsigna Nngsutaied.| 15f or a

viral inf ec& ié) hgrrel%vslacljf Vector Nif %\EAI comprlsesy a nucleotide sequence encoded by a

nucleotide sequence selected from the group consisting of SEQ ID NOS:2, 3, 4, 5, 6, 14, in

20  which at least one N is mutated, 15 and 16 is also provided as are isolated and purified
nucleic acid molecules as set forth herein. Similarly provided are a method of engendering
a vector with a ribozyme, a method of modifying a vector, and a method of propagating and

selectively packaging a conditioﬁally replicating vector without using a packaging cell line.

25 In yet another aspect of the present invention, a method of therapeutically and
prophylactically treating a host cell for a viral infection is provided. In particularly
preferred embodiments, such treatment is effected in said host by conferring of a dominant
phenotype that inhibits viral infection or by conferring a phenotype tha;c inhibits infection
by other viruses. Preferably, the other viruses inhibited include a broad range of viral

30  strains. Such methods can additionally comprise the use of a helper-expression vector, also
referred to as a “helper vector” or “helper vector construct,” a cytotoxic drug,
proteins/factors, or a protease/reverse transcriptase inhibitor as appropriate. The method

can be used, for example, to inhibit replication of a virus, to treat diseases (including
9



preferred enbodi nents, such treatnent is effected in said host by
conferring of a dom nant phenotype that inhibits viral infection or by
conf erri ngcen2phgsot ype that inhibits infection by other WOTUSS®2/09526
Preferably, the other viruses inhibited include a broad range of viral 30
strains. Such nethods can additionally conprise the use of a

hel per - exphess Loy aatRfionsahslulat 8f Sh&eslsdaSesdSo dondiRt BEICianest Aivo ad in hel per
vector construct,"” a cytotoxic drug, protelns/factors or a

pr ot ease/ view eeredransfendo pemissafe vedtotproductias, t@pi@tmn%the furlFfien afa Bow, otan be
used, for, exanpl e, nhi bj 1 tion of a virus, to treat diseases

(i ncl udi ng e@fp% 65?‘3?7%116{3&:@?’ Qﬁgg?% 526 cancer, genetic, infectious,
vascul ar & ot her diseases), to conduct efficient ex vivo and in vivo gene

transfer, to permt safe vector production, to determne the function of a
gene, Sor to ebmyebesothergspect of therdneméion, 4 methof @& Bsing p hostme]l ﬁosmetlmaaét her

conai ti oriormiy FptBRing Rt aF ity sioR i, BuPaherElibn PATRES BB Goror

bet ween aafl digiotede isqirovided Sudhraxhethbd bﬁa&é@tbﬁﬁﬂchaﬁi&dhzatldjmﬁﬂmsh&ﬁmlgl of's
protein characterization and screening of drugs, factors, or other
prot ei ns dyes, deqters; erother peppis cf%ﬁ actiit prBRYSHRS INffTReONS Sddesnest tq agivemn
protein e

|dent|f| ?%ﬁgggﬁ‘qg9ﬂﬁ§%%% eF| E%%ﬁhﬂﬁh&.opgﬁ%ggﬁ %%ﬁgﬁggﬁinctlonally
rel ated tchaaciirivationodpretainsethatege tireyiotdlly rela&z(dttma gannrprebemmicededl Hy thhe
encoded protein is a transcrlpt on factor, its. exgre55|on ctor of

the i nvent3t- HoF mrampleé thegarpdadiRegieid 2 Srnsainbion faeien s ffﬁ?m&l
transcripfld offt in9Entich e-ﬁﬂﬁs 1RV 8RB H S REOW BRIV TRE fhidcAPGoRNd
conditions for e stora vectors under” various conditions prior to
their usefacﬁxarrpl es of such conditions include storage at -80C, -20C, and
4C in the presence of various carriers. Further enbodi nents of the present
i nvention include generic lentiviral vectors, 20 nodifications of a

hel pefs vect or Tﬁé‘ﬁltvéh't%n él&ﬁﬁro"?ﬁi‘éé{@oﬁqﬁosﬁiﬂldﬂs&h&Qondﬂ181h§‘ﬂo¥—€he s@ira@d dfieB@tSL
reconbi nation of the hel per-vector wwth the conditionally replicating

vect or t oumyken FAEUS ca)ndn’uepai piert to direiv usep dixemples@d segh epndifions) mci)lﬂéﬂoramce

t he |nvent$gﬁxjgﬁéu 40 er vectorf t a% sgrve to prepare "reduced

r econbi nat t qlff8§env‘:é8 hoidasid ?rﬁle i nvention also preferably
i ncreases the titer of the produced conditionally replicating vector to
level s 25 greater than 107 transducing units per mllili ter CIher

enbodi ment s i nEwikfs cmbedbranisef the pregenfdeveation sachile genericlsniyra

ul'tr 820 Ceﬂl dlf{cldggﬁs sth l?e?&r%gtgp%n%%@tqﬁét%erv‘élte ﬁﬁltifntsthr ﬁﬁﬂlﬂﬁe or eliminate

recombination of the helper-vector with the conditionally replicating vector fo generate a

replication competent vector or virus (RCV). Hence the invention includes helper-vectors
that serve to prepare “reduced recombination” vectors. A helper vector of the invention
also preferably increases the titer of the produced conditionally replicating vector to levels
25  greater than 107 transducing units per milliliter. Other embodiments include concentrating
a vector using high-speed (but not ultra) centrifugation and chromatographic, ultrafiltration,

and diafiltration methods for concentration and purification.

Helper vector modifications of the invention include the insertion of a ribozyme,
30 such as an anti-U5 ribozyme, or an antisense sequence that cleaves or results in the
destruction or inactivation of the conditionally replicating vector in the event the helper-
vector and conditionally replicating vector are co-localized or co-packaged. In one

embodiment, the helper components are integrated entirely on one plasmid construct to
10



and diafiltration nmethods for concentration and purification. Hel per vector
nodi fi cations of the invention include the insertion of a ribozyme, 30
such as ary@wiiprskly ri bozyne, or an anti sense sequence that petesyenssy
results in the destruction or inactivation of the conditionally
replicating vector in the event the hel per- vector and conditionally
replicating vector .are .Go-localized.or co-pa | e...enbodi nent, the
hel per coﬁ%gtr?ean S I%ll?semﬂdcr{ﬁ%%]rogfla%\éfcgoﬁ"thle{ et §,,ysgerr]r? gqgagg%lcgg i %P%dg RStruct to 10 WO
02/ 078631 uR6shlckiBRR6DOERE supéraahst titelswd gRlats Mhah T00nehidbRly Wits pamh@bper
systemthat efficiently produces _unconcentrated vector supernatant titers

of great eFigWad herwm); A Arether emepodiineny, the puplpotidesequancg of hedelpsr-Begigris| n
anot her e [ I de. o = rol
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repl i cat i M PeRackrgingthaspnébonslysigphcaling yesies I?WPﬁﬁﬁe?fgu%Fle@P@S Hude; i t ed
to, the vesj : i J : i 1

envel ope. Srorarg: HEHETRL IR N GH Ry SOl e LRl ptoRin VS (T i R
Leukem a ‘¥hvelspe moteil, tipeR gried ¥irns ¢i5kloge paoteing thier@bban Apw EbdpenipVatmei ns.
Furt her nodifications 10. i ncl ude het erol ogous, rev-responsi ve, el enents
(RRES) | pBUYSIORSRISEN (SEADIARY SYTEHE GFyPIOM GRS TEHRes mORCHREs At | ve
transpert jeheiESoloEdESkv-rkdontivt bleARR IRRESITROS (FRBériptions] BeliRefy vect or
construct further conprises splice donor, splice acceptor sites, ‘or sites
f or degenelcments (BRE) onaenstibdivedehspori ddemews ((€hEYs. 15 For exanpl e, the
splice sites can be |ocated such that the packagi ng signal and/or RRE nay
be renoved fromtranscribed RNAs by a splicing event. Furthernore, sites
for intron inggkfill eibthétemboaahedt, e hBIpbPect rAPdRaLtELE REIRE Cortpiiék dflites uch
that dinerization, co- localization, or reconbination between the ,
condi t i ondPper, prliseiageapiargitos or sitesdhtidegsnerated op humgniged nedeaiide seaegedsone or
genomi,g e . . e . _ ) t ed
Po redti ¢ onermplbrf hliefsfE son Yoo bBRFHEh P Bl SIS R Qo RRELERY T
the vect ok r&vedJus tiaBichibhed RINNRY hedlietng aveat. dfurthenséreisites fovdnigorf ound t o

increase the titer of the conditionally repljcating vector. BRIEF
DESCRI PT| @getionpgo yectqurikelpensopsiggsts ¥APF%’“§@€5“§E INIIZZEN: 6Pt ons of

speci fic hsRioned 60REbhbRIA Yerhedl tHeRbhdBonally replicating vector and helper, or

other competing genome or genomic element, is minimized. The insertion of introns may -

20  be directed to result in the trafficking of helper RNA into spliceosomes and away from the
vector RNA. Surprisingly, some helper vector constructs were found to increase the titer of

the conditionally replicating vector.

BRIEF DESCRIPTION OF THE FIGURES

25
FIGS. 1A-1K are schematic depictions of specific improved conditionally replicating
vectors encompassed by the present invention: pN1(cPT), pN1(cPTc)ASenvGFP(464),
pN1(cPT)ASenvGFP(452), pN1(cPT2)ASenvGFP, pN1(cPT)cGFP, pN1GFP(cPT)T,
pN1(cPT)GFPTAR, pN1GFP(cPT)VT, pN2GFP, pN2ASenvGFP(418), and

30  pN2(spe)ASenvGFP. Of course the marker gene for green fluorescent protein (GFP) may
be removed before use of the vectors in applications described herein. Designations: N1,
minimal HIV-1 derived vector without gag/pol sequences but with packaging sequence

from gag indicated as gag’ or gag” and a termination codon placed approximately 40
11



vectors enconpassed by the present invention: pN (cPT),

PNl (cPTc) ASenvGFP(464), pN (cPT) ASenvG-P(452), pN (cPT2) ASenvG-P,

PN ( cPT) c&®02/pM653FP(cPT) T,  pN (cPT) GEPTAR, pN GFP( cPT) VTpcpigé3rids2e
pN2ASenvGFP(418), and 30 pN2(spe) ASenvGFP. O course the marker gene for
green fluorescent protein (GFP) may be renoved before use of the vectors

in applicati i i I gNRb i » . 1 i 1 derived
vector v PRETE S AaR iy R s R Phived Bl Tt o | o

i ndi cat ed eqgregsag gafpod agjueace; AS] attisensa ABen; oo sequbaeaateseppinaxtisakel y 40
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rever sg t gemscclR T, assimad nehtenh pelyppanidiesipad seqoehss; cPRf gentrelpolypyeimiding nef ,
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about 548 :hass sreiaerﬁ%?ab&ﬁa@g BhsepAtY(@BE] MOt HdIEId gBGEquHPRL Airidhhs
sequence of abou 38 basepairs (does not include gag sequences as nuch as
cPT): specPGagraeay/pekbepquerces armot franslatedi (SR tgeetn fEORsscent praicihlenordedc ent
protein encoded. 10 FIG 2 depicts the DNA sequences of wild-type HV U5
RNA SEQID NO1 (A and nodified crHV Us RNA SEQ ID NGO 2 (B). Nunbers

referipo e nughes tif DRASRGuerkey G5k il@ayPeMONUS RN A SEG IPNG:1 aApsdd ption.
FIG 3A-3E illustrate effects of the helﬁer vector to conditionally

replicati mpdiféed) cridd¥ Loy RiN2 $RQIID NQ:2 (- Nimbers geferto theaumber ofbatRiced. Fi g.

3A shows t:h l.ar ' ' . esult in the highest titer for

pN (cPTc) &&&n&%@ a%éﬁghggt%%v%}%r%%&#%ﬁ%é' ratio of 1:0.75 to provide the

hi ghest titer for pN (cPT)GP and pN (cPT2) ASenvG-P, respectively; and 3D
and 3E show the nolar ratio of 1:1.5 to provide.the hi qhest iter for pNlL
cGFP and pRZcEPE lllpgrgieekfeciepithe helpenvectos te conpdatianrdysen waf%ér)evefméxcept
for p (chk: i t4 . 1cG-P
and pRBc G e L e B P T o narer )

expr ess Gk highest fiieg forgdNli(cRT)GFR; 3B ahd 80rstowitieummofan ratiotdfd :p7 Humbiida of

tit f at. | . 1.5 t I i m h b hi d
W th o twak des e s DR D s taR ety e C e aae AP v M e
condi t i onahdy iiBRblaF Akiond 1VES tPpbiide RRUGERR: AR RSAFGERP HagNIREIFRNat i Ons

pSI and pS2 refer to the absence or presence of
respectively. The vectors are shown in Figure 1 except for pN1(cPT)GFP, which lacks the

20  antisense env sequence and for pN1cGFP and pN2¢GFP, which have an inserted
cytomegalovirus (CMV) promoter to express GFP. The figures indicate that conditions for
the production of titers of at least 1.5 x 10’ transducing units per ml have been achieved

with a two plasmid system.

25  FIGS. 4A and 4B show maps of two HIV-2 based conditionally replicating vectors:
pS1cGFP and pS2cGFP. The designations pS1 and pS2 refer to the absence or presence of
the gag/pol sequences as described above for pN1 and pN2. The designation c indicates the

presence of a CMV promoter to direct expression of GFP.

30 FIG 5A and 5B illustrate the effects of different helper vector constructs on the packaging
of pS1cGFP and pS2¢GFP. The effect of different molar ratios between helper vector and
conditionally replicating vector were tested along with the effect of different RREs on the

helper vector. As indicated, the use of a 1:1 ratio of helper vector to conditionally
12



t he gag/ pol sequences as descri bed above for pNl and pN2. The designation c
indicates the presence of a CW pronoter to direct expression of GFP. 30
FI G 5A andv@Bbisksxstrate the effects of different hel per vect@kon@est ructs
on the packaging of pS |cGFP and pS2cGFP. The effect of different nolar
rati os between hel per vector and conditionally replicating vector were
tested al | : : 1 LAEdt As
i cat ed D R o e B o Rl o
02/ 07863 148G tdsfed2/ 09526 replicating vector was nore efficient at

produci ng functional vector particles than the other ratios tested. FIGS.
6A- 6G depict the structures of various hel per vector constructs: pVlIRPAC 1,

5 pVI RPACRS. oWl-BBAfepiet #ZstrubiMtdZRAGad ol heWier Fagtbr édtgirudty! AcaRz2, and

pVI RPAC 1. 2Rzl n as enconpassed by the present invention. refers to the
preserte pVIRPAGH, pVIBPAChbRmm WIRPAL-1.21 VarRdac 1 2Rz, mMIRP Ao 1 2Ra2 fradper

havi ng an I from HV-1.a Hl V- respecgively., 10 FIG 7

T st r ac BOERAC T Edn ot Bopisnid o8 e plooerf s HREE oS to MR 1
vector.  piNbkE BB {BoRymesviiRCKRERT] D Refileloaht Btlpeehdving dh RRE defiesehed Of
pVirPacl .2 (containing no ribozynes), pVirPacl.2Rzln (containing one

ri bozyme HAY-lagnd BEY¥-8ntespgstiiPaly2Rz  (cont ai ni ng one ribozyne) or pVP |.2Rz2
(containing two ribozynmes). As shown by the graph, the presence of one

ri bozyme (pVirPacl.2Rz) or a ribozynme and an intron designed 15 to affect
cel lul@r FIGIT illukicaigs bk ifhlepes oM drpndre Bbokymézdmthe liggds abvigdl gaetbr. cant
effect on _vector titer. PCR analysis of titer sarrplfs faor co-p

ackaged
hel per coRNE(RdISEY nis paskeged Bkt selledgithrgPresencs e BY%Eéﬂc?e(camaaﬂgg Pzyne
ver sus hi - %}gqgi i I, i xglj cat or
"VirPac" %E‘;ﬂa}?%g be &gggﬁgg{&@%PA ' orr(i)['{()\%%l'l'-l.e a%g%l%:‘ifg %’Eﬁeﬁ)ldis}gir ates the
i nhi bi t or oafdimng ond rivexynoe) ©r pVBI2RI2 (@idtaining twbzibeeymes. ds showalbyfipe HI V
replication jn. T cells. T cells were fir transduced w th the vector ,and
Lhon © ahafiehoBaPRERceRtons fORSIE (yarhaet gRe) s mpesme g ninfor ftsmeds 0. 1

Wi t h 190% L rrdch Belfipdr tiafrlIEAD SEMIRS RNASp VRPAICAAIR ht noWdi i fic@ efragzay ed by
p24 ELI SA anti gen capturelgés]say. pNZAE%nvGFP derrhgjr}lst rnaot é%rﬁacprof ound

i nhi bi ti omeadér titet. RER poalysis atiter pimples foo no-paskaged&Eaelparcoasidugsndivetedtioe
potent inhibition of wild-type:H.V replication b | .and pN2. bas
Dectors. " Eraraeds uiteeisne Bt BioARR SRS Yo Rthe e Boap e S nan T
cell's by ribozyme. The indicator “VirPac” may also be denoted “VIRPAC” or “VP”.

20 - FIG. 8 illustrates the inhibitory effect of vectors from the pN1 and pN2 series on wild-type
HIV replication in T cells. T cells were first transduced with the vector and then
challenged with wild-type virus at a multiplicity of infection of 0.1 with 100% of the cells
transduced. The replication of virus was assayed by p24 ELISA antigen capture assay.
pN2ASenvGFP demonstrated a profound inhibition of wild-type virus replication.

25
FIGS. 9A and 9B show the potent inhibition of wild-type HIV replication by pN1 and pN2
based vectors. Figure 9A shows the potent inhibition of wild-type HIV in human T cells by
pN1GFP(cPT)VT and pN2ASenvGFP in comparison to control tumor cells upon infection
by wild-type HIV. Figure 9B shows similar results in T cells with pN1(cPT)ASenvGFP

30  and pN2ASenvGFP. °

FIG. 10A and 10B shows vectors and their use to select transduced cells. Fig 10A shows

the organization of the vectors used, where pN1CMIG and pN1MCG contain an internal
13 .



pN1 GFP(cPT) VT and pN2ASenvGFP in conparison to control tunor cells upon
infection by wild-type HV. Figure 9B shows simlar results in T cells

with pN (gFdhdHeaRgynGP 30 and pN2ASenvGFP. FI G 10A and | OBpef@uf 0085t OF S
and their use to select transduced cells. Fig 10A shows the organi zation
of the vectors used V\/nere PN1CM G and pN1LMCG contain an internal 13 WO

02/ 078631 / USO ress
Che vt SORL Ao eha TN PRI B oo RRal SrGRE B Mamese c
expansi onIaR &Uﬁﬂslterc ehg $0B Elgvecugaph Of fhe expﬁteloalhﬁ\sepsm@em ﬁarﬁdﬁheﬁ@h&ﬁt ed

wi th BG and BCNU as described in Exanple 5 below. 5 Fi e 11 panels A-F,
show t he &k aeve gector and seiselad wathB G ﬁaqi PCaid) 2 é%spnéewgﬁ% ahBeloBoNU,  cD4+
cells transduced with pN2M G were cultured in 0, 0.5, 2, 5, 10, and 10 gM
BG (shown in panels A-F, respectively) with the indicat ed concentrations of
BCNU. Pan@liguré 11, anhblerA-Fhshosy thb geleetion dfirapbduted ptimagy CDd+tceHmwﬂh<Be}alamiel S
1:5 followed by treatnent wwth 10 M BG and the indicated

concent r Sﬁ@ﬁé ChMe- el transeiycedwith pHRZ MBS wrapcultgreddn 0n0.51% Spéﬁ)reﬂndli OvidYle
t. t y/ (V |
F'G 15 endib (bRRR Pt Bl il s 1R Rl CoblBiRionR BERCAY 1odcf

hel per RNA fufther shv @€ tied repilgpiidiiiogthe tMnEdiﬁ:e@ o¢ltsal: Maslg)vmdﬂgzrtmtrﬁmwviﬂﬁr e
extracted by "boomextraction” and su :ect ed to DNase | gesti on fol |l owed

by qual i td&%%@l@l@em&l@m%mb{%e@w tioms. The slertingdetcd of PorGRF+ ealls ipy v- 1
a n I &r f
one 610t wst Eogiatot el AEeRT pBEb AR Hibvel AR OISR BHSEOR"T Sre)
significantly reduced t he amount of copackaged hel per vector over a

ri bozyme mnus helper (pVPl1.2). 20 FIGS. 13A and 13B show the abili t%/
purge t undiGdeishews thsaftsotsaf rdboaymes Erevmtglarce-paflsq@%%eb ger BNALR

of 10, pN AN SHR « $ a
single roh’%‘ggg%ﬁ?r ansdfc\?l on. gé&lgg%e eg%){gr ows t-%rtael n rgﬁ&%hﬁr%&

cel I's, no aad guhjédtedito DNaserisd gestibn o llusse dbeequatifatiee revessertighscriptasa® (RT-
transducti on.. Only af ree rounds i.cant transduction
obeer 1aa. ERADicEHRATpRALTe FIF hEss-brl Beampend Hahs bISerEopttt, ShAPD the

t ransduct ¢5¢B5o # 19367090
t he trans?g%gﬁé@ggggpgmﬁﬁgﬂgo%g%for e é%ngéheﬁgsfegrs to {R!hrdei\epqﬁ%unds of
t r ansduct isignifamadtlaredubkd thefans@nt ¢ @@packagehbelpertretos brerct tibazyme fmivey/- G

wi | dt ype, h@%%}é\mll.ﬂype, and chineric envel ope

20  FIGS. 13A and 13B show the ability to purge tumor cells from CD34+ stem cells. Figure
13A shows that at an MOI of 10, pN1(cPT)ASenvGFP transduced 98.52% of SupT1 tumor
cells after a single round of transduction. Figure 13B shows that in transducing CD34+
cells, no significant transduction was seen after a single round of transduction. Only after
three rounds was significant transduction observed. Designations: 1/2/A, for example,

25  refers to 1 round of transduction, MOI of 2, and the presence of viral accessory proteins on
the transduced vector while 3/50, for example, refers to three rounds of transduction and an .

MOI of 50.
FIG 14A shows the structures of VSV-G wildtype, RD114 wildtype, and chimeric envelope

30  proteins with the extracellular, transmembrane, and cytoplasmic domains indicated. Figure

14B shows the titers of HIV-1 vectors pseudotyped in HT 1080 with different envelope

14



30 proteins with the extracellular, transnmenbrane, and cytoplasm c donmai ns
indicated. Figure 14B shows the titers of H V-1 vectors pseudotyped in
HT1080 wi wo atiofi$atent envel ope 14 WO 02/ 078631 PCT/ US02/ 0PsatUsSopog2ei ns
(VSV-G wi | dtype, rabies virus G RD 114 w | dtype, and RD114E, a chineric
VSV-G and RD 114 .construct). FIGS. 15A-15E are schematic depictions of

specific Fsﬁafémir 8/-G WBAGHE) T4 BE¥i80s7G, S0 OIPRESE Pe Byid RTE 1AESS Efiinerigvent i on:
p( CGCRSRRE REt TApur 0 p( BI-RevTat) p(EH GP), and p(CW-GP). Figure

15F shovvsVSH @n@gﬂillzlétcpostrv@t) rev dependent VSV-G constructs. FIG 16 shows
the yield of pNI (cPT)GFP vectors per cell factory before and after 10
concentration in HeLa-tat cells. As shown, the yield renains at

appr oxi nmegrelsy 1381 BIsE Ehentiticli@pictets ff spé@ﬁdpﬁdl@gmg liﬁbGoﬂs't’nmhows t he
results from usi ngha Rev/ RRE/ CRS system to contraol VSV-G xpre si on

FIG 18 sh@mnmn@e y Hhepresenbmventinm gyC ORI Rk PUBRE T Apwe) eé(?ﬂ'éar
t f f
200 L enchEERCR) ASTOMY- o8, Fftuf Lot ARRIf Hikfiadihy SHIBYHL 5%‘5&5%56‘? e o

recover i esonéfruste€ct or after storage at either -20 or - 80C. 20 FIG 19 shows
the inhibition of wildtype HV-1 DNA in cells containing vectors of the
i nvention. DESCR PTI ON OF THE PREFERRED EMBODI MENTS 25 The present

i nventio Ient|V|raI
vectors, nl;l%?(?’h}g)?fs ﬁlggfe?(}/n adgletl on tgécllgéefls Egtpése“eﬁg%%@goee\f?%:ag%ﬁ?:c:gg y t he
phder

vect orls  comotmiatioape Het.mtatrmﬂs f As alidvan sha yieldadmems mhepproimiaichio

reconbi nat.ion to _res in the vectors becom ng replication conpetent.

| ncl uded ST ARG B‘Pnsi nhibiting the replication 30 of a wild-type strain
of a virus and methods for gene delivery into cells conprising such

i nproved vectors. The nethod conprises contacting a host, which is capable
of bei ng FiGh2ehases tharesults Ronfusirg nBev/RRELERY syssemyie eomiral SV -Gcexpagspipn.
infected with such a wild-type strain of virus, with an inproved vector
that is propagated only in a host that is perrrissive 15 WD 02/ 078631

PCT/ U802/ PR5 28 shows the influence of storage buffer on vector recovery after storage for 3-5 weeks
at different temperatures. As shown, the presence of 10% trehalose or 10% glucose, in
either D-PBS or HBS provided good recoveries of vector after storage at either -20 or -

80°C.

20  FIG 19 shows the inhibition of wildtype HIV-1 DNA in cells containing vectors of the

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
25
The present invention provides improved conditionally replicating vectors,
lentiviral vectors, and their use. In addition to being selectively replicated, the vectors
contain specific modifications to reduce the likelihood of recombination to result in the
vectors becoming replication competent. Included are methods of inhibiting the replication
30 of a wild-type strain of a virus and methods for gene delivery into cells comprising such
improved vectors. The method comprises contacting a host, which is capable of being
infected, at risk of being infected, or preferably actually infected with such a wild-type

strain of virus, with an improved vector that is propagated only in a host that is permissive
15



for the replication of the vector (i.e., a nonpathogenic, or non-di sease
producing, conditionally replicating (cr) vector). As further described
herein, aw@btipm¥siar aimof the nmethod is to establish a Spcoimeliokicve
infection in the host with such a nonpathogenic, conditionally replicating
vector. Generally, a conditionally replicating vector according to the

i nvention j : ! L confers a

el ot Ve B e o e i | y
replicati ngndreatatly reggicetingpérevecir).h a wil d-type virus, and/or at |east one
nucl eic acid sequence that confers a sel ective advantage for propagation of
viral 10 particles to a host cell containing a conditionally replicating
vector as conpaqgriMirldds@ibRatbreirt; @lparticitl Al bbthe@ndhddisly BRadtishes. |n a
preferred enbodi nent of the invention, the vector conprises an H 'V sequence
and i s5 enpboypetitivieanfertierninthe hostfwith such ahenpatiaogenitheenditidnelly eeplisatingor a host
cell containin 15 .1 he vegtor .. conprj.ses at |east qne nucleic acid.
sequence. PRI (ASPepH e f AURTUOTAF P BaliBhde s o0 Ringdp S Pieieh ZReSis® over
a wi | d-typelehlt ¥ngansio® af:f@lrseg@&llééﬂiaﬁ BorifBis @ seleR@RNNvhiak® st réplicBtion bl cel | s
where they both reside), and/or (2) provides a host cell producing a

condi t i onébieyd todpe Ferditienplly senlivating veaien)aswpmpared yethed wild dyRaivias: anforras

producti o L L C i : i a

1 d type e mEsi Y FosRehee SRy SRR SRR Bl SR BIRBHEE PR |
to comnder perichds genboRselcbitamirged agiditichalgvaplicagey vecoir ap ackpgedeyithya host
providing themw th one or nmpre ribozynes capable of cleaving the wld-
type H V Gehepntaining agiddhe vidisect of the invention, the vectors are
conferred with a reduced 25 |ikelihood of reconbination with wild-type and
hel per constructs to result in replication conpetent vectors.

Addi tional |y, [ehpsfervatémbalimestldfshe mmehtpactegicogr syspreses anfilVseqhaoe

contribute to the reduction in i nati are provided to further. reduce
t he chémcéf%‘_5 bfe lo {JH‘P‘_?%H_ ‘é@%ﬁgﬁﬁ?ﬁn%&}% e ‘F"Ggqr’e‘?f OSfﬁeéP?Pé‘&I%‘Pg no
| ongern 5 copgll e AoniprisEPAt 164 ?fwnudé@ ad¥l IsBqub Bt (1Y ProdedeRadIBy bendhe

invention, a "virus™ is an infectious agent that consists of protein and
nucl ei ¢ awith a stedtivéradvantags osetrrowild-dytd HEV genomtd for packagmerigtotprogenyduce

U oi 6 a@ IS iR ey §hGRe iy heih Beel gng op COBERTET horll prelotihay |
singl e or cegRbRISrEANEEHE vEdtOe@Iirud wih 4 Sélbdive adPshtagi¥bt prddlittion cTaNt ai ns
synthetic crHIV virion, as compared with a host cell producing a wild-type virus. One method (to
20  which the invention is not limited) is to confer crHIV genomes with a selective advantage
for packaging by providing them with one or more ribozymes capable of cleaving the wild-

type HIV genome.

In another aspect of the invention, the vectors are conferred with a reduced
25  likelihood of recombination with wild-type and helper constructs to result in replication
competent vectors. Additionally, helper vectors, cells, and packaging systems which also
contribute to the reduction in recombination are provided to further reduce the chances of a

productive recombination event to render the vectors no longer conditionally replicating.
30  Wild-Type Virus

According to the invention, 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
16



nonnatural, or nodified nucl eotides, which are capable of being

i ncorporated into DNA or RNA polyners. A DNA polynucl eotide preferably is
conpri sed \ph ogeResH C or cDNA 5 sequences. A "wild-type strapp Qb dsy rus”
is a strain that does not conprise any of the human- nade mutations as
described herein, i.e., any virus that can be isolated from nature

Al ternativel d-type,strain,i,s Vi ,Us a s be in a
| abor at or§ i;qﬁdq?%le |\/1ra131/181 filuc ?‘Hg ébélgglgé &t dk ISWP ?W?r O?bﬁg % |l e of
produci ng tHk RoRile BEAQUPRS stPind¥d, NirfeMSor difcBlar,taA@Sehtionallpcoftalds@pmiRatic)r .  For
exanple, the pNL4-3 H V-1 nol ecul ar clone described in the fol |l ow ng

Exanpl es nenngtyipl, gr mpgiiedmuglentides whichgrecapeblgiof beingapsorperaiad oo RANA&F ch

and Refer r t I es of

eal th (o SRk PR A TR APR S REGIIR olbriE SRR GRIIAE S |
a H V-2 I’T'@d;c?ﬁﬂd;e'g,r cl one 15 which was kindly obtained fromDr Suresh Arya at
the National Institutes of Health, Bethesda, Maryland and was described in

Arya et al. Human i nmunodeficiency virus type 2 lentivi rus vectors for

gene transfer: ,e 2SS Lk gmgl ng.
Hum Gene Ther. Alé%?@?ﬁ%%ﬁ&? S)Rgltfg?% Br 1{2)%1 tIh&r:degglg)lte(\f/da e§‘r8r£t}ﬁ£h t he
pres F nt f I mada ﬁﬂm::mq@s ;a*s desehibyd haefmn’pda pmlm tha:tesai(l by lSOH:’Ilteld ﬂomeﬁm t hat
result fromviral infection. Desira avyirus (a . the vectaqr, as
di scussed Aermyclysa FRldripe Sran s, anHlYtl‘Xlé F@éﬁésal?FeBéuﬁ‘“&N 9?5’8? O%\Wtﬂl{ luses
are aifi VEI §8 ab n@HBféMtthlﬁﬁtﬁcQﬁéﬂfé‘éﬁ’ﬁ%ﬁém eny oﬁ?e@fo@wrfm@ﬁg@S) as

% @é’fh
wel | as many eukaryotes, 1 ncluding manmal s anagp §rt| ularly, hunmans. Most
RNA vi rusdmshm@t@i fngrlnenastrc aRoiecka Pl ESL4-Be V- gmtéquu@rrwh:tnerdﬁmbeém hough

at | east anll has .doubl e- st rande as t. ene rial,, The
A v us D8 RIET R BRI & iyl B v auBevhilhle B3Rk Si EEbetig
viruses (lan@Refekdifes R&éeﬂ@k@a&@tﬂ@@ﬁﬂ&%’lﬂﬁ@Naﬁbﬁsﬁ%é@ﬁ‘ut%@@fHédlﬂis(sées
translated into protern, d whose deproteinized nucleic acid is

suf fi ci enelspoAdash ptatle i Vﬂff@lct5|9o21§4 2?11(31986)39@?8?@-15ﬂr}HNd%éilQlwul%ébm(él .e.,

t hose h t ne transt by the Vi\rus | tary to
the: mbSsagtidnnitnd iR ind B8R TR e bk o TaRanind Ry hgmgnzynes
before tr mﬁieada Mar¢RAd @8€ Was desefibled EAEAWDLIE Haiaa nahadmBiksidiécy %8s typee
method of the present invention preferably is enployed to treat

posi ti ve- Slenfiviieg vestpisdes gengdipasioy exprosyian aedpotpitipd dor helpeg viBeBeR - st r anded
RNA virus gckaélzlggﬁg%g Bﬁ%& PQ@E/JHI’?‘QB@%%%@I N enpl oyed herein, an RNA

Vi rus enc I k€ “viruses

| 20 ~ In general, the method of the present invention preferably is employed to treat viral
diseases that result from viral infection. Desirably, a virus (as well as the vector, as
discussed below) is an RNA virus, but also can be a DNA virus. 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

25  RNA as their genetic material, although at least one family has double-stranded RNA as the
genetic material. The RNA viruses are divided into three main groups: the positive-
stranded viruses (i.e., those of which the genome transferred by the virus is translated into
protein, and whose deproteinized nucleic acid is sufficient to initiate infection), the
negative-stranded viruses (i.e., those of which the genome transferred by the virus is

30 complementary to the message sense, and must be transcribed by virion-associated
enzymes before translation can occur), and the double-stranded RNA viruses. The method
of the present invention preferably is employed to treat positive-stranded viruses, negative-

stranded viruses, and double-stranded RNA viruses.
17



Togavi ri dae, Bronovirus, Cucunovirus, Tobanovirus, |larvirus, Tobravirus,
and Potexvirus), Picornavirus-like viruses (e.g., Picornaviridae,

Cal i ci vi rivl@eofsesiovi rus, 5 Nepovirus, and Potyvirus), m npgetskiapesd
viruses (e.g., Paranyxoviridae, Rhabdoviridae, O thonyxoviridae,

Bunyaviri dae, and Arenaviridae), double-stranded viruses (e.g., Reoviridae
and Birnaviridae), Flavivirus-like viruses (e.g., Flaviviridae and
Pestivirus), Retrovirus-like viruses (e.g., Retroviridae), Coronaviridae,

and ot her viralAsgineplpged heneihjh RYA Wiils enedmpdssestSiadiiolikdlomases (é.gae. 10 A
preferred RNA Vi ruzﬁraccordr &g to the invention is a virus of the famly
Fl avi vi ri d883ViFfas Srampyirys. (upymoyjyus; b Ws,,:ﬂlqr@wsr, Jebrayhus.@8deci al I'y a

Mar bur g OFPOQ%Q rfls P‘fcﬁiﬁ%wl §ﬁf(@{’/1ﬁ@e¥ gehﬁ %ﬁ'g&'ﬁﬁ fdad, RebAMIda Ehﬁﬁlfﬁ"ﬁg | dae is

a virus of the gehus Flavivirus, ow fever virus, dengle virus,
Vst Npl eNﬂpomus sod Pdlt@rmres)emumsrs&hndedsnmses{s,g ~FapangseiridaecRicadheiridhé, s

Vi rus, Val | g) halitis virus cio vjrus, tick-borne
encephal i tdrg% g%a%m%mld?%émg&rg%vﬂi‘ & doublersira %‘5‘?\911‘?1%6 £-8vhe famly
Pi cor navi 'Re@@ﬁ:vda@éﬁ‘d Bﬁﬁ%ﬁd@e) hﬂeawraé-ﬁk@vﬂrgeyge %nﬁﬁv}wn&ra%aﬁh%g@iﬁs Irus

(HBV), or a non-A or non-B hépatitis virus other preferre Vi rus
is a viruReppvirerelikavirtsgs Reg.r Betiroviddee),(Corengvindac; end ather s grquasticul arly - a

virus of th su virinae, Spumavirinae, Spunavirus,
Lentiviri H%{’i“‘g gmtg%t[l Q‘?‘ﬁ@ Nﬁﬂ Iﬁﬂfi@e\/r rus of the subfamily Oncovirinae is
desirably a human T-lynphotropic virus type 1 or 2 (i.e., HILV-1 or HTLV-2)

or bovine 25 | eukem a virus (BLV), an avian | eukosis-sarcoma virus (e.qg.
Rous sar coma vilr prsfqrrRa\BNA vinss apcondiag ththednvaniion i a visus( iV familyi an

Rave 50y . SRS bieab (i M TS FASHRE BlLEREEITs MRSt Ple,
(MILV), HairugyProferabilg, & eiiaosrahy faiiBy Klbkivedae m%ealhsm thelpénie Fla{v@ﬁiﬂﬁm@hv' rus

(A-MULV), AKR-MiLV, feline | eukem a virus (FeLV), siman sarcorra 30 virus,
reti cul oeAUYERYY foyer Wirys, deRguerEys, §§$I1‘@E3n"1ﬂl§c$‘e yis\epeephalisnKgys, Japamesey pe

U518, SRS BRSO R o SRR O,
subf am | yvirhgnnidvhelile.i s desirably a human i munodeficiency virus type 1
or 2 (i.e., HV-1 or HV-2, wherein 18 WD 02/078631 PCT/ US02/ 09526
Also preferred is a virus of the family Picornaviridae, preferably a hepatitis A virus
(HAV), hepatitis B virus (HBV), or a non-A or non-B hepatitis virus.
20
Another preferred RNA virus is a virus of the family Retroviridae (i.e., a
retrovirus), particularly a virus of the genus or subfamily Oncovirinae, Spumavirinae,
Spumavirus, Lentivirinae, and Lentivirus. An RNA virus of the subfamily Oncovirinae is
desirably e human T-lymphotropic virus type 1 or 2 (i.e., HTLV-1 or HTLV-2) or bovine
25  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 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
30  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 monkey
virus (MPMYV) 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
18



H V-1 was fornerly called | ynphadenopat hy associated virus 3 (HTLV-111) and
acquired inmune deficiency syndrone (AIDS)-related virus (ARV)), or

anot her viggshakated to HV-1 or H V-2 that has been i depgifikeshoand
associated with AIDS or AIDS-1ike disease. The acronym"H V' or terns
“AIDS virus" or hunan innunodeficiency virus" are used 5 herein to refer
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pref erably, gene expression has not been dommregulated as further

di scussed bel ow). Moreover, a host ceII preferably is a cell that |acks the
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viruses.
20
A "host cell” can be any cell, and, preferably, is a eukaryotic cell. Desirably, the
host cell is a lymphocyte (such as a T lymphocyte) or a macrophage (such as a monocytic
macrophage), or is a precursor to either of these cells, such as a hematopoietic stem cell.
Preferably, the cells comprise a CD4+ glycoprotein on the cell surface, i.e., are CD4+.

25  Desirably, however, a CD4+ T lymphocyte, which has been infected with the AIDS virus,
has not yet become activated (i.e., preferably expression of nef has not yet occurred, and,
even more preferably, CD4 gene expression has not been downregulated, as further
discussed below). Moreover, a host cell preferably is a cell that lacks the CD4 marker, and
yet is capable of being infected by a virus according to the present invention. Such a cell

30  includes, but is not limited to, an astrocyte, a skin fibroblast, a bowel epithelial cell, an
endothelial cell, an epithelial cell, a dendritic cell, Langerhan’s cells, a monocyte, a
hematopoietic stem cell, an 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 cellis of a
19



19 WO 02/078631 PCT/ US02/ 09526 eukaryotic, nulticellular species (e.g., as
opposed to a unicellular yeast cell), and, even nore preferably, is a
manmal i anwoenzg7ge3numan, cell. A cell can be present as a SaTyi®2eyR6ty, or
can be part of a larger collection of cells. 5 Such a "larger collection
of cells" can conprise, for instance, a cell culture (either m xed or

pure), a duksSHeec, (n%geeuu@i}figw@sl 3, as @phddaakd RunicBMALSRES ceflf, ARA, dviefSUE,
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bl adder, and eye The target cells need not be normal cells and can
be dis easedudmg w@ute%mﬂd atills end sl ledd eelishmesperatopyisystane (et ndsemhaedix o,
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cell g5 25mMa&ﬁqgrmoﬁth \fﬂiﬁfﬂk esoPhaub UkdrBach, atéHinbd kAGP glahdD pSiitrday, BN or

RNA) that serves to transfer a passenger nucleic acid sequence (I.e., DNA
or RNA) igallblagdérosnd etbets), urinpresysiomdegmshch ypladnes, wsters nsniry dlagder,

e L e
parti cl escord) andBpéchal lsbigse \REnS) suoki s ﬁieceya):armslntegumeﬂﬁe@”sysaﬁk@@,e,@kin,
epidermis, and cells of subcutaneous or dermal tissue). Even more preferably, the cells
20  being targeted are selected from the group consisting of heart, blood vessel, lung, liver,
gallbladder, urinary bladder, and eye cells. The target cells need not be normal cells and
can be diseased cells. Such diseases cells can be, but are not limited to, tumor cells,
infected cells, genetically abnormal cells, or cells in proximity or contact to abnormal tissue
such as tumor vascular endothelial cells.
25

Vector

A "vector" is a nucleic acid molecule (typically DNA or RNA) that serves to
transfer a passenger nucleic acid sequence (i.e., DNA or RNA) into a host cell. Three
30  common types of vectors include plasmids, phages and viruses. Preferably, the vector is a
virus, which includes the encapsidated forms of vector nucleic acids, and viral particles in

which the vector nucleic acids have been packaged.

20



20 WO 02/078631 PCT/ US02/ 09526 Desirably, the vector is not a wld-type
strain of a virus, inasnuch as it conprises human-nade mutations or

nodi f i cat® onersediihus, the vector typically is derived frorerUBMES26t ype
viral strain by genetic manipulation (i.e., by deletion) to conprise a
conditionally replicating virus, as further described herein. Optinmally,
the viral vect ohegesBY tBEeRorSt hel SwidYpeitfatot Hiktus, hadthud ifedtBphisere as
the wild-type virus causing the infection being treaf ed, whi ch, ]

pr ef er abl y huingn-orde aiutstives af orodifnatipen ebhuai thd vestpetypically éssderided Grodi agiilg;
preferably, the vector is derived froma Viy.us, even nore.preferably,
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adenovi rus - ' ' : i : j g Vi rus
From the- Foud o forafEl Mot Kbt im Bk i b BRORK] KAt V)0
Papovaviri taein & a/iciHEV'f vewort he Parvoviridae, a virus fromthe

Her pesviridae, a virus fromthe Poxviridae, a virus fromthe

Par anyxoviridae, a 20 virus fromthe Rhabdoviridae or a virus fromthe
Retroviridae, | ?\Cbéé%rmgsoglpﬁfmg);isra%ﬁl%ﬂc%%r," the R BdidhlPYivikses and
the Lenti-retroviruses. ruses”or virus-like ‘genones derived or

associ at ed vestbhwith etier véquahces asvich iag Soninstant e @ combinatien of Bl sedusneesdvith

chinmeric vector is en .vector . sequences (i..e, .se uences ei.t er.ching 25
For "or of el #56 OF e ARCIVIES GiBIcSiAR s B S EL SR PG Doy tpis B
non- Lemsi VichMsrigd £coﬂdgt§ﬁ{all9%ﬂ1ﬁhﬁm\§avée%}§.i M padicllACHIV sedlicAt & @Bikably Babd V

sequences are inserted into an H derived vector. As enconpassed herein,
a vector céinkebwphisemicacasteda mpdified (IRNAONFBIA-typS) sirade of ad®gowiushadeng- DNA or

. d der i ' o Smi R b
mde of o dpale i pehtne o s ifeYidel ot b Ruditdgs e iy

noi ety camhdEepddanssitad)adiig fivki the Papowivattiseca RN frdelsePdresviriday)asime e
wel | -known to those skilled in the art, and also are described in _the
fol | owi ng @@gpﬁeé@rpesvmdae, a virus from the Poxviridae, a virus from the Paramyxoviridae, a

20  virus from the Rhabdoviridae or a virus from the Retroviridae, including the Onco-
retroviruses, the Spuma-retroviruses and the Lenti-retroviruses. Viruses or virus-like

genomes derived or associated with these viral families are also included.

A preferred chimeric vector is when vector sequences (i.e. sequences either coding
25  for proteins, fragments or non-coding sequences) derived from a non-Lentivirus are
inserted into a Lentiviral vector. Preferably, non-HIV sequences are inserted into an HIV

derived vector.

As encompassed herein, a vector can comprise either DNA or RNA. For instance,
30  either a DNA or RNA vector can be used to derive the virus. Similarly, a cDNA copy can
be made of a viral RNA genome. Alternatively, a cDNA (or viral genomic DNA) moiety
can be transcribed i vitro to produce RNA. These techniques are well-known to those

skilled in the art, and also are described in the following Examples.
21



21 WO 02/078631 PCT/ US02/ 09526 A "conditionally replicating virus" is a
replication-defective virus, which is defective only under certain

condi tionsyobsopaesti cul ar, the virus can conplete its repl pcaiusygossycl e in
a perm ssive host cell, and cannot conplete its replicative cycle in a
restrictive host 5 cell. A "host cell"” is a cell capable of being infected
or actually infected with a wild-type strain of virus or a pseudotyped
vector. Such wild-type virus infection can occur either before or after

i nfection w thAeaditichalonpliyating B als iarrgplwanu@daﬁ:c@vaj\hng, whichhe
|nvent|on Al'ternatively, a "host cell" is one that encodes wld-ty
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nonpat hogeni ¢ crHI V-1 vector genones with ctive advanta
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for packaging into virions because they contain, for instance, ribozynes
t hat cl easaigl) tiljattryplecafmwnlmnvonmnmmmvawwnBaomld-tiypﬁ plain 0§ eMRC(og AHI Vs

are able SRrea nfected.c at. are susce
i ecti on "0eSH of W RldEbPE FERERGE ool e o RGRM Rrflei e edior us. 1
this mann%enom@el ecti ve packagi ng and spread of crH V interferes with

wild-type HV replication. 25 A further preferred enbodinent is a
non- pat hogeni ¢ crHV vector that is non pat hogeni c because it does not

contajp any cogpi pe;fé' o Sdi8e Pf r h as,
but n(|1) i m tegf?%lg, |§H8@) ﬂ E%Ct eyalpngﬁqt I on@egg’%e‘{‘bﬁgglﬁéﬁl?}g

t her eof ) téicatmyHIV wirks), Whﬁ:h\deﬁttmdu@amh@@ffmm of X Ar Tlais predryed t he
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Opt i onal | ymbpfignepsproyides 3aeplirgting HAY =l cetonBirasgy at he regul atory
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t her eof) t he vector ogenl c. Alternativ ese
type HIV genomes. Specifically, in cells contammg both wild-type HIV and crHIV

20  genomes, ctHIV RNAs have a selective advantage for packaging into virions because they
contain, for instance, ribozymes that cleave wild-type RNA, but not ctHIV RNA. Such
nonpathogenic crHIVs are able to spread to uninfected cells that are suscéptible to HIV
infection (e.g., CD4+ cells) in the presence of wild-type helper virus. In this manner,
selective packaging and spread of crHIV interferes with wild-type HIV replication.

25

A further preferred embodiment is a non-pathogenic crHIV vector that is non
pathogenic because it does not contain any combination of the viral accessory protein
sequences (such as, but not limited to, Vif, Vpu, Vpr or Nef, or combinations or fragments
thereof) that would make the vector pathogenic. Alternatively, the sequences may be

30 present but transcriptionally silent or not translated. Optionally, the vector does not contain
any combination of the regulatory protein sequences (such as, but not limited to, Tat or
Rev, or fragments thereof) that would make the vector pathogenic. Alternatively, these

sequences may be present but transcriptionally silent or not translated.
22



sequences may be present but transcriptionally silent or not translated. 22
WO 02/ 078631 PCT/ US02/ 09526 The vectors do, however, preferably contain

any conbi Rayi9hsgf the structural protein sequences (such peTRR6h09%e &
fragnent thereof), the enzymatic protein sequences (such as pol, or a

fragnent thereof), and/or the envel ope protein sequences (such as env, or
5 a fragnent thereof) in a formcapable of being either translationally
active or silent. Therefore, the conditionally replicating vector may be
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The approach permtted w the above vectors is different fromthe use of

| ive- att ancleatsld sequencestiots vestorion helpesensiepits, sdtichoprocensescare neutine teithese t hat

| ack cessqQry.proteins (see Daniel et al., Science, 258, 1938-1941
(1992?5,: aslaﬁfégftggfﬂgrs, AIDS Res. & Hunman Retrovir., 10, 331-332 (1994))

because with LA vaccines, no effort is made to conplenent for deficiencies
that, for exanple, prevent the efficient production of an effective inmune
30 response an8ugkermess.iedaheve anelegtidersauaeangnde medified pivawisgeniaed iwul ti pl v

si ngl y. dePSEb P REES SRRl oF i AHplc, B delind BRSBTS T e &
macaque apembbakian eftithathe hdl&5jonstruct. Numerous protocols for modification or mutation
20  of vector and helper constructs to obtain more optimized constructs are well known in the
art (e.g. Current Protocols in Molecular Biology, Harcourt Brace and Jovanovich, 2000;
Molecular Cloning, Sambrook et al, Cold Spring Harbor Press, 1989; and Soong et al

Nature Genetics 25: 436-439, 2000 both incorporated here in their entirety).

25 The approach permitted with the above vectors is different from the use of live-
attenuated (LA) vaccines that use replication-competent viruses that lack accessory proteins
(see Daniel et al., Science, 258, 1938-1941 (1992); and Desrosiers, AIDS Res. & Human
Retrovir., 10, 331-332 (1994)) because with LA vaccines, no effort is made to complement
for deficiencies that, for example, prevent the efficient production of an effective immune

30 response and yet maintain safety. For example, it is known that multiply deleted LA SIV
vaccines cannot elicit an effective immune response, while singly deleted (Nef negative)

LA SIV vaccines are pathogenic in juvenile macaque apes (Baba et al, 1995).
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23 WD 02/ 078631 PCT/ US02/ 09526 An alternative approach to a LA HV vaccine
provi ded by the present invention as described above would be to use at
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vector genones. However, the two genom ¢ RNAs would not effectively

dimerize, therefore preventing the cqlocalizati & of both vector and

hel per genomes Airthar wistated egbedimend of thsiornditional bkisgieptingvsctenbelpsr i on
partigke. - N bhd j wiki j yon
A e e AR L TR e R D S L
vect or ( Re\erimed/halparurecturfonggangplerts expressthe Vifh MipanVaf, taed optienafigNdfc| e
infects a sub uent .target cell.. To further address the possib]e
product i o8 i@%‘é@p&&g‘é& %Hg}lﬁeﬁ}@%ﬁ“lﬂﬁ@n deguse %C%hvngt&ﬁnt?&;‘e &¥Eai n
one or mrg,@né&'{ﬂic%ﬂ n &%/ éi)rﬁﬁéﬂfﬁfék?e%ﬁarfcﬁﬁlbiﬂaﬁ&ﬂfiﬁclﬁﬁiﬁg b vise@THI®NY and HIV-2
reconbi nat’ion.” For exanple, the first vector may contain a ribozyne (or
ant i sensebr tlioryicdIVstoquetscie eqpadlyiffosgibleofhe éxpacsaipn offTat frenhibe BBV-Vect or .

Co- | 258 H %gct:klb%?lé would transactivate both HIV-1 and HIV-2 LTRs for complementation with one

another to produce vector particles that contained either the HIV-1 vector genomes or HIV-
2 vector genomes. However, the two genomic RNAs would not effectively dimerize,
therefore preventing the colocalization of both vector and helper genomes which would
otherwise both be packaged into one virion particle. If co-packaged into the same virion
25  particle, recombination between the vector and helper genomes to produce a replication
competent vector (RCV) may occur during reverse transcription after the particle infects a

subsequent target cell.

To further address the possible production of co-packaged constructs, the vectors
30  may further contain one or more nucleic acid sequences that reduce the risk of any
recombination. For example, the first vector may contain a ribozyme (or
antisense/ribozyme) sequence specific for cleavage of the helper vector. Co-localization, in

the same cellular, subcellular or extracellular location of such vectors would result in the
24



the sane cellular, subcellular or extracellular |ocation of such vectors
woul d result in the 24 WD 02/ 078631 PCT/ US02/ 09526 cl eavage of the hel per
vector towoosernss safety by destroying the dinmerization OpCce®s02/09526

| ocalization of the vectors, resulting in an inactive genone after

reconbi nation, or otherw se prevent the production of a RCV to energe.

Thi s appr ter . el Ugl i er vector
i nst ead o?l%gﬂarg% %gppeﬁl%%&gﬁgf)@%fl %ﬂg%%ﬁ(%%@?%ﬁe ot %ﬁ?ﬁ%@%ﬁ%@ﬁ ?Ipngljbc%f h vectors
to provi dicabgitioh @f#tle wries, YesultidgahRatinactly gerinid Sopsecombietiovhes coul d be
used to rgﬁgéqe t he above ribozymes, so that formation_of g doubl e
stranded RIS HsbPTeaeRidhe Brodactionnta BCYdg emgess- thicanpreachcan Baaldmied Prases. A
further p : . i i : i 10
areater | BEEEErRARR, SERE Hefbck baor el GRS S R AR, RS e
RNA us®d tibozyniesrig®bitngectdritogprovide hilddoagipafech, the hel per vector of the
above exanple may be derived froma heterol ogous virus (such as any of the
viruses and virus fam lies described above, 15 but preferably derived from

an adenovi r us, = i i i i
A@t@%ﬁ‘ﬁﬁ%&is@ﬁs@%&lbéﬂ% cotld B ﬁs'daé 6@5@%@&1{%8%9 FiboR/me, so

non-H V lentiviru y the proteins coul Xpresse

const i t ut thatFogrmatibh ef adouble kiyandeti RN higbrad wguldsehrepidbr degeasted by waljule
constructed . to utilize n H V-LTR for. i nducj bl e or,.autoregqul at ed

expr ess) ofsnasitises, A GuliPe i med Spp st iy bt e GiisEie SPEELT GHY b
advanj@ge cRLRY ifiRHcMYinan hehppRkREAHS 161028 psietidiRof % eHoeyme RNA8sedGor
restrictive association between the genones of the first and second

vect ors, tdngeingurther reducing the chance for reconbination to generate a
possi bl e RCV. In another enbodi nent, the vector contains an antisense
sequence that is present on the helper genone or is inserted into the

hel per genone. Ifa Avdifidddppkdighakaiplber veotos oF the abdvietdinlb enayNe cletit&pag
vector, which is anal ogous to the pN cpt ASenv vector except the antisense
sequence ifiomyd heterodepoud virne (syelhasayidibevipises and visi fepdlissdepratbed abewss in
addi tiy on, bu{é’ref&aﬂlg? LA Pdm ah g&erf%@ﬁu? %ﬂ&%lgs%o&&éﬁ%%s Qaflnfl‘ﬁﬁéj' type HV. The
anti-gag antisense’ "sequence I's placed upstream o € splice acceptor site
that is poaseaiovimsnet 4 eavHOV 1éntwirusiRiheselguhn peoteinatould bpeemessedi n t he
vector. Therefore, the gag sequence uld he 30 packaged only i.n gepom c
and not sGo¥SHEHEL. %ver&ﬁwe&g*}e hghee 0@9%‘96?%&% T RREDe C?ﬂ%}@%teflﬁ%gﬂﬁ%eper
genones ob, IHVLOPR G hahdba%: B Batedd ion WFISE s§hs fo¥ean¥h FPXE] em
woul d be fﬁlrlg];j’grenti a ;i/ tgr g)ét egpfggl t%e&@gﬁs?%gosoneso%sthe cell, while the
genom ¢ veedtarexpression. An advantage provided by a heterologous viral helper vector is the

20  restrictive association between the genomes of the first and second vectors, thus further

reducing the chance for recombination to generate a possible RCV.

In another embodiment, the vector contains an antisense sequence that is present on

the helper genome or is inserted into the helper genome. A non-limiting example is seen

25  with the pN1cptASgag vector, which is analogous to the pN1cptASenv vector except the
antisense sequence is directed to the gag sequence present on the helper vector in addition,
to or instead of, the env sequence present on wild-type HIV. The anti-gag antisense
sequence is placed upstream of the splice acceptor site that is present downgtream ofthe
RRE sequence that is present in the vector. Therefore, the gag sequence would be

30  packaged only in genomic and not subgenomic, or spliced, species of vector RNAs. Thus
the helper genomes of intron containing helpers, such as those of the VIRPAC system,

would be preferentially targeted to the spliceosome of the cell, while the genomic vector

25



25 WO 02/ 078631 PCT/ US02/ 09526 RNAs, that contain the anti-gag antisense
sequence, would preferentially by-pass the splicing machinery. The

di f f er ent ived ot/o&E31 cki ng of the vector and hel per genones poraselds2shoul d
result 5 in mninml effects on vector titer, yet if the vector and hel per
genonmes should serendipitously be co-localized, then the base-pairing
hybri di zat, r . hQ. :
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parti cl es sglivingmestdnéryvect or - hel per reconbi nation to generate an RCV. In an
al ternate enbodi nent, the hel per could be engineered to contain anti-U5
vector antisense 10 sequences directed to the U5 sequences found in the
conditionally | 4k i " | O P ¢ R : i
aspect of the ?ﬁ§gﬁ§?%#?9Pﬁ§ﬁ%ﬁ¥%?T%giﬁﬂﬁﬁﬁgﬁggkﬁt ughgggPQE%L gﬂ%gkﬁﬂgerted
di stal §y tromhdhpeeffeddomygecsaditengetsf thewectore bt kelpdrezehomesshouldt | onal

term nation site. ce, . if .vector and hel per As. shoul d serendi pi tously
be. co- | 00 SPPRUEHO DL rNeE o gh SRS G TRBR PTG SR RHERRET. ¢ hen
the anti Sg&&ﬁnésesﬂeﬁﬂa%énm%@in&éiﬂﬁéﬁ bPYesBlicliAGH du¥R Y EctSILE HeBeP a&toaged

viral particles and prevent reconbination. In yet another enbodi nent, the

hel per camomteming perticlegatd weven mewer-iadperaedambgnatiomte Igendratd en KRENiehcan
resent on . the vectqr. A non-limti exanpl e .is by. pl aci
Fragment AHeReeRated GF hetoe goul bk credesad o eppintasicUp Nedor gjisehse ™
PNl ¢ pf \SeRyqueteds irectéd td RS &qRendek fot@@LA theddAdtRhRIEY reﬁg@am Rettbdl be
u

co-localized, the env sense sequence in the helper wou iInder go

base- pai r iWighaut limitipethe matusp of thisraspecs efthernaeentian the anieEioantisense pesyienges

reconbi nat i gn...The | LOV] v Ji.mt the

i nvention c?@ﬁjbﬁé?seﬂgégggarlﬁ'ts[ %gleﬁ’ﬁrp%’?%ﬁ&g‘éeﬁn&% %’%ugﬁéf??/%ggh s%qh{éé\%até. It would

be plain t@mamiensitsk Hehe ifi vectoh@nd Aslpert RISA s Shistidd serendigingislycheavot fovalizal

sequences, as well as their caognate target sequences, 25 could be inS(f ted
, a

i nto vect 8rd HAEIER CorBRFREEINEAE PPeRikly recanbination: theR thegHlisimar BIaNENGeR AHAY
PN cph ASOAIARENY N SFlAe sgagccﬁg%%ﬁggf vi %?&ﬁ%%ﬁ%?ﬂreﬁmﬁﬁﬁﬁﬁﬁi&?g and env
| co nati on t ot

fragment sequences can be us eac er to increase
safety by reducing the 1ikelihood of co-packagi ng and reconbination to

generate an RCY. 30 In another preferred enbodi.nent for the expression of
Vector or hel poh VeiGmARKEAREOGme: SihRRSHERR SRS (RGN DAAGIENt |y, (ne

means of %&E&%éé&ﬁﬁﬁy%e%gésteﬁronnﬁ& P&dior. SX RELIiRilinS AR B pI&SRPAb&nse

conponents transie 0 construct the vector or "hel pér vector using,

f or exanplesy fragmenttietyrths belpeneita two-Hadmigeni. thBwohtainedthepN biptABenygregtos.

mit a”ES Therefore, if vector and helper RNAs should be co-localized, the env sense sequence in the

helper would undergo base-pairing with the env antisense sequence in the vector to prevent

recombination. The examples provided above are not meant to limit the invention to just

one or two types of genetic antiviral sequence. It would be plain to anyone skilled in the

art that numerous genetic antiviral sequences, as well as their cognate target sequences,

25  could be inserted into vector and/or helper constructs. As a further non-limiting example, a
pN1cptASgagASenv vector and a helper that contained the sense gag and env fragment
sequences can be used in combination with each other to increase safety by reducing the

likelihood of co-packaging and recombination to generate an RCV.

30 In another preferred embodiment for the expression of vector or helper components,
the components are expressed transiently. One means of making the vector or helper
express its genome or genomic components transiently is to construct the vector or helper

vector using, for example, an integrase negative Pol gene. Such lentiviral integrase mutants
26



26 WO 02/ 078631 PCT/ US02/ 09526 are known in the art and have been reported
not to be infectious (Hrsch et al 1989 Nature 341: 573-574). Therefore,

t he vect owoand7gns1 hel per genones that are produced from ipUT&RUaeES20€Egati ve
producer cells will not integrate but could be expressed in a transient
manner so as to regul ate the amount of vector or hel per replication. Yet

anot her nEaRgoRIn MelfBRIIHEM bé‘eﬁ%&ﬁ?&d‘i‘ﬁt fd Bingdctibey %Isiﬁ%h \ﬁ?ﬁt@@ Kanfrbe

hel per is to disrupt the AAT sites in the vector LT These sites are
responsi b3 : 6@3-524) i Meréfotegtheaetton amd/ort edpar @erorges- thatzans prodbeadl frgrenoni ¢

vector DNA into the. chropmoso of..the host cell. further,.means of
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fusion protei ul-d _be .avail able,. expression,. fram anot her plasm d
const 1 uot RS HeRE At BRro Y e A S Ben o BB e et
packagi nggéBhdic visetsh DIIArihfdGhe ERdiekas opthepaskai ng of the hel per _
construct, .thus providing 15 functional integrase activity upon infection.

Alternatively, the integrase protein is provided in trans via expression
from a hel per bt i .

i nvention, t he&g{gﬁfc’ﬁrgﬁ %aa%?fécc?%%ﬂ%ggg P{negab\l?{e)% @?%Sgwﬁgﬁ H%’E%l? \gge% Cgfggev\%ul d
not ercodfmational HitegiItoledieinid Sirglpapicdéseiln thiimymbedindent, neRhapohe | i M ted to,
a vpr-integrase fusign protein containing a prglte}-g e cleavage site at the
j unct i on tEditwally Frpligaimeayegtorysuch as @ fmsivectornihe slpenreciorsittid sreede The

above desgr 'nﬁ’ég\xg&, Bl Be FWRHYEAiAESREL fh@fon?tfétreﬁl%éhg 8L dyvdiRpROvyR prt:ésmrf. the

invention to t vect or or hel per~constru Any conbi nati on” of” two,
t hr ee, orfromraaotheepismsl cnedihwot, sueh péelpet vegporpwi lemtanaentegnaterdiveny s thecessary

for productjon of the vector 25 nmay be ysed. Partitioning t necessary
Genon o oHRHRE Crlh s RSO o RefGERE of SpRARA Conil THAPES Crge
ef f ecis of PGS RRHIEFaRAHCRY Yy ShdAGATdctioN Altg&&ti@&ﬁh@iﬁté%ﬁéé'ﬁrot@ﬁf is pPotidddp! e

vector and hel per genones t'o generate an via reconbination. Safety can
be furt hisrtrass Nare@tesbipn dons & helpet qogstring thet enendes it. dmthiherhpatiment aféhe ont ai n

little or.no regjons._.of ol . between them. which 1.5 a further \

or of er r ociuasty ereneBapfiRafine FSEH HE AR Bakil BLPEER <  nto
nul tiple mEEPABETHS filfioh Hodh fdy bBSut iSsdtNintitedried vifidhiegrase AlsidniRotein
conditionally replicating vector since it is |less probable for nore than

two, in ewNgRESaHoteaseiayagabie adiedregiond ebrces theVerAd she injegsise sarino
W thigy a NOfledihdes. The '

The above description of a two vector-helper system should in no way limit the
invention to two vector or helper constructs. Any combination of two, three, or more
vectors and/or helpers to provide the components necessary for production of the vector

25 maybeused. Partitioning the necessary genomic elements into more vector or helper
components will have the effect of increasing safety since it will be more difficult for
multiple vector and helper genomes to generate an RCV via recombination. Safety can be
further enhanced by constructing the vector(s) and helper(s) to contain little or no regions
of homology between them, which is a further preferred embodiment. Partitioning the

30  necessary genomic elements into multiple components may also further restrict replication
of the conditionally replicating vector since it is less probable for more than two, in
comparison to only two, genomes to be simultaneously present within a host cell. The

optimal number of vector(s) and helper(s) required may be easily determined by simple
27



opti mal nunber of vector(s) and hel per(s) required may be easily determ ned
by sinple 27 WD 02/ 078631 PCT/ US02/ 09526 screening of the different

combi nat i Qg oFdesBY vary depending upon the particular vipalysypesa
systemthat is used. One sinple, and non-limting means, of [imting or

removi ng regi ons of honology 5 between vector(s) and heI per(s) is by

S1 DLy, degeDs Al IS el 68l ign SBIERCGar, WL Sund BA'RL PSR fncoded

am no aci seq nce. egen S are Wwn'Tn the
art and r oedtorsstefBatiE @bl red nmethod is to hurranl ze the sequences if the
t herapeutic use is in humans. Codon usage has been tabul ated for pri mat es
and is described in Wada et al. (Nucleic Acids Research vol.
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Additi onakhn HAEEARTAE A8l dAR'IReAhe R MiREhe SORRhEEGF the TRY D€
designed to reduce reconbi nati on er V|r sequences, |ncIu I ng
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and el per Piath oy AR A5 RSt e bAS o RRBREL o2 thaopuaBichis ve.

modi f {gd ﬁ%py;ﬂg@fpogggd yse@tﬁg[y@p@brﬁpl per pair are degenerated for 20 an
endogenous retro-el ement as viel|. Thus degenerating the nucleotide sequence

of either vector or hel per woul d reduce co-1localization of putative
reconbi nants adt reduce t ri sk ratin epld cati on
Competent. vi r uDeBRion TR tst P arE Ppdiet SREHE LB SER e AeBibg o
hel per geag&maes@wd 18 t4r88MBlec A t&BO PR SHLRItR Sheiln d TBRAAASHY Sinb b

element. 25 In particular, crHV genones are introduced into virally
i nfected eegomplighed iy ¢ﬁg@@¢re@ng the(cpgnaty barget seqienes ianyufapng opfke kelpgry genome

TN B OF SR E WA S0 aSRRARSHIRH L iR OO LA B B BREBY

Vi rions. enones ar O uni n

ei ther di ﬂestgﬂeyl t@YedubafEEdmbinaﬁﬁn &&tl@thertmnasseqaandee 1dduemgft1@crse loﬂsthaﬂwﬁd- by
| i posome 30 nedi ated transduction of Equ V DNA using a chineric
viral vect®eyeduspegsyWhigh aayicgpcidsntadly P@%W& Pérgct%%&hqlﬁﬁfquep?wa

transfect,gn £ e%.llnglet, WRGsEbYa 'X’Qétglcélﬁqle‘ﬁ?elr E)ﬁn' iR bQék%%ﬁl%%ystem based upon
HIV-1 and HIV-2 may be modified such that the vector and helper pair are degenerated for

20  an endogenous retro-element as well. Thus degenerating the nucleotide sequence of either
vector or helper would reduce co-localization of putative recombinants and thus reduce the
risk of generating a replication competent virus between vector and helper genomes or
between vector or helper genomes, and a competing genome such as an endogenous retro-
element .

25 -

In particular, crHIV genomes are introduced into virally infected cells or uninfected
cells. Infected cells supply the crHIV genome with proteins required for encapsidation and
production of progeny virions. crHIV genomes are introduced into uninfected cells
preferably either directly by transduction (e.g., this can be done, for instance, by liposome-

30  mediated transduction of crHIV DNA, or by using a chimeric viral vector), or by infection
of ctHIV particles that result from transfection of wild-type HIV-infected cells. Uninfected
cells containing an improved crHIV vector of the invention do not produce quantities of

crHIV particles that are pathogenic to the host. Some embodiments of crHIV vectors cells
28



cells containing an inproved crHN vector of the invention do not produce
quantities of crH YV particles that are pathogenic to the host. Sone
enbodi mentyo @l iEdll V vectors cells 28 WO 02/ 078631 PCT/ USOBEP93¢Bnes5k0t
superinfected with wt-H'V will produce sonme crH V particles, but at |evels
that are not pathogenic to the host. Cells containing any vector of the
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a singl e typerfdOfcanepsiec Suchn,vector providep h 8ouroe nfteingsf for spké that boarrdundiof ar e
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cell infected wth the conditionally replicating ctor. Wld-type viral
gene pr oduetentrantomshe wpegioise suahats those yseéslwish stanfard packagwigtdelldings, ladd t ype

viral strai,n or.a CDNA or.provirus.of ..a RNA virus bu sQ. by s | yi ng
Uhem t o a it PSKEB RNy Ao oRHpar Fryie: wmblthuetits Sridisttettil,
vector, e.afh githdr HRhARIen®IPEIRSSAppHSRETat bibloBRRPREPOn8E or b PhdBEee s BE ") |
that is capable of inparting on a host cell ‘transcription or translation of
the sequefeds (regulatory or structural), or, alternatively, the gene
prodqus can be supplied exogenously, i.e., by adding the protein products
to thé“cell. 25 For exanple, a crHV vector nay be constructed that

contains all thedgied ed.8std faoiitatiseloftti@eeditr\n ®KLHPIild-aype Vitdl gereprpdiects t he
Tat codi ng sequence. Instead of using a hel per _expression construct that

expr esses SFabe co-Repprigd thp selbinfeqtedwith thepanditignally egligaling veetope WVild-tyre
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is no theore possi bili gene ing a w us sl nce no
nucl ei ¢ adorh aBNAssTgesviarsedf a RNA virus), but also by supplying them to a cell in the form of

20 their genes subcloned in an expression vector, €.g., a helper expression vector ("helper" or
“helper vector”), that is capable of imparting on a host cell transcription or translation of
the sequences (regulatory or structural), or, alternatively, the gene products can be supplied

exogenously, i.e., by adding the protein products to the cell.

25 For example, a ctHIV vector may be constructed that contains all the proteins from
wild-type HIV except for, for example, the Tat coding sequence. Instead of using a helper
expression construct that expresses Tat, the Tat protein itself could be used as a helper.

The advantage of using the protein instead of a helper construct is that there is no
theoretical possibility of generating a wild-type virus since no nucleic acid sequences are

30  present for recombination. Thus, the ctHIV can be propagated by using the Tat protein and
not by a helper nucleic acid construct per se. Tat 1 or Tat 2 (corresponding to the first, or
the first and second exons of Tat, respectively) may be used as the helper. Methods to

produce and purify such proteins are well known in the art.
29



30 present for reconbination. Thus, the crH V can be propagated by using
the Tat protein and not by a hel per nucleic acid construct per se. Tat 1
or Tat 2 (g@usempsnding to the first, or the first and sepgpgisf@as Of
Tat, respectively) nmay be used as the hel per. Methods to produce and
purify such proteins are well known in the art. 29 WD 02/ 078631

PCT/ US02/ 09526 I n one preferred enbodinent, a chinmeric Tat protein is
used. Tat has be made into a fusion protein (e.g. Tat-VP 16) and shown to
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vector, " iAnStifFprefeSdddimBiimBe iS 8 Mat-RBE GishdrCproteil@ins&ét] or 2htivp eIV T4- and
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replicati Rgv fusipmprojeintevder eemmedThaebdra thiabove Hescapiion efelmerie dat i nuous
replicati f . £ L ' i vir - hel per
"ok of 3L BiBhe R LA UEALNoR SPGBk SRRl RGP P
replicati grotbiyis @irbfinghGholgbeuswe tictrologousiital filsn\yrekedspmapulkt be asddihs ar e
preferably used jn  a transient transfection system Alternatively, the
gene pr odﬁ&@vﬁﬁvnéieﬁﬁldé‘égPﬁ’ﬁl’éﬁﬁﬁﬁ%’iﬂ’dtﬁlﬂ?ﬁc%lﬁéé(jtenorre of the host cell or
cell line. According to the invention, a single vector or plasmd (which
may be nono-, bi-, or nulti-cistronic in a host cell) is preferable due to
t he i ncreased Wiletaspedtitd thes'helpsuvdctorg ifsregpretdien eamhisneeticspbdikie br hatedllof

co-trapsfecti, t he hel per . . . .. o
%8 specﬁl{'cg andhlt can bep mtroduced into a host cell in concert with a conditionally replicating

viral vector as defined herein and, thereby, enable continuous replication of the

conditionally replicating viral vector.

The “helper vectors” of the invention can supply the necessary gene products for

25  replication by either a single vector or multiple vectors. Such vectors are preferably used in
a transient transfection system. Alternatively, the gene products may also be integrated
into the genome of the host cell or cell line. According to the invention, a single vector or
plasmid (which may be mono-, bi-, or multi-cistronic in a host cell) is preferable due to the
increased vector titers resulting from the enhanced likelihood of co-transfecting the helper

30  vector and conditionally replicating vector into the same cell. The reduced likelihood of
simultaneously transfecting more than two different vectors into the same cell makes the
use of a single helper vector more desirable. Decreasing the number of vectors or plasmids

involved in a transfection system is also cost-efficient as fewer plasmids must be produced
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30 vector and conditionally replicating vector into the sane cell. The
reduced |ikelihood of sinmultaneously transfecting nore than two different
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resulting in sel ective packaging of crHV RNA into progeny virions. If

HI V-i nf ecﬁ@@a@épféna}l'@mﬁmp@g?mhat ed, the crHV DNA will reside in them
until they becone activated (e.g., through stinmulation by mtogens,
antigens, and the like), 20 resulting again in selective packaging of crHV
RNA into progegsivabiy,ahs typBobficedls tha airebe transfectmintansduted) with crHBVtIBNAcel | s

that are transfected with crH'V. DNA wi Il not uce. .virions until they
becone sufier q:m lposertenP 1y Withg2 hyipelogoys &?raoratetmaﬁfgtaefémﬁw%w% % i on,
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25 One enbodi nent of ost cell transduced a vector of the invention
i's wher e  atthatalgiriunectivatidn dr theg amaaqtmamd rthcmmll mﬁmV@ettebﬂrmmﬂmWﬂMxPel S not

f per _the host t
Sh el | B nd By BN Tl 0 a8teelfy pacRiaieBt BV ANA RA PG 'Y
wher e theyGRink. FHTI\ﬂJirﬁ'éct&l céli%aa?é n@NRLFARY, 18 crH19 YRALWILL re§Ilé in tBERfBERD! Y

cont ai ns the m ni mum nunber vect or COpI es required for generating the
they become activated (e.g., through stimulation by mitogens, antigens, and the like),

20  resulting agaln in selective packaging of crHIV RNA into progeny virions. Both activated
and unactivated uninfected cells that are transfected with crHIV DNA will not produce
virions until they become superinfected with wild-type HIV and activated by stimulation,

resulting again in selective packaging of crHIV RNA into progeny virions.

25 One embodiment of a host cell transduced with a vector of the invention is where
the cell contains the maximum number of vector copies that is not significantly toxic to
either the host cell or host organism containing the cell. Another embodiment of a host cell
transduced with a vector is where the cell contains at least one copy of the vector, but
preferably contains the minimum number of vector copies required for generating the

30  biological effect. The copy number in a cell can be determined by, for example, TagMan
PCR, and the acceptable copy number or range of copy numbers, appropriate for both the
desired biological effect and the lack of toxicity can be easily determined by those skilled

in the art. The acceptable copy number will vary depending upon factors including the cell
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30 biological effect. The copy nunber in a cell can be determ ned by, for
exanpl e, TagMan PCR, and the acceptabl e copy nunber or range of copy

nunbers, 3apgoHopskste for both the desired biol ogical effepET,%gglz/@,Q% | ack
of toxicity can be easily determ ned by those skilled in the art. The

accept abl e copy nunber will vary dependi ng upon factors including the cell
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resulting crH V virions can infect uninfected cells because the viral

particdes cont giperinfection\vEcsls dontisias IS Beritbl 8 €l € as Whdsah ofitrhndfbcion
particles carry so that they can create a DNA provirus fromtheir genomc

RNA. Thi soninfystigakessursshesansesti e garoseestdoios engade ivaal profrans thatilagkyi v i ons

i nfect uninf I . TN

produce a oo et Fusfias bR, UG BRVShi AR ThIGpLIAIARE
equi val enteltsthecigsehdvirdl fpatickd coslalisthe haterserteansdripgasenyolecide sehtickeall IV h
crH V DNA. They cannotmfroduce crH \V_particles_untjl these | s. becone
super i nf etdigles cargy s that they comerepiew N4 mewgweirom thejhggmig -oh¥& agai n,

sel ectpve I i ! i
coser b o PREFSIOLNGdYovirtd ol oty ORI SRbhe i EbARRGEN L, oy bn

al ready i nhdsrgerevaise trabbcviptisrend progiuce ¥ prooiius fomatheir génahic RNAoThps,116,
143- 158 1991): Wnpslow e |., Virol., 19 49- 854 (1993); en.et al.,
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H V-infected cells nust not ‘express proteins that down-regulate 20 _CD4
expr essi owithbeiddtype HIV andtvdchbmp metieated, thea anceihgain, selestive packaging peertiINg

t hese, cel .Activated,. H V-infected cell e al Ly, downr-s egul at

expr o551 of NG PERERDY yirionippad,atieesSBls PatERY Pardorctabid R nRefsomd
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anot her source for crH'V particle production Wth a preferred crH YV vector

accor di ng (Y9 1h:R¥inskpept dleYirol h 896, 849-$54 ¢ b3i Clean & b ldne drcidsdRes.R8d43Yr RNA

25 transchigd i .0ri. mer » kiadin - i i @ne-an i
either | aéééé)é t@g%}.iteaﬁ@%éﬁeéﬁgg’d‘?‘ ﬁ%%‘? %1%& ns 't e('%‘l}%@l%], gti@ﬁ%@@?é%‘c@?&ﬁ%&n’dt h
wi | d- t ype fdiltVis (@ ogeur, thede HIV-2ifvctedeelsanns hodxpeasaprataias ttatddwiseguinees but

they % © %iDt4heexrprensgiton} geaéggscert{lilg%vdill%rrevrég% thte rc?HnIs\l' 3itn%(1j1s from infecting these cells.

Activated, HIV-infected cells generally down-regulate CD4 expression. Accordingly,
HIV-infected cells that are not activated are potentially susceptible to crHIV superinfection
and, thus, could be another source for crHIV particle production With a preferred crHIV
vector according to the invention, the vector comprises sequences required for RNA

25  transcription, tRNA primer binding, dimerization and packaging, and either lacks
sequences encoding proteins that block superinfection with wild-type HIV (e.g., nef or env
proteins) or comprises such sequences but they are either not transcribed or not translated
into functional protein, such that their expression is deemed "silent." Even more
preferably, the vector lacks the region or sequences coding the region of wild-type HIV

30 from within the gag coding sequence to and including the nef gene. Optimally, however,

the vector does comprise the rev responsive element (RRE), which is cloned into the vector

in the region of the deletion or some other convenient region. Such a preferred HIV vector
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into functional protein, such that their expression is deened "silent."
Even nore preferably, the vector |acks the region or sequences coding the
regi on of W\%bgmmﬂe HV 30 fromw thin the gag codi ng seqpepgRedsand
including the nef gene. Optimally, however, the vector does conprise the
rev responsive elenent (RRE), which is cloned into the vector 1in the
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hel per vector construct “nmay include both the gag/pol and env sequences,

i ncl udi ng ghratsarcotssgyfer sregesshid packeging ang repligetion may boththedhcagporatedierthére set
of transcriptional requlator .e ts,..including the ronoter,. or under
Che. cont r G o1 BapaERt ob P8 R EHORRB AR P S o IR v ARAES e used
t 0 expr essndi@idgalPf ekt 5nofle bhéhch §eétef. SFidthekMere, AviRBle Rlber ToRotods®iict
different pronoters, including inducible pronoters, permts the

possi bi | i myayghclade bethdhe gag/pal endiFak sastencss, ingladigg detsenlogavg cayiveqienessnces,
for exanp N _Se i e env
sequotser "ot e Skl SR SheRrEE EnBARRR! Sl el ChBh g g OOV

| evel s. Vegtdstet; 0 Ghddithd eniro$ ofibhratdirvmmoted clentmes. Tor kk&dple ant IVER aidy.
These techniques can be used to construct both the conditionall

repl i cati B§ustiosKPEsS LR IAdIchEn heredsrs Ofﬂﬁépvenzsp-aghﬁgwfmff@%ﬁt the
term "vec P&ﬁot&%”inrcﬁfd%{ ihﬁu&&*e{isr&ﬁ&%{y LiR&She ibﬁl?tg%ghiffererﬁﬁ?re%gfaﬁbﬂ ector
enconpasses any Len VIl Vector Wi thbut necessari erng a cofditionally
replicati ofitheagifol aisliely sequémes fomaxaalpdon TDesy tikeny eejuencea sspgeialiy ac

Lentiyjral vegtors. In
Xb heterologous env sequence, such as VSV-G envelope sequence, may be expressed at

greater levels.

Vector construction is well-known to those skilled in the art. These techniques can
be used to construct both the conditionally replicating vector and the helper vector. Thus,
25  asused herein, the term “vector” can refer to both vector types. Additionally, the term
vector encompasses any Lentiviral vector without necessarily being a conditionally
replicating vector. Such vectors may also be referred to as generic Lentiviral vectors. In
preferred embodiments of the invention, however, the vector is a conditionally replicating
Lentiviral vector. For instance, and as described in Example 1, the DNA manifestation of a
30 RNA virus, such as HIV, is cleaved using restriction enzymes to excise HIV encoding
sequences from within the gag coding region to within the U3 region, following the nef
gene. A cloning cassette comprised of a polylinker containing multiple réstriction sites is

inserted into the region of the deletion prior to ligation to provide convenient restriction
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preferred enbodi nents of the invention, however, the vector is a
conditionally replicating Lentiviral vector. For instance, and as

descri bed woobsaepl € 1, the DNA manifestation of a 30 RNA pttuSey®esh as
H'V, is cleaved using restriction enzynes to excise H 'V encodi ng sequences
fromwithin the gag coding region to wthin the U3 region, follow ng the
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truncat ed ygaehd Vs ‘éﬁ)r@&s, vl th PR aRAloa P PRAME Snasiiubllad HRGaSAGnMIRIei N, Or
any other wild-type H'V proteins. Mreover, it is not necessary that the

vect or 5 ex prigaitoneseguench ean bemutatesttogqueyept Bs winslativasnuch as the gag -
translation 5 initiation sequence can be nutated to prevent its
transl ation. Using the same approach, the crH V sequences can be |inked to

ot her sequencegJsingSte BarAS apfiO&®, the BHIWV EdtficAes @hMBE L@@l t6lothek SeiBhidede a
chinmeric vector as described above. For 1nstance, the crH V sequences can

be | i gat educhmusithesseofafvis aripihsr vectarsto denive aghisnasig vegtor apdesegb er 8P c
retroviru f ew, i 1 [, viral i . sed
ol ude + isieBATE gty Ralies ERUCMANR 10 WG:R0r SEABEIRES, HRYCHaTBYARE oF

i ncl udd ng ampotydpic getrovitas toCimdeutused. tAaldiiond] weal kequededsiwidely mal b eedcr HN
sequences. Such a chineric_vector can be introduced into the cell either
usi ng t he isdijedhorscivarpes; Bomand iaother Vispsee degeribpd hgreing mclpding any virus
receptor - @f?a%ﬁ-fﬁé’?s%ﬁ‘?gpﬁv?&é for &@ veRAGIRY LIHS) seQheRel C6udFEAd mefic Jector

| i posones. referably, according to the invention, a vector %I .e., a
condi t i onahn e ingpldicaltintoghe véll either haihg fresfomjodiddyvifus's anechbfiisn Vexodetirentry

conprises at | east one. nucleic acid sequence, the possession (i.e.,
presence, (t-BaffSERtPpTIe wt%renﬁP%gﬁlafqr&ﬁ%oafm@rﬂra% $$-Sr OPERES- ve
advanfage. There are two types of such nucleic acid sequences contenpl ated

for inclusion 20 in the vector: (1) a nucleic acid sequence, the possession
of whi ch opti mRrd¢fgrablynfenosding tasthk antention, adweator figge,  emditionally repptdtmat i on and

spread to_a vector .c [isi uch a sequenc ver a.wld-type strain of
e (i oot BRLRerS R et ieloantiEnatent it nicte nbd BERF e ©
derived, 2boske¥¥diLh.cdPesem@! ra@OBpliGEor thdshEaEITGMich 8itfers A)scRctivc! ei ¢ aci d
sequence, the possession of which optimally confers a sel ective advantage

to cel |l s pfvantaged Thiererara testypes obyuch anpleicsiciiperiencerennieoplaigd fergnplasied with
cel | 526 nf g {h%qr’ect%: ('1'515 H&cﬁ&% %gi’d s\é“(-]ﬁerﬁca tﬁ\é Il)gs'session of which optimally confers a
selective advantage for viral replication and spread to a vector comprising such a sequence
over a wild-type strain of virus (i.e., preferably, a wild-type strain from which the vector
was derived, and which does not comprise the sequence), and (2) a nucleic acid sequence,
the possession of which optimally confers a selective advantage to cells infected with a
25  vector comprising the sequence as compared with cells infected, or uninfected, with a wild-
type strain of virus (i.e., preferably, a wild-type strain from which the vector was derived
(and also, for example, a helper-expression vector that promotes vector replication and/or
function in an uninfected host cell), and which does not comprise the sequence) by, for
example, promoting cell survival, promoting vector particle production and/or propagation,
30  promoting the production of ctHIV vector virions from crHIV vector-producing cells,
inducing apoptosis, facilitating protein production or promoting immunological function or
targeting, so as to achieve a desired prophylactic, therapeutic or biological outcome. Each

of these sequences, or a plurality of each of these sequences, i.e., a sequence that alone or
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type strain of virus (i.e., preferably, a wld-type strain fromwhich the
vector was derived (and also, for exanple, a hel per-expression vector that
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protei n aod witdeyter(ivt) CERS@eN emtfac@emp&sﬁbmnml@ nidyebecdiel to sher dhilitg ofth'Ht&BZABZ
al | el e contains _a deletion of 32 nucleotides which causes a franeshjft
mut at 16n eHele & dimerizg vthy the e Rretein eokprayent it gorres) sxpeessioponithe srlkbsurisee-gi ves
rise to 31 amno acids in the Cterm nus of the A32 allele which are not
present in the wt protein and may 20 generate an undesirabl e i nmune
response if prahemsediiok cohirsel deldishfod 62 nutleetidusestci causesefitmeshift ncl udes
the expression of a truncated CCR5A32 nutant protein (CCR5A32T) that | acks
the pot enm‘aqtuo;l ta mgsudfdn pérumgatedCh&E Squpigin. Sirm%thpsrtm@a%owwenseé@ Sl pmipg
ability t e nt rW’ceE Qb ction
”tfh Pen%{n?ﬁ%%'ﬁ@/_@z el ﬁ’%ﬁ eno? &%%ﬂgggf Oﬁ‘?xgi

agai nst HESIY it et on Sequence encod genher at ed
by ingpod lg@mdifg:e an $hEsiaBRGMmune response if presented on the cell surface, the present

invention includes the expression of a truncated CCR5A32 mutant protein (CCR5A32T)

that lacks the potentially antigenic 31 amino acids. This protein would retain its ability to
confer a transdominant effect to provide cells with protection against HIV infection. The
sequence encoding CCR5A32T is readily generated by introducing a stop codon

25 immediately after the last amino acid common to both wt CCR5 and CCR5A32 (after the
tyrosine at position 184).

In a further embodiment, another third type of nucleic acid sequence is one that
further enhances the conferred phenotype of diminishing, minimizing or preventing viral
30 infection. Such anucleic acid sequence can encode for a genetic antiviral that is, for
example, targeted to a cellular gene. For example, the vector could express the above

CCR5A32T mutant protein and in addition express antisense or ribozyme molecules, from
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25 immedi ately after the last amno acid common to both wt CCR5 and CCR5A32
(after the tyrosine at position 184). In a further enbodi nent, another
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degenerating the gene in the targeted sites to deter ribozynme or 10
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that can mnimze virus repljcation. Another non limting exanple for
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Myel ogenous Leukem a.” A vector construct containing the Bcr Abl gene, or
bot h, coulvduexgpliestmont Hasghgewedinsiting Iexzmpie dierl tiaempclmctatpphwmnesﬁlﬁ dargetingan

ti 15 ri boz t ha t.e along.the Bc
Cranscr: pOt e ABTOPRE PO eSSty P B stoR ofeléimayieh BiEE PiqIPEinaers e
destroyed omm@M;Féﬁ)g&ﬁéaste&eﬁn@ r A ABktor &nskBdthontdBithEithe Ber %%Rb?lgg?doﬂ 0

relieve the abnormal” defect. Thus, the Bcr or Able genes woul
sel ect i ve bathy amlégeplfeeﬂrthammes witmoevlerrmtm@emmsaﬂgfpef ar anbiBETISE mal

Bcr usi on ferre ect h Abl

const Rict "FPEAre AR s wapRE B AFEE B SR o RBE T R S o B e
or anti sermee AW BlstbrPRarR¥ &ﬁd bk ﬂemdyla@ wiile BicOmazive Ber anAbL 0nbatheguldi t hi n
Ul snRNA sequences The above Bcr-Abl exanple does not limt the invention

to targeti ﬁgxbfﬁésﬁéé%@leve thecrbpermpd detech el lﬁ’év‘ih@)@f PbAbKeZeaRs VPEd ke he art
that this gppraagh.qo g(ﬂ for A gﬁﬁ@%m&%eﬁle%ﬁf %@8 g} bﬁno?‘félapﬁ&pﬂw #3Sibh Gene.

substitution of any nor mal ~gene esire
A preferred vector would express the Ber and/ or Abl construct from thelr native promoters,

20  while the anti-Bcr-Abl ribozymes or antisense would be expressed from the Ul promoter

and contained within Ul snRNA sequences.

The above Ber-Abl example does not limit the invention to targeting oncogenes,

and it would be obvious to one skilled in the art that this approach could be used for

25  therapeutic or prophylactic substitution of any expressed abnormal gene, undesired gene, or
even a desired gene(s) of interest. The target gene can be homologous or heterologous to
the modified gene that is resistant to the effects of the genetic antiviral molecule. Other
disease states that can be targeted by this method would be obvious to those skilled in the
medical and clinical arts. For example, molecular targets for treating blood diseases by

30 practice of the invention disclosed herein are described in “The molecular basis of blood

diseases” (by Stamatoyannopoulos, Majerus, Perlmutter & Varmus, 3rd Ed., Philadelphia:
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even a desired gene(s) of interest. The target gene can be honol ogous or
het erol ogous to the nodified gene that is resistant to the effects of the

genetic aRrypVhhmkzml ecule. Qther disease states that canP@@Ug@{/@gQ@d by
this method woul d be obvious to those skilled in the nedical and clinical
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Var nus, 3pdrdfrencdyhi | adel phia: 36 WO 02/ 078631 PCT US02/ 09526 WB Saun ers
&FBk: hi | adel phi / / / d

Co., copyrighted 1987, 1994 and 2001, all of which are hereby incorporated
by reference). Nor should the invention be |[imted to clinical

appl i cati ons. yfg? Fl?ﬂqggri ﬁ%ﬁﬁv%gi?ég 2))% élﬁngtéget‘g cﬁﬁcﬁ%&;ﬁﬁéﬁh@ﬁs tRg %p'ﬂp&{cer lhybe
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nodi fi®d usedao dewBhihetth@func8or06f 4 gérerseqiienaayf inesrmt nEdnt axaapls b genexpr essed
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unnodi f i e8eqYERGE éﬁ@éﬁ%@oﬁlﬁeﬁiéﬁ@éﬁ’mﬁﬁ thatds QBW%%HF?HM?@HHW%’SP‘ﬁ%d regi on.
Thus, the s%le& \N%ﬂ 2&%“3&%@9 HEAGSZyRle th{&tlﬁﬁlﬁﬁ oy\@ééﬁg%?%f oﬁ%&' ive

advant age )for anpl i fi expressi on over the unno gene sequence
per m t ti ngnoedificdigamt scqnemde Hyhagbﬁnng:thie(anrresfpondmg unnoidffieddegiemeThegjtience or

its encoded ne product by assa |n th nucl ei c
acid" is 99 %ﬁt‘é\ﬂe@a§¢<g}leae“s<¢frlpﬁée&¥vvﬂuld§@8?éﬁee%v éampﬁfifﬁrt. cul ar

15 coppr i %}@;ﬁ‘eéﬂ}ﬁ Sl ﬁleq{ 0o AHRRAE, ﬁ)bnﬁlttlngm&rﬁﬂn%)of afe MALiRAtdrAl 1y

any size (i.e., limted, of colUrse, by any packaging constraints inposed
by the Vedtedn()dlﬁetﬁlgeImEQMB onitpncodhd gtnequndet by assy praseilures kapraningdge, ' as
further defined herein. -A "gene" is any nucleic acid sequence coding for
a protei n®r a nascent mRNA nol ecul e (regardl ess of whether the sequence
is transcri bed and/or translated). \Wereas a gene corrpri ses codi ng
sequences as 20 wel | as noncodi ng sequences ge g.,. %ul atory sequences), a
" codi ng sequenée’nudl%saqild)"tls ap pravieyelydeseriscodnmgcipraid sequange iaipertisslag

seavenge, ch6RasRERShel Sl Al Col LOmA SSUKS LY AAYLAgEAL N @ hos

cel l ave a S quence over arn ’of

virus or #nfiR@p&idontse, Bpagepuekhiding eisanines inpked®yrihe vettod) fhepessessiaf s ct
vector anplification. A nucleic acid sequence, which confers a selectjve

advant age “héchcopies a selpetive adyantage as fur@%@e fepegiherrin. b c2e8e T iRy JRClgiciagl
pref er abl ¥edu%n@er%dﬁ‘f\gqf6?g$?ot&gaotr aHa b P mIN Rl Rt (?ég%?dless of whether the

sequence is transcribed and/or translated). Whereas a gene comprises coding sequences as
20  well as noncoding sequences (e.g., regulatory sequences), a "coding sequence” does not

include any noncoding DNA.

1. Nucleic acid sequence, the possession of which confers a selective advantage in a host
cell to a vector comprising such a sequence over a wild-type strain of virus or a competing

25  genomic sequence that would interfere or affect vector amplification.

A nucleic acid sequence, which confers a selective advantage to a vector in a host
cell over a wild-type strain of virus, preferably is any sequence that allows viral particles
propagated from the vector to be selectively produced or packaged as compared with viral

30 particles propagated from the wild-type virus. Such sequences include, but are not limited
to, a sequence that results in an increase in the number of vector genomes produced
intracellularly as compared with wild-type genomes, and an antiviral nucleic acid sequence.

Such sequences also include, but are not limited to, a sequence that results in an increase in
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propagated fromthe vector to be selectively produced or packaged as
conpared with viral 30 particles propagated fromthe wild-type virus. Such
sequences yW§ehhbgs but are not limted to, a sequence thap f@gw/@gzd n an
i ncrease in the nunber of vector genomes produced intracelful arly as
conpared with wild-type genones, and an antiviral nucleic acid sequence.
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function in either orientation, and over distances of to several

ki | obase pwichiskek br)ythrexﬂelnsulatomlampots@nh@ncem)duﬁfér ﬁem@UA—@ndmgtsrtmn bed
Al di b t I
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that the VWg6moterickniBits?) IthMMBANMRTs daf fafdtioniin ethdrQkieht@tion, Raad ovér t he
wild-type HV strain. For instance, a nodified H 'V 20 pronoter is avail able

that denpfistaneeseef uprie sevesddilobasspels fet) ovvan figm f pegition fowmsirepmes énce of

i nterleuk Joration of this prompter into a vector and
i nt rodﬁctjltr%?f%%?é%g{ vector into wild-type, H V-infected cells preferably

results in increased production and packaging of progeny virions fromthe
vect or genone as cqppared with the wild-ty H V genone.. O her cytki.nes
and/ or chenoki A@goré@ggv and geaferably t,he BERSfBE Ferg-,nth@ galgttsrmmﬁltrépffaéﬂoﬁllﬁwé ha,

25 t unor Q@&{d}ﬁéﬁll&@%ﬁfaﬁﬁ%l fgve ﬁﬁmlﬁ ShcdhBatl th&Gaetct Hgi g{/ SRIvebe

enpl oyed to pronot el ec ackagi ng o virions enco e vect or.
The pl ac et«mu'tamf cybdlanesrthan tshila witddgpe HIV strlil- FdiRnstasg@) amodasﬁd:dd{]i\g/t oki nes by
no rre?d‘u S ;rn%%{ortel:rclg gvaﬁﬂl%les gtpdeem%];lst}aqgs fngrveggetdl t?arlllscnptlonal activity in the presence of
interleukin-2. Incorporation of this promoter into a vector and introduction of the vector
into wild-type, HIV-infected cells preferably results in increased production and packaging
of progeny virions from the vector genome as compared with the wild-type HIV genome.
Other cytokines and/or chemokines (e.g., including, but not limited to, interferon-alpha,
25  tumor necrosis factor-alpha., RANTES, and the like) similarly can be employed to promote
selective packaging of virions encoded by the vector. The placement of elements that make
the HIV-LTR responsive to cytokines by no means restricts the scope of the invention to
such embodiments. Any nucleotide sequence may be inserted into the HIV-LTR to modify
the responsiveness of this promoter. A list of factors that bind to DNA sites that could be
30  inserted in the HIV-LTR may be found at
http://transfac.gbf.de/TRANSFAC/lists/browse.html, accessed on September 8, 2000,
which is hereby incorporated by reference as if fully set forth. The listing of DNA binding

factors for Homo sapiens
38
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cerd sequitidierbutipls B s hluPel ol et gl oo SR U s ar ¢
cat egor i zZ@getbyardae hel@”@ﬂﬁlrﬁlfg tﬁ@bto@@ss of vBetor proliktidn0r s of reverse
transcriptase, conpetitors viral entry into cells, vaccines, protease
i nhibitors, and genetic antivirals. "Genetic 20 anti vi r al agents" are DNA
or mol ecul fer

i nt ng@%I | ul ar @Fé&?’tgdg ?ﬁwﬁg% n% chaéf&]geglugﬁée tﬁat%{a Hgg‘%ce (“it%’??g&alﬁtﬁ?l arly

or after ukettor cmﬁnmrgsh@sbqhen@latshempamvﬁth pwiltaipe s(tfaavoe\rm ihglud¥spaaid i C
et al. (1994), supra). A genetic antiviral,K seguence alsg exn i e? preferred
nucl ei ¢ a®f e@@qtu@%ré%améé%{epee,amamwlraému%}@wpgd seARedchd e riyiral aeenth ire
limted t |

toxi ne. moteP bea BN RIGEr U SRion b RS of PR R Rlsg ol oy
or in di r eirtl enrySooi cetls Oﬁacmned’lpi‘dteaswﬁrﬁn‘tﬁREs and Gtetel antreinsls.) |'Gemstionogens,

&8 ee ar%t?\g}r?arl gge?ntts"aa{re DNA or RNA molecules that are transferred into cells and affect their

intracellular targets either directly (i.e., as introduced intracellularly) or after their
conversion to either RNA or protein (reviewed by Dropulic et al. (1994), supra). A genetic
antiviral sequence also is a preferred nucleic acid sequence. Genetic antiviral agents
include, but are not limited to, antisense molecules, RNA decoys, transdominant mutants,

25  toxins, modifiers and modulators of RNA and protein splicing, EGS (solely or in direct
association with M1, Ul; PRE or CTE elements), immunogens, RNAi (see Zamore et al.
Cell 101:25-33, 2000), nucleotide sequences or molecules that modify or modulate
splicing, constitutive transport elements (CTE), nuclear import and export factors, DNA
integration factors, RNA stabilizing or destabilizing elements, post-transcriptional

30 regulatory elements (PRE), proteins that interfere with virus replication, interferons, toxins,
immunogens (defined by any gene that is immunologically related), antibodies (whole
antibodies, single-chain antibody or ligand display molecules), ribozymes, or any element

that affects any aspect of vector or wild-type virus replication. and ribozymes. Desirably, a
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ocard ot kst 3p RRGRRNs fl i8cERHE it GRIPE peRREL HENuL T T8 L T
geneti c apsovyUeahRagents are linked in tandem An additional genetic
antiviral agent enbodinment for use in the invention is any that |links two
different types of geneti c antiviral agents. 25 An "antisense nol ecule” is
a mol ecul e t,r,]aAbs : Eg@ﬁérc anBPFEh 00 iDA5ERRIEd B% di s&\#%@%r mﬂ%ﬁt eof%¥ idn@pi ity
of basepair "wo 81 short se&man of a gene se ex sion s to
present in either a vector or helper sequence. Two or more agents may be simultaneously

g

20 present in a vector or helper construct, either distally located or preferably linked in
tandem. Preferably two or more different genetic antiviral agents are linked in tandem. An
additional genetic antiviral agent embodiment for use in the invention is any that links two

different types of genetic antiviral agents.

25 An "antisense molecule" is a molecule that “mirrors,” based on basepairing rules
and the availability of basepair “wobble,” a short segment of a gene whose expression is to
be blocked. An antisense molecule directed against HIV hybridizes to wild-type HIV
RNA, allowing its preferential degradation by cellular nucleases. Antisense molecules
preferably are DNA oligonucleotides, desirably of about 20 to about 200 base pairs in

30  length, preferably about 20 to about 50 base pairs in length, and, optimally, less than 25
base pairs in length. An antisense molecule can be expressed from crHIV RNA that
preferentially binds to genomic wild-type RNA, thereby providing the ctHIV RNA with a

selective advantage for packaging into progeny virions.
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be bl ocked. An antisense nol ecule directed against HV hybridizes to
wld-type HV RNA, allowing its preferential degradation by cellular

nucl eases.whsimgsse nolecules preferably are DNA ol i gonugleRkhHRS26
desirably of about 20 to about 200 base pairs in 30 length, preferably
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crH'V RNA wi t h Aaitisg@Bb edlécttesasdpRidedde vEasrs pa RN prgforatlp aferad gam20iasésons.
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with ot he&raﬁﬁ{ellrie% A ndcagd &ﬁ and é)g?}éése&' ﬂkél Qlya ”ﬁnﬁlaﬂ | 3 By cBNA

from 25 the nuc ustot e cytoplasm |ngtot RRE( hi ghly
st r uct ur ednaids-aay tntigenR_tAface protein (1nc1ud1ng those that are class-restricted) or display-like

20  antibody, which facilitates vector and/or host cell selection. In a preferred vector, the
nucleic acid sequence comprises a scAb encoding sequence that binds to wild-type HIV
Rev protein. This preferably prevents maturation of Rev protein by resulting in its
withholding in the endoplasmic reticulum. Specifically, Rev proteins, alone or in
combination with other cellular factors, export unspliced and singly spliced HIV RNA from

25  the nucleus to the cytoplasm by binding to the RRE (the highly structured cis-acting RNA
target sequence for Rev, termed Rev responsive element) and then oligomerizing to
surround the HTV RNA. HIV RNAs that are complexed with Rev are exported into the
cytoplasm and bypass the cell's splicing machinery. Thus, if wild-type Rev does not bind
to the wild-type RRE, then wild-type HIV RNAs are not exported into the cytoplasm, and

30  are not encapsidated into progeny virions.

Optimally, the vector containing the scAb nucleic acid sequence further comprises a

modified RRE sequence, and encodes a mutated Rev protein that recognizes the modified,
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target sequence for Rev, terned Rev responsive el enent) and then
oligonerizing to surround the HV RNA. HV RNAs that are conplexed with

Rev are expghiffsinto the cytoplasm and bypass the cell' spsphksi ¥
machi nery. Thus, if wild-type Rev does not bind to the wild-type RRE, then

w |l d-type HV RNAs are not exported into the cytoplasm and 30 are not

encapsi dated into eny L\ i ons. ti I the vegtor tai ning the
scAb nucl 8 Oégl?edwg(i' gnggﬁf érg f%@?g%ﬁ%?&s‘ge h%umrﬁ%gﬁgit%pcf %ﬁga%degﬁeen%re, and
encodes ac&ﬁcg}?%%%ﬂﬁ%\éAB matRichcidequéReotiBiveasr plderemaill ieshckagtl MO

02/ 078631 P 2/ 09526 but not the wild-type, RRE. Accordingly, in cells
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interactions that affect 5 encapsidation of viral RNA) are the targets of
the scAb. A "ribozyne" is an antisense nolecule with catalytic activity,

i.e., instead qfw.bipdin : Lnbhl it QN T s bind
RNA and effect Sz&sir%bg)-& pgcgfalﬁ cl}lﬁt l%ﬁlgeaf\?gigggmgwlt %étﬂgg%&mﬁﬁ% 1%1%8%&35‘19
Gener al | y biridiey RNAr andfishibiting hanylato ribopgnes biad RNATetnd efffigotrsiteaspgedicp |

i nterveni ng sequence, E xternal gqui de, sequence), and the ha r head
and a1 pF TG feioun oS SeTerh « Fateing S G i P e Srug S aRF ot 1 n
ot her 10 RNA Bl R6dHa €S oupPt Gtervdd@RAchhérRe I8GS Qeﬁeﬁap%ggsiseﬁuwgaﬁa tR\As in

fungal m tochondri a. preferred ribozyne is a ri yme in which the
cat al yt i chaomeihead laedbigspin ridozyisesn Hovewern additivokl catalvienmetifsweltsorexist impthain be

I | i.e., G, A .. Q). H it . A, C u.
rovever, - Ik fatieufEs « ol e Vit oo iy a8 AS i RERIRISRORY ™ by such
ribozymes is a QUC site, preferably the NUH sequence conprises a GQUC site.

Desirably, such a ribozyme cleaves in a region of a wil|d-type strain of
virus or its 2oprefesredaibopymse isnmiberye inathieh thgvatalytic domaii deavss ad'-vect or
or itsctranscrtpt The ri e i Of~ | I in
the sihse bR BSHEC Grdiod HiBn aF bEAUE I SIRICSHE R oGy Ay bERR M EF L
previ ous| Ye drb&Eaned oBY. Hbeavagmasthiicheasitheseiiendexhitdacicavddanoss gficiently
targeted _region, i.e., preferably a region of the virus that is necessary
for viral bysepuakazyses is PG Hish pr,efqraiéy\%&w equenss SANRHAESE @H Csitet hat
this particular region being targeted (i.e., if 25 present in the vector at
all) is not cleaved by the ribozynme. Optionally, the ribozyme can cleave
the vector, soDesinghlgsuch eaibagemelclesvendn a oegion of awdd+tye drair efpiiused itk or

Pr Opa%l t ?rgns%];‘ipts, but does not cleave in a region of a vector or its transcripts. The ribozyme
cleaves the virus or its transcripts in the sense that such a virus or vector can be either RNA
or DNA, as previously described. By cleavage "in a region" is meant cleavage in a targeted
region, i.e., preferably a region of the virus that is necessary for viral propagation.
Desirably, the vector has been modified so that this particular region being targeted (i.e., if

25  present in the vector at all) is not cleaved by the ribozyme. Optionally, the ribozyme can

cleave the vector, so long as cleavage does not occur in a region required for propagation of

viral, e.g., crHIV particles.

Optimally, the ribozyme is encoded by a sequence selected from the group
30  consisting of SEQ ID NO:3
(i.e., CACACAACACTGATGAGGCCGAAAGGCCGAAACGGGCACA) and SEQ ID
NO:4 (i.e., ATCTCTAGTCTGATGAGGCCGAAAGGCCGAAACCAGAGTC). Whereas

SEQ ID NO:3 comprises a ribozyme that is targeted to the +115 site (i.e., in terms of the
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viral, e.g., crH YV particles. Optimally, the ribozynme is encoded by a
sequence selected fromthe group 30 consisting of SEQ ID NG 3

(i. CACALOSAMsE S3AT GAGGCCGAAAGGCCGAAACGGGECACA)  and  SEQ | DpeNgsth/dos2e -
ATCTCTAGTCTGATGAGGCCGAAAGGCCGAAACCAGAGTC) Whereas SEQ ID NO 3 conprises a
ri bozynme that is targeted to the +115 site (i.e., in terns of the 42 WO
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contrast, type HV conprises the US sequence encoded by 't he sequence
of SEQ | DNGES (. ¢ (A GTGATCHEIEET CHE ‘ )SEQHRIR

orm of DNR &S e e B ﬁ%ﬁ?é@%ﬁﬁéﬁé@é? get 0

to other Newifns wiichat\lédsfdbneaN s mpditdd, SEQAID NO:B5 ard SEQEDANB: 164 B
enpl oyed, eit her alone or in conbination.” For instance, the ri bozynme can
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W Ehipst h‘?ro{n \%?cﬁlﬁzc%ngl @g& %@NOW §E§aﬁz)eNo°é S‘E’lgg‘gﬁf% ;1]2{ 3h Yhidr £t €1 N,

w t hin” Rev, ssary uences ave been

descri bed leaﬁfcﬁlfee\ﬂ' flahytated, SEQtIDrN OFRid VI MIINQ:pb e In contrast, wild-type HIV
comprises the US sequence encoded by the séquence of SEQ ID NO:1 (i.e,,
GTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATC). The modifications in
toto and comparison to the wild-type U5 sequence (in the form of DNA) are set out in FIG.

20 2.

O

Moreover, other ribozymes targeted to other regions of a viral and, particularly, a
HIV genome can be employed, either alone or in combination. For instance, the ribozyme
can cleave within other RNA sequences needed for viral replication, e.g., within the reverse
25  transcriptase, protease, or transactivator protein, within Rev, or within other necessary
sequences, such as have been described. Preferably, a vector comprises multiple
ribozymes, e.g., targeted to multiple sites. In such cases, the analogous sequences in the
vector are modified by site-directed mutagenesis, or some other means such as is known in
the art, to derive a vector that is resistant to such ribozyme cleavage.
30
When the vector is a human immunodeficiency virus, preferably the vector lacks
the tat gene and its 5' splice site and, in place thereof, comprises a triple anti-Tat ribozyme

cassette, wherein the catalytic domain of each ribozyme of the triple ribozyme cassette
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ri bozymes, e.g., targeted to nultiple sites. In such cases, the anal ogous
sequences in the vector are nodified by site-directed nutagenesis, or sone
ot her neangoaeRRess IS known in the art, to derive a vect peTiuRedooss
resistant to such ribozyme cl eavage. 30 Wen the vector is a human

i mmunodeficiency virus, preferably the vector lacks the tat gene and its
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ri bozypre- yester,ttselé counterpart in the 5 vector, itself. A further
enbodi nent of a ribozynme as a genetic antiviral agent is available in
ri bozynmes that target sequences not only by Watson-Crick base pairing but

al so by G U wabhirePasBodimiehi 6¥0: ritidz@Mie@y $ gohéti S%iviialelioWhilabRtint he G U
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in HV that .aives ri. t Pff nt V.S j Y kOn a
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H V-1 strai BSeodl, %Jﬂ% i [ I.S: [ ighed to
contain a% Eﬁmgn n:g#e% 0 &gﬁﬁ@g%h@gﬁ%g@g& |03%d§tg g?ég}‘é?t%ﬁdg@ga enég@t o
perm t paiprdseny invdntioni Fheexadnipde, a@igldy coterved tangetsiedion.in Tei tst geay, waeckonpar ed
to the use of a "C' in the targeting.sequence_ which woul d. reduce, t he
ability of e %F%B%@%g%taeqw%ﬁrfwb%ﬁwi Oﬁihﬁaﬁr??gn%awmﬁn SCHRCL ) { he

COr r e3pONEIQ, RRSWPiiPAY wEthi c&ﬁﬁ&pﬂ@@q]t%@ﬁnsygﬂhﬂg i riddzy @ tABYIMMANR thhishe IS a

G Awvariation at a target position ri bozyme recognition  significantly
i ncr eases caimbe designedyto obntaimer ‘Fbingtgakef ©FCYT Incthe appmpiiaa targetingrseguesnce to

enmbodi nrent for t.he pr.act.)ce,.of. the disclosed invention i s to use a
1 bozyme. SERbPHERE D RES har Al ot MRt ton ShFBAgr o PAgedE e e
degener at @d:C 3R 1§Otatddfihg bdquieficd WhicR wul®etihoe the BEHEESK the HUEASER: foltalcbethe
vect or. TheNpr esence of “degenerat ed o ) i
HIV-1 strains having an “A” in the corresponding position. This approach of using a “U”
20  anywhere there is a G, A variation at a target position for ribozyme recognition

significantly increases the utility of the ribozymes of the invention.

A further embodiment for the practice of the disclosed invention is to use a

ribozyme cassette (which contains more than one ribozyme linked in tandem) degenerated

25  so that it is not a directly repeated sequence in the vector. The presence of degenerated
sequences prevents the deletion of repeated sequences as observed in retroviral vectors and
other nucleic acids. Therefore, a ribozyme cassette composed of tandemly arranged direct
repeat sequences may be deleted during multiple cycles of replication. Degenerated
ribozyme sequences may be used to overcome this problem because sequences in the

30 catalytic domain of the hammerhead ribozymes molecule, for example, can be substituted
with other nucleotides, based on wobble base pairing, without significant loss of activity.
Mutagenesis of the hammerhead ribozymes has been previously performed and the sites

that can be degenerated determined (Ruffner DE, Stormo GD, Uhlenbeck OC. Sequence
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sequences prevents the deletion of repeated sequences as observed in
retroviral vectors and other nucleic acids. Therefore, a ribozynme cassette
conposed Q{ohapdesd Y arranged direct repeat sequences mayppg A6l RERd
during multiple cycles of replication. Degenerated ribozyne sequences nay
be used to overcone this problem because sequences in the 30 catal ytic

domai n of _the hammer.head ribpz n ule, for.ex l.e. .can
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exanph@_fgk”g§gn&§a§$§%5Qing a selective advantage as well as the

inhibition of an”infectious wildtype virus is with transdom nant gag
sequences that have been shown to inhibit H V-1 replication, possibly by

interfering w capsi ssenbly. .Thus such a .15 sequen i ref.er ably
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sequence. For exanple, a retroviral vector containing-H V-2 gag and pol
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be replic d an ia o ' i s ' HI V-2
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H V-1 infection to block nmobilization of the HIV-1 virus. The retroviral
vect or en&euesmle axeyayrd yactgoronidpmg HVe2 gog pnd peleenesgpey mglvdeder, to

encapsi dat,g, afathin R RV 7 gaé &%u&ﬁ:%? Quch_a vector may be replicated and packaged via

complementation with an appropriate HIV-2 helper vector construct. But after deployment

20  inacell subject to HIV-1 infection, the transdominant gag sequence is available for
expression upon HIV-1 infection to block mobilization of the HIV-1 virus. The retroviral
vector encoded HIV-2 gag and pol genes are still available, however, to encapsidate and

mobilize the vector.

25 2. Nucleic acid sequence, the possession of which confers a selective advantage to cells
infected, or uninfected, with a vector comprising the sequence as compared with cells

infected with a wild-type strain of virus.

A nucleic acid sequence that confers a selective advantage to a cell containing a
30  vector comprising the sequence over a cell containing, or not containing, a wild-type strain
of virus (i.e., that lacks the sequence) preferably is any sequence that allows a cell
containing the vector to survive and propagate viral particles (i.e., ctHIV viral particles) as

compared with a cell containing the wild-type virus, or with a cell absent the nucleic acid
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25 2. Nucl eic acid sequence, the possession of which confers a selective
advantage to cells infected, or uninfected, with a vector conprising the
sequence qﬁoggm@ﬁed with cells infected with a wld- typepéﬁfmgbﬂ)s,g% virus.
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used to protect hematopoi efi ¢ progenitors fromthe toxicity of alkylating

agents. W/l dtype I\/GMI' is inhibited by 06-benzylguanine (BG, which

potenyiates al I " I ant to
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20  agents may be provided to any cell type by the present invention. An example of such a
variant is G156A MGMT.

For example, hematopoietic progenitor cells transduced with such a variant via the

present invention may be selected for upon administration of BG and an O°-guanine

25  methylating or chloroethylating agent. Examples of such methylating agents for use in the
invention include, but are not limited to the clinically relevant temozolomide, nitrosoureas,
tetrazines, triazines, dacabazine, temozolomide, streptozotocin, procarbazine. Examples of
chloroethylating agents include, but are not limited to, BCNU (1,3-bis(2-chloroethyl)-1-
nitrosourea), CCNU (3-cyclohexyl-1-chloroethyl-nitrosourea), ACNU (1-(4-amino-2-

30  methyl-5-pyrimidinyl)methyl-3-(2-chloro)-3-nitrosourea), and MeCCNU (1-(2-
chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea. Preferably, the alkylating agent is
BCNU.
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25 nethylating or chloroethylating agent. Exanples of such nethylating
agents for use in the invention include, but are not limted to the
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di scussi on t ext. of henat Qpoi et En vitro
and ex vi \?8“ @thlpﬁ?ngﬁbg:? t%o neeq @Hmcﬁ‘?llﬁ‘?g bVg ?AJ‘FI’%‘H?E@! %ells in
vivo W t h MMy vari ants, hemat opoietic cells of a subject may be

transduced ex vivo fol | oned by drug treatnent either ex vivo or in vivo.
Such ex vivo treated cells may then be infused into a

20 The above discussion may be viewed in the context of hematopoietic cells in vitro
and ex vivo as well as in vivo. Thus in addition to transducing cells in vivo with MGMT
variants, hematopoietic cells of a subject may be transduced ex vivo followed by drug
treatment either ex vivo or in vivo. Such ex vivo treated cells may then be infused into a
subject, optionally as part of repopulating the bone marrow with transduced cells.

25 |

Before the implementation of the above, the alkylating agent BCNU can also be
used to generally reduce HIV infected CD4+ cells in HIV positive subjects. As stated
above, BCNU (after depletion of endogenous MGMT) forms cytotoxic lesions in both
quiescent and proliferating cells. Such lesions form even without forced depletion of

30 MGMT if the drug dose overwhelms the level of functional AGT protein. Repetitive
systemic treatment with BCNU causes cumulative myelosuppression and pancytopenia.
Among lymphoid cells, CD4+ cells appear to be remarkably sensitive to BCNU. Thus in

retroviral infected subjects, such as HIV infected patients, BCNU admjnistration, including
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subj ect, optionally as part of repopulating the bone marrow with transduced
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wth e treatnment of hematopoeitic cells as discussed above. erefore, a
pr ef er r ed witnthe tieatsrent of hanasopasitendello as discussedeapves Therefaaata (felted a second
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advantage over wild-type HV virus, respectively. A further preferre

enbodi nentsoitkat theaxectos pramdesdotiex prlesive advantagomver wiAdyReo s ederier ealisiand c
aci d uen .. of H V- . r . I ge ipally,
al tho gﬂ taﬁéﬁeg:/té‘(’:et a(l)({rvé‘il}l tgg%%%rsv!ﬁgd;p@? Wﬁ%b@é@g §§$" g‘nﬁf@%&fﬁg gguen%:/es, 20

t he i nventehddinger & thatthk vBdtbeskpsdsBeah@MGME gk (dredcorl dueteiaadid sapenic@adi | y
insert any inhibitory nucleotide_sequence into a vector for a particular

t her apeut io& thg FE¥hL TR promaotsy, as pisplicsgiteBNAef fect . A preferred nethod to

express the inhibitory sequence is to include it in a

Finally, although the vectors express anti-HIV ribozymes or antisense sequences,
20  the invention is not so limited since anyone skilled in the art may readily insert any
inhibitory nucleotide sequence into a vector for a particular therapeutic, prophylactic or
biological effect. A preferred method to express the inhibitory sequence is to include it in a

U1l snRNA/promoter cassette as described in Dietz (USP 5,814,500).

25 ~ Alternatively, such a nucleic acid sequence desirably comprises a sequence selected
from the group consisting of a sequence of (or a sequence that encodes) a mutated (i.e.,
mutant) protease, and a sequence of (or a sequence that encodes) a mutated (i.e., mutant)
reverse transcriptase. Preferably, a mutated reverse transcriptase is engineered to be |
resistant to nucleoside and non-nucleoside reverse transcriptase inhibitors, and a mutated

30 protease is engineered to be resistant to commonly employed protease inhibitors.

Administration of these protease or reverse transcriptase inhibitors to a host in

conjunction with the vector is employed to select for cells producing the vector as opposed
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Ul snRNA/ pronoter cassette as described in Dietz (USP 5, 814,500). 25

Al ternatively, such a nucleic acid sequence desirably conprises a sequence
sel ected {§@mishs 9roup consisting of a sequence of (or apspgEERS hat
encodes) a nutated (i.e., nutant) protease, and a sequence of (or a
sequence that encodes) a nutated (i.e., mutant) reverse transcriptase.
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i nhibition. Accordingly, for treatment of H'V, the selective nucleic acid
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ot her sequences. e GFP encodi ng sequences are present in these’exenplary
vect or enbmbbderents as: raarker deindioator ofithe atasencsfof theevestar oe gere expraskien Vront or
or gene expression from the vector. The preferred vectors of the invention

may cont ai'tf Y€ vari ous el ements described 15 in the present disclosure.

In paticular, the lentiviral vectors may |ack the tat gene and contain at
| east one antisense sequence. Additionally, the vectors may contain a
sequence such Tas preferredyactars ofibleypyention tiay sontaincthe yarigys\elgnenss deserfead

el L 5L AR et R R BOA Yo ARHERLRA e ST

ced, e.qg., 'is”’ capa I'mparting

expr essi o@ointdh feasdrle Mfisdnlde satpehd. -ALlkitsiatly e vettorsasaytconesiin & s&snce
Desirably, the vector conprises an origin of replication_ functional in the

cel | . Vhefueh asibe el pelypyrmigingigact pEELY gpa fassramcleic 1gid fngpapt spntaindngna
codi ng seguence (e.g., versus in the formof a conplete gene conprising
its own pronoter), optimally the vector also

20 Optimally, a vector is compatible with the cell into which it is introduced, e.g., is
capable of imparting expression on the cell of the vector-encoded nucleic acid sequences.
Desirably, the vector comprises' an origin of replication functional in the cell. When a
nucleic acid sequence is transferred in the form of its DNA coding sequence (e.g., versus in
the form of a complete gene comprising its own promoter), optimally the vector also

25  contains a promoter that is capable of driving expression of the coding sequence and that is
operably linked to the coding sequence. A coding sequence is "operably linked" to a
promoter (e.g., when both the coding sequence and the promoter together constitute a
native or recombinant gene) when the promoter is capable of directing transcription of the
coding sequence.

30

In a recombinant vector of the present invention, preferably all the proper
transcription (e.g., initiation and termination signals), translation (e.g., ribosome entry or

binding site and the like) , processing signals (e.g., splice donor or acceptor sites, if
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ensure appropriate expression in host cells is well within the know edge
and expertise of the ordinary skilled artisan. Preferably the vector
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i ntegrated copies of vector gengne. @0 Addj ti.onal msa{‘ﬁ of increasing

transduct PR SPP Mas EARAP Gl nEREatRg Hable franscpehef Pt oiDSPresR dffention.
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analysis, and Tagman analysis of integrated copies of vector genome.

20
Additional means of increasing transduction efficiency are described in co-pending
U.S. Patent application serial number (yet to be assigned) filed August 31, 2000 as attorney
docket no. 397272000400, which is hereby incorporated by reference as if fully set forth.
25 The viral vectors used in the present invention may also result from “pseudotype”

formation, where co-infection of a cell by different viruses produces progeny virions
containing the genome of one virus encapsulated within an outer layer containing one or
more envelope protein of another virus. This phenomenon has been used to package viral
vectors of interest in a “pseudotyped” virion by co-transfecting or co-infecting a packaging
30  cell with both the viral vector of interest and genetic material encoding at least one
envelope protein of another virus or a cell surface molecule. See U.S. Patent 5,512,421.
Such mixed viruses can be neutralized by anti-sera against the one or more heterologous

envelope proteins used. One virus commonly used in pseudotype formation is the vesicular
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docket no. 397272000400, which is hereby incorporated by reference as if
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i ncl ude both mammual i an and non-mamral i an speci es, such as hunmans, rodents,
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i denti fi edomarhed ehtrtdiRd seyl@pters ideiticdfana atliceBd.avdétor idefiefi@Cibh afd/os
acconpl i shed using a variety of approaches known to those skilled in the
art. For selaeficarie accopalishedsusinghi ¥angtn g1 prireachas kpovgriedhossrskillsdiinfhesdtiuences
pr ef er abl j i fd 1. o i ce of
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approach, the presence of a particular sequence.in a vector is
PP 30 encodeg by marl%er genes prgsent on 'file VCC'COI‘SC] and/or the express%on of particular

sequences. In the first approach, the presence of a particular sequence in a vector is
detected by hybridization (e.g., by DNA-DNA hybridization) using probes comprising
sequences that are homologous to the relevant sequence. In the second approach, the
recombinant vector/host system is identified and selected based upon the presence or

25  absence of certain marker gene functions such as resistance to antibiotics, thymidine kinase
activity, and the like, caused by particular genes encoding these functions present on the -
vector. In the third approach, vectors are identified by assaying for a particular gene
product encoded by the vector. Such assays are based on the physical, immunological, or
functional properties of the gene product.

30

Accordingly, the present invention also provides a vector, which, if DNA,

comprises a nucleotide sequence selected from the group consisting of SEQ ID NOS:2, 4,

5,6,7,15,16, 17 and 18 and, which, if RNA, comprises a nucleotide sequence encoded by
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detected by hybridization (e.g., by DNA-DNA hybridi zation) using probes
conprising sequences that are honol ogous to the rel evant sequence. In the
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sel ected baseo( upon the presence or 25 absence of certain marker gene

functions such as resistance to antibiotics, thymdine kinase activity,

and the |ike,, caused by particul ar..genes encodin Gt | pr esent
on the v3&u81r69§ ensetq}"llee%te ﬁlglrB ¢ eggfﬁ%%‘g FOWOH P L %eéétgzlﬁtﬁ(??%dg’%g%assayi ng

for a particular gene product encoded by the vector. Such assays are based
on the physical, inmunological, or functional properties of ths@%ene

|
product. 30 Acddedresgniinvenien fudhcs providesernetbad af engepdesingdedectorwhichis

Conei st ndoay i AR b i pAc REGH5 VoRe A SELRS, (ol T DOV,
RNA, codnphrégrstine miglieahosiect dmt &memansedackeplication of€Aid 26636 65th a

PCT/ US02/ 09526 a_huc) eoti de_sequence sel ect.ed fromthe group consisting of
SEQ | D Nogibazyme. Fhe rbozpe, phishdp compriesdVigHD of praeded By HIF VeeOr.£ 158N d of

engender i .iodBed OFa vttt hinan IR hRAAGOMYA M bt R, IR Ntselr, and it

i mrunodeficrency virus an I's capa replicating only in a host
cel | that traasqoiptsyifsmiyy &ht arethicidanatseoobtainimgsd vecwacwhich ivddrived from bodldre.
t he vect.or cleﬂves a

The ribozynme, which is copprised within.qr. encoded. by.

ol el o a ST TS S Shor o e RS A COTB A o IogET s R o hPe
vectohig i tgghd perﬁ’i'ft@i\)etf_ér repli@RDn o R4id wvebtbr, 20 inc-ggﬁrﬁﬁfgh% tRO VB brSLiucleic
obtaining a vector, which'is derived froma wld- type human

i mrunodef iacidesagyeneé,rwisclapeimpiiies lor escodapatibezyofe, theplatatytic degnampf/whisha host

cell 10 that isanlﬁ)eﬁrri SSi v? fOfdtreghi cation of ilaid vex:toli;A7H aﬂﬁln ;

i ncor por at“IAYS HEUS1¢H A% Of p SAldstvRe, Apmapy tmngupededicionay, vixus RUtmeL e Yeelph. s o5 o
encodes & ifsélp QM iR trah§iRiptal t 1§ selrBmBthed, thbhedleotide@8yiRBcecdibisiighEorci d
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and its teapesins thed)S sequenep of (e wildtyns hwsandmmunpdefiniency oitg easeadaleied
mndger tree PF HPbhEp N BRANER SRt e bl 8 BN somseos, 1

a nucl eot io SESEIMNISE, ¢ b4, el whichrat 1dast @ieQU s aeatkdsts agl 1604 (HEQctdPidNCS: 2,
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DNA, and PMcids pusieotidg seeacesncadetbinynucleriide sequenee sedertedzem dkg goved

fromthe : IS S : 4, 1 b l: t one
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20  said vector more than once.

Also provided by the present invention is a method of modifying a vector. The
method comprises obtaining a vector and introducing into the vector a nucleotide sequence
selected from the group consisting of the DNA sequences of SEQ ID NOS:2, 2, 3, 4, 5, 6,

25 14, in which at least one N is mutated, 15 and 16, if the vector is DNA, and a nucleotide
sequence encoded by a nucleotide sequence selected from the group consisting of SEQ ID
NOS:2,4,5,6,7,15, 16, 17 and 18, if the vector is RNA.

Further provided by the present invention is a method of propagating and
30  selectively packaging a conditionally replicating vector without using a packaging cell line.
The method comprises contacting the conditionally replicating vector with a cell capable of
being infected by another vector, which is the same type of vector as the conditionally

replicating vector and which differs from the conditionally replicating vector by being
52



20 said vector nore than once. Also provided by the present invention is a
nmet hod of nodifying a vector. The nethod conprises obtaining a vector and

i ntroduci RgplpnbhReine vector a nucl eotide sequence sel ect egcf/4 Qo5 9r oup
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SEQ I D NOF/é% (g ’ 15, 16, 17 and 18. Method of Use The above-descri bed
vectors p ef]g? ‘Bq]é ®are introduced into a host cell for the 15 prophyl actic
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mai nt enance, as  well as for other reasons. Accordingly, the present

i nvention provilhesbevendsseribad vectosbprgfarahly gresintreducst inte edwodiagl ferthe he
col 158 BiFietCat oy Bl bl g SinaPafioftn. £8P eos B ARG ol &
matter, ameliendor sthaieasons. hacavrdingBy thepredeheidvartionprovitdes adst esler sed. 20
comprising a vector according to the invention. The isolation of host cells, and/or the
maintenance of such cells or cell lines derived therefrom in culture, has become a routine
matter, and one in which the ordinary skilled artisan is well-versed.
20
In particular, a conditionally replicating viral vector, or preferably a lentiviral
vector, as described above preferably is employed in the prophylactic and therapeutic
treatment of a viral infection, preferably such as where the infection is from a wild-type

virus, preferably a wild-type RNA virus, even more preferably, from a wild-type retrovirus,

25  and optimally from a wild-type HIV.

The method comprises contacting a host cell, which is capable of being infected
with a wild-type virus, with a conditionally replicating vector, which is capable of being
replicated only in a host cell permissive for the replication of the vector, the presence,

30  transcription or translation of which inhibits the replication of the wild-type strain of virus
in the host cell. Desirably, the vector replicates more than once and comprises at least one
nucleic acid sequence, the possession (i.e., presence, transcription or translation) of which

confers a selective advantage in a host cell to the vector over a wild-type strain of virus,
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presence, transcription or translatjon) of which , . ) )
20  nucleic acid sequence, the possession (i.e., presence, transcription or translation) of which

confers a selective. advantage to a host cell infected with the vector over a cell infected with
a wild-type strain of virus, which, optimally, is the strain of virus from which the vector
was derived. In this regard, a vector can comprise at least one nucleic acid sequence,
which confers a selective advantage to a host cell infected with the virus and at least

25 nucleic acid sequence, which confers a selective advantage to the vector over a wild-type

strain of a virus corresponding to the virus from which the vector was derived.

Accordingly, the method preferably is carried out wherein the nucleic acid sequence
comprises a nucleotide sequence encoding a multidrug resistance gene. Alternatively, the
30  method is carried out wherein the nucleic acid sequence comprises a nucleotide sequence
encoding a mutated (mutant) protease and a nucleoﬁde sequence encoding a mutated
(mutant) reverse transcriptase, such as when the viral infection to be prophylactically or

therapeutically treated is a retrovirus.
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20  vector that complements for the inability of the "vector" to replicate. Such helper-

expression vectors are common and are easily constructed by those of ordinary skill in the
art. The helper-expression vector can be either packaged into virions, like the vector, or
expressed without a packaging requirement. Since the "vector" has a selective advantage
for packaging and/or propagation, this system provides a safe means to achieve high

25  replication of the virus without the possible pathogenic effects that a live attenuated virus
could potentially cause. In addition, the vector can be admixed with nonspecific adjuvants
to increase immunogenicity. Such adjuvants are known to those skilled in the art, and
include, but are not limited to Freund's complete or incomplete adjuvant, emulsions
comprised of bacterial and mycobacterial cell wall components, and the like.

30

The conditionally replicating viral vectors, or preferably lentiviral vectors, of the

invention may also be employed for immunotherapy in treating viral infection or for the

treatment of oncogenic disorders, for example. Dendritic cells or their precursors (e.g.
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A concern, however, with the use of retroviral vectors in the treatment of human
infection and disease is the possibility of generation of replication competent virus (RCV).
Homologous recombination between the helper vector and the conditionally replicating
vector is likely one of the principal routes for RCV generation. Thus, the present invention

25  provides for modification of the helper vector construct to minimize or eliminate the
possibility of homologous recombination. Any modification that serves to decrease the
probability of dimerization, co-packaging, and/or recombination of the helper vector and -

the conditionally replicated vector is contemplated by the present invention.

30 An embodiment to the present invention is to insert one or more anti-vector
ribozyme or antisense sequence (optionally in the form of a cassette, defined as at least two
such sequences linked in tandem with respect to ribozymes and defined as at least two

sequences linked in tandem and targeted to discontinuous regions of the targeted vector
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are unabl e to NRGREQSefPER BHBIMRNEpRSe sdqaBRek bRIhOREIH@ construct that
promotes differential tracking or localization of the helper nucleic acid away from that of
20  the vector. For example, but not limited thereto, is the inclusion of heterologous intron and
poly A sequences into the helper constructs, such as those shown in Figure 6. These
sequence would facilitate differential tracking of the vector and helper nucleic acids to
different cellular or subcellular locations. Preferably, the titer of vector produced is not
affected by more than 100 fold, more preferably no more than 10 fold, and most preferable
25  not affected by such a helper modification.

Figure 7 shows that the presence of one ribozyme (pVirPac1.2Rz) or a ribozyme
and an intron designed to affect cellular trafficking of helper RNA (pVirPacl.2RzIn) had
no significant effect on vector titer. Figure 12 shows that PCR analysis of titer samples for

30 co-packaged helper constructs indicated reduced co-packaging in the presence of a
ribozyme versus high co-packaging in the absence of a ribozyme. The presence of two
ribozymes completely prevented the co-packaging of helper vector into vector viral

particles. Thus the invention includes an effective means of using a two plasmid packaging
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particular genes or ORFs within the helper vector. It should be noted that complete
degeneracy is not necessary to reduce the likelihood of homologous recombination since

20 the lack of sequence homology greater than 18 nucleotides in length should be sufficient.
Thus degeneracy to levels such that no more than 18, 17, 16, 15, 14, 13,12,11, 10,9, 8,7
or 6 nucleotides are identical between sequences will suppress or prevent recombination.
The sequences can be degenerated using codons that have a preferential expression in
human or a particular cell type, if desired.

25

As an example, the nucleotide sequence encoding gag, rev, and/or tat can be

degenerated either in whole or in part. Other examples include degenerating the first 42
nucleotides of the gag sequence, the first 208 nucleotides of the rev sequence, the last 183
nucleotides of the tat sequence, and the last 545 nuclgotides of the Pol sequence. Examples

30  of helper vectors with such degeneracy are pVirPacl.2, pVirPacl.2Rz, pVirPacl.2Rz2, and
pVirPacl.2RzIn or their derivatives. Of course, the nucleotide sequence encoding any
other viral gene product can also be degenerated according to the invention thereby

diminishing, minimizing or eliminating the likelihood of homologous recombination.
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ri bozygre can tekGgbtich8mbdihRat ONhé Breent ikVtdtibR id BEs@HbtiftionloYal, HI V-2, or
another retrovirus used in the conditionally replicating vector) of the 10

condi t i onlgtérplogeps RBE: mcfgldsm@:armretrqy ieed Rigeb@prefneabboangiher clﬁiiléwlfs'l RRBiincat i ng
vect or n reco y ng
vector {1 ORTBR gl el - R B R KR E RN I A PEbL e
co- pac kagesis a E%@Q&H @ﬁluﬁﬁuté'ﬁbmﬁlﬂiﬁﬁﬁg} hEni@Einingion bnﬁur@ctmg ifkepogsiBiliay ef pVI RPAC-
1. Rz, and | RPAC- 1. 2Rz2 as shown jn Fi gRRE
homologous recombination based on the different s having different sequences. A
20 further advantage of such a substitution according to the invention is a surprising and
unexpected increase in the production of conditionally replicating vector of as much as
approximately five-fold. Without being bound by theory, the presence of different RREs
between the helper vector and the conditionally replicating vector may be bound by one or
more different cellular factors that may be limited in quantity. Thus the use of different
25 RREs may reduce competition between the two vectors for limited cellular factors.

Examples of helper vectors containihg an HIV-2 RRE element for packaging a HIV-1
based retroviral vector are pVIRPAC-1.2, and pVIRPAC-1.2Rz2 as shown in Figure 6

Yet another embodiment is the incorporation of in the helper vector of a nucleotide
30  sequence encoding a heterologous env protein, such as VSV-G from vesicular stomatitis
virus, Rabies G protein, GaLV, Alphavirus E1/2 glycoprotein, or RD114, an env protein
from feline endogenous virus. This permits the conditionally replicating vector to be

packaged into particles with heterologous env proteins. Furthermore, a ligand may be
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15 Yet anot her enbodi nent of the present invention is the substitution of a
het erol ogous RRE, including any retroviral RRE but preferably another

| enti viraWwORRE78d3n t he hel per vector, such as the substi thaT/ase2095261 V- 2
RRE for HHV-1 RRE, a CTE or a PRE. This approach contributes to
dimnishing, mnimzing or elimnating the possibility of honol ogous

recombi natd o, PAGEEintd e hidisHcGRbie o Dritayle Qnﬂlileftifoﬁ:oﬁ'ﬁﬁc 1RGN RS A 20

further addvant age %? such a sub%{ltutl on accor%i ng to e invention i § a

sur pri si ngamsdectionndxpsiodde Binceanedifeng theteheclppopiotin oray disngwmid bitdorgal | y
replicati .vector, of, a ch as, approxi ely five-fold. Without being
bound by TS § e PRRAHBEN gy todpIRes B b sl g BB et or
and the C&ﬂ@llo}pb ?f@éithiﬁﬁ}% nfAbHARdpR&IdRypRR ¥nREoRAMBRIDY RS rSductiBRY €
different cellular factors that may be I'imted i'n quantity.  Thus the use of

di f f erSent T2, RRESypeapf eedhiens roiepstiauldbe dethesurfacaef theeely eoe by finfulate
limted cgll ul ar tors. Ex l,es..of hel per vect.ors, caontaini n. Hl V-2
RRE e eneiiE BR SBllcs Q1S e P et RS o P ubpR e Tofele 1 %2,
and pVl RP%t&-tRﬁéﬁo%&g&B@é@ chiindriciet §tér f¥Ltel RN shRilAidhodihe®BV-G the
incorporation of in the hel per vector of a nucleotide 30 sequence encodi ng

a het er ol gyslepe praieiprapd @ichimeirc S <G vaxelapef nroteiny e ineaip areferrediiimenis  vi r us,
Rabi es G pr.of ei ALV, ' J 2. r .1, . env
roten  FrelsPe arodl S sRAa RO B Bufneif Bttt ¥ miER e A Y, U
repl i wat i MB)Y emh&préRrbeé prdiak agdthgimehi thatdl) ¢ a@satéichimdiad witbhVSIBGS env
proteins. Furthernore, a li gand may be 59 WO 02/ 078631, PCT/ US02/ 09526

opt i onal | ipciude apichfalta; BLT3e1gerd.cl tigand, g liggndythahbinds €D ng/liganddhator t he
target cej; ' t ; e ired. Since nodifying the envel ope
protein enﬂél%d%???g%in%ailzé%ﬁn I Irl?gﬂsactl\ldldigt%fh a preferred enbodinent is to
express both the nodified |igand containing chineric envelope protein with

t he unnodi fi ed_pseudot yped envel Qpe protein durin roductjon. 5 Thus, both
types of envel Bl BPoRoEIsREdiBE G HEErORER i SnY BFatednt oRiggalteps opsgeey el
sti miy At ejinitdlGvilips §8bné ﬁidhpib_ié}ﬁlo&fote% E&uf@@'h@%eleaﬁﬁhﬂ&ﬂt REpAPEf &R frbteid

preferred pseudotyped Lentivira vector that also expressés a chineric
r ecept or foowvirelglackdging. s Thimappropdrimay firther irSkeass viralgmebictips, eppesiadiynindad a

chimeric VS\: G envel ope protein. A norge prefer.r.ed.chi i envel ope

ot e n | SUHopEErTY By e ReR ATHHEE aEfir ke SeiefNEE R and
10 14B). £ohes eobiRseqtbnos ﬁ{a?ieﬂﬁez(wcohfaﬁﬁd{%ﬁttﬁe 54186 B&lpor vieBtof hEMedticdi Mer as
with VSV-G include notch, delta, FLT-3 ligand, TPO Kit ligand, a |ligand

t hat bi ndeonaemertatyi eahgrateigencasingiscqueIrss oneitia senardanerten Lptionalds GV CSF.
20  may also be integrated into the production host cell or cell line.

A further embodiment of the present invention is the selective positioning of splice
donor and acceptor sites on the helper vector such that the selective splicing out of certain
viral components serves to minimize or eliminate the possibility of homologous

25  recombination with the conditionally replication. For example, the splice sites might be
located to permit the deletion of the RRE and/or the packaging or dimerization signals as
the result of splicing events. Therefore the context of whether nucleic acids are expresses
can be controlled by the placement of splice sites in the vector. For example, splice sites
could be place distally to a ribozyme or antisense sequence so that the ribozymes or

30 antisense is incorporated in unspliced but not spliced RNAs, for example. Alternatively,
the ribozymes or antisense could be placed downstream of the splice site if the goal is to
express the ribozymes or antisense molecule from all mRNA molecules and not a particular

subtype.
60



The sequence encodi ng the heterol ogous env protein nmay optionally be
operatively 15 linked with a second inducible pronoter to ensure a nore
abundantw@uopgisysiof env protein for viral packagi ng. Thi BCEpgi2o@sis nay
further increase viral production, especially under conditions where env
protein production is the rate [imting factor. The heterol ogous env
protei n encodi ng sequence may either be contained on the sane hel per vector
as the other conplenentary viral protein encoding sequences or on a

separ at e vect or Wigstd vstor isemployebinpggordpras wigh thetabgyadesaribed methpd as a
producti on eld. .|| A f i t_of

i nvention Pg)%ﬁ #lg&g(lia{r%c#fi@te&b’glg |i {}?(%Cﬁ]@ﬁ’gtﬂé&gcg%ﬁ %%ge%g%d(;gﬁ%lranglﬁaﬁ gﬁ%g%? eglr? IEHsaltt es
on the hel pafot ¢raided bsusyild-pt viris, saell &4 mvieans Piral@provginaiita iveslrgraiem. Vi ral
conponents serves_ to mnjmze or elimnate the possibility of honol ogous 25
r ecombi hat AEEPTAINE. thfcantigar prGodrd by (he wsior sar Po At bastrrial Qrgg o8 canqseous sell c e
sites m ght.. y 1t ! i -Iﬁ

packagi ng é?ggi %%ﬁ%ﬂ?{gbﬁﬁg@gﬁr}g%ﬂ%g %n(g&ﬁéﬁélg&%??éaé#@ S?) |C|°?}6g}9‘é erﬁ{egﬁ)ly

Ther ef or e idn&vizainteetot, atdo calaenbate aME(E gencdfor popar wresenpation $f the antige® the
control l ed é)sy, the placenent of splice sites in th .Y.ect or. For exanple,
splice sitBStsagmuge sEsternaHmsqguch yestorsicgn eﬂlﬁ%‘ﬂﬁgﬁé‘lﬁ‘fle 2REFSERse sequence

so that th i At d 1S . j i not
epliced R NAsﬁm'h ?%l%gifg&:grg%{og?@ﬁ’a?ﬁét §%Rz%?sel a%a&%{f%&%ﬁﬁﬁ thogBn IR eﬁ@&ge%ﬁs

ernatively, e ribozynes or antisense could
be pl ated doiriss (cemntuoforspesifphntigenyibbeare felptieveljoeipréssed m abormrad sells. he

ri bozynmes or antisense nolecule fromall nRNA nol ecul es and not a
particular subtype. 60 WO 02/078631 PCT/ US02/ 09526 Wen a vector is

enpl oyed in acCcyhedapsr sainpld dits abOMET BRSEde! JTRE MPEMRA t8 ShPddivebflaact i ¢
treatment of viral infection, the vector can encode an antigen of a protein
that is nentiggndoderfirbic egllefardmmpmetherapys Todhe ponitary theinaaation nrayvides ot ei n
or a nonviral t e 5. Accor di ngi. t nti.gen . { r can
e of " bact Bpraf i fefnao PSP b iereh{ 18 1Uel P80 RAFBAFERRY il I B T or e
the consli t celnBhbky Mdzpbvetahé fiyentidrodlsd/pdindts mlfiplergeh&rtabeyeliveed and r al
vector, also can_encode a WHC gene for proper presentation of the antigen
to the hoS¥Presspehirifrrcsingls vesipr. %?@Elpl%ms Py s e3rEaTedhy USEERY GPPRETIRLCt at e
a persiste i (WoTol resp 3 ! f 3 r al
pat hogens gltrr\%}f%?y %ggglgéen u%ssg Og})nrr?(g} g?l?\tg&?éexaglp% %Eﬁr@?g -egc’gé’?%ﬁfeuﬂ%l gﬁ‘%“?g‘?ﬁ)

t hat are s&hteSite ¢IRESxriels sarbd placddrdistaiiyt tocefilssgene That nabdwvte bexapiekedddes
not limt t%? use of ﬁﬁ?@ invention to_the delive of an a ti'gﬁn tlo
dendritic PEgrECkeyAMPRSIQ EFRIFSSACnT Of oieredidn e A5 seqmenca b distal 18 Bvi des

20  variant MGMT gene. A more preferred vector embodiment expresses the gene of interest

and the IRES linked gene of interest from an unmodified or modified HIV-LTR promoter

off a spliced message. A further preferred vector expresses the two genes of interest from

an unmodified or modified HIV-LTR promoter that, if modified, is modified in the

sequences that bind transcription factors. Of course any unmodified or modified lentiviral
25 LTRs may be used in addition to HIV LTRs.

Another non-limiting example is to express the gene of interest from the HIV-LTR
using splicing sites that are derived from HIV. For example one gene of interest could be
expressed from the Nef splice acceptor site while a second gene of interest could be

30  expressed from the Tat splice acceptor site. In this way two genes could be expressed
without the need for an IRES element. Any splice site could be used including those of the
Tat, Rev, Vif, Vpr, Vpu, Nef and Env genes. The Env protein is expressed from a singly

spliced message so expressing a gene of interest via this splice site may require Rev, if
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means and met hods for any gene of interest to be delivered and expressed in
any desired 15 cell type. Modreover, the invention also permts nultiple
genes to b® @arseser ed and expressed via a single vector. MAWIPREILEenes may
be expressed by using any appropriate strategies for gene expression. A
non-limting exanple is the use of a Internal Ri bosone Entry Site (IRES)

whi ch . J: g . h t . d A
brefor r oqanaE Sl Y obfe F il Rt isPENRAT Ty BT | RpBGiGEROASRES,
i s di st al HIWIARMay 8t nawdt TMMU RendepeAdentyi€dgpirefier red vect or enbodi ment

expresses the gene of interest and the IRES |inked gene of interest from
an unnodi fied or nodified H V-LTR pronoter off a spliced nessage. A

further prefer of. .6 S " i % an
unnodi fied or lﬁ;gﬁfe}&lﬁgfcf’ H"’vﬁﬁq’g%ﬁ%ﬁg%‘?}t aiafﬂaiq%r m)é% ﬁe?cf? Slte}s(fnrr?g%%l?l ed in
t he seéquevects chibeé ehginebréd resprdspbnlgnn kpect fic el tHhesaolgr, senacstlsupuobedsibhad or
nodified lentiviral. 25 LTRE ma b? sed in.addition to I}]IV LTRs. Anot her
non- 1 i m t¥NGeRREGPIES Slls,n Mé@%ﬂ lehey %@ﬁgdlapnpﬁt)@ﬂ%wq PSRYEHE BEUC TR
usi ng spl dighBe/fadtbL&ithB3h 1R @ec@ﬁrdr‘h@%ef-{'% SpYessoRcoRAARD! GhRAelfRE Of

i nterest could be xpressed fromthe Net splice acceptor site while a

second gesedl-specifintvectesteptioaticn dnd spradxXPrssthe detoostilt speeafiabyspl i ce accept or
site. In this way two e oul d be expressed. w thout .1 he ed for. an
RES el ortORye IR 155 hEbe g SpE L HR s B bobSe-BR BensRiind!
Rev, M f,updprwhediid a ddethinaRdetid MeieMABetod ROV toRrQfiited FiSmakPveseest from a
singly spliced nessage so expressing a gene of interest via this splice

site may hedppiivias Reptession enstgrtoThis 786 ba used plersoz /g 9ombinatenith othen of

expressi g he ne interest is required. Furthernore, expression
fromthe tﬂﬁ%ﬁ‘{_ﬁlﬂeﬁg{ifnaggﬁﬁaﬁ@gsTat and Rev dependent, if desired.

Furthernmore, the "helper-virus" (also referred to herein as "hel per")
expression 5 vector can be engineered to express onl%i n.specifig¢ cell
types (e.g., sk¥mxasple acppdifieraiygaplicating HIYesiecior edbbe designedfe xeplicate ¢ unor

cel | S1)5 b ?’sx%{ﬁ%c@l i-ntﬂ'lgé}o@{aﬁggirétﬁ&oﬂar? fn ’f‘-cél@s‘?% iv‘éctgle %ﬁé&@h%ﬁ%@ﬁé gctor

(either e vector o per-virus expression construct permts
cel | - specTitidefactiot BITVr (€2l vecwir endodas thesyiter &LV priotedns Hulh éheyenet mot esprekdedspr eads
by conplenentation with the hel Per-vi yus, construct, but thi read. i s

, is..
cel | - spechiePEse Afdeanseney of6h bei %ﬁ%}mwﬂa}v@éﬁﬂaﬁw)gs%?rfcegw BREAITE Hat o
I's added {0,,QK u@l@-t%ﬁﬁﬁ%ﬂﬁh&t%n&ﬁ%ﬁﬁ!y &glicﬁﬁhﬂﬁ!VRNrAHThghgl ElSipéssion -
construct. This can be used alone or i'n conbination wth other of the
above- menvdctmdor thisactagicais encode a tat gene expressed off of a macrophage-specific
20  promoter. Thus, the crHIV would conditionally replicate only in macrophage cells, while -

not being able to replicate in T-cells or other cell types.

Alternatively, the tat gene can be operably linked to a tumor-specific promoter;

thus, the crHIV would then replicate only in tumor CD4 cells and not in normal CD4 cells.

25  The genetic element/factor also can be a modification of a promoter sequence of the vector
such that it is expressed only in specific cell types and not in other cell types in concert

with the "helper-virus" expression construct.

In another embodiment, the helper-expression construct or the vector construct

30  envelope proteins (if such constructs are engineered to contain envelope proteins) can be
modified so that the vector-virion will specifically infect certain cell types (e.g., tumor
cells), while not being able to infect other cell types (e.g., normal cells). In yet another

embodiment, an adenovirus, which is lacking one or several key factors for replication,
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For exanple, a conditionally replicating HV vector can be designed to
replicate 15 specifically in nmacrophages, rather than in T-cells. The

vect or, whigcdyongysh d constitute a Tat-defective H 'V (the waiwoesedes t he
other HIV proteins but they are not expressed because of the absence of
the Tat transcriptional trans activator), can encode a ribozyme that

cl eaves vm'l ut,not. ¢ d icat.i.n
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then replicate on 'S an I'n norma cells. 25 The
genet i5c el errent/factor aI so can be a nodification of a pronoter sequence of
the vector such that it is_ expressed Onlﬁgffl n specifjc cell types and not in

ot her cell typas fuhersmpkadimeny; 3 Kegigrecou @&Sﬁ@.ﬂﬁ&@weé;lﬁ%%rsge&ﬁ frdhst r uct .
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speci fi cal

infect certain cell t il e naqt
T ry oy ebest Rk pEaRpHas v pBEet o MOMT HRE cath 65tverad o brBilo: ner

enmbodigmendelis 2Rt 2RRENEsFriisle ti B&Bt itBe tARIELNGe BBRQ iR IUEE! oli@Varhftpt Or s for
replication, 62 WO 02/078631 PCT/’US02/ 09526 could be conpl emented by usi ng

a hel per adibeser viee or inhideh tpkidhthel vectenitansdunet oelds. | Inakwefetred ambodimsnt speci fi ¢
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replicat i dré)latddMlledo@hdnSthe emstﬁav%@écﬁﬁémﬂanﬁm RUuPERInipIe bEM@isi g for cel
killing), but not in nornal Ils. 5 1In a further enbodi nent, a vector

coul d expbeEaach isishee rcheetr@@d@@siu%ﬂs brogaercgrear gells which .cagldéhencteq kiedyhy u3| ng
0 |
Functisonar efief s e URRIRASENLS HERs Rioudisl piltbe. ARy & brb e Eeiblogii: °

vector exr eg8esdGgnantiMGIVE astisense @ ﬂbohmymoleaﬁgﬁcmd tHedﬂ\/ﬁWhC@ﬁ'rde an be
delivered to normal 10 cells. At a |later deswgg)le ti.mepojnt, the cells can

be treat ciPriaingd WEhin hoV 1 spRNAR AB gVen raerepssien 9mb@dlmenx 1 tQ fraesduecythgi | |
the vect Odgttﬁﬁﬁﬁ E%ﬁ%ﬁ_béc%or ihd o%'ilfaftl%ﬁ %?Heﬁ%@&bﬂ@@élls sﬁ% %Esikm?)ﬁ%ﬁesar e

transduce antlsen e expressi ng vector prop
stem cells and dendritic cells.

20
In another preferred embodiment, the normal cells are hematopoietic cells,

preferably T cells, that are transduced with the vector before transplantation into an
allogeneic host. Such cells may be killed by treatment with BCNU, or its functional
analog, if the cells become detrimental to the host (e.g. if graft versus host reactions

25 . occurs). In yet another embodiment, the same anti-MGMT antisense or ribozyme
expressing lentiviral vector could be used for purging undesirable cells from mixed cell
populations. A non-limiting example is in the case of cancer cell contaminated bone
marrow that is ready for transplantation. Tumor cells have been observed to be very
efficiently transduced at relative low MOIs in a single round of transduction (See Figure

30 13A). In contrast, normal cells, especially but not limited to CD34+ hematopoietic stem
cells, are more difficult to transduce efficiently, requiring multiple rounds of transduction
for high efficiency (See Figure 13B). Therefore an attractive purging strategy is via

transduction of contaminated bone marrow with a anti-MGMT antisense containing vector
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and are later killed when the cells have becone abnormal. An exanple of
this latter approach is where the transduced cells becone cancer cells

whi ch coulwlobbersshe killed by 15 treatnment of the cells W porBSHbossy its
functional anal og. Another preferred enbodinent is to express an anti-MAMI
antisense or ribozynes nolecule fromthe U pronoter and contained within

the U snRNA. _A i |.S,.:10
ot § - Vo o7 B SiGLER, B R Fihs IR xRl SahEBIFREMEE b o,
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used for W@W@Wﬁ&%@ﬂ@%&réa@éméw %W??F%@HV?&HOP' popul ations. A
non-limting exanple is in the case of cancer cell contam nated bone
marrow that is ready for transplantation. Tunor cells have been observed to
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efficiency (See Figure 13B). Therefore an attractive purging strategy is

via transtfecsingorthefapesivirasionse. Suclha nesparscrcenboiassessedafor exavoNe; tant i sense
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oo o ot PP RPHRE R a Rt i et AR SpREEroetURR. ARl WABE 1O

cel I s. ThighaksaRiRréee s faior sizgiahd/bhtheswaper of tulldes. "MviabE fe@teséion'ei t her ex
vivo uses, or solely in cancer related applications. O her applications

i ncl ude i inolydes agedustion Petugyi@asgie| j very, especially but not limited to the
treatpent of brain cancers, and any other disease 5 where there is a
differential efficiency of transduction between di seased and nornal cells
whi ch can be eXg@hmiet'estcbmling @rtheinvegtidiyintlndeguaasan that arechbfaorrizddiys, t he
present invention_also provides imrég&hod of. treating cancer, and in

par ti cul aponerpaheqliydar prelyferatio apd eabsenee of equiiaet dainRigpn. WRigh A By to the
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as set fort erern pur pose o
as cancer not localized in tumors, such as, for instance, those cancer cells that expand from

20  atumor locally by invasion, or systemically by metastasis. Theoretically, any type of
cancer can be targeted for treatment according to the invention. Preferably, however, the

cancer is of viral origin.

Finally, the above-described vectors can be directly used for in vivo gene therapy.

25  Current strategies for gene therapy suffer because they cannot mediate gene delivery to
large percentage of cells; only a certain percentage of the cells are infected. This is
especially important in anti-tumor strategies where gene transduction of the entire tumor
population is crucial. By adding the "vector" in concert with a "helper," the immediately
transduced cells will produce viral particles that can infect neighboring cells and thus

30  enable high and possible complete transduction efficiency. In one embodiment to this
invention, a human retrovirus (which could be HIV or a retrotransposon element) could be
delivered into tissue (or cells in vitro) with a "helper" construct. Cells immediately

containing the vector and helper will produce virus and will package the vector
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effecting a therapeutic response. Such a response can be assessed, for
exanple, by nonitoring the attenuation of tunor growth and/or tunor
regressi owo ¢2hdgg3f growt h" i ncludes an increase in tunor |itzesednsser the
nunber of tunors. "Tunor regression” includes a reduction in tunor nass.
15 "Cancer" according to the invention includes cancers that are

characterized. by. abnormal .cellular proliferation and the. absence of
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transduced cells will produce viral particles that can #S}Iaec nei ghbori ng
cel I's andPtheffactars TemaBPEnqtngressitly grsssnirel oo rpeatidatiqngidhe Y gqnome

ef fi gigenc B &Qﬁfﬁmmﬁ@&' $nBrdnbitioh BY 88ig 0N, a human retrovirus (which
coul d1 be }o\ﬁrog rlet r ot ransplé)soﬁ g‘?er%gnt cosiJI d be delivered into tissue
(or cells in vitro) with a "helper"” construct. Cells imrediately

t ai ni th t d. hel L1 | duce. vi M| K th
vector 64 D CHIGPEESePERFlRbarslrsah b hird ey Ditlag et e ese
Vi T OnS Wikhida vt &) BBl E6bhHBANY rehRATSEVEIbORNY:

nei ghbori ne%s!cel |'s (since cell-cell contact is the nost efficient nmeans to
t r ansduc ededi@bied intTlan indimsdplaeednjlytinfzeied witir bighlypathwgenic viray oneactetiuem

dependi ng_whet her . the vectqr/\h er .conbi,nat.ion re N C lytic
g T CA R S (T3 R R A A S A
contai n sgathplelicatirud ao HedcFibedpiRORUAG! HBlveRir, the %mitiéﬁlly&e?ﬁdétiﬁg%@bﬂ the
protein/factor necessary for encapsidation into virions. In this case the
hel per catlsesndieyspd forigntibarderial e anti-eheagical strategios dhencertvetlot helpdt ei n t hat

activates : LRL m the factors required for retrotransposon
encapsi dati (})Jﬁ.glgﬁﬁléétﬁ}e{ ggl glf ?)'f H vV,

20 For example, a conditionally replicating vector can secrete anti-bacterial or anti-
toxin antibodies after a "helper" permits its expression and propagation. The "helper" can
be, but not necessarily, driven off an inducible promoter that permits its expression upon
activation by a bacterium, a cytokine (in response to bacterial infection), an antibiotic (as
with the tetracycline inducible promoter systems (Paulus et al., J. Virol., 70, 62-67 (1996))

25  orachemical (e.g., the toxin, itself). Thus, the conditionally replicating vector would not
only selectively propagate with the aid of the "helper” in response to the incurring pathogen
or toxin (as a result of activation of the helper) but also secrete anti-pathogen or anti-toxin
antibodies to inhibit the pathological effects of the tumor antigen, pathogen or chemical
(e.g., toxin). Thus, any protein, factor, or genetic element that can be transcribed into either

30 mRNA and/or protein can be inserted into a conditionally replicating vector to inhibit a
pathogenic response--in concert with a "helper,” which promotes its selective propagation
and expression (selective because the products of the helper are expressed conditionally

(for example, but not restricted to, (a) an inducible promoter system--a factor in a tumor
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ot her factors may, but not necessarily, be required for encapsidation of
the H'V genone 10 into progeny virions for infection/transduction of cells.
The abovewdpparsddgd vectors al so can be used in count er - bipgtaghoeads2and
counter- .chemcal warfare strategies. For exanple, a conditionally
replicating vector can be delivered into an individual recently i nfected

ith h I A t 15
Coxiny. 18 VULt Coiatdieling o s BPaore it cHE P2 Poadyf SRR pd % BeS gt
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concert whelperRMNA petein/fagior ssslestivele ét@blth@d ncgepairoells ud mofrin etbers) and (8)
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or a chemc e.g., I onal
replicating vector would not only selectively propagate with the aid of
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responsi vé sequence expres or a Ccy

r esponsi vexppése mmitait tésh praes. Wh@ﬁl dad veotor & trﬁlshﬁieﬂéntoftﬁét tells, m(;kt)ofahe mivper
RNA/ protein/factor is selectively stabilized in certain cells, and not_ in
ot hers), BNé quepdingdhg pergal pmw deavetl wherpasithe pritany t"tj&Wé’tet“hbfteXB’feﬁ%‘@t s

hel per vi
anot her b?gl% g?léét |C(F;ér§]§ll bgég gﬁ%‘l?(r}g%egg?’es C eagagﬂgelggﬂaga%t;}glntga{é% %ants and
ani mal st quigk addpdwdrfid tedhnije padétogeans hoﬁlargwarﬂryteusﬁmhumsrmﬂdagwasgwemn be

used jnh transgenic syste t o produce heterol ogous proteins/factors of
val u eiO factor rug lntergcts with the prgte?n g P

In yet another embodiment for the application of vector to treat blood-borne
diseases, the patient undergoes leukapharesis so as to extract sufficient quantities of white
cells from the blood. After leukapharesis the desired cells are isolated, transduced with the

25  vector and then expanded in culture to the desired cell number. During ex vivo expansion
of the desired cell type, antibodies targeted to a cell surface protein on the desired cell type
are infused in the patient, with the goal of destroying these cells during a period of time that
is coincident with expansion of sufficient quantities of the desired cell type. The
transduced cells are then reinfused back into the patient to compensate for the in vivo-

30 antibody mediated loss of cells.

A preferred means of practicing the above is with the isolation of CD4+ T cells

from the leukapharesed material and then transducing the cells with a HIV vector that
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I n anot her enbodi nent of a method in accordance with the present invention,
a cell 10 line can be devel oped for screening a drug/factor to determ ne,
for exanpe oxwhsgap part of the protein/factor is inportanictiwoe9se
particular function. A vector can be created to express a nutagenized
protein of interest wwthin a given cell line. The RNA encodi ng the

mut ageni ze ot el n., wever. 1 s.nmade resi st he riboz - b
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bt g edsorte aithe R nose SR g e a6y Bl o RoM i EiE et et o
a cellyp suhbaaRsdEat €DB PRItk B BelfeRt ifscd®atk IniP e pakibntl Nfused in the

patient, with the goal "of destroying these cells during a period of tine
that is coincident with expansion of sufficient quantities of the desired

|1 . Th d d | | . [ d [ [
Comensat e 1 or THHAOT CFonE e nfiub i b Sl EF R ile LR ATE 8F, o0t

means of @EDa&tl &iliBg AnfeeRb@eaniysboratdetddts ise @ff ah batibadl tKIDbndE acelllserfader om
t he | eukapharesed material and then transduci nght he cells with a H 'V vector

that 66 PA@eOPewyRGgall mErs ugweidgb b antibpdneomd he indradpcad axogepauslyisle or

b . . . . e : £ th
ot T T (EEHEOE By b SeofiiRaNS OBt W AbOMY LA BE mgodiCediipARg bORy. o tNe
admi ni st r'Bitik oectef ouldproduedtht entiH&Weithbtwmmgug'yﬁ/@gtHMidtégr fE)Se cePgst eur
Mer Ser Vi ns, Lyon, .France an istributed b n at

wea? 53? cﬁ%l%&sﬁay %ES’F\ ,egacvgﬁpzb%agﬁl}mﬁe&, Eﬁﬁ@%ﬁ”@? Hi{l‘bsa‘fﬁc("{b‘j’rd%@“&}g Ry,

Kal amazo0ualoic, Yot 1hitedaBY EHIIERMIGHNSRbIc B R sfe| d be used after

appropriate screening that wou obvious'to an ary practitioner of
the art. After expansion the transduced CD4+ T cells are then infused back

20 In yet another embodiment of the invention, any vector of the invention may be
used to prevent or inhibit a productive viral replication by interfering with the production of
viral DNA. Without being bound by theory, such interference may be by disruption of
DNA production or replication, such as that of first or second DNA strand synthesis in the
reverse transcription process or DNA polymerase medicated replication, inhibiting the

25  integration of viral DNA into the genome of the host cell, or increasing the degradation or

instability of the viral DNA.

Viral DNA is any DNA that is produced as part of a viral life cycle. Non-limiting
examples include retroviruses, including lentiviruses, adenoviruses and adeno-associated
30  wviruses, herpes viruses and hepadna viruses. For viruses with a life cycle that includes
integration into the host cell genome, viral DNA also refers to the form of the viral genome

that is to be integrated or already integrated into the host cell’s genome.
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into the patient. In a preferred enbodi nent, the CD4 negative cells
obtained during the isolation of the CD4 positive cells are retained,

frozen anghgPamgdifor infusion at the tinme 10 the transduged (d¢dopsiti ve
cells are infused back into the patient. The above exanple does not limt

the scope of the invention to either ATG nor CDA+ T ceI I's. Any cell type
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or DNA p02 'g,ormloasho we dbaddd abays|Si dams@mlwsrﬂnc b}DpertgﬁttlfCELB5Wlltht[EngHyl on of

vi ral enone f the i ncre the egradati on
or " not AR £ HRrREn TSR oF SRy AT LT BRA LY R T B s
part 1@ auiblodky bivh Colfoiddedy 1N98dﬂd1ﬂ’g i 18EhrniB% AHEA RSa pAehtistesubRES OVi r uses,
including Ientiviruses, adenoviruses and adeno-associ at ed 0 viruses,

her pes viruses and hepadna viruses. For viruses vvlth alife cycle t hat

i ncludes i nt egfl?et rmaél a]gohbe {lﬁétﬁl’l‘l&gd{ o%gx egr aﬁlﬂ dg%}mhc;} Srgo&(rgfgr%roﬁldt 0

the formof the VII’ nomne

i nt egr at ek devbia dﬂ:;ac}h@p‘aylcﬁi in iBStAIRRS mereﬁ?ls\fﬁt E4u @ 6BirtiREhotdS0 N MLy  For
direct interference with viral .int eagratl on, the invention includes the use

of the regiused thmlmpd%@p@f the virah DINA 96 a wild typr Wgistbatie didfesentifion thei ¢
repl iGatian,Gglke V1Ez{lezfe@t§,ﬁ§|c%nve& B6mi %?g%ﬁﬁv%@na QJctd{r%h%c} H&Iﬁb'{}:l Tg?%lgct ed

viral 'infection occurs Integration o ctor 1s prefe

with a nuhﬁnqniddeﬁciynayfvihrsfoenldl mlmb(t tmfbﬁuqrmabﬁmtdgkaimnp@ﬂ;epMe\ aB
preferabl‘}/ % ut 2 to about 10, about 20, or about 50. MJ of up to
about 100" tooytes: be used with highly concentrated vector
preparations and depending on cell type. Particularly preferred are MJ
val ues from about 2 to about 20, about 2 to about 15, about 2 to about 10,

or about 2 to Without Eeinglbmmé byainy dlscoay eegaplmoibe inzcbarfism byysehigh inhitptiomef y

20  viral DNA production occurs, and as shown in Figure 19 and Example 12 below, that the
vector prevents productive wild type replication by inhibiting wildtype HIV-1 (wt—HIV)
DNA formation by the incoming infectious wt-HIV, denying the wild type virus an
important step in its life cycle. Figure 19 shows the effects of a HIV based vector (cPT2 as
described above) upon DNA formation of wt-HIV introduced into primary human CD4 T

25  lymphocytes. Because the method of detecting wt-HIV used in the figure also detects
integrated forms of the DNA, the vector may interfere with wt-HIV DNA formation by
preventing its integration (such as by saturating HIV integration sites) and thus allowing it

to be degraded or otherwise lost from the cell.

30 The invention is also not limited to the use of viral vectors but may instead be
combined with other anti-virals, such a drug regimen, that inhibits productive viral
infections at any point in the viral life cycle, including wild type virus integration or

productive replication. Prevention of wild type virus integration by alternative and
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cells. The therapeutic applications of such values may be practiced by
treating host cells in 10 vitro or ex vivo followed by introducing or
ret ur ni ngwig@mégdr1a pati ent or subject. The vector may al 3@1xeseeE9Er uct ed
to contain an anti-viral genetic payload or could be devoid of such a
payl oad in instances where it is not required. Furthernore, vectors may be
used to iphihi thon .o I . . 1 i t. 1S
ai 11 er ent oo S 4% R ekt ol Bliob] Yoo Rcls 1oy A BT VEab Bl
exanpl e, d@uydedeahatdequiveddedsivaciot b salliatibits provdacttiesvied esptivation difectoell, d
inhibit the production, or integration, of hepatits Aor B viral DNA in
hepat ocyt’8IVOW t hout bei ng bound by any theory regardi ng the nechani sm by
which inhibition of 20 viral DNA production occurs, and as shown in Figure
19 and Exanple 12 below, that the vector prevents productive wild type
repli dati on byThendalbo arengmvdrowlt yspeofthy'nietiiout andl thg vedbidd of drepatdenninioyntidme
incomng jinfectious wt-HLV, denying the wild type virus, an inpartant step
in its IiPiEgcFer mgtmge, Hhe TGCISRRARM DeirEnigYedde 454Hialh O iQinGHaRRF Pa Tt (cPT2
as descripediBRANE LU FMEiSPT SRR, A ritbzithe chRtbRfbiRbrt BilodidedBr Y
human CD46?1?251 Fyrrp ocytes. Bécause taﬂg’ met hoéﬁ%%/cdlgt ecting wt-HV used in
t he fi guras ddghostietoelst sg., inessersaneatidspreseof intdiseafNAells, e ty excdnnine genetic
interfere. with wt-H V DNA fqrnmation .prevent.ing, i ts j.ntegration uch as
by sat ur &0t 1 VPRGSO Bpd Boqetmbe phnar g hgelith SFf e Bt oo
or otfer Whe @ulcash isf;rreﬁbaﬂg k66Wh, unkBowh orl AMBRLdu@Bestedl ¥ cofteRPlatbd. NTHAied to
the use of viral vectors but may instead be “conbined with other
anti - vi r atferementioned disqugsior i byere mesnstcompighisnsiye prgetling theaisy pf tie present
i nfecti onlsveattioialny point in the viral life cycle, including wild type virus
integrati gnor™ productive replication. Prevention of wild type virus
integration by alternative and 68 WD 02/078631 PCT/ US02/ 09526
conpl enentary (e, g% drug + vector conbination) nodalities allows a conbined
vect or arnencgfsef tholwentenr requires | ess vector but still inhibits
produlCSti ve viral replication effectively in vivo. 5 There also are
nunmerous uses of the nethod and the vectors of the present invention in
vitro. For i nsTlwlwantapes ofesingrascrEldvi shetegpfdryeactid thempeid tesatmertof &N DS
nuances of viral  replication and_ripozyne functjon. Sim.larly, the
ri bozy me-BERAET HHSTESS SE& Ssideil o Bor anoe e alleBLes tereetipg te vEelgrio ¢ o
assess MUk idBsioPb HIY bt Bmel REa3Es ARk vi8lrahGoQIHBMPHBANEL fafecftd 1
The vectors nmay g sg e uesgl(ri\ to eter‘%n@érﬁé (glrv con%iermﬁeﬁfluncti on %f a
gene, whe€hét cells, the crHIVs become packaged into progeny virions using the endogenous
20  infectious HIV envelope proteins. Thus, the crHIV RNA tags along inside progeny virions
and infects cell types that are normally infectable by that particular strain of HIV,
producing nonpathogenic virions. This includes difficult to target cells, such as the
microglia of the brain, which are a major reservoir for HIV infection of the central nervous
system. There is likely to be little toxicity associated with crHIV vectors that infect
25  uninfected CD4+ cells, since no viral proteins are coded by crHIV vectors. Moreover, the
result of crHIV vector competition with wild-type HIV results in the production of
nonpathogenic particles, which results in decreased viral loads. Decreasing pathogenic
HIV-1 loads can not only increase the survival time of infected individuals, but also can
decrease the rate of transmission to uninfected individuals, since the crHIV particles also
30  can spread systemically (i.e., as does infectious HIV). Decreased pathogenic HIV-1 loads
in the blood can be particularly important in pregnant HIV-infected individuals, since the

production of crHIVs can also decrease transmission of HIV-1 from infected mothers to

their fetuses in utero.
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10 the function is previously known, unknown, or nerely suggested or
contenplated. This aforenentioned discussion is by no neans conprehensive
regar di ngwigh®@/dsgd1of the present invention. Benefits of tpeg/idayessson 15
The advantages of using a crH V strategy for genetic therapeutic treatnent
of AIDS and other diseases are considerable. For instance, the problem of
targeting the vector to cells infected by HV becones resol ved. After in
vivo transfection of crH Vs into infected CD4+ cells, the crH Vs becone
packaged into PhOFIASHIMVDNAMISA Usikinge thBecaaideagNews féPintroliedhd theriiw

envel ope proteins. Thus, the crH V RNA tags al ong inside progeny virions
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i mpor t ant rephcgioaguepetelt Virisstratagydan helapplibddd sreatgither oritahimfections] gspacmbly of
crH Vs cap al Sﬁ decr)rease transmi ssion of H'V-1 frominfected nothers to
Cheir f ot HQRSVRRCYIE BIno8e R8b/ 078631 PCT/ USO2/ 00526  The pl asmi d

DNA/ i pid mxture that can be enployed for introducing the crH V vector
into host cells should be stable and cheap to produce, bypassing expensive
ex vivo strat Agragiculatty usefil deature loé criEVhogtass istthe theicesatiesmnleyeddper ent | y
flexifle ina as _I.t. coul I b ed . MV

del i vgr Y, % rosg}égﬁef% 3 ltlgblléglaagg?trs ’etsyﬁﬁzgg?’ceﬁrgo?é?&%é eos%&élla ﬁ%%a%B?{ﬁ’l?a@ygg‘%f he

| i posorre- mBsttioh of uAiRAIcRARI PehSrHIN veassirbiults iy lootoxicigdeeait liafe t he
general popul ation--sonething that is not feasible with current gene

t her apeut gxPressiontasgius dfom thedlly) pgrterennal repegt dJ Roaromates Hyths ascage phthe

contain S”?z\’(t%’rg‘éeh{ ![—]9@17‘%03§ of Xﬁiﬁhex(b?é%silaﬁ, ARAR consequent antiviral activity, occurs
only when the Tat protein is provided by complementation with wild-type HIV. Thus,

20  crHIV vectors are not designed to protect cells from HIV infection, but to lower the overall
wild-type HIV viral burden through selective accumulation of nonpathogenic crHIV

particles.

While not seeking to be bound by any particular theory regarding the operation or

25 functioning of the invention, it is believed that ribozymes can be employed as confirmed in
the following Examples to provide crHIV genomes with a selective advantage because of
two useful properties: (1) they have a high degree of specificity, and (2) they have a
relative efficiency, depending upon their ability to co-localize with target RNAs (Cech,
Science, 236, 1532-1539 (1987)). The specificity of ribozymes is conferred by their

30 specific hybridization to complementary target sequences containing a XUY site.
Ribozymes are relatively efficient because they cleave target RNAs with high efficacy only
when they efficiently co-localize with target RNAs. In a mixed HIV/crHIV infection, co-

localization of ribozyme-containing crHIV RNAs with wild-type HIV RNAs must occur,
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to different targets on the H V genone. This reduces the possibility that
i nfectious HWcan 10 nmutate and escape the effect of the anti-HV

ri bozymes.wéudsfzgsinore, the conditionally replication conpet@Rboosicus
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where viral turnover is high. A particularly useful feature of crH YV
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rel ative SFRIRAMEHES| depending upon their ability to co-localize with
targejgRNAs (Cech, Science, 236, 1532-1539 (1987)). The specificity of

ri bozynes is conferred by their 30 specific hybridization to conplenentary
t ar get sequencdbeepplication nfcddIXUreckirs for HIK therapyrean mvelve sbtenly genonaicf i ci ent

b hey .cl R i t h_high ef fii onl hey .
offrer ont Pt Genroh B atf edinbhs R o s s SRR B BN PR 6ct i on,
co- | ocal iGtRérnadR, e ceilDp@MNEINE Mildadypé FIIVS iwilY\hiduAGe Mmh;gd WO pareielekbda RNAS

must occur, 70 WO 02/078631 PCT/US02/ 09526 since H V RNA genones dinerize
prior to pelewingiadyantagooyst Sigeasils praduging crit\epartigles.ond wib agdlypredonsipatei es

£ i b d- _ : h ) e : .
1 kel vt 0P bite Hahnade SHbE Rinebliha |0 GpRY ARHERRE et oY P01 °
i nasmuch N0 Geno@eR GasG thel dulBYAS; tesistante ghnBpthbzenfdricy RS exbressingadetid (inn t he

experinments described herein 5 that the sel ective advant agle conferred . to
cr H v RNAdhsRrsseage of drughwith gjsppiyal @dypdaes pvageells expiesing wilddys R, Under

particles L esul kg 1 : LG .cl
i ntracell a}fe-aggﬁ(?ﬁdé%ﬁ%hga%it%rl ggkfgﬂ%%?gge‘iu{slp ?%bé%%\%%%l‘é,&ﬁﬁ‘é@??{/&e& %gqﬁ?%ct ion
of wi | d-t wikl-tsh&HIV, while crHIV-expressing cells that selectively produce crHIV survive. -

20  Infection of crHIV-containing cells with remaining wild-type HIV will result in the further

production of crHIV containing viral particles. Thus, a viral genomic shift can result with
the cumulative infection of CD4+ cells with crHIV genomes, thereby altering the viral
balance in the host from pathogenic wild-type HIV to nonpathogenic crHIV genomes. Such
a strategy can result in clearance of wild-type HIV, once the balance of HIV genomes

25  selectively shifts from wild-type HIV to crHIV. Viral replication eventually ceases, since
crHIVs can only replicate in the presence of wild-type HIV helper genomes. Therefore,
under such mutually restrictive conditions, it can be possible to engineer crHIV vectors that
not only decrease wild-type HIV viral loads, but also clear the virus from the HIV-infected
host.

30

Means of Production
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RNAs by host nucl eases. This allows for the preferential packaging of crH YV
RNAs into viral particles. 10 The application of crH YV vectors for HV

t her apy ce dovgdsye not only genom c sel ection of crH Vs,pdiutsodhsds
cellular selection of cells producing crH V particles. Oherw se, the
cells producing wild-type HVs will produce wld-type HV particles at a

sel ective adv C
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Therefore such nutua ly restrictive conditions, It can be possible

to engi nebE crHI V vectors that not only decrease wild-type HV viral

| oads, but also clear the virus fromthe H V-infected host. 30 Means of

Production 71 WO 02/ 078631 PCT/ US02/ 09526 The vector can be produced by

t he procedsistholls fpwpttenpirifadation eit her by using transient transfection of

vect or and hel per genones into a cell line, preferably, but not I|imted

to, the well known 293T cell line; or by using a packaging cell |ine.

Pref ersabl yicfldg1 cell is transiently transfected at a high transfection

efficiency using a transfection reagent, 5 preferably cal ci um phosphate,

el ectroporation or a lipid transfection reagent. Once the transfection has

occurred, the ve%ﬁ i S haf ﬁ;ed fromthe supernatant preferably not |ess
arification of viral supernatant

Concentration by ultrafiltration

Diafiltration with or without benzonaze treatment

20 Ion-exchange chromatography

Size exclusion chromatography or diafiltration

AN O

Optionally concentration by ultrafiltration

25  Method 2

Clarification of viral supernatant

Ion exchange chromatography

Diafiltration or size exclusion chromatography
30 Optional benzonaze treatment

Size exclusion chromatography or diafiltration

A O i

Optionally concentration by ultrafiltration

72



than 12 hours after transfection and not nore than 7 days after
transfection. The vector can be concentrated, optionally if desired, by

hi gh speedgc@nbsdsiugati on wit hout precipitation or ultragenywdobueati on.
Preferred centrifugation conditions are at about 5000-12,000 x g, nore 10
preferably at about 10,000 x g. Mire preferred conditions are

centrifugatio el (o) Lo catd Met hod
1T a1 oot ds B be ke AERE Blogl Bk MRl o d0BIG £

ul trafi | tPeddptine Bioskktafns! Holbwdibentardyidyes vart bowed fenzionfiltetibn eat nent 20 4.
| on- exchange chromatography . 5. Size exclusiqn chropatography or

di af i | t r Ai3liatign, 1@?%8&aﬁr¥@d5%?éz‘é€%t7ﬁatww5 %9%4%9 AFSIMOlog§Hon 25 Met hod 2

1. Cdarification of viral supernatant 2. |lon exchange chronat ography 3.
Diafiltration or size exclusion chromatography 30 4. Optional benzonaze
treatfent 5. Size exclusion chromatography or diafiltration 6. Optionally
concentr tion(ﬁy ltrafiltration 72 WD 02/ 078631 PCT/ US02/ 09526 Different
resins calt*y¥ é&@mPEPa?W% above procedure, including Poros 50HQ from
Perseptive Biosystens. Hollow fiber cartridges can be used for
ultrafiltration or diafiltration, including cartridges (UFP-750 series)
from A/ G Technétwgdieg to theNeamtionfa vegtarns sitnodedednntacdwsticalintnged pbgene

i nvention, a vector.is introduced jnto 0 cell i eed .of gene therapy
For cvi r ar PRt infeqsBhaR BHSRGhiBp Tl The e dlot SRR B RRseron
conpriips e%onﬂa@tiggﬂhaﬁtdaﬁﬂﬂ@_oh@&ﬁg pdsdd WitRh vk REthi AW REdr@6comtiing téthel rus with
a vector according to the invention. Preferably, such contacting conprises
any neansinpgntigni Brefarphlysstieh epntpefing qommsigercanty means by wiysh thesieptor she net hod

I's not delBE‘Q 130 R0 aHd¥t AL ISl iRSa [¥5AP aep%ildent on any particular means of

introduction and is not to be so construed. Means of introduction are well-known to those

skilled in the art, and also are exemplified herein.

15

Accordingly, introduction can be effected, for instance, either in vitro (e.g., in an ex

vivo type method of gene therapy) or in vivo, which includes the use of electroporation,
transformation, transduction, conjugation or triparental mating, transfection, infection;
membrane fusion with cationic lipids, high-velocity bombardment with DNA-coated

20  microprojectiles, incubation with calcium phosphate-DNA precipitate, direct
microinjection into single cells, and the like. Other methods also are available and are

known to those skilled in the art.

Preferably, however, the vectors or ribozymes are introduced by means of cationic
25  lipids, e.g., liposomes. Such liposomes are commercially available (e.g., Lipofectin™.,
LipofectamineTM, and the like, supplied by Life Technologies, Gibco BRL, Gaithersburg,
Md.). Moreover, liposomes having increased transfer capacity and/or reduced toxicity in
vivo (e.g., as reviewed in PCT patent application no. WO 95/21259) can be employed in
the present invention. For liposome administration, the recommendations identified in the
30  PCT patent application no. WO 93/23569 can be followed. Generally, with such
administration the formulation is taken up by the majority of lymphocytes within 8 hr at
37°C., with more than 50% of the injected dose being detected in the spleen an hour after

intravenous administration. Similarly, other delivery vehicles include hydrogels and
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introduction and is not to be so construed. Means of introduction are

wel | -known to those skilled in the art, and also are exenplified herein.
15 Accor dwaglyrsespt roduct i on can be effected, for instancectaidoh@sszbn vitro
(e.g., in an ex vivo type nethod of gene therapy) or in vivo, which

i ncludes the use of electroporation, transformation, transduction,
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present ventl o 11 posone adm ni Stratior, the reconmendations
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foll owed. Cenerally, w.th suc adm nistration the formulation is taken up
byt he. g SRR JREHIE £] PEgle s SRV B OHEIOR FEEE i T b ror 6t han 5056 o
the iy ected dose being detected in the spleen an hour after intravenous
adm ni stration. Simlarly, other delivery vehicles include hydrogels and 73
WD 02/ 078631 Privrisder@bstien inkoahes] 4 eettorelf daspresnst inventton canderformplaedt he
vector introduced into.a haost cell. can wvar dependi ng_in_part whet her
Uhe. vect o BHEEE combRufaliBbasi nraRksts i pOfRIR Sk AeBRonaR. e

nucl ei ¢ a%drﬁaﬂ&[‘the&eb@r chb&ahalé Inkdlh pharnfac kRl comipdsitiv@dy coabinaieperith ng on
whet her the vector is to be nmaintai ned extragenomcally 8l1i.e., as an

aut ononoudIPyonTigls pheamperutigally sncypptabls camicr ardlikents, andrcglbe dermstated Bitrage,
t ransjent , [ Ly as with use of a

r epl ?fcsgt i ﬁf%%?%fogﬁﬁﬁ%rh%a%}?? ?%ﬁg%lﬁ‘/f%@%t@g%t. ng virus, or stably
introduced into the host genone through double or single crossover

reconbi nati on events. 10 Prior to introduction into a host, a vector of the
present i nvent L 8 SHMBesition foﬁﬂuéq ghe method of the present mvention can comprise

one or more of the aforementioned vectors, preferably in combination with a
pharmaceutically acceptable carrier. Pharmaceutically acceptable carriers are well-known

20  to those skilled in the art, as are suitable methods of administration. The choice of carrier
will be determined, in part, by the particular vector, as well as by the particular method
used to administer the composition. One skilled in the art will also appreciate that various
routes of administering a composition are available, and, although more than one route can
be used for administration, a particular route can provide a more immediate and more

25  effective reaction than another route. Accordingly, there are a wide variety of suitable

formulations of the composition of the present invention.

A composition comprised of a vector of the pfesent invention, alone or in
combination with other antiviral compounds, can be made into a formulation suitable for
30 parenteral administration, preferably intraperitoneal administration. Such a formulation can
include aqueous and nonaqueous, isotonic sterile injection solutions, which can contain
antioxidants, buffers, bacteriostats, and solutes that render the formulation isotonic with the

blood of the intended recipient, and aqueous and nonaqueous sterile suspensions that can
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into various conpositions for use in therapeutic and prophylactic treatnent
nmethods. In particular, the vector can be made into a pharnaceuti cal
conposi t i gy RW7sFLI nati on with appropriate pharnaceuti cagdyuatoent abl e
carriers or diluents, and can be fornulated to be 15 appropriate for either
human or veterinary applications. Thus, a conposition for use in the nethod

of the pr.es ent invention can.co ri one._or orenent i oned
Vectors. BT arerBry s Raho It R hicke e Sl abulert P S e
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mor e i mtiFRAre e SRHe oW e Berl e b blebAS (HSHPAHAHBr rout 6.
Accordingly, there are a wide variety of suitable formnulations of the
conposition of the present invention. A conposition conprised of a vector
of the presentTheweeturicambe stocaden any suitabbuosolbitiva bmﬁﬁennrﬂynphﬂtmbleefmm \if ral

ds be d t t t teral
adm i ot rdeph A BreGR BAMMIES T obhP6td PRSP SerBtedsinGluberco’
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sol uti ons, can contain antioxidants, buffers, bacteriostats, and
sol ut es tpraﬁerabémléO‘Votdohltfoorquemlomnerdﬂnld swch Hhat the firl oongenstationds
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presented in unit dose or multidose seal ed containers, such as anpules and
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jections, t o use. oraneo

i nj ect abl sack eatithediiml &Bﬁlalésw&:@ﬁdféﬂt@ﬁSn Iseﬂ%,ttﬁ mﬂwﬁb’e@hbsplmél&efﬁrb@ powder s,
granules, and tablets, as described herein. The vector can be stored in any

sui t abl e Singmmised wihfeslep0%soluion af manaifnlan wates (L}, P“’(f%@]’lry&ﬁ%,&‘)]}b‘?@ﬂ 8fr ed
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(1:1), preferably a 10% sol ution of trehal ose in water (1:1), such that the

final_concentration
20 K formulatmn suitable for oral administration can consist of liquid solutions, such

as an effective amount of the compound dissolved in diluents, such as water, saline, or fruit
juice; capsules, sachets or tablets, each containing a predetermined amount of the active
ingredient, as solid or granules; solutions or suspensions in an aqueous liquid; and oil-in-
water emulsions or water-in-oil emulsions. Tablet forms can include one or more of

25  lactose, mannitol, corn starch, potato starch, microcrystalline cellulose, acacia, gelatin,
colloidal silicon dioxide, croscarmellose sodium, talc, magnesium stearate, stearic acid, and
other excipients, colorants, diluents, buffering agents, moistening agents, preservatives,

flavoring agents, and pharmacologically compatible carriers.

30 An aerosol formulation suitable for administration via inhalation also can be made.
The aerosol formulation can be placed into a pressurized acceptable propellant, such as

dichlorodifluoromethane, propane, nitrogen, and the like.
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5% trehal ose; Dul becco's Phosphate Buffered Saline mxed with a 1-50%
solution of glucose in water (1:1), preferably a 10% sol ution of glucose
in water Wboborssuch that the final glucose concentrati orpdsueYnesze Vi
HEPES- buffered saline m xed with 1-50% 15 sol ution of trehal ose in water
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mout hwas HEsPEyfprmep sgnieining in addatigmigrtbel ﬂféme ingredient, pychislagiars egarg kgown

carr 'l%r ’ ?ﬁhe\t'\ﬁt {oa@etsap&)rrgp%g?]eg rsgrgﬁiu’rf# WactiYE r? ecﬁg}ﬂ ctaﬁ'ﬁe cbljﬁg n%&) Wﬁtﬁ ning, in
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A formul aubgtuns sl 4 eddtiglonra doagomal appl i cati on can be | n the form of
creanms, ointnents, or lotions. 10 A formulation for rectal adm nistration
can be presented as a suppository with a suitable base conprising, for

exanpl e, cOCOATRIHELaRfnidedtd 6 bR, pArd QN Ao, 3 ABhExt of the

present invention should be sufficient to effect a therapeutic response in the infected

20  individual over a reasonable time frame. The dose will be determined by the potency of the
particular vector employed for treatment, the severity of the disease state, as well as the
body weight and age of the infected individual. The size of the dose also will be determined
by the existence of any adverse side effects that can accompany the use of the particular
vector employed. It is always desirable, whenever possible, to keep adverse side effects to a

25  minimum.

The dosage can be in unit dosage form, such as a tablet or capsule. The term "unit
dosage form" as used herein refers to physically discrete units suitable as unitary dosages
for human and animal subjects, each unit containing a predetermined quantity of a vector,

30  alone or in combination with other antiviral agents, calculated in an amount sufficient to
produce the desired effect in association with a pharmaceutically acceptable diluent,
carrier, or vehicle. The specifications for the unit dosage forms of the present invention

depend on the particular compound or compounds employed and the effect to be achieved,
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for vaginal adm nistration can be presented as a pessary, tampon, cream
gel, paste, foam or spray fornula containing, in addition to the active

i ngredi entvo @uesssgarriers as are known 15 in the art to beTaRenoens;at e.
Simlarly, the active ingredient can be conbined with a lubricant as a
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cor r espong@sthb@ ofladrinégntioa forahe efacofematationol thewddipositivnh baimgasel, igoitder t he
invention, which_ inhibits f viru s HV, in an assay. 10 predictive

, h.as . ;
for cli ni@achigke theidegiredsof eefilYeyle%@l" zﬂé‘ﬁﬂ%d}’ldﬁé%ﬁﬁdg’m FRied grthg attjalse

level " fof &Rﬁi} B arldRe A & ihtB YRAL Qb AhS SRRy RV WRAR the
conpositi oarl}sr 0 B#e prlesent ei nvgﬁlﬁ%n are useﬁ%ln co Ynat iylon \jﬁv{ét h
zi dovudi nengrouatihef thk poesentanvéntion dly achrepo(@rzisnalytical chemical analysis) or
20  indirect (e.g., with surrogate indicators of viral infection, such as p24 or reverse
transcriptase for treatment of AIDS or AIDS-like disease) analysis of appropriate patient

samples (e.g., blood and/or tissues).

Further, with respect to determining the effective level in a patient for treatment of

25  AIDS or AIDS-like disease, in particular, suitable animal models are available and have
been widely implemented for evaluating the in vivo efficacy against HIV of various gene
therapy protocols (Sarver et al. (1993b), supra). These models include mice, monkeys and
cats. Even though these animals are not naturally susceptible to HIV disease, chimeric
mice models (e.g., SCID, bg/nu/xid, NOD/SCID, SCID-hu, immunocompetent SCID-hu,

30  bone marrow-ablated BALB/c) reconstituted with human peripheral blood mononuclear
cells (PBMCs), lymph nodes, fetal liver/thymus or other tissues can be infected with vector
or HIV, and employed as models for HIV pathogenesis and gene therapy. Similarly, the
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conmbi nations thereof. 15 One skilled in the art can easily determ ne the
appropriate dose, schedule, and nethod of adm nistration for the exact
formul at i g @fo78d3¢ conposition being used, in order to agureyv®2bésesdesired
"effective level™ in the individual patient. One skilled in the art also
can readily det erm' ne and use an appropriate indicator of the "effective
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treatment of AIDS or AIDS-like disease) analysis of appropriate patient
sanples (e.g., blood and/or tissues). Further, with respect to determ ning
the effective | Al r |ke
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I mpor t ant n@RRpéEEE toQBplicatd ARortdTfouRf Hb’(i»%‘v‘@r A8 stdHe6 &ab teQlectors are

bi odi stribution studies. Transd uceg preferably but not limted to

human cel ¢ecteditn aitﬂnmgolﬁbcteehcm,émwtb@t@deﬂmfoe safetyorect imbmestabliskad, fadel
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genet R of genetic ndteri al
in ani rral The @es@cmwmeﬁwth@aéctdﬂwuma@d dlaterﬂxﬁnéim,smm ordhit NOSabsly s if
replicate without the presence of the helper or wld ﬁé virus and . thus

woul d be Behestegercstor suprssses p markesisens tha&earibﬁ\ﬁmedb GSs bufdnpet lgpitedhe
vect or SN a hel per vector or hel per virus could be
consi dere(?sgia%ae Sf/ ri sel?%? the vector is not expected to replicate

aut ononmously. However, in the instance that the vectors are

20 Generally, an amount of vector sufficient to achieve a tissue concentration of the
administered ribozyme (or vector) of from about 5 pg/kg to about 300 mg/kg of body
weight per day is preferred, especially of from about 10 pg/kg to about 200 mg/kg of body
weight per day. In certain applications, e.g., topical, ocular or vaginal applications,
multiple daily doses are preferred. Moreover, the number of doses will vary depending on

25  the means of delivery and the particular vector administered.

In the treatment of some virally infected individuals, it can be desirable to utilize a
"mega-dosing” regimen, wherein a large dose of a vector is administered, time is allowed
for the compound to act, and then a suitable reagent is administered to the individual to

30 inactivate the active compound(s). In the method of the present invention, the treatment
(i.e., the replication of the vector in competition with the virus being treated) is necessarily

limited. In other words, as the level, for instance, of HIV decreases, the level of vector
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expected to autononously replicate, then other criteria for safety need to
be established, for 15 exanple the lack of replication in certain tissues
or the | ewsa 0o20f78a3epl i cation in the aninmal. The presence @CTab®enge6of the
vector could be determi ned by PCR, or by FACS analysis if the tested
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W | d-ltsiype&%f—|lll patgﬁgbdgﬁ’l ﬁ(}}t}[ﬁ@é I%It?]ﬁﬂggg szdlﬁl ’z;VIrH,CC’ %ﬁﬂ&%ﬁé&lg@ﬁ,ﬁ%ﬁéﬂf%d 10 that an
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used - BanS: o SRR oBR Lloop et uddryvaibes rochen RAALH vBRatfly Angital °
CONPOUNSR edeBIRHNAITREM28E 91H1)), LATBIRII70ShAYL 31, AR, 10VI8A.] 9&(SufNd4.8j, RSL
agents and treatment regimes (i ncluding those recognized as alternative

nmedi ci ne) 1Th@O®9tanniraumsmpddwesors nd immanostinhdantainciuder byt are not limited to,

20  various interleukins, CD4, cytokines, antibody preparations, blood transfusions, and cell

transfusions. Antibiotics include, but are not limited to, antifungal agents, antibacterial

agents, and anti-Pneumocystis carinii agents.

Administration of the virus-inhibiting compound with other anti-retroviral agents

25  and particularly with known RT inhibitors, such as ddC, zidovudine, ddl, ddA, or other
inhibitors that act against other HIV proteins, such as anti-TAT agents, will generally
inhibit most or all replicative stages of the viral life cycle. The dosages of ddC and
zidovudine used in AIDS or ARC patients have been published. A virustatic range of ddC
is generally between 0.05 pM to 1.0 uM. A range of about 0.005-0.25 mg/kg body weight

30  is virustatic in most patients. The dose ranges for oral administration are somewhat
broader, for example 0.001 to 0.25 mg/kg given in one or more doses at intervals of 2, 4, 6,
8, and 12; etc., hr. Preferably, 0.01 mg/kg body weight ddC is given every 8 hr. When

given in combined therapy, the other antiviral compound, for example, can be given at the
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15 conpounds include, but are not limted to, ddl, ddC, gancylclovir,
fluorinated dideoxynucl eotides, nonnucl eosi de anal og conpounds such as
nevi r api n&o Ghi7dszet al ., PNAS, 88, 9878-9882 (1991)), TI Bo1okesobnessVves
such as R82913 (Wiite et al., Antiviral Research, 16, 257-266 (1991)), and
BI-RJ-70 (Shih et al., Am J. Med., 90(Suppl. 4A), 8S- 17S (1991)).
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anti-retroviral agents 25 and particularly with known RT inhibitors, such
as ddC, zidovudine, ddl, ddA, or other inhibitors that act agai nst other
HW pr 6t ei ns, such as anti-TAT agent EXAMPLESenerally inhibit nost or al
replicative stages of the viral life cycle. The dosages of ddC and

zi dovudi ne used in AIDS or ARC patients have been published. A virustatic
range of ddC + : f
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0. 25 ng/ k iven.in on r ;mpre doses . at intervals of 2, 4, 6, 8, and 12;
etc., hr ﬂﬁgr%é‘? E&é‘&tﬂ}‘?edgtf’glimﬂgfﬁﬁo% DGEVEREOHAC i s given every 8 hr. Wien
gi veng n conbi ned therapy, the other antiviral conmpound, for exanple, can
be given at the 79 WD 02/078631 PCT/ US02/ 09526 sane tine as a vector
according to the invention, or the dosing can be staggered as desired. The
vector also can be conbined in a co osit'qn. Doses of each can be |ess,
when used in conbination, than whe gp?ﬂ%r is used alone. 5 EXAMPLES The
present inventive conpounds and net hods are further described in the
context of the follow ng exanpl es. These exanples serve to illustrate
further the present invention and are not intended to Iimt the scope of
the invention. I : i | he:co i on of
condi%ionalIyrpégFgégﬂgg%“%%%%@%ghﬁﬂﬁég§¥gfgggﬁﬁ%%gfﬁ%ﬁﬁgmgﬂgﬁh%%%%tion. I n
parti cul avectdrbaoriagml e dogatiohds ptutieulagnbis enshplerdeafribes traiohstaresbh v

replicating vectors based on HYV, i.e ., crH V_ vectors.
P co%dltlonal y replicating vectors based on HIV, 1.e., crHIV vectors.

One of the most prominent aspects of HIV-1 pathogenesis is the production of

20  genetic variants of the virus. The rapid production of HIV variants in vivo indicates that the
virus can be considered within the framework of Darwinian genetic modeling (see, e.g.,
Coffin, Curr. Top. Microbiol. Immunol., 176, 143-164 (1992); and Coffin, Science, 267,
483-489 (1995)). The variants are a result of the infidelity of the HIV-1 reverse
transcriptase molecule, which creates mutations in newly transcribed proviruses from viral

25  genomic RNA. Therefore, under in vivo conditions of no significant bottlenecks and many
replicative cycles, a substantial degree of genetic variation occurs with the production of
many viral variants. Yet, wild-type HIV still predominates, since, under such unrestricted
conditions, it has the highest selective advantage. However, in the presence of an inhibitor,
for instance zidovudine, a viral variant will be selected that is conferred with a higher

30  selective advantage than the wild-type strain, and consequently will predominate (Coffin
(1992) and (1995), supra). Based on this, the present invention provides a conditionally
replicating viral vector strategy that affords nonpathogenic HIV-1 genomes with a selective

advantage over pathogenic wild-type HIV-1.
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One of the nobst prom nent aspects of H V-1 pathogenesis is the production

of 20 genetic variants of the virus. The rapid production of HV variants

in vivo iwd eavegsithat the virus can be considered w thi pdingsobipesrewor k of
Darwi ni an genetic nodeling (see, e.g., Coffin, Curr. Top. Mcrobiol.
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two factors appear igortant (1) a selective advantage of crH V genones

over Wi | ¥qesnses HAVIrgd fomaNA expgsyion), dan@éza@@nuav@pmawga@é d@fnot express
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cr Hi V- ex pcrrﬂwmagtoﬁsalw ﬁasmiﬁg aeibbkyme xpsessthagelvdves it 19 &7 SHeMbn of e wilddl V
vectors condltlonally replicate due to the fact that they contain the
sequencestyPeFiY 2s8omEy W@ﬁﬁ?@s\épérRNﬁt neri zati on and packagi ng, but do
not express 15 functional (i.e., wld-type) H V-1 proteins. A selective
advantage was inparted to the crHWvectors by inserting a ribozynme cassette
t hat cl eaves i Thd tikodymes @ggsent infthd Veetoss Hanot ol¢gryve thorENARIMEA Hevdusa tie Uhe

H V. . . -
cr 20U5 r@g%n of the crHIV RNA has been modified by conserved base substitution (base

substitutions present in other HIV strains) to prevent the ribozymes from efficiently binding
and cleaving these sites. Moreover, the crHIV's are nonpathogenic because they do not' code -
for proteins believed to be responsible for CD4+ cell death. When the HIV-infected cells
(that have been transfected with the ctHIV vector) become activated, the cells become

25  capable of complementing the crHIV genomic deficits, resulting in the production of ctHIV

progeny virions.

In general, ctHIV genomes were constructed from the full-length, infectious HIV
clone, pNL4-3 (Adachi et al. (1986), supra. All cloning reactions and DNA, RNA, and
30  protein manipulations were carried out using methods well known to the ordinary skilled
artisan, and which have been described in the art, e.g., Maniatis et al., Molecular Cloning:
A Laboratory Manual, 2nd ed. (Cold Spring Harbor Laboratory, NY (1982)). Enzymes and

reagents employed in these reactions were obtained from commercial suppliers (e.g., New
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The ribozynes present in the vectors do not cleave the crH V RNA because
the. US 20 region of the crH V RNA has been nodified by conserved base
substi t ut wer2(bsse substitutions present in other H V st rpgtingo2es2pr event
the ribozynes fromefficiently binding and cleaving these sites. Mreover,
the crH Vs are nonpat hogeni c because they do not' code for proteins

bel i eved b i ble f rEﬁDM e fect ed cells
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art, e.g., Maniatis et al., Mlecular Coning: A Laboratory Manual, 2nd
ed. (Cold Spring Harbor Laboratory, NY (1982)). Enzynes and reagents
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Dropulic' et al. (1992), supra; and Dropulic' et al 93), supra). pNL4-3
was cl eaw}ctnwtt(RREI)Waenk)}méthgtBalm Hihwsitepresang an/ths ppl‘yhghqf Theseabout position

+1000 from t.h tart transgcri i.ch ¢ £s in nef, at
about posherBatmzbyien Sh ATRECA LR By PGB8 eeneO o SR YOS Mries
cont ai Ni NEHIGHELIdh €6 tvithBSthe 13 ¢ddinglidgn(BE, thaS alsd B6letifglthehePedfe) kivhitgl | |
to BamH fragnment containing the rev responsive elenment (RRE) was cloned

into a Bathe Mectet is @blgrte prastuce  tiupeatebgag trajseript, arﬁéls@ngﬁhefnnﬁwmalt HWRrofeEE ul t ed
in d etl odlng regi on
to vm h| ngg Rgprf)g&ceedgi &;{Iég\&éecq?%%ﬁ?’e%rng{aplﬁﬂésﬂg rt?é%?ﬁm ?tgcgl Aet gene).
Wi | et hgmeestay abcfor&;hgeo tie ipvaiea ctha ghe sbmaﬁ@d c@fibe uaaatoippévenaGag
full-length functional ? protein 15 is not produced by the vector.
However , RrAtEnfien beingfranglaisdhe Gag functions are unnecessary according to
t he invent| on, the gag sequences can be nutated to prevent Gag protein
from bei ng transl at ed.

A ribozyme cassette containing either single or multiple ribozymes as described

20  herein was inserted into a Sal I site downstream from the Bam HI site. To accomplish this,
complementary deoxyoligonucleotides encoding ribozyme sequences were synthesized,
annealed and then cloned into the Sal I site. The ribozymes employed for construction of
the crHIV vectors were hammerhead ribozymes. These ribozymes contained a catalytic
domain comprised of 22 base pairs, and two hybridization domains comprised of 9 base

25  pairs each. The ribozymes were targeted either to the +115 or +133 site (i.e., corresponding
to the number of base pairs downstream from the start of transcription) of the U5 RNA
sequence. The hybridization domains and catalytic domain (underlined) of the ribozymes

targeted to the +115 site and the +133 site are as follows:

30 CACACAACACTGATGAGGCCGAAAGGCCGAAACGGGCACA ("the+115
ribozyme") SEQ ID NO:3

ATCTCTAGTCTGATGAGGCCGAAAGGCCGAAACCAGAGTC ("the +133
82



A ribozyne cassette containing either single or nultiple ribozynes as
described 20 herein was inserted into a Sal | site downstreamfromthe
Barn H swio2otsszacconplish this, conpl enmentary deoxyol i gerugdoeadsreles
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of 9 base 25 pairs each. The ribozynes were targeted either to the +115 or
+133 site (i.e., corresponding to the nunber of base ai rs _downstream from
the start of tFeadkazypricessettomas n@nmssenmelth@onm&!@ le dyIRlE di zat i on
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and targeRNA.to the sane site of the U5 HV RNA, at position +115. Vectors
cont ai ni ng doubl e ribozynmes may be readily constructed and targeted either
to the sane site at position +115 or to different sites at positions +115
and 733 of the, &&n@@é thEB¥hstrhGickCofGREPERSLS, thE BEEONALcEdS WeRlYeRderbd1e
vectors, the crH V' vectors were rendered resistant to ribozyne cl eavage
(i.e., irresibianttoriozyms ckavage (8s, iﬁthlr anifestatidneg RINA) bjemm@magrsutzed by the

h head b t he .

s L L

AAGCTT CLAMITAGTICHALREGARIITIEHAGORETES, 15 CAG

CTAGAGAT CAGACCCT TTTAGTCAGTGTGGAAAATCTCTAGCAGTGECGC  C SEQ I D NG 13)
cont ai ni A KIS TS MG TET COAGEACHGEHGT ROEGACOTEEBG TG NEAL TG used

to i troq?gﬁ,nndified sites into the vector. Specifically, base
substi't ut S were engineered into the ribozyne hybridization and cl eavage

sites at QRAGARATSCCKCAGACESITTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGC
C SEQ ID NO:13) containing the base substitutions depicted in FIG. 2 SEQ ID NO:2 was

used to introduce modified sites into the vector. Specifically, base substitutions were
engineered into the ribozyme hybridization and cleavage sites at base pairs 115 and 133. In

20  particular, as illustrated in FIG. 2; mutations were introduced at base pairs 113, 114, 132,
134 and 142. These sites can be modified to comprise any mutation (i.e.,
GTGTGCCCNNCTGTTGTGTGACTCTGGNANCTAGAGANC, wherein N can be any
mutant nucleotide SEQ ID NO:14). Preferably, however, the sequences are mutated such -
that there is, for instance, a G to A substitution at site +113 (i.e., such that the sequence

25  comprises GTGTGCCCATCTGTTGTGTGACTCTGGTAACTAGAGATC SEQ ID
NO:15), aU (i.e., T, in terms of the DNA sequence) to C substitution at site +114 SEQ ID
NO:5, aU (i.e., T, in terms of the DNA sequence) to C substitution at site +132 SEQ ID
NO:6, an A to G substitution at site +134 (i.e., such that the sequence comprises
GTGTGCCCGTCTGTTGTGTGACTCTGGTAGCTAGAGATC SEQ ID NO:16) and a U

30 (i.e., T, in terms of the DNA sequence) to A substitution at site +142, which mutations can
be made either alone, or in combination. In particular, in the absence of other U5
mutations, the U (i.e. T, in terms of the DNA sequence) to C substitution at site +114 SEQ

ID NO:5 and/or site +132 SEQ ID NO:6 in the ctHIV US RNA prevents its scission by
83 ‘



20 particular, as illustrated in FIG 2; nutations were introduced at base
pairs 113, 114, 132, 134 and 142. These sites can be nodified to conprise
any mut at weo2forsdd1, GTGTGCCCNNCTGT TGTGTGACT CTGGNANCTAGAGHG yswhasasn N can
be any nutant nucleotide SEQ ID NGO 14). Preferably, however, the
sequences are nutated such that there is, for instance, a Gto A

substi t utj i + I € : I

sroraoocAT e B T R b - SRS a0 FRIRGh SBidous,
terns of dthe sBhis SEGUEBEYerd € o, HIV Seqiicntce Datadhses Lbe Atdndk ISR 4D (199a)), a U
(i.e., T, Jjn terns of the DNA sequence) to C sybstifut.ion at,  si +132 SEQ
1D Na 6. Whish Hidiggtes Taelese shbsBHione dempbderieae %116. rgplicaliyie FARARAY ot fhe H¥quence
conpri sesgengggTGCCCGTCTGTTGTGTGACTCTGGTAGCTAGAGATC SEQ I D NO 16) and a U 30
(i.e., T,”internms of the DNA sequence) to A substitution at site +142,

whi ch5nmut ati ons can be nade either alone, or in conbination. In
particular, in.the absence of other nut ati.ons, the i.e...T, .In terns
b the DA seqTTBERIoR &b et S Bereiaan e stmplavie 9 sdnptiighghinsoRtighalhiy o
site +132re§€Qﬁh VDKL f? ifdbhce! dambridsi Mfﬂaﬁﬁgeﬁhgggenbﬁ@ (d.8.54i0RrRY REG WO
02/ 078631 PCT/ Us02/ 09526 ri bozymes (Unlenbeck (1987), supra). The inserted
base- substiiuses) arempriseg pLdifferent genetic iaotirgiral ogends. Buthaimmsre of coadiviondler s et
al ., HV Seguence t abase os_Al. Nat . Lah. (1994 .Whi ch _indicates
That  t hes@oOHBENEPT SR hgm A EPD B et el T i b P e
H'V  @enoiBodied tescl@tike ddwvmt8loveP4 hékt BEI Srtaifiiip thewalanypy|ehst Poconst r uct
other conditionally replicating vectors, for instance, conprised of

di f f er i ngingtRpesl susBriovRstor can be modiffadde dxtherriacodgimltdatg resstancengyr 4 muakptask

di fferent net i iviral ents. Furthernore, a conditionally

repli catilﬁg%\a}%c rg?%%%entr esa{‘l%trg%her nodified to inpart to a host cell, into

whi ch the vector is 10 introduced, a selective advantage over a host cell

containing the wild-type virus. For instance, such a vector can be
modi fied to fuFissemetindsgan alisqurss g alsediesmpiered tg constivgt the variowshsiresse or

reverge t\;ﬁqﬁjz%ﬁ%@&qieﬁégp%g?w hods can of course can al so be enployed to

construct t vari ous vector constructs descri bed herein.
Exanmple 2 20

Example 2

20
This example describes the resistance to ribozyme cleavage of conditionally

replicating vectors, and, in particular, of the crHIV vectors.

To confirm the resistance to ribozyme cleavage of the crHIV vectors, in vitro

25  transcription was performed. To accomplish this, the ribozyme sequences were cloned into
the Xho I site of pBluescript KSII (Stratagene, La Jolla, Calif.). A 0.21 kilobase pair (kb)
Bgl II fragment containing the mutated crHIV US region similarly was excised from the
crHIV vector and inserted into the Bam HI site of pBluescript KSII. The resultant modified
pBluescript KSII vectors were linearized with Bss HII prior to in vitro transcription. A

30  similar plasmid expressing wild-type HIV U5 RNA (described in Myers et al. (1994),
supra) was employed as a control. It was linearized with Eco RI prior to in vitro

transcription.
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Thi s exanpl e descri bes the resistance to ribozyme cl eavage of conditionally
replicating vectors, and, in particular, of the crHV vectors. To confirm

t he resi styvowa7é¢31ri bozynme cl eavage of the crH V vectors, pgdr/wkobies285
transcription was performed. To acconplish this, the ribozynme sequences
were cloned into the Xho |I site of pBluescript KSII (Stratagene, La Jolla,

Cal i) A O 210088 Prsfiy RADIng Al vhle WD GRANLANgg he mut at ed

crHV U5 region simlarly was exclse and i nsert ed

into the tBarRtdptichi dfehe©iedidis Laslﬁév@hslmsbnb%@rbp@lw' étaan(lama)i, fupes). The
pBl uescript. KSI1 vectors were |inearized th Bss H. | prior to i.n i-tZSO

transcri pefighbeled dransirints weregpeuhisicd tegstherd et 4lgrapf fodhqzymepela gt
(descri bggillzbgg&fys&aﬁu@ l?fll_fﬁr cgﬁaﬁﬁﬁ 40 THVP T-1YEs ﬁnﬂ Q@ @@n@z,@qw ol. It

was |ine prlor olnyvitro ranscrlptl 84 WO
02/ 07863 lsp%ﬁﬂdxﬁe)zh@%:ﬁﬁ\d Ml Thafmhees MEreHileMeRMAﬁifﬁ]ci, anid loenyooe 1 daNA 37FC.e

pr oduced invitro ription th vecto . vi ous| y_ descri bed
(Dropul i cfb ¥éema|pn°( 1(9@ Bpiytopiaﬁéf W18 Copianing ??“Zﬁgwmds

i ncubat edphypaenpse, B%n%%%l%he t@arol @K%m@@}%ﬁofﬂi I'I‘l’legﬂffod]uc‘%)werb thehX
transcription buffer contal ning 40 mM Tri §-HC, , 2 M5

Sper ni di nmolmtﬂbﬂmenammmolyaftbéammebdemmomm@éﬁﬁj metecggqld)yt hen
cooled to 7C 5 mn prior to the addition of stop buffer solution
cont ai ni nﬂ‘@%@’b"%’?ﬁ&m de, 20 nM EDTA, 0.05% Bronophenol Bl ue, and 0.05%
Xyl engy Cyanol FF. The products were then resolved by denaturing

pol yacryl am de gel el ectrophoresis (PAGE), and detected by autoradi ography.
10 When wil d-t nwwekk%ﬂmém&w&m atesl witha trangerat coplaindege sipgleng a

single rr:‘%lpooz 12 tsRe é%?%gf \%ﬁel%gcﬁ ed.eSaLghl agg,%e{egﬁﬁ m%i’bccﬁﬁ Iﬁavage

results i eav SO can en’w type

HI 'V RNA mpmmmbg@lam bdmtw\mnmﬂtwaldnuypejmvmgwasbmm&a viith RN]Alser t he
sanme site, or to different sites, \Wen a rlbozzqu 15 caont ai_ni ng transcrlpt
1

di rect ed 9otainiss dprble rbreymes tosithasthe sane st ar i differnt sitesy Whenpyiborxyae-
produgy s folualﬁ% ﬁfaﬂsc%% eé&e foot% ﬁerelé’?ig@%& E&uﬁﬁtgmxﬁdpﬁwﬂ‘ fﬁwt he +133

site.”” In conp |son containing ¢

i ncubat edRWIAT, brcellubtlsé’rl B2 and 8B everd mﬂymal. BB rexaite frotocledvage-dtithe 3-133351teor
doubl e ribozynme directed to either the 20 +115 site or the +133 site,
cl eavage products were not detected. Thus, these results confirm

In comparison, when the modified U5-containing crHIV RNA was incubated with
either a single ribozyme directed to the +115 site, or double ribozyme directed to either the
20  +115 site or the +133 site, cleavage products were not detected. Thus, these results confirm
that crHIV U5 RNAs are resistant to ribozyme cleavage, while wild-type HIV-U5 RNAs
are cleaved by anti-US ribozymes. Moreover, the results validate that the approach of the
present invention can be employed to impart conditionally replicating vectors (including
vectors other than crHIV vectors) with a selective advantage for replication when

25  introduced into a host cell as compared with a wild-type strain of virus.
Example 3

This example briefly describes key steps in the production of helper vector
30  constructs of the invention. Unless otherwise noted, nucleic acid sequences encoding
various retroviral elements were obtained from publicly available sources. All described
steps required sequencing of the whole coding region for all proteins to detect mistakes and

direct corrections if necessary.
85



that crHV U5 RNAs are resistant to ribozyne cl eavage, while wld-type

H V-U5 RNAs are cleaved by anti-US ribozynes. Mireover, the results
val i dat e wmadaobbed1 approach of the present invention can heTeimgeboyee to
inmpart conditionally replicating vectors (including vectors other than
crH V vectors) with a selective advantage for replication when 25
introduced into a host cell as conpared with a wild-type strain of virus.
Exanple 3 This exanple briefly describes key steps in the production of

hel per vector Bfdensaicibt fat 0équiche: dndvRahitoR tarkligsisy aither besmie) ed,
nucl eic acid s;&yences encodi&g various retrqviral elenments were obtained

fr om publPlesmid U] wes mutaggnigekusing QuiskChpngeddt frameyiatagengiioridelidequenci ng

of the . ' ' [ ' nd direct
corr ect | AAEEE HBTol SRl Aoy 58NS, ShedeuedR B BRI B e 2t e The
tat seéqueseqaerBdvapeldiied intd an tRprgsiomeechy basddi ot pN Grplisoziy fiesn InvitesGend pTAT
was mnut ageni zed using Qui ckChange kit from Stratagepe_to include targeting
sites for %ahﬁmPeﬁcﬁtwﬁsifWQﬂ@g%%@Ftﬁé@tPﬁ@é‘é’&&éﬁﬁ“ﬂ s el hafesipaMizsed t at

5 S eque”%ﬁ}‘}@@ﬁ%ﬁ@&% LdbAin 3R aﬁ%@@ﬁ%&%&%&%ﬁé aRPS P40 B?Eiﬁl'\@r 1Rgg from

I nvi troCen. e tat sequence use S at the rst ATG using an
Ncol site. The vector was further nodified to contain an anpicillin

resi stance gene and SV40 origin epli i.on. Sequences, cont ai ni.ng the
V5 pon e adoges tonedimedng E L iR e MRS Semerdarerd bt bReReBgon of
rev tipgetfgmivd dddntdreeBEthECMP MeRRE R RLANREEd AbRed Rk b bTMAIBR 38

Kt
plasm d. Rev sequences up to nucleotide 20%, which includes the second exon
and part . @asmidh&Revisequinessorp tapucisotdB(i8-whidht includessthe secont exen dndgrartf

synt heti c, nucl eoti des using,EIR _and PC he PCR produc clo into
Ve 1o ol UirERliRle STHARI S phl Seeped B Trb PR fleolBo FuRlETR T
fused usif@ KGR CHEHROBSrKlict WaREIohe@Mito pETCR Vand thassibdlostd ings ed for the
H V-1 RRE and both constructs were cloned into a ggg/ pol / Rz vector.

Degener atMd TrRREgygudhe bxo nicees ofirgv wgrsalysest wsieg Quickbhanggikdt KRB Fomt o

packagi n S - te the first
12 g coldaar bt teq My L R Em g B it DR TRASEE S et b o
part of the/poRzofecior.abeeheracBesisbduchpsl wire atporiéd diraiy Fdit shbdlonag into
subcl oned nto pLITMJS38. The gag sequence was degenerated using

Qui ckCharkpekaging sensiigl fopyectors shhoaseMfI&Pa¢-2t he packagi ng signal were
elimnated, and an HV major splice donor was

To degenerate the first 42 nucleotides of gag, which are required for packaging and

20  must be a part of the vector plasmid, a BssHII/Spel fragment from pNL4-3 was subcloned
into pLITMUS38. The gag sequence was degenerated using QuickChange kit so that all
components of the packaging signal were eliminated, and an HIV major splice donor was
reinserted in front of the first ATG codon of gag. The degenerated gag was subcloned into
the pNgp plasmid, courtesy of Dr. Conde, in place of 5° LTR to form a continuous gag

25  sequence. This resulting construct still contains splice acceptor (SA) and splice donor (SD)
sequences utilized to express the vif protein. This splicing may result in the presence of
ribozyme cassette in spliced mRNA, which is undesirable due to possible cleavage of the
spliced retroviral (conditionally replicating) vector RNA and resultant decrease in the titer
of packaged transducing vector. Overlapping PCR was used to mutate the SA and SD

30  sequences. The PCR product was inserted cloned into a gag/pol construct, followed by

insertion of an anti-U5 ribozyme cassette and the rev and RRE elements.
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reinserted in front of the first ATG codon of gag. The degenerated gag was
subcl oned into the pNgp plasm d, courtesy of Dr. Conde, in place of 5 LTR
to form awgoniorgydpus gag 25 sequence. This resulting constpcugtsesidzb
contains splice acceptor (SA) and splice donor (SD) sequences utilized to
express the vif protein. This splicing my result in the presence of

ri bozyne cass I i ced.. . i i L.t . ossl bl e

cl eavage of tﬁ%ﬁeevseps) F%gallmrne lFlo rlort%ﬂ1 %(}Ic\ggr}é_i i%ﬂ?ﬁfs{%}nﬁgﬁﬁ%é inr}fé)ﬂ?ev@%t or RNA

and resulMastofagieaseyvdctortid gerdrite tn efel@pRCipaRS0H EaRBIHI CTNGmpEELHE fiither
Overl appi ng .PCR was used to nmutate the SA and SD 30 sequences._The PCR
product vAMRHEEPT ¥a VP orreslangd as a bimyetsd fragmsnt iéq thefRglilbslisdillsgl in with

vo 021 078sBie RRsBB oA LUREHR RS 4 it Lo RE [T BoBORE S Cn
pr ot eisn Viesfindlize @dckaging plhsmitis ashelpdeSTectbrsaa pdvizeatnce avdsaubdlonsgantertht e an

envel ope expressj.on cassugtte. To, si npl Hfgpfurt cloning steps VSV-G was

er _
cl oned assesomsl MEsSS: eigaasulingplasmid; wassall %%&C-gi(ls%eﬁglﬁ dinwth - Kl enow
pol ymerase. A construct with the Sv40 origin of replication (ori) was
generated. 5 To finalize packagi ng plasm ds as hel per vectors, a rev
sequence was slhgiéneratelhélptrovertves fremeonet phtiSgingysasnaids) the pag/pdlRREAElves

|l ed pVI RPAC- 2 Fi.g.. 6). T I t
backagi nePiBIeHE MraS IO gap ey P R piteerd 6 SVAOED” COBETRONT At o
PMG- tigt - RIRE FM SitHorTOUbr BIV-SMG& e Hade GIVBLFAHOL Bad 1 PR2Mn FikO6fRRks AT om
either HV-1 or HV-2 were made (pVIRPac-1.1 and 1.2Rz in Fig. 6). As a

control feoniroblr tastng iibezyweluhebat, thwriboziime caisotty wes delstedtin thevitnel HEY €t ed i n

t he final V-2 . RRE cont ai ni ng,.con ct, ~generat] VI RPag- 1. 2. Finally,
to test URREAgRambLySothd: SnpRrbRRY TEEE 1 ar FRRAS: (e B S iedis

machi ner YfofSiye giofpts RIN A hed iadgplieingmeichinety by ptsendilédvagabf ¥troeipdli cat i ng)
vector genonic RNA, the intron from (3-globin was inserted in 15 front of

t he SVv40 (penditignadly gendicatipg) vRPter genome IRNA, the irgem fsem Brglobineyasangsetgdd itfent s of

t he invention,,.t jhserted intr | S Ve rom H V,, preferabl

compl 3t o KO FierBr O Rk A il 6 PR P I Ft PR e PP | i ng
nmachi ner ythé hventicif) theGassaantrorX 3RV &1 #om3UV PrFer@B I dnpsles (Ivhiagod he
efficacy of various hel per vector constructs. Standardized protocols for

retrovi r sfonfigaedbio direstiatRNSwingy, the calipresplicing apachmery (g wRlcegs@Hel n  t hese

experinents. Megapreps of plasm d DNA were produced using known techni ques.

Example 4
20
This example describes the efficacy of various helper vector constructs.

Standardized protocols for retroviral vector production by transient transfection was used in
these experiments. Megapreps of plasmid DNA were produced using known techniques.
To produce the virus, 293T cells were co-transfected with retroviral vector and helper

25  vector plasmids by calcium phosphate method. Cell supernatants were collected
approximately 40 h after transfection, filtered through 0.45 um syringe filters, and titrated
on HT1080 cells. Vector titer was calculated based on its transduction efficiency measured
by flow cytometry approximately 72h after infection. The arbitrary formula was used for
titer calculations was N*400,000%, Where N is the fraction of transduced cells; 400,000 is

30  the approximate number of cells at the time of infection; and F is a dilution factor.

To enhance the safety of a helper vector by decreasing the possibility of generating

RCV upon recombination with an HIV-1 based retroviral vector, an anti-U5 ribozyme
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To produce the virus, 293T cells were co-transfected with retroviral vector
and hel per 25 vector plasm ds by cal ci um phosphate nethod. Cell

super nat awigsoyesa1 col | ected approxinmately 40 h after trangfiacdob09s26
filtered through 0.45 umsyringe filters, and titrated on HT1080 cells.

Vector titer was cal cul ated based on its transduction efficiency neasured

by flow c : [ . r.J tiqQn. . [ ornmul a
ws used oy RN F niel Mol et S5 5. IR b B LR Bkad 0T O 5
t r ansducedkstey testovaaDvé2 @ RI$A 30cd-pekagadria thayionu ITbBposdibleidveevat, tiidie ti me
of infection, and Fis a dilution factor., To enhance the safety of a, hel per

vect or byhaEbPeREs Weuldidsardeaetyertor NG ingidsdheptorcer reds. s intedem VAL i on
with an "{Li}ﬁsjzoé&ﬁﬁﬁgn.r &b R dr MerdRE bhty, R 1Rl chfRufubRs I8 kR 078631

PCT/ US02/ 095 cassette was 1 nserted"into certaln hel per vector
const rsuctaemditeo firtier daereass uhalilalihoad df helpstandwectet baiug cadpackmgédintdNA i f

co- packaged . into. t virion. It is _possible, h at the ribozyne
ol d_a o Pl et bl RR werR A G a%ckaz%ﬁﬁcél&‘f@ff@ﬁffﬁﬁ%ﬁi nterfering
with virus production. To further increase safety, the hel per constructs

contained the RRRE-2 5 elenent to further decrease the |ikelihood of helper
and vector beiAgshovipadiigged, thetppesance/ofr afibqramtei apl the hilpeis@nkteiqy bad littker e

used to package the pN (cPT)G-P vector. As i igure 7. .the presence
of 2 11 bOITHEI N lerehe et reprareL e ot 2R B i i cer.

| mporftoantiniton & AEddR e RHRE friicking\drmERet RRIAZ ARy Fomtvictor RINARIsd Bad R on to
affect the cellular trafficking of hel per RNA away from vector RNA al so had

no si gnidigraéieant effpeicn weatoy sitar o be veder titphgengratedbyvith ithie 2-niesiad ayssemiai t h
this 2-pl asni t.em. . | t ‘ i
convent | Sanpegaely & EF YR AT AR b fer it LpBhm R BLREo SIS, 1y o

RRE- 1 corsiaiilar Bgpetidhddty with as RRE: cotit¥nigaeslpet cosdinig Vatraul. 1, shobvell @bsutl ower
packagi ng efficiency. Thus, incorporation of RRE-2 intq the hel per vector
15 const raredolddewertagkaging eflisisacy.t Shussmcpiposstionf ki brd intedbgbalpemsiepiory of

hormllggos@ng@% ?r!fg’[ {)}ﬂgii%eafﬁ&'ﬁs @f&%ﬁ@@%@%ﬁmﬁﬂﬁ{f@ﬁﬁ%&%&gi ency of

packagi n IS exa er “expression of the MaVIl
gene fr ometdrebinatien, bRt alsplmexpactadiindreassd tfficidnenof paskagihpi ci ent sel ection
of MAGMI transduced cells with BG and BCNU. Figure 10A shows the vectors
used. Figure | OB shows effective cell survival and expansion in the
presence of cytocidal concentrati onsEggmﬁgg_%CNU. The |l etter designations
are as follows: M MaMI; |, IRES; G G-P,”W Wodchuck post

20 This example tests whether expression of the MGMT gene from the HIV-LTR
spliced mRNA is sufficient for efficient selection of MGMT transduced cells with BG and
BCNU. Figure 10A shows the vectors used. Figure 10B shows effective cell survival and
expansion in the presence of cytocidal concentrations of BG/BCNU. The letter
designations are as follows: M, MGMT,; I, IRES;G, GFP; W, Woodchuck post-

25  transcriptional element; and C, CMV promoter. All of the above elements were cloned into
a pN1 vector, downstream of the RRE element such that any gene directly 3’ to the RRE
element would be expressed from the spliced mRNA since the splice acceptor site was
located just proximal to the gene insertion site. The figure demonstrates that while control
cells not transduced with a lentiviral vector (“CGFP”) did not expand or survive, all vectors

30  expressing the MGMT did survive and expand.

Cells transduced with pN1CMIG were dead after 14 weeks while cells transduced
with pPN1IMCG were dead after 21 weeks. Importantly, cells transduced with pN1MIG and
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25 transcriptional elenent; and C, CW pronoter. Al of the above el enents
were cloned into a pN vector, downstream of the RRE el enent such that any
gene diregtd 30/0386310 the RRE el enent woul d be expressed frpgrideeospbi ced
NMRNA since the splice acceptor site was |ocated just proxinmal to the gene
insertion site. The figure denonstrates that while control cells not

transduce LYi . " I SUI’VI ve, all
vectors ﬁ@%@e\ggkﬁgﬂl ﬁaﬁ%ﬁ{&?ﬁ)ﬁﬁe&? ﬁgataﬁgloea%gﬁ(ﬁ%%ﬁ%l% ansduced

wi t h pN1GMrifsdueievideadeabdt withdid anbaksgediitdrealgebinstek.r ansduced w th pNIMCG
were dead after 21 weeks. Inportantly, cells transduced with pNIM G and 88
WO 02/ 078631 PCT/ US02/ 09526 pNIM G Wrenained alive after 29 weeks,

i ndicating |on r ‘]Y'T(Rh out an
dicat 9 | ongybRLLA KRGl LRI R I BoleREA Ve oUt 2
H V- LBR syeldotoeidvemRbdiciantly. The @qﬂrmsioaabfWM'léMasmehmhtyhe ddope ek paydexi on of

MGMI does not |imt cop ayl o en ther to MGMVII or_ sel ection
genes. ThEES fithegiq Q&}ﬁ Nor\s C?‘Pi%l en&ﬁy?‘gﬁﬁg écat"e%? BYEY© £ADS ¢ he

HIV-LTR pé L& bR the BEVLISTR pldfhdtar 1nqa$tﬁlsh@§nﬁﬁ%t§lp§s%e&?9bﬂaﬁe@%n&l T
cells, nstrating that the expression of genes fromH V-LTR spliced nRNA
could be c@lp,piemmllsfrainng thet thx pxlasmmfcgen@fxw HIV-hdRysptietd mRNFesould be

Addi tional |y, %hz bi ci st ronitc nat.ur e of LIE "M G' constructs denonstrates

t hat rrul%HI%‘F‘é Ydhe RGP B PG YRS nked by an | RES. Exanpl es
beyongdy t he above include MGVMI or other selection gene with a chenokine,

interferon, or other genetic antiviral agent. 15 Exanple 6 Human CD4+ T
cel I s were tesfdditipnally, Hed biciseere nﬁi'wét@/f the “WEGA SenORIS, demgmstrat@etbptet ed CD4+

cells wer i f| fr

nmobi | i zat I|1emﬁnf’ﬁe‘l'$\en 98 }96 e)pr egsgcg%b %} lé@le%%%'f\ﬁ gﬁ%i‘:rﬁo %ﬁg&pgesgj egg aB?Y_eZZ for
4-7 days peiude MGPITESz c&h& sBledlibi p@rtwiging chédislgfic, Appreh) @tcﬁh@(gemﬂd ons in
t he absence of BFG and BCNU, CD4+ cells can be expanded up to 100 fold
over 10 cdy¥irehagent-ture. Doses tested were 0, 0.2, 0.5, 2, 5, 10, 20, 30,
and 40 MBG and 0, 2, 5, 10, 20, 30, and 40 M BONU. A series of three
experinents were perforned.

Example 6

Human CD4+ T cells were tested for their sensitivity to BG and BCNU. CD14
depleted CD4+ cells were purified from peripheral blood with or without cytokine
20  mobilization. The cells were cultured in 3 pg/ml PHA and 5 ng/ml IL-2 for 4-7 days prior
to BG and BCNU treatment. Under appropriate conditions in the absence of BFG and
BCNU, CD4+ cells can be expanded up to 100 fold over 10 days in culture. Doses tested
were 0, 0.2, 0.5, 2, 5, 10, 20, 30, and 40 pM BG and 0, 2, 5, 10, 20, 30, and 40 pM BCNU.
A series of three experiments were performed.
25
Figure 11 shows representative results from the above. Expansion was reduced to
20-fold after 10 uM BG and pM BCNU, and to approximately 10-fold or less after 20 uM
or more of BCNU. Treatment of CD4+ cells with BCNU did not result in growth delay.
Thus, unlike the SupT1 cells used in the above example, CD4+ cells are not sensitive to
30  low dose BCNU alone. This suggests greater MGMT expression primary CD4+ cells,
although variation in MGMT expression is expected based on variation among T cell

donors..
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25 Figure 11 shows representative results fromthe above. Expansion was
reduced to 20-fold after 10 M BG and M BCNU, and to approximately 10-fol d
or | ess afioan2é3M or nore of BCNU. Treat nent of CD4+ celdcg/wdoroBENU di d
not result in growh delay. Thus, unlike the SupTl cells used in the above
exanple, CD4+ cells are not sensitive to 30 | ow dose BCNU al one. This
suggests greater MAMI expression primary CD4+ cells, although variation in
MGMI expression i s expected based on variation anong T cell donors.. 89 WO

02/ 078631 PCT/TUpedee 6f both BPaRBBABR, @hctbatllo | BEoahtbhBOMds beaah at 10 M or
hi gher, was best at sensitizing CD4+ cells, while BGat 0.5 Mand 15 M or
nmore of BenktizingidReH sellssehidd BGz2e Q-5 i and| 15g1M jon orogaisf RgNUheimBerliose di d

not increase.ce Killin altho toxj.city. 5 to cell.s increased with
'he By dSHETbe Sl 8 gbsiT nbipeRetsiociBuEE SfopdhioRiRF,

i ncr easedoThOldislih@iscB a8 theBCRAYabs. 100% | n one experinent, selection
was from3%to >90% 10-100 fold expansion was seen after selection and

one week; 20-400 fold expansion was seen in 2.5 10 fold, with an average

f -fold. I . Pr.evi '
pur ging of  bors Mo Pl ekt op AL SRR T ehGal BBl RRLSE, L Vo

af ter autis@aRWDHY (AT AN @id dPeriBbfiOselédiion wsfEind3%ab >90041el0-TockId s from
an allograft has been used to decrease the risk of graft- versus-host

di sease. Epgusien wansegamiasialestien apgeneweeks i20rdP fokd EpanfiivAhger ihdP cel | s
W th R Si@Eiaﬁiﬁféﬁrhq’ep{ge}#%ﬁf%pti on using pN (cPT)ASenvGFP. Figure 13B
unor celrTs

confirns may be selectively and effectively killed over
CD34+ stemcells since the latter 20 show no significant transduction after
a single round of transduction. The application of the above to the purging
of tunor cells from an autol ogous bokEample i ow graft begins with harvesting
bone marrow or collecting peripheral blood stemcells. CD34+ cells are
purified via a CD34 anti body colum and then transduced with a 25

condi ti onal | y Prepious sorlngnggests o comtlaton bddveaf th2 purgid®of hame n2artaw 16 hour s.

2cti Va1 g rEeRobLh RS UResy sk ety AR e PO A1 B or
mai nt ai N heing S hermalMecBFot A §11d R0 hid B¥2A 8éd ®Uecrease the risk of graft-
versus-host disease. Figure 13A demonstrates the efficiency of transducing tumor cells
with a single round of transduction using pN1(cPT)ASenvGFP. Figure 13B confirms that
tumor cells may be selectively and effectively killed over CD34+ stem cells since the latter

20  show no significant transduction after a single round of transduction.

The application of the above to the purging of tumor cells from an autologous bone
marrow graft begins with harvesting bone marrow or collecting peripheral blood stem cells.
CD34+ cells are purified via a CD34 antibody column and then transduced with a

25  conditionally replicating vector at an MOI of 2 to 400 for 2 to 16 hours. The cells are
optionally incubated in the presence of one or more cell activating factors, such as
cytokines, to either assist transduction or maintain the cells. The cells are then transferred

into the subject being treated.

30 The ability to similarly target T cells in an allograft uses conditionally replicating

vectors, in combination with a high efficiency stable transduction protocol like that in co-

90



into the subject being treated. 30 The ability to simlarly target T cells
in an allograft uses conditionally replicating vectors, in conbination
wi t h a higlo efi7sasiency stable transduction protocol |ike tAcarusomogae 90 WO
02/ 078631 PCT/ US02/ 09526 pending U.S. patent application serial nunber
(yet to be assigned) filed August 31, 2000 as attorney docket no.
39727200 S L - b A I I

panel B, shgg\l/s }%t%ﬁ ?%{?%/%O{BSS%SIP g’%ﬁrn(fgﬂf"baas veglt? %cféu%lsl:'}ﬂ%oﬁo%

i nvent i oratteirdy dwketoms3%mé0mﬂé)0pmbmmlyﬁamdlua¢ Ticalls.i al titers with a
Lentiviral vector pseudotyped with VSV-G envel ope 10 protein can be
effectively increased via purification using either high speed
centrifugation or diafiltration. Veghgﬁ RN (cPT2) ASenvG-P was packaged
with pVirPacl.2Rz2. The table bel ow shovvs (a) the total protein in a
sanpl &, (b) the vector tlter in the sarrple and (c) the fold purification

of the vector f.rom xtra in t QCcess Tot al
oot o veEgE 5 bR BT bk e e pp s el VSRR o
clarifi caﬁwgﬂmﬁ&aquﬁl&%@Q@Mﬁ,@tbmte{ﬁgncentratl on 722 8.2x10 61.7 iafilt r

ation 224 6.8xI0 1650 15 As seen fromthe table, the total protein in the
vector supernatant sanple after clarification of cell debris |s 3027 ny,

whil e the vect ?ﬂ%

under goes conc% faﬁnﬁ%%ﬁ%erg W@r Z];‘%gl?’ fve%%o?lgée\.é(ﬁg@ﬁa_?ﬁ trtrlj’ F otal” protein
in this et eanite &%Ztln@yafwledséteviw@@hﬁbaﬁdntmng aim:ﬁlalgmpésd Bnitifixgalidd, a
61.7 fold purlflcatlon Q_After concentration by %rafiltrationthe

sanpl e i sordiiaf frﬁ&mrat\é%fttwwp%mﬁ%v@ﬁ% V\taépa<|=kags4 pitBinY iERcl BR2ZafBt e has
further 2 \ Lot 14 thx@ ebd (8- 8 X
105 per mioreRgEd RS bRl SRRIC 0 Shadite! APanst b3,
ext r aneouthe feld puaficatoarofitiee veetonfedn extchneen meteriall invksctanplé. hat | S
pseudotyped with VSV-G can be purified using the above descri bed protocol.
25 The above may al so be used in conbination with vectors produced in a

Hel a- t at {Procebs Step Total Protein, mg Vector Titer, TU/ml %Puxiﬁcation (fold)
Start after clarification 3207 5.9x10° | NA
Concentration 722 18.2x10" - N
[Diafiltration 224 gasmo8 ' 1650
15

As seen from the table, the total protein in the vector supernatant sample after
clarification of cell debris is 3027 mg, while the vector titer at this stage is 5.9 x 10°. The
sample then undergoes concentration by ultrafiltration by which time the total protein in
this sample is 722 mg and the vector titer increases to 8.2 x 107, a 61.7 fold purification. .

20  After concentration by ultrafiltration the sample is diafiltrated by which time the total
protein in the sample has further decreased to 224 mg while the vector titer has increased to
6.8 x 10° per ml, a 1650 fold purification. This demonstrates that non-vector extraneous
protein can be removed and Lentiviral vector that is pseudotyped with VSV-G can be
purified using the above described protocol.
25
The above may also be used in combination with vectors produced in a Hela-tat cell

line generating titers of approximately 10'° as shown in Figure 16.
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| i ne generating titers of approximately 1010 as shown in Figure 16. 91 WO
02/ 078631 PCT/ US02/ 09526 Exanple 9 Alternative hel per constructs for
pseudot ypwatn2aegditi onal |y replicating vectors have been pdgy@oepeds by

pl aci ng VSV-G expression under Rev-dependent control. Since 5

RRE- cont ai ni ng nRNAs are not expressed in the absence of Rev, it has been
postul ated that they are defective dge,tojtdie presence of the cis

repressi ve sequences (CRS) residing wthin the gag/pol, pol and env genes.
The CRS has been reported to trap nmRNA in the nucleus, destabilize nmRNA,
or prevent association with rj bosoges.. Thus #.he rﬁgence of the CRS
and Rev suppl i @HeatYehelRer copsimictsdar RictAoPIMA copt 18??}13}}6 GAUBR VedlgiSysed t o
produce tgkegel @é\%l@,%a%y?mwg;\%svm PRty (iRERERA pRILRINOWRS]. USiRE t O
control VSV-G expression’in a Rev- dependent nanner. | per constructs for
t hi s &pprRBEFontmtiag mRINAS arspiot expreksndin thi absenagof RipwitharREcrapebtelat8d splice

t i t ferably f t at/ - a CRS f. t f he. 15 Hl V-2
b0 Fegi ot GetBleeielvs tue Bl te@pichitsn Sbtio Se Sabrenid Foehs e CR A idik e
vectors; wah tH@%i}%tﬁ,' POl afld AV péitd UThBICR R MRE€fepoftb@ th @ MR ACYMh

(]
i mredi ate early _pronoter, ~ instead of any inducible pronoters. VSV-G
encodi ng MRS, delsiabdizp maRNAedr mieves mRNArpgsnsidtion with sbesomep.egbussthed by t he

Phe: oyt opn et B o rly? Rl iy R oy RIASH ARG BRHE Do cause

Rev caunt geagsd proidhies dusthdate defé expiréion0f the transcripts controlled by
MRNA splicing and CRS. Preferably, the splice donor site is not a synthetic

5" (3-globin splice donor site but a native H'V, or HV anal og, splice

donor site. T - [ (e the H V-2
RRE and the sgﬂl {ﬂé%@g\g%ﬁ%%‘é%%éﬁ‘gﬁ%@?‘%g@?fXﬁg@%gb%ﬁgb‘?g‘ ;i;ﬁé 550 bp

i nternal depagdemnmahnamHdhgerdbisticpdbr fegappneeh cohairCRS sphide RiRforaiteraant s
from H V-2 may bhe prepared by PCR. Non-liniting exanpl f such, hel per
const r uct @Wﬁé{%ﬁ gnd ﬁée@i@ﬂ@&?@pﬁ@@éﬁ@&ﬁ@@@ it t_a?wggga @ﬁ%%%g?lﬁmpfr@u#

LA 1F.  Hive. ool flgiol AMBulasEMITENTIoR MBlnitRitioh Bth AN MiDbtors;
restriction enzy I gestion. e peH GP and 30 pCW- @GP are constructs

t hat consardeptiouglya rapireissibiagropoterpoich ps tiedl M,V ivithediatp carip (1) promoter,

I ncl udi ngingtelaf g% ;Im\grl i{lglll.Cﬂ())lIé pwn\llotgs(.) W—rG en%%&in%wggdwﬁi{e pdrgalllcreg%\}ith%lzlt

induction is still regulated by the presence of Rev since only unspliced RNAs may be

exported and expressed in the cytoplasm without Rev. VSV-G expression remains Rev
20 mediated because Rev counteracts the nuclear retention of the transcripts controlled by
mRNA splicing and CRS.

Preferably, the splice donor site is not a synthetic 5° $-globin splice donor site but a
native HIV, or HIV analog, splice donor site. The HIV-2 RRE is a 280 bp fragment
25  containing both the HIV-2 RRE and the splice acceptor site for Tat/Rev; and the CRS is a
550 bp internal fragment from the HIV-2 pol sequence. The CRS and RRE elements from -
HIV-2 may be prepared by PCR. Non-limiting examples of such helper constructs include
pCGCRSRRE, pCGCRSRzRRE, and others shown in Figures 15A-15E. The final plasmid
constructs were confirmed by multiple restriction enzyme digestion. While pEH-GP and
30 pCMV-GP are constructs that constitutively express gag-pol polyprotein, other promoters,

including a lentiviral or HIV promoter, may be used if desired.
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WD 02/ 078631 PCT/ US02/ 09526 Figure 17 shows the results fromusing a
nunber of different splice donor conbinations for Rev dependent expression
of VSV- G wisoxahgysn, renoval of tetracycline results in Repcmigpensent
expression. 5 Additional exanples of splice-donor site conbinations, as
wel | as a concensus sequence, are provided below. Wile all nmaybe used,

the HV nmgjor,q: - - | OL: L G8:

conbi nati ons al;r‘lg‘l‘ %rlﬁfszlrwgé@ %&%@Elgéﬁﬁg%@fﬁwgﬁgﬁ%NNN 10
BETA- GL OBtdshtfiRiiti oGk fdaMNERIepbldSnCACEEE ARBIA VS HG! MAJIRiERtrh&Eal DONGReycline
NNGACTGGTG@%;AN H V-1 ENV SPLI CE DONOR : AAAGCAGTAAGTAGT HI V-2 ENV SPLI CE
DONOR:  AGKEARET B AsRRden) SXPIeSHRIOR SPLI CE DONOR:  NNGAAGGTAAGTGCN 15 ANALOG
SPLI CE DONOR: CTTCAGGGTGAGITNN Exanple 10 20 To identify appropriate
conditions for the storage of vectors prior to use, a variety of storage
buff erSs and coAdditibnal exwmples bé slivd-dofitiesiteemulbimtiang, as we@lmsiacoftaueme 18. The

ability to store vectors, .at -20C.and in har i call ce

buf fer  wi BT EF Bfﬂvf‘iq@a%’r‘?ﬁo"i"og&lgfaﬂ_\f@ﬁ lger gﬁﬁgc@g}ﬁy RAeE I’ﬁéﬁﬁFmﬁ&g&ézdous
advant agemhdr, 'k 2hAb R sPlce@Sio? bSmbiatifds dr@pitE&red™ course the storage of
vectors at "about -80C,” about -20C, and about 4C in 25 other

phar maceutical |y acceptabl e conpositions may al so be readily practiced.
Exanmple 1 i ribes th iR i nce of a chinmeric
H vV CTL eépm[ﬁ%ﬁ@@ﬁﬁﬁgpr acti CW‘E“%@C‘AN@QW The sequence
cont ajons BETALGLOBENISPINCREDOMDR:0 i ni t NG@GCA@T AAGIAT ol | owed by various
conti guous subseguences corresponding to Pol, Rev,

17, p24, plb
gp120env, HEH R SERICERONDBs pect i vel YNGACTO@EHFFAI PCT/ US02/ 09526 M

Kl RLRP i ( LRSLYNTVAVLLY TKEAL DTENRNQESQNY-
PI VO GO IS AR SRR SPEVI PG SECATH A GTRUY

HIV-2 ENV SPLICE DONOR: AGACAAGTGAGTAAG
HIV-2 MAJOR SPLICE DONOR: NNGAAGGTAAGTGCN
15 ANALOG SPLICE DONOR: CTTCAGGGTGAGTTNN
Example 10
20 To identify appropriate conditions for the storage of vectors prior to use, a variety

of storage buffers and conditions were tested. The results are shown in Figure 18. The
ability to store vectors at -20°C and in a pharmaceutically acceptable buffer without
significant loss of vector recovery will be of tremendous advantage in maintaining vectors
prior to use. Of course the storage of vectors at about —80°C, about -20°C, and about 4°C in

25  other pharmaceutically acceptable compositions may also be readily practiced.

Example 11

30 This example describes the amino acid sequence of a chimeric HIV CTL epitope for
use in the practice of the invention. The sequence contains a first methionine (M) to
initiate translation followed by various contiguous subsequences corresponding to p17,

p24, p15, Pol, Rev, gpl120env, gp41lenv, and nef, respectively.
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QDL NTMLNTVGGHQAAMQVL KATI NEEAAEWDRL HPVHAGPI APGQ
MREPRGTSTLQEQ AWMINNPPI PVGEI YKRW | LGLNKI VRMYSPVSI 10

FRDYVDRF Y oL QEVKNWMTETLLVONANPDCKTI LKALL  EDMMI ACQGYEH sty -
QEGHQVKDCTERQANFGNFPQSRLEPTAPPE 15

| TLWORPLVDTVLEDWNLVLVGPTPVNI SPI ETVPVKLGPKVKQAPLA

LVEI CTEMEKEGKI SKI GPTVLDVGDAYFSVPLDEDFRKYTAFTI PSI W KGSPAI FQS

SMIKNPDI VI YQYMDDL YVDLEEGQHRTKI EELROHLLR  WGFTTPDKKPI KLPEKES W.VGKLNWAS

Q YAG KVKLI Pl TEEAELE | LKEPVHGVYQ YQEPFKNLKTGDVKQLTEAVKI TTESI VI WPl KETW 20
ETWME KLW(Q_ EPI VGAETFYVDGAANKAL QDSG_EVNI V

TDSQYALG ESELVSQ | EQLLAWPAHKGYEEAEVI ETAYFI LKLLLW KGEGAV | SGN LNTY- 25
RVKG RKNYAENLW/TVYYGVPWKEATTTLFCASDAKAYDPNPCE V

VLHEDI | SUPRPIRMMETRERKTYNG RENVTWA SREYTERFESEETRSL YNTVAVLYCVHQ
QACPKCKNVSTVQCRPWSTQLLLNGSLAEEDI VSI EI NCTRPNNNTRK 94 WO 02/ 078631

PCT/ US02/ RIBYK BTIERERY g KLREI KQFKPEI VMHSFNCGGEFFY
CNSTQLFLPCRI KQ I NRNQEVGKAMYAPPI SNI TGVKI EPLG VAPTKAKRRW@R 5

RAI EAQQHLG KQLQARVLAVERYL KDQQ_LGI TTVPWNASWAYI KI

FI M VGVLSI VNRVRQGYSPLSFQTHRLVDGFLTLLYHRLI DLLLI AKR

GRRGWAAL KYEY QNITBIQMYRHIEA VSPTRCRAN AMPRR WIEEKRAE SPEVIPMFSALSEGATP
WPAI RERWGE-PVRPOVPL RPMTIYKAAHDL SHFLKEKGGELEGL] YSQ

KRQDI L&WWMWWMAWWHAmm

15 Exanpl e 12 Dose dependent inhibition of w-H V DNA formation |n\/pr| mary
CD4+ T ceMR,ERB&TSTLQEQIAWMTNNPPIPVGEIYKRWIILGLNKIVRMYSP S

10 FRDYVDRFYKTLRAEQATQEVKNWMTETLLVQNANPDCKTILKALL
EDMMTACQGVGGPGHKARLV-

QEGHQMKDCTERQANFGNFPQSRLEPTAPPE-

15 ITLWQRPLVDTVLEDMNLVLVGPTPVNISPIETVPVKLGPKVKQWPLA
LVEICTEMEKEGKISKIGPTVLDVGDAYFSVPLDEDFRKY TAFTIPSIW
KGSPAIFQSSMTKNPDIVIYQYMDDLYVDLEEGQHRTKIEELRQHLLR
WGFTTPDKKPIKLPEKESWLVGKLNWASQIYAGIKVKQLIPITEEAELE
ILKEPVHGVYQIYQEPFKNLKTGDVKQLTEAVKITTESIVIWPIQKETW

20 ETWWTEYWPLVKLWYQLEPIVGAETFYVDGAANKALQDSGLEVNIV
TDSQYALGIESELVSQIIEQLLAWVPAHKGYEEAEVIETAYFILKLLLW
KGEGAYV-

ISGWILNTY-
25
RVKGIRKNYAENLWVTVYYGVPVWKEATTTLFCASDAKAYDPNPQE
VVLHEDIISLWDQSLKKLTPLCVTLNCSENVTTLINTSYTLINCKSSTIT
QACPKCKNVSTVQCRPVVSTQLLLNGSLAEEDIVSIEINCTRPNNNTRK
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observed after prior introduction of an H V based vector (see Figure 19).
Primary CD4+ T cells were transduced with vector and cultured for 5 days
under st iwg @iegqs1 conditi ons 20 before chall enged w th w -pditydonheti on.
The HIV based vector (cPT2) at nmultiplicities of infection of 1 or 10
(designated in the figure as cPT2-1 or cPT2-10) were used. The transduced

OGO R QB B INORERY,
DA il 17 P R TR R W E R e A QPR LR POVRIEELG T e
extract eWquWm' d net hods. DNA PCR was perfornmed on the

extracted cel sanpl es using primers specific for w-H V and
vect or sequences to discrimnate between integrated w-H V and vector DNA
The wt-HI'V specific priners are directed to the nef gene sequences which

are a@SG!RAHENQQf}YEGIm(%_E%@{VUAWE‘RW [hET TV P WINA SSVWESTEIT
transducing MJ "of 1 (cPT2-1) the cells are 30 perm ssive to wt-H V DNA

f or mat i orFIMEVEIMISIVINR VR QY §PEISHQTHR L WD GFY. TR YHRIIDIMT DAKIR 8631
PCT/ US02/ 09526 DNA sanples, no wt-H V DNA formation i S seen at a vector
MO of 10GREGFWAXI)KYSLENATAIAYBRVEETVQRTCRAN HIRRRIRQGLERAL.
production of w-H V DNA and prevent its integration into the transduced
host celll.- The data also indicates that the level of inhibition is dose
dependent. 5 Exanple 13 This exanple provides a summary of the enbodi nents
of the invention as described 10 above. The invention includes a

SEPSi)foi 8“@&%@ﬁ%&fgﬁfﬁﬁﬁmr@%ﬂﬁ&hﬁ‘nﬁ&’i&%ﬁéﬁngﬁﬁ@%ﬁg@@%@ﬁéﬁzi'ne‘ ’
o ok O RS Ot SRR IERREV RO
sequenced iy PR LATAVARBIBENERBC: CF°oal d"one or more 15 first
nucl eoti de sequences; and (c) contains one or nore substitutions,
insertions, or deletions that decrease the likelihood of generating a
replication conpetent vector. To decrease the likelihood of generating a
replication conpetent vector, the invention provides vectors containing

degeriér at ed sequences with respect txaomded?2 nore 20 sequences of a hel per
construct, of a host cell's nucleic acid content, or of other nucleic

Dose dependent inhibition of wt-HIV DNA formation in primary CD4+ T cells was

observed after prior introduction of an HIV based vector (see Figure 19). Primary CD4+ T
cells were transduced with vector and cultured for 5 days under stimulatory conditions

20  before challenged with wt-HIV infection. The HIV based vector (cPT2) at multiplicities of
infection of 1 or 10 (designated in the figure as cPT2-1 or cPT2-10) were used. The
transduced cells were then challenged with wt-HIV (NL4-3 strain) at varying multiplicities
of infection (0.2, 0.01 and 0.001). The last two lanes of Figure 19 are pNL4-3 plasmid
spiked DNA positive controls showing wt-HIV DNA amplification. The cells were lysed

25  onday 8 after infection and DNA extracted using established methods. DNA PCR was
performed on the extracted cellular DNA samples using primers specific for wt-HIV and
vector sequences to discriminate between integrated wt-HIV and vector DNA. The wt-HIV
specific primers are directed to the nef gene sequences which are absent in the vector used.
The data shows that while at a vector transducing MOI of 1 (cPT2-1) the cells are

30  permissive to wt-HIV DNA formation, as shown by a visible signal of wt-HIV DNA in
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acids. Additionally, helper constructs for use in conbination with such
vectors for their packaging. Such hel per constructs nmay al so contain
degener at @@ eagswnces with respect to one or nore sequengeg/o2béwesvect or,
of a host cell's nucleic acid content, or of other nucleic acids. 25 The
vectors of the invention may also contain one or nore sequences that target

a  hel perprang B{‘f&st no§H! ﬂ'iAbfb%%ﬁnbrﬁ%'sH&e %ex%%{o@r‘f\défw ¥4 (B 96)”t and

preferably are enco ozynes i'sense nuclelcacid e?erred
r i bozynesinditdtea fHat f@n&etor Sﬁﬂiﬂlﬁﬂﬁﬁhe pfRluatidieof Wi-HIA N ahd@ﬁ@amnts
conplementarity with their respectlve targets via G 30 U base pairing in
addi ti on Wisggtiondate dhatransdacad hogheellc by Ispindjcates thgt th Igyelypf mbakitiope| per
constructs e & gn&glentlon may al so contain the sane type of sequences to
target the vec 6 WO 02/078631 PCT/ US02/ 09526 Hel per vectors of the

i nventS on may also contain one or nore sequences that affect the

| ocal i zation, or cellular tracking of RNAs expressed from by the helper in
conparison to a vector. For exanple, the hel per vectors may contai n an
intron, a heterologous RRE in conpquﬁﬂn E the vector, or a heterol ogous
gag sequence in conparison to the vector. The 5 hel per vectors may al so
contain a degenerated gag and/or pol sequence(s) in conparison to the

vector such t t. hel and.vect or are | Q- Io aI| The
hel per  vector §mﬁﬁ§8“36%F£ﬁW%ﬁﬁ$¥€ﬂHHﬁ@W§@P?3§Ogﬁ%ﬁ ﬁﬂb and
RRE siggnadbove.( TREHSBEES) inBluded £0aNRG0LHalI) FefRYAENS Pirdlveven &orhﬁ@élﬁg a gene
co-localization with vector RNAs. Such splice-donor sites may al so be

present i(er piepoiclsieecid) i bacxpeesatd andronerns n@nrﬁ ﬁ"lés’f@mhegmdel@qwr@@kwhgrem a
vect or nﬁhg %”B@r Li?eﬁ)thcgtﬁg in aeflcp eﬁ/ %y%rgglg B?Igp gxehy wl{hus egd— . SP

vectors o otyp| ors of

the i nven&mna hapemihis[ yr aeKélﬁéH\%Stot neabh e whith 1A/§éﬁsﬁve mhbﬁb%eseﬁ@%ﬁald\/l rus,
GALV, and chineric envel o e proteins, Helper vectors of the invention are

al so pr ef ¥teyorg dirstpagleatds segrencesidbbisardsaitdo thernreseire af i onacar meset he
f th
:’ﬁgég{l o In&fé@tﬁe séqdéﬁké%egnd’@h% Sind6ht ¥PHord JuBEE&tliﬂlé{qs?msb{{%foHQ%% of the

use o per vectors to vect ors of
t he i nvenddlaivons Bt dpdrazsy thelitabihood bf gdsneratm\garrbplmtmncbmﬂetemfm'@r.of t he pN
and pN2 series shown 20 in Figure A to 1K, especially with the renoval or
substitution of the GFP sequences.

To decrease the likelihood of generating a replication competent vector, the
invention provides vectors containing degenerated sequences with respect to one or more
20  sequences of a helper construct, of a host cell’s nucleic acid content, or of other nucleic
acids. Additionally, helper constructs for use in combination with such vectors for their
packaging. Such helper constructs may also contain degenerated sequences with respect to
one or more sequences of the vector, of a host cell’s nucleic acid content, or of other
nucleic acids.
25
The vectors of the invention may also contain one or more sequences that target a
helper construct. Such sequences include genetic antiviral agents, and preferably are (or
encode) ribozymes or antisense nucleic acids. Preferred ribozymes and antisense
sequences are able to undergo basepair complementarity with their respective targets via G-
30 U base pairing in addition to standard A-T, A-U, and G-C base pairing. Similarly, the
helper constructs of the invention may also contain the same type of sequences to target the

vector.
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Preferably, the vectors retain at |east the antisense sequence and the
ng sequence. Exenplary hel per constructs of the invention include

cont ai ni
t hose of

Woe2pvsgsPac series as shown in Figure 6A-6G w t lpc@angsowodfaout

cPT

ri bozymes. 25 Al vectors and hel pers of the invention nay be degenerated

as descr

i bed above or in other parts of the constructs as necessary.

voct or & and hol BRrevesiye bPLE RATen RS RoTRRLA b M3 e S R RS,

vectors

derived fthetowlifdtneai collatadtratiiyig 0€RNAsI exgredsedviedrh bashesstpdreh 't:@rnpamloﬁi c

and h ic in nature ‘such

aci ds. Preferred chimeric constructs contain both H V-1 _and H V-2
sequencesto aREERE; HpT §xanwle ths ]é?lP@d’eG‘@&IBF% corfjiepdptron, pdieigrajogous &RE &Y or

encode an.J, ﬁé\ﬁ%?%- ﬁ)t thB~RLGE Iar a gA{) I-c% gIsé/cL g%{k?}l\é%ﬁ%%%rpﬁ tRO}ecRRCa4E

Tat prot

host cel | helﬁ)e? v‘éﬂoﬁsﬂhﬁ)}? 8163 torRain/ ahiﬁ(gépieﬁ?%& ag dinBorved sequencd(s)tiheomparésohiton

ern is supplie -type virus,

The

a
or a

I f bl d I t
The. vect ohE VAR SERSRE SR S8 ErohiT UL RS RRt o aPHReAIEhoLEe PR 265, o

prevents ydctal naflafetdoRin s

WIZGS

e%ﬁ&e’res LibrApAgaLRd aR RREAMRES Sai d cel N

resistant to toxic agents. Exanples of such nucl el c acids include a cel

surface psequengesaregembved fnoRBds CORSvartdhar on- lqga]ezfaelpa Mlgh teator BORSA32T

pr ot ei n.

i h | I d | St 1
o DA S R et g B AR Py Bt Polger YRS Rt BT R TR ar ant

drug

especial | ttadkhify SEORDtOF & EeHiparisOd ¥ hhe@eﬂv&a@rmmﬁr-waeiruﬁe nucl eic acids
encodi ng a transdom nant phenotype. An exenplary exanple is a

transdom nant H V-1 gag sequence

contain

exenpl ary, exanp

10 The vectors of the invention may al so

SeaUenGERel 0T b e N EIREES e hs Ve DERSLALOBRU ST QYRS

e 1S an | nsu or seqguence.

a SequenCttheﬁrhl&htlbrﬂpEﬁMﬁ}SIatyrémﬁ@mtmaﬂdd)ﬂheW-@E}MBDIFMI Fibies @b, SGABW, and
exenpl ary exanple is the 545 baseparr sequence cont ai ni ng the cPT descri bed
1@1@%1%@@@%9%18 Helpprvaetars i t eam@ertlorlraa@ﬁlé%pse ferably derivey t he

her ei n,
cPT

bi ndr ng

as nuc eic inc
sfroreH Vo2 aiMdhddseif ﬂiermvart&hencahcﬂeythe sise bf srm]d ihé]pedvéc‘fd?s to @pHcate

SO contain

e s WL bR TPt AR LR ok b BB TRE B

contained in Leg&wvrral vectors. Methods of the invention include the use

of such

20

25

30

\RSERLS P vention.

Exemplary vectors of the invention include those of the pN1 and pN2 series shown
in Figure 1A to 1K, especially with the removal or substitution of the GFP sequences.
Preferably, the vectors retain at least the antisense sequence and the cPT containing
sequence. Exemplary helper constructs of the invention include those of the pVirPac series

as shown in Figure 6 A-6G with and without ribozymes.

All vectors and helpers of the invention may be degenerated as described above or
in other parts of the constructs as necessary. Preferred degeneracy is to codons
preferentially used in human cells. The vectors and helpers may also be chimeric in nature
such that they are derived from different naturally occurring as well as synthetic nucleic
acids. Preferred chimeric constructs contain both HIV-1 and HIV-2 sequences. Especially
preferred vectors, however, are HIV-1 derived or encode an HIV-1 Tat protein.
Alternatively, the vectors do not encode a Tat protein, which is supplied by a helper vector,

a wild-type virus, or a host cell.

97



20 The vectors of the invention may al so express at |east two genes using
appropriately placed splice sites or | RES elenents. The vectors may al so

be packaga@d jgaapgssyi ral particles wi th one or nore chi meripgeTRRCHSRE
proteins which stinulate target or host cells for transduction.

Addi tionally, the vectors may be packaged in cells where the helper is a 25

protein or t hﬁ&]ﬁﬁ\l’eo gorrs sP {] ¢ "%riwneﬁ‘\c/ignﬂ ?ﬁi\#q%% n'tso¥ 2l ok fop ;10 éuc l%(lp"riets'is Dga9ene

expressi on. 0 0 el he lsé o vectors. Al

of the reigeso8asoRiHsedhe&keiors mhyalksltbmigrigeat @itldc agidtientiniphésat i ons, and
30 publications, are hereby incorporated in their entireties by reference.
As used hapBmjzes.Qr|previeaisigiapindeciiopadhen presget iiakgst el or sendery8ld ¢llended to

ot ude bRLEhIG SLRAMLAL BRALUSAcn LAUEE 103 NRMA AFAGH RG] 09526

. : 1
VWil e this 1Tnventron Aas been ‘descri W th an enphasi's upon rred

enmbodigrenfrgncatetl CERS phateinRirafetitly the QA3 2af profeih. nathyr Skinpledinclnke art that
variations in the preferred enbodi nents can be prepared and used and that

t he i nvenityclic adds ensogingaesistenre to pisrswrdaNArdamagingsissat, preferebly ngdtdighed
herein. T sent ' I S, inel ude, 5. l;ati ons and
al t er nat ilt\%gls%ﬁgec? [ ce%&%&%ﬁ%}th%spé%}&w gﬁltr?\g;én\{l‘?%ﬁt ’ ié\cgqlﬁ%gag e%’l;ﬁﬂl@&

modi f i catinohide an¢leicpaiis edcotiigdu traiddemsfint plienatighe s d@dRZedipldrinexdnipleidd on as
defined by the  following clains. 99 WD 02/078631 PCT/ US02/ 09526 C ains 1.
A condi t i GnsdeminaBhi-dt§28§esEEDr - hel per system conmprising 5 a

condifj onal Iy replicating vector conprising one or nore nucleic acid
sequences that reduce the risk of reconbination with a hel per vector, and
a hel per vect ofhe vet@rof thedénentive magfalsolcahtanlsegharces to ssaistithe eepressicrosfe

nucl ei ¢ acjd sequences that, reducge the rjsk of reconbi nati is selected
rom a ri bBESRIDERHS SGUERGSa A CHAMPIY K aTDle ot BsuaE Seueaes “HHaeclEht ai n

one or Noggy siEebhthild 2Senck ASR ithpRNEs trsdf&@]BldrAsSvdchilinto cells. An
exemplary example is the 545 basepair sequence containing the cPT described herein,

15  although smaller fragments or larger fragments containing the cPT may also be used. The
vectors may also contain LTRs to express genes as well as nucleic acids, including LTRs
modified in the transcription binding sites located therein. Preferably, such modified LTRs
are contained in Lentiviral vectors. Methods of the invention include the use of such
vectors.

20

The vectors of the invention may also express at least two genes using appropriately
placed splice sites or IRES elements. The vectors may also be packaged into viral particles
with one or more chimeric envelope proteins which stimulate target or host cells for
transduction. Additionally, the vectors may be packaged in cells where the helper is a

25  protein or the helper contains an Rev/RRE/CRS system for regulating gene expression.

Methods of the invention include the use of such vectors.

All of the references cited herein, including patents, patent applications, and
30  publications, are hereby incorporated in their entireties by reference. As used herein, all
terms presented in the singular form are intended to include both the singular and plural

forms.
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decrease the likelihood of reconmbination with a hel per vector, or sequences
t hat have been 15 degenerated to reduce the |ikelihood of reconbination

wi th a hewerrnoiggior. 3. The system of claim1 wherein saipgtngdop@ssayect or
conpri ses degenerated sequences with respect to one or nore sequences of a
hel per vector to reduce the likelihood of reconbination with said

conditionally Li.cating.vector [..splice-donor, si. S at 20
packagi ng and.éﬁﬁeggaﬂgﬁgggﬁgﬁee?%ﬁ%ﬁ% (1%E%E%S%WPi%%ﬁgggﬁggg%?on with said
condi t i onahdodirhedtb, i ie@ill BaptRedndto thdse dftvedigmstskill Hf the haitiat Vadiheimthgai d
vector conprises a MoVl gene. 25 5. The systemof claim1l wherein said

hel per eriiegasd smhediaresisoys s PEIREIdRE usefil Hrdthat tha drsation e heguacticed

het er ol o in, C r.l [ . it . - 1ng; or or
o hot or o ek S ARARE U st SRl S S frb R E R RO BT |
cl ai m55 vdueh euativak andsitanaivegoasicen ek ogdengdy, ahie iimventon indhrdes 310

Rev- dependent, control and/ or sai d heterol ogous envel ope protein js sel ected
fr om VSV-mpdifipghiong en¢opppassed yithya thesming anéﬁaomﬂfﬁg? 1@6%@%%{95%4 %}( fhens. 100
WO 02/07&Qﬁ%Wﬁ§?a£§Q2/09526 7. The systemof claim1l wherein said
conditionally replicating vector does not encode or do not express viral
accessory proteins. 8 The systemof claim1l wherein said conditionally
replicating vector is 5 derived fromH V-1. 9. The systemof claiml
wherein said conditionally replicating vector encodes a truncated CCR5
protein. 10 10. The systemof claim1l wherein said conditionally
replicating vector conprises a sequence that inproves transduction of said
vector. 11. The systemof claim 1l wherein said vector encodes a chineric

H 'V CTL epitope. 15 12. A cell conprising the system of any previous
claim 13. A nethod of packaging a conditionally replicating vector
conprising incubating the cell of claim 12 under conditions wherein said
vector is packaged. 20 14. A conditionally replicating vector produced by

t he met hod of cl aim13.
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15. A cell infected by the vector of claim14. 25 16. A nethod of selecting
for cells of claim15 conprising contacting said cells wth BG and BCNU.
17. The maigwdrgfzicl aim 16 wherein tunor cells not infectggixysoblesyect or
are killed. 30 18. A nethod of preventing or inhibiting the production of
viral DNAin a cell infected with a virus conprising 101 WD 02/078631

PCT/ US02/ 09526 introducing into said cell, before the cell is infected
with said virus, a conditionally replicating viral vector wherein said
vector prevents or inhibits the produgiags of viral DNA. 5 19. The net hod
of claim 18 wherein said viral DNA woul d have been integrated into the
cell's genone. 20. The nethod of claim 18 wherein said virus is a wldtype

ot 0 2 e A i, 2 0L

The met hod of any one o alrns erel VITUS |
The nst hod of claim 18 wherein said vector integrates into the cell's
genone by the same_prOﬁess as_.that used by said virus. 24. The net hod of

cl ai m 18" wher et FPRSAiQPay ¥ EFRbicaiREYCIE SOMRTISIEONE 6T BIOTC BYGIFIE 48E $°HFE Sne or
more 11 Shatah@QGht ASk SPRLGAGRAINANH AR LG, ugpLor: 20 (a) replicates

in a host cell only upon conplenentationwth a'wld-type strain of virus,
a hel per virus, or a helper vector, each of which is sensitive to the
presence of saig one or nore first nucl eotide sequences; 25 (b) is
resistant to theIPFa€Ee of said one or more first nucl eotide sequences:
and {c) contains one or nore substitutions, insertions, or deletions that

decrease the |ikelihood of fgenerati ng a replication conpetent vector. 102
2. The system of claim 1 wherein said one or more nucleic acid sequences that

reduce the risk of recombination is selected from a ribozyme which cleaves the helper
vector, sequences that contain one or more substitutions, insertions, or deletions that
decrease the likelihood of recombination with a helper vector, or seduences that have been

15  degenerated to reduce the likelihood of recombination with a helper vector.

3. The system of claim 1 wherein said helper vector comprises degenerated
sequences with respect to one or more sequences of a helper vector to reduce the likelihood
of recombination with said conditionally replicating vector, or splice-donor sites such that

20  packaging and RRE sequences are removed to prevent colocalization with said

conditionally replicating vector.
4. The system of claim 1 wherein said vector comprises a MGMT gene.

25 5. The system of claim 1 wherein said helper encodes a heterologous envelope
protein and/or comprises a heterologous RRE in comparison to said conditionally
replicating vector or a heterologous gag sequence in comparison to said vector.

6. The system of claim 5 wherein said heterologous envelope protein is under

30 Rev-dependent control and/or said heterologous envelope protein is selected from VSV-G,

RD114, rabies virus, GALYV, and chimeric envelope proteins.
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7. The system of claim 1 wherein said conditionally replicating vector does not

encode or do not express viral accessory proteins.

8. The system of claim 1 wherein said conditionally replicating vector is

derived from HIV-1.

9. The system of claim 1 wherein said conditionally replicating vector encodes

a truncated CCRS protein.

10.  The system of claim 1 wherein said conditionally replicating vector

comprises a sequence that improves transduction of said vector.

11.  The system of claim 1 wherein said vector encodes a chimeric HIV CTL

epitope.

12. A cell comprising the system of any previous claim.

13. A method of packaging a conditionally replicating vector comprising

incubating the cell of claim 12 under conditions wherein said vector is packaged.

14. A conditionally replicating vector produced by the method of claim 13.

15. A cell infected by the vector of claim 14.

16. A method of selecting for cells of claim 15 comprising contacting said cells

with BG and BCNU.

17.  The method of claim 16 wherein tumor cells not infected by the vector are

killed.

18. A method of preventing or inhibiting the production of viral DNA in a cell

infected with a virus comprising
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introducing into said cell, before the cell is infected with said virus, a conditionally

replicating viral vector

wherein said vector prevents or inhibits the production of viral DNA.

19.  The method of claim 18 wherein said viral DNA would have been integrated

into the cell’s genome.

20.  The method of claim 18 wherein said virus is a wildtype virus.

21. The method of claim 18 wherein said cell is a CD4+ cell.

22.  The method of any one of claims 18-21 wherein said virus is HIV-1.

23.  The method of claim 18 wherein said vector integrates into the cell’s

genome by the same process as that used by said virus.

24.  The method of claim 18 wherein said vector comprises a gene to be

expressed and one or more first nucleotide sequences and wherein the vector:

(a) replicates in a host cell only upon complementation with a wild-type strain of
virus, a helper virus, or a helper vector, each of which is sensitive to the presence of said

one or more first nucleotide sequences;

. (b) is resistant to the presence of said one or more first nucleotide sequences; and

(c) contains one or more substitutions, insertions, or deletions that decrease the

likelihood of generating a replication competent vector.
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