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AND MEANS FOR PRODUCI NG HI GH TI TER, SAFE, RECOVBI NANT LENTI VI RUS VECTORS
FI ELD OF THEwoOIENESON The invention relates to novel |entiviredt/pssskaniong
vectors, transfer vectors carrying a foreign gene of interest, stable

packagi ng cell lines, stable producer cell lines and the use thereof for
produci ng reconbi nant 5 I ent ivirus in manmal i an cells. BACKGROUND
OF THE | NVENTI ON Retrovirus vegimcd m@r’r%Rt @(ﬂomn@ene del i very

(MIller, Nature (19 5- 0 vectors
to deliver an unrear ?é?%’ei&'%%v g%apﬁq mﬁ% h@’%&?ﬁ’? \(@cﬁ’ range
of rodent, primate and hunman somatic cells nakes retroviral vectors well
suited f or transferring genes to a cell. A useful adjunct for producing
reconbi nant retroviral vectors are packaging cell lines which supply in
trans the 15 protei ns necessary for producing infectious virions,
but those cells are incapable of packagi ng endogenous viral genom c nucleic
aci ds (Watanabe & Temn, Ml ec.’ aéﬁ'w e 1 2241-2249; Mann et
al., Cell (1983) 33:153-159; ' Virol . (1987) 20
61(9):2675-2683). A consideration in the construction of retroviral

packagi ng cell Iines ts Ot high r o\ e

free of reconbi nant ;rgl%l |12§{t%n con%ée)faéﬁésrgtgrg&:v%g's lé?%é%u%a? %ﬁé&é@&ﬁg
been shown to pr¥@GEETS.ceFFanshphoMRCEars 0GaREYing Jd Farefdan gene pofos
Med. (1980) 151: 34Redodk anskapler paekaginforadlie Binek,. stable Bspodlybér

(1992) 176: 1125 ]dle:)li) 1lines and the use thereof for producing recombinant
5 lentivirus in mammalian cells.

BACKGROUND OF THE INVENTION

Retrovirus vectors are a common tool for gene delivery

(Miller, Nature (1992) 2357:455-460). The ability of
Lk retrovirus vectors to deliver an unrearranged, single copy -
10 7+ “ei“gene into a broad range of rodent, primate and human

" somatic cells makes retroviral vectors well suited for
transferring genes to a cell.

A useful adjunct for producing recombinant retroviral

vectors are packaging cell lines which supply in trans the

' 15 proteins necessary for producing infectious virions, but
those cells are incapable of packaging endogenous viral

genomic nucleic acids (Watanabe & Temin, Molec. Cell.

Biol., (1983) 3(12):2241-2249; Mann et al., Cell (1983)
33:153-159; Embretson & Temin, J. Virol. (1987)

20 - 61(9) :2675-2683). A consideration in the construction of
S © - retroviral packaging cell lines is the production of high
<" titer vector supernatants free of recombinant replication

= competent retrovirus (RCR), which have been shown to

' produce T cell lymphomas in rodents (Cloyd et al., J. Exp.

25 © Med. (1980) 151:542-552) and in primates (Donahue et al.,



One approach to minimze the |ikelihood of generating RCR in packaging

cellsis to e packagi ng functions into two genones, for exa
one which 5 dWﬁﬁgﬁésnexpresses t he gag and pol gene products aREqu%r%f’h"er
whi ch expresses the env gene product (Bosselman et al., Mlec. Cell. Biol.
(1987) 7(5):1797-1806; Markowitz et al., J. Virol. (1988)
62(4):1120-1124; JbaEsp. ¥Melll (1§ap) Preéclili2bBtll3B®rad. Sci. (1988)

85: 6460- 6464). 10 That approach mnimzes the ability for

co- packagi ng and subsequent transfer of the two-genomes, as well as

significantly decreasPR§ BRRTPASRUEACHLRIN}ZR oHif nhikehileed (of (JrNerakinte
:)f tEree retrovi rglcageagmegabnagliﬁgpaegagsnnggaeItct odwﬁvf@ucetm pé(;:_kaglng
n the event reco nts ari tations nos supr

del eti ons (Bosel 3?' E‘S‘Pa KBr kB2 #gr %ﬁ%’gﬁfécan g%g whicn

configuwed wthi neume‘etsls@ssltlw gggn@ndprMchsnet @romrandam}’le other

possi bl e reconbi navz.&%hnca& fgg;tésona&e éﬂn ggh&' g&loa%@tetcﬁbé&mé}e 29 al.

3" LTR on both pac agi ng constructs reduces the abil for

functional recombMed®Cs. 1G8KL-vi r‘ii’@s' ar&@2&ipl (3t A r’c%%@ V\M‘%Ww‘fhtz
addition to the cetman. ret royVi rvxirgeneswagw pole2qa(q :aneo0-qa24gi N Dy &

genes w L 10Ul abfey Gartl THEWT RaRS acea. chUNCiGRe) ThE BigHCEsss)

conpl exi ty enabl es edtiviTus r eof
the col¥se of | at &ati mpafidanh ninindizes ﬂrmtaMkM|@I h@ommgmmréf

i ciency virus (H|¥hb ettt 0hQ@insragenh£0f AL DSeyol eﬁbﬁ@s H|¥é30well as
can i nfect term nal |fferentiated cells that rare i Vi , Ssuc

| ynphocyt es and nﬁ%ﬁ%ﬁ@é‘tl | 4PRE R3HLNG "vh%aﬁrﬁﬁﬁ“@é‘FYpr‘?‘FmF?CE{‘}P%H?Eémbf
monocyt e-derived rany ophaghe (@EYiaMenze Wi [tiaSedleretEddinalT dengues dirceths
2 packaging cell to produce RCR.

15 In the event recombinants arise, mutations (Danocs &

' _Mulligan, supra) or deletions (Boselman et al., supra;

Markowitz et al. , supra) can be configured within the

. _ ) ﬁri_desired gene preoducts to render any possible

T T recombinants non-functional. In addition, deletion of the

20 o 3’ LTR on both packaging constructs further reduces the
ability to form functional recombinants.

Lentiviruses are complex retroviruses which, in
addition to the common retroviral genes gag, pol and env,
. _ contain other genes with regulatory or structural
25 function. The higher éomplexity enables the lentivirus to
modulate the life cycle thereof, as in the course of

latent infection.

' . A typical lentivirus is the human immunodeficiency
o %r;rus (HIV), the etiologic agent of AIDS. In vivo, HIV
30 7 can infect terminally differentiated cells that rarely
B "divide, such as lymphocytes and macrophages. In vitro,

HIV can infect primary cultures of monocyte-derived
macrophages (MDM) as well as HeLa-Cd4 or T lymphoid cells



arrested in the cell cycle by treatnment with aphidicolin or [err]
i rradiation. wdewnimen of cells is dependent on the active nuclear inport
of HV preintegration conpl exes through the nuclear 5 Pm%“’ggfﬂf’he
target cells. That occurs by the interaction of nultiple, partly redundant,
mol ecul ar determinants in the conplex with the nucl ear inport machinery of
the target cell. 3xxafted ctndeker fRAANEYCLAcPYdErgatnenti wakh Apbidieolin

| ocal i zation sigred + Nradiatitengag matrix (MA) 10 protein, the
karyophilic virion-associated protein, vpr, and a Cterm nal

phosphot yrosi ne residue in the gag MA protein. SUMVARY OF THE | NVENTI ON
Accordi ngly, the instbmfectiomtobnceklmtis depermienit b the activdi pachedr

| entiviral vector i 'iﬁﬁ?t ' e&{]_j | e
transcripts whi chﬁ“ a%a%ﬁpac asé%qgnéa%gﬁﬁ'kéi (?élf\p%%%?éel ns c%ﬂ(#t?btg\& ﬁﬁ?.ﬁ.ear
produdtion of hi PPYeS &F M hausah cedds-vi Thatiorsurmdy dhecdnteraghion
_retsul tsta[e inI ecef ?hﬁl?:fiﬁlé?rLgarﬁQy ?ehhnaahag ﬂollegelsﬁ laaﬁle;ﬁinzx]?ts in
I nteres 0O a targel ce . €. \' lon _aLsSo _provi S ce .l 1Lnes r
virus producti on. “HR ECTBRER Y—”#’%\le%—‘e TRECORATY NEP Y yuPBeR* 85?’ctc§fo the
various |entivirusanget G:%llRS\Id@ttilféeﬁodste_nmtnmtsi:ifmslude a functional
Fegion of the LTRRElEE 16cRiERation signbfOlRes’ 1hEnk  fag Raks ik tuay
spli c¥0 donor si t PXPERIR, | thenkapyopBidiss VariranasrgRirtedpEALEiINEVPE, a
part of the gag oene; aRit=tearniteal ephbSHROEPI LI eFBBIAUSAINS ttheSPhagema

accept or sequenceﬁn:_o girtxJ?’ Is the U3 region 30 of the LTR

SUMMARY OF THE INVENTION

Accordingly, the instant invention relates to novel

15 disarmed lentiviral vectors that direct the synthesis of

' both lentiviral vector transcripts which can be packaged

and lentiviral proteins for rapid production of high titer .

recombinant lentivirus in mammalian cells. The results

are infectious particles for delivering a foreign gene of

20 interest to a target cell. The invention also provides
o cell lines for virus production.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts various lentivirus vectors. RSV is

-the Rous sarcoma virus enhancer/promoter; R is the R

25 - region of the LTR; U5 is the U5 region of the LTR; SD is
K a slice donor site, such as the HIV 5’ major splice donor
site; ¥ is the Psi encapsidation signal sequence; Ga is a

- part of thé gag gene; RRE is the rev responsive element;

- SA is a splice acceptor sequence; and U3 is the U3 region
30 ' 7 'of the LTR.

it

Figure 2 depicts additional lentivirus vectors. CMV



Figure 2 depicts additional lentivirus vectors. CW 3 IS

cyt omegal oVi r g, of g} grwi se, the symbols are as found in the legend to
Figure 1. Figure 3 1s a graph depicting graded vector producti @&TAS0$25719
i ncreasi ng anounts of transfer vector. 5 DETAI LED ’
DESCRI PTI ON OF THE | NVENTI ON The I nstant invention provides a

recombi nant | entiysrogtonpghlilevatusnf eothagwioe; dtve dsygbods | arasasefbund

met hods and neans;, £0£hga é 98208 F%%& gl{us is useful for the in vivo and
ex vivo transfer &hd expre St on of nucl ei c acid sequences. The

| entiviral genome and the proviral DNA have the three genes found in

retroviruses: gag, pobupBdieiy.a WHaph A& 1&4:% é&éd %dt%i'g pkB&{t88bn
repeat (LTR) sequepces, The g%gg gene enco es t he structural 15
)

(matrix, capsid afdtRUEPEDER apPRREs Xt AR °é?rcodes t he

RNA- di rect ed DNA polynerase (reverse transcript ase) a protease and an

I nt egrase; and the env genebﬁ,g PHiEs Nid I?mldiperﬁw s The 5
and 3'"LTR s serve to pro T‘é‘%ﬂ'ﬁ;‘tfﬁ‘p@‘u‘n‘a’nﬁ‘p‘crya'd‘e'm#rvﬁ

of the virion RNA's. The LTR contains all other cis-acting sequences
necessary for viral r@ﬁéi cal h@Bant eNtintentian hayﬁoaﬂdééi oral %ﬂaﬁblnant

SIv) . Ad acent topRESBErResapRblecHt atectatasaapy At brases el i A he s
reverse transcri pasomebhoﬁbeagérmams (ﬂdmndaRﬁlﬁgpsamen Wrheeliviigrss tie) uaedaflor

efficient encapsidgii ped 1H'G%oR'é!éd'% R &é‘r?sf#‘eaﬁé'eﬁbksésmﬁfokhe
sequences necessary for encapsidation packagi ng of retrovital RNA into
10 nucleic acld seguences.

The lentiviral genome and the proviral DNA have the
three genes found in retroviruses: gag, pol and env,
which are flanked by two long terminal repeat (LTR)

' 'sequences. The gag gene encodes the internal structural

5 . _ - (matrix, capsid and nucleocapsid) proteins; the pol gene
et -_-.-;:encodes- the RNA-dlrected DNA polymerase (reverse -
transcriptase), a protease and an integrase; and the env.

gene encodes viral envelope glycoproteins. The 5’ and 37

LTR’S serve to promote transcription and polyadenylation

20 of the virion RNA’s. The LTR contains all other cis-acting
sequences necessary for viral replication. Lentiviruses

have additional genes including vif, vpr, tat, rev, vpu,

nef and vpx (in HIV-1, HIV-2 and/or SIV).

>y

Adjacent to the 5’ LTR are seguences necessary for

25, ~ reverse transcription of the genome (the tRNA primer

binding site) and for efficient encapsidation of viral RNA

VoS into particles {the Psi site). If the sequences necessary

el . for encapsidation (or packaging of retroviral RNA into

infectious virions) are missing from the viral genome, the

30 cis defect prevents encapsidation of genomic RNA.

' However, the resulting mutant remains capable of directing
the synthesis of all virion proteins.



I nfectious virions) are mssing fromthe viral genone, the 30 cis
def ect prevewéwﬁg%’apsidat-i on of genomc RNA However, the resulting
nutant renains capabl'e of directing the synthesis of all viri orPGIioI%81258 9 4
The invention provides a nmethod of producing a reconbinant lentivirus -
capabl e of infecting a non-dividing cell conprising transfecting a suitable

host cell with two or 'I‘HHel‘f'RiErHﬁ%xPab@b'v'ﬂeEhe paﬁxﬁ%ﬁbﬁg bi¢nc kaaam{aame y
5 - gag, pol and env, as rev and t As w | | di.scl Qse
her ei nbel ow, vect FCITRINANF er'?iﬁe'eraﬁava?@?l@e?i% 68 qking appenrgividing

certain applicati arsll erﬁsﬂngeta&plsﬁecalhgrstswﬂ:&nh deostpranlildeigh two

can provi de a nuol i aiae (FEeaaP rfuta ) Bie [BecRdiARCEIRECIBRRY nafledy

cell. Sintroduci rgp%h vReloRngr @NVdi A awhbleﬂél é‘@bﬂsa%n‘éatherehih Wlll be
identified as a t rﬁ&éﬁséf&q&.@femﬂépo& ha{,epREK3INRAGKERY i fhﬂétﬁoﬂépdﬁﬁér

cell which rel eases i nfectiQus,vi articles  car the forei
gene of interest. Wv%?oggsbﬁf*{’g@ %861 Seg&adp t%%%ﬂ?%strﬁg%d for
vectors di scl osed deample, are Eiecet | vebheraréansq&cbdaimb nia emwdleicSchacid

(1996) 272: 263 267cncdfthd'h ' S8 hod anadl vl G LAGORholiRE " Yolr

Cenerally the 20 vectors VI Tus
and at® confi gur €@Rn tR¥ocdle p nﬁlﬁéeJ-@séémil %ﬁlcoémﬁeﬁhc‘ébraZF ®nVv to produce

i ncorporating foreigpauxading aeeda for ﬁﬁix%‘cﬁ@xganﬂ foéct:aﬁnsgﬁvmlﬂdwa
nucleic acid into a hostlcell gﬁ% %? g gg genes of t vect
of interest also a@-@EOlogous gquno et ﬁ@eﬁ {fiedpag a ttfﬁ?’}%eé/é(ﬁf: oxr,
genes are cl oned into that packaging cell yields a producer cell which
releases infectious viral particles carrying the foreign
15 gene of interest.

The vectors per se, outside of the newly constructed
vectors disclosed herein, are known in the art, see
Naldini et al., Sci. (1996) 272:263-267; and Zufferey
‘et al., Nat. Biotech. (1997) 15:871-875. Generally the
2(13‘"‘ vectors are plasmid-based or virus-based, and are
- ‘configured to ©carry the essential sequences for
incorporating foreign nucleic acid, for selection and for
transfer of the nucleic acid into a host cell. The gag,
pol and env genes of the vectors of interest also are
25 known in the art. Thus, the relevant genes are cloned
into the selected vector and then used to transform the

target cell of interest.

According to the above-indicated configuration of
vectors and foreign genes, the second vector can provide
a nucleic acid encoding a viral envelope (env) dene. The

| ' env gene can be derived from any virus, including

i ' ‘retroviruses. The env preferably is an amphotropic

B - envelope protein which allows transduction of cells of
human and other species.
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into the sel ected vector and then used to transformthe target cell of
interest. Accoy@is)ghkp the above-indi cated configuration of vectors and

foreign genes, the second vector can provide 30 a nucl BEUR287M9
encoding a viral envel ope (env) gene. The env gene can be derived
from any virus, including retrovi ruses The env preferably is an
anphot r opi ¢ envel ope Firtoh%ynbéhélé@lf‘éﬂa SRSHAUC D r@Eoﬁnﬁlihﬁnﬁfvﬂ-\E@'by
and ot her species._, g—f‘é esi rab to target the reconb g V| rus
by |inkage of the ldmké Q?pe"% i r?’Weclr?Pén Hﬁ??ﬁbﬂy"’dr h Har aREYPARY | PFarRy

for targeting to pardcieptler Ofll@ahal’tfﬁi‘:” aﬂiaﬁ@étmqpeto Bya i meeeptog aof a
Viral vector. al oA IAE, et -5IRE 0 By 168Ys§Thel b, bPLEERSE | Mduddbng
receptd@ on a spe@l fl‘%gitﬂeﬁ*g@ﬂ/ cféwlombrOéxanplee'estthénﬁébt*@?e|‘611¥ﬁ)14v vector,
targe: speci ]1: I C. 'd’rﬂthVﬁﬁbﬁﬁérciﬁnﬁevﬂﬁiﬁm éﬁéS&éssﬁﬁ@t filiganBy for a
i nserting, or exanpl.e col i r ot ei n.
Targeting often |§%Frc%frﬁﬁ i SRed® bfpﬁgﬂﬁgc aa’ﬁﬁ‘l" eﬁe§11nd| p&EIB st the
anti body or a recoxdntmtlsanm\bmiwgtey:pepmlmmd e, mmlmvasaa venngscd:a:jxrbe
anti body, to targgfadhe Letroultal ypetory, Thase sl || ddk el
know of , or can rea out™15

y asc
experiMentation, S¥EeI¥ipid ma H’od’gfoﬁed-n-ac Margetdaig @éﬁ?noﬁ-saaf:@@mbllﬁmd

vector to a specifhy¢ §318§1 anE4aRR @ﬁ-ﬁin&?h&oﬁo&@lﬁﬁrdf‘/%% or a
i ncl ude, but are not |in d rrurlne ukem V|rus a/LéLVo

MWLV), Harvey murifiRESHHHR \?f“ﬁ&?%%@ﬁ BPl ﬁg e,pfuch as nghain
manmary tumor vir untibhedy, dro Mabdet ghebpetapeiralkeettowi rmao(s@ab‘ﬂ skill

GALV), human i mungdefy i 80C%3i11 xnow of, or can readily ascertain without
15 undue experimentation, specific methods to achieve
delivery of a retroviral vector to a specific target.

Examples of retroviral-derived env genes include, but

are not limited to: Moloney murine leukemia virus (MoMuLV

.4 . . ~ ©Or MMLV), Harvey murine sarcoma virus (HaMusSV or HSV),
20 o murine max—mary tumor virus (MuMTV or MMTV), gibbon ape
leukemia virus (GaLV or GALV), human immunodeficiency

virus (HIV) and Rous sarcoma virus (RSV). Other env genes

such as Vesicular stomatitis virus (VSV) protein G (VSV

G), that of hepatitis viruses and of influenza also can be
25 used.

The vector providing the wviral env nucleic acid

sequence is associated operably with regulatory segquences,

e.g., a promoter or enhancer. The regulatory sequence can

be any eukaryotic promoter or enhancer, including for

-30. _ example, the Moloney murine leukemia virus
'_ _promoter—enhancer e'lement, the human cytomegalovirus

_enhancer or the vaccinia P7.5 promoter. In some cases,

such as the Moloney murine leukenia virus
promoter-enhancer element, the promoter-enhancer elements
35 are located within or adjacent to the LTR sequences.



virus (H'V) and Rous sarcoma virus (RSV). O her env genes such as VEsicuIar
stomatitis Vipigseodyssy) protein G (VSV G, that of hepatitis viruses and
i nfluenza al so can be 25 used. The vector providing t K& 0#?575¥$v
nucl eic acid sequence is associ ated operably with regul atory sequences,
e.g., a pronoter or enhancer. The regul atory sequence can be any eukaryotic
pronoter or enhancer,PteﬁﬁIubhw,ftbe g8gulatory semaepke, is driee whidibl beey

mur i ne | eukem H&é%@n&%er%é‘écl}eerl@%@gm@ %@%&t whlkﬂethQUUEBtar is

cyt omegal ovirus en T ni'a I'n sone cases,
such as the beingrgnstripied Thuskedf athe W ?‘Er"smb dghbedndeRadacErom

el ement, the pror@te] - eneansey Qé@ﬁ!ﬁﬂ‘&ér335se uence ﬁmﬁxd oAt gdeWidiv NLOR
adjamﬁ$t to the LTﬁhg guences eferabig theﬁ% % tQh% ie uence £s
one ch is not &R eﬂ%ugePsa?ﬁ% ?%n?lg??ﬁ Fooh GAF EAVERt B7EF SO
bei ng construct ederiimateffxom §EEtor i s being made fromSIV, the SIV
regul atory sequence found in the SIV LTR 5 woul d be repl aced by a

regul atory el ement which does not originate fromSl V. Wile VSV G protein
is a desirable env geWaibec¥i¥eCvBVotedgnris & (Hetra] $Rh 8RR Preause

reconmbi nant Vi r usvs¥s§y Goﬁﬁarbebﬁehet RbsBUFahget BA RSt reebhbinhnt, vikes, a

10 gene h as_t hat VSV, G is_us S ferred to on
an i nduci bl e proﬁggg sﬁgpeﬁ1s iﬁé?r%@%séF8x§g%s§P8h Egifbe ?ﬁ&ﬁrafﬁgg

m ni ni@e host toxgeneysuhhnaVSVhstlib&xpﬁ55330m5|msa®1 ieqisrpdeféored to
exanpl e, the %uJS:){Cl ape- iﬁ@ﬁ'&fﬁ?@ %r%\?exl5 system scEXRE@ESI 98v ¢

systenlof Gbssen & ard (Proc
expr3551on can be regulated to minimize host toxicity when

V8V G is expression is not required.

For example, the tetracycline-regulatable gene

15 expression system of Gossen & Bujard (Proc. Natl. Acad.

' Sci. (1992) 89:5547-5551) can be employed to provide for

inducible expression of VSV G when tetracycline is

* withdrawn from the transferred cell. Thus, the tet/VP16:

transactivator is present on a first vector and the VSV G

20 coding sequence -  is cloned downstream from a promoter
' controlled by tet operator sequences on another vector.

The heterologous or foreign nucleic acid sequence, the
transgene, is linked operably to a regulatory nucleic acid
sequence., As used herein, the term "heterologous" nucleic

25 acid sequence refers to a sequencé that originates from a
foreign species, or, if from the same species, it may be
substantially modified from the original form.
Alternatively, an unchanged nucleic acid sequence that is

. not expressed normally in a cell is a heterologous nucleic
30 acid sequence.

The term "operably 1linked" refers to functional
linkage between a regulatory sequence and a heterologous
nucleic acid sequence resulting in expression of the



Sci. (1992) 89:5547-5551) can be enployed to provide for |ndu0|ble
expr essi on of Yo S3.4en tetracycline is withdrawn fromthe transferred

cell. Thus, the tef7VP16 transactivator is present on a first REGCISIP2EHY
the VSV G 20 codi ng sequence is cloned downstream from a pronoter
controlled by tet operator sequences on another vector. The heterol ogous or
foreign nucleic acwk:sexﬂuenpﬁeféh@biy,an&g@neetéﬁoid fgpiaity 19 Binked
regul atory nucl ei Ce &C1 d segJ g: fgg her ej n, t.erm." het er ol ogou,f?
nucl ei ¢ 25 0 o d o PEEROESEe rgf’a‘ t89a ’s%q&né%‘%tl or Pgrhat es TPom

a foreign speci es,h@temloqm&sn nheledae agpdcumuencemySb@mﬁmaénw auhger
modified from LheeroPrdfidf@iner ifdMvifbhheipa! ?fshxteéneﬂﬁanéaﬂeglgnals

nucl eic acid sequence that 1I,s not expressed nornma a cel|

het er ol ®gous nucl ePE 8§ an interngd; @r%@mea%é'%@‘rﬁ%p%}%‘b@ysl?’ﬁkgﬂn
refers to functionghel i N&agevieiveairra cagul atany segtiagceanddta efficient

het er ol ogous nucl eéﬁl?ﬁgé% $§061 er&.sti_h@éeﬁ% I n expression of the 7
e

latter. Preferably, er ol ogous is linked to a pronoter,
resulting in a chinmeric gene. The heterol ogous nucleic acid sequence

is preferably under CoﬂﬁéofoPéléﬁt@&'iet@ﬁxvﬁé %n}-Tﬂﬁl@IQ{@tQéiénbﬁnﬁﬁferest
signals 5 of an i nternal pnoter, and retained signals wthi

the retroviral LTRW’Eéﬁhst"lal”l bei ﬁﬁaaﬁgﬁf-b%@f i m%?ﬁ%’phés's‘?‘&n reign gene
transgeaee. The forehgodgena mﬂ&;ﬂﬁ)ﬂenucl Prefecanlyf thet asebypayt ide chas

e ranserL0ed . 66HET AbOSe 01l A% ph) porpepr SRS shppemert,
pol ypepti de may Sugﬁfé%gpt or nonexlstent expression of an endogenous
protein in a host cell. The polypeptide can confer new
properties on the host cell, such as a chimeric signalling
is receptor, see U.S. Patent No. 5,359,046. The artisan can
' determine the appropriateness of a foreign gene practicing
tédhniques taught herein and known in the art. For
example, the artisan would know whether a foreign gene is
of a suitable size for encapsidation and whether the
20 ‘ fbreign gene product is expressed properly.

It may be desirable to modulate the expression of a
gene regulating molecule in a cell by the introduction of
a molecule by the method of the invention. The term
"modulate" envisions the suppression of expression of a
25 gene vwhen it is over-expressed or augmentation of
expression when it is under-expressed. Where a cell
proliferative disorder is associated with the expression
of a gene, nucleic acid sequences that interfere with the
expression of a gene at the translational level can be
30 used. The approach can utilize, for example, antisense
nucleic acid, ribozymes or triplex agents to block
transcription or translation of a specific mRNA, either by
masking that mRNA with an antisense nucleic acid or

triplex agent, or by cleaving same with a ribozyme.



deficient or nonexistent expression of an endogenous protein in a host

cell. The pol ,5(1% can confer new properties on the host cell, such as a
chinmeric signalTin g1 5 receptor, see U S. Patent No. EGCBUSBAETIY
The artisan can determ ne the appropriateness of a foreign gene practicing
t echni ques taught herein and known in the art. For exanple, the artisan

woul d know whet her a h@fﬁé&h&e%dﬁﬁf adig¥l afalsuﬁlgfmm%a@eaiég%m%

and whet her the 20 forel gn gene gro duct 1s e press E Eg
may be desirabl e BFenSoMPICRetRryy 5P| dR2BE A BN R &5 FEC‘EW&A
in acell by the imaﬂremhm | (Webhtraub| e@die bam! he(mdjodzm ma I N\t tiee.

The term " nodul ate VI ans URRr essi LSSk f 25

gene when it i £ er?e preég‘.'éci3 “c%oe aﬁgatlo d% 5§8§'§Fontﬁhe*ﬁh?’t
i's unddr - expr essed:orresmmnsing eRNAr cﬂqmreq i ae @b\sbleiestzr@@&omo&eedle.
with the expressi Ghedlanti$¥Hee RUEhELE %idssfﬂt'éi‘féfech 't'ﬁfee{:i:ﬁﬁél&twn

the expression of a gene at _the translational |evel can

used. The approa@f d‘ﬁmf Aingg they S8dile Widd: .%Q%@éﬁéﬁcaamlk that
ri bozynmes or tripliax agam&-tsﬁrhhaaa t r angaitidne obligenstat o@n Horwt 15

speci fic nMRNA, e|t |n th TRNA Wi t en cl ac
or triplex agent, ‘or ]by c{@%w ngrsagrr‘érvm t ﬁu"'\aM rlr}b%gf e, % éﬁxg% s%r%‘gré bt
nucl ei¥0 aci ds ar e SYUhRsSIREd @Aty candhare &955cénisr.=—éweﬁpas§11§9 probiens

a portion of a spegifd ¢ 1BRYAr OhELekELed Vemah' ai‘xbtro&&éed AThto( M) target

262: 40) . In the cell, th antlsense nucl ei ¢ aci ds X bridize tq the 5
correspondi ng TRNES B i ndhe died1 OFf s @tinRRNSH| Bekheds The Fii cthe in
nucl ei ¢ aci ds int evitare wransilatijonansfatgeries is well known in the art

(Marcus-Sakura, Anal. Biochem. (1988) 172:289).

- 15 The antisense nucleic acid can be used to block

’ expression of a mutant protein or a dominantly active gene

product, such as amyloid precursor protein that

accumulates in Alzheimer’s disease. Such methods are also

TrotYigeful | for the - treatment of Huntington’s ‘disease,

20 hereditary Parkinsonism and other diseases. Antisense

f nucleic acids are also useful for the inhibition of
expression of proteins associated with toxicity.

Use of an oligonucleotide to stall transcription can
be by the mechanism known as the triplex strategy since
25 the oligomer winds around double-helical DNA, forming a
three~strand helix. Therefore, the triplex compounds can
be designed to recognize a unigue site on a chosen gene
(Maher et al., Antisense Res and Dev. (1991) 1(3):227;
Helene, Anticancer Drug Dis. (1991) 6(6):569).

W
o

Ribozymes are RNA molecules possessing the ability to
B , " specifically cleave other single-stranded RNA in a manner
- analogous to DNA restriction endonucleases. Through the
modification of nucleotide sequences which encode those
RNA’s, it is possible to engineer molecules that recognize



of the NMRNA since the cell will not translate a nRNA that is

doubl e- stranq;g(g99 12 ﬁntlsense ol i goners of about 15 nucleotides or nore are
preferred sinc R are 10 synt hesi zed easily and arRCT/E89825T1Rel y
to cause problens than | arger nol ecul es when introduced into the target-

cell. The use of antisense nethods to inhibit the in vitro translation of

genes is well kn | Mg al 98
172:289). 15 il 'Efik‘“vleﬁ zi%’l[\élslsense nuc egcftclﬁaéc éeghgﬁgg useé tghbl
expression of a mAkeRuls of€eehorTa ABEErnaMed) Asatt.ve( i8R RERRRQ30) . su%h

as anyloid pregd$s¥ aBvahtage toat @%J”Hbﬁi-%chn i Zbﬁlﬁﬁmﬁléeﬁﬁﬁx
Such net hods are aI so, useful for the treatneng Huntington's

di sease, 20 artighiag (SEJUeTET r%%%’s‘?ﬁ%‘??d’ﬁ%r di seases.

Anti sense nucleic acids are also useful for the inhibition of expression of

proteigfs associ ated v%‘t_hni]agxnecty aesis %fleantgl Iﬁ’?%é tide 21858l Iacu1

transcrlptlon can anl sm Known as e tri ex strategy Sl nce
25 t he cﬁ%ceﬁ%rrgﬂ Rie1awiaad a@@moeas#empééflm Tsrlvdeg An that

three-strand hel icatdderefgre, 1hﬁﬁnb§bﬁéﬁ%1§€ﬂﬁ@uaéﬁn€§n:dileldaihenﬁdclélc
bev S016615 105y Sshad FeRledsRI0Rr tnliR: [PR) Ul et EFRegyfTea 508
Ri bozynes are RNA!'mtenmmm'Sseferngzﬂdx@Rbl | intextlewpas 1 cthiqughedge
ot her,§i ngl e-str n a t SN&, S C

endonu@l eases. Tﬁlrggﬁgh ﬁ&eg gﬂcgﬁ?gng?# %%B%?éo%l gﬁu}el%*c:e?begssﬁnly
encode those RNA vgorlp.‘t.ng SAPRREAHNE t0 g Fame wRghand %b arg intexgrronsy

and cl eave speci fagd nie et it 1960 RRERS intedfeRdA (y-IFN), tumor necrosis
factor (TNF) and granulocyte~macrophage colony stimulating
factor (GM-CSF). It may be desirable to deliver such
15 nucleic acids to bone marrow cells or macrophages to treat
inborn enzymatic deficiencies or immune defects. Nucleic
acids encoding growth factors, toxic peptides, ligands,
receptors or other physiologically important proteins also
can be introduced into specific non-dividing cells.

20 Thus, the recombinant lentivirus of the invention can
be used to treat an HIV-infected cell (e.g., T-cell or
macrophage) with an anti~HIV molecule. In addition,
respiratory epithelium, for example, can be infected with
a recombinant lentivirus of the invention having a gene

25 for cystic fibrosis transmembrane conductance regulator
(CFTR) for treatment of cystic fibrosis.

The method of the invention may also be useful for
neuronal, ' glial, fibroblast or mesenchymal cell
transplantation, or "grafting", which involves

30 transplantation of cells infected with the recombinant
lentivirus of the invention ex vivo, or infection in vivo
into the central nervous system or into the ventricular
cavities or subdurally onto the surface of a host brain.
Such methods for grafting will be known to those skilled

10



nol ecul e (Cech, J. Aner. Med Assn. (1988) 260:3030). A nmjor advantage of
t hat approachwéggﬁzé MRNA's with particular sequences are inactivated. 5
It may be desif to transfer a nucleic acid encoding a BETUSRS28AI
response nodifier. Included in that category are i munopotentiating agents
i ncl udi ng nucl eic acids encoding a nunber of the cytokines classified as

"interl eukins", f erI eukins L.t .

i ncluded in that 21({} %‘bérr%gtl ?ﬂ §ﬁ' no es'cerc]?ébs ‘?I;'/N%F%%ngrg lpgl r'ng4 t%‘e
t he same mechani sMammad lian €NSer Siorkinadi & §§anﬁ&mbaﬁdgam(ré93§ﬂ erferon
([err]-1EN), tunor necrosis factor (TNF) and granul ocyt e- macrophage coI ony

stimul ating factor (GMCS be desirable to deliver such 1
nucl ei ¢ acids to bone §f¥r kel AR, A A PTHHRMR %ﬁﬁ%‘é’f'f c
defi ci encies or i ﬂe&nsfer N:milel ciatrdgueacadi ngrgamwtcjeﬁactmm the

toxi c pt | des, o] I t
pr ot e| al so can ag?ef% ro |sr$1t€£rs %Qﬁ'?(g&(n%#]ed?g%géég ganre las to
Thus, the r econbi mat}eenemma&s wedere ifoventhen dimeare u§§dn90 w’easelaﬁe

HI V-infected cell pffedbionk, celj-o,_ore,(gs‘f&;gg)ha,'g;e)ma YiRd fdk ATl 86 DS €a
I'n addition, respirator hel i_y exang can b ln ected W th a
i I&ﬁe

reconbi nant | ent i H3%ke qrn\;énfif‘&ﬁ’dﬁ&gl céeégnéci 1e1p’6+v1rus

cystic fibrosis tr&ssnianectionr oflw mized o, cgplaen ofCRIRerf eellreat nent of
cystic fibrosis. The method of the invention may al so be useful for

neur onal , glial, fi brobl ast or mesenchymnal cell transplantation,
or ‘'igrafting", whi®e  PEeSlofer 30sequence (pathspibgnt ahPBalegous| | sor
infected with the K&EOrdlditils [aNtEnd rdss Bled NPerddVhidHELX VA VRLAE range
infection in vivo ipto the central ngrvays, .system or othe ventrjcul ar
cavities or subdur®| P¥ BH‘PBEFﬁveBEe‘gT % b?ﬁ#‘r\ G c R n’éf'ﬁ%ﬁjs Fora
grafting will be kmowmliar lposanctier.l edell or tissue specific promoters can

be utilized to target expression of gene seguences in

15 specific cell populations. Suitable mammalian and viral
) " promoters for the instant invention are available in the

. art.

' Optionally during the cloning stage, the nucleic acid

" ‘construct referred to as the transfer vector, having the
20 packaging signal and the heterologous cloning site, also
contains a selectable marker gene. Marker genes are

utilized to assay for the presence of the vector, and

thus, to confirm infection and integration. The presence

of a marker gene ensures the selection and growth of only

25 ' those host cells which express the inserts. Typical
' selection genes encode proteins that confer resistance to

antibiotics and other toxic substances, e.g., histidinol,
‘puromycin, hygromycin, neomycin, methotrexate etc. and

- cell surface markers.

30 ) | '. ' The recombinant virus of the invention is capable of
o transferring a nucleic acid sequence into a mammalian
cell. The term, "nucleic acid sequence', refers to any
nucleic acid@ molecule, preferably DNA, as discussed in

11



10 in the art and are described in Neural Gafting in the Manmalian CNS,

Bj or kl und & Skﬁ@g&&wleds. (1985). For diseases due to deficiency of a

protein product,” " gené transfer could introduce a nornal gene i REB/USPRRB1Y
affected tissues for replacenent therapy, as well as to create ani nal
nodel s for the di sease using antisense mut ati ons. For exanple, it may be

desirable to i nse C?ifaﬁg?gl}(l I ll‘hgr qgotyﬁ gé\ﬁ[?cﬁ‘%%' Bko d%rived

| entivirus for lon O een or liver
The pronoter s@ﬁ%n%evamt}'béf mefgousxclv&m%tbéw% Eynheti

desired gene sequsm? RNAM dﬁ r@iﬂﬁrﬁtm@%ﬁéﬁeaﬂ be suthl lﬂ@dlei@Ch@dting
a viral or a mamm an or tlssue hlé:hprom)ters canoge

utilized to targe§e€§ﬁ?§§§l ﬁyoPoagﬁésgeGE@ﬁEég i may 2helay; &
cel | pépul ations. inSludeb| matmrmEly amcaudningal 1ptncmt==er s Mpreadwexr nstsach

 vention are avagbAfingc! BrARad’ be OBthAgh! Yndubbpeibiaon yiithd Rer
the nucleic acid Tonstruct to as the transfter vector, having the
20 packalPH4CBF gnBPL1¥NA ?I‘Fﬁuﬁ§t’v‘é§op§g8§§e€l SFSegistes seauences.

contains a sel ect gghémiier bR gRRE. béVBé:kﬁacﬂﬂl?Saﬂde utiikiead f&@masﬁﬁstaquré

the presence of the,yector, and thu Q confj [ m, ect.ion |nt on
The presence of a® ﬁ# gerﬁ%aré%sfff‘z% Wae Bt k}ﬁ a*HEF gro%}h

t hoseloost cells mhsshngg:pravs {hBNAhseahsbe iSppateld £€Ioemtqedrls qmdesused
encode proteins tRgt £88HEE &BﬁASLgyfévéP ANLEDLOLE £5¢ 808 OFNGEnLPh&ans.

substances, e.g., histidinol, puronhycin ygronyC|n neonyci n, methotrexate
etc. and ceII surface markers.

Preferably, the recombinant lentivirus produced by the
method of the invention is a derivative of human
immunodeficiency virus (HIV). The env will be derived

15 from a virus other than HIV.

The method of the invention provides, in some
embodiments, three vectors which provide all of  the
: ";., . functions required for packaging of recombinant virions,
__.':s'uch as, gag, pol, env, tat and rev, as discussed above.
20 ' As noted herein, tat may be deleted functionally for
unexpected benefits. There is no limitation on the number
of vectors which are utilized so long as the vectors are
used to transform and to produce the packaging cell line

to yield recombinant lentivirus.

25 The vectors are introduced via transfection or
infection into the packaging cell line. The packaging
' ~ cell line produces viral particles that contain the vector
genome. Methods for transfection or infection are well
known by those of skill in the art. After cotransfection
=30 of the packaging vectors and the transfer vector to the
L ’pack'aging cell line, the recombinant wvirus is recovered
from the culture media and titered by standard methods
used by those of skill in the art.

&)
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30 The reconbi nant virus of the invention is capable of
transferrl ng \ggg’%bﬁl c acid sequence into a mammalian cell. The term

"nucl ei ¢ acid refers to any nucleic acid nol ecul e, BFEUSPHETP
DNA, as discussed in detail herein. The nucl eic acid nol ecul e may be

derived froma variety of sources, including DNA, cDNA, synthetic DNA, RNA
or conbi nat-i ons there h l.c_agi C C
DNA whi ch may or %t"t“ss e pg't‘:?c 1%|; §égﬁ§?%€? &&n Wrmrl 2 &‘ﬁetdrgoeﬂn}ms !
Mor eover, such gl;nmmnc DﬁAlmayhB@Sobbm néélPhuEssﬂe‘P%Eh%?ﬁvm‘t?ﬁ‘}ﬁf(ﬁﬁﬁJé?nr

regions, poly A sqquepeRtidn @r18N1e2tse Pbéh%ﬂoﬁ?qgéﬂéﬂﬁllfeﬂﬂﬁmmm e
extracted and pur|f| ed from syi t abl means, wel | known |&1%%e ac{t.
Alternatively, 10dominant QQNRa(: ) E8fPbe®fsdteled c &1y
and usegd to produegnthiékaze rey Dz, tf@lﬂamvedatbprseireaitim ireathe presence

Preferanly; the | 5ol 0adb Sk Kbl OdUREd (2 10la P dI0dcotnide | me

i nvention is a derlv | Cl enc VI rus he env
wi Il be derived 1®electable ipayker vgens ®ancrbe h&hnkw P#Nélﬁéﬂ%dt& e

i nvention provi dei,ad]&gqg{gs I i Rise  ddiREuedGt ors which provide all of
the functions required for packaging of reconbinant virions, such as, gag,
pol, env, tat and rev, as discussed above. 20 As not ed herein,

tat may be del eted furstableldelil dunquhmteédx thhnephckagihgréuhsthms are

limtati on on the V. t e i
vect o(r'j}'sd are used t% S m&gn \9%&% ﬁgé e EJpac agl ng cE l Iﬁ%?ﬂE gell
yi el d reconbi nant arsmtnawns. Eor example, see thé. Pa&:olNe- §réasr?\??od%’é@d

via transfection ol dthf£rt] wrddt wdthe pasengised .cehbob)nes:114be-11406,
packagi ng which describe packaging cells.

Zufferey et al., supra, teach a lentiviral packaging

15 plasmid wherein sequences 3’ of pol including the HIV-1
‘ env gene are deleted. The construct contains tat and rev
sequences and the 3’ LTR is replaced with poly A

sequences. The 5/ LTR and psi sequences are replaced b}f

another promoter, such as one which is inducible. For

20 example, a CMV promoter or derivative thereof can be used.

The packaging vectors of interest contain additional
changes to the packaging functions to enhance lentiviral
protein expression and to enhance safety. For example,
all of the HIV sequences upstream of gag can be removed.

25 . Also, sequences downstream of env can be removed.
" Moreover, steps can be taken to modify the vector to
enhance the splicing and translation of the RNA.

To provide a vector with an even more xemote

possibility of generating replication competent

" 36'_' ' © lentivirus, the instant invention provides for lentivirus
S : ' packaging plasmids wherein tat segquences, a regulating
protein which promotes viral expression through a
transcriptional mechanism, are deleted functionally. -

i3



cell line produces viral particles that contain the vector genone. Methods

for transfection or infection are well known by those of skill in the art.
After cotransY2PPHI!3 0 of the packagi ng vectors and POBUS&Rs3Mer
vector to the packaging cell line, the reconbinant virus is recovered from

the culture nmedia and titered by standard net hods used by those of skill

the art. 12
cel | i nes

Thus, the packagi ng construgt an be_introduced intq human
by THPEruRPBNESphaFRe Sam s dele Rl | EPGPREL i B, gt Wbole, oF

in

el ectroporation, gapévakl poingemheatibhl or dotherantutsd enisaltian ber made tach

as neo, DHFR, dn

the presence of t

sel ect abl e mar ker agsaAsapafase Prajetee nrownl tschniquas pBe kEENABT gEhes tak
the cogstruct. St

configured to be expressed by a suitable packaging cell are known. For
exanple, see U. S. Pat. No. 5,686,279; and Oy et al., Proc. Natl. Acad.
Sci. (1996) 93: 11400- Thé06tewhnifudssarsete packempsitrwat | yecEokEer egndt to

al ., supra,
sequences 3'

t each
of p

e 3t oA LOFoflRhe SLAP DY RELEGHASD | A

gbhe @eh-tunik®sonaqrei n the packaging functions are 10

ﬁah@l}teic . %gxldt Egctﬁ%é cells, are grgbﬁ§m§d WEEE Nin the

I 'ncl udi -1 env "géne ar el eted. The “‘construct

contains tat and R&¥.sequEd@cditieness sareTREABIIEFF adeHER (1§ o/SFandard

sequences. The 5' rleEBuditd REite3ERUNGAS cAl @eEEP1BE espdyi Al IdRId N inm ahd
such as one which is inducible.

For 20 exapple, a er_or
derivalive ther eoPTOSFIFSred. FRECFEEKadi My \78&V§ng8f:ei’ nt@%/s&rogglr)ﬂ AN
addi ti onal changeparagrdaphscieayiserveirct rogaittelénkance | enti viral

15

20

25

30

Construction of the vectors of the invention employs
standard ligation and restriction techniques which are
well understood in the art (see Maniatis et al., in
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, N.Y., 1982). Isolated plasmids, DNA
sequences or synthesized oligonucleotides are cleaved,
tailored and religated in the form desired.

Site-specific DNA cleavage is performed by treating
with the suitable restriction enzyme (or enzymes) under
conditions which are understood in the art, and the
particulars of which are specified by the manufacturer of
the commercially available restriction enzymes, see, e.g.
New England Biolabs, Product Catalog. In general, about
1 ug of plasmid or DNA sequences is cleaved by one unit of
enzyme in about 20 ul of buffer solution. Typically, an
excess of restriction enzyme is used to ensure complete
digestion of the DNA substrate. Incubation times of about
one hour to two hours at about 37°C are workable, although
variations can be tolerated. After each incubation,
protein is removed by extraction with phenol/chloroform,
which may be followed by ether extraction, and the nucleic
acid recovered from agueous fractions by precipitation
with ethanol. If desired, size separation of the cleaved

14



protein expression and to enhance safety. For exanple, all of the HV
sequences uPS&h?ﬁﬂhQ& gag can be renoved. 25 Al so, sequences
downstream of ~env  can be renoved. Mreover, steps can be tEKEHSIBES719
nodi fy the vector to enhance the splicing and translation of the RNA. To
provide a vector wth an even nore renote possibility of

generating ol chl Esakhifice COIPCSE icorneq by CBbAYREUYLAHIAS NoLin oy

i nvention provide entlv us- padk agi ng uences,
a regul ati ng prot 8garogRi gal 9i€ﬁ§¥@§h°V¢$a$ u%&@@e%EBb@ar@h?69§ﬁ1QB¢5- A

:r ?nscrlptlongl dﬁléﬁ@i\'aﬂ.snaeséftfptﬂéhet&ﬂ diect isepalraeiohs tlsThtBB?theln
at gene can be dé rt_ o oi nt nutations or
othe? nut at i ons c&ﬁ%bQQﬁaag ngyﬂgan ﬁgﬂcgsp ?ﬁéﬁgirpthe gene

non-functional. An artisan can practice knomn technrques to render the tat

5 s 0ene non-fyackiqualon! SERIREY B2y RIS WG VR my

and to transfect and to in ect cel are pr Iced W
Practitioners ar&reﬁéﬁﬁgiaﬁlﬁhtrﬁhqhela§§%nd€FGGW€§§ur@@|ﬂ§fﬂ|%9%lwhnﬁh

descri be SpeCIflh cpf@qP%&b%SIanctxh%now) in rﬁwe%@éen%e Hogevetne fobur

Construction of ' ASRYBRSTEcRRaRy SFhhaA T (8T8 0 RN snerbation

restriction technmdmes\ﬂﬁc@bamb wthqnnEwminnﬁesnaﬂKQQﬁ¢ ive&Sovan aTr §s

g:)rﬁlngl IpbérS Labo atory, %:cg(l 185%1' n%s at §1r?15(r)nr styNilag‘gquc%nfcbes or

synt hesi zed ol | goSM@RSET dBheayrkleneyyEragment of ddlandny @t gt catipky hends

form desired. but chews back protruding 3’ single strands, even though

" the four ANTP’s are present. If desired, selective repair

can be performed by supplying only one of the dNTP’s, or

15 with selected ANTP’s, within the limitations dictated by

the nature of the sticky ends. After treatment with

Xlenow, the mixture is extracted with phenol/chloroform

:and ethanol precipitated. Treatment under appropriate

p _ condltlons withs 'S1 nuclease or . Bal-31 results in
25_ o hydrolysxs of any single-stranded portlon

)
Y
I

e

“.‘\,

Ligations can be performed in 15-50 il volumes under

the following standard conditions and temperatures: 20 mM

Tris-Cl pH 7.5, 10 mM MgCl,, 10 mM DTT, 33 ng/ml BSA,

10 mM-50 mM NaCl and either 40 uM ATP, 0.01-0.02 (Weiss)

25 units T4 DNA ligase at 0°C (for "sticky end" ligation) or
1 mM ATP, 0.3-0.6 (Weiss) units T4 DNA ligase at 14°C

{for “blunt end" ligation). Intermolecular "sticky end"

ligations are usually performed at 33-100 pg/ml total DNA
concentrations (54100 mM total end concentration).

30 Intermolecular blunt end ligations (usually employing a
- N 10-30 fold molar excess of linkers) are performed at 1  uM
apree -~ total ends concentration.

Thus, according to the instant invention, a lentiviral
packaging vector is made to contain a promoter and other

15



Site-specific DNA cleavage is perforned by treating 20 with the

suitable restrl gt enzyne (or enzynes) under conditions which are
under st ood i hﬂéﬁ%ilgﬁ , and the particulars of which are speci fﬁ%"duwnﬁﬂ_%
manuf acturer of the commercially available restriction enzynmes, see, e.g.
New Engl and Bi ol abs, Product Catal og. In general, about 25

[err]g of plasmd %\Jﬁs ' 0 hte8f a8Na¥EBriined
about 20 [err]l o?pq{)iu er %ﬁ?ﬁ%i%%%@f%g%% gggggs gf ?estrLctigne

enzyne is used tPenfhee abhdFaRe FafostPBA: offThe B sBbstd afgmeination
I ncubation tinmes ekl O WDth $petiPidofusceionlbubr3dCtand esckabbe,

al t hough 30 variations,_can t ql.erated.. . r ﬁ‘?&% lé.%q,‘ge'gsqn,
protein is r emoveRf bV%ﬁ(t?%‘it?%#W?ﬁeypﬁgﬁ%ﬁﬁc ?q%t%ib\fgénlf VAT d"{a{}; e
foll owed by ether extraction, and the nucleic acid recovered from aqueous

fractigns by precipi tglhOivtdl ekbaRsly LbolBRs! Stiakini Se0anal| OBugka he
cl eaveld 14 fragnments ma e per ose

ormed b ol yacryl am de e#o aga
gel el ectrophor esPEOGsi Ngtdt aRGafd t%hnihij%gﬁ.) A23e %?ﬁ?‘él%gé ?p%f“gg en
size separations }sed oddinfedbtuedsn cblEBzyrolthyabbedtadsEsn ¢itash)andto
Restriction cleaved fragnents may. he.bl unt. _ende .eat i ' ge
fragment of E. coF?aﬁﬁQf)%I@%%%% E&fﬁﬁ gﬁ‘gﬁc Ig.ﬁ%é:%?glsgﬁgg\’\%l}@t e Q%I’%
deoxynucl eoti de tadphbspiedtsss ( INEP edctaxt ngasnfficisnt i abs YR eRTing

to 25,ginutes at gOLLE] Gdbd0iaM IIvs Mhto the ndlors Oantd 18hdaEernd
mM MgCii[err], 6 DIT and 5-10 [err] M dNTP' s. _ The Kl eatr})w fraggegt fi lv,}asé
in at 5 sticky eR¥BTBEE1PRevd bERR FRFEARA nBf 3 ANSRFAPLS r RAGROLIRWEN

t hough the four dMERievade preRtnals!| fanddyizeed, ter| achithes rafeer a single

injection of the vector, the longest time tested so far,
showed no decrease in the average level of transgene
15 expression and no sign of tissue pathology or immune
reaction. (Blomer et al., J. Virol. (1997) 71:6641-6649).
An improved version of the lentiviral vector in which the
HIV virulence genes env, vif, vpr, vpu and nef were
“. ‘deleted without compromising the ability of the vector to
20 ' transduce non-dividing cells have been developed. The
multiply attenuated version represents a substantial
improvement in the biosafety of the vector (Zufferey

et al., supra).

In transduced cells, the integrated lentiviral vector
25 generally has an LTR at each termini. The 5’ LIR may
cause accumulation of "viral" transcripts that may be the
substrate of recombination, in particular in HIV-infected
cells. The 3’ LTR may promote downstream transcription
_ with the consequent risk of activating a cellular
30 ' protooncogene.

The U3 sequences comprise the majority of the HIV LTR.
The U3 region contains the enhancer and promoter elements
‘that modulate basal and induced expression of the HIV
genome in infected cells and in response to cell
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can be perforrred by supplying only one of the dNTP's, or 15 W th
sel ected dl\ﬂ'P‘ | nthe limtations dictated by the nature of the
sticky ends. r treat ment with Kl enow, the mixture is ext rarnesdsmsnn
phenol / chl or of or m and et hanol precipitated. Treatnent under appropriate
conditions wth S1 nuclease or Bal- 31 results in 20

hydrol ysis of any singl e-stranded ortlon I ons can be perforned in
15-50 [err]l vol u?rﬁglgﬁgéfmt‘he f(ﬁqp r%ed"ns effpents are
tenperatures: 20 ebbéntdiadl mt?vﬁralOrEtﬂWQEt[tenr] SémerMo DT Ehe3 rMinder
BSA, - 10 mM 50 mM e er Is

units T4 DNA |i gagggmﬁg% %}Q iul?lgl& J&%é@a 33& gﬁéy\é ;%%agﬁs e rﬁl 6
(Wi ss) units T4 brxel |1©%%’é e%thMGa(tﬁ@r ag| Grd ﬁ‘é‘l IYWl%e factors in

|[ nt e]r rr/glm ec;rl ?rl "stliekl giWthddERés DS arthdISEAhhNcEs fdleiRatal Wy 1868t to
err]g ota

tratl t ot al t
| nt er nol ecul ar bl Elﬂt"ig‘%g% gr;’gﬂ’ ﬁga%ﬁgﬁalq%rgt‘gylﬁbe Sggﬁggeﬁ I f%%ar
excess of |inkerstaagetpeoforthed wirds| Makivhast &t ends cbnc¥irpati of1993)

Thus, according tg-tRe470%e3%y invention, a lentiviral packaging vector is
made to contain a pronoter ana ot her 15 optional or requisite regulatory

sequences as determ ned by the artisan, gag, pol, rev, env or a conbination
thereof, and with speqisf wcirfaqna:tﬁa%aﬂn@rcieﬁt 4ehresChei eRe 0k’ taﬁd @@Gt-.ne U3

oP1 0B 1Y O et LRgliok 8 TGk 98ISR Seqencesape Wb BHILIE
93:11382-11388) hanierale ovRNA edntlo a néepy hheneofelflromgriha h3 ar LEBt @gdtisn as
vitro and to t rans‘tgma@rr Ofsy afityed d&érggfagirgrpctgf)n B ik A Al Ofepe
integrated provirus. If the 3’ copy of the U3 region is
altered in a retroviral vector construct, the vector RNA
15 still is produced from the intact 5/ LTR in producer
cells, but cannot be regenerated in target cells.
Transduction of such a vector results in the inactivation
of both LTR’s in the progeny virus. Thus, the retrovirus
is self-inactivating (SIN) and those vectors are known as
20 ' Sin transfer vectors.

There are, however, 1limits to the extent of the
deletion at the 3’ LTR. First, the 5’ end of the U3
region serves another essential function in vector
transfer, being required for integration (terminal

25 dinucleotide + att -sequence). Thus, the terminal
dinuclectide and the att sequence may represent the 5’
boundary of the U3 sequences which can be deleted. 1In
addition, some loosely defined regions may influence the
activity of the downstream polyadenylation site in the R

30 region. Excessive deletion of U3 sequence from the 3’/ LTR

may decrease polyadenylation of vector transcripts with
adverse consequences both on the titer of the vector in
producer cells and the transgene expression in target

_ cells. On the other hand, limited deletions may not

35 abrogate the transcriptional activity of the LTR in
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adult rats. The vector was efficient at transferring 10 mar ker

genes in vi VOWP% e neurons and | ong term expression in the absence of
det ect abl e pa 00Y was achi eved. Ani mals anal yzed ten nont hsPETUSP8/25719
single injection of the vector, the longest tine tested so far, showed no
decrease in the average |evel of transgene 15 expression and no

sign of tissue patholo ne reaction. (Blonmer et al., J. Virol.
(1997) 71:6641-66 §7n5%°?§p?% version of the lentiviral vector in which
the HI'V virul ence genes env, vif, vpr, vpu and nef were del eted w thout

conpromi sing the abil by *Pérézgﬁbéé & eréx‘?tgrﬁlrus trax}sfterra%@‘%% escribed

non-di vidi ng cells have been y attenuated version
represents a subsharein| C?WOWS%W el efiionsy @tfyté‘\e UReregdppr of the

(Zuffer% et al.,3supre) . (ﬂi@u&rearlsdta@ el dSletidnd r&mafedmlﬁabubtahe
vect or n each, .ter

cause Accunul at i on4gg %\;a tzﬁ/ r}?faﬁg% Ia?ﬁ? 31°S’s‘%'b°sr{ r at 'gr%gngg
reconmbi nation, inSpHrébculSAN13I6 HaNG rﬂﬁb-tm cel | senfTheiBal | Meatwrspr wikhe
downstream transcphpbkene #Ee&@%&?&éf&ﬂe&‘f £hekps' o ﬁéi{ééé nﬂr@mCFhEUIBar

.30 pr ot ooncogene. sequences conprise t {_-orlt{g
HV LTR The U3 r BERoWeEEnE&VRIOPRE yhﬁaﬂe‘ércamarswbﬁbmr heEnthet fiter

nmodul ate basal anggi ww expr peédededf cklhes Hoy Mﬁ;éﬂh lé&pﬁé@@h@ﬂl s
and |ﬂpresponse t

el ene are ess F?ﬁ%‘ F&llﬁl r;frh?eﬂf’ﬁga??‘ﬁﬁns\i‘e'ggﬁﬁlsii? ?eﬁﬁéog‘ét Shs)

el enents are hi ghkeyxtendseasedaan@msy to rihe | BATALt boxantherefore abrogating
any transcriptional activity of the LTR in transduced

cells. Thus, the lower 1limit of the 3/ deletion may

extend as far as includif\g the TATA box. The deletion may

15 . be of the remainder of the U3 region up to the R region.
That represents a dramatic gain in vector safety. The

various deletions weﬂx‘; produced practicing methods known

.-"-t

in the art.

Surprisingly, the average expression level of the
20 transgene was even highel:: in cells transduced by the SIN
vectors as compared to more intact vectors. That was
probably due to the removal of transcriptional
interference from the upstream HIV LTR on the internal
promoter. SIN-type vectors with such extensive deletions
25 of the U3 region could not be generated for murine
leukemia virus (MLV) based retroviral vectors without

- compromising efficiency of transduction.

The 5/ LTR of transfer vector construct was modified

o by substituting part or all of the transcriptional
.30 N regulatory elements of the U3 region with heterologous
enhancer/promoters. The changes were made to enhance the

expression of transfer vector RNA in producer cells; to

allow vector production in the absence of the HIV tat

gene; and to remove the upstream wild~-type copy of the HIV
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have been inplicated as critical virulence factors in 5 vi ral

pat hogenesi s. ywq dfignhancer el ements may act to influence replication
rates in the different cellular target of the virus (Marthas etPEI/US9325719
Virol. (1993) 67:6047-6055). As viral transcription starts at the 3' end
of the U3 10 region of the 5° LTR, those sequences are not part of

the viral mRNA angeR G t@@xﬂeQ‘EcBh%EhEthﬁth LEReacs s aéléeé@I depsish tﬁae

generation of bot i nt egrat ed proy copy of the
0o region i al teVEROFHSS Fobr SUPPaI S6REEOPEROREN TEEEOTRe vact of RNA 15
still is produced fromthe intact 5 LTR in producer cells, but cannot be

regenerated in target?ﬁﬁgé In};&&r%ggcti%nq_ A 154 et or ' tﬂ;ed

i nactivation of both rogeny Vi rus. hus he re rovrrus 'S
sel f-inactivati nga%SPN?téﬁﬂstﬁGset%c br ETRi e HnoVRCHRY®0 can find gsg as

transfegr vectors. ¢Fhfk€er' eveél@dbﬁyelbedahi@é So¥0 tﬂﬂe dincdls t88 daimiriden
at the 3' LTR First, the 5' _end of t.he 3 re n se

ves anot
essent i al - funct i of*PReFEAPE AP R HubINRL I RS2 ﬂiég‘mﬁ?(ﬁ?
(term nal 25 not espmesbetbtde + att sequence). Thus t he
term nal dinucleotide and the att sequence may represent the 5 boundary of
the U3 sequences which can be deleted. In addition, some |oosely defined

regions may influenceSuRB 8Lt Yortorafcam & esweantan ModdifisabApns: abrthe (3
in the R 30 ma raegImcuéngEéyelﬂsbe&éOﬁoofyil&@%&rmé M d¥er’

LTR decrease den on_of vector, transcr h adve
consgg ences bot h %‘*‘?@*‘ %‘?v? HCY qnﬁxa& c,eéﬁprc?élsllg ﬁﬂgtcﬁ%“ be
transgene expressusndr mnt pagkagingl sells Grhathalotriotr dxgpriss itakt bdt can be

del eti ons may not s@&f-znactlva%@h%g%%ewteﬁi transcriptional activity of the
LTR in 17

The transcription from the HIV LIR is highly dependent

onh the transactivator function of the tat protein. In the

15 - presence of tat, often expressed by the core packaging

' - construct existing in producer cells, vector transcription
;-=r:-."" £ £¥om. the : HIV. LTR_ is stimulated strongly. ~ As that’

full-length "viral" RNA has a f\:‘l‘ll- complement of packaglng-

- signals, the RNA is encapsidated efficiently into vector

20 particles and transferred to target cells. The amount of

vector RNA available for packaging in producer cells is a

rate-limiting step in the production of infectious vector.

The enhancer or the enhancer and promoter regions of
the 5/ LTR were substituted with the enhancer or the
25 enhancer and promoter of the human cytomegalovirus (CMV)
| or murine Rous sarcoma virus (RSV), respectively, see
Figure 2 for a schematic of the constructs and the code
names of the hybrid vectors. The CCL and RRL vectors have -
complete substitution of the 5’ U3 region.

30 The control 1lentivector HR2 and the panel of 5/
hybrids were compared in producer cells transfected with

the transfer vector, and with or without packaging
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transduced cells. New versions of a lentivirus transfer vector described

herei n carry g 3si ng deletions of the U3 region of the 3' LTR ure 1:
the U3 del eti on?’%piln from nucl eotide 5 -418 of the WY ’é??sf%é"_t’he

i ndicated position: SIN 78, SIN-45, SIN 36 and SIN-18). Lentiviral
vectors with al nost conplete deletion of the U3 sequences fromthe 3" LTR

were devel oped Wcm%tttru%@orquéwgpﬁ—bwa@ t&ifettaer t?En‘éﬁ@E?.’ifa{:BrPrOdﬂ?@r
cells or transgene expressi,on

st,
ot ensive dol or) BraRSPFADRIONAY ToYehdotsths, SRR GCRHRSTATAVEGROrs is
t herefore abrogawm@ea:nythamnsnaltptomnal aurtne Y ylehtivhectdiR bothransdtmd

cells. Thus, the del etiq e f

i ncl udi ng t he TA?k%%%?cleTh IE% {' ?ﬁﬁ ﬁg epge © oF "te éﬁ&&?yﬁﬁ% gée?r%iélﬁoc'? of
the UP regi on upAld teheimerigi UﬁCtimat afégpegmtly &ranafey cthai frapsgens or
safety. The Varl'rﬂib's ﬂi&lﬁ wwr&@r%C%W%bf'?&MM®s kipoYD 4

the art. Surprisin aver age expressiaon | evel

transgene was evé:l'i1 ﬁﬂEFrPﬁ 7 s veckRtduce F TRk Ye SIRFGRERLIQN 99f the
conpared to nnrevemitan:t vact dtarget TheélYes pashbabbyfitmed tby tézamiﬁjmyal

fot t f I T
bromter. SN ty At S ERESs | BRTANCdPy TBRT  Sdky Paddiud PhELER
U3 redfd on coul d Aeransdustiatat edld dleonesse Wasulohgexviedr 4o the\pebasptage

retroviral vectorsy Wrihide r@-‘%ﬁ'ﬂﬁ)é‘&e@.ﬁ%‘ &hamexwﬁ?tﬁmehxé vaetoFRag'
LTR of transfer \é?ector r%&nstruc was nodified by substituting part or all

of the transcrip grate regul atory el enents of the U3 region

wi t h het erol ogous

The high level of expression of the 5’ LTR modified

transfer vector RNA obtained in producer cells in the

15 . absence of a packaging construct indicates the producing
vector is functional in the absence of a functional tat
gene. Functional deletion of the tat gene as indicated
for the packaging plasmid disclosed hereinabove would
Gl .confer - a higher level of biosafety te the lentiviral’
20 . 'Vector system given the number of pathogenetic activities
associated with the tat protein. Thus, a lentiviral

vector of significantly improved biosafety is a SIN

transfer vector that has no wild-type copy of the HIV LTR

either at the 5’ or at the 3/ end, which is used in

25 conjunction with tat-less packaging vectors as described
herein.

Viral supernatants are harvested using standard

techniques such as filtration of supernatants 48 hours

. . post transfection. The viral titer is determined by
30 infection of, for example, 10° NIH 3T3 cells or 10° Hela
cells with an appropriate amount of viral supernatant, in

.the presence of 8 ug/ml polybrene (Sigma Chemical Co.,

St. Louis, MO). Forty-eight hours later, the transduction
efficiency is assayed.
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enhancer/pronoters. The changes were nade to enhance the expression of
transfer vectwp ggifedin producer cells; to allow vector production in the
absence of the H'V tat gene; and to rempve the upstream wil d-t 5/ EBpg579
the HV LTR that can reconbine with the 3' deleted version to "rescue"
t he above described SIN vectors. Thus, vectors containing the

above-descri bed al ter@ﬁhgnst@é e kﬁ'@en@;oﬁeﬁ%§de§%ﬁﬁ6@s lé'iﬁi %aﬂs
transfer vectors because of uences to _enhance exgre55|on and I,

combi nation with 585k3§99§°&89|ngﬂaﬁlﬁﬁrnﬁﬁceﬂbﬁﬂ§§tt¥ ru§uchT§°sﬁe€P6P§
can al so carry nDﬂafh&&leopsephrabeoﬂs tdRk pe dsedusaednhecelmabqet oells

yield inproved tr r clor.s ve n nl n
expression and ca ﬁgggsuse oaé?aﬁ¥§ ncéfﬁmeéﬁ o no?ﬂﬁgkr%%g tgg&%gF
can besself-lnactlnuﬁhﬁéoas Wélﬂ Th@dtranﬂtr|¥n|c##frﬁh??hegﬂmv L therapy

hl ghl y dependent ggp lﬁéakﬁéﬂ§a&l§ei‘éiﬁrtaf% i1 1ef akaeréﬁévea%ﬁsx@ -a hbdthe
presence of tat ften expressed by the core g

construct eX|st|nﬁrPHsﬁpﬁﬂﬁéeFJbe??é V%CPEPCFF&H§8Hﬁﬁq F?" “18“%5 iBngd
LTR is stinul at ethehr eeghyned #6 thathéstl-length "viral" RNA has a ful
conpl ement of packaging signals, the RNA is encapsidated efficiently into
vector 20 particles and transferred to target cells. The anount
of vector RNA avai | abf&ef cinysadidadi ngew nhpraddc deege|deseriked ada- ([dahading

step i§ the produghioRidell” i Nfiesté DSe VREt OF arthe eRERICERi€inghe Ws
and pronoter reg| ns of the.,5' LTR were substityted with the hancer or

the 25 @@Fraﬁéngroﬁﬁ?€&°?ﬁ t FRRARENES: onBFal cHF us KA
muri ne Rous sarcoinvemmdsn(RSV) respectively, see

Example 1

CONSTRUCTION OF LENTIVIRAL PACKAGING PLASMIDS
15 The lentiviral packaging plasmids were derived from
the plasmid pCMVARS.9  (AVprAVifAvVpuANef) described
;‘;%ﬁfi,;; L previously- 1n Zufferey: et al.,. _supra. . All the remainlng”
. o "sequences of the-nef gene in PpCMVARS. 9 were removed’ by
digesting with Xhol and BstEII, filing in with Klenow and
20 religating. The construction deleted 100 basepairs,
joining the truncated env reading frame of HIV-1 to the
genomic insulin polyadenylation site and yielding the
plasmid pCMVARS.73.
In another embodiment of the invention, 133 basepairs
25 of CMV-derived sequences downstream of the CMV promoter
were deleted in the plasmid pCMVAR8.73. That seqguence
contains a splice donor site and it was removed by
digestion of the plasmid pCMVARS.73 with SacII and
_ _ ;eligation of the larger fragment, obtaining the plasmid
30 *  pPCMVARS.74.
In another embodiment of the invention, all the
_ " HIV-derived sequences remaining in the plasmid pCMVARS.74
7" ’ upstream of the initiating codon of the gag gene were
o removed, except for the consensus 5’ splice donor site.
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Figure 2 for a schematic of the constructs and the code nanes of the hybrid
vectors. The \ggpygpglRRL vectors have conplete substitution of the 5 ' U3
regi on. 30 The control lentivector HR2 and t he paREF/USP325719
hybri ds were conpared in producer cells transfected with the transfer
vector, and with or w thout packaging 19 constructs, which provide the

tat transactivat Oht thgh%atmrea'ﬁ%é ptﬁﬂlag?% ke Ofp g{feg,ﬁusfceh@e@ gene

vectors is higher than t hat a control ntivector int esen,ce

and in the absenc¥28f °Pﬁ€gﬁ§c§5’§“ PRiTRd: tF@nslgtion efficiency,iqhigining
vectors efficienttpet rpalﬁneidt REMUARBSJSNE | IPCMVARS)EAS cebbks aerivéé Ridom

of Cthe vector 1 BSHEAReSTe B £EMACind Hhe BY' Bb setThoClaY eeadh G il
at an @&rly and aahats@rtlﬁa'@age ekigonudieotide linkemnsdensishingNef, 5°-

decrease was obsew@@kcmdﬂ@mm@@@sﬁcﬁm G&ﬁ@é@cTCAGTA
I ndicating that the_vector been int egr at ed. The high | evel  of

expression of theTHAA E‘F&Gﬁﬁﬁﬁﬁ?\éﬁf‘«ﬁaﬁgﬁ EEor FRA ¥t ained) i n 3Md R e
cells in the 15. ceamcme&cmeWaMccmwmmmGA

produci ng vector &‘ETE#R?%‘W:?@#C&\@CEE c@B& nget géanrthﬁblonal ?t gene.

Functional deletidn o ene | Ca pl asm d
di scl dded her ei nabovelmamt@m @rmb@dtmg!m@r dfe\tdie dfm&ﬁmt Van olIECFl‘eC1ble

lentiviral 20 packagi 8§t orco%%ﬁmgl Wl t hsbeaﬂhea oﬁypatﬁyga@atd the
activities assomat&\%d W|th oteln a lentiyiral ctor of

significantly inpF &d’sBFggaf gF? SN tpr%ﬁptﬁ' o cFOPERARLN ﬁas Rg oMV
wi | d-type copy of priomotieY LWith seven tandem copies of the tetracycline

operator sequences linked to a minimal CMV promoter. The
15 tet-regulated packaging plasmid pTet AR8.74 was obtained.

Example 2

_ CONSTRUCTION OF LENTIVIRAL TRANSFER VECTORS

PR S »fig; -_'-.;: The 1ent1v1ra1 transfer vector plasmids were derived
from the plasmid pHR/-CMV-LacZ described previously in
20 Naldini et al. (Sci. (1996) 272:263-267). PHR2 is a
lentiviral transfer vector in which 124 bp of nef
sequences upstream of the 3/ LTR in pHR’ were replaced
with a polylinker both to reduce HIV1 seguences and to
_ facilitate transgene cloning. pHR2 was derived from
25 PHR’-CMV-LacZ by replacing the 4.6 kb ClaI-StuIl fragment
with the 828 bp Clal-Stul fragment generated by PCR using

PHR/-~CMV-LacZ as the template and the oligonucleotide, 5'-
CCATCGATCACGAGACTAGTCCTACGTATCCCCGGGGACGGGATCCGCGGAATTCC
: '.G'I"I‘TAAGAC*-B ’ (SEQ ID NO:_ ) and 5/-TTATAATGTCAAGGCCTCTC-3'
30 (SEQ ID NO: ) in a three part ligation with a 4.4 kb
. . - StuI-NcoI fragment and a 4.5 kb NcoI-ClaI fragment from

e ,.PHR’—CMV-LacZ.

R In another embodiment of the invention, pHR3 is a
~lentiviral transfer vector in which 148 bp of env coding
35 sequences (including an ATG) upstream of the Rev Response
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either at the 5 or at the 3 end, which is used in 25 conj unction
with tat-|ess waekagispg vectors as descri bed herein. Viral supernatants are
har vest ed using standard techni ques such as filtration of super RSTW%’ZSZH?
hours post transfection. The viral titer 1is determned by 30

i nfection of, for exanple, 10[err] NIH 3T3 cells or 10[err] HeLa cells wth

an appropri ate anpiimait V('F!Rﬁ) i@ﬁ%@@t ke aaléﬁsdpre@wwac& d2rlived] g+-6h
pol ybrene (Si gma

transducti on efflglggcyblfsrﬁgéaﬁéﬁg %‘e 8 F’??l%i/ %g?g;?hﬁ?%%ﬂ |8ﬁr‘bﬂkg

provi des net hods ami:hrean‘znobppmmﬂs;@mlf}mg‘m&rm genandiednby vVPERsusing

Those virus parti %rggar&;é O%mgﬁ%htl%e ?H toqigg'gn%(étleto% ;aet ﬁiﬁé‘éjss

t echni ques known

find Use in ex G%WGWGQW%WC%%$CM | (GEQ \LﬁeF%FuaLgeL) @nd §"'
are renoved from apmAGc;gm'mT@@L:;n gﬁ@ungz weacti cing )k,novvn techm ques

and then returned to t e hos he The |n ntlo,g n%WtrEiw ng ﬂgn desc ed,in
detail, 10 i BBFTheRc PRGN SonnVERFEPRy PEERantT 8
denonstrating varlmts:.vn'mbdltwansferofvedzher innsitaith | Atenthipongadx eoglingl

CONSTRUCTI ON OF L i Pgé;{f\
| entiviral packag:%r?g &’% asmd %%erl ve fro trﬁces chvsnnﬁt(fea-ﬁh%r raﬁ?ég 9
([err]¥®r[err]Vif [@#t?\ﬁp%[%ﬁ rthef§ag prateinkered @f%

al , supra. Al thgad ed@t1¥ed 5L REFEeLeiOh bHpmes mn&mﬂ&&dartﬁhmo& a
were renmoved by NotI linker (synthetic oligonucleotide 5/~TTGCGGCCGCAA-3/,

SEQ ID NO: ), digestion with NotI to excise the
310 bp fragment, followed by religation.
i5 In another embodiment of the invention, pHR6 is a

lentiviral vector in which the 5’ splice donor signal was
mutated (TGGT +to TGAT) to enhance production of
full-length transcripts capable of being packaged. pHRé
was derived from pHR5 by replacing the 239 bp Af1II-ApoIl
fragment with- Y 239 bp AflII—ApoI fragment generated by
“PCR~ using a. pHRZ as the template with oligoniclactidge
primers 57-CCACTGCTTAAGCCT-3’ (SEQ ID NO:___ ) and 5'-
CAAAATTTTTGGCCTACTCATCAGTCGCCGCCCCTCG=3 (SEQ ID NO:___ ).
All PCR fragments were generated by first cloning the
25 PCR reaction product directly into the TA cloning vector
PCR2.1 (Invitrogen) followed by sequence verification and
excision with the appropriate enzymes.

Example 3

‘ CONSTRUCTION OF 5’ LTR CHIMERIC LENTIVIRAL TRANSFER
30 VECTORS '
A ' In another embodiment of the invention, the 5/ LIR of
the lentiviral vector contains the enhancer and promoter
from the U3 region of the Rous Sarcoma Virus (RSV) joined
] to the R region of HIV-1 (plasmid pRRL).
35 PRRL is a lentiviral transfer vector in which the
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digesting with Xhol and BstElIIl, filing in wth Kl enow and 20
religating. wh@98struction deleted 100 basepairs, joining the truncated
env reading frane o?ﬂHI V-1 to the genonic insulin poI yadenyl at |P&T/"§9§/é57é?ld
yielding the plasmd pCW[err]R8.73. In another enbodi nent of the

i nvention, 133 basepairs 25 of CW-derived sequences downstream of

the CW pronot er UBhEn ndel egg.ﬁ ?%o&;{&%egj ?ﬁ%%&%&ér L35%8. €§ -1 MalaSeALeRce

contains a spllce onor Sit renove estion of the plasmd

pCW er r] R8. 73 wi thesiEppsgrdptdiongd: ssarsf site) |<a$ V i im@raniseit fusedy
the plasmd 30 o the RCGW[l%r b%aﬁ-ll s 2h t&eroﬂg&mdﬁﬁtﬂe tihigker.
invention, all the V-derive nces remainin nth Qa

pCW[ err] R8. 74 up® m%=th qr %"bod%ﬂ %‘?l‘#ﬁe Bga é ﬁgk’mg?e see
removed, except f@OITHOTC@SSereaud ﬂmzphyceeplmaomgl the 214 XWAIEGORI-$hal
time (he SeqUence dagerfame! g Bag2Bs00Rs WSt Y %@ed d.697 R IERITI-Nots

transl ation eff|C|en talnln theplasmd
pCW[ err] R8. 75 vva?réeiﬂi% fnmpBA/[and | Y MW r‘B?ﬂTatﬁtW& tiagrenip from
Sstll-dal fragmepupa tdldng with aars(%iéﬂéna HodHT-By1uql el igbndd e ide

| sti f GGTGAGT A GAGCGTCAGTA
HOCIR R o T e

CTCGATACAATAAACGG
TCTCGAATTCACTCA CEE@@Q@@' 'T.I(A%E\Q p 10yo: anagt her
enmbodi nent of tﬁgal nventlc?n% an mdgm bI e cka | ch?nS't‘rucr)waség tal(gned
by replacing the ﬁ‘t’q@@ﬁﬁ:ﬂFTMﬁSﬁfﬁﬁﬁA@P‘CE&WF WGW%WW?WW

pronoter wth sevemramrmtsroaomasced-3he gy r_[@cml i ne ).
In another embodiment of the invention, the 5/ LTR of
15 the lentiviral vector contains the enhancer (nucleotides
-233 - =50 relative to the transcriptional start site) of
the Rous Sarcoma Virus (RSV) joined to the promoter region
. {from the position -78 bp relative to the transcriptional
start site) of HIV-1 (plasmid pRLL) .
#%..cx PRLL.is _a  lentiviral transfer vector .in which the
Y enhancer of RSV is fused to the promoter reglon of HIV-1
- using an ol:.gonucleot:.de linker. PpRRL was derived from
plasmids pRT43.RSV.F3 and pHR2 by replacing the 3.4 kb
EcoRI-Hpal fragment of pRT43.RSV.F3 with the .724 kb
25 AlwNI-NotI fragment from pHR2 and the 1.7 kb NotI-stul
fragment from pHR2 along with a synthetic EcoRI-AlwNI
oligonucleotide 1linker consisting of the oligo, 5’-
AATTGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGAGCCCTCAGATC-3/ (SEQ

IDp NO: ) and the oligonucleotide, 54~
30 CTGAGGGCTCGCCACTCCCCAGTCCCGCCCAGGCCACGCCTCC~3 7 {SEQ 1ID
NO: ).

—

In another embodiment of the invention (plasmid pCCL),
the 5’ LTR of the lentiviral vector contains the immediate
_ _e_arly enhancer and promoter (nucleotides -673 to ~1,
35 relative to the transcriptional start site according to

. Boshart et al. (Cell (1985) 41:521-530), of human
Cytomegalovirus (CMV) joined to the R region of HIV-1.
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operat or sequences linked to a mnimal CW pronoter. The 15

tet-regul at ed@a{%ﬂ%{ ng plasmd pTet [err] R8.74 was obtained. Exanple 2
CONSTRUCTI ON WI'RAL TRANSFER VECTORS The lentiviral trarRGHYSIBESTIor

pl asm ds were derived fromthe plasm d pHR - CW- LacZ descri bed previously
in 20 Nal dini et al. (Sci. (1996) 272:263-267). pHR2 is a

lentiviral trans V. or f qugnges st Lgam
of the 3" LTRIi % ﬁér;edreg&%ae\ggﬁbn}?ﬂ “{él%yﬁ (gﬁ{":e‘{r?boﬁ g rgedgcl%g: "HIVI
sequences and to 52696279k BngnspiERe byomewlaClqﬁ—lRQhWa§-cﬁerkbecﬁﬁtrfmﬂm
DHY - CW- LacZ by #eilniéhe ot horr @ ﬁss Gt S oL AGP g M NGHe e
The o }gonugﬁggﬂ‘gﬁé Mo pHRZ an U % Rt PR 2 et et BB sl
CCATC%TCACC?AGACT ALORET MAIC@WAGG@%TWIIQGWIW JinkshQ
| D NO 5' T %ﬁgIIZCI C3 /1

_) an %%Q{ u‘fﬁ%col ?llgqre %Qégtl\il.?gsﬁ—g In

a three part ligation wth
Ncol - d al fragnenFG??TW'SFMC@ﬁﬁGE'&@‘ZCT?‘HG%'HMW%% ASRIEDHOt he ) and

i nvention, pHR3 '§'aGhQOTGGTC@MCCB@E&E@A&@@&@GTT@A&@AEX‘C&A@C@P:; of (¢®p Ip
codi ng 35 equenc (including an ATG upstream of the Rev Response
22 El enent ( were del eted. pHR3 was derived from pHR2 by
repl aeong the 893 bp Eat Iaﬂpﬁhetra@ummimdnt pHR2 théeh Inverrtben Not (pXmriid

(1 a0rent joener at eeh) PERNS DBt Ay LA “éé%"?t S i
and 5' - TACGTAGGAERRERETEG uclspbidesno-220 - - 767 n BRdBREVEenFTR e
of the invention, tphiRBcrip@ional start site of Cytomegalovirus (CMV) joined

to the promoter region (from position -78 bp relative to
i5 the transcriptional start site) of HIV-1. pCLL was
derived from plasmids pRT43.2F3 and pHR2 by replacing the
3.6 kb NcoI-HpaI fragment of pRT43.2F3 with the .724 kb
AlwNI-NotI fragment from pHR2 and the 1.7Kkb NotI-Stul
fragment from pHR2 along with a synthetic NcoI-AlwNI

--~'==_"?20m L _'-.:._-.'W,‘.oln_gonucleotide _..iinker cons:Lstlng ~of oligo, 5'-
' 'Huvl:“f”‘CATGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGAGCCCTCAGATC—3’ (SEQ
ID NO:__ ) and the oligonucleotide, 57~
CTGAGGECTCGCCACTCCCCAGTCCCGCCCAGGCCACGCCTC-37  (SEQ  ID
NOo: ).
25 ' Example 4

CONSTRUCTION OF SELF-INACTIVATING LENTIVIRAL VECTORS
PRRL.SIN-18 was derived from pRRL by deleting the
400 bp EcoRV-PvulI fragment in the 3’ LTR by digestion and

. religation.
30 ' o PRRL.SIN-36 was derived from pRRL by replacing the
-7 493 bp BbsI-AlwNI fragment in the 3’ LTR with an
" oligonucleotide linker consisting of synthetic
oligonucleotides, 5/-GATATGATCAGATC-3’ (SEQ ID NO: )
. and 57-CTGATCA-3’ and a three part ligation along with a
35 .54 kb AlwN-AvrII fragment. and a 6.1 kb AvrII-BbsI
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lentiviral transfer vector in which 310 bp gag codi ng sequences (all gag

codi ng sequeyssy (ﬂ? ynstream fromanno 10 acid 15 of the (a
protein) were deleted frompHR2. pHRS was derived by di gesti §FT14¢S? ?
with Nrul, addition of a Notl I|inker (synt hetic oligonucl eotide

5'- TTGCGGCCGCAAS SEQIDNO__ ), dlgestlon with Notl to excise the

310 bp fragnent, d - ati on I n anot her
enbodi nent of thgklghh%ﬁ'?l g%y: Egﬂl s a l ent iviral vector in which the 5

splice donor signal BRRLwSTH t‘éé VRSGTAeBiVEATEXEB &t cBY prsRIeGisg Jihe
full-length trangesi pps erpabirawefl beragmeatkaged. tl-w-lRaa'wasmierlwmhfra}m
pHRS by repl aci ng the 23 b%@&l - :)ol fragrrent W t h a 23%f o‘k é@%&
fragnent gener at F&k%’é t h& a{'trgvm tAoli tfeo I de
priners 5'-CCACT GG:IWide(sSEQM {EMTGATQAW@TCAGATC‘:V (SEQ ID

CAAAATTTTTGGCGTAEECATCAGT Gd&l;ﬁdﬁ.dxa3 ) - (fBd fig:ﬁ;(f,r agnentss
were generated by frrst—ci’oni n g t he reaction pro

duct.
directly into thdnTa& dhgenP t]oWangM‘ P](ql’fﬁll‘ﬂ%e?h) 541 ¥BvR W) ~AvVrIT
sequence verifi C&trl et aCisSian WY AvirTe -BRiero Friagimentn fywes pREXanpl e 3
CONSTRUCTI ON CF 5 | LENTI VI RAL E
anot her enmbodi nent of® %ﬁ?{:#ﬁ?-’&[ |%$s, RELE® R%% Ii’ﬁ‘gl"l gﬁ’t iV aﬁ %é
contaims t he enha®SerbmndBhsTndleNIf r Swraghent3 rigyi okhef BHETRousIddr comm
Vipus (RSV) 1ol neth {gohlig12degagn of s bhiek (Pl 2Rdi B8Ry 350f, — 57-

PRRL is a lentiviral “transfer vector 1 n which 23 & % N

pr onot er (nuc|e0gygggmmg@gspgschpgpgppggcFQGGACTGGGGAGTGGCGA CCCTCAGATC
37 (SEQ ID NO: ) and oligonucleotide 57—~
. CTGAGGGCTCGCCACTCCCCAGTCCCGCCCAGGCCACGCCTCCTGATCA-3 ’ (SEQ
15 ~ID NO: } in a three part ligation along with a .54 kb
AlwNI-AvrII fragment and a 6.1 kb AvrII-BbsI fragment from

. PRR1.
Example S

o CONSTRUCTION OF STABLE IENTIVIRAL PACKAGING CELL 00-28 '
20 _ Z;ND OF STABLE PRODUCERS OF LENTIVIRAL VECTOR

The 293G cell 1line was used to generate stable

lentiviral packaging cells. 293G cells express the

tet“/VPlG transactivator from the MD cassette (CMV promoter

and intervening sequences - exons 2 and 3, intron 2- and

25 poly(A) site from the human S8 globin gene) and the VSV
' envelope from a minimal CMV promoter linked to a tandem
repeat of seven tetracycline operator sites (tet’). The

expression of VSV G thus is regulated by the level of

_ _ tetracycline in the culture medium, being suppressed in
30 L ‘the presence of the antibiotic (Gossen & Bujard, Proc.
" Natl. Acad. Sci. USA (1992) B9:5547-5551); Ory et al.,
Proc. Natl. Acad. Sci. USA (1997) 93:11400-11406). The

293G cells were maintained routinely in DMEM/low glucose

" culture medium supplemented with 10% donor calf serum and

35 ' containing 1pg/ml tetracycline. A 15 cm plate of 293G
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the transcriptional start site) of RSV is precisely fused to the R region
of HI V-1 usi ng,?a%éﬁ/&égonucl eotide linker. pRRL was derived from

pl asmi ds see 5 W07/ 07225, and pHR2 byPGTERIRBEFNY
the 3.4 kb EcoRI - Hpal fragment of pRT43.RSV.F3 with the .67 kb Bglll-Notl
fragnent frompHR2 and the 1.7kb Notl-Stul fragnment from pHR2 along with a

synthetic EcoRI - BQE'J.E. Oltb&%gu@rpa‘?xtéf‘l%te'dmiﬁsrlng £OPSESttdfine GIBco BRL)

ol i gonucl eot i des

AATTGCOGCATTGCAGAWA EIT T ATE TASGTRECHASCTIRATARSGRAT ANREERid PCMVARS.74 and
GTCTCTCTGGTTAGACCA-.33 pd &Qtliel:)sdi@cngn_plgkmlanﬁZeEsz . The medium was

GATCTGGTCTAACCAGA TATT CGACPCTA CTTAAATA

ATATCTCTGCAATGCGRE Gﬁ?"%(%grE éﬁ\g 1807 8 Chin doRs, SRk LY pto
i nvent Bon, the 5' mefRux I18ontaining t (28 th!éid entg/mt al zeectior cand ai ds thw/ml
enhancer (nucl eot ides- ne.50 ﬁf£ ' ’534t8efaﬂ§ Eha%%clréd%tlo%nalzﬁ aéi#ones

site) of the Rous Sarco I rus oi ne promot er _r'egi on rom
the position -78 MG BEFked: é%et’t'?‘a‘-h%%‘?ﬁe& |'5‘P|a|955t“éﬁ]tl sP%-é)'—eﬁf aﬂriv qhe
(plasmd pRLL). phidaiin %dr%!&triéd For Rtvansies @é@caamgan ctmtuheo

of RSV is fused tqg t.he pronoter an ol uc otlde

li nker. pRRL was ale%r\%gaf rgﬁf“ﬂ‘leé' ﬁ’laggprarﬁ%l:Fé?/f fr pHRgg%?f g YQci Bt
the 310 kb EcoR - Resitirvgyreiones weiel 33Rswm R&:vicuh fﬁleth@m!kaﬂ%ls. The
AlWNI - Not | fragnefedy 08 pkignasd déiee 1dZt5?m:N?éc§ ! nhyeoEuY %QHEEHFQ%

along with a synthetic EcoRI-AlwWNI oligonucleotide |inker consisting of

0I igo, 5'- AATTCISAC%@@TW@T RYSEOtANSEETORSTAVE REYFDH G
) and diipression goftier cbétdfcycline -withdrawal by Western blot

CTGA(XXBCTCGCCACTC%%F QRPGOCCAGGCCACGCCTCC- 3 (SEQ IDNO__ ). In

anot her .enbodi ment™ 0 € Tnvention (plasmid pCCl), the 5° LTR of the

| enti Vli& al vector contEies ﬁchx;: | m%dvéﬂeGeap¢§'l‘emmncﬂrora$d peyent @analyzed

(nucl eoti'des -673 fif-tHer for the ability to package lentiviral transfer
vectors. The clones were infected with transiently
produced lentiviral vector (VSV.G pseudotype) containing
an expression cassette for the Green Fluorescent Protein
£+A. . victoria:. (GFP) drlven by the CMV promoter, a’c a
mﬁltlpllclty of :mfectlon of 10 and in the presence ‘of
polybrene (8 pug/ml). The infected clones then were
‘expanded and the tetracycline removed. After 72 hours of

induction, a 24 hr medium collection was performed and the

25 supernatants were filtered and flash frozen. The frozen
supernatants were titered on naive HeLa cells for
transduction of the GFP gene. By FACS analysis it was

determined that the population of cells (designated 10-28)

created from the infection of packaging clone 00-28 had

30 the highest titer of 5 x 10* Transducing Units (T.U.)/ml.
The infected packaging population, 10-28, was used for

the creation of high titer producer clones of GFP

lentiviral vector. 10-28 cells were sorted by FACS and

the highest GFP expressing cells were retained and

35 expanded. That population then was infected serially
("pinged") an additional 4 times with transiently produced

GFP lentiviral (VSV.G pseudotype). After each infection
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35 relative to the transcriptional start site according to Boshart

et al. (Cel] 1985) 41:521-530), of human Cytonegal oviru
joined to thewlgsfgé%?%n of Hv-1. 24 pCCL was derived from pll’élgsfqv’\/é’25719

pRT43.2F3 (U.S. Pat. No. 5,686,279) and pHR2 by replacing the 3.8 kb
Sst | - Hpal fragrrent of pRT43.2F3 with the 1.7 kb Bglll-Notl fragnment from

g?ﬁhg??ct ggt | LB F,?F’\Qf;#eﬁ’g]t gggap%l fﬂ&'tﬁl? Zeter a 72-996 (i‘ﬁ:g c\@ Ll

gonacr: consi sting
ol i gonucl eot i des, indugtiopaTT %AngLa( §§%1|5Da“d
NO ) and 5 %{WUW@@&GA@GQ@%ETCWAAWaﬁturéSE@dﬁy.

NO ). anot her nment, . of an

(pl asm d pCLL) tl:'?é‘f?th’f‘ﬁ“&f fr’r{l}eeﬁsénP? ?gbagg(ef ot AtRS ¥’§e aching
nucl eotsi des -220 1.56%3 108| Bt ¥ yvAmd of sewe Figamrec B) pt | 'ahalp@,ml@tmm eo%fcells
CQytonegal ovirus ( @y Jﬂ*%e&:hodt%fng[ ?ig%féeﬁefsgbﬁﬂc%ﬁgﬁ‘ %5'1@&%'6531@%1

relative to 15 trans start site
was derived from MiteH FePRLPIIONCLEG-pHR2 by replacing the 3.6 kb
Ncol - Hpal fragnment of pRT43.2F3 with the .724 kb AIwNI -Notl fragnent from

HR2 d the 1.7kb Notl.- St f, t f
Rlcol 2Invw\ll gl i gonucl et L r%%g‘ﬁ%s f’:%%s‘?%ﬁR%g p%g.gcwt&:&ni éxeggeﬁk%ls
CATGGAGGCGFGGCCTW@WCA&E@ er at@EQ h)D ref goence )ln
and ﬂﬁ he %%X Eq%)tié';dlvi uag;ubllcatlon or g%atent

Exarrpl e 4 cmsmuc;nmqytmmm@mmmlﬂa\m AEraREaty indicated
to be incorporated by reference.

As will be apparent to those skilled in the art to
which the invention pertains, the present invention may be
15 embodied in forms other than those specifically disclosed
above, for example to transfect and transduce other
mammalian cell types, without departing from the spirit or
' , essential = characteristics _of the :mvent:\.on.. ' Thef __
';partlcular emhodlments of the lnventlon described’ above, B
20 ' are, therefore, to be considered as illustrative and not
restrictive. The scope of the present invention is as set
forth in the appended claims rather than being limited to

the examples contained in the foregoing description.

AT E A I AR
N ;‘..Ea‘g:.;v;;g-f-__'x«;'(‘?a- Db ol ANy
. IR ik xS
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PRRL. SIN-18 was derived from pRRL by deleting the 400 bp EcoRV-Pvul |
fragnent in t%%mis-FR by di gestion and rett+gation—30

PRRL. SIN-36 was derived from pRRL the 493 bp BbsPCAURP2579
fragment in the 3 LTR wth Fﬂﬂﬁﬂ@mgw e | i nker consi sting
of synt hetic ol i gonucl eoti des, b 3' (SEQ I D NO )
and 5' - CTGATCA- 3' witcrairhy ee part ligation along with a 35 .54 kb
Al WN-Avril fragment and a 6.1 kb Avrll-Bbsl 25 fragnment from pRRL.
PRRL. SIN-45 was derived from pRRL by replacing the 493 bp Bbsl - Al WNI
fragment in the 3' LTRw t A arentivoms [tawrnisfer Veaotiaar comparisiigyg mg5/ IR

f%nkgetic 5 ) anda%c'plé @“'-I?J!‘F@Otéé@xs1of whish! 2B RGN GCHaT %@‘Hﬁ Suw hreé:?EQ
e g o e & S mﬁe@%“’“ﬁm@ T e
vrll-Bbs ragne r g B S é vl t,
repl aci ng the 10 erab anbg gﬁ‘i% ?I\Aﬁ\llﬁfiragge h ﬂh% d% Iéneme\?mtth
an ol i gonucl eoti de OPeryy %&e g % Mgce +c 5'1 ndogenous to
GATAT GATCAGGAGGCGTSEEE TBa8cGERAGT GGGGAGT GGCGAGCCCT CAGATC 3 (SEQ ID

NGO ) and ol i gonucl eoti de 5'-
CTGAGGGECTCGCCACTCCCCAGT CCTGATCA- 3'_ (SEQ 15 | D NG
) in athree part |igafton %ﬁnﬁre\}‘?ﬁ% vEgtRE Rl |11 VRGREAR QRE RF

6.1 kb Avrlil-Bbsl hepgmutiéotiipbhsesExefptRe SUSONEGROGToENtHe STARMR are
LENTI VI RAL PACKAG&&QE'&& 00-28 20 AND OF STABLE PRODUCERS OF
LENTI VI RAL VECTOR

3. The vector of claim 1, wherein said regulatory
element not endogenous to said lentivirus is a
cytomegalovirus enhancer, promoter or enhancer/promoter.

4. The vector of claim 1, wherein said regulatory
elenent not endogenous to said lentivirus is a Rous
rcoma vn:us enhancer, promoter or enhancer/ promote.r.. "

Sd »Jkﬁ- Foaia e

IRLERALY:
B .t
. e b4 ’\"* R ., ¢ J

5. The -vect'or of claim 2, wherein said U3 region
deleted is all of said U3 region except for a 5’ terminal
dinucleotide and an att sequence.

6. The vector of claim 5, wherein said@ U3 region
deleted includes a TATA box segquence.

7. The vector of claim 1, wherein said vector
carries an expressed heterologous gene.

8. The vector of claim 1, wherein said lentivirus is
- human immunodeficiency virus (HIV).

9. The vector of claim 8, wherein said HIV is HIV-1.
10. A lentivirus packaging plasmid lacking sequences
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The 293G cell line was used To genera generate stable lentiviral packagi ng cel | s.

293G cel | s the tet[e lvator fromthe MD cassette
cow or orot e RS er vent no) INMRERI MERHS 5 2o’ 57" o eoaisaigpnns
poly (A) site fromthe human [errf gt obdi ngefhe) and the VSV envel ope froma
m ni mal CW prormter Ilnked to a tandem r epeat of seven tetracycline

operator sites ( %B C |fe,{@_gth;sed V]
the | evel of tet{rl cyc |ne mél;Fhe Iture 3; ¥be| %gyéu pressed.in 3?
the presence of laekingi spepeeceeoéeeﬁ'-%&rseparfeonpredﬁ' engug, togsaidysa

(1992) 89: 5547-Spaptiviriset al., Proc. Natl. Acad. Sci. USA (1997)
93:11400-11406). The 293G cells were maintained routinely in DVEM | ow

gl ucose cul ture nmedi um suppl enmented with 10% donor cal f serum and 35
contai ning [err]g/m 1tet r®bgchackaging plasmid afe oairnAQ ,26theredd) |saiger e

transfected usin e (B t 3. 3% émprdssad pbe
packagi ng pl asm p%{i < {Es s-:hd 1.733 [seér’&r]ga%f t he )?ﬁsectlon pl asnﬁrd

pZeoSV2. The nedﬁﬂﬁfﬂﬁ§eéhaﬁ§eén§t P9A genefnd at 48 hr the cells were split
into 5 medi um cont ai ni ng 250 [err]g/m zeocin and 1

[err]g/mM tetracycli 4 weeks Jjn._selec cl were 4
pi cked and transf errgg toég‘g 5’tge§laafﬁf‘ ec#] #re‘gfa n%?glgor ee%? or %l\? 1
p24 Gag antigen plasmidocapries @sm-f&m &alty ggngi-| abl e kit.

Fifty two p24 10 = positive clones were grown up for further

analysis. The best 5 clones were determ ned o have, p24 val u‘%s of, 12- 2.’3‘:1
ng/m. O the 5 clondd- 4The Padading R%ﬂsr\@/@e‘kﬁ’é‘éﬁ%ﬂ §rgin sai
tetracycline w théntialirus \§s tamardlisimaalefSici ency virus (HIV).

‘ 14. The packaging plasmid of claim 13, wherein said
"HIV is HIV-1.

15. A method for producing a recombinant lentivirus
" vector comprising:

REEY BT é’f;éfmka) transformlng a cell with'

i) at least one lentJ.VJ.rus packaglng plasmld
lacklng sequences upstream from gag endogenous to
said lentivirus and lacking seguences downstream
from env endogenous to said lentivirus, and said
at least one packaging plasmid carries an
expressed gag, an expressed pol or expressed gag
and pol genes; and '
ii) an expression plasmid not endogenocus to said
lentivirus which carries an expressed env gene
not endogenous to said lentivirus;

to yield a packaging cell;

'b) multiply transforming said packaging cell with a

lentivirus transfer vector which carries an expressed

_ heterologous gene to yield a producer cell;
‘©)  culturing said producer cell in a medium; and
4a) separating said producer cell from said medium to
recover said recombinant 1lentivirus vector from said
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15 The four p24/VSV. G positive clones were anal yzed further
for the abili o b8 kage lentiviral transfer vectors. The cl ones were
infected with T anarent | y produced lentiviral vector (VSV.G psetfdbb§i§err1o
cont ai ni ng an expressi on cassette fm&umm“wm escent Protein of A
victoria (GFP) driven by the CW pr iplicity of infection
of 10 and in the pﬁg&ggﬁe of pol ybrene (8 [err]g/n1) The infected

cl ones then were expanded and the tetracycline renoved. After 72 hours of
i nduction, a 24 hr nmediumcollection was perfornmed and the 25

supernatants were filtesed ®nd fmb.&nbdfro&zmalmTfﬁ,frvaﬁeﬁesupsaaat Paickagdneg

analysis 1t was debBrh GeETiRg: = REREOMREERRRL A€ 9o 30 oot cd 10 28)

created fromthe infection of packagi ng cl one 00- 28 had 30 t he
highest titer of 5 x 1%6”]1?119 ﬂ\@%ﬁuﬁ' 89 ERhiR @5, Uw}x/e@emﬂé%ﬂd’fl‘%@{tﬁ%rus
packagi ng popul ation, 10-28 s used for the credtion qof titer

producer cl ones of teppsEer; vecksr 6’9@?6#53516 58 LER §n®e|ae IItT@d Srobacs
and the highest Ggh&spr mmr@eld sUletegich Al wndremd 35part or all of a

expanded. That pg egted r| )e AN

additional 4 tines %;E XSI %scp % %’g‘ (i% IVI chf ?@gvs LIR is
pseudot ype) . Afterreadhceﬂfdwl enozrxer négallanmwhaehﬁmsnher@mfim eth a
after a 72-96 hr Oﬁaﬁﬁ‘a{l@aandt&éuon vﬁwﬁ&;naiant Hote! Cepddgéncudn EBLa saia

o b s oo ur e neRivRRRs S Teaching B O TS (T TN o O O
T.U/m (see Figure 3). The population of cells fromthe third ping then
were subcloned to isol g hll‘%@ method of claim 17, wherein one or more
nucleotide bases of the U3 region of the 3/ LTR are
_ deleted.
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titer vector producers. Al publications and patent applications cited in
this specificgat] re herein incorporated by reference in lo

their enti ref‘@p %?Zﬂ?ﬁ each individual publication or patent apglcl'r(/%stgfytz)%ﬂ_\g/\ere
specifically and individually i ndi cated’fo be i ncorporated by reference. As
wi ||l be apparent to those skilled in the art to which the invention
pertains, the present invention may be 15 enbodi ed in fornms other
t han those specifically disclosed above, for exanple to transfect and
transduce ot her mammualian cell types, w thout departing fromthe spirit or

essentials characteristics of the invention. The particul ar
enbodi nents of the invention described above, 20 are, therefore,
to be considered as illustrative and not restrictive. The scope of the

present invention is@s set forth in the appended clains rather than being

limted to the exanpligs@Eontained in the fggegoiﬁg descgpptionGDZB Ve
claim 1. A lentivi transfer vector copprisingg a 5} LTR aﬁa a 3 LTR
each of which cont mrgéus regi on, wherei @a parZ or akEE of a=Zfegul atory
el enent of the U3 PEdT' of the 5 LTRis pl ace® by affdt her r‘@gul atory
el ement, operable in a manmalian cell, which is not endogenous to said

| entivirus. 2. The transfer vector of claim1l, wherein one or nore

nucl eoti de bases of f the 3 TR grq del gtgd. 3 The
vector of claim1, ul atory enmerf\} not ndogkNpus to
said lentivirus 1is
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cytonegal ovi rus enhancer, pronoter or enhancer/pronoter. 4. The vector of
claim1l1, whe .Sblﬁ%ld regul atory el ement not endogenous to said |entivirus
is a Rous sarconma virus enhancer, pronoter or enhancer/ pronot ePqu/gs_%/zqﬂg
vector of claim2, wherein said U3 regi,on deleted is all of said U3 region
except for a 5 termnal dinucleotide and an att sequence. 6. The vector
of claimb5, wherein said U3 region deleted includes a TATA box sequence. 7.
The vector of claim 1, wherein said vector carries an expressed

het er ol ogous gene. 8. The vector of claim1, wherein said lentivirus is
human i mmunodeficiency virus (H'V). 9. The vector of claim8, wherein said
HVis HV-1. 10. Alentivirus packaging plasm d | acki ng sequences 29
upstream from gag endogenous to said lentivirus and | acki ng sequences
downstream from env endogenous to said lentivirus. 11. The packagi ng

plasm d of claim10, wherein said plasm d carries an expressed gag, an
expressed pol or gxpressed gag and pol genes. 12. The packagi ng plasm d of
claim 10, whereinishid plasnmid carries a non-functional tat gene. 13. The
packagi ng plasm d ¥¥F&El ai m 10, wherein said lentivirus is hunman

I mmunodefi ci ency 3 (HV). 14. The packaging plasmd of claim 13,
wherein said HV irs-gv-l. 15. A nethod for produci ng a reconbi nant

| entivirus vector g)@ri si ng:
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a) transformng a cell with: i) at | east one lentivirus packaging plasmd
| acki ng sequ tream from gag endogenous to said lentivirus and

| acki ng sequgﬂgggﬂggﬁmstrean1fron1env endogenous to said IentﬂvFWG§§Q§H&
said at | east one packaging plasmd cargges an expressed gag, an expressed

pol or expressed gag and pol genes; and'ii) an expression plasm d not
endogenous to said lentivirus which carries an expressed env gene not
endogenous to said lentivirus; to yield a packaging cell; b) mul tiply
transform ng said packaging cell with a lentivirus transfer vector which
carries an expressed heterol ogous gene to yield a producer cell; c)
culturing said producer cell in a nedium and d) separati sai d producer
cell fromsaid nediumto recover said reconbi nant Ientiviruggiector from
said 30 medi um 16. The nethod of claim 15, wherein s& ackagi ng cel
carries a non-functional tat gene. 17. The nethod of cla , Wherein
said lentivirus transfer vector conprises a 5 LTR and a L3R, each of

whi ch contains a U3 region, wherein a part or all of a reg@latory elenent
of the U3 region of the 5 LTR is replaced by another regeary el enent,

operable in a nannalﬂhﬁﬁhevzd whi ch is not endogenous to aaiﬁglentivirus.
18. The nethod of claim 17, wherein one or nore Eg EE
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nucl eot% bases of the U3 region of the 3' LTR are del et ed. ;‘_?M‘NA
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