HYBRI D ENVELOPE GENES Technical Field The present invention rel ate
generally to retroviruses and nore specifically, to a hybrid enveliiiésihﬁi*:lj
useful for pre-paring reconbinant retroviruses which are capable of

delivering vector constructs to Susc | bl e farget cells. These vector
constructs are typically designes 2 OH EEE20r ot ei NS i N t ar get

cells, for exanple, proteins which stinulate i munogenic activity or which

are conditigngslé %ﬁ?ﬁfellg defined cellular environments. Background of

the I nventi erial diseases are, in general, easily treatable
with antibiotics, very few effective treatments or prophylactlc measur es
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I nvol ves blocklng receptors on e to infection by HV from

receiving or formng a conplex with viral envel ope 2 proteins. For
exanpl e, Li gaekagroutld ofl e Gsrentiagn- 1 127, 1986) denonstrated that
anti bodies t. g%% (T4) receptors inhibited cell fusion (syncytia)
bet ween ' '

Although Dbacterial diseases are, in general, easily
treatable with antibiotics, very few effective treatments or
prophylactic measures exist for many viral, cancerous, and
other, nonbacterial diseases, including genetic diseases.
Traditional attempts.tp treat these diseases have employed the
use of chemical drugs. In general, these drugs have lacked
specificity, exhibited high overall toxicity, and thus have
been therapeutically ineffective.

Another classic tedhnique for treating a number of
nonbacterial diseases involves the elicitation of an immune
';esponsé to a pathogenic agent, such as a virus, through the i
administration of a noninfectious form of the agent, such as
a killed virus, thereby providing antigens from the pathogenic
agent which would act as an immunostimulant.

A more recent approach for treating viral diseases, such as
acquired immunodeficiency syndrome (AIDS) and related dis-
orders, involves blocking receptors on cells susceptible to
infection by HIV from réceiving or forming a complex with viral
envelope



i nfected and noni nf ected CD4 presenting. cells invitro. 5 A simlar
- bl ocking, effect usi g .. nonoclonal 2anti bodi es has been
su?gested by MDougal et al. (Science 231:382-385, 1986).

ernatively, Pert et al. (Proc. Natl. Acad. Sci. USA 83:9254-9258,
198¢) , have reporfed.ihe  usgr eharpldhelitscopeptidés (Seignced 232: 1023~
receptors and lock  HV i nf ection of s h Ticeldg i i g Lichson(et)

al.  (J. Exp. Md2716415862, dPFENE 1R F eported bl ocki ng bot h synCétla
and virus/ T4 cel lrdaisigscdy ushipixdect calihi chisivkr adE¥PEYT 3 vi PaF¥een

envel ope gl ycopratein, eégereby bI [ofe b fd’d)mﬁ)x_eéélgnﬁ_e_ﬁgl wed by ih vEbgo..
receptors. A f ouritrH e cted eAP ges‘?t% technique for’i nhl bitin
pat hogeni ¢ agent ,a su@irdsl ar vi rCLM whgh ¢k iadiscrg HERCT RNTAS 119 t%ogﬁ%vpae

anti sense - RNA whi C}L e IS apekfastsu eg{-_tgaonmj theDbluaJaslcmbedal
RNA 20 and bi ndSPTHRST {@é m,missas to mm%g

ranslation . (T9. £t .
Mol . Cell.. Biol. @difncdIBBL: 3RGWSPES, H—*%} or h&FFc&%lﬁgeqaﬁ' et 8k a1
techni ques desc“{’_ﬁ?‘% cabqup1is addidl ddiey udm - BOt 925€adiSB, | 4986). have
t hemsel ves to con ocatio . ext t OpWBhi gtjn_ ghera
drua, antigen, blmﬁge%geﬁﬁeoruéﬁU?éns?m 2re ;?%}S?fées t)ﬁ’“ n 1
'partlcul ar, 5 NCfecdPoraboygat esBERUEHIV régfieceionexofenbusan T‘091 Sy

appl i cation of t he tr.eat nent _agent | & eng tlhe ;@gagr@ € halvia
an in vitro situdf®bhg, Lit&Phr 8%n %ﬁ ?'ecrﬁy—r'gs%%i'sl v?t%go E )
presence of the pﬁé%ﬂ@gﬁédCba@@MLng kF@thesmnpyéila sk A s JeS i Fﬁ fe figion

have an i nmunosti ant. expre]fs gglhnmqgheaﬁgge%@ugt ﬁlh-m’r%jhai;ety envelope
follow ng i nfectiBh B§ e § ogenlc agent. .In addition, in the gi%eg
n

ant \sénse RNA, Iaqgecamunesmmwwy eahPFéél“ﬁor*tu $HM RPPRpE 3

ani mal , ~ which U”E?E ggeég@ozisechm ques woul d be administered w thout
regard to the Tocation ar" Wﬁ -csur_“,:grecanulv suggestad technique for

inhibiting. a pathogenic agent, such as a virus, which
transcribes RNA is to providé antisense RNA which
complements at-‘least a portion of <the ‘transcribed RHNA,
20 aﬁd binds thereto, so as - to innibit translation (To
et al., Mol. Cell. Biol. 6:758, 1986).
| ' icwever, a'major shortcoming of the technigues
described,'aboﬁe- is that thevy do not readily lend
themselves o controcl as to the time, location or extent

i : ti ' icciki: tisense
to which the drug, antigen, blccking agent or an

3%
n

Co | RNA are utilized. "In particular; since the above
R ' techniques require - excgenous application =~ of the
treatment agent (i.e), exogenous to the sample in an .
in.v*t*o sizuation), they are not directly responsive to

20 the presencn of the pathogenic agent. - For exanple, it
may ke desirable to have an immunostimulant expressed in
inéreased arounts immediately following infection by ;he
 pathogen1c_agent. :In addition, in the case of anti sense

_ . v
RHA, large amounts would be reguired for useful therapy
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administered withcut regard to the location at shich



is actually needed, -t tlat is; at the cells infected by the pat hogem c -

-. agent. As an al ternative: to exogenousy application, ‘techniques have been

suggested for producing treatnent 5 agents endogenously - Mre =,
specifically, proteins expressed fromviral vectors based on DNA viruses,

such as adengyi hE$ualiyT ABeMilUS ¢RatboWd Neapapihd 0%11%“0'1?@88"@&6‘ by W
Vi ruses have been investi gat ed. By way of 'exanple, Panicali al ..

(Proc. ‘Nat Ithe Rahogegic ageRt:0 80:5364, 1983) introduced i an uenza

virus hemaggl utinin-angshepatiiiseBnatiface tant bgegeniolis0 bR 1MRGR HR

- genone and fected animals . with the virus particles produced from_ such
‘r ecombi nant eg‘g?fé’s Rl F&ﬂnOV\fHagFﬁ]t&gtlg RERAUGE R Sreat@ignted

i nmuni ty 3 o dyErtg he eﬁﬁiofgmmslly Vi rus Moxk t hSpbeqd.&tndaJSL}B, g.nfplrgﬁ’élﬁ'ls :
However, q[mg | S NSX0g" ! ate wt

Vviral. vect o%s %s%%ld fgobl\b%\l § sggé‘?’ Q‘%n s%& %e‘é&'ﬁ%?ﬁde%ﬁ the -
product ionasf gtihetlovmm psgmams whireis nﬁ9 Ielmivzmepa:tawglelms 204 or
the suppressiQy o Si f p'b‘é‘eﬁi H}q: paci

vector to uncontro abIJ{/iE{'1 é%l cgféeill n -t Igu'ost i‘g patﬁ%gem% eofff ect .
of such uncé&tamRied rP@;ﬂJr%JH-or?t(%} thM@M&ml ch

may | eadotogg: @m@, an@3 T)d)uﬁ{??o&ﬁéaal L DR Y1 08hYAE A néiﬁat;%&i&%fm
t hese systens hese, difficulties have virtually precluded fhe use . of

“viral vect o@%a@?ﬁlm vPr uSBS facs hé”lfr%&’r“r%nt B¥oyi EBR, VagEdrgds,

and ot her n@aaamearlaaid dusﬁ@ﬁadl mimhm genei | andl sedses PdQ'ttl@lteh_ﬁ
nont r ansi tog}&_ of. their. [ €SS ell.s

in infected targ
‘retrovirused ha c% en%l?&bes?gﬁhas eﬁg@#’ﬁf’agghl FE®dr the FP&&PW&H’[‘; of
‘genetic di Sedsastionf ort:heaxemplmals sexqiH réddliayuniftye Jour kadtiof the \-‘/

Pedi atrt,gs %%Q:S,Jml]a()a@rggog\ﬁae@_ %e‘ﬁaf%@{sasngﬁQféeﬂf probl ens, the use

‘of retroviruse rea nent of ‘genetic ases has not been
attenpted. Such probl éigveeesie 2o (uRPere ehpdidfilowddiies havect b&a‘lﬂarge

nunber - of C@\Jp%*‘ﬂedég’&cﬁ.sé'laﬁ:é'mqﬁls Bk} vectors based on DNA
viruses. These difficulties include (a) the producticn

of other viral proteins which may'lead-to pathogenesis

20 or the suppression of the desired protein; (bj'*hé
canac;.ty of the wvector to- uncontrollably replicate in
Vthe_hosu, and the pathogenic effect of such uncontrolled
replication; (c) ‘the presence of" wild-typé virus which

may lead to vi_remia: and (d) the 'transitory nature of

(]

ul

expression in’ these systems. These_difficulties have
“wvirtually precluded the use of viral vectors.based on w;j
DNA viruses in the treatment of viral, cancerous, 'and
other nonbacterial diseases, including genetic diseases.
Due to the nontran51tory nature of their
20 evnress*on in infected target cells, retroviruses have
been suggested as a useful vehlqle for the treatment of
genetic diseases (for_ example, 'see F. Ledley, The .
Journal of Pediatrics 110:1, 1987). However, iﬁ view of
a number of problems, the use of retroviruses in the

treatment of genetic diseases has not been attempted.

(&%)
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Such prcblems relate to (a) the apparent need to infect

a large number of cells in inaccessible tissues (e.qg.,



4 brain); (b) the need:tg gausge ‘these vectors to express in a very
controll ed and permanent . frashi on;.(c) .the | ack of cloned genes; (d) the
irreversible damage to tissue and organs due t® metabolic abnormal ities;
and (e) the 5 availability of ot her partial ly effective therapi es in
certal#a instances. In., addi etic eases

on | -
researchers have (Rﬁﬂb‘hbrat(%’d Jﬁ%g“?e?ro‘?ﬁrﬁ?u\?&t %s?ovetcr"é)ﬁs to express
nongeneti c di seaBeSa vésgecontfirarl l ek aapd epethaneR 247 A0ion:  (Cpt mse lack

Cor poration; Sanfg 0.4 Te ,
Nature. 318:414, f 5bl§’n§d8 ?%’S%eg. Pcb 1‘%’ g%r?@é’:e%’iblish%&)%@e 1985) Sjeissue
Tellier et al. megrqansm@mecmmgmefabelllmc|mgmabytleappaaMtI(ye) the -
i nfecting st gm h ofiafsec h

coul d express antlsenisjegbhmgl P p %ﬁ bg?tB Ihygnggffgg?lgg Oﬁﬁa%[/ge%fgs in
sudggested the: conc%rt%#ngeﬂél‘iéﬂ\:ﬁg -a nonvirulent HV strain to infect stem

cells so that T4 cells generg;,ed ih&sefibam weul d garkeytikcnt eaflggla%s' other
nonvi rul ent forns of 20 i rus and thereby protecf those cells from

i nffection b; virulk#Rea¥FReTsS hayey&OnteRplaketd us&lg&alrettzpé{lrat%evec*ors
"attenuated” or "GL&Secttx\eei't HI Howlgreumwse@lsreécgéél of (ddwe, fczroegou Bgample,

papers could odu are at Lon . def ect sSuch

that the resu®d ngégl ‘hge%é%S CoulF T4 ec{:o’ﬁ? &gf’l' c%ﬂ % Qheor.

possibility of an Bmlemdtlsssk aBarsecorrhehhienn witt Ialpr,emepr esent414,

H V or other sequ dig ss,,of atte(%a‘; n Q [ e

forms woul d necesgllééaé'e %ﬁ éﬂeg %t al pa‘ck‘a‘g‘fr)'rr%'e‘glgne—g‘rgr |’ C"'%tslgl) :
(v§) since the 30 contT@lle-*' Hle\t gﬂlne espgossiced | Pravpreikngsufhcell

ceII have

to dat e nfe @eerbyconsggagsﬂﬁlv Fume&n%e aettethe i pk8qld N9y ith
attenuated or defectlve Vi rus i s ‘not I Treri c nonchi neric" retrovirus
bei ng one vmtﬁssuti'éft%ﬁﬁq'%%‘f'?" HIV having a genome which could express

antﬂsense. RNA to HIV RNA. Bolcgne51 et al. have
suggested the cdéncept of generating a nonvirulent HIV

strain to infect stem cells so that T4 cells generated

_ therefrom would carry interfering, nonvirulent forms of

20 virus and thereby protect those cells from infection bi

virulent HIV. = However, it would appear that the

"attenuated" or.ﬁdefective“’HIV}virﬁses used in both of

‘the fbregoing papers could reproduce (i.e.; are not

.replication defective) such that the resulting viruses

| 25 could infect other cells, with the possibility of an
\ . increased risk of reccnbl ion with previously present
HIV or other sequences, leading to loss of attenuation.

Non—nonrepllcat¢ve forms would necessitate a defective

helper or packaging line for HIV. However, since the
= 20 control of HIV gene expression 1is complex, such cells
have to date nct been construc*ed. Fur hermore, as the

= 1nfect1ng attenuated. or defect ve virus is not chlmerlc
| (a "nonchlmerlc" e*rov1rus being one with substantially

_ all of its vec*or from the same retrovirus ‘species),

35 even if .they were made replication defecelve, for

example, by deletion from their_genomes of an essential

element, there still exists a significant possibility



all of its vector framthe same retrovirus species), 35 even if . thev

- were made replicati‘on defective, | for exanple, by deletion fromtheir

genones of an .essential elenment, there still exists a significant =
‘possibility 5 for reconbination wthin the host cells with = -
~resul tant production of infectious vi$al particles. Al t hough Sanford (JaJ/

. Theor. Biol. 130:469, 1988) has al so proposed using a genetic cure for HV,
- he notes that due to the potential that exists for creating novel virulent
viruses via genetic reconbination between natural AIDS virus and
therapéGFlcr%qgmh%HQﬂﬁon\uﬁRQF%ﬂ cﬁh?ythStanﬁelﬁﬁv wiEhes resaltanty a|

"gene. therapy . for AlDS not , be_practic Simlarly, while Nthrnlck

& Kri eBFeAucEiom © (ﬁP@Qﬁt ¥HE®%SEﬁrtﬁ§iﬁ5' retroviral vectors

e e SRR P A R rﬁiﬁrﬁééadiiﬁﬁigsémic'@ t Q?ng =
Lo, hepBKBR NN & 5 bEnBEOY UiderelibiEd o aring a

retrov IVely carry a gehe of es to a arg cell,

s
the eny,9gne; QQ' ﬁ‘ﬁkcﬁég fbfyéﬂggggg%Cné@ﬂfEQErE&eﬁtfb&%hs%%tQQ%!ral o

phenot ype; an a bindi ng segnent enous to t Irst retroviral

- phenot yagetlike bréébﬁﬁlﬁaﬁ%ﬁt bsd£BesrPablatudfarse! gebsvelviPhgdi agd o the
target "cell. The technique for producing reconbi nant retroviruses which can

be tar gabedpbtity esFdeeseira®! | vhictegsut idar8ai ¢ Ccoaht DantVr egedds’,uses
having an env gene conprised of a cytoplasm ¢ segment of a first retroviral

phenot ygerogidain gmmmaceﬂﬁauupyblmwrngAsegnemhyexa@enoue tprhhtlteﬂst
retroviral phenotype. T
similarly, while McCormick & Kriegler (EP 243,204 A2) have
'-_proposed using -retroviral vectors to deliver genes for
' protelns, such as tumour necrosxs factor (TNF), the technlques
they describe suffer from a number of dlsadvantages. - |
According to.the-lnventlon there ls-prov1ded a hybrid envt_
gene useful for preparing a retromirus which can selectively
_carry a gene of interest to a target cell, the env gene coding
fbr: |
(a) a cytoplasmic segment of a first retroviral pheﬁotype;'
(p) a binding segment exogenous to the first retroviral
phéhotYpe, the blndlng segment being capable of selectlvely _ |

binding to the target cell.

The techniqﬁe for producing recombinant retroviruses which * -
can be targeted for‘breselected cell lines utilizes recombinant
retro#iruSes having an env gene comprised of a cjtoplasmic
segment of a first retroviral phenotype, and an extracelluar

binding segment exogenous to the first retroviral phenotype.



6 The blndlng segnent nay ‘ bie fn0n1a sécond viral phenotype or from anot her
protein with desired bindi'ng prioperties which is selected to be expressed
as a peptide which will bind to the desired target ‘Techni ques for
|ntegrat|ng aretroviral genone at - a spech£ic site in the DNA of a target
cel | NwAvol ve the use of a honol ogous recorbi nant, or alternatively, the use
of a nodified integrase enzyne which will recognise a specific site on the
target cell genone Such site-specific insertion alloms genes to be

i nserted at mf r£5| % gﬁ:{: & I%e mV\Qi ggc% gﬁéégagges

of inserti onaF mnimse I nterference S On

e on an? = Q‘H @%Qr ?]:‘Hiéin %ﬁ%}fryfﬁiu%d%3| ra {ﬁé:g%féeg%guc e§h§gha§sto

reduce . or Imnate t Xpressi on as a viral
gene) in thgeDiatal e B@féi@éréﬁééd as ¥ bbp‘%&d@p%@.@l@k&ﬂ.]t hefndiNo Othé&he
above-descri bed techniques nmay be wused independently of the others

i n partlculaés&mbua&hgggm or can be used in conjunction with one or nore of
the remai nder of the techniques. Brief Description of the Drawings Figure 1
depi cts three dddieriegpies foir insegikatdayoa sreisesvivaprgehoe ldtVaespeabfic
which may or may not have the sel ectable SV-Neo cassette inserted. Figure 2
il lustratesstite HLV erthe eDdResofomn | dasigetseeeliln invdlpel yohe yluge deof gal
el ectrophoresis of HYV env -specific radioi mune precipitations of
extracts of hpmedogdws Fécowblinantanstexlternpathvehy, vehe arse ofoarmodiThed
markers. are in kil odaltons, ng 160 and gp 120 mark the appropriate
proteins, ahBtsgrase Sn7yEne ivilk €9ﬁ?9§IlS€HPVSIPﬂQ MWlﬁ'Pgt%rF&nl thehe
re ce of tat re 3 depicts the, protocol for testi T- Killin
Pndi?/d in ERE anF@gg eﬁPWﬁpsy%ﬁ%heﬁhg spec;flc lnsertggn affows genesg
to be inserted at sites on the target cells’ DNA, which will
minimise the chances of insertional metagenesis, minimise
interference from other séquences on the DNA, and allow
insertion of sequences at specific target sites so as to reduce
or eliminate the expression of an undesirable gene (such as a
viral gene) in thé DNA of the target cell.
It will be appreciated that any of the above-described
techniques ' may be 'used independently of the others in
.\v/l particular situations, or can be used in conjunction with one

or more of the remainder of the techniques.

Brief Description of the Drawings

Figure 1 depicts three different families of vectors used .
- to produce HIV env and which may or may not have the selectable
SV-Neo cassette inserted.

Figure 2 illustrates the HIV env expression levels seen in



8 turmor cells expressing H V-env (the vector is pAF/ env- SV-Neo). Figure 4°

graphi cal l y depicts the results of 'the experinental protocol in Figure 3.

- The specific 5 killing is seen in the top graph with BCl1OMEenv-29 killing
vs. B/ CIOVE resistance to killing. Fi gur e 5 depicts a vector designed to.-.

‘express sCD4. Figure 6 illustrates thé construction of the 10 plasm-ds \(/

- carrying the vectors TKL (w thout SV-Neo) and TK3 (plus SV-Neo). Figure 7

" illustrates the construction of the plasm d carrying the vector KTVI HAX

Vect or SOLRRARE SRR howe L SVaREEF romtaRpRLR NG (Y SHiReopBas A o
F g e SRR S04 00 B LDRaChR0 Bkl AP B BUBL YR,
vect or SZoEedred AT AR Peebel Mot 2 | InETAIERSERTAEG AN
pag1y, iaSdalioa,l JEU IS T G0 70 AR Cnd R op eI RRE pr it
and traaldmyll7 W tdatcks | €lvé rpddfiive Fbohteol2 (HEwi LIrR HRQ vaeRpidnictipn of a-

- ‘viral vector carrying HV inducible marker/reporter genes 'such as al kaline

.phosphzhas prie¥énce3bf tat). Figure 13 depicts the structure of
~an- HV inducible narker/reporter .gene carried on a plasmd which can be -
transf ect étigune)lﬁedbpidﬁsgmme lprgtapbilc fdry teghing T-cedd ddlsmof

‘induced in mice injected with syngeneic



H V infection of Sup TL cel'ls carrying thé AP marker in 35 Figure 13 with
H V at various concentr.ations of AZT..'The level of HV infection was
nmeasured by taking small aliquots of -su%er.nat ant. . 9 Figure 15
graphically depicts the results of the sane experinent as in Figure.
14, kut with ddC as the HV inhibitor, Figure 16 di agrammatically
illustrates the fHARY BPL1E8| |SXRHASS VhgHAf e?"}ﬁhl(ég\?y.cYﬁc‘s'@Feéﬁ o LHeRv -
transfection of cga}-l;se?' th a plasm d which expresses the phl enoycin '

resi stance gene (PRG di |y froma pronuater wi.th anot

rec (right). and . t her .
whi ch expresses PRGwith a %Jo 1hg s%qﬁ%ﬁc%uicrﬁle]ﬂbo%‘d)’l%%éw% trﬁﬁdggﬁe ot
pronoter. Figurethe etsperdtmentfadur prpitaswildsindeBigued 10 eTheesspecific
retroviral pratei | ampl i an celdl s. SVi n Veny: &l € naq _
cot ransf ect ed%vvi t &i;}‘eﬁc ablsge%rpar I%e“rs-, t\_{’% I g:%ﬁgvépf%jh?r%ln%{ pF?SR}eonr\qlg%%Y D
aré the equival ekild aspivs. VBAGLEME tekadstablce rm Koklbimged downstream of
the viral protein-coding regj | QU K dgPhd S 88<Shhes Yo fiss
of H'V env and M.V env aftggi@'ﬁsee- gi recpt(::ied_ met agenesclsgs.| o?sggtﬁ CO(?i néé?éf’égs '
sequences to cre&@4rew conpatible restriction enzyme sites. The N

termnal sequences are at ghamtefls i 01 PEEBra2ses. the TROMUHRRFEIEh | ©f the
according to_nucleotide nunbers., ST, SR SE are the starts of tat, rev and

env whil e TTIOTRPLARPIAS aFBTERENGorYRR pSRETRF S eFAitnak Bt e SV-Negir 209
depi cts the substigutigiufswNeéd) a 5° LTR by a heterol ogous -
pronot er/ enhancer whi ch-can_be fus t he_Sac | or qQth

d tp,eithe sst 1l r
site in the region. Figure 2YY% u?t rjaf% sgrPéSFesteth?aﬁ%Btrﬁq%W? oft the
Ccrossi ng transgeml@asnick caprelsy nghei vactproKIVTHAX vect or RNA. | . :

B
N 15  plasmids carrying the vectors KTVIH5 (without SV-Neo)
and XTVIH Neo (with SV-Neo). o S
Figufe 9 illustrates ~construction .of the
plasﬁid carrying-the véétor MHMTK-Neo. '
Figure 10 illustrates the construction of the
20 plasaids carrying the tat-his (tat in sense direction)
or atat (tat in antisense direction) vectors.
| . Figure 11 graphically depicts the preferential
killing of PA317 cells infected with tathis vector (5
- clones, TH1-5) compared to contrOl'PA317, upon infection
_ 25 with the three conditional 1lethal vectors shown and
\J_ treatment with acyclovir {ACY). '
Figure 12 depicts the construction of a viral
- vector carrying HIV inducible marker/reporter genes such
as alkaline phosphatase (AP).

- 30 Figure 13 depicts the structure of an HIV
inducible marker/reporter gene <carried on a plasmid
which can be transfected into cells.

Figure 14 graphicaliy depicts a time course of

- HIV infection 65 Sup Tl'cells carryinq the AP marker in-

35 Figure 13 with HIV at various concentrations of AZT.
' The level of HIV infection was measured by taking small

aliguots of supernatant.



10 i nmune system Thns:systenl through i'mmune recognition, nust - be capabl €
of distinguishing ' self" from "nonsel:f" (foreign), which is essential to
ensure that defensive mechanisns are directed toward i nvading entities.
“rather 5 than against host tissues. The fundanental features of the.

i mmune system are the presence of hig#8ly polynorphic cell surface -
recognition structures (receptors) and effector nechani snms (anti bodi es

~and cyfFdigprec dd | graphvicaklylesdentctan thei nyesndgsparifogshe Hame

Cytolytic T |ynphocytes (CTL) are induced nornall%ﬁvy the display of -
pr oces SEPEFimese @ ss Jac Fligunse i d Pt widdnddec aiso#hei Aahild temss | or
class Il cell surface protein e enbodi nent of the present

- i nventionF Hﬂﬁ%ﬁnﬁ§u4¥ﬁ9¥ﬁmmﬂﬁﬁﬁ€§¥§l&i@PFEFaEES tbeepimbe oL calds |
R SR o e B
R R CU R e g %9%]?EER%?ﬁiﬁmggéﬁoﬁ?fsig%ééggﬂegge?fene type
exposul e I Pl 5o SRR FLRE Vo #FEh AnbbRer VRIS P
viral %&g&%%eé tPRbSinrl‘::!I\ “éel::l‘.wgé,li‘l pe%@%ﬁ%uié %?B%:éedg%e rlq._pl hgating

~viral ntigens, suc es an reconbl nant
pr ot ei ke Jevide sufficient stimulus to |nduce opti mal cl ass
| -restricted CTL responses. Al ternativel'y, vect or -del i vered

~ expressi olFifuree| ext edepicts pr PbakNSplashidst ageselignel! stes é&iﬁ:l’désed
within the present invention provides 30 such a stinmulus. By way . '
exanpl eetriovirnaie proxednsofin hiavnda ) irdre ce ldrss., psMg@wandngSNe}mvalaMebodl be)
specific for a variety of viral envel ope-region determ nants, some of which
are capatirensifeated twitlvi ausepegtablie; manker, while pSVgp-DHFR and

PRSVenv-phleo are the equivelent plaSmids with the selectable
marker'élaced downstream of the virel pfdtein-codiﬁg regions.
Flgure 18 deplcts three sites of fusion of HIV env and MLV
env after 51te-d1rected metageneSLs of both ‘coding sequences
to create new.compatlble restriction enzyme sites. The N
terminal.-SequenceS' are at the left in both cases. The -~
numbering is according to nucleotide numbers. ST, SR,.SE are
the starts of tat, rev and env while TT} TR, and TE are the . -\;j
corresponding termination sites. | |
Figure 19 depicﬁs'the'substitﬁtion of U3 in a 5’ LTR.by a.
heteroiogous promoter/enhancer'which.een;be fﬁsed to either the
Sac I, Bsst II or other site in the region. |
Figure 20 illustraﬁes a representative method for crossing  ** -
transgenic mice expressing viral protein'or vector RNA.
I; Immunostimulation
The ability to recognise and defend-'agaihst - foreign

pathogens is central to the function of the



35 " Nevert hel ess, di sease:itprogresm on C@I’ltl nues and the patients

eventual |y succunb to the d| sease, Low{ evel CTL responses agai nst
i nfected patients' cells (PI ata et allQ Nature 328:348-351, 1987)
and against target cells i nfected W th reconbi nant = vaccinia

vecters expressing H 'V gag, pol, or env (Walker et al., Nature 328:345-348,
1987; VWl ker etimhune Sys€gde XAOiH4isvstes. mg@)uqmawnulb%enecaqt\é@@ed,

in-some HV-1 ﬁ@é@p%' tdé’g?arplaé'S?t%151:1'%@%11‘1@“"5@1‘h'asff@'ﬁe“BEMsQe@n
shown that murine as well as human CTL can be i nduced by aut ol

ous
stimulator cells EkpFesgnhg MhEGp 180 esﬁ%?’i?”&%%fé@tl%ﬂs?Eﬁnd:l"a"g'e gefBpahve
et al., J. ImMmungéchaR4dmd94%e éi*@%teéotddﬂ¥dwﬁﬂvad§ﬁ edﬁﬁ%&ésoﬂather

coul d be t her apeuti cal.l vant ageous i nject atients a rovi de
effective prevent¥ ?ﬁ@ﬂ&é}? q’t gﬂ?§?8§al 'f g}mﬁ&’ﬁ g%%&res
cohdi tions. H \thef gninbne isyselelh e ntie bprpseduel RCE aﬁﬂjhwep&ﬂmorphlc
response because otﬁﬁmjel e nt S associ at.e infectio gg&

pr event pr oper ﬁgr “itul gﬁc&g_n1;:horédd]syrgﬁtuﬁesmy(rbeec?%té?rs)
stimul ati on of T-efféstdy mathanéémel(lasutﬁo@dueat sndciaydo lyhsic | e@lks}t ofor

infection of the é&%”&'éé’-[:?gcbﬁﬁ' [ﬁ ﬁ_?g czfa%iTe o’? gscribes

procedur es for constructing generating .
retroviral vddtors in pa@k‘égﬂ-ﬂglc cd | slympmw:ﬁeSt hdr¢TL)I earet oinduced

expression of H \qyiga1an e‘E‘Ee B1AMIleE 1o£5 processed athoé%ﬁ{ Otgecific
Expressina H V Anti aens g\ tblyg Env Exprysis?on Vec% or (See Flpgure 1): A§2 7 kb

Kpn- Xho | DNA fr RFRWA6Rs iNs6PRIBACKAGN it Wpr ML 8lagsore Brugiaas IT

(for equence Sﬁﬁafiﬁt RAIT fRical proH@tlee 313i£€‘hn19ﬁ5é aMbct ik bp£Sathe
| | exE7del t aeny, Ba] 31 deletion to

30 n i : ment .
. 5106) e | | RSER T oL PYERELPDT CPEESEREAGIOT R dRIcaSE S Yiral
(_:I one, a 3.4skb cBéWeﬁNénants in the context of appropriate MHC molecules

efficiently induces optimal CTL responses withcut
expecsing the patient to the pathogen. This 'vector'
approach to immunostimulation provides a more effective
means  of inducing protective and therapeutic CTL
20 responses, because the type of immunity induced by the
vector more closely resembles that induced by exposure
to natural infection. Based on current knowledge of
several viral systems, it is unlikely that exogenously
supplied, ndnreplicating viral antigéns,' such = as
, 25 peptides'and purified recombinant proteins, will provide
_\¥' " sufficient stimulus to induce optimal class I-restricted
'CTL responses.'- AlternatiVely, vector-delivered
éxpression of selected viral proteins within target
cells as described within the present invention provides
- 30 such a stimulus.
| - By way of example, in the case of HIV-1
- infections, patiehts develop antibodies specific for a
variety of viral envelope-region determinants, some of
which are capable of in witro virus neutralization.
35 Nevertheless, disease progression ' continues  and the
patients eventually succumb to the disease. Low-level

CTL responses against infected patients’ cells (Plata



'f'ragrrent (Xho 1-d a 1) whi ch al'so ‘encodes rev, essential for env

expression, was purl'fr ed and li.gated into a 35 ret roviral vector
cal l ed PAFVXM (see Kriegler et al., @Cll.38:433, 1984). This vector .
was nodified in that the Bal Il site was changed by ‘linker insertion to a

12 Xho | site to facilitate cloning of the HV env coding DNA fragment. \&/
dominant sel edt @dl-e nilakireeER &0 r3Bd ., of 198BY40andr | §9piDASdt ekadgedi ng

expr essi on %felri%onv%rfe%+éwosmﬁ ansf &£ 8551 ASHE Wa§aé:8§ﬁilaed bQ&Qo}Qe
vector at the Cla 'l site to facilitate 1solation of_infected and

transfected GHPraSSiQY HRY ¥RF(. 8de UPSt PoY¥m (WahkeRe SENG lgoneNafurge
vector provi des :34eme) entostte wglk&&ertetl(al addidd idvade Pr 240t 85S6kNt O

" the vector. coQnstruc as the RSV rom)te SV4O early_or ]ate pronoter, t he

. OW i nmedrPat & '3 éari‘ﬁ" é%frﬁ)‘f LRunefPe HEf‘é’JoaC?‘?]E CRPSHBE ¥R,

. and Ml oney patiieatd.V - Sl[ﬁ 3qandnm:er lmmwmﬁmmebeehh&mhlﬁnsdl ate~
_Early 15 gene rom)ter gnent . Hi nc a esults in
-a tenfold |nEP‘§§' xBFeE‘ Q‘%A ﬁﬂﬂaﬁ T—J'BglulceldiorP g‘%\‘ﬁ%{joﬁﬁ TI

when conpar edtu.mm‘lhe:qmreelhs memingAHIﬁi@rgﬁ Neo 2Q@a B:ran@actlon e

Expressi on V e ;%Qn Eco ra i ed

from pBH10- Iéi%?léétaéat ﬁDeé“p ki AI' c %t %n %é’éé‘f Sal

| site olOpUZaprovedUC3ETIs demd\e@tlpnom qeudido. ket h mapmcal@w 1,

Bgl Il, 25 Ba%tanl:lag@m;s}\lceo iffEscddspakad el viaed bhevEae %ffé@twg !

sites of t he | i'nker. However, this_construct contained the _
splice donorP?SES)"‘né'-li“t"(,g f ERATARY arkP t ARG E¥oifve b ﬁ%’%ﬁﬁ’énﬁ’t‘?@ﬂ@ﬁ%‘ﬁ%s. |

generation. cohBi@t$eny.le Wav reApeetiby sibséDAi RGya nék bpeRPrdave ind \J
o adequate CTL response because - _other elements associated -
15 with HIV - infection may' prevent proper _im'muhe
stimulation. In addition, it may be that stimulation of
T-cells by infected cells is an interaction that leads
to lm.ectlon of the stlmulated T-cells |
Example 1 describes procedures for
20 constructing plasmids capable of gene*atlng retroviral
vectors in packaging <cells, which then 1lead ¢to
expreési_on of HIV viral antigens. ' '

| EXAMPLE 1 _
25 . 'Vectors Expressing HIV Antigens -
A. Env T-‘*mrt=551on Vector (See =‘1gure 1): : o N\

' A 2.7 kb Kpn-Xho I 'DNA fragment was 1solated
from the HIV proviral clone BH10-R3 (for sequence, see
Ratner et al., Nature 313:277, 1985) and a =400 bp Sal- |

30 Kpn I DNA fragment from IIIexE7deltaenv (a Bal3l s
deletion to nt. 5496) was iigated into the Sal I site in. -
the plasmid. SKT. From this clone,. a 3.1 kb env DNA e

fragment (Xho I-Cla I) which also encodes rev, éssential
for env expression, was purified_ and 1ligated into a
35 fetrovira‘-l: vector called pAFVXM (see Kriegler et al.,
Cell 38:483, 1984). This vector was modified in that
the .Bgl II site was changed by linker insertion to a



30° fragnent with a 2.1 kbiQ a'I-Bam Hic DNA fragnent into the Hinc Il-Bam
H site of [err] The BamrH1l site*mas”cbq&;rted intoa dal site by
| i pker insertion. This construct was designated SKt gag protease SD
delta. The 2.5 kb Xho I-Cla | DNA fragment from[err] 35 gag protease SD
delta,was inserted into the Xho.I/da | sites of the vector pAFVXM just. .as
descri bed above.xho i3 sEtesetoplfasyiilddatahehongngcRf the I fP¥pceding
packagi ng cell, Ségrﬁsgege ¢ etroviral vector construct which contains a
packagi ng signal 77T & Bac agi ng. signal directed pac5$ ing of the v eLar of
‘construct into a capsid 5 AafPmHANopsesrEhgbhe: P dg?ﬂ%rcﬁpgfglns .
‘required for via Iesﬁfércggfﬂ gﬁgd,ﬁ@&_@ﬁ. driNEng apsigbessiah ope  uedmychay
proteins are preferably produce rom one or..nDrergggsq}ﬂ§>cgwéabggggr at
sui t abl e genodesphPapbetrAnSFEIiR&KYFRG YaTel 10S€ suc genones _may
be proviral 10 ¢gaNdrdict Ssivlel cibi Baeidiitplte chselatjoneraf] yinfeetede and
packagi ng signal del eted. result, only the vector will be packaged.
Sui tabl e packagiﬁﬁaéﬁfﬁgfﬁﬁgiﬁ%uhgf*n??hes, and the genone necessary for .
acconpl i shing such packagi mpe axkod&s itz dupatielerfeemathe NV @epe. i
Bio. 6:2895, 1986), which i |4 - potat | by snef er gpce.inserds
described by MPPer VETRF. p%%dqu:egg 'préf e?’g%rf\gééﬁ%?tfuﬁlr}g changes b
made to the poovadditdemtl uprosoexrst hantsi igre d’@cé?qrbnc&f’sﬁ?é‘%cﬁﬁgibtﬁbe
signal in order ggvr eg%ﬁo@é"rﬁh%%% YarBEOHY Nald1 Hromvesnt s ogoar raMY
wi thin the packaging €elT 11 ne, which_may result .in proggﬁéhgn 1éggj ctin
particles which ammeddatieepl €@dtiYon défdcti PEOMATRE1 | 3er RCET F45T
xampie 11 ”E“ga%_xddéé(is,t ;a’aﬁd o Dénay Phagder SIADSIgertERamatan. H V 25
env pe glycoprotern (gp) or othegr viral anti ge oA : sigy.
to provide a proviral vect #®ordiFhcPronetes, “he v _S’Iﬁé&)lzpeé BRAly
| 15 gene promoter, a 673 bp DNA fragment Hinc II to Eag I,
results in a tenfold increase in ENV expression in a
human T-cell line called Sup TI when compared to the

parental construct pAF-ENV? SV, Neo.

20 B.. Gadg Expression Vector: _
A 2.5 kb Sac I-Eco RV DNA fragment was

isolated from pBH10-R3 (see Ratner et al., op. cit.) and
ligated into the Sac I-Sal I site of pUC31. pUC31 is
derived from  pUC19 with additional Xho I, Bgl II,
Bsst II and Nco I sites inserted between the Eco Rl and
N Kpn I sites of the poly linker. However, this construct
contained the major splice donor (SD) site from HIV and
thus could be problematic in virus generation. The SD
site was removed byllsubcloning a 70 bp Rsa I-Cla I
- ' 30 fragment with a 2.1 kb Cla I-Bam Hl DNA fragment into
- the Hinc II-Bam H1 site of sk¥. The Bam H1l site was
cbnvefted into a Cla I site by'linker insertion. This

.cohstruct was designated SK™ gag protease SD delta.
The 2.5 kb Xho I-Cla I DNA fragment from SK©

28]
n

35 gag protease SD delta was inserted into the Xho I/Cla I

sites of the vector pAFVXH just as described above.



whi ch expresses a-nodifited.H V envel.ope gp on the target cells which will

- likewise stinulate an tmmuneé response, .but with less T-cell cytopathic
effects. Envel ope 30 glycoproteins can-be suitably nodified using

techni ques well known in the art, fot3instance through use of the

di scl osure of articles such as Kowal ski- et al. (Science- 237:1351, 198y
which is herein incorhesateglaldmiikrferantén placdlUsin a8 BGLYVHakAle
.construct msal _be.r:i%g c(érr%g_str-ucted by the _above .techni %e which =
generat es retfSAIA"9 E8idrr F¥RECSEREr &ssFRHTOVAGAE VeFtQyi Fapsyruct

nodi fi ed gpwhiclhégntadnst Rupackasgindesigphdced Then packagidgpadlghailng . _
cell as de -r'%s (£ 3 T resubtiing, lhant, - retroviruses :
pr oduced fr%ft e dgﬁ%ﬁ%ﬁ??}‘&‘%e‘ﬁ r‘?‘?%@%@’%%@%ﬁ@rﬁ%% AnFePFNivo
to stinul & eand i ARYARL OPSspakondt iwbtibh akhk ifvdthenn pobtauissepreqghdred :
target. cellsor viable Wddrowfra pPRag¢idlitdd, thah ‘3%§§i&"0£§bgiope' -
expressed fromthe H V genone, such as gaqg, pal, vi 19 nef,” etc., nay al'so -
elicit benefiddicl OERPFuRKCYRPINSEE iW?—E%’FFHﬁ-é’ct@éP@féﬁ@i dyams one or.

Proviral veciyre sprasasdshesheseingeduitlapy & ef8nesNed acr £ 8810 -
such proteins sq as. to_ en(c?&r.ag-e_a_ clinically beneficial inmune response.

I't my be Pr?é"g BEHY St cert ai FUEt 0FETORSShcl BAY r ebecodprgviral
sequencesoas cerlstmrctes / ewhietpairsi ue seimpbat chBesam et makelyPHire Nahb.
) Qg?rghs? f:at eg fah%g{ééo]irﬂqgfgi%?&ghfise eytpeed‘of f%ggﬁ. ];138%%8%? g'f’%ﬁ'g’% Y%EBBﬁseS'
in mce EXAWRUR be@Opackegrdne Ré8pbabdet @aBtaging abrVeaiciadimpdedll

ook SE T L ] bunent BbERaclertde st ngl HonL
expressi ng cPRckaging, are described in Miller et al. (Mol. Cell.

15 Bio. 6:2895, 1986), which is incorporated herein by
reference.  As described by Miller et al., it is
preferable that further changes be made to the proviral
-construct other than simple deletion of the packaging
signal in order to reduce the chances of recombination

20 events occurring within the.backaging cell line,_which
may result in production of viral particles which are
not replication defective. _ | | '

It will be understood that Examplé 1 is merely
_ illustrative of a procedure for generating an HIV
25 envelope glycoprotein (gp) or other wviral antigeh; It ".“'ﬁ
is also possible to provide a proviral wvector construcﬁ'\a_ i
‘which expresses a modified HIV envelope gp on the target
cells which will likewise stimulate an immune response,
but with less T-cell cytopathic effects. Envelope
30 glycoproteins can be suitably modified using techniques
well known in the art, for instance through use of the
disclosure of articles such as Kowalski et al. (Science- -
237:1351, 1987), which is herein inéorpcrated by
reference. - Thus, a proviral construct may be
35 constructed by the above technique which generatés
retroviral constructs expféssing such a suitably

modified gp. This construct 1is then placed in a



line (B/ CLOVE- 29) was then:utiliized to stlrrul ate HV- 25 env-specific CIL

In- syngeneic .(i:e., MHC' i dent i cal) d Balb/c (H2) m ce. M ce
were |mmn|zed by intraperitoneal injédtion with B/C OME-29 cells (4 x
[err] cells) and boosted on day 7-14.  Responder spleen cell suspensions

wer e\pf epared from these i muni zed mice and 30 the cells cultured in vitro
for 4 days in thep@élesgmﬁg Okedilt hess B/ §86¥FiBad0r aBoUleOVE The resulting

m tomyci n-C-treated ce#7 S _ S_— stiulat or: responder cfel rati 1: g
(Figure 3). THeSCRRPAERBF cEFFE O P S harRre SR £ r o he é c?ﬂa? paing

counted, and m X@dllwlﬁ.hesr anhyolrsé)ahseldSL pétko aaldgemqg_{g €0.stimulate

B/ C OvEenv-29 or Bl ]JL -releea é’saélér?é'é %Bfrg?ﬁ‘i;%r ér?‘é gfﬁfé%ponc%é %ﬁéé&ﬁt&@l%f

standard 4-5 hr. [®rr I ncubatt on
mcroiter plat%®es taegetcesedilsuged, Il'@O wildbf bel t ePPreficvted e that other

refoved, and the-oROPHAL e r#éreéé‘@éio'% rt@ﬂeeaﬁfd f#é’t%m%?’s%&‘?l a¥ gag,

quantitated in a ‘Becknan ga spect ronet er . Tar ge Sis was
calculated as:. F°ol, Yafgehefysiefc. ExlﬁaI:PM-S°SR1€PM?|?bG’mflCSR‘W3(111bG*

wher e experlmmgég on§8YNtiH HIWEinfde¥ed eind{ FX@ualSPM prd¥ BNt $ectors
effecters pl us tarﬁ}fgfts spontaneo s relea é’gﬁ{ CPM re resent tar ets

al one; and. maxi B ePSasENPRR) Wl?%‘g s #Efg esSJr‘?P? e Y eR¥REESS
of 1 M HCL I® such protéhas seswd Sto(Ehgdﬁﬁaée al Idlisiicdly bhéwéfi€ihl
effectoers were jnduced which specifi s%d H V- env-_ expr SSI

target cells (B CGONVERRv-285PEPGRIfi ca “f ARHHNIFY t Eflgﬁtffﬁn

targets. = Prinmedeptees tel inclests md\at@ddlmgvsequem:els as we71 as a rev

nony H V- env- expr el di d..pat signfic
CTL\o(ctlw ty onezséé iSV%/ %F&%Enct 82%04 g\% Wr—pa%wmvr‘;'yrgg i LSl
at lower ET cel I_.iiaWZ)%. 198Bbeen cells obt ai ned from nai ve noni nmuni zed
Bal b/c mice whych were The following example demonstrates the ability

of this type of treatment to elicit CTL responses in

mice.

EXAMPLE.
20 immune'Resnonse to Retroviral Vector-Encoded Antigens
_ ' A murine tumor cell_llne (B/C1lOME) (H-zd) was
infected with the pAF envisSv4o Neo. vector construct:
coding for HIV env. One cloned HIV-env expressing cell
line (B/C1lOME-29) was then utilized to stimulate HIV-
25 env-specific CTL in syngeneic (i.e., MHC identical)}

\Z _ Balb/c (H—Zd) mice. Mice @ were immunized by
intraperitoneal injection with B/Cl1OME-29 cells (4 x 107
cells) and boosted on day 7-14. Responder spleen cell

suspensions were prepared from these immunized mice and
30 the cells cultured in vitro for 4 days in the presence
of either B/ClOME-29 or B/CIOME mitomycin-C-treated
cells at a’ ‘stimulator:responder cell ratio of 1:50
(Figﬁre 3). The 'effector cells were harvested fron
‘these cultures, couhted; ‘and mixed Qith radiolabeled
35 (°lcr) target cells (i.e., B/ClOMEenv-29 or B/CI1OME} at
various effector:target (E:T) cell ratios in a Standard

1-5 hr °lcr-release assay. Following incubation, the



restinul at ed f‘in vitr§ ~mith: B/COVEenv-29 did not 20 generate
CTL, thus,:suggesting the: ;inportance of the in vivo primng and
boosti ng event. This experinment has heen repeated and simlar results

obt ai ned.

i muni zed,

HI V- env- expr egsé POt i vBRr Sehtes! Qnsrd 'L%%T&Jﬁif\{ﬁé‘&,t eq gy t tlét gf%sg@w%g' |

[err] Neo (HIV-env% vector- construct. were .capabl e of 1ysin
target cells.SYPSH{8

env-

thr o¥PFesTaBAVELonaRNSup S BRAUNthe OETL Ygeielabsl i

these mce arseBdaspacitiiondllysdcOGDPLZi Uadt iDaHRESHY 4 0BBLRhak _\Iﬁha‘?r{ﬁé
rat her than siqgl a_u igue tugnr cel l aaaiggn qQn these cells. 'S
result also B %é’ég?‘?; ®that tREISFecFEr deVPdEr e¥3Ent FREFIE Y% s @ftied
in a sinil%r fefaegebylysdst wo BExprotPMet| SRi @@3/MBS CPM - SR CPM x 100,

-1 npl ement at'i
requires tha

-del i vered

cell s, and (omfiCopptEbptboBnEeIUdRIBEL Sators, £hAHAxAth ChafRale s ©

antigen interaction, are satisfied. parations o
grow ng the

li.cati on i.n humans

, gy OF ES.e-hmunestinul ant .a :
?H}ﬁse the g %%@88?‘%8 fo‘rgg'ﬁ%'ﬁgu : aRFirgggmlS‘Ptﬁ nt dFEH & M')__
t Fepreesents abf¢cforse pius ge:aztgetesmr epoataneanpr gplicalse

_ _ | vector  ar
M ERPEeERNES FRAY AR kR YRehPrgsenceceolfl ¢ W HCIRBS

E

I n anot her experinent, effector. cellsobtained from Balb/c niCe_'
boosted and restinulated 25 in vitro with a different [ergdy

n -

pl us humam serum al bum pheHSARsal 40 ¥iBLret NEH U8 9WM8¢ RS Cehbs fewpy8-16
s HSA. 3TItEFS-ObK§Iq§d are typically [err] dependi ng on

&gc%%"r?@smﬁgeoﬁnﬁ‘ém UrBICRr SBECL iGade Yo | bieed THEVyesVor

super nat ant s exprdssingedtapgeenoeeldsl | Bl oMERRONPENt r@i @i BRchAtly

“hours in PBS
t he vector,

100-fol.d by
filters (Wl

piond “ReFl sl BSn 0840 ", CasaRES | op Py imecr BELpens

gl obul ar pr ote@ilidss okesCA 00 tied 300, ¥A&gas Swhth - MreHEV 9O oéxpheseihgl
sl NRHUE RANIEL! §B/c1Me St UHE G PERBLOZE 0% 2LQAIE S NCE

vector a
t hey

activity on either B/ClOMEenv-29 ‘or B/C1lOME targets,

\U $f

particularly at lower E:T cell ratios. Spleen cells

obtained from naive nonimmunized Balb/c mice which were
restimulated in'vitro with B/ClOMEenv-29 did not
generate CTL,' thus suggeSting~.the importancé of the

- in vivo priming and boosting event. This experiment has

30

(&)
w

' been repeated and similar results obtained.

In another experiment,'effector_cellsuébtéined
from Balb/c mice immunized, boosted and restimulated
in vitro with a'différent.'H-zd HIV-env-expressing tumor.
cell clone (L33-41) infected with the same pAF en\fr SV40

Neo (HIV-env) vector construct were capable of lysing

B/C10MEenv-29 target cells. This provides additional
support that the CTL generated in these mice are

'specifically recognizing an ekpressed form of HIV-env

rather than simply a unique tumor cell antigen on these_

cells. - This result also suggests - that the vector-ﬁ

delivered antigen is presented in a similar manner by

the two tumor cell lines.
Implementation  of ‘this  immunostimulant
application in humans requires that (1) the gene coding

for the antigen of interest be delivered to cells,



| ose about 50%:of; the infectious units on freezing and thaw ng. The nost
direct delivery.involves adm nistration of the appropriate gene-carrying
vector into the individual and reliance upon the ability of the vector to
efficiently target to the appropriate cells, which can then initiate

sti-mulation of the i mune response The ¥®ose woul d be [err] .infectious:
units/ kg bo melght Fbme a_mor racti cal proach y i nvol ve the
ext racor por(e%)l sﬁéfllﬁhéﬁﬂr% 9 fﬁ&ﬁgcyf" 6éBL¥'}{C

R i 5 OB a0 kil AR e aNeEkh

(phytOhema@igltf 4‘&%90:9 A:é(ém ifi feée gpr?%&ré?:io 4N LURER! aﬁgp{n%&h

all ows for vettor nmonTtorrn expressron an

expansi on gy t @i g'Eﬂep élg &é’iis pS!HUh% Q'l Mdciunf,0 wasHing the

I nj ection, an ret vector-expressing ce . to t'he. respective

patient.  ddiwed #M?@B%f p&ﬁb' Rumat! Se2hfOa DSukip! @m@p aty @t fg/mlt, rQHéﬁe
and the cells returned to the patient. Only a noderate nunber of inf .

ected cel | yfcaing beHe weildh ) £68  8eQ@s Moyrs oial iIFES HLESNHSAMUNEiters

responses . 18 Adifferent formof admnistration is the inplantation
producer | ioktsairedd rgre etypicailyvaof oto paot/ml etependinhese thayvebtor,
i mmunol ogi cally unmatched cl assi cal producer cell lines or the patients

own cel |l s, packagingalindcen paxtioubaly predueerahinectloned (The vector
Alternatlve Viral Vector Packaging Techni ques, below). Both types of

i npl ants [ &ugennakanks @ne fidierethte Femovie €@ llisf énépaﬁel eongengratedt
but (would |l ead to the retrOV|raI vect or |nfect|n%_lar e nunbers &err] -1
[ errH/ of cdB £ nlPhefeld; Bynfdytraties Fhrpug or 300,000 pass

MMICON trade mark filters (Wolff et al., Proc. Natl. Acad. Sci

84:3344, 1987). This lets globular protelns of 100,000 or
300,000pass_but retains 99% of the viral vectér as infectious
particles. The stqcks can be frozen'for.storage since they

lose about_SO% of the infectious units on freezing and thawing.

The most direct delivery involves administration of the
appropriate gené-carrying vector into the individual and
reliance upon the ability of the vector.to efficiently-target

(;j to thé appropriate cells,.which can then initiate stimulation
of the immune response.  The dose would be 10° - 10° infectious
units/kg body weight. However, a more practical épproach may
involve the extrécorporeal treatment of patient peripheral

blood lymphocytes (PBL), fibroblasts or other cells obtained

- from each individual with the vector. PBL could be maintained
in culture through the use of mitogens (phytohemagglutinin) or
lymphokines (e.g., IL-2). lThis type of approach allows for
directed vector infection, monitoring of expressioh and

expansion of the antigen presenting cell population prior to

d

of

0



‘In any case,; t:he success of ‘the treatnment can be assayed by renoving a
smal | anount 'ef bl ood,* and*measuring the CTL response using as
targets the individual's own cells infected with vector Ieading to 15 env .
,expression. Wien it is desired to stimulate an MVHC class | or class 11 .
“restricted immune response to pathogdfs, including pathogenic viruses

other than H'V, suitable forns of envel ope or other antigens associ ated

L.

~with such 20 retroviruses which will stinul ate an i mune response can be
t d | | ed th | table f f
ant1 gentPaSeBLPRr st hfﬁapﬁageﬁfi sa@m-eiaz'?%%apgi“bsi‘is.eee?eﬁﬁ. ch
|l st | at h h
An ol § oFREPRYE SR, BRERSRE CT oBtRy” 2 HHBRR CBF | e - St igot PRel i ver
t fi | t h
Tool | CHRLEREGH, Gebiif uﬁ%%?@%%%?ge%d W?ﬁ%ﬁ%@%&ﬁ & cy ?oi‘?qf
_ lin
gene. cck d§§?%sfa?'?§'£ udéf%“e phfifefor infeffed BBELE! [LOTLLEBEIRLI "
Agents Bbay wBight)ois Heteasaty W@q&%ltalgt@ Nmithe Ghd gand = & -
- ot her di seases |nvolve the intefactton of viral partlcles W t ceIIs cells

with cells, or cells with factors. In viral infections, viruses connnnly
19 enter cells via receptors on the surface of susceptible

cells. In cancers, cells may respond i nappropriately or not at all to
signals fromother cells or factors. I n aut oi nmune di sease, there is

i nappropriate recognition 5 of "self" markers.. - Wthin the present _

i nvention, such interactions nmay be bl ocked by producing, in vivo, an’,
anal ogue to either of the partners in an-interaction. o /.



Thi s bl ocki ng: action: . may occur intracellularly, on
t he cell «imEmbrane, .' «." lor 10 extracellularly. - The bl ocking
actdion of a viral or, in particular, a ggtroviral vector carrying a gene
for, a bl ocking.agent, can be nediated either frominside a susceptible
cel'l\c/or by secreting a version of the blocking protein to locally
bl ock the pathogenic 15 A nteigtérent | Fortthe ofcaseimiofistttation heis t vithe

agents of interactiQ re the.gp. 120/ 41 .envel ope. protein gnd_th
recept or nol ecul"@’_.ptl?f‘%t?%,loann 8bprpo’]-o°r‘$‘é$€rb?[6§k%esr_ "3"’351’5‘5 b%ggﬁ’g&?&? Vedtor
construct expregsrtgddiagsher anThie¥eenmal0 laal sgmenolpgacalllyl ocksnatdiiad
entry W t hout IR0 i ff acit o) ) I Rl QOUEs

The CM4 analoguglﬁg%ﬁ #%aé£§§é§§g gﬁg%&¥}€%§L#é??%%mgéegggkgct '
nei ghbori ng Bel Whichhihave hbegp B ipniad; styeatedernst pebuuoed dsiee VI

i ntracel | ul arlya3@e3$atd v Ov8¢h10ntkckbe 2Packeglag ORUG 1t (Vs C€lde 10wy !
‘may be advant ageous to add human i.mmunogl obglin hgavy chai ns”or, ot her

conponents to CBRthi FYRA%IePL d&PlafHehcblOst anidq tAKI b°@%lW§éﬁpthﬁV°Q%d
retroviral vectgaveneodi Ngitdah 1d dfe/bépansehuline @dkién®, hpat wewlldt Sddu a

conti nuous, supply 8 sLEBLe el b S mlesule: eqleLparieles gy ng

will be evigent 108%nesskidlied im theisr vivtindiypdrt ithres bsay capabl e of

(Wi Tey o ot ool U A AR p35% . e RRLRBRENCE, SECrrBariSit  can

11986). The fol bewi agsayedpl bydesempNanat he csmnaiiucaioundf @f bR@odDand

vec{of- f.rom whi g0, LREAGHY OuBh¥ect@Fr PaLLisphbes el EsTREE: BFAVELEgdes  the

' - individual’s own cells infected with vector ieading to
15 env expression. ' _ '
When it is desired to stimulate an MHC class I
or class II restricted immune response to pathogens,
- including pathogenic viruses other than .HIV, suitable
forms of envelope or other antigens associated with such

20 retroviruses which will stimulate an immune response can
be ascertained by one skilled in the art. In general,
suitable forms of antigens assocciated with pathogenic
agents can readily be selected which will stimulate an
immune response to those pathogenic agents.

25 An alternative approach to creating a desired
immune response is to deliver an antigen-specific T-cell
receptor gene to an appropriate éell, such as a T-cell..
Another possible recipient is NK cells -where the
cytotoxic 1immune response 1s not MHC 1limited. A

30 specific iﬁmunoglobulin gene could similarly be useful

if delivered to a B-cell.

II. Blocking Agents ,
Many infectious diseases, cancers, autoimmune

25 diseases, and other diseases involve the interaction of
viral particles with cells, cells with cells, or cells

with factors. ‘In wviral infections, viruses commonly



- sCD4 Vector: 5 : i A 1.7 kb Eco Rl - Hind LIl DNA fragment from’
pW7. T4 (Ivaddon et al'., ..Cell -47:3339 1986) was blunt-end ligated to
~the Hnc Il site of Sk+. 2.' A uni.versal transl ation term nation
/sequence containing an Xba | site was inserted.into the 10 Nhe | site of.-
‘the CD4 fragnent. 3. The 1.7 kb Xho I-da | fragnent was excised ta,ud

cloned into tegedPock11 < @ik el o P Mehe THRSE MECHET slﬁlsﬁég(tqsbl]

be used to gener te i nfectious vector particles, as described i

15 celif- i HeGaRRRTS bl SERLRG PaAYe FRFRONA WHBAPPEAPIIiALS | "h mn_

cel | ||neSnotnaﬂn51yrEo<§ﬂgnan@|brbmtdﬂhémr@eﬂlefdﬂ\kaéiﬁfélonqn
Prepar ation, ncent i at |€n and st O{ﬁ%e of, i nf ectious retroviral vect,or

prepar ati ons 7’% QEFEPC: KA FRATRest TATT BnttS  IRGRPE ORT IahG nFEFPINIEI Y
woul d al s beof h¥#sedifd, matrkerdosesWabbin Hthé Opdebiegliterinviemt ben, r euich

whi ch may be ﬁ@gréégigﬁsasﬂég?tk{%hbqf ék%&gcggd %dﬁgigﬁt IGC:%E)MIVO an '

.retroviral vector retur ar r Ow.
- Science 230: 1@¥loguegsy eifhatheof pehe eprtnersi ipeant hatema!rcmmmﬁs

replication will anpli f ynl ge vect o@lﬁ?ﬁ&ss' on g ugh celljﬂu% repl iy E%hlrpn
e

doses I n the Trange _of |nnunost|nulant can b d [err body
wei ght). In Mtﬁgﬁlltlﬁéréﬁ’fn cacy°fé)f t hEher eat ®@dL can meRmbEanged byor

measut i ng ¢ h%y&@éewdna@ugrs ofhédi BRRERINY AVOMEESSEOR vifAg] UENTin
anti body | evel i anti %eé& roducti on infectious HV Tevels, = or.
| evel s of norPa%E)b‘é‘i’ RE/ift el inak VE?ﬁPé’ss‘?m?-n?’alq |§Fp9esf%‘5 a -

Techni ques %Iodleingt agdwsp &h&scbiebeﬂedahuéa cafther UsPrbr O ipisidiecea
[eooTbLIant SELENLINIES N 1Yy DRSS M S8esf6h%he BRe W
: blocking protein to 1ocally block = the ‘pathogenic

15 interaction. - : '
' In the case of HIV, 'the two agents of
lnteractlon are the gp 120/gp 41 . envelope proteln and
.-the CD4 receptor molecule. Thus, an appropriate blocker
would be a vector construct expressing either an HIV env
20 analogue that ©blocks HIV entry without causing
pathogeniC'effécts, or a CD4 receptor analogue. The CD4
analogue would be'secreted'ahd would function to protect
‘neighboring ceils, while the gp 120/gp 41 is secreted or
produced oniy intracellularly so as to protect ohly the
25 vector-containing cell. It may be advantageous to add
"~ human immunoglgbulin heavy chains or other comppnents to.
'CD4 in order to enhance stability. = Delivery of a
retroviral vector encoding such a_hybrid-solublé Ch4 to
a host results in a continuous supply of a stable hybrid
30 molecule. . |
' Vector particles leading_to-expression_of'Hivf
env may also be constructed as described above. It will
be evident to one skilled in the art which portions are
capable of blocking virus 'adsorption without overt
35 patho@enic side - effects (Willey et al., J. Virol.
62:139, 1988; Fisher et al., Science 233:655, 1986).

The  following example describes the construction of a



agent (or "palliatjve") which.is capable of inhibiting a function of a

pat hogeni c ageiht ‘or gene..” W?thin the present invention, "capable of

inhi biting a function” neans that the pal®ative either directly inhibits
the 5 function or indirectly does so, for exanple, by converting an
agemt_/present in the cells fromone which would not normally inhibit a
function of the pauhogestsradaitm tOh@BR Vi fdctbess viecray epaptislick were
functions for viral, diseases include adsorption, replication, gene 10
expression, ass ﬁﬁ@y and ‘exit. of - the virus frominfected cells.

Exanples of such functions for cancerBXBMPLEdBSeases i.ncl ude cel
replication, susceptibility to extern | (e.q. cont act
inhibition), and |ack of production cpg ggé&gro ene 15 proteins. (i)

| nhi bitor Pal Biatives In ore aspectl- GflﬂheEgpe§@nt-|ﬁMemﬁllii PR3 \amgment

construct direct e e io i RNA o nt )
RNA of a pat hoge% %H‘w ?WH g‘i ltjﬁr?(%sﬁ Hl%s/p%?r "a pd ogg‘hqﬂcﬁgneq%suéémwgé_)

an oncogene), toPlupéremd N#ﬁﬁ?ﬁ@ t?tEherEﬁPFcéﬂléﬁtQMOf[ﬁﬁkm@eneS|s

Such expression may either e e$§enthahbﬁr§QﬂtlnugﬁénQIatBoﬁeSpQ@%%ﬂdéﬂfEh
presence in the cell of another ent ass ci at ed W th t he at hogeni c

condi tion - (ansﬁgueWQ%yﬁ?WEQhﬁ BGeR XP2 A { BLRGt MAS yinTerte p#@§§|&$e
may be tissugespRhief IC sidiee f tires ¢D4 t Brggheng.of vector entry or to

tissue-specific control se uenc .in t e cto ﬁt %?bo |rrentht
retroviral viruses which 3 gﬁ% Qﬁe %ﬁf kagme was
pat hogeni ¢ . geneekcdsedri phs @:ﬂ@rneeixarmit@ tc’hell o gene- prAdcuct aritan of

activated cellUbgbyxfncooggle GALedf Hi8nilQ LI0T BL! Jdanstat %r})fe(}faﬁ:e .

hat™t ranscri pt proteln such a rnhrbrtion of tran
HI V tat protein. inSeptdons *@qﬁ@%sp@htl@)iesm% dpserdbed i Fémm¢ ak-

for viral reglication, celsh CHEAUNIANG tHEocKEREON velRlkd, Phen put
resistant to H V replication. .

into human T-cell 1lines in culture can inhibit the

spread of HIV infections.  Preparation, concentraticn

and storage of infectious retroviral vector preparations

~ is as for the immunostimulant. Route of administration

20 would also be the sane, w1th doses abecut 10-fold higher.

Another route which may be used is the aspiration of

bone marrow, infection with retroviral vector and return

of this infected marrow (Gruber et al., Science
'230:1057, 1985) to the patient.  Since the marrow
P 25 plication will arbllfv the vector expression through
~ cell repllcatlon,- doses in the range . of . the

immunostimulant can be used (105 - 106/kg body weight).
In any case, the efficacy of the treatment can
be assayed by measuring the usual indicators of disease
30 progression, including antibody level, viral antigen
production, infectious HIV levels, or 1levels of non-

specific infections.

III. Expression of Palliatives _
- 35 Techniques similar to those described above

can be used to produce recombinant retroviruses with

vector constructs which direct the expression of . an



22 In a secpnd enbodi ment i Iuhere the gat hogenic agent is a -

singl e-strahdéd virus*' having a pacRhging signal, RNA conplementary to
the viral packaging signal (e.g., an H 'V packagi ng signal when the - .

.palliative is 5 directed against H V). is expressed, so ‘that the ...

~association of these molecules with the viral packaging signal will, in\y

the case of Ila@té’rﬁ'}/l(félfsespalﬂ.[ibltb.wte"ste.mimplsfcapiabllen oforinh BB\t i pgl &er -

" bi ndi ng require . for o] ti repli on of,.the
retroviral 10 6’%:9 gI n“%gfﬁg q%nbg ?%ntgp qeea@% ovi rgilll \?’ec orthrer!ay :

be int roduce@ndsecﬂt eXpIVeEIEEIOR, pr"@lae:ablté\atOﬁ niehfibrigsng t B t fenpatbodeni c

st ate. cas exay e {8 RS Leh

| acks t.he abgnlg'%t ghg% lﬂr% gggtll va'?:,'eg %%Efl%gg}%%rg? f*n Hrﬁﬁ%j{}ﬁgﬂtﬁ%R

and i nter Ber eﬁgnqturora tpa'nsdmﬁlhaﬁ@tﬂrﬁnneiqe% t BOyhe ¥R¥ nuleX@mrske oni by of

tat protei . confiah mdUa Aot boRRsanenthl etk 1041 HIL Yrbn Gie PLALERN
("Xl [err] crcr,l?t ant; see Wachsnman et  al ., §C|ence 235: 674, 1987 <

" mutant 20 tﬂmm%%sﬁpr’é'@tlléfhowlﬂ”?hﬁl Bi tEYRgh iemt PEn e P hﬁﬁ?“l%en

shown for anaaRaltoadisondt ﬁﬂhcheﬁc%%ior E:@a1h§Ye& Offr s nfuredt Bbns Makure <
335: 452, 1982) Such a transcrtg # a égresz:&oﬂprotel %/ be sel ected
for in tissudid@k urb-SRITRS antGiPaR OFB F;r?s% FHPPonagene
~ pronot.er 1ohogprgyiRas) Onassembiliynul admd bexdtvi ral- sphei fivdrus from
transactlvatl n r.ot de__scrl Ve) i fi.c_case
H 'V, a cell p%gpgﬁgf S.gig H vV ta?ﬁg %ti%sﬁ aﬁ th%ei%}éwﬁﬁgg%el rslaveﬁ.g%y
~ the H'V prormaercemdlis di e dasensepr esennecmdeo Ac¥ll Hovwesmkicatfon,
- series of nut }at ane,in (él:l_.q.l% to St epy nut ' the =~
appropriate pr ope i bgf{i@f ,teore %é(;%ses ?’r angg?ﬁgﬁl\éon oﬁft’h aﬁ:@’é’h&'ﬂ _“"‘J
pronoter in tlmﬂlmlésle?m)e ofand | dlat%e aft )PI\‘Mq‘-lC*g*Q)‘\‘N &g anti-oncogene |
15 protelns '
(1) Mﬁl_hw_

In one aspect of the present 1nventlon, the

vector construct directs the expression of antlsense RNA

(or coﬁplementary' RNA) to RNA of a pathogenic virus, |
20 such as HIV (or a pathogenic gene, such as an oncogene),
to thereby 'inhibit - its replication or pathogenesis.
Such expreseion'may either be essentially continuous or
in response to the presence in the cell .of another agent
associated with the pathogenic condition (an

)
o

_"identifying agent"). Alternatively, the expre551Qn may _f -
be tissue-specific due either to targeting of vecter"w’
entry or to tissue—specific .control sequences in the
vector. ' | _
| In one embodiment, retroviral_ viruses which
30 express-'RNA__ccmplementary to Kkey pathogenic gene
t*anscriots (for example, a viral gene product or an
activated cellular oncogene). can be used to inhibit :
translation of that transcript into protein, such as the, 
inhibition of translation of the HIV tat protein. Since
35" expression of this protein 1is essential for wviral
replication, cells containing ~the vector would be

resistant to HIV replication.



be selected for. = The mutant ‘gene’ can then be reisolated 35 from these

cells. A cell .line cdntai.hing nmultiple copies of the conditionally

| etthal vector/tat system nmay be used to a83ure that surviving cell clones
are not 23 caused by endogenous nutations in these genes. A
battery of randomy rrut agenized tat genes are then introduced into
these cells using rmcuabé@coﬁ@t re@x\ﬁdcadme/:ﬂc,t Owhigree. thanQ:atﬂ‘&Bgenlc
expresses the nutant protel tains _a, bacterial orlg

of replication aftd d’rtUg ‘rse5| st FAEG IR r% r\‘dc FOtHE adtf 5et%ctd orP3 H+39 109

bacteria). Th|_51ghlad.ws RNA acgpaplienteart aofy raudmtmenm:atabnpackagllm; signal

| U d d - I ' ] i
mitant cel| 10 Nend- ARV PACAERIEY ERSARY Andh U fauifgeles £
utilize nut atSonéiir:"leca'-e\sthr i egylnfstw rRIVY r adscr i gxpoessedcet i \&a or thatal the

promot et SYStem 1Labcgkan 2beaitiadd ot dELAELCh1 ek thd YLLlICTIAdIRG

t he HSVTK gene pro uct 1 nor e ective met ab
potential ly anti $ilgalalnuﬁéb8| déi aﬁb@o&@é? eficFedFoXATustesidCinhihd tHR e

gene is expressegoppders i toUK I Gbr Of g ONnst ihit VElHBCih%ph%@%;xﬁrred for
T-cel | - speci f | C Erormt er and introduced into _these T

cel AZ
(and ~ ot her LOP&Ssi BBCARSILATTHD) °ﬁus¥eﬁélﬁ§f'éﬁﬁl |9§d tﬁ'gjlgcé'lelt&f%flral
mechani sns tpot hRNAUglegririale triphosphate for m_| n order to specifically

inhibit retroviral reverse fransgcriptase,a t h s HI V repli cat on Fur mam
et al., Proc. Natl. Acad. llé'tié' E%J%%a §§b§§ 35 %% tor may
Constitutive 25 bexpmassiducedf whhSHTlexqresses| eotpirdﬂ:e:a‘ndthatlclmruemres

phosphat e ki nase_w.t.h gLY tr peci £} ci t'S
ef?%'c)tnll ve net abol’ }%’Er’ln o] % épg&gg%éhl’b‘? agl-ierS bi o%%gl%% Iy ac .?,55 nrr‘fljn?éotlncﬁe
triphosphat e forexample gks dd@uttamtra}gt p¥oteinhwhdigh dacksptbe ability

effective, 15 to transactivate expression from the HIV LTR and
| interferes (in a t:ahsdominant manner) with the normal
functioning of tat protein.. Such a mutant has been
identified for HTLV II tat protein ("XII Leu®" mutant;
see Wachsman et al., Science 235:674, 1987).-"A_mutant'
20 transrepressor tat should inhibit replication much as
has been shown for an analbgous mutant repressor in
 HSV-1 (Friedmann et al., Nature 335:452, 1988).
_Such a transcriptionai repressor protein nay

be selected for in tissue culture using any viral-

V)
[$)]

specific transcriptional promoter whose expression is
stimulated by a virus-épecific transactivatihg- protein
(as described above).. In the specific case of HIV, a
cell line expressing HIV tat protein and the HSVTX gene
driven by the HIV promoter will die in the presence of
30 ACV. However, if ‘a series. of mutated tat genes are
introduced to the system, a mutant with the appropriate
_properties (i.e., represses transcription from the HIV
promoter in the presence of wild-type tat) will grow and
be selected for. The mutant gene can then be reisolated
35 from these cells. A cell 1line containing mnultiple
coples of the conditionally lethal vector/tat system may

be used to - assure that surviving cell. clones are not



30 allowing l'ower doses;.:less generalized toxicity, and higher

pot ency agai:.nst productive.qinfection.” Additional nucl eoside anal ogues -
whose nucleotide triphosphate fornms shesv sel ectivity for retroviral reverse.
‘transcriptase but, as a result of the substrate specificity of 35 cellular
~nucl eoside and nucleotide kinases are not phosphorylated, wll be\J

made. . nore efflcal Lip I S: et S forthln
- Exanpl e 4. eI’:c§<Alc\]ﬁ?5LE %nquggr%gl De‘isTelugJHr%’eéé{‘f]];£| %gt ?ggggt hégknt I"vi raI
Ef f ect of AZ'baamhmmaI@guesaﬁdOle - mutaggnized thetf ogeaﬁﬁngarr@trct\na'al
vectors are q_q.‘sgx%c?&é%o e (See el Lgrs aly. ;. nhia e..
8 nsequent |y %

318: 149- 154, 5" and ‘3" Eco Rl 1TR frag rrents
1.0 kb, resp&atinRiialered I’tlélll-? suRBSndPatht 8XPraskpds té‘!ﬁht @lul’f-larli@:

~polylinkess (dat o %ﬂel}p BAQYi VEoRtEIRAET/ =) IHHMBL t iy of
pP31IN2R5[ +/ -] and p31N2R3[ +/ ! to facilitate vector constructlon In one =
/

case, a 1.XeRIcaFION; Bie RArUg TeFRSTANGS MRrKREs 5% cIBiRER nfdS he

sanme sites ofsearecilﬁbweihorbatctgrm) DNZC'I'hJ.sI lala.mféwea qa&@a trlnembér b‘ER

~ containing a6 eletion of the spli Cﬁﬁ g ar sequence sybcl .

- as a 1.8 kb E@&’ l"ﬁ%ﬁe AOR%t o= (pEInk8hE taf"-ga) pe?ﬁé éod ﬁ&ﬁ@gl on

- and transcri @Jm:m:iuéretr mnaamcuﬂam g:nhdm:.ni; d9V-thé hiesdired kiuasst geed 1nas
'|solated S 8 kb I/ a t S 3 5 kb .Bam’

20 P SgnadtGr Pt ARaPIanse BaRp BRCChRRAS 8 EARREREY s P8 ag)
| I/Sma | - d| ge@ueld.qwomta(:me)m aFmamm reét ylm ctrameqmpslonal
~deletion of aéﬂ%ae&rmffaprp%a@ﬁle% HEdEniatod RYAM 11 ha§€§v|1ra§nd

Bam H1. The remaini nd codi.ng sequernces and sticky-end Bam H 2\) -
over hang wer’:@erraéb-(ﬁ’%t ituted with- a double-stranded oligonucl eotide.

made fromthe fO||0WIKHﬁ|a9Q6&&&h embodiment, the HSVTK gene product
15 is used to more effectively metabol;ze- potentially

antiviral nucleoside analogues, such as AZT or ddC. The"
HSVTXK gene 1is expressed under ‘the control of a
consti—tuti\ié macrophage or ._T-cell-specific'promoter and
introduced into these. cell types. - AZT (and other
-20 nucleQSide antivirals)'must be metabolizad”by cellular .
mechanisms to the nucleotide triphosphate form in order
to specifically inhibit retroviral reverse transcriptasé
and thus HIV replication (Furmam et al., Proc. Natl.
Acad. Sci. USA 83:8333-8337, 1986). - Constitutive
 expression ~of HSVTK (a nucleotide and 'nucleotide_-w"'

o
0

phosphate kinase with very broad substrate 3pecificitY)
results iﬁ'more effective metabolism of these drugs to
their biologically active mucleotide triphosphate form.
AZT or ddC therapy will thereby be more effective,
30 allowing lower doses, less generalized toxicity, and
higher potency against productive infection.. additional
nucleoside analogues whose nucleotide_triphosphate forms
show selectivity for retroviral reverse transcriptase
but, as a result of the 'sﬁbstrate specificity of
35 cellular nucleoside and nucleotide kinases - are not
phosphorylated, will be made more efficacious. A

description of this method is set forth in Example 4.



5 GAG AGA TGG GEG AGG CTA ACT GAG 3' and 5 GAT CCT CAG TTA GCC TCC CCC
ATC TCT 'C 3" formng the const'ruct pTK deldga A 30 - For :
di'‘agnostic purposes, the oligos were desi gned to destroy the Sta | site
while keeping its Ava | site without changing the translated protein. The

0.6\kb HIV pronoter sequences were cloned as a Dra I/Hnd Il fragnent
from pCV-1 (see Arya 35 et al., Science 229:69-73, 1985) into Hinc
[1/Hnd Ill- cut SK+ (SKHL). 25 A Construction of TK-1 and TK-3

retroviral vectors (see Figure 6 . 1.. ENAMPREWKD Xho I/Hnd IIl 5

ﬁge/Tﬁl asm dczgﬁﬁgn%%%tv(\)ere 6@81 89 {:rogn Q%}x@%gﬁ:(eﬂthes Antiviral Eff c

‘sequences were isolated as 1.2 kb from pTKdel t aA. 3

3 LTR . | g £d B |
ttom pNZR?%(eq en?g were Afp 361? the ﬁ%l%o@l?%m gg’t?‘gﬁ/n*i*g-tﬁg Jzécgl’:\%g?gé‘{-e

ra
n xed, |igated, bageshsPdr nEhe | HNB" b¥ecEpra, %S&ﬁd Rehdeyi dell att ondtature

A denti fied by r%%tsr'ﬁé%@nzwes?nal yébﬁsé&&eﬁ)u . 57 Tdnd Was FQNHHY UptRd
by linearizing TR-1 Bam Hi in'the 5 "oyer hapg and b unt-end

15 |i gati fFagmends { {2+ 8d ang a1r° #ﬁbagrﬁ%ﬁpe‘e*éhl’%’rm nyerﬁwenbh‘é%%%bél
| ac UV5. pronot elsubci¥Hk@ai h¥oPpbaERiflds d&ntSairﬂﬁnoﬁepblnghRers (J.nto SK

Kanamyci n-resi stant ¢l one re jsolate divi dual
screened for% h&SrHpét 8&?% t/ n by %s?ﬂcé P eﬁivﬁepgﬁgﬁﬁ /> ard
These const r u@BIN2RE+H/~] uted faail Deates avectoirectomsiruetboni narlin  one

éi‘i;fscf?éteacéﬁiée” & oo UngLion i thedapackad Bg o) |LER HHOALEAIHs

subcloned into the same sites of an SK+ vector to give
pN2C. In another .case, the 5/ LIR containing a 6 bp
15 deletion of the splice donor'sequence was subcloned as a
1.8 kb Eco Rl fragment into pUC31 (p31N25delta(+]). The
coding regioﬁ and transcriptional termination signals of
HSV-1 thymidine kinase gene was isolated as a 1.8 kb
Bgl II/Pvu II fragment from plasmid 322TX (3.5 kb Bam Hi
20 fragment of HSVTK cloned into Bam H1l of pBR322) and
' cloned into Bgl II/Sma I-digested pUC31 (pUCTK). ~ For
constructs which require deletion of the terminator
signals, pUCTK was digestad_with Sma.I. and Bam ‘Hl. The
remaining coding 'éequences and sticky-end Bam Hl
kj. 25 overhang were reconstituted ‘with a double-stranded

oligonucleotide made from the following oligomers:

| 5/ GAG AGA TGG GGG AGG CTA ACT GAG 3’
and S’ GAT CCT CAG TTA GCC TCC CCC ATC TCT C 3’
« forming the construct pTK delta A.

' 30 _ | For diagnostic purposes, the oligos were
designed to destroy the Sma I site while keeping its

AQa I site without changing the translated protein.
| The 0.6 kb HIV promote* sequences were cloned
as a Dra I/Hlnd III fragment from pCV-1 (see Arya
35 et al., Science 229:69-73, 1985) into Hinc II/Hind III-

cut SK' (SKHL). |



Admi ni stration- ofi these #etroviral vectors to 25 human T-cell and

macr ophage/ nonocyte cell “l'ines can’increase their resistance to HV in

t he presence of AZT and ddc conpared testhe sane cells without retroviral
vector treatnent. Preparation, concentration and storage of the 30
“retroviral vector preparations would be as described above. Tr eat rrentu

~would be as prgvi Ouéb}ﬂgd?ﬁ%@ %gd Bt Bx-gOrpRge RO rfraitro%fupﬁt'eatceors
cell's would ai'm for—uniniec potentirally SUSCEpTI -celrs or
monocytes. One pr ef 6E£8dFABUEE &)f- targeting the susceptible cell 35 is.

with vectors which carryiH V- -ame orshyluy d ;em; t;ggngqu;qon oV | I fRl | alkigne -
Specific Retrovjruses, below) to direct afsor i_on of vector particles to

. CD4+ cells. I\ *in their
PLASREASPIRENCES WRRE abtl aEE Frem P3HN2R2 (1 -
" total B ood.and about the.samgiswrer ofcodingytes. sdgpeatesred ml:hbndan
adm ni strati on_woul d_be_l.euk h resi.s 0% of _an |n I_vi dual’
PS5 can be FERBYSRLRELARS TonEeER R AOT o REBURRERS | FETh. ASOLARRE BBout
2 x 109 cells wozl BbbBhor &ZBath &id fragment. f8oncpTKdeltadr.ent naxi mum
titres are around 106/ m 4 th| LtlfﬂzreSE&ﬁEn%EEO %%ééte{ssopgtgﬁarégnga _
tre

viral supernatant. Repeat ment s
Al ternativel y,1pdnkbnBpmoiilfiding 5% r%’é&@ﬂeahdfﬁpmomﬁaRﬁd-arrpl ify the

effecty s described abovg,  Thea! feidmuhts %nyvoggg Qe 1aly e ﬁt 284
nor mal Ievelsto aVOIdtOXIC side effects, but still -efficiently i |b|t

spread of H V.1i93kedeourI@nsiqmed r cafthéht %EFGrBérfolqrtﬁNed“l@l‘éédual
described for ¢henbkoghentikibidf by @Mr@ﬂioﬁOénayﬁduahamysaal Rirken ) ..

palliatives i nvol ves t he ression d?e o interfering iral
structural proteins, whigh mﬁ% t AT alCS é?ssg:e‘}}b‘f &\E’ WW}I’W C'B%

defective gag,with Bam H1, filling in the 5’ overhang and blunt-end

15 ligating a 5’-filled Cla I . fragment containing the
| _bacteriel lac UVS promoter, SV40 early promoter, plﬁe
TnS NeoT gehe. Kanamycin-resistant clones were isolated
*and individual clones were' screened for ‘the prepe:
orientation by_restriction_enzyme'analysis.
These' constructs’ were' used tc. :generate_

[39]
o

infectious recombinant vector particles in conjunction
with a packaging cell line, such as PA317, as described
‘above. ' S | | '_',
_ Administration of these retroviral vectors to
25 human T-cell and macrophage/monocyte cell 1lines can.
increase thelr resistance to HIV 1n the presence of AZT
and 'ddc compared. to the same cells without. retroviral
vector treatment;
' Preparation, concentration and storage of'the
'30 retroviral vector preparations would be as _described
. above. Treatment would be as previously described but
ex corpore treatment of patients’ cells would aim for
uninfected potentially susceptible T-cells or monocytes.
- One preferred method of targeting the_susceptible cell
35 is with vectors which carry HIV env or hybrid env (see
‘Section VIII Cell Line Specific Retroviruses, below) to
-difect--abeorption' of vector particles to CD4+ cells.



20:.pol, env or other virali.particle prote| ns or peptides, and these woul d

I nhibit in a dom nant fashl on the assenbl'y of viral particles. Thi s
oceurs because the interaction of normnal 26ubunits of the viral particle is
di sturbed by interaction with the defective subunits. 25 A

si xNb/  such enbodi ment I nvol ves t he expression of inhibiting

pepti des speci fNorfad \mdjua.ltsorrm\easebout\/sr a 1Q7 CTeaseltseanetheia Wotal
gag and gag/ poj,, rotg S aI %l{‘é'@gﬁeofmuﬁf% | o peRlddass Failure of
a8 eads 0

this cl eavage |n ses inAl bl ti'fon of production
of infectious retroviral gamferegd mﬁfdlCHi Voﬁr@tdéamﬁts’fm veudd e

aspartyl proteapguxogfileL15e wAbRe KW B3 e WAN fid Helady1 PEPIPgIES

made from am no rom pr oteln anal ogues. Vect OI’S
inhibit H V % | FaBxpeesemawedraB5ant| ONg e‘—lﬂ%@n o‘m@sp‘é%a‘éaéh_gepﬂre@

‘inhibitors. A seNgathagRedideptpRvekras tmmlbé/eﬁwe@ieauaﬁaswpm
whi ch, when del eted or not expressed in 27 a cell t

e
tunori genes is Si‘-ﬂ“f—‘h&f’ecé?qnf%"e max i A, FddE S5h aci°'fet ‘ﬂ’éﬁ% ia /Eéne tRis

means of a Vvir ahougat orré@aﬂ;setozr egeessizon ofitéest uE phieawtipg | videse
| es cancers._ .. | as and

Ils. Ex .
\3\?I né Tunor . Sgnggrﬂﬁltla&ﬁancy gﬁ?%%tco%ﬁ?%‘é?%ag?o nggﬁl noﬁﬁl bhen% r3ged.
cel lul ar texon nal tdrhheieetliygt |lmame mrrp:ameckvou]z\ﬁt be tomddted ganwt lallowdd

retroviral deltgergl Qf\% as ggggc,%gg zh?o ich-

d| fferentiation-of A" ouI eneral “to regress%%
an eighth w1*ehbM'IIrm@uld tolee atetlmﬁﬁrr athmnspmgtl greig dgesta avoid

ﬁaﬁ9peut'0 effeshﬁysﬁ%eré idsebhic i1 spidtntl NERAEREE Sliread
pat hogeni ¢ gene, ereby i n |t| hg a function required pat hofgene3| S.

15 This enbod‘PﬁeﬁtIVreq@hﬁe@ﬂ#ﬁedPIfec'cth%nt"BPt’“FéFrG‘Kﬂ”ﬂ& "be " Followed
15 as described for the blocker.

A fifth embodiment for producing inhibitor
'palliatives involves the expression of defective
interfering viral structural proteins, which inhibit
viral assembly. Vectors would code for defective gag,
20 pol, env or other viral particle proteins or peptides,
and these would inhibit in a dominant fashion the
assembly of viral particles. This occurs because the
interaction of normal subunits of the viral particle is
disturbed by interaction with the defective subunits.
A sixth  such embodiment involves the

o
m

expression of inhibiting peptides specific for viral
protease. Viral protease cleaves the viral gag and
gag/pol proteins into a. number of smaller peptides.
Failure of this cleavage in all cases leads to complete
30 inhibition of preduction of infectious retroviral
particles. The HIV protease is known to be an aspartyl
protease, and these are known to be inhibited by
peptides made from -amino acids from protein or

analogues. Vectors. 'to inhibit HIV will express one or

wm

multiple fused copies of such peptide inhibitors.

(9%

A seventh embodiment involves the delivery of

supressor genes which, when deleted or not expressed in



integration to a specific-site in the genone by honol ogous reconbination,
integrase nodification, ,or other nethods (described below). (ii)

Condi tional Toxic Palliatives 20 27 Anot her approach for :
inhibiting a pathogenic agent is to express a palliative which is toxic for
the cell expressing the pathogenic condition. In this case, expression ok
the palliative liam tRgparovieah WRF! eunshalahdiid i Th athdy aa1preggace

of some intracellular g signal i1dentifying the . pathogenic_ state in
order to avoReinespAyetiion o@fh&ﬂﬁatﬁﬁbéé'ﬁé @fne. by mRangepf- a ypiral

specificity npycfbso Deagonfes r edteddechevet ahd ntaabironph¥notgpbaet iAY
reconbi nant retrovirus carrying the vector t_o.c_gl S ha}/ll ng or_ being are
_ e

suscepti bl e tBheR8 30CddiTrogeni ¢ ESARRLSH. IAF  oFEC
this nbrretzhodretiaobﬁaemmaa)r&nd ewi Dmsr Tun(gy £f es dhkg, mAltignaindiecessapel v,
a reconbinant M.V.retrqvitus),carries.a,v.ect.or construct taining a _

cyt ot oxi ¢ ger®PPEidERess !li"loci RF  8Rpr &4 1,‘“519%0?# ar?eelvgﬁégper}c?ﬁ‘tnal
pronoter, sucdififegentlihtdys] e- ceppaded: pritiwt ercelle. ggrowhinan the
cellular thypidine.Kkinas rs sf in_L, (] g t : LCch will
be 28 trang%:g#‘f)?f‘g%gl | ? e-ciaj-'.c\{elrly; %ﬁ) y ??\‘B?%%%%o)fp prol i %@a"’f i %}%@f%g
such as tummhich lead Ho dififerentiaadiion repial pumepl isbernilisy alssd ) sin
which coy ai.%ngggio-r gfeagaggpllf'egloésgggh\{ati ng- transcription from these

re f i all

pronoters, preferential Iy, destroyed'bé,_the cytotoxi c agent
produced by the provirafficondfructighhla seBBABLIBABSHI nehlRe t Heetgeqieiral

produci ng the-syEREQ%LC BEBRYE des Underheanipalt é atfsste-wpeciddérting

pronoter,. where the tissue specificit% corresponds tIfo(?x;‘th.e origin

L to
of the tunottselfg ABEC tRe WHTYE: VRBEBPCRPaf ePEnt PR Mxyr AL ni'S
t he genome oftkepébgatinhdbiting a function required for pathogenesis.

15 This embodiment requires the direction of retroviral
integration. to a specific 'site in the genome by
homologous recombinatipn,'-intégraée modification, or
other‘methods (described below).

(ii) conditional Toxic Palliatives
20 _ Another approach for inhibiting a';pathbgenic
agent is to express a palliative which is toxic for the
cell expressing the pathogehic condition. In this case,
eXpreSsion oflthe'palliative'from the proviral vector
should be limited by the presence of some intracellular

25 signal identifying the -pathogenic state in order to-“;:

avoid destruction of nonpathogenic cells. This céll—_
type specificity may also be conferred at the level of
infection by targeting recombinant retrovirus carrying
thg vector to cells having or being sﬁéceptible to the
30 pathogenic condition. ' '
In one embodiment © of this method, a
‘recombinant retrovirus (preferably, but not necessarily,
a recombinant MLV retrovirus) carries a VectOr'construct
cdntéining a cytotoxic gene (such as ricin) expressed

(&
w

from an event-specific promoter, such as a cell cycle-
dependént' promoter (e.g., human cellular thymidine

" kinase or transferrin receptor‘pfomoters), which will ke



cells (for exanple, ngrmal  liver cells are not replicating, while

those of a hepatocarcinoma are), .these two - levels " of
specificity (viral 15 mtegraﬂon/re%ﬁlcatlon and ti ssue-specific
trans- criptional regulation): lead to preferential :killing of tunor cells.

Addmonally, event - speci fi.c and tissue- specific, prormter el enments may be
artificially conftrRS<ttRtiRRR1dNe BGEVEXI Engd¥nelpr sapddlys Bxpldfeagting
only 20 in cell depes, satsus:hyl ngs bothmetdst.eri a rqe. g;ms [ r}--t-m:eexanplagldly
above, conbined RIS ter el emantgr]lare f ynct.i onal onl dIy di vi di ng

liver cells). TramettptiBfal €dacrol ™ Jlacfﬁ‘ant‘§°¥‘r’é‘§’/lél sSa‘Be ofipl FRP8A1eo of
i ncrease the strlatgmua/tnrhgcelﬂr-atr;qxa-spen:ohl cifyom25these promoﬂ'é’i@§,§ are

t i pti | t d t
bt osent hs andi nEEsEftABLELL S ARERR MR BY T oot Hapanged
added to or repl &e the mrrawscaﬂ.pt:DMrm\.trol elements in the viral LTRs
whi ch th I t t

ich are themsel ves transcgy phl %’é@orf&) ex%BEI%% t%‘éc%ﬁxhea TOAYE HAF fibe

condi tion-specific transcriptional exptession . o el
nmodi fied viral LPYtotg¥iehiageidseis eunder t@@ntnnﬂl tafonaf drlsmeﬁapecn.flc

expression will pr’lﬁfcﬂ:efo wiferdi %eéls@’he %tp"e@i'frl@lt@acgggfgg on? ! to

l i nes (e.g ' alterlng growt h conditions
necessary ?Panﬁ”@gul%ﬁ’cﬁ’s" of e‘kBPes§“6‘r‘Plbr usiSikpase t‘a‘}ﬁ)rd\pﬂéile vettor

line as a parent pfz@f&eﬁﬁﬁi@glﬁglhta%katﬁis t het b TRhBDlehichal i +&p1icfPin
limted to the ' LTR_U3 i on to obtalr?L xi'mal recaonbi nant vira

titers. In the C&YS c458F af? 2MBLE r ouRATIRY nf LLYEBN/ iSRS at PE® t hBOt
"{LTR U3 is novvralpéo.ddtanqs, wHRleU3thegisw ngpf t he rfhiﬁﬁcﬁihrdixscsml& are),

speCific 5 expre Inthird.e ment , gh provi Ia . VECLO
construct is si m y activat ed bujté(geggér esses®a protTHFH° 1dfty”  (viral
15 1ntegratlon/reollcatﬁon and tissue-specific trans-

criptional regulation) lead to.preferential killing of
tumor cells. Additionally, event-specific and tissue-
specific promoter elements may be artificially combined
such that_the cytotoxic gene product is ekpressed only
20 in cell types satisfying both c*iteria (e.g., in the
example above, ccmbined prcmoter elements are functlonal
only in rapidly dividing 1liver cells). Transcriptional
control elements may also be amplified,to increase the
stringency of cell-type specificity. _ N
- These transcriptional proﬁpter/enhancer

N
LY

N elements need not necessarily be present as an internal
promoter (lying -between the viral LTRs) but may be added
to or replace the transcriptional control elements in
the viral LTRs which are themselves transcriptional

20 promote*s, such that condition- -specific transcriptional
expre551on will occur dlrect‘y from the modified viral
LTR. In this case, elther the condl*lon for maximal
expression will need to be mimicked in retroviral
packaging_"cell lines (e.qg., by altering growth

33 conditions, supplying _nedessary ,tréhsregulators of
expression or using the appropriate cell 1line as a
parent for a packagingfline),‘dr the.LTR modificaticn is



which is not "litself ,:cytotoxiic, and which processes within the target
cells a conpound.or a dfug with little 10,or no cytotoxicity into one which
is cytotoxic (a "conditionally lethal" 2®ne:product). Specifically, the.
proviral vector construct carries the herpes sinplex virus thymdine —
ki nase ("HSVTK') gene downstream and under the transcriptional controNs/
of an H'V prormi;ej;téé (wbi cthés Xnovurro Uk tn'emst ptimnabta igi | enabx ieedept
when activated_- t rotel Expry ge I

in hunan cel | sr?cﬁ %@%88“% RECRY g% & ryi %[r%n Pgr%%??a%g\%gét (%(r%t%(%ﬁ%ruct
causes |ncreaasﬂarpdodﬁcumcmfomegratin@ &dlel 5'3 (TR HE? 1ipnng radsar
20 in vivo) thneﬂa&se 0] S a Vi tsszi%@l ues
(FI AU, FI AC, gﬁg%) §These drg'é% a e EHg l{?% % p ods)phgjr'glgg'lteed by qIq-ﬁI'SVTK
(but not 5oy expressaene hym di ne ki nase) - to "~ their correspondi ng
active nucleotide triphgsphat Ehlrtioraﬁbod(l&%t ke pR¥IIRIA  ector
Schaeffer et al. Nature 272:58 2? Acy clovir and FIAU

tri phosphat es CORFFEREL a8 Iﬁﬁl’%ﬂ‘laﬁa’yﬁﬁ éré’éé"edl P RFRFeSSeR g ﬁ’é"’ttt?ltrhe

speci fic destryeiden o0& Cﬁblts DRSS "y HDOKIEN taAASoRRLenN peoceeses
Borrelli et al Pr oc! 85: 75

- US
Those cells “EHHRLR nFHS tﬁf@et'r e‘é%ﬁg?nanf""m\?&‘[’a oLl %&‘b‘?egégﬁ) lﬁ%%]'teat
protein an® sehecthoel gykokbaddiktyt heimreseome wiiich $pectitotosdse (@&

e o9 PR, A TS Bph B Bhcbc Ghe Vel ol i

sequences. -lprahkraleseactouf thasCRSSeqgarsdegen&hexphespesn isgmplex
suppressed, e '%wlaiﬁéen n@ke (3ﬁsm-'%%§%@ueae%s%%aﬁme rn@/%,a
protein. Exanple pr o es an | ustratlon of this~technique.
Vector to Condndenalthe PhixanseréPERENTex| EOREEPYn Of an HIV Promoter
.15 (which is known to be transc*1ptlonally' silent except
when act;vated by HIV tat proteln) Expression of the

tat gene product in'human-Cells infected with HIV and

carrying'the proviral vector construct causes increased

produétion_ of HSVTK. The <cells (either in vitro or
20 in vivo) are then exposed to a drug such as acyclovir or
its analogues (FIAﬁ, FIAC, DHPG). These drugs are known
to be phosphorylated by HS?TK' (but' not by cellular
thymidine kinase) - to their corresponding active
nucleotide triphosphate forms (see, for -example,
Schaeffer et al., Nature 272:583,  1978). Acyclovir and
FIAU triphosphates ihhibiﬁ' qellhlar' polymerases'-in

to
wn

general, ‘leading to the specific destruction of cells
'expressing' HSVTK in transéenic- mice ' (see Borrelli
et al., Proc. Natl. Acad. Sci. USA 85:7572, 1988).
20 Those (:eil_s containing the ‘recombinant vector and

‘expressing HIV tat protein are selectively killed by the
' presence of a specific dose" of these drugs. In
addition, an extra level of specificity is achieved by’

including_iﬁ the vector the HIV rev protein, responsive

n

L)

CRS/CAR sequences. In the presénce of the CRS sequénce

gene expreSSion'is'suppreSsed,'éxcept in the presence of



of ACV or Its Anal ogues Copst ructi on of Vectors A Construction of

PKTVI HAX (see Figure 7). 1. °~ A 9.2, kbsoAsu IlI/Xho | fragment was 10

i solated fromvector pN2 DNA. 2. A 0.6 kb Xho I/Bam Hl pronoter fragnent
was i sol at ed fromplasmd pSKHL. 3. - A 0.3 kb «Bg IlIlI/Acc | and a 1.5
kb Ac¢ 1/ Acc | mept, QWer, d m [T 1be s
fragnents from Egg 95.‘2 %qq%rﬂciflévesfe E{r;&at ed, :%a%sf%ﬁon%e nto. bact e?lQ
and appropriate pePVidsisorfes tﬁlwhérgtven 9@%ﬁﬁhﬁ%¥QQkﬂﬂqq¢ed by
restriction enzyne analysis. B. Construction of pKTVIH5 and pKTVIHS
Neo 20 retroviral vectors (see Fiaure 8). 1. 4.5 kb 5° LTR
and vector was isolated as an Xho |/Bam HEXAMELESSt from vector

p3l N25del ta(+3. 2. yedker kd) cditi®iondIRy\WestentGlatleedhelroxdit %iéﬁam
H fragnent fromp + ragnment. 25 3 The 0.6 H'V
pronoter element was isolated fr%ﬁn—%@kk%—l:&gft&néﬂ&&gﬂuﬁéo Rl fragment. 4.
The HSVTK codiguctisafiuefiCeectoBd transcri ptional term nation
sequences were isolated as :58 Kb 9 R [ga v&%%gpe t fr m pUCTK. 30

5. The fragments om %= d, into
bacteria, and clones of tHe given 9stxuckdre AsueII/tht IIf i efirdyment was
restriction nz 6 pKTVI H5 Neo was
constructed 16 nggg%%dyn?a%éﬁ%yé%’\%% DNAth Clal; mxing with a 1.8 kb
da l f ragment contai nilvg Ah@.6badeXha I/Bam P@Vﬂ’p@m&h@ér Iragment

early promoter, . nq.so-i%ﬁ:eé\lef’fom nBi kehid ps®hil.i gating, transform ng
bacteria and selecting . ftor : .
\/. 3. A 0.3 kb Bg lII/Acc I and a 1.5 kb
Acc I/Acc I fragment were purified from pUCTK.

15 4. The fragments from 1, 2, and 3 Were

ligated, transformed into bacteria, and appropriate Amp~
clones of the given structure identified by restriction
enzyme analysis. _ |

B. Construction of bDKTVIH-5 and oKTVIH5 _Neo

20 retroviral vectors (see Figure 8).

1. 4.5 kb 5’ LTR and vector was isolated as
an Xho.I/Bam H1 fragment from vector p31N25delta(+)
| | 2. The 1. 0 kb 3’ LTR wvas 1solated as an
Apa I/Bam Hl fragment from pN2R3(+) fragment.

e 25 : R The 0.6 kb HIV promoter element was
\ isolated from pSKHL as an Apa I/Eco Rl fragment.
4. The HSVTK coding sequence and

tranécriptional termination sequences wefe isolated as

1.8 kb Eco Rl/Sal I fragment from pUCTK. _
30 - . 5. The fragments from 1-4 were combined,
ligated, transformed_ into bacteria, 'and. clqnes of the
~given sfructure were .identified by restriction enzyme

- analysis (pKTVIH-5). | | _

| 6. PKTVIH5 = Neo was constructed by
35 llnearlzlng PKTVIHS5 'with Cla I; mlxlng' with a 1.8 kb
Cla I fragment contalnlng tbé "bacterial lac UVS

promoter, 8SV40 early promoter, and Tn5 Neol' marker,



kanamyci n resi stance. . Cones with the insert in the indicated

orientation were identified by restriction analysis. 5 C.
Construction of MHAMIK Neo retroviral 3tector (see Figure 9). 1. .
Construction of i nternedi ate plasmd MVHWM 1: a) plasmd pN2CRS . .
was linearized by.10 partial digestion with Fok I, the 5 \J
overhang fill edgatisigh dewanufdreninge tydqhasphat andisi Bgllélcﬂﬁow P

pol ymer ase, and Hond_| 1., |- i nkers rted Aft.er transformati

i nto bacteri aXaEMIGR FieeH SFAGRr 1 Ib? RRS PSR (i AR ‘R/LV“ngge

LTR Fok 1 si tenwias:atcbaht |drmh1bqt1eat r wetrieon ickenaief isath| \isy s {PsRERGERPN b)
PN2CR5FH was ?_grglzsed with Nhe I, the 5 overhang filled in with Kl enow
pol ymer ase dlges Wth H|nd L, andthe43 kbfragnent 20 W|th
pronot er| eBs M.V séquenceensery {TKL Feo Netre : D -
promoter sequences were j5ol aﬁﬁ!{—éogh pSKHL d) b and ¢ were nixed,
ligated, used to transformbacterra, and the structure of MM 1 was 25
confirmed by restrictiortenzyRISHERGEREN 2 of A @ntepedints ; galasmid
fragnent isomgamed . from VHW 1 was subcl oned into the Eco RV site of -plasnid
130B (a nodified IBI30 plasmd cont |n|n aI Bgl LI Bst |1,

Neo | and Nde | sites q‘kﬂt‘# g Afddiearized by

t ransfornmbi on int (pallaniaeri adigésmieenvm mtn heFo]appr opl:hét € 501 | GVéPhaAg
were identified recti enz SIS VB). 3. pMHVB_ was

di gested with Apa I c&h%n'l w§.ﬁ:&1 gefgg%h’?jlg |le@t3§’(5_eowng’h°5phatfs URARP 1
was digested with KﬂaddeamDNB angollymerss&p VHMAR |RixdbrIEEquehimkges

purified.. inserted. After trans;.ormat_ion into bacteria, a U

clone w:Lth a Hind III linker inserted in the MLV
15 LTR Fok I site was 1dent1f1ed by restriction enzyme

analysis (pN2CRS5FH) . _
b) pN2CR5FH"w‘as’ linearized with Nhe I,

. the 5’ overhang filled in with Klenow polymerase
digested with Hind III, and the 4.3 kb fragment
20 ' dlth promoterless MLV sequences isolated.

c) 0.5 kb Eco RV/Hind III HIV promoter
sequences were isolated from pSKHL.
d) b and c wéfe mixed, ligated, used to
transform bacteria, and-thé'structure of MHM-1 was
25 - confirmed by restriction enzyme analysis. _
2. A 0.7 kb Eco RV/Bal I fragment isolated
from MHM—l.was_subcioned intd*the Eco RV site of plasmid
I30B (a modified IBI30 plasmid containing additional
Bgl II, Bst II, WNeo I and Nde I sites in the
30 polylinker). After transformation into bacteria, clones
with the 'appropriate orientation were identified by
restriction enzyme analysis (pMHMB) '
3. pMHMB was dlgested with Apa I and Xho I
and gel purlfled S :
35 _ 4. . MHM-1 was digested with ‘Apa I/Bam H1l and
_the 1.8 kb MHMLTR/leader sequence gel purified..



32 5. A 2.8 kb Bgl I1/Sal | fragment containing the HSVTK codi ng regi on
upstream of the SV40 earl’y pronoter. driving [err] taken from pTK-3 (see

Figure 3). 6. 3-5  were m xed, | i Yat ed, used to 5 transform
bacteri a, and appropriate cl ones were identified by restriction
engyre anal ysis. D. Congt:ruction of tat and anfi-tat expression

vectors (see Figure 10). Phese Are2tdr ¥baBgluskl/ S8l pEefitagmevt: cartaining

activate tat - deprodegbyiRVIEUEHLOr Seghion  UlSstddsh SKPESS! WVYECIQhr1y
pBamHi s was linearized wth BamH and treated wth calf intestinal
phosphat ase. 2.PTORREeSadrivding NgopchekeRad rem 8F&Tiz dFers FIPHEeBaM- Hi
site and the 350 bp Bam Hg.coding seqpiepse ohikled,t at 1Maatew)| at atked. to
The fragnents purifigd in steps 1 and 2 were mxed, ligated, . used to
transform batt r¥aNSIGRE cl ﬁé%’t%tata’i'ﬂ boRRPEPPERREE onSlptiRs  were
identified by 2{denesfiedt bgn resxtyicthéhyehgyméhapalysdenstructs were

- used to generate.i nfegtious retconbi,naipt & ctar particl sti n _conjunction
with a packaging cel P*1i ns2BgSFUCEiona 0L Lok and . anficra Xpression
The bi ol ogi cal propertiesvettorese ge rPiguge 1@¢t.ors are descri bed
herei nafter. The H V t e (" L.S" L a-- S | gur. 0 -
transfected i nto npuse P,aﬁggggc%eI\f%%ééglkvgfi/eﬁgﬁsglé%ugf %lessétﬂl fn@‘-}r}a:gi STANT
sdfcl ones. wer aobhivehedtarrdependantt HEXPKevecHpYst.at. 30 These cells
are thus' an experimental medel fior HolddUeeiddNvector THBamyEE! Qs
KTVI HAX, KTVIHSNEO, | and MAMIKNEO, were_subsequently 1 ntroduce y .

i nfection into kxHRarizedeypitdssPan Hdl 1204 nE¥egsede Witds endbfr ipdashinal |
line .lacking pH&éphataseCell viability was then 35 determined in

various concentrations of th% HSVTK- . )
_ 2. The Sac I site of pCV-1l was mutagenized

to a Bam H1l site and the 350 bp Bam H1 coding segquence
of HIV tat was isolated.
3. The fragments purified in steps 1 and 2

-
-

wm

were mixed, lidated, used to tran'sform.bacteria, and
. clones with tat in both orientatiohs were identified by
20 restriction enzyme analysis. '
These constructs were used to generate
infectious recombinant vector particles in conjunction
with a packaging cell line such as PA317, as described
above. -
The bioclogical properties of these retroviral

N
w

vectors ‘are described hereinafter. The HIV tat gene
("tathis" vector -- see Figure 10) was transfected into
mouse PA317 cells. Five individual histidinol~resistant
subclones. were obtained (TH 1-5) which express HIV tat.
30 These cells are thus an experimental model for HIV
infection. The vectors KTVIHAX, KTVIHSNEO, and
MHMTKNEO, were subsequently introduced by infection into
these tat-expressing cell lines as well as their parent
cell 1line 1lacking - tat. Cell ' viability -was then

(@]
(&)}

determined in wvarious concentrations of the HSVTK-
specific cytotoxic "drug, acyclovir. - The - data are
reported here as LDSO (the drug concentration at which



specific cytotoxic drug, acyclovi"r. The data are reported here as

LD50 (the drug concentration at which ' 3 50% toxicity is. observed).
The parental <cell |[|ine containing the“Wector but |acking tat E
(non-H V-infected nodel) showed no det ectable toxicity by ACV at the -

concentrations te§ted see F igyre 11). These cel|s thus uir 100, uNV/
ACV or greater ?OF cYPBLGATYi tyS AHIETELh ue al'gbef(ﬁa]f?fég F‘Fgll agkf‘ﬁg
t he vectors. Tdauﬁthlﬂﬁchtmé @@y r Aﬁh/t:allmlmg" exen mmmetnfrésded
(solid boxes)

t ot.oxi C. | nes . wh re
HV tat (the ex’B% f’r?rgnt &t g?"(?ﬁ“r edht é%eitoerégk?an 1 ‘]’-h:{‘/{:}’nfé&léﬁ g the
effectively mI¢eﬂcégtﬂ€ﬂ10néﬁtestedtKaeetfnguqenglnegr@aedanceﬂlstbhes

vectors tested. d i.ndi [\, 0 t b

in the pr esesﬁce (E&i\%% "‘%gt%é? a'%'%te'vag\cé[‘or%gf Sg]tﬁﬁbkﬁc%)) e¥ |on
.of human T-celltrmaeal$5 fdr thé$ﬁU¢§ﬂéﬁeﬂ§ﬂk#Q9ehheavepﬁmnﬁt|cWhus the
(through cell {:289)5 af '%@Cﬁueae o@ulé%xﬁlst!?gr@e@tro%t M@nﬂt edoyi gh

vector, then cha ed Wit Iom/nu tiplicity HV infection days.
Viral supernat P@%eskrelfi tl’ri@ﬁ UGY ROTPKACH V, HRWEWSEri bedlin -Eb@?ﬁonwhlwh

20 - :@%wescaﬁlevof:atfﬂ V(tﬁée@ﬁéﬁﬁiéﬁtaﬁxﬁ* IUhitib8 of an
condi tional | | e Ven. nor.e, ecific by

HSVTK gene was n?g Eﬁ
i ncl uding ck Yn@*"cfleé:ﬁe’iﬁ%) i RA¥the® %ﬁgéYFbY (ed ) AGH cthhelqiu is
an additi onal Htiohgertsb pvaa‘yqtng r Qeégriees opprnmalllacthyieky ¢&oseps2tested.
al.,. Proc. Natlg, Acad. i. 85:207 98 _:JMre._gen LY.
el ement s presen h?ﬁ éé‘cﬁeteen {%’ov%n ?l)r:]w %%%Cte‘gascg%ﬂ if be
regul ate mWWkllkedbnh|the gre&emmelafabCVlayd "' pSdETiceEo O vhcsorype\j
(i.e., post- transcriptigngli) .00 Ahion ifleedtNOPXPE CRGRAR T 1B DO Bes

used for event- or tissue Speci tegul ati on gene expr essi on.
I n addltlon5rnﬂATnerFE&U|@mqwexhég@ferent‘al 1nh1b1tlon (through cell

killing) of HIV infection.  Cultures were first ‘treated
with vector, then challenged with low multiplicity HIV
infection for 4 days. Viral supernatants were titred
using the HIV, as described in Section IV.

20 | .In the case of.HIV—infected cells, expressicn
of the conditionally lethal HSVTK gene was made even
mbre. HIV . specific by includihg cis-acting elements in
the transcript ("CRS/CAR"), which require an additional
HIV gene product, rev, for optimal activiﬁy (Rosen

25 et al., Proc. Natl. Acad. Sci. USA 85:2071, 1988). More.

| generally, c1s elements present in mRNAs have - been sho \"_

in some cases to _regulate ‘MRNA SuabllltV or
translatability. Sequences of this type (i.e., post-
transcriptional regulation of gene expression) may be
30 used for event- or tissue-specific regulation of vector
gene-expreésion. In addition, multimerization'of these
seqﬁences - (i.e., rev-responsive "“CRS/CAR" or tat-
responsive "TAR"'elements_for-HIV) could result in even
greéter specificity. It should be noted that this kind
35 " of conditional acéivation of -an inactive. precursor into

an active product in cells may also be achieved using



cequerces (i BEO7S P oBYorSh, SRR CRESATAENT | SF. PR, AR/oF - pape

elements for HV) could result in even greater speC|f|C|ty. It should be
noted that this kind 35 of conditional activation of an inactive precursor
into an active product in cells may al so be achi eved using 34 ot her

viral vectors with a shorter termeffect, e.g., adenovirus vectors.

Pr oducti on, concentration and st or age of vector pr epar ations IS

as previ ously described. 5 Administration is by direct in vivo

adm nistration as before or by ex corpore treatnent of PBL and/or bone

36 nmuch as sol uble CD4 has been shown to do for free virus, but w thout the
probl em of systematic clearance and possi bl e i nmunogenicity, since the

protein will remai n nenbrane bound and is structurally i denti cal

to 5 endogenous cH4 (to which the patient should be

i mmunol ogically tolerant). 2. Since the CD4/H V env conpl ex has been
inplicated as a cause of «cell death, addi ti onal expression of CD4
(in the presence of excess H V-env 10 present in H V-infected cells) |eads
to nmore rapid cell death and thus inhibits viral dissemn nation. Thi s may

be particularly applicable to nonocytes and macrophages, which act as a
reservoir for virus production as a result of their relative refractility
to H V-induced 15 cytotoxicity (which, in turn, is apparently due to the
relative lack of CD4 on their cell surfaces). (iii) Immune Down-Requl ation
Speci fic down-regul ati on of inappropriate or



20 unwanted i mune respomse, such as in chronic hepatitis or in
transplants of het er ol ogoys® ti ssue such aﬁﬁﬁone marrow, can be englneered
usi-ng anti-MHC cl ass | genes, such as i ne-suppressive viral genes.

G oup C adenoviruses Ad2 atith Ad5 possess a 19 kd“gl'ycoprotein 25 (gp 19)
encéded in the E3 region of the virus. This gp 19 nolecule binds to class
| MHC nol ecul es mpght Bs ERlophbenfP4r &isc fagn cfhewn | 8o afdd fpsvdmes virus,

termnal gl ycosybati opieRdultf af%:‘ﬂéﬂ ig¥oient! &6 lsyMdeddtiidie QldrshEbaceng
For exanpl e, prior to bone marrow 30 transplantat,ion, donor bonpe

marrow cel | s nmayPBESiRlect LANHNOFEN G tY. cRdBERNENS ePEEC I e L fctemain
which  upon exphesbiraneof bband 18ndnhi bst tWﬁﬁ&PIprrﬁféxh@ﬂch Mo

class | trans Iant tion antigens. These .donor I 1s By be tra S te
with low risk ofRGPERROSS [ CPActi 6RO artliifd) r &4% 1 PALAE Bufd' *be
innunosuppre55|vﬁmmagb&bgﬂhﬂllwetblenaptant patient. ThIS nay al Il ow an

accept abl e donor -1 eci pi ent Chl tale t [

conpl i cati ons. Simlar treat me {,Scé %heoe%l?ggﬁv bgatcoxﬁéﬁégy\g@% %?en
so-cal l ed autoi imphécatieseasas, iacl aduag diprUSEIIGr yiéarthr.i atiaslditional
mul tiple SC' egﬁ?éeséﬁ%&‘ﬁ%%dﬁﬁﬁt h &QEhE edk  HIV-env

i nfection. ession of ers ove escrib ni que 0
expr essi ng al%al prasen§ iim aHEEI'Ilnleﬁ:tteésmﬂsbk olséd@ rc@emqrgu ngpidertsll

can also be modidbsgn! arpabhbslel feiheRs Obidall BRLLLAThAEIZANC '@hgsc%ay
whi ch expresses an identify protein for exanple, a gene carrie

particular vi rusye QﬁHtH&@@ bREP&&FBELLOFOMANAFREGSH R4 nEaFﬁ'é’IPf\ﬁ?r‘%E-
Inaddition, thisiéRCchatgueagnall eeseveeiectopn wirnd r presaustitdn asasl \4

inFelinical syple)1s gb cghly caLLy,ig, AN LUsRELII, P BLel A0S IoTALS
15 cytotoxicity (which, in turn, is apparently due to the

relative lack of CD4 on their cell surfaces).

(iii) Immune Down-Requlation
Specific down-regulation of inappropriate or

20 unwanted immune response, such as in chronic hepatitis
or in ﬁransplants of heterologous tissue such as bone
marrow, can be engineered using anti-MHC class I genes,
such as immune-suppressive viral genes. Group C

- adenoviruses Ad2 and Ad5 possess a 19 kd glyéoprotein

25 (gp 19) encoded in the E3 region of the virus. This
gp 19 molecule binds to class I MHC molecules in the
endoplasmic reticulum of cells and prevents terminal

" glycosylation and translation of class I MHC to the cell
surface. For example, prior to bone marrow

30 transplantation, donor bone marrow cells may be infected
with  gp 19-encoding vector «constructs which upon
expression of the gp 19 inhibit the surface expression
of MHC class I transplantation antigens. These donor
cells may be ' transplanted with 1low 'risk of graft

35 rejection and may require a minimal immunosuppressive

- .regimen for the transplant patient. This may allow an
acceptable donor-recipient chimeric state to exist with



This nodification can- be -acconplished by providing a genome codi ng for
a product, the presence, ‘of ‘which can be readily identified (the "marker
product”), 20 and carryi ng a pronoter,3%hich responds to the presence of
the identifying protein in indicator cells, by swtching expression.’
of the reporting product -between expressi ng and nonexpressing states. Rot
exanpl e, HV, fwhex i ¢ompléchsisuis.abl 6 imidiagat breathestsnulees at used o -
rev. The i ndi r | s- hu e | W E,

by infecti an—, %a‘ﬁg ﬁL appr o ér| at%efbr e%%n%{igg%? regtlrfg?n r'us V\hl(i?'hlégc}losﬁ
for a marker gewé-um ashtmesal ket Y herpRdgHMtasemyditdple  sclerosis,

[err]-gal act ogiy %@ thhk.letllgwIéﬁrér%ﬁsaehegadlel@r YTl ctBiE. as
the 30 HV prom)ter ch control s expre55| on of the marker gene. When
-the indictor cells are exposed a clinical sarrpl e to be tested,

and the sanpl qvcont@hﬁseé-gyont be mq;i)@@tg)r cells becone infected with HV,
resulting in tat and/or .[ev express %ag i.denti % ‘g 35_p
nof ToF

therein.  The H V expr S8R oW ‘F%C He tf%%kf o&i I%x%ﬁfs%lf‘ﬁer‘?
respond to talpaarldl&ﬂweevmr oaeigwlby St rlaspgnsnprteeama)f igent<s fying

encodin err al cto | dase [ a - al.i.ne

phospha’? a[se (%ﬁﬁ&tr ?%Ei’gc? %%m%%?%r%*%g Eﬁa%: (Z)Le. deéeé %‘ﬁplt h%fczfse

of [err] igal @amda‘m gene iz Iaalq:akl th@@pms%s(p@m mgenrtefyemgs

to substrate galdoles (gl Ekadnbie 2 !T;ef]eor Lpeeqss o Cga%ea.ﬁa
tive )

sanple is pos FA ot he tase of [uci Terase, 05|n the sa
to luciferin munus)e,sulatnd nhangseanalle i AatReSEDI @ﬁ sCeddist | garpaing V

For intracel | yhal eQiyRs suchhas,d&itiofal ah 0S| dashniqide endBBds idhld §
‘can be neasured 10 directly by countlng colored Qr fluoresgent cells, O

by meking cel Be&aGHR AAd Vit dsATi AFUG s AT BBt ) adBap clinical sample

15 of cells carrylng an identifying protein associated with
the virus. - ' _
This modification can be’ accomplished"by
_providing a genome coding for a product, the presence of
'which ‘can be readily identified (the "marker product"),
20 and carrying a promoter, which responds to the presence
of the identifying protein in indicator cells, by
switching .expression of the reporting product between
expressing and nonexpressing states. For example, HIV,
when it infects suitable indicator cells,'makeé tat and

18]
[#)]

rev. The indicator cells can thus be provided with a
genome (such as by infection’ with- an -appropriate’
recombinant retrovirus) which codes for a marker gene,
such as the alkaline phosphatase gene, f-galactosidase
gene or the luciferase gene, and a promoter, such as the
30 HIV promoter, which controls expression of the marker
gene. When the indicator cells are exposed to a
clinical sample to be tested, and the sample contains
HIV, the indicator cells become infected with HIV,
resulting in tat and/or rev expression (an identifying
35 protein) therein. - The HIV=expression'¢ontrols in the
indicator cells would then respond':to-'tat and/or rev

proteins by switching expression of genes -encoding J3-



For secreted enzynmes, such')as an engi neered form.of alkaline phosphat ase,
smal | sanpl es:« of culture super.nat ant are assayed for

activity, al lowing 15 continuous noni3dring of , a single culture over
tinme. Thus, different forms df this marker system©can be used for different

Magses. Th | ud t I
Teasur i ng viral SSBASRETRAETUl ¢ (TACSRABRE A nnH | GAKR I & ERPERRY SR
various drugs. Fmatiker specdictisiy £aombeamwol bpr #ofd!'i mto Pbe pr ecedi ngpe
system by (et iRt e Presanae flsidbeul rusrel (Aekatiihl O kBB ace,
exa

neutralizing anti bodi eS “t o n-one Pi'8R¥Fo
clinical 25 sa#ﬁmsbamgthestcaﬂlmem aﬂillllzstigaé‘—mt |mlegue6 He‘ﬁurim,s ben a

present ; whegeaéouerarw} h%&u@éé@@n&@”&%‘hfi@ e NSd mﬁ’%' zwggcsmve

ant i bodi es. tests were negative | ere here™ wer
anti bodi es andf°5'o§|ItV| ve Tnekbet gase vof elﬁé’lzf@tralﬁﬂil @qusmrsgwéhedsamlﬁ

in 30 Cmﬁ'rn1ﬁ8tﬂﬁtiﬁé@fﬂc%fﬂlFﬁ¥sdﬂﬂhiﬁ Eﬂhfﬁﬁ&é&ﬁ@é 3¥staie f Qb e
in vitro assay, .,the presence of a particul ar, gene, such as a viral geng,

may be determ néd BPsAtdNe §aRpHIV- | nFOR sintxacelhBlag [@nzymesSuGhpRs

are infected w BthISCQOSS.Wats%bJ e trxfarovuwl vegtee WheER wrlﬁéahtﬁ'ed
reporter ge I i,nked Xpression ?%ls of ..the viru ifterest
2%

e
The reporte geﬂéreﬁthr éﬁt%??ﬂglnghé: or f4duporqscenty pPEsHY
its reporting mpkadgctceldudnxtescEsr rz}ngalpﬁtﬁendaag r suhu:abfle;r asexay.

only T ihe hest cell-gxmressgs e abwanr e Wi aboprotelng Hsse or

assays are noreé Sens rter gefie can
express a greatell’aﬁrmunt ofph%matngeprodmalhan sdmptlle‘syl npefgentulture

present, which cgsubhacaRedn agpLi fi cAdRR&f f eghy EXYPU & G feSCribe8uying
15 continuous monitoring of a single culture over time.
Thus, different forms of this marker system can be used
for different purgoses. These include counting active
virus or sensitively and simply measuring viral spread
in a culture anéd the inhibition of this spread by
20 various drugs.

. Further specificity can be incorporated into
-the preceding system by testing for the presence of the
virus either with or without neutralizing antibodies to
that virus. For example, in one portion of the clinical
' 25 sample being tested, neutralizing antibodies to HIV may
N be present; whereas in another portion there would be no
neutralizing antikodies. If the tests were negative in
the system where there were antibodies and positive
where there were no antibodies, this would assist in

30 confirming the presence of HIV.
Within. an anélogous system for an in vitro
assay, the presence of a particular gene, such as a
viral gene, may be determined in a cell sample. In this
case,  the cells of the sample are infected with a

(%)
wu

. suitable retroviral vector which carries the reporter
-gene linked to the expression controls of the virus of

interest. The rerorter gene, after entering- the sémple



a representative techni,gué for detecting a gene which expresses an :

I denti fyi ng proI ein. 10 BXAWPLE 6 HrV- SpeleI_C Mar ker Svstem or Assay A
Constructs Reporter constructs under the S€ontrol of the 15 HV expression .
system are shown in Fi gure 12 (a reconbinant retroviral vector) -

and in Figure (a_ si |lasm d used b nsf ection ec

of these prefer?@ii\?et:t &1% f%’gﬁFa ré Srté‘%'spc{ﬁe Jé"%er?ﬁ%%ucé% fBFPE&B a?o
The retroviral ,B)aqkmaneamsiectsm vaad flneom fidiea s@nstoncy  plAFVXMe Khiosger cell 1
al . Cell 38:3 C Il,ﬁﬁgg Xho | and Cal.
[err]' was obt ai %gﬁ %’%%Ar%) 'Xﬁ‘é 4 ﬁ?gpgﬁgﬁeeo nahen, Hunpubl ) by isolation
of the-1.8 kb Ca | fragmémeSQS assays are Ther gl \/rEFFRdvva%nﬁisosanadtagea_
0. 7 kb Hnd Il g Clafted4\r ya | eof
' 229: 69, 19%5) éli’[ﬂ:@ | FepBrlat e EaRClak Liafmadg%sger[ S ‘?‘3% ot
(Cepko, pers. reﬁﬁmt)anasPﬁOPPﬁ& than s#rﬁerltflrfé{glr%tagen Pa@santy, f $hACHf

human pl acent al régﬁqlc'sneir{ioanpaa?m%wm orpdused ByamHied BICHLO8r Phesa
uni versal term nator sequence ter am no-acid 489 of the cell surface

formof alkalind pPrRRPAABASALIVS BESBPLER® bY°Ber Fe‘éFlag 2 Ggf@esewhich
1988). The secegpedstldaaldameiponspligiage pg@we s isolated as a 1.8 kb

Hnd Il tgq 35 Kpn | fragnent. The CRS-CAR sequences fromH YV env were
obt ai ned b“;P isolating-the 2.1 kb Kpn.l to Ban H fragnent from

HTLVI |1 B/ BH OR3  (Fisher et al . SCI encEXAMPAE. &33 655 1986) Thi s
fragnment was inserted into 3y ' = _ B3 Kpn |

puUC31. is pUC19(Yan|sch- . CGEME 33, 103, 1985) W th
extra A.  Constructs S : U

Reporter constructs: under the control of the'
15 HIV exnress:.on system are shown in Figure 12 (a
recomb_:.na-nt r_etroviral vector) and in Figure 13 (a
simple plasmid used by transfection‘.).._- The pieces of
these preferred vector and plasmid reporters werse
derived as follows: N |
- 20 ) The retroviral backbone was derived from the
-construct pAFVXHM (Krieger et él., Cell 38:384, 1984),
which had been linearized using Xho I and Cla I. SV,neo
was obtained from the plasmid pKoneo (Hanahen, unpubl.)
by isolation of the 1.8 kb Cla I fragment. '
~ The HIV LTR was isolated as a 0.7 kb Hind III
‘fragment from the plasmid pClS5CAT (Arya et al., Scienéeu
229:69, 1985). Beta-gal was o_bta_ined-' from the plasmid
pSP65 p-gal  (Cepko, pers. comm.) as a Hind III-Sma I

8]
n

fragmeht. A secreted form of human placental alkaline

30° phosphatase was produced by introduction of .a universal
terminator sequence after amino-acid 489 of the cell

. .surface -'form' of alkaline phosphatase (as described by
Berger et al'.;'-G_e;r_@ 66:1, 1988). The secreted alkaline
phosphatase gene was isolated as a 1.8 kb Hind I.II to

. 35 Kpn I fragment. 'fhe CRS—~CAR .sequences from HIV env were
obtained ‘by . isolating _-th_e_- 2.1 kKb Kpn I to Bam Hl
fragment' from HTLVIIIB/BH1OR3 (Fisher et al., Science



Xho I, B-gl Il, Bssh i1 and Nco | sites between the 5 Eco Rl and Kpn |
sites of puUCl 9. The BamHl site of .the regglting construct was converted
toa Nco | site to allow resection of the CRS-CAR sequences by Nco |
di g@tlon The SV40 t intion was obtained frompSVOL (de Wt et al., Ml.
Cel Biol. 7:72p. 7) 10 k . m e

| ndi cator Cell sga?nd&]%gf rol\?}l%r al Veg%o)?ss Eﬁ?&ﬁ-ér{%é’wﬁ IH.L:J{ aggtoufulc
and monocyte (GU33rieef | ibes Bae Bbt ai e f r SBOATCC, PHﬁ8115 ismi MUG

in  RPML 1640 yaﬁeﬂéampewap.l egenhad ,. wehd 193ietal boyspe ﬁﬁt‘il&lmé}&(&-al%
pemmllm/str\g cin, Ee nonr et r ovi r al vectors w&re | ntroduced into
athe

cell lines by apoPaditont Lisi RpSh Bild- RABAGHIRS PdI sBiteFhPeereen; fde
were sel ect ed lﬂc&mﬂSaﬁa KphTD) 0ced 06f2p8cumeks T obdn| msts&l&kaeo@éﬂtfé?
cell lines, and th]gn dilution_ cloped to aobtain cI na% ceII |n§s The ptAF
vectors were t raneteetdd i ?Fs?ﬁ‘éc AMFS SRR &8 I%"ﬁ Site to
cal ci um phosphﬁltbovprezepet:au@n (WDl etheet GﬂS-CAICeIéed:ﬁeﬂ&és Ib979)N.co I
T eyt 2 col | IESOFLCATY  BARLIGyEG LS HEIS, CRoubbLudhed MLf LAY

nnnocyte ceII Of 24 hours Tn the presence 5F I'éne,
which the sus(Edien @'elaé-,vveﬂe_r_eﬁMd_a.n.m_ect_edzm Glee¥ Janchs a

subcl oned 3% ata)vaet@ONcgl Fstés?%\hr %ﬁ?,}&a&ggh glines were infected with HV

(HTLV 11 p) ~ and medi a (al kal i ne phosphat ase)

assayed on a daily basis: for days post-infection. 25 - _

[err]-Gal act osiglase ﬂséﬁaatai-e@hqqs Feue |I$etﬁ@UiQaD3Veé§§%3éed by either:

(i) I'n situ histochemcal_stainin S. descrl 'g cG egor_et al
EM and Sup T1) and

Sogefic Cell and Mol. GenBPPEE 1 sl odir?,

monocyte (U-937) cell lines were obtained from ATCC, and

’_l

5 maintained in RPM1 1640 medium supplemented with

10% fetal bovine serum and 1% penicillin/streptomycin.
The nonretroviral vectors were introduced into
cell 1lines by electroporation using a Bio-Rad Gene
Pulser. The cell lines were selected in G-418 (1 mg/ml)
20 for 2-3 weeks to obtain stable G-418p cell lines, and

then dilution cloned to obtain clonal cell lines.

The pAF vectors were transfected into the
PA317 packaging cell 1line as a calcium phosphate
precipitate (Wigler et al., Cell 16:777, 1979). The
_ 25 wvirus-producing PA217 cells were co-cultivated with
\_/ human mcnocvte cell lines for 24 hours in the presence
of polybrene, after which the suspension cells were

removed and selected in G-418 and subcloned as above.

30 .  Assav
Stable cell lines were infected with HIV
(HTLV IIIg) and the cells (8-gal) or media (alkaline
phosphatase) assayed on a daily basié for 6 days
post-infection. '

~8-cGalactosidase Assav

%)
-

Infected. cells could be assayed by either:

)-I

(i) In situ  histochemical staining as - described by



or (ii) by using cell extracts in-a solution enzymatic assay with ONPG as a -
substrate (Norton and Cof.{f "in, Ml.. Cel. Biol. 5:281, 1985). Sol uble

Al kal i ne Phosphat ase Assay Medi um was renoved frominfected cells, :

m crofuged for 10 seconds, and then heated to [err] for 10 m nutes to ~ .
destroy endogenous phosphat ases. The nmedidum was t hen ni crof uged for 2 W/
m nutes and an al i quot &1130 50 err] of buffer (1 Mdiethanol am ne, pH 9. 8;
0.5 Mn [ Ma¢GIegRN ethadnabome R a4 enetios [13r3253 .of1913270 HY

p- ni trophenyl phosphate  (in buffers) was added The A405 of the reaction

m xture @5 fbhilt edliﬂsng]gce%laa%ﬁ&ﬁt@ Piatde §ebeion. Fegametu AFE a5

depict typical results of tinme course of ‘infecti of Su el s using-
the al kaIﬁ‘F')hEhp%‘g AR %@éﬁ?’f?‘ﬁet {Hog el fd (ﬁ°€‘pa’r r%—iee@@i—r—ébﬁ’é% of
antiviral dé g 'gf} " +" and "-" ‘on day 6 indi cate the presence of

absence o?- g Cylllgg A nunber of other techni ques (described bel ow) can be

used with th%oﬁﬁﬁ%\“ aVasd ObhSy¥shEPEs gygd above, so as to enhance
their perform&%‘%#r—%ew%res may be ‘used wi th other
gene-del i ver yeaY it Was We:ﬁ’é@&égfﬁﬁmogh&e%éaﬁdé’ﬂs-r h':ﬁ:.d:fo?ﬁé@é £l Ryt
upon the discovery of the mmjor causes of |ow reconbi nant viras titres from

packagi Nngs&8bhds , aghdf theahMdiasd t @oCHIECiEd05e ainstes £8Sdedtroy at
| east five factors may be postul ated as causes for |ow reconbi nant virdus
titres: enddgénoust lphddphdtatbeyai | Thel mediain wasal tipae kajcrgfpygeteifor 2.

the limted availability of retroviral vector RNA.genones; 3. the limted
avai | abi | 2t ymdhudels nemdraan f alilgpdi ng( bd-50e pécowdfi namfferr oyilr udes;
4, the limted intrinsic packagi ng efficiency of the U

dlethanolamlne,_pH 9.8; 0.5 Mnm MgClz, 10 mM L-homoarginine) was
added and then 20 pl of 120 mM p-nitrophenylphosphate (in
‘buffers) was adde'd_.. ~ The A,s of the reaction mixture was
monitored using arl automatic plate reader. |

Figur;es 14 and 15 depict typical results of a time course
of infection of Sﬁp Tl cells using the alkaline phosphatase
assay in the -presence of varying c.cl).ncentrations of antiviral
‘drugs. The "+ and "-" on day 6 indicate the presence of
absence of syncyt:.a |

A number of other techm.ques (descr:r.bed below) can be used_ u
with the -retrovz.ra.l vector systems employed above, so _a_s to
enhance their performance. Alternatively, these techniques may
be used with other gene-delivery systems.
V. Packaging Cell Selection

'This is based, ‘in part, upon the discove_ry of the major
causes of low recombinant virus titres from__packa_.ging cells,
and olf techniques to corfect those causes. Basically, at least -
five factors may be postulated as causes for low recombinant

virus titres:



retroviral vector genone;s and 5. -the density of the receptor specific for
t he envel ope of a given retrovirus. As noted above, the limted

avai lability of viral packaging proteins is the initial limting factor in
reconbi nant retrovirus production from packagi ng cefds. Wien the |evel of
packagi ng protein in the packaging cells4@s increased, titre increases to
about 105 infectious units/mllilitre, follow ng which increasing packagi ng
protein level has not further effect on titres. However, titres can be
further augme al.so increasing the level of retroviral vector genone

| ted b | the f .
avai | abl e forEpackééFh&?mﬂﬁﬁﬂ aya 1w e€reirali packagingnprgsains;o
sel ect producgr cells that . .manufacture the maxi pum |l evel s of packagin
proteins and ?ét ro#‘feal %E'H‘SB g%ﬁ%ﬁigplif'txafggé??‘iﬁ%‘&%* ed’qmrtﬁWA
nmet hods of éﬁ%ﬁ%&tying and thus sel ecting, packaging cells and producer
cells, destriBed &arlier under the section entitled "Background of the

| nvention"” tegd to aq | s of , sany_producer cells i ch, produce
low titres fo?'t hetbgag&#g%?s%ﬁ%%low of %%f# HEEMBFa8e, orn;gflggd.ng
takes ad téﬁ§a eyl 'ﬁﬁgvantageous fact that the protein
expressio*ﬁ?eve %%cghggﬁgﬂﬁo§ﬁ§#%§§h1 rorhthe 5 LTR or other pronoter,

The | hterveni o geam oy SLESAT AL R Dackag i, WhESidnel B e’

gene is plmastbeDrast veatok genem@enand the packagi ng genone or the gene
of interest carried by the vector construct, but is still transcribed under

the control os.thethérdbnéiﬂyTBﬁmtuﬂlﬁﬁbdyﬂvﬁﬂéﬁeﬁiif@Ufgﬁnihépéh@élggﬁor
oriysplice acceptor sites. This acconplishes two things. First, since the
packagi ng ofereeggiovenyenetrofirus. :

As noted above, the limited availability of viral packaging
proteins 1is the initial. limiting factor in recombinant
retrovirus production from packaging cells. When the level of

- packaging protein in the packaging cells is increased, titre
increases to about 10° infectious uhits/millilitre, following
.which increasing packaging protein level has not further effect
on titres. However, titres can be further augmented by also
increasing the level of retroviral vector genome availaﬁle for

. packaging. ' Thus, as described herein, it is advantageous to
select producer cells that manufacture the maximum levels of

- packaging proteins and retroviral vector genomes. It has been
discovered that the methods of identifying and thus selecting,
packaging cells and producer cells, described earlier under the
section entitled "Background of the Invention" tend to lead to

selection of many producer_cells'which produce low titres for

the reasons described below.



44 interest are now upstreamithino intervening gene between thensel ves
and the pronoter, their cgdrrespondi ng 'proteins (packagi ng protein or
protein of interest) will be expressed at a higher level (5- to 20-fold)
than the 5 selectable protein. Second, the selectable protein will be =
expressed on average at a lower level, 48th the distribution of |evel of
expression shifting toward | ower |evels. In the case of the phleor
protein, this shift in distribution is illustrated by the broken curve 10
indicated in Figure 16. However, the selection |level for resistance to
phl eonyci h e presfentsamsthed t Heakes | yadvantage emff exgphes previcusly
survive. The | evel s of the packaging protein or of the protein of

i nt er est dispAventagenusr pctt ithad , thal progein expressioni dpveli DL |avel
of selectable protein corresponds to a nuch higher |evel of packaging
prot ei n GENEr formstgream el they &f oFABI Pr ot Progiatfy nnd pFpreadr e
is perforped using-a plaspmid carrying one of,the proviral _gag/pol or. env
packagi nPEEREZOM KRR LRERIFEILND FORRY Lt ABPESEERL 1ol AbkPRS) FAaR! o

t hen screen far the cells producing the highest |eyels of. proteip-b
Foacts onthi ERe intAResiiad BERE Yete @i Theer oty BS) Boledy siefnd.

fl uoresc f4.0Q n e n Ll yor nge- IV

cel | sohpe Ul 6 gshd il S B FEe dosrraai” B "4 gRAH e

| evel s ' fi%? j

r epeat egségf‘ﬁgl?&%gggns?ﬁfﬁﬁ cequésr?e aon%ni%h% ot 'e;&gﬁ t ei'ig;j%g; polrkg%éégﬁv
packagi ngof@Retict, IBut s 8t2R1 traaffHibat! @cdab! enacedntdY Senghbrom
the first) would 40  be requi red downstream from the packagi ng gene and the;
cel I's progdwailng 1 heTRakgesétAgRUBradotdie weenodtyianyt $poieen anicreted.
The procedure and screening are then repeated using the surviving cells,
with a pbpitice aaceptuy tdietes ovi Thisvactompddshiesutwdadrings & heF jese, 35
of interest and a third selectable gene, different fromthe first or second
sel ect abbéngen¢he packagingl genés or genes of. '

°



this procedure, cell:s pteducing high titres of t he 45 desired

reconbi nant retrovirus wll be selected, 'and these can be cultured as
required to supply recombinant retrovi r dd In addition, gag and

- pol " can be independently introduced and selected for. 5

Exa’ma‘re 7 descri, bes the construction of gag/pol and env plasmds
designed to udBteuRste pRBEEedDPFs. UPSANFREM 7 With no intermeadirigls gene

Desi gned to Makpeh eveb "Ia%ckﬁgan r | £)
kb ?(ba I fragn‘gn?@%rom lIi’%%\fl\l/l | 1 er g;[ugalﬁ:tr%rﬂ?ﬁ:éf %?f‘ cgbrresy&g’déég
1985), whi ch cBRPEsiNg hépgﬁﬁﬁ& iRTRFS1BcgReMOtAiN PHnintrRess) puds

at the Xba | sibe, éﬁmésgavad: vathi hléd: |lévéiﬁd(§ﬂﬁtb zo-'rftbﬁﬂrwgﬁmtne

was cl oned i to t t.or pRSVY neo :
2:1044, 1982; §8_Fﬁ’ ks §F°te&n°|vb| $ éﬁeFelf%%blelaaefeéa wWiililh
H nd 111 and Pvhbel | experegises pRSY emeragé\ Gty kb Z.Q:wd?tamlldveIio vﬁaﬂﬁ lthe

fragnent from | sant et al
Genet. 14: 243, i%%&rﬁlﬁﬁ}rﬂe ﬁst EQfZ'Vg nd ¥ | Ieé?ﬁ'?%’a‘??l e§hi‘gglﬁﬁl eg::ward
resi stance codi hgweaqukerels.Theln. 2heh GaseHbft d:ﬁélophl‘ébé'grpafrbtelﬁhethls

cont | guous 1 6akBeXNad 40s¥BaschXln 4551 ihedatll Hom i and,Lhe

phl eo fragrrent wer e gated to env- _
the Pst | 1Qj tbn‘i&f:arﬁ%i edni d%l%geofIMY (We‘fem)r ﬁhe us&d.edﬁ]lon | Level

1985, Col d Spr Eog ﬂ@éi@ﬁ%ncbo té hEh.S.;%zdyc?a.ﬁ ere &1n§87t91e V‘@%m%, Y %ﬁgt
from pMV-K ( Mllf et al 19 ﬁg one Ps
Bam H1 (Bam $RLYf |qt}%dt%‘q’7'ddg Weﬁ%ﬂ%4§%&1{5\](ﬁql§i’3€{eal Thr o_l;evels

Natl: Acad. SciofUShe30pdékagli®ip)ptbtbinasod herSWHR PELERLEH, dCinterest

will still be proportional, only in this case, a higher

15 level of selectable protein corresponds to a much ‘higher
level of packaging protein or protein of interest.

Preferably, the foregoing procedure is

performed using-a plasmid carrying one of the proviral

gag/pol or env packaging genes, along with a first

20 selec_table' gene. These cells are then screened for the

cells producing the highest 1levels of protein by

réaction with an antibody against env (or possibly

gag/pol), a second fluorescent antibody, and then sorted

on a fluoreécence-activated cell sorter (FACS) .

25 Alternatively, other tests for protein 1level may be

used. Subsequently, the procedure and screening are

repeated using those selected cells, and the other of

the gag/pol or env packaging gehes. In this step, a

second selectable gene (differernt from the first) would

30 be required downstream from the packaging gene and the

cells producing the largest amount of the second viral

protein selected. The procedure and screening are then

repeated using the surviving cells, with a plasmid

carrying the proviral vector construct bearing the gene

35 of interest and a third selectable gene, different from

the first or second selectable gene. As a result of

this procedure, cells producing high titres of the



pBR322 ampicillin riesigtance and origin of replication 35 and the SV40
poly A site. This'gives .pSvVgp. :pSVgpDHER was nade using the follow ng
fragment s: the 3.6 kb Hind Ill to Sal | fragnent from pSvVgp cont ai ni.ng

t he 46 SV40 pronoter plus MY gag and sonme pol sequences; the 2.1 kb Sal="
| to Sca | fragnent frompMV-K with the rest of the pol. gene, the 3.2 kb\/#
Xba 1" (Xba | fAesddead)) nereakinantagresroMicgiHraea i be t FelBgrRyenand
plus poly A5 rpile PBR32E WiDtdraqd fal fe%beraap!t@ua;sbr Sk-elaRea rgsie;
the 0.7 kb Pst | to Hnd Il fragnent from pBR322 with the other half of
the anpicil | i NFRESIOMIFRS: gene. Ihi sagfidst PovgpIBEFR andp| |PPhesefan  be
constructs areiga@%ﬂd}aﬂw-rgnirodﬁw Phassellectad Bertransfected into
3T3 10 cells or other cells apd:high I vechs of gag tﬂgﬁl].-or env_obt ai ned.
An-  additional nethod ~ for _xas.‘é’g i SAPRGTEBPRCtY M COSFRRE 1P eRF
sel ection in ogagyewld aatd t Ssenant i pkasmidisn adesbgagdenttorowrxk thle®e -
exanple, 15 gadgl oI(_1 ma%/ be introduced into an HPRT-deficient cell with the
HPRT gene and ggf’%@té}f B the presence of this gene wusing that nedia
which requires HPRT for the salvage of purines. |n the next round, the
antisense to HPRT could be delivered do %%_—;o env and the cell 20
selected in 6 thioguanine for the ~ = ci ent phenotype. Lar ge
amount s ofl@nti sense HPREIRS peDesignesy to Make dixah Lewelsnactivate

the HPRT gene transcript Sf&@%@’ﬁ%ﬂ'r_@ . gggghgn (Qci&r_eeeb.)_ZS
Envel ope Substitutions The abil 1Ty To express, gagpol and env function
separately allows for mantpul af8n ot-THe8e RHfcth onErAAREPENISEPT. RPAH |

line that expremseseaplee amunt o, gamwial . caidle. used3if,or 198a0p! ewhti@h-u '

T i on —of .titre wi.th regar nv. f r | ti
?gd ess quest 8o%tg%n§)_éhé (%mpﬁotrgggcd ggve.segmegg?- 3220 c&%%%dt q

15 pbcCcls at the Xba I site, then removed with Hind III and

Sma I. This fragment was cloned into the vector pRSV
neo (Gorman. et al., Mol._ Céll: _Biql. 2:1044, 1982;
Southern et al., J. Mol. Appl. Genet. 1:327, 1982) cut
with'Hind III and Pvu II, to give pRSV env. A 0.7 kb
20 Bam H1 to BstE II fragment from the plasmid pUTS07
(Mulsant et al., Somat. Cell. Mol. Genet. 14:243, 1988)
with the BstE II end filled in cé_rries the phleo
resistance coding sequence. The 4.2 kb Bam H1 to Xho I
fragment, the contiguous 1.6 kb Xho I to Xba I (Xba I
filled in) from RSVenv, and the phleo fragment were

()

w

ligated to give pRSVenv-phleo. "

_ 2. A fragment from the Pst I site at
nucleotide 563 of MLY (RNA Tumor Virusés, Vol. II, 1985,
Cold Spring Harbor) to the Sca I site at 5870 was

30 derived from pMLV-K (Miller et al., 1985, op. cit.) and
cloned in the Pst I to Bam Hl (Bam Hl filled-in)
fragment -from p4aA8 (Jolly et al., Proc. Natl. Acad.
Sci. USA '80:477, 1983) that has the SV40 promoter, the
PBR322 ampicillin resistance and origin of replication .
and the SV40 poly A site. This gives pSVgp. pSVngHFR
was made using the following fragments: .the 3.6 kb

W
wn

" Hind III to Sal I fragment from pSVgp containing the



lowtitres is the den5|ty of approprlate receptor nol ecul es on the target
cell or tissue. G'ven that env expressi‘ag is from a separate wunit, a
variety of envelope genes.. (requiring different receptor proteins), 35
such as xenotropic, pol ytrop| c, or anphotropic envs froma variety of
Soneres. can be i efrbaoHONBThe! MiPSoRl ARPOLLILC pdif! SELLHERS che
Furtherm)re nve om: nonhuPiAe S TEtTOVI TGS ~ SOURCEs

used for pseud@t ylpllﬁg §a\le(¥t 0‘-'r° Scanladypgment Hxam e eKopdsh etéfle res..

descri bed bel OW)otcaE‘th eﬁet h'@hé¥§t emias ¥ehl 1 YKuatid Of:‘ﬂ'I%dUJ.QB'
(and effectivel 343 I ncrease t| res of a retroviral vector Conversely
a cell Line thatPsspk eSEaIMEAR %E?ﬁbuﬂ?éoef witd khe SER o‘i)%nﬁeﬁé“(%ri’%b‘r’ A

enpl oyed to addrsgsfe JUBBIRIPIS Bk iliily caNdt haleUatet QngAG AN HOlresit Mce
Al ternative Vi raI Vect or Packagi hg_Techni %Jeé}?%offigdl fional alternative

systems can be F&RE o PRodurck KRCEM fark s &L AANGRT n§TOMe RRRA A
construct. FEaclviash tbRee syiséemhdiakesfadiant agpiolllha resisthate idune.

i nsect virus acul gvi rus nd 15 lian viru vacci ni a and
adenovi r us, ha&g'lbseeﬂlgagpt%ﬁggpéggﬁg‘y té%eﬁ%r 58“3%’5 &S ofL§nyphown
gi ven prot ein flor Figuré 7the These phasmlﬁsen:ancIhmetd:ansfiotedxalm:lce 3T3
see Smth et Aal 1 1 | t

Enzvnol ogy,&o ge&%g feb%he@ %lgﬁ %K}gns n ﬁ%&&*g ?P (,g #\gﬁ I&r env
Acad. Sci. UsAbgzirgsdh, 1985). These viral _vect ors can be used to

produce proteins in UisShg Cuddi@ioRgl!s nBinobnserddion  8EcARRAARN He

genes into the viral vector and, hence, 25 could be adapted to nma
r troviral vect 5PLeFRIRNedsS ABENAAS US F&NSr SCAPELAORI iy PNEm FeBNgar2nd

eplicating viryges amtisende dehechi veubskglentcapolifid. For example,

15 gag/pocl may be introduced into an HPRT-deficient cell

with the HPRT gene and selected for the presence of this

gene using that media which requires HPRT for the

salvage of purines. In the next round, the antisense to

HPRT could be delivered downstream to env and the cell

20 selected in 6 thioguanine for the HPRT-deficient

phenotype. Large amounts of antisense HPRT would be

‘required in order to .. inactivate the HPRT gene
transcripts, assuming no reversion occurred.

’ 25 Envelope Substitutions _ _

\/ The ability to express gagpol and env function
separately allows for manipulation of these functions
independently. A cell line that expresses ample amounts

- of gagpol can be used, for example, to address questions
30 of titre with regard to env. One factor resulting in
low titres 1is the. density of appropriate receptor
molecules on the target cell or tissue. Given that env
expression 1is. from a separate wunit, a  variety of
~envelope genes (requiring different receptor proteins),
35 such as xenotropic, polytropic, or amphotropic envs from
a variety of sources, can be tested for highest titres
~‘on a specific target. tissue. - Furthermore, envelopes



inserted into vectdrs and used ‘to0,5express proteins in nannallan cells
either by in vitro:construction (Ballay g_? et al. EMBO J. 4:3861, 1985)
or by reconbination in cells (Thunrel J. Mol . Appl-. Genetics .
1: 435, 1982). One preferred nethod is to construct pl asm ds using ‘'t he ay
adenovirus Major Late Pronpter (MP) driving: 35 (1) gag/pol, (2) envu
(3) a nodifiederath ahonteetiove carstroeirus  sbumoes f i ean vbeal usedct dior
construct is possible because the U3 regign |

cont ai ns the vﬁsoﬁ’“‘g EYBEDEr oTrot 'S T Tan bekgep aceggg Hﬁrlb%r?g{%eﬁlogé
sequences (see(asfd@esexibede beldw) nean N@clus%l% is sgsysmsas wrgg.,
This portion w e n ags_ggéptﬁa-g

the 5 U3 from‘t%egglﬁ'ﬁgRﬁ%esﬁ%Bgllasglpn sﬂga%ﬁeeét@l\égéﬁgeih &)
adenovi rus genassai ncetrevigBal Ie§ceoral . , Copvessedy, afd Cter%ése ine that
. transfected in 8&%&% %%ﬂl%@ﬁhtsl g émlgtt%rxacamape FeRepicareiny ,

for which the a ovira vectors are defectlv | el d pure stogks_ of
gag, pol, env %mﬂlOYfﬁét i Példretﬁeﬁ:tﬂt"es&iﬂqsedo Y)Ja?% Iwﬂ't% ra‘étsgt.%
adenovi rus vectég% an§' g .the titres of such vectors are typically [err]

t hese stocks canh be used to infect tissue culture cells simltaneously at
15 high multiplicity. The cells wll then be programred to produce
retroviral 3grofej nsaleegnatdieOWirdl Ve e

Si nce the adenovirus vectqrs ar e ve, | By ct
lysis will occur and ret rg‘r\‘?'lor aﬁf ‘%—C %ﬁ%icg%t%%dt%g‘ges?ggggég?n% Ej‘t he% ce
supernatants. |#o aprekieelateconbisaen (MELAVisusese T3 XFYirxt FheelVantay,

;tge Iﬁlel owi ng ¢ o5RpeLe .ar eEé’ét?dof1thesgag§pa°&em§néakﬁgvaﬁbﬁh%'a&% dﬁicﬁueu

fact. that t_:he insect wvirus, baculov:Lrus, and the

15 max.nmali.a'n:'\.rirus'es, vaccinia and adenov1rus, have been
adapted recently to make large am'ou.nts' of any given
proteih 'for which the gene has been cloned. For
exanple, see Smith et al. '(Mdl. cell. Biol. 3:12, 1983);
Piccini et al. (Meth. Enzvmology, 153:545, 1987); and

>0 Mansour et al. (Proc. Natl. Acad. Sci. 'USA 82:1359,
1985). . S

These Vifall vectors can be used to produce
'protei'ns ~in tissue culture cells by '1nsez_'t10n of
approprlate genes into the viral vector and, hence,

25 could be adapted to make retroviral vector particles. ),
Adenov1rus vectors are der:tved from nuclear
replicating viruses and can be defectlve. _Genes can be
inserted 1nto vectors and used to express 'pr'oteins in
_ mamnallan cells either by 'in vitro construction (Ballay
50 et al., EMBO J. 4:3861, 1985) or by recombination in
cells (Thummel et al., J. Mol. Appl. 'Geriet;ics 1:435,

1982). o

One preferred method is to construct plasmids

_u51ng the adenovirus Major Late Promoter (MLP) driving:

35 (1) gag/pol, (2) env, (3) a modlfled viral vector
‘construct. A modified viral vector ‘construct is
possible because the U3 regioh ‘of the 5’ LTR, which



bacul ovi rus systen1in'a s{'m | ar ‘manner as described in 25 Smth et al.
(supra) (or in other protein production systens, such as yeast or E
coli?y; 2 viral vector RNA nade in the known T7 or SP6 or other in vitro
RNA—gE;prating system (see, for exanple Fl amant and..Sorge, J. V'roI

62:1 , 1988); 30 2) r d
fromyeast or nanﬁﬁptaﬁn5|§gﬁa &mﬁﬁﬁe % HﬁﬁFongfeﬁbsonéE b? %ﬁiééé& by
enbedded env protbemr) pndnater'cquu&naesct(seer fouor id¥anplenecdsstngn,

35 PO Rucy s Wi ad IRAELT £8) o3as] Y PIgE) Y ) Y, 130 PoHEoeld L) tBe

provi de env proc neéessar uncti ons.
49 - - Wthin thlseppagedd@rfé:ez( 19ne gppndamf ¥eyense ﬁrﬁ%s:rmseghbya the

env protein, . cebb fggﬁr%g% HPNgp@re- liposone mix (lipidin a suitable
solvent) added may, however, be necessary to earlier enbed the env 5

protein in the Ilposones prm&e%%)aﬁhﬁﬁﬁl?ﬁe|§§ﬂﬂt?¢@ﬁl|Bﬁsoﬁ§qgﬂmﬁﬂedmake
env to the m Xtursdeﬁo(:i}us (genoned (Sn- v1troTh€Bama<y le‘i: aleatw?l (€ifl.),

by sonication, naerat ure nani pug atio %Vg%arq/ lng

encapsi dat i on of #RE HhESHt TFAnaTenhe cPé% h 9% Hlne
GEV protein in a.manmﬁg 3&@ﬂfﬁ1ﬁ&stﬂak patotd imppsofer Qni&hSmWEIEHEnoﬁlral
phar maceuti c escri -Fogerjte et al. Anal .

B ochem 145. 30, 1e3EptE° e derefiivPe 59 JASINPHIREREST GF igag Pol.
titres of replieavi orand ncarpieteniradlecovectent I18arriedovisepasately in

Wi t hout Contan1€§£%8@1vémééhnégﬁpg e@é§é§%£OV|gq§§§;§|C ﬁ;tres of such

replication- conpelent retroviTuses. - {7 oviruses -
Hykri;d Envel ope"vehtorsheste typlicalknngdé ’ ~1dp |rrr34.cut9eseofstoqkaocan be

retrovirus is detggmingdipfacdaklisdde EBRtBY c8ED8 simultaneously at

15 high multiplicity. The cells will then be programmed to

produce retroviral proteins and retroviral vector

genomes at high levels. Since the adenovirus vectors

are defective, no large amounts of direct cell 1lysis

_ will occur and retroviral vectors can be harvested fron

20 the cell supernatants. '

| In an alternative system (which is more truly
extracellular), the following components are used:

1. gag/pol and env proteins made in the

baculovirus system in a similar manner as described in

[}V ]
(@)

Smith et al. (supra) (or in other protein production

systems, such as yeast or E. coli):

2. viral vector RNA made in the known T7 or
SP6 or other in vitro RNA-generating system (see, for
example, Flamant and Sorge, J. Virol. 62:1827, 1988);

30 - 3. tRNA made as in (2) or purified from
yeast or mammalian tissue culture cells; _
4. liposomes. (with embedded env protein}:
and _
_ 5. .cell. extract or purified necessary
.35 components (when. identified) -(typica;ly from mouse

cells) to provide env processing, and any or other

necessary cell-derived functions.



products. - For exampte, Coffin, J. (RNA Tunor Viruses 2:25-27, Cold
Spring Harbor, 1985} notes that "the extracellular conponent of the
~proteins fromnurine | eukem a virus (M) -and Rous Sarcoma virus (RSV) are.
25 responsible for specific receptor binding. - The —
cytoplasm c domain of envel qQpe prqoteins, on the other hand, are understg@d
to play a role in viri OHI"FBIJ'E’B'[ EB&.S VREPE S RIotldinng (@), eaNdi pE3) are
encapsi dati omited|r adndl | $héhoneane ppetiedn by cdiial gntaits aa agtder

speci es) - 30 .,does_occur .at a.lLow frequency, .the.envel ope ot_ej as some
specificity ¥HHOSORE| Hi= fZHrBtlldon'mofa %ﬁléﬁgéﬁ r%?f?g?f‘%s.adc{]efﬂe pridsent
i -nvent - on reENi deweErt, byber entcegsaryiybtod eawl jene embeldcttieée . @env
speci ficakly, Y :Rr L n ' t a8 £ reg e 1QuUsS. 35

o ndi ng PegPeElll; 4B (UFL" 11pedkhey| BRNRT £ U b CHRIIIN R
nature) the Yipesonergembeddetli cény ey bbechmbyturei miepdiddent {3) , f raord
the cytoplasgye, fungiyon. pije 5035 T Lecomi pant tr QWi _.can
be produced ich wil Hé.s)pexcgl']'f‘i _ca'ﬁy E*%(?E%&prggépgdt._e -fe}r g\é lg%ﬁ%'g.n’l n
order to nak&SPRSEATErer AANIPUIRWAPER 1P Xetabr ABRATSAS) cdhporddiovand
the cytopl aS@ErtAAMEENbnd o AL MG COlras! LTSRS i8hehapied

| ocation_for reconbipation is within the nenbrane-sSpanning .region of ‘the
cyt opl ashPc &diponeRPeddes saPVe BFQRRLRi Hdy RhdNAIHIRY r §afiidATofta Mgt d
env gene whi @oexplepesonal Pediceips Mditidhe ¥ biphdirdaduuticdn®f the HV
envel ope 10 ofein coupl.ed {}9 t@g__c,ét opl.q:zm'c gon‘gi n of_At. ML ,ermel ope -
protein. EXARSTESRFDri ¢7H VR %gﬁﬁeﬁeé‘ﬁ“iggQ#%ﬂh
envel ope genldg:ixss, prepsjed Tisiagprvosdume rratla'gese__sﬁmg (Prodettibnoof
Natl . Acad. Fgien USE; 822485492, AP0 A" AEGILASNE T eRbELEL:RAAY |
15 retroviruses without contamination with pathogenic -

retroviruses or replication-competent retroviruses.-

VII. Cell LineQSbecific Retrgvirusés;-fﬂﬁvbrid Envelope”
’ The  host cell -zrangef specificity of a

20 retrovirus is  determined in  part. by  the env gene
products. For example, Coﬁfin, J; (RNK Tumor Viruses
2:25-27, Cold Spring Harbor, 1985) notes that the
“extracellular component of the proteins from murine
leukemia virus (MLV) and Rous Sarcoma virus (Rsv) are

‘25 .responsible  for- specific' receptor- - binding. The ‘
cytoplasmic domain of ehvelope- proteins, on- the othef:\ﬂj
hand, are understood to play a'role'ingvirion formétion.
While pseudotyping (i.e., the encapsidation of viral RNA
from oneispeéies by wviral proteiné of another species)

30 does occur at a low freénency;-the;envelope protein has
some specificity- for . virionJ formation of a given
retrovirus. - The present in;éﬁgion'recpgnizes that by
creating a hybrid env gene prodﬁct“(i.e.; specifically,

.- an env ‘protein having cytoplasmic regions and exogenous

35 binding regionS'-whiéh are not in the  same protein

molecule in nature) the host range specificity may be
. 'changed independently from the -¢ytoplasmic function.



an dppropriate point of j-tjncltibn. Al't ernat i vel y,' [f the two envel ope
sequences are on the sanme plasmd, they canggO - be joined directly at any
desired point using in vitro nmutagenesis. The ‘end result in either case is

a hybr| d gene containing the 5 end of the HV gp 160 and the 3' end of MB
pl5E._ ,The hybrid pgotein_ex y g Egﬁonpén 48Bedl Swhich
i1 u;t\'rjat ed in Fi g%ﬁ"é’ Syg 35¢ %I;"%ﬁ% co‘%t axlt%gn.gsﬁyhgbﬁv (aﬂ-o receptor

bi ndi ng protein), wihda epecidti¢cally bdndi &9 (ﬁr%e@if‘pﬁ%& t??%‘ét Feids-

bi ndi ng and fusi geni C r&9i 9P P Mhke t HENG¥LA gg-@t@upoiﬁl@nlcnf the
M.V pl5E, wth the joint lggcur‘?%}r:\g at anyeof sgveral ts wthin the &
host 30 rrenbrane recmpmm:rm@rémgnm@wq%l%ﬂ thFhéY%an 8§ sppgonen

shown in Figure egpaﬁssggffgg@htcoggggbvqfrdg& ,CVl Epgeﬁerradhunaaatlon
Sup Tl cells analeas 0 syncytia, as is,the case with the authentch

env gene.  Thus tlf@rh;nﬁqm‘snéﬁ%?@ctllsy ViERLR o FRE| REgRrRRenSPaning region
surface and di spl a)b%d gllp@r W 1l s @ MRlompdridntist r&bmupjrm 8yldestmilme=i kthe

produced from erent retroyiruses
possibilities are Cr‘RS’tStP?"fﬁtt’e%Pt Phed o%ﬁ ﬁfs’e‘i vgr? Si rr‘ﬁpiégt hExpresses a

viruses.  For exalﬁﬁceteltrhavmatnecemzxorbnmmqnportnananﬂ by [L¥i engelope
may be conbi ned vmth the, _envel ope protei f %E\'/ fn %f the MLV
reconbi nat i on 3CwodEPY5 eF&B’ng'eﬁlg I%oca?hg in ﬂglégmgg [S)%éltgiéon ol the MV

env gene, | eavi epvediope meeteinpt 5E  protein. Furt hernmore, the foregoing
techni que may be used to create a reconbinant retrovirus with an envel ope
protein which recognizes antibody Fc segnents. Monocl onal 10

ant i gggi es which recogni ze only presel ect ed EX2MBLE &l |1s only could then
be

nd to such a reconbinant Hr:%,_rﬂyipgw-ﬁ;gbi-gh{,gmgnagch envel ope

proteins so that the retrovirus wou I'n to an | nf.ect onlg/ é (o]}
i5 A hybrid envelope gene 1s prepare us:.ng
in vitro mutagenesis (Kunkel, Proc. Natl. Acad. Sci. USA

82:488-492, 1985) to introduce a new restriction site at

an appropriate point of junction. Alternatively, i1f the
two envelope sequences are on the same plasmid, they can
20 be joined directly at any desired point using in vitro
mutagenesis. The end result in either case is a hyb:id
gene containing the 5/ end of the HIV gp 160 and the 3’ _

end of MLB Ppl5E. The hybrid protein expressed by the
resulting recombinant gene is illustrated in Figure 18

25 and contains the HIV gpl20 (CD4 Treceptor -binding
KJ ' : protein); the extracellular portion of HIV gp 41 (the
gp 120 binding and fusigenic regions), and the
cytoplasmic portien of MLV Ppl5E, with the joint
occurring at any of several points within the host

30 membrané. A hybrid gene made by fusion at the new Eco
Rl site shown in Figure 18 is expressed under control of

the CMVIE gene in human Sup Tl cells and 1leads to
syncytia, as is the case with the authentic HIV env
gene. Thus the hybrid is correctly transported to the

. 35 cell surface and_displayed there.

. While Example 8 illustrates one hybrid protein
produced = from - two. different - retroviruses, the



presel ected target Lells. V1. Site-Specific Intearation Targeting a

retroviral vector © -to a predeterm ned locus on a chronosone

i ncreases the benefits of gene-deliv@¥y systems. A neasure of saf ety 20,
i's gained by direct int egratlon to a "safe" spot on a chronosone, i.e.
one that is proven have- no deleterious effects fromthe mserun

of a vectorp%ﬁ)’tl?ﬂelfl%b?‘éntqréﬁ peter AemiLeathethi 1945PY bTUFRECIOR §¥RE t o
an Opend r%@tlrglm fo@hﬁal}r 00&%&@%5 V\herportSeyzﬁ-pw,pr%% OBetED&laéeﬂt?r
maxi m ze ' nl gues or int ratjn rovi Ses t s CLLIC
sites are dc??c?rtr"d@bl BE| HWMaT ) inEgRIE 83‘3& i’ °5ﬂ° 4" wilh®ene One
t echni que- fe@ﬁzeﬂcrpeegpnbtagn f HMRUgendus gehs crlas:e ,Vext pecombihaddiorof a

reconbi n retroviru in a,specifli |t [ rget ¢ ons
honol ogo s ?"@ |91’é??% %% ggcé allﬁ} n%hgeégegge oe‘#é"[ﬁiﬁ% greater
t han about B@% bpetnivat gleeielwormll@gamQS am gén&nm‘- sepdSEc esphrate imeen

shown Lo | nberaslo GeLLOCT Do EGPEABIIRN! raBhniGARET Wsl) pe Whidda ¢ s

genonlc sequences IS gre er t d over
specific i rmaaam |a)nrecnmbh@aamem'@r@ﬂguéhwnishnladgyel@%%bonﬁonﬁgte&ﬁd

Capecchi, 5&531—&’&?&%%519% qhﬁ‘&iiy DogEsclhermierits 2 - - MBRbBASNnal

330: 576- 78, as been shown  that an i'nsertion event, or

alter na@-pvelayitlé?@#%ﬁ)l‘d@éﬁﬁntreé?xﬁzgﬂlz?ra9n%¥ @P%eﬁﬁetqlet%ﬁ%éf—f Feldess gn

of the vect glhlyl N 864elH t oriedk| Op0oNBbAgAaUS decoghicRat ipn +a8csmbenapaci ficC
retroviral intégration, a vectqQr construct s

b fied at
honol ogous SEFFIVENS 02 XPLBLIEREG FYHR ﬁﬁYFt‘cgpﬁeﬁ’&?@:)E:‘éTlselﬁe‘ﬁc%ﬁcg %&d Fa)
i nto the cometxsiinis an walidpr bl | otat i omndandr(@ct he amdiymal those \J

preselected tarqet ce‘ls.

VIII. Site-Specific Integration
Targeting a retroviral vector to a

predeternined locus on a hromosome_ increases the
benefits of gene-delivery systems. A measure of sa.fety
20 is gained by direct integration to a "safe" spot on a
chromoscne, _i.e.;_ one that is proven to have no
deleterious effects ' from the insertion of a vector.
Another potential benefit is the ability to direct a
'gene to an "open" 'rle'gion of .a chromosome, where its

25 expression would be  maximized. Two techniques for _

integrating retroviruses at specific sites are described o/

below.

(i)  Homologous Recombination
30 .- One technique for integrating an exogenous

gene of a  .vector construct of ‘a recombinant retrovirus
into a specific site in a target cell’s DNA employs
homologcus recombination. Plasmids containing sequences
of DNA of gfeater than about 300 bp that are homologous
to genomic seqUenceS have -been shown to interact (either

(&)
(01}

by replacement or insertion) with those genomic

3

seguences at a rate that is greater than 10°-fold over a



mechani sm bf. i nt egrat [ on does not interferewth' the targeti ng occurring

due to honbl'ogous sequences. . A'pgseferred approach in this regard
is to add honol ogous 15 sequences (greater than about 300 bp) in the 3
LTR, downstream from the L inverted repeat. - In this approach, the

CORsWruct is inj be'ﬂf&mggé%&eﬂsﬁglm A QO NYY | Shdi) Hiha ogy

LTR at the Nhe site In everse transcription in the -host cell .
result. 20 in al@epl i homas ofande GRRRERNss hE8BLogPli AOBNE 25 ILPR M t MNF

31 bp of the enfogksichendlyetehy epediadd - s eoretin |1r9tecv>t he hpgt has
genome wi || occur in the presence or ,absence of the nor nal ’B%r‘atl on

nmechani sm The HE&RE |SrP‘?‘ﬁé F@&tora?raﬂ‘nﬁérééﬁresglﬁntm&rhe? Ssvelye. a
LTR or froman rab%&@mem'@nabeht Ty Bpprdwmilemabpyt hecfdpeti Ol cpldass ikth
a region of horm near & lpotential free end of the double-stranded

retrovirus vect3 3 Free ends are known to increase the frequency
of honol ogous reconbl nat i cmnbgraeﬁ:a(ﬁa)rem;blap hamolagows atecdiibinatibin sin

approach, it may.be necess to t h .nechani -
i ntegration, ¥f‘§ RS 1 EFFg%F't%a‘{aol sf%{vgvgég%]ﬁlgﬁe %r o‘gée&sggraf‘:f’&ﬁtﬁ ct
tinme for horml ogboslBNAbet ombdid iegt suv:het hbett h(3) | homelogouisf | setuemndes

required in p | C 5 C n i
in the art. 16 gg[; (ﬁ*éa %ggrggs%%% gatlon An%tg% ‘i?&:@'r%hm gue ed) ?nEB eife
integrating a coeef:@'mq*roret—rem ARRIPRIPLEEE| doCpLionie@nsl €9} elhef ngrmal

target cell’'s ggagHBAiIRP! WIS iifteaasei dRdiddeal ifdt dnterfere wiklle the
retrovirus pol gene product 1s generall processed into four parts:

(i) a proteaset2RAREHNG 0PSSBT 1% dUp r 4° Bagel SHBUSpo’F‘quFB&&&s A
(i t he rever sprefarsed papgepaa-md {hi ithiNageghirawhi< htdegidiileR oA cafouan
RNA/DNA- duplgx sgagegc\gs %r%rga Onuclt aasne %rbout 300 bp) in the 3’ LTR,
downstream from the U3 inverted repeat. In this

approach, the construct is initially made with a region

of homology inserted in the 3’ LTR at the Nhe 1 site in

U3. Reverse transcription in the host cell will result

20 in a duplication of the region of homology in the 5/ LTR

within 31 bp of the end of the inverted repeat (IR).

Integration into the host genome will occur in the

presence or absence of the normal integration mechanism.

The gene in the vector may be expressed, whether from

25 the LTR or from an internal promoter. This approach has
\/ - ) . the effect of placing a region of homology near a .
potential free end of the double-stranded retrovirus

vector gencme. Free ends are Kknown to increase the

frequency of homologous recombination by a factor of

30 approximately 10. In this approach, it may be necessary

to defeat the normal mechanism of integration, or to at

least modify it to slow down the process, allowing time

for homologous ‘DNAs to line up. Whether this latter

modification is required in a particular case can be

. 35 readily ascertained by one skilled in the art.



10 "in:tegr.ase " The general “intiegrase structure has been analyzed by
Johnson et :al . (Pfoc, *Natl. Acad. Sci- §SA 83:7648-7652, 1986). . It has
been proposed t hat this protein has a “zinc binding finger wth which.
it 15 interacts wth the. host DNA before integrating the retroviral
sequences. I.n other proteins, = such_ "fingers"' allow the protein to bind {gf
DNA at particul ar sdddendditearzge MedifdcatiQnexanple is the steroid

receptors. = In this 20 meﬁnetéannm@tl*@xestmesgraecmgtora, vector
responding to estrog_ens ha e the ef ?ﬁgrtlcm d rece tor,

e
responding t oCCRPEESETTt B PdssPeﬁ?‘%r‘be bRF 92 Qfucdc &AL d
receptor "fingeell(s. gendid\ invdlugssdpeygasa md:dn;fmbtulmm.est rogen

Ccampl o (Hposi tion In e SerER HIEREAY RERE pltdter, % L 3sheratin
been changed. p_chhsctledectlngoseCﬁMespaamsal o) béléulast ipxXeeaasat o whhiech
I ntegrase ge”gpf E%%Ps Oftﬁ{ vﬁ&% gaﬁz' Bhg T %ro%UE{:s ;1 Ngg Cel:he

the segnent 3 Ing fort regi o man est'ro
receptor gene myeyéeamamsoarwtaﬁem o(li-he\, BNAS@ #i b iehi dngm‘adeﬁe

integrase in apRACKHOI A GONO/BNA! Jididt Y. apReCi{ive tﬂ&e%ﬁidﬂi‘cf{‘@%egl

tested by neans.of an in vitro integration system. (Brown et al
29: 347-356-0 1%BnFegrasgy " confirm that the speC|f|C|ty woul d be seen in

vivo, this packagi ng gen@‘ﬁﬁlsgé&é&atlo rmkeetg&%%@tlogarueeh% PHisCl @2en

and infection-of [ rati |nt estr 1-sensitive . and
est rogen- nons%ﬂgiyﬁ?él ckéYI gn%ﬂ%ﬁ-ﬂ ALcul usa
~techni que, incemt mg4m—r7£52/,ecu®r856)may bEtdlInaet é:herhopnﬁ;&gsale tlmito thls \J

presef ected 5 5LL83, Ohad e, 1Y QR  BEhlihg IPEHGer ILAH Cmbln 1R

15 interacts with the host DNA before- 1ntegrat1ng the

retroviral sequences.

In other proteins, such "fingers" allow the
protein to bind to DNA at particular sequences. One
illustrative example is the steroid receptors. In this

20 case, one can make thé'estrogen receptor, responding to
estrogens, have the effect of a glucocorticoid receptor}
responding to glﬁcocortidoids; *simply"by subStituting
the“glucocbfticoid receptor "finger" (i.e., DNA binding
segmeht) in place of  the esﬁrogen receptor finger

' 25 segment in the estrogen receptor gene. In this example,
the position in the genome to which the proteins are\uJ
targeted has been changed. Such directing sequences can
also be substituted into the integrase gehe in place of
the present =zinc finger. For instance, the segment

30 coding for the DNA binding region of the human estrogen
receptof gene may 'be substituted in ‘place of the DNA
binding region of the integraée in a paékagihg genome.
Initially, specific integration would be téstéd by means
of an in vitro ihtegratidn'system (Brown et al., Qg;l

55 29:347-356, 1987). To confirm that the specificity
would be seeh:;g vivo, this-packaging genome is used to

‘make infectious vector particles, and infection of and



[] ' ]
et lc--

genorre*bl'npll ng propert‘tes of site-speci f%i? DNA-bi ndi ng protein segrrents
splicédt ihto the inteédrdse genone. It w be understood by those skilled
tn the art that the integration site must, in fact, be receptive to the 10 -
fingers of the nodified integrase. For exarrpl e, m)st cells are sensitive
te.,gl ucocort i chntiegaad ilwerice i r césumglem-fsasialttm f oramfd ucoesttrogend
receptors. Thu,sonfsg;.lfﬂ@ns;e cgﬂésfanggre@ﬁr{) &ﬁttué tegrase having a

gl ucocorticoid recepto |nger Wou sul integrate the-
proviral - vector constrdirough ulseseofl @b@@orw@mmtneeepmommmgral

sites. IX Proguethes %aﬁe@%b'd&%ct?é‘&"% rgh ®leS iﬂt% ?f?z[s&; cted

Ani mal s 20 | ens previously ribed wt I ne
generation S ®ttes reprofheal targatket Giall’ s argenng, d|¢¥¢'@%1199 byn the

- generating I@éﬂemequa&altﬂqes prdﬁefl@.@égr Saf ar&t&él)sﬁélﬁﬁi’é r QfNA-fl?ﬁﬁjdiR
use per manent | nst ead of I‘I mar . vectors. These 2%

probl ens can PHRte4PerIeFR n"v'mst Fb}b‘a%‘éerlqﬁo Eﬁ@kd@%qqqﬂesgﬁﬁ&@%relt

gener at ed i}ln twib3gbe airederstsod b]'hesm%ﬁl @wlaleﬂx lc'alﬁéYa&he maﬂ;ég

genomes and refroyiral .vector. geno rrent teghnolo 0es n ow

the generation 9 ﬁﬁ?&&ﬁinhgs &% 35’ at® &85 %éd gﬁctﬁ?gzggl"ﬁr oﬁac?%e

lines in @a mafynget!ss alfie the tinedn.flnemi tedtbgﬁ:as&spanror edlampleyr rnesst

technology is h a n [ necessary,
cefYs arté‘utse%ﬁlﬁ}e to ﬁf@écﬁ&ﬁé%% €i8 ang ﬁgﬂg

whi ch el i m nat &s t he UsSe
However, indichuomatini hes sﬁtesr éns‘gm\m@%or‘ammd sreaapbergsener'mm, by

the met hods prp&.deq.?] ei Nnegpich peruq@o&}ﬂglgﬁ anglllgg%{.gggt | ce%gg.nﬁgch as

gag. pol or env ese lines of animals are t cteriz 5 for
eXpr essi on i n BHYREFOFRECRHS e naneRtobr fapgeredvonddueber histigirblee to

sel ective jguseiniedpatekecphdd g¥oviral vector construct at those
glucocorticoid receptor-binding sites.

IX. Production of Recombinant Retroviral Vectors in
Transgenic Animals '
20 Two problems previously described with helper
line ‘generation of  retroviral vectors are:
(a) difficulty in generating large quantities of
-vectors; and (b) the current need to use permanent
instead of primary cells to make ‘vectors. These
_ 25 problems can be overcome with producer or packaging
k/; _ lines that are generated in transgenic animals. These
' ' animals would carry the packaging genomes and retroviral
vector genomes. Current technology does not allow the
generation of packaglng cell lines and desired vector-
30 producing lines in primary cells due to thelr limited
life span. The current technology is such that
extensive characterization is necessary, which
eliminates the use of ©primary cells because of
senescence. However, individual 1lines of transgenic
35 animals can be geﬁérated by the methods provided herein
which produce the packaging functions, such as gag, pol
or ehv. These lines of animals are then éharacterized



tissue- S|de0|f|c prormtel’e- to transcribe the packaging functions. The

.vector to.be.delivered ts also inserted'5 nto a line of transgenic

animals with a tissue-specific or housekeep| ng pronoter. As discussed -.
above, the vector can be driven off such a pronoter substituting for the -

U3dreglblon of the%ér Ietﬂiare(fsg@ﬁe i¥P) o1 thBY Stheansgels amisial be targeted s
i nduci ble or ubjquitous, in pressi on. vect or

however, i's not Jp%%‘&ﬁgeﬁ r?HE?e %hr?ess )ﬁ‘ ST HEFs Wie tch r}%‘fse%k?%pfﬂ% or
gag/pol/env anlﬂﬁisﬁﬂd-spbﬁﬁﬁﬂﬂﬂt;pﬂﬂngqr$rOﬂuC6t¢Em$@gEHevehh®r pﬂ&kaglng
rogeny, which care essentl I i cal teLi a

progeny, Lﬁ%% B.} BFI n’&r@iiS"eﬁro €8 pe ae%.f%pea%t? §& 7a§g nﬂ,‘so 'Eed

an unlimted so ucrng cel ernative

primary cell & nakitgy gad/ips afdtzansgesideravioohls omthansg:emmlmpmd:sfic'
can be infect edo Orho& aRakeq %d ﬁ:‘%@t‘ég W the T alINIddly VERIASS, tOne
make a primary cel pro ucer fferent transgeni ¢ ani mal’s or

i nsects coul d pr\mterzazan hb§e gxiévens, oféu@vcrasamméomotars Sukstiidietpbng

swi ne, rabbits, eqp - defignd Jf | e 5‘th‘1\1@ct(@-rlg%|}¢ pagkagi ngrhls
genonmes woul d tal ored for species infection specificity an L
ti ssue-specific %‘é§§?on"t°r\#]&|ghbet héndyusdbly ¥ ssBRIGPAEPHSC m its
pronoters ampd Zpebséecant ernakop@edticH ei NMfowever eﬁ@mﬂ& cp‘a da -
procedure is ill strat din ure,.20 Al t hough. t he oII exa

transgeni ¢ product§df SEDESI r?aeya’bg&?%lﬁl A i Hhe? PR ﬁgs Pi 5’8& & Ff /env

_nmce, these procasimes emd dshbs@@xmtﬂedpmgmﬁerpﬂadumaecpmkbqeuhaea:tor
the final prefedif RERERImul HAASE b TE oo So e by py LABREISRTCT T e
of Gag- Pol Prot eherastenibedscimdpiaffer oant eusliniteBi quumme &f£presisiary

15 producing cells. Alternat:_.v_ely,' primary cells maklng_
gag/pol and e’nv' and derived from transgenic animals can
be infected or transfected in bulk with retrovirus
vectors to make a prim'éry -cell. producer line. Many
‘different transgenic animals or insects could produce

20 these vectors, such .as mice, rats, chickens, swine,
rabbits, cows, sheep, fish .and flies. The. vector and
packaging  genomes would  be tailored for species
infection spécificity and tissue-specific expression

 through the use of tissue-specific promoters and

25 different envelope proteins. An example _of. such a
procedure is illustrated in Figure 20. _ \oo’

Although the following examples of - transgenic
production of primary packaging lines are described only
for mice, these procedures could be extended to other

30 . species by those skilled in the art.  Given the homology
to MLV sequences in mice genome, the final preferred

animals would not be mice.



in Transgenic Aninmals 5 °: . An exanple - of a

wel | -chardcteri zed housekeepi ng promoter iss¢he HPRT pronoter. HPRT is a
puritne sal vage enzynme which expresses in all tissues. (See Patel et al.,
Ml. Cell Biol. 6:4 _-403, 1986 and Melton et al., Proc. Natl. Acad.

Sci . {_81.2147-2151, 10 1984&;1; [ MR gB112).-be inserted in front

of vari ous gag/ pol A0ITE
Pst 1/Sca | of MOMV: RrolE
Laboratory, 1985) that

(Strategene, 15 Inc.) wusing reco h”i?&ns?!ﬁié‘%ﬁﬁﬁé@@s (see Maniatis
et al., Mbdlecular d oning: A Laboratory nual , pring _Harbor, .
1982). . The Sresulting pl3B&nidsexam®lsurified (Madi ati Wetlzfharggterized
cit.) and the rel graidlel@RPing pRroaiotir 0fsi et BPRTS pidnidtae] eamdd Ois a
101) 20 or electroelution &§ee Fbgan et al,(Eds.). ni ulatlgg t he Mouse
Enbr yo: A LaboPXEdMe MBAdYRIS CBNAYTRE: | Wt Flr FfPra9Res. Hhesdl EiEFpes.
characterized DNAseewpatielbetnadl.qi nuetteddln t BEopLoMBIL4 eUs408, 1986 and

I N ML Rl L LI
Transgeni c- posot i w@84)ani nerhis poohdterbewchadadter iizeskitoed exint e€xiont of
col 15 30 “suoh aYBFREHE ) o UBOE, T oEPabRErES 0 (e foai e lL/BEY 1
Laborat ory Manual paColId/Sa ki HaPstr I/5388)1 AaEmaMoMAsld d sken [BNAr eflumor
LoneL0ce] ) o] S3eB o rls s Bla Sodig, Byl OlBratory, 1505)
_ ' that are <cloned in Bluescript plasmids (Strategene,
15 Inc.) using recombinant DNA techniques (see Maniatis
et al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor, 1982). The resulting plasmids are
purified (Maniatis et al., op. cit.) and the relevant
genetic information isolated uSing Geneclean (Bio 101)
20 or electroelution (see Hogan et al.(Eds.) Manipulating
the Mouse Embrvo: A _ Laborator Manual, Cold Spring
Harbor, 1986). . _
These fully characterized DNAs would be
microinjected in the pronucleus of fertilized mouse ova
25 at a concentration of 2 ug/ml. Live born mice would be
\wj screened by tail blot analyses (see Hogan et al., op.
cit.). Transgenic-positive animals would be
characterized for expression levels of gag-pol proteins
by immunoprecipitation of radiolabeled primary cells,
30 such as fibroblast (see Harlow et al., eds. Antibodies:
A Léboratorv Manual, Cold Spring Harbor, 1988). Animals
would then be bred to homozygosity for establishment of
animal 1lines that produce characterized levels of

gag-pol.
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‘Produetion of env Pr: ot ei.ns/ Hvbrid Envel ope Proteins Using Housekeepi ng
Prompters for Ubi qui.t.bus Expression in Transgeni c Aninmals This exanple
utilizes the HPRT pronoter for expressyon of either envelope or hybrigd
envel ope proteins. The envelope proteins could be from any -
retrovirus that is capable of conpl eng & rel evant gag- pol , Ms
case that of MV. Exanples are—géggggért- anphotroplc

xenot ropi ¢ Prag 1 ¥v_Rx : 1 :

envel ope gene Mok

DNA t echni ques

woul d be isol ated (see Hogan et;ai_,quggsmig;Agana_smpre33|on of envel ope

protein woul d be deter%ﬁﬁg $ERRHAW ChtdhizedD: thbt ﬁPR‘irheprc;xﬁ éﬂe%&r
envel ope animals would bre to honDzngS| ty to establis

wel | - char act @¥RRISEHOR| o;Sg ankAiheEXARPVE LIPPepr ofKct itbikd gag‘-fb'(ﬁlcﬁ?ﬁ"
Ani mal s Usi n@ﬂ&@ﬁ@epl ngm?éor@ﬁeéiob@r cg:eltrws SRIESHON f¥bm  any
Transgenic Aninmals 2 io use the wel|-characterized ™ -
gag- pol ani n&]estr%lw| thatt e a‘FﬁP@’P ef&f (GRPRASTENF WhFe e el evant
Eermanent _ ga@aapidcﬁnvel Dhe an%mal dase. thﬂﬂl SopouUNLVI, nvogzieah&:e.@%ngaﬁ@_
onobzygosi ty and the. est shnent we cterized_|line

li nes woul d fﬁﬁﬁz a@%bto_e_ 95&1%ﬁ?na?@iﬁbusexﬁﬂBF§BPHq ne?ﬁSﬁat
coul d_ b_e use@dlqatzpmkaglmgv;/eodmr myhnridssemeybpese Fiad habrovwe, ahernl s
O 19 LAy BahoV 35401 O Ul dchBpBEhniga’ Bhd |h88r prodbter

EXAMPLE 12 Pro u I"on ssue- pec I f ression o
using recombinant DNA technlques (see Manlatls et al.,_,.

op. cit.). The resultlng "mlnlgene" would be isolated

(see Hogan et al., op. cit.), and expression of envelope
protein would be determined”(Harldw et al., op. cit.).
The transgenic envelope animalsf would be bred to
homozygosity to'establish a ﬁell-gharacterized envelope

animal.

EXAMPLE 11
Production of gag-pol-env Animals Using Housekeeping
' Promoters for Ubicuitous Expression
'in Transgenic Animals
25 This would use the well-characterized gag-pol
animals, as well as the animals for the establishment of ‘W

a permanent gag-pol/envelope animal line. This would
involve breeding to hom62ygosity'and the establishment
of a well-characterized line. These lines would then be

30 used to establish primary mouse embryo lines that could
be used for packaging vectors in tissue culture.
Furthermore, animals containing “the retroviral vector
could be bred into this line.



or Hybrid Envel ope in Tr an-sgenl c Animals 5 - The exanpl e given
here is to:direct tissue expression of the- gggp envel ope, or hybrid
envel.-ope to specific tissues, such as T-cell Thi s i nvol ves the use of CD2
sequences (see Lang et al., EI}/BOJ 7: 167 EXAMBLE 12988) that give
positilon and copy nunber 10%:i ndependence. The 4.5 kb Bam H/H nd |11
fragnent fromthe CD2 gene vvoul d be'inserted in front of gag poI envel ope,
or hybrid envel ope 5. of

genes woul d be - inser
Transgenic 15 animals > S S '

T-cells woul g be establi sheﬂheAnégg ]y@ulghbenbrhéﬁa) h.ermtpgodmz;ec'b tissue
establish well-characterjzed |ines of tran genlc a ani_nal

WUl d be mat ed (SRERGSEARA @f nERS. TROBU BT CHLORSY. (B  BNPL A R e fope
Zg egpreSSI ng @?I ¥p édhfl%rcC@ﬂs%ﬁes,:E@ctg asl I'Js-c@nstheslexmlnntmlmg dthe
then be a source for T-cells capabl e of packag re ira ctgrs

Again, vector #FRalf &P 5@%4%6%&%53@3@ E-H\éé-e‘if- 1:1675-
establish T-cel | 86830 es3ba® )t he vyppt or .g ‘ posg_tloril'hl ardchapye number

all ows the use of other {iss e-secfc onpt er h S :
mi | k- speci f:i@ %ﬂﬁ@?ﬁndpéé'h%geatl el(l‘-‘l-lsﬁl %&? ng j@t & IE& RRRFRgRt from.

(myelin basic preghgi ngppr ogBn@y Swoﬂlrdauqifethazsaa-ua‘d prlwmfmt swh gagepol,
m | k-specific pronot ers; r ecopbi nant roviru

i solated di rect??velﬂﬂﬂn Pke BYRX 14 @A}V#fﬁ? rqmeﬁf.ﬁgwn%xgﬁﬁ&mbﬁnant

Producti'on of EipRgr t@@m{;ﬁ?@@gng orrhesdle-dyeasf i wolkkdr ober aindexdted iinto
Trange‘fenl c Ani rral S The inserfion of retrovjiruses. or ret.rovi.ral

t
the gefmline of LRFAAdgSARe aRPHES %3t Y microinjecticn. °° Fandldnic

15 animals would be characterized as before. Expression in
T-cells would be established. Animals would be bred ¢
homozygosity to establish well-chéracterized lines o
transgenic animals. Gag-pol animals would be mated to
envélope animals to establish gag-pol-env animals

o 0O

20 expressing only in T-cells.. The T-cells of these
animals would then be a source for T-cells capable of
packaging retroviral vectors. Again, vector animals

could be bred into these gag-pol-env animals to
establish T-cells expressing the vector. i

This technique allows the use of other tissue-

o specific promoters, such as milk-specific (whey),

pancreati (insulin or elastase), or neurcnal (myelin

'basic protein) promoters. Through the use of promoters,

such as milk-specific promoters, recombinant

30 retroviruses may Dbe isolated directly - from the

biological fluid of the progeny.

18
n

é EXAMPLE 1
' Production of Eith—er’ Housekeeping or Tissue-Specific
Retroviral Vectors in Transdgenic Animals

The insertion of retroviruses or retroviral
vectors into the germ line of transgenic animals results



inlittle or no expfessi on. This effect, described Jaeni sch (see Jahner
et al., Nature 298:623-628, 1982), B9 attributed to nethylation of 5
retroviral LTR seq't)erices ~This * techni que woul d over come the .
5 methylation effect by substituting, either housekeepi ng or

ti ssue- spedhf |1clt¥)léntﬂ’ér N eXPRRISLiAB -r et ﬂ'&f‘ﬁ aeStaghy/ F’(ﬁ&cmlbedu\’

The U3 re@wstaﬁq é»heéeéTBah\Maﬁhe%oraﬁl ns L!Q%il_g‘g ez_w;en%@rs-&ise”e'ib%z) 1 ' S

repl aced w regul atory ~ sequences _ frfom housekeepi ng i SSué-
specific p#-%rmtaé?’-'sl‘%bé§elq guke 20jethyhatsionTROLs 3| yrleé?c@\manal eIéI'Rl t

contains. &ug&?ea_%enecess Wigsfor Mﬂﬁﬂﬁﬁg at i @audk themyé%:@ém

i nt egratl on. resu . . uni q pl’Opel’tI es retrovitra
replicati orethyl@atisn ﬁé'gﬁ%ﬁ- @ry swés tgtutingoleitheris htmsgkaEging

Uirus, ' FEnCersahRl <Hetie il HhiRgell | B Jexplass! phc rplrBlih
Substi t ut |mcgbrmm®romu§3 seqUbecdi3 \,Mnegponmnﬁr $hendsi niam; owhiit*n
t he germ t ge | s. i ng 20 of , ani mal.s
capabl e of pr Ogl}g ng r: {rovrurxgb 6§cqﬁr ragn%&nl’l pt's. 1; Th%égiggﬁqml m%:
woul d thereguammtiryl tseguenmesenvframi neheusekespingat ecor tissue-
retrowuiqal S at a
i vi sitsha SEEBREEE RABEEtr 4 R ChLGuEY 3080, B ™ R s Chunay
al so drawrevadnedsndi g apdt catamt&hnsQZl%&%ﬁzr&xces 601&@@5151@ for A
hybrid en f pLgraLing _tro | ecti vel
carry a gé’ ggaeﬁ?{ E‘g%'o é%t arégt g%l;: 9 en§n§§g R %sa
cytopl asmtheegrmﬂsmlta fiofst rehdouier al phep@zytmesandc@:‘b) éréltﬁdvﬁlﬂ'w
segment e)@ggfgcatﬂoox%he fé‘{ét rUe.'}rO\f'e{ﬁ.lon or' the 5’ LTR of the
15 lnt:_egrated pz:_'ov irus is qene*at=d bv the U3 reglon of the
'3’ LTR of the infecting virus. Hence, the 3¢ is
necessary, while the 5’ U3 is dispensable. Substituticn:
of the 5’ LTR U3 seguences ..1.‘_.:.‘1_ prcmcters_and ‘inserticn
into the germ line of transg genic animals results In
20 lines of animals Cap_ablé of produc-ng retroviral vectsr
transcripts.  These animais would then be matad to
gag-pol-env animals to g‘anerate retroviral~producing -
animals (see Figu:a'ZO). '

P - e

This application is a d1v1s10nal appllcatlon based on: GB. 9020586 5 u
(G32236753A). Attentlon lS also drawn to co-pendlng appllcatlon :

No. 9217086.9.



phenot ype, the binding segnent belng capabl e of sel-ectively binding to the

k=T e o

P - 60

1. A hybrid env gene useful for preparing a retrovirus
which can selectively carry a gene of interest to a tafgét
cell, the env gene coding for:
(a) a cytoplasmic segment of a first retroviral phénotype;
and
\;} (b) a binding segment exogenous to the first retroviral -
| phenotype, the binding segment being capable of selectively.

binding to the target cell.




