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with antibiotics, vel 3 AETECTTON OR GENE)t SEQ B8hyl acti c nmeasures
exist for many Viral, cancerous, and ot her nonbacterial diseases, including
genetic diseases. Traditional attenpts to treat these diseases have

enpl oyed the use of chemi cal drugs. In general, these drugs have
Iackeﬂeé ecif'c%t 2 £Xhi bited high overall toxicity, and thus have been
therapeugg%gﬁiy—#%%¥¥ective. Anot her classic technique for treating a
nunber of nonbacterial diseases involves the elicitation of an imune _
response to a pathogenic agent, such as a virus, through the adm nistration
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as_acquired i mmunodefi ci ency syndrone DS) and rela sorders,

i nvola®e bheckher’ eeans0forude! 15 this C@etebt EohOoifNhesld WedlYehtdsl rom
receiving or formng a conplex with viral envel ope proteins. For exanple,
Lif son et al. Afthengh X2ctdrBallHisedH) agenonai rgenerhllgt easihedi es
to CD4 (T4) receptors inhibited cell fusion (syncytia) between infected and
noni Meeatable ith antibiotics, very few affective treatments or

prophylaétic measures exist for many viral, cancerous, and other
nonbacterial diseases, inciuding gepetic diseases. Traditional
attempts to treat these diseases have employed the use of
chemical drugs. In geﬁeral,- these drugs have lacked
specificity, exhibited high overall toxicity, and thus have been
therapeutically ineffective. |

Another ciassic technique for treating a number of
nonbacterial diseases involves the elicitation of an immune
response to a pathogenic agent, such as a virus, through the
administration of a noninfectious for éf the agent, such as a. €_
killed wvirus, 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 syndfome (AIDS) and related
disorders, involves blocking receptors on cells susceptible to
infection by HIV from réceiving or forming a complex with wviral
envelope proteins. For example; Lifson éf al. (Scienée_g;g:1123-
1127, 1986) demonstrated that antibodigs to CD4 (T4) receptors
inhibited cell fusion (syncytia) between infected and noninfected

g



CD4 presenting cells in-yitro. A simlar CB4 bl ocking effect using

nonocl onal anti bodi es has Heen slggested by MDougal et al. (Science
231:382-385, 1986). Altéfnatively, Pert et al. (Proc. Natl. Acad. Sci.
USA 83:9254-9258, 1986) have reported the use of synthetic peptides to bind
T4™Teceptors and bl ock HV infection o2 hunan T-cells, while Lifson et al.
(J. Exp. Med. 164:2101, 1986) have reported bl ocking both syncytia and

vi rus/ P4 @aresentng bgeddsndn YiEron wh cimhlar a€b¢ Wilaeking reffect
envel ope gl ycoprotein, thereby blocking.it. frombeing received by CD4

r ecept $8dnIAmPHeClionade aakibpddiafy b bees: FHgges tesk bynticBrugad et al.

pat hogeni ¢ agent,_such as a virus, which transcribes RNA is to provide
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t he presence of the pathogeni¢c agent. For exanple, 7t hay be. desirable to
have agellmup@siofulmnt ueipgessedddtinmcvhashd anberasts MEdiRt al \Wwiral
followi ng infection by the pathogenic agent. In addition, in the case of
anti seenwelRiipe glyropirmtain, weheddhsy rielpek bty f ot f2emubeliner apyce ivad

ani mal , which under current techni ques woul d be adm nistered w thout regard
t ot heblyo€®i aeceptwiisch it is - :

A fourth, recently suggested technique for inhibiting a
pathogenic agent, such aé a virus, whicﬁ transcribes RNA is to
provide antisense RNA which complements at least a portion of
the transcribed RNA, and binds thereto, so as to inhibit

translation (To et al., Mol, Cell, Biol. 6:758, 1986).

However, a major éhortcoming of the techniques described
above is that they do not readily lend themselves to control as
to the time, location or extent to which the drug, aﬂtigen,

(_ Plocking agent or antisense RNA are utilised. In particular,
since the above techniques require exogenous application of the
treatment agent (i.e., éxogenous to the sample in an in vitro
situation), they are not directly respohsive to the presence of
the pathogenic agent. For example, it may be desirable to have
an immunostimulant expressed .Ln increased amounts immediately
following infection by the pathogenic agent. In addition, in the
case of antisense RNA, large amounts would be required for useful
therapy in an animal, which under current techniques would be

administered without regard to the location at which it is



3 actually needed, that. is, at the cells.i.nfected by the pathogenic ageni.
As an alternative to exogenous application, |
for produci ng treatnent'agents endogenousiy. More specifically,

pr ot ei ns

expressed fromviral vectors based on DNA viruses, such as adenovirus,-
siman virus 40, bovine papillom, angl vaccinia viruses have been

I nvestigated. By way of exanple, Panicali et al.(Proc. Natl. Acad. Sci
USA 8Qcbdf41ylA8aieknt enduced, i atltienzmeMis umﬂmmggiwm pazheogleaiat i tis
B surface antigens into the vaccinia genone and infected animals with the

vi rusagenti.cl es produced from'such reconbi nant’ genes

t echni ques have been suggest ed
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the animals acquired imunity to both the vaccinia virus and the hepatltls
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viral vectors based on DNA viruses. These difficulties include (a) the
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surface antigens into the vaccinia genome and infected animals

with the virus particles produced from such recombinant genes.
Following infection, the animals acquired immunity to both the
vaccinia virus and the hepatitis B antigen.

However, a number of difficulties have been experienced to
date with viral vectors based on DNA viruses. These difficulties

include (a) the production'of'other'viral protéins which may lead

" to pathogenesis or the suppression of the desired protein; (b)

the capacity of the vector to uncontrollably replicate in the

host, and the pathogenic effect of such uncontrolled replication;

S@@OélSdfy 1 he

h
y

f t Of
| ca 61{4;.?5&1(1%9&{' SHe0ssh 4 #Srés Uﬁ&éﬁlhg&Qﬁt@)kﬂn Qnd m%ﬁd'tqaﬁl@fﬁ

(c) the presence of wild-type virus which may lead to viraemia;

‘and (d) the transitory nature of expression in these systems.

These difficulties have virtually precluded the use of viral

vectors based on DNA viruses in the treatment of viral,

cancerdus; and other nonbacterial diseases, including genetic

diseases.

Due to the nontransitory nature of their expression in

- infected target cells, retroviruses have been suggested as a

useful vehicle for the treatment of genetic diseases (for

o/



4 exanple, see = LedI ey,, The Jour nal .of Pediatrics 110:1, 1987) However,
I n view of a nunber of probtens “the use of retroyiruses in the treatnent
of _ genetlc di seases has not ‘been attenpted. Such problens relate to (a) the
apparent need to infect a | arge number pof cells |n_"_|?"'nacceSS| ble tissues .

(e.@., brain); (b) the need to cause these vectors to express in a very
trol hi h I d ; d
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therapies in cértain instances. In a tron to genet I ¢ di seases

resear cigs thaV e Fu Rt abed gp@ié‘&é eHE ¥alsds VIeES Ohdt! hddreah tReR S:'é‘?f ic
di seases (see, for exanple, 243, 204 - Cetus Corporation; Sanfo
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Bol ognes et al., Cancer Res. 45: 4 00, 19 5 Tellier et al. suggested

pr ot ect hugbércelfl cellasedn\imgpeessibyei aissuieng (& . eg*n,ceﬁ&m??; h(bgeft@ﬁ ive
H V having a genonme which coul d express antisense RNA to HV ol ognesi
et al. hesd soggasbedthbseceorecepirsoftoyengprdsangin aorery utentroll Vedt aadn to
Infect stemcells so that T4 cells generated therefromwould carry

i nt er f epérmanaohvi faskhont or ) ofthe r usacind athercdipnegst oigentest;hoqd )celthe
fron1infection.bg virulent H'V. However, it would appear that the

"att enubregvesEiblef cdangge Hw Gissee @andl Qrgans, due h&of omegebedic
papers coul d reproduce (i.e., are _not replication defective) such that the
resul ti#gnorrasesiesa candf ) ofthe aaidabkfkity nofpoeshem | pyréfiaddy

eased_ri sk of recomhi nation wi.th reV|ousI present H V or ot her
setencettetind HhSTRp oPods” tatakd chiasaRds” ** on. |

In addition to genetic diseases, other researches have
contemplated using retroviral vectors to treat nongenetic
diseases (sée, for example, EP 243, 204 - Cetus Corporation;_
Sanford, J. Theor. Biol. ;;g;469, 1988; Tellier et al., Nature
§;§;414, 1985; and Bolognes et al., Cancexr Res. 45:4700, 1985).

Tellier et al. suggested protecting T~cell clones by
apparently infecting stem cells with "defective HIV having a
genome which could express antisense RNA to HIV RNA. Bolognesi
et al. have suggested the concept of generating a nonvirulent.
HIV strain to infect stem cells so that T4 cells generated
therefrom would carry interfering, nonvirulent forms of virus
and thereby protect those cells from infection by virulent HIV.
However, it would appear that the "attenuated" or "defective"
HIV viruses used in both of the foregoing papers could reproduce
(i.e., are not replication defective) such that the resulting
viruses could infect other cells, with the possibility of an
increased risk of recombination with p;eviously'present_HIV or

other sequences, leading to loss of attenuation. Non-



5 nonreplicative forns-mould necessitate a defective hel per or packagi ng-
for HYV. However, »slﬂce the control of HV gene expression is conplex,
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or defective virus is not chineric (a "nonchineri
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(TNF), the techniques they describe suffer froma nunber if disadvantages.
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testing a sanple for the presence of a virus carrying a particul ar gene,

anti-H V enes,

04 A2) have proposed using retroviral

sai d egamp =i dy@@bmtieomffmprm:ngg%rmme&mﬁ fan n?gaqﬁrmfeah ¢lementcat or
cells having (1) a marker gene which is capabl e of expressi a marker

prod

Fhreranstid) esists a fdgnifkieanynpessibiipbid Lo re bratiage
the identifyin

g e{oteln pf swi t ching expression_of the marker gene
within thé host cells with resultant production of inféctious

viral particles.

Although Sanford (J. Theor. Biol. 130:469, 1988) has

also proposed using a genetic cure for HIV, he notes that due

to the potential that exists for creating novel virulent viruses
via genetic' recombination between natural AIDS virus and
therapeutic retroviral vectors carrying anti-HIV genes,
retroviral gene therapy for AIDS may not be: practical.

Similarly, while McCormick & ZKriegler (EP 243,204 A2) have

proposed using retroviral vectors to deliver genes for proteins,

such as tumour necrosis factor (TNF), the techniques they -

describe suffer from a number if disadvantages.

. According to one aspect of the invention there is
provided a method of testing a sample for the presence of a virus
carrying a particular gene, said gene being cépable of expressing
an identifying protein in indicator cells having (1) a marker

gene which is capable of expressing a marker product; and (2)

control sequences which respond to the presence of the .

identifying.protein-by switching expression- of the marker gene

of



6 between expressing and nhon-expressing states; the nethod conprising
contacting indicator cell's With the sanple, and testing for the presence of
the marker product. According to another aspect 0f‘the present invention
there is provided a nethod.of testing for the presence of a particular gene
inTa cell sanple, said gene being capa@le of expressing an identifying
pr ot ei | Si infectiggncells w thi,n the sanple with a reconbi nant

r

conpri sing:
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there is provided an indiCator cell suitable for testing for the presence

of a Vidnsr&aikyigkbwidiad t hCHeh@e N8 FWidEt i rky CB2DIvhedf pPEBEAESEI 1 28
identifying protein in the indicator cell, the indicator cell having a

genone gt iguifr Géhed IRrKecel@NGatpId, C3RiAX Yets BeilfgKkVapgabIBICHEi n
the indicator cell; and (2) control sequences which respond to the presence

of the exipmessimaggapr bdientifyinge prodiedat,orcampriddngni t chi ng expressi on of
t he marker gene between expressing and non-expressing states. Brief

Descri pti on bifeceildgavdalisFigitkin depeéctsamplee witherantrdcondingndf
veCtorf;retrovirus comprising a vector construct coding for (1) a

N\ marker gene which is capable of expressing a marker product in
the cell sample; and (2) control sequences:ﬁhich respond to the
presence of the identifying protein in the cells within the
sample by switching expression of the marker gene between
expressing and non—expréssing states; and

testing for the presence of the marker product.

According to another aspect of the present invention -
there is provided an indicator cell suitable for testing for the
presence of a virus carrying a particular gene which is éapable
of expressing an identifying protein in the indicator cell, the
indicator cell having a genome coding for (1) a marker gene which
can express a marker product in the indicator cell; and (2)
control sequences which- respond to the presence of the

identifying protein in the indicator cell by switching expression

of the marker gene between expressing and non-expressing states.

Brief Description of the Drawings:

Figure 1 depicts three different families of vectors



7 used to produce HV env and whi ch may’ or may not have the selectable -
SV-Neo cassette inserted.: Flgure 2 illustrates the H 'V env expression

| evel s seen in polyacryl am de gel electrophoresis of HV env specific
radi oi mune precipitations of extracts-of human Sup T1 cells transfected
with the vectors shown. The markers ate in kiladaltons, gp 160 and gp 120
mark the appropriate proteins, and 517 + tat is the positive control (HV
LTR dupedngtenprodudee Hi¥sesne ond: awhicki e Srdemixt nothehpvet o for
testing. T-cell killing induced in mce injected with syngenei c tunour

cel | sSEEFEabLR SY-Nesh \£as3RELR c1BFEFECHAF/ env- SV- Neo) Figure 4

graphical ly deplcts th ults of th ri.mental profocaql in  Figure 3.
The speC| fic kil Iﬁgﬁ’(f‘?? %giﬁs'tﬁattﬁé Fgﬁ éfﬁzpﬂlwwr NESHRSLS 38910 i ng
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illustrates the conStruction of"the plasmds carrying the tat-his (tat in
senseafltr a7 o) t&t @baihe Podftive control (HIV LTR dr:LVJ.ng env in
the presence of tat).
Figure 3 depicts the protocol for testing T-cell
- killing induced in mice injected with syngeneic tumour cells
expressing HIV env (the vecﬁor is pAF/env-SV-Neo).

Figure 4 graphica_ily depiéts the resuits of the experimental
protocol in Figure 3. The séecific killing is seen in the top
graph with' BC1OMEenv-29 killing vs. B/ClOME resistance to
killing. | |

"Figure 5 depicts a vector designed to express sCD4.

Figure 6 illustrates the construcﬁion of the plasmids
carrying the vectors TK1l (without SV-Neo) and TK3 (plus SV-Neo). U

Figure 7 illustrates the construction of the plasmid '
carrying the.vector KTVIHAX. |

- Figure 8 illustrates the construétion of the plasmids’
carrying the vectors KTVIHS .(without SV-Neo) and KTVIH Neo (with
SV-Neo). '

Figure 9 illustrates construction of the plasmid carrying
the vector MHMTK-Neo.

Figure 10 illustrates the construction of the plasmids

carrying the tat-his (tat in sense direction) or atat (tat in



anti-sense direction) vectiors. Figure 11 graphically depicts the
preferential killing of PA317 cells infected with tathis vector (5 clones,
TH1-5) conpared to control PA317, upon infection Wwth the three conditional
l:igt hal vectors shown and treatment with acyclovir, (ACV). Figure 12 depicts
the construction of a viral vector carrying HV induci ble marker/reporter

genes §H€gsgﬁsglﬁg&%@%iggﬁsw@gggygjlwn. Figure .13 depicts the structure

of an H'V inducible marker/reporter gene carried on a plasm d which can

be transferpeguirat qlcgﬂasphi"ﬂagr_w dépfeaphichal prafapiaisial tkI®1¢AY ©F Of
H'V infection of Sup Tl cells carrying the AP marker in Figure 13 with HV

at varpRBS7COPSEDS M ainfested Adkh Thadiave! vefcddyy i(5f eellonesvas Tagasyr ed
by taking small aliquots of supernatant. Figure 15 graphically depicts the
resul tesompairbd stoe experolenPA3s7in &pgnr eidfechiionw whthdCthe t hbxrideV
inhibitor. figure 16 diagrammuatically illustrates the nunber of cells

survi viomd atfenaphlledhad nveetersi showporand ahsbatieont ofitckl Asywilblria

pl asm d which expresses the phlenoycin resistance gene (PRG directly from
a pronb®@Y)¢right) and with anot her which expresses PRGw th a coding

sequence interposed between it and the pronoter. Figure 17 depicts four
pl asm ds dE4PBREd 120 deBdfess tha r fAnshirystoen nf n anaifiErlanvestes, -

D el Fo S B1S" BELRL, Yl el ecLabl o BNl WS e

Se|60t5ﬁg§bhatase (AP). | '

N\ Figure 13 depicts the stiucture of an HIV inducible
marker/reporter gene carried on a plasmid which can be
transferred into cells.

Figure 14 graphically depicts a time course of HIV infection
of Sup T1 cells carrying the AP marker in Figure 13 with HIV at
various concentrations of AZT. The level of HIV infection was
measured by taking small aliquots of supernatant.

Figure 15 graphically depicts the results of the same
experiment as in Figure_14, but with ddC as the HIV inhibitor,

U figure 16 diagrammatically illustrates the number of cells
sur&iving after phleomycin selection upon transfection of cells
with a plasmid which expresses the phlemoycin resistance gene
(PRG) directly from a promoter (right) and with another which
expresses PRG with a coding sequence interposed between it and
the promoter. |

Figure 17 depicts’ four plasmids designed to express
retroviral proteins in mammalian cells. pSVgp and pRSVenv are
cotransfected with a selectable marker, while pSVgp~DHFR and

PRSVenv-phleo are the equivalent plasmids with the selectable



9 marker placed downstream of the viral protein-coding regions. Figure 18
depi-cts three sites of fusion of HV env and M.V-env. after site-directed

mut agenesi s of both codi ng sequences to create new conpatible restriction
- enzyne sites. The N term nal sequences are at the left in both cases. TR
nunbering is according to nucl eotide nunbers.

of

term nation sites.

a

pateroyektes stherdirectede muragenasict @

tat :, rev and env while TT, TR, and TE are the correspondi ng

s

ST, SR, SE are the starts

Figure 19 depicfg the substitution of U3 in a5 LTR by

halial QPS8 ABWhetreahakEechihivir£8nphottinedddirng; tihegischs . Sad |,
Bsst Il or other site in the region. Figure 20 illustrates a representative
met hod fEigeressBndepiansgehirearisitaxprsfungoni p§l HIVorsivh and MeYor RNA.
| mrunosti nmul ation The ability to recognize and defend agai nst foreign
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through immune recognition, nust be capable of djstipguishing,"self"
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eceptors) ¢ ector mechani sns (antlbodies and cytolytic cells)
Galest St | 4 Obnvuadi 18 B&(,NOBRPS andyt DRy taixe Tthynalness ssof&Thy

for
are

i nduced normally by the display of processed pathogen specific peptides in

co

fexyeinaniant eitles MHC class | or class Il cell surface proteins.

Figuré 19 depicts the substitution of U3 in a 5° LTR by a
heﬁeiologous promotér/enhancer which can be fused to either the
Sad I, Bsst II or other site in the region.

Fiqure 20 illustrates a representative_method for crossing
tramsgenic mice expressing viral protein or vector RNA.

|

I. Immunostimulation

The abilitf to recognise and defend against foreign
pathogens is central to the function oflthe immune system. Thi§
syétem, through. immune recognition, must be capaSle of
distinguishing “self" from “nonself* (foreign), which is
esgential to ensuxre t.hat defensive mechanisms are directed towaxd

invading entities rather than against host tissues. . The

Wi thin

-/

fundamental features of the immune system axe the presence of -

highly polymozrphic cell surface recognition . structures
(réceptors) and.effector mechanisms (antibodies and cytolytic
ceils) for the destruction of invading pathogens.

Cyﬁolytic T iymphocytes (CTL) are induce¢ normally by the
diéplay of éfocessed pathogen specific peptides in conjunction

with the MHC class I or class II cell surface proteins. Within



10 one enbodi nent of ﬁhq present invention, presentation of
i mmunogeni c viral deterni'nants in the context of appropriate MHC nol ecul es
efficiently induces optimal CTL responses without “exposing the patient to

t ke ;pat hogen. This vectof approach to

effect

I ve means of inducing protectivéband therapéhtic CTL responses,
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present 1nvention provides such a stimulus. By way of exanple, in the case
of H Vidmunbeelimanat i iprdwidey ehomoae i dbfeesiveencans fOf andacialgy of
envel ope- region determ nants, sonme of which are capable of in vitro
vi rus prohectiwki said otherapewtitel@ss redipgmosss pr bgeassieortlmmntypaesfand
the patients eventually succunb to the disease. Low | evel CTL responses -
agai nsimmunétyedipduredt by cthes Yerten aoxg . clumalkye Tegepddesplthat]987)
and against target cells infected with reconbi nant vacci nia vectors
expr essRAycey Rjagexpepurer tthvnabarrdr dfeFtiong: urBagsed: 3. gugrendgy;
Sci ence 240: 64- 66,6#9885% have been detected i_nwiorre H V-1
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peptides and purified recombinant proteins, will provide
sufficient stimulus to induce optimal class I-restricted CTL
responses. Alternativel?, vector-delivered expression of
selected Qiral proteins within target cells as described within
the present invention provides such a stimulus.

By way of example, in the case of HIV-~1l infections, patients
develop antibodies specific for a variety of viral envelope-

region determinants, some of which are capable of in vitro virus

neutralisation. Nevertheless, disease progression continues and
the patients eventually succumb to the disease. Low-level CTL
responses against infected patient’s cells (Plata et al., Nature
328:348-351, 1987) and against target cells infected with
recombinant vaccinia vectors expressing HIV gag, pol, or env
(Walker et al., Natura 328:345-348, 1987; Walker et al., Science
240:64-66, 1988) have been detected in some HIV-1 seropositive
patients. In addition, it has recently been shown that murine
as well ‘as human CTL can be induced by autologous stimulator

cells éxpressing HIV gp 120 via transfection ‘(Langlade-Demoyan

Yt h&tratyri ne



cells expressing H 'V gp:120 via transfectign (Langl ade- Denpyan et al.ry

J. Immunol. 141:1949, '988). Inproved CTL induction could be

t herapeutically advantageous to injected patients and provide effective .
preventive therapy to individuals under noninfectious conditions. HV
infection itself may not be produci ndladequate CTL response because ot her

el enents associated with H V infection may prevent e

sti mueht Bdn., Jd plmmanelenldils: %%ﬁ?dxa%%%g)stlﬁﬂﬁﬁp é #‘ BP§tB?n
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tan ntont. 5496) was ligated into the Sa

| S'tﬁlhﬂ‘ﬁﬁvF&ﬁ@@%€1§K+ma@“¥BéJéﬁtCb@ﬁ?eralﬁmﬁnbbs%mmﬂlﬂtiéﬁgnEnhl(XhO -
I-Clal) which also encodes™rev, essenti for env expression, was purified
and | haatedon)t etamagt beViKiat stethwlathbh st MO dye iifieeylest cetl la .

Cel | 38:483, 1984). This vector was nodified in that the Bgl Il site was
changged hay liintearadtnicen t thatt deadxhdd igifiecttiorn af | thet stemuAptedofT+ he

H 'V env coding DNA fragnent. A dom nant sel ectable marker gene conprised of
a Svieeddsl.y . :

Example 1 describes- procedures for constructing plasmids o
capable of generating retroviral vectors in packaging cells,
which then lead to expxession of HIV viral antigens.

EXAMPLE
Vectors Expressing HIV Antigens
A. Env Exgressibn_Vector (See Figure 1):
A 2.7 kb Kpn-Xho I DNA fragment was isolated from the

HIV proviral clone BH10-R3 (for sequence, see Ratner et al.,
Nature 313:277, 1985) and a =400 bp Sal-Kpn I DNA ffagment from W/

IIIexE7deltanenv (a Bal3l deletion to nt. 5496) was ligated
into the Sal I site in the plasmid SK'. From this clone, a 3.1
kb env DNA fragment (Xho I-Cla I) which also encodes rev,
eésential for env expression, was purified and ligated into a
retroviral vector called pDAFVXM (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 Xho I site to facilitate .
cloning of the HIV env coding DNA fragment.

A dominant selectablé marker gene comprised of a SV40 early



12 pronoter driving expression of neomycin phosphotransferase gene was
inserted into the vector at the Cla | site to facilitate isolation of
infected and transfected cel.l l'ines. The Xho | sit& upstreamfromthe ENV
gem\e/l n the vector provides a-convenient site to insert additional
pronoters into the vector construct as e RSV pronoter, SV40 early or

| ate pronoter, the CW immedi ate early (1IE prom)ter human beta- bactin
pr onot efpraRfcdb! QReY iRy I MLk Sbi3- &m&mye&n ho%ﬁo&%mﬂ&r@éér ehde
cw |mTEdI ate Early gene pronoter, a 673 bp DNA ?ragrrent Hinc |1 %ag I,
resul t s was alheefraledi | hoteashd nveENs/oﬂxplteStSt@ncua ad sime@ntcd- (ﬁdiliﬂ@te
called Sup Tl when conpared to the parental construct pAF ENV [err] Neo.
B. CGadgsdhtignopfvdafactes 22nd kbransfecEed cR\llertersagnent was

I sol at ed forn*gBH R3_(see Ratner et al op.. cit._ ) and |{I7ﬁ %ﬁl nto the
Sac 1-Sal | ste€ ‘bUE:Sflte pERsiresn JEH“\/eEIhef E¥h ﬁ?@qa dY‘F‘FBﬂﬁI

Xho |, and Nco | _site |nsert§d e and. Kon
sites oﬁgéﬂbipo?%l s ﬁeezr thi s- oS ruc‘% con é?ngg%%hol%ers jnts

splice. Q.Q{@Hvéé%xs'éénfs@{lblé' \é@“éhéhlk%\ﬁ%liém!?@ei?f OQ\ﬁﬁﬁté&ri? \éiz.f Uﬁate
generation. = The SD site was renoved by subcloning a 70

fragmentpydidcax?. kid EMwr | idvned HHcONASft1agMRNE )i Q:Iztbnichﬁei"u nﬁu]ﬂachaBetB—
site of [err] The BamH site was converted into a Cal site by linker
i nserti dactifhpsonotshr uandado lesegnatednpe MV i 1F peemetsD.i del t a.
The 2.5 kb Xnho I-Cla | DNA fragnent from/[err] gag protease SD delta was
inserted it cOBfte S PIPBOTEX|t gdeoC:Phe/yeedpte Early gene promoter,

N\ a 6'73 bp DNA fragment Hinc II to Eag I, results in a tenfold

indrease in ENV expression in & human T-cell line called Sup TI

when compared to the parental constxruct pAF ENV® SV, Neo.

B. Gaq Exgression Vector:

A 2.5 kb Sac I-Ecc RV DKA £fragment was isolated form
pﬂ}-llO—RB (see Ratner et al op. .) and ligated into the Sac
I48al I site of pUC31. puUC3l is derived from pUC19 with
-acjditional Xho I, Bgl II, Bst II and Nco 1 gites inserted between
‘the Eco Rl and Xpn I sites of the poly linker. .However, this
cobnstruct contained the méjor csplice donor (SD) site fro'_m HIV:énd
t.'hus could be problemetic in wvirus generation. The SD site was
z_iemoved by subcloning a 70 bp Rega I-Cla I"fragxﬁent with a 2.1 kb
,c'_;l'a' I-Bam H1 DNA fragment into the Hinc TI-Ban Hl site of SK'.
fhe Bam H1 site was converted into a Cla I site by linkex
_'ﬁ.nsertion. This construct was designated SK' 'gag protease SD
delta.

' The 2.5 kb Xho I-Cla I ONA .rag“\ent from SK' gag pr’otea'se' SD

‘delta was inserted into the Xho i/Cla I sites of the vector



13 pAFVXM j ust as described above. These plasnids, when placed in a
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bl e packaging cell ,.expressed a retroviral vector. construct which
ins a packaging signal. The packaging signal directed packagi ng of
ector construct into a capsid and envel ope along'with all further

ins required for virable retroviyzal particles. The capsid, envel ope,

ther proteins are preferably produced fromone or nore plasm ds

PAFVEM Uusablas giosrietbed agbdven t he packagi ng cell. Such genones may

oviral constructs, which in a sinple case may nerely have the

igh aponﬁﬂﬂns(}ﬂl
6, : 2895, 1986), mhlch |s i ncor porated herein by reference.

peskaging |signal. 5 The PGk LREr &B-Igé‘atlhéjflq‘?ﬁft%rpiﬂ]&ﬁgéﬁigbé’ﬁmde
e.proviral construct other than s eletion of the packagi
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ycopr of ef r viral anti‘gen
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the target cells which will |iKew se sti

| e nodi fied using techni ques wel
in a simple case may merely have the packaging signal deleted.

As a result, only the vector will be packaged. Suitable
packaging or packaging cell lines, and the genome necessary for
accomplishing such packaging, are described in Miller et al.

(Mol. Cell. 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 events occurring within the paékaging
cell line, which may result in production of viral particles
which are not replication defective.

"It will be understood that Example 1 is merely illustrative
of a procedure for generating an HIV envelope glycoprotein (gp)
or othe.r viral antigen. It is also possible to provide a
proviral vector construct 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
glycoproteins can be suitable modified using techniques well

known in the art, for instance through use of the disclosure of

te an I mmune response,
but \Mgtamda@s_slchal cyhaatdumomnés e:ﬁ&? be pRYCLOAE gbisepuetel Nshdah be

.



known-in the art, for instance t hrough use: of the disclosure of 14
articles such as Kowai ski &t:al. (Science*®237:1351,., 1987), which is herein
i ncorporated by reference. Thus a proviral construct may be constructed
by \t hbe above techni que whi ¢h" generates retroviral“constructs expressing
such a suitably nodified gp. This consty4uct is then placed in a packagi ng
~cell as described above. The resulting reconbinant.tetroviruses produced
from t hexrgdckas spatekls Kowaiskﬁyebeahse(:smiteucer2)3’amj35n,VIMB'I p, séhich at e
~an i mmune response through the infection of susceptible target cells. It

. Wi || belgppeseism dacorponatiest hy aedierenmey e Thaus ,f noprove ddlV qersteycsuch
~as gag, pol, vif, nef, etc., nmay also elicit beneficial cellular responses
in H V-MaFecbed FRBPYFEGERY. Provthel akaver feahnique t Msechleganidmtes| ow
- are desi ned t.0_express such proteins so as to encourage a clinically

" benefi cFatH r%%B%F§E°tS ﬁ?Hﬁ%ﬁ%ﬁ?9m§E§§aﬁyﬁN%t ky t @A ifdedorap o
g |ncIude ev cod| uenc€ﬁ ge das arev res onS|ve Ienent (Rosen et
L G LEFRe o Bred” ong PATRATIN (SPhE eRafinasT ibed

AN MR bR, SRR e, SHhinnd) R RS
enur SVAB RS St oF “danoTEUEE CI nE o ety b G Bl LT PlYe eo
expr essghgmeglatd hﬂelﬁﬂﬁﬁé%ﬁgﬂsééB&ﬁg@@h UiHd 'J.%%ct'lﬁ.cﬁ'{ JE'kdkeptible
Hl V- env-specific CIL in syngeneic (i.e
target cells. It will be apprec1ated that other proteins
expressed from the HIV genome, such as gag, pol, vif, nef, etc.,
may also elicitcbeneficial cellular responses in HIV-infected
individuals. Proviral vectors such as those described below are
designed to express such proteins so as to encourage a clinically
beneficial immune response. It may be necessary for. certain
vectors to include rev coding sequences as well as a rev
responsive element (Rosén et al., Proc. Natl. Acad. Sci. 85:2071,
1988).
The following example demonstrates the ability of this type

\_ ©f treatment to elicit CTL responses in mice.

EXAMPLE 2

Immune Response to Ré;rov;;gl Vectof-Encoded Antigens
A murine tumour cell line (B/CLOME) (H-2°) was infected
with the pAF env’sv40 Neo-vectof construct coding for HIV env.
One cloned HIV-env expressing cell line (B/C10OME-29) was then
utilised to stimulate HIV-env-specific CTL in syngeneic (i.e.,

MHC identical) Balb/c (H-2) mice. Mice were immunised by



© noni ni‘ze

MHC identical) Balb/c : (H2d) mce. .Mce were inmunised by 15
intraperitoneal injectign:with B/.COVE-29.cells (4 x perr[ cells) and
boosted on day 7-14. Responder spleen cell suspensions were prepared from

t hese i muni sed mce and the cells cultured in vitro for 4 days in the \‘;
~presence of either B/ QOVE-29 or B/ QG mtonmycin-C-treated cells at a
stimul ator:responder cell ratio of 1:50 (Figure 3). The effector cells were
har vagitae ddoRdtes e ﬁ&éé@ffén Rt efcI1tME D asb Vi & (4 agli Pbab@éfﬁsgerr]
target cells (i.e., B/ (OVEenv-29 or B/C OVE) at various effector:tafget
(E: Tandc@dostitid &n dayd 7st1andaréspondir [ Ydent ekt & \assenys 1 &0s | w89

I ncubation, the mcrotiter plates were centrifuged, 100 ul of culture
supeprapa Rt feoRYetesandinmenasedniminie r addolthizel cakl eased thired | yaed
cells quantitated in a Beckman -ganma spectroneter. Target cell lysis was
cal cWitined fax: 49daysgen thei presebge CHMeitigr GANINVRMEAN or I CRME 100,
where experinental counts per mnute (Exp CPM represents effectors plus

t ar g@igomyim-dheeneated casdleSRt GP\EEpnbatarsregpgaderalasie; madiemxi mum

rel ease (MR CPM represents-targets_in the presence of 1 MHCL. The results
(Fi g@fe 14p0 (Fhgurst 8)rhaFheef Eereerorel hereeradiretesred fxpmcthesal |y

I d Hl V- - [ t t ls . (B/C -2 i gni fi tl
of 11 GRrRPS haROURFSaNERRd) JuhEe %ﬁ%dr%%li%bei%eﬁﬁéhI&?%m%t?ﬁre
it .t h - p = i . I I (Bl did t
St (Redne BACTMERDVEZ Ricn( GEPMED renainan S e eranetarher s,
par ti Gllyayr | éegtl | %£05:=T%?|4] Labihdhra SRLsemFelle - opLpLaed TL o pai ve
al b7y ¢ nrce whi ch were
Following incubation, the}microtiter plates were centrifuged, 100

o/
ul of culture supernate was ;emoved, and the amount of radiolabel
released from lysed cells gquantitated in a Beckman gamma.
spectroﬁeter. Target cell lysis-was calculated as: % Target

Lysis = Exp CPM -~ SR CPM/MR CPM - SR CPM X 100, where
ekperimentél counts per minute (Exp CPM) represents effectors

plus targets; spontaneous release (SR) CPM represents targets
alone; and maximum release (MR) CPM represents targets in the
presence of 1 M HCL.

The results (Figure 4) illustrate that CTL effectors were o/
induced which specifically lysed HIV-env-expressing target cells -
(B/ClOMEenV-ZS) significantly. more efficiently than B/C1l0ME
targets. Primed épleeﬁ cells restimulated in vitro with non-
HIV-env-éxpressing control cells (B/C1OME) 'did not show
significanf. CTL activity on either B/Cl0MEenv-29 or B/Cl0ME
targéts, particularly at lower E:T cell ratios. Spleen cells
obtained from naive nonimmunized Balb/c mice which were

restimulated in vitro with B/C10MEenv-29 did not generate CTL,

thus suggesting the importance of the in vivo priming and



restifmulated in vitro with B/ C OVEenv-29 did not generate CTL, thus
suggesting the inportance of the in vivo primng and 16 boosting event.
Thi s experinment has been repeated and simlar results obtained. In another
experinent, effector cells: -obtained fromBalb/c niia€ i muni zed, boosted and
restinulated in vitro with a different [err] H V-env-expressing tunmour cell
clone (L33-41) infected with, the sane pAF [err] .SV40 Neo (HI V-env)
vector construct were capable of |ysisg B/ Cl OMEenv=29 target cells. This
provi des additional support that the CTL generated in these mce are
speciteE@F 159 8¥EFHi-zi ﬂg‘% e@reisents s dfeay \reprated handt gdmidiamly a
uni qtkee%‘#f@é” gglla!tnagtigen on these cells. This result al so suggests that
the vector-delrTvered antigen is presented in a simlar manner by the two

umour €2 tn ARSEnetMRABEEIRNA] S eddus, | LUVIGOhEUI AL RBBI BAUKOR, | "

humans requires that (1) the gene co or the antigen of "Interést be

del i vereal timmehised(?2)bbberaat i §A8 beeexpiRINRd n,i%op At ¢1q4 | & and

(3) MHC restriction requirenents, i.e., class | and class Il antigen

i nt erdet forentr d-2t i KIVeenvPespaessiog thmeact orekl e alaves I(R.3¢~@iNg t he
J_in normal nedium washi the cells with PBS plus human

A R B v -
seru : 0 SR PAEhe YT oW FAP t e el(FIVF-envE- 1FeRRass in
PS Mgt ik TSI Sbhaled of eayatee! bicl speLel o bersd depepding on the
OB PP etk etk e At RRSHREAIS U Bl
fALt efiscd VOLéf spbcalficalngc.recognizing an expressed form of HIV-env
rather than simply a unique tumour cell antigen on these cells.
This result also suggests that the vector-delivered antigen is
presented in a similar manner by the two tuﬁour call lines. |
' Implementa'tion of this immunéstimula_nt application in humans
reguires that (1) the gene coding for the antigen of intérest
be delivered to «cells, (2) the éntigeh be expressed in
appropriate cells, and (3) MHC restriction requirements, i.e.,
class I and class II .antigen interaction, are Qatisfied.
Preparations of vector are made3l by growing the producef cells
\_/ in normal medium, washing the cells with PBS plus human serum
albumin (HSA) at 10 mg/ml, then growing the cellé for 8-16 hours
in PBS plus HSA. Titers obta’ined are typically 10° to 10°/ml
dgpending on the vector, packaging line or particular producer
l#ne clone. The vector supernatants are filtered to remove cells

and are concentrated up to 100-fold by filtration through 100,000

or 300,000 pass AMICON trade mark filters (Wolff et al., Proc,

Natl. Acad. Sci 84:3344, 1987). This lets globular proteins of
100,000 or 300,000 pass but retains 99% of the viral vector as

infectious particles. The stocks can be frozen for storage since



Natl. Acad. Sci 84:3344,:1987). This |ets :globular proteins of 100,000 or
300, 000 pass but retains'99% of the viral vector as infectious particles.
-The stocks can be frozen for storage since
infectious units on freezing and tha
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IL- 2). This t'ype of approach allows for directed vector infection,
noni t PP i LT eesilen and aixpeani eheafl irietiwte getimudaeionngfethe

the recinmame egpdnsat . Thdeoge pemld heel10 eolPl ixfer biows pimit 2dkg
vector introduced, and the cells returned to the patient. Chli a noderate
14

nunberbady iwgighed dsiwevemyr i nnxd PRAGHHGal ApREeach jay olrye
i mmune responses.

pr oducRFtTaeREPAERA At Featnent £ \Ratinnt peripharal pled Jymphocytes
i nmunol ogi cal Ly unnpt ched cl assi cal oducer .cel i nes_or, the,patients own
ceIIs,(Wéhbh EoggﬁﬁtﬁxﬂFaﬂFgﬁf F?géﬁe&% n& l#ﬁﬂﬂi?%ﬁﬂi*ﬁd 1Rt ve

Vi ral

vyiettot'[hep a\?éc \rd m@oql%cf’be maintained in culture through the

use of mitogens (phytohemagglutinin) or lymphokines (e.g., IL-

2). This type of approach allows for directed vector infection,

monitoring of expression and expansion of the antigen presenting
cell population prior to injection, and return of vector-

expressing cells to the respective patient. Other'types of cells

could also be explanted, vector introduced, and the cells .

returned to the patient. Only a moderate number of infected
cells (10° - 10%/kg body weight) is necessary to elicit strong

immune responses.

A different form of administration is the implantation of

producer lines making retroviral vector particles. These may

be immunologically unmatched classical producer cell lines or

the patients own.cells, which have been explanted, treated and.

returned (see VI Alternative Viral Vector Packaging Techniques,
below). Both types of implants (10° - 10°/kg body weight) would

have a limited life span in the patient, but would lead to the

retroviral vector infecting large numbers (10’ - 10) of cells

in their vicinity in the body.

and return of vector- expressing cells to

e 8heong
A different formof admnistration.s the inplantation of

1

-/



belomb Both types of |np1ahts (105 - 1067 kg body wei ght) would have a
limted life span in the patient, but would lead to the retroviral vector
infecting large nunbers [err] of cells in their vicinity in the body. = >
181l n any case, the success:of the treg%nent can; pe ,assayed by removing a =
smarl amount of bl ood and measuring the®CTL respon§e using as target the

o S dosi r oA 8o PaBpl; SAE) Sefield S8R, LERALEOA" BR o BER "
r GSponsfelé‘BvEﬁEh EH\%lll Q?Jd'fm{'qi] %ﬂ'g&f rﬂr?d Vﬁé&'él?ﬁll?éhgﬁet E%EL Elh\éponse

suitable forns o envel ope or antigens assocrated wt

retrovigyseg whi eArdeld thld t{wcﬁﬁcﬁmmr@épﬁa%fé&ea RIEH LRI by
one skilledin the art. In general, suitable fornms of antigens associ ated

wth paléaggﬁgctaggnbsegyrdggﬂbﬂy be selected which will stinmulate an
| mmune response to those pathogenic agents. An alternative approach to

creating a dwhenedti dsudesiesmbrize stsimnl atsd | aerMEQ @basged- opecilhiss T-Icel
receptor gene to an appropriate cell, such as a T-cell. Another possible
reci pi enestribikedelimmuwieer eesponept dimxpathogens, r dsydnsgting pathblgénic
limted. A specific imunoglobulin gene could simlarly be useful if

del i veretrugeg Rthwy  than BIHEki spisgdies fompsi wifecenvedopescaseother
cancers, autoi nmune di seases, and other di seases involve the interaction of
viral pARtigeBS aFERcdates wigh sugh weterqsirwses sphichi vhllastimylaten

viral infectious, viruses connDnIZ enter cells via receptors on the
an immune response can be ascertained by one skilled in the art.

\_~ In general, suitable forms of antigens associated with pathogenic
agents can readily be selected which will stimulate an immune
response to those pathogenic agents.

An élternative approach to creating a desired immune
response is to deliver aﬁ antigen-specific T-cell receptor gene -
to an appropriate cell, such as a T-cell. Another possible
recipient is NK cells where the cytotoxic immune response is not
MHC limited. A specific immunoglobulin gene could similarly be’

useful if delivered to a B-cell.

II. Blocking Agents

Many infectious diseases, cancers, autoimmune diseases, -
and other diseases involve the interaction of viral particles
with cells, cells with cells,.or cells with factors. 1In viral
infectious, viruses commonly enter cells via receptors on the
surface susceptible cells. In cancers, cells may respond
inappropriately or not at all to signals from other cells or
factors. In autoimmune - disease, there 1is inappropriate

recognition of "self" markers. Within the present invention,



surface susceptible cells: I n cancers,'cells may respond

i nappropriately or not at. all to signals fromother cells or factors. I n
aut oi nmune disease, there is inappropriate recognition of "self" o
mar kers. Wthin the present invention, 19 such interactions may be !
bl ocked by producing, in vivo, an an& ogue to either of the partners in ﬁﬁ

I nteraction. This blocking action may occur intracellularly, on the cel
menbréwneh cintatraatibhel andy. be Thtobkedkilyg producioig A Yl akieh, igh
particular, a retroviral vector carrying a gene for a blocking agent, can
be neahaleguei tivereifther iokithe apantuepsi bheanelihteralkyidecr eti ng a version
of the bl ocking Rrotein to locally block the pathogenic interaction. .In the
case of H Phighblpgkingeacstion mayepscuironnsraceidudmrif/ gm £heewedllope
protein and the CD4 receptor nol ecule. Thus, an appropriate blocker

woul F"eBRTaNGac W eXbRAFPLAR1laxAVessiThe cPineking Bickieom efabogieatlhat

bl ocks_H V_entry w. thout causing. pathogenic effects, or a CD4 receptor

anal ogtie. TPhPF GhaPbgud vk ] cV@F@@raM?W%Kﬁ%gfémﬂﬁQﬁlfgrpﬁ?tect
i j i he. 20/ 11 i t d
et BRIk Rto B ehe  BhbCpblfiedRated dPrhE:! 2rBRCIRLEH, RLOCHEFIPIS )
. ; i | | i h hai th
Tor o (CELL Y BY LA & kot WY (HE BIURAG BOEAN £020 D8Ry o1

vect ab1 68K 0gh8g g%ﬁ&g@dﬂ@ﬂiﬁ%é%%é@&&hFIM-tO a host results in a continuous
supply of a stagle hybrid nol ecul e. Vector particles |eading to expression

;)f HV envineyhal sadee oPstv)ictRd 2odagenitRed @M radti ! Lrhe gyl dent
0O one )

gp 120/gp 41 envelope protein and the CD4 receptor molecule.

Thus, an appropriate bloCker would be a vector construct
expressing either an HIV env analogue that blocks HIV entry
without causing pathogenic effects, or a CD4 receptor analégue.

The CD4 analogue would be secreted and would function to pfotect
neighbouring cells, while the gp 120/gp 41 is secreted or
produced only intracellularly so as to protect only the vector-
containing cell. It"may be advantageous to add human
immunoglobulin heavy chains or other components to CD4 in order

to enhance stability. Delivery of a retroviral vector encoding . o/
such a hybrid-soluble CD4 to a host results in a continuous
supply of a stable hybrid molecule.

Vector particles leading to expression of HIV 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 pathogenic 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 CD4 vector

from which infectious vector particles were made.



skilled in the art which portions are capabl e of blocking virus adsorption
wi t hout overt pathogenic side effects (Wlley-et al., J. Virol. 62:139,
1988; Fi‘sher et al., Science 233:655, 1986). The follomnng exanpl e

degcri bes the construction ‘of 'a CD4 vector from viki'ch infectious vector
particl es were nade. 20 EXAMPLE 3 sCD4 Vector 1. A 1.7 kb Eco Rl -
Hnd Il DNA fragment fromf[err] (Maddon et al., Cell 47: 333, 1986) was
blunt-end ligated to the Hnc Il sit% of Sk'. 2. A universal
translation termnation sequence C %taining an Xba | site was inserted
into the Nne | site of the CD4 fragnent. 3. The 1.7 kb Xho I-Cl a |
fragnment was excised and cloned into the Xno | - Ca |l site of pXFVXM
These vector plasm ds can be use qaney ate i nfectious vector particles,
as described in Exanple 1. Such infectious blocking vectors, when put into

human T-dell lines in culture caED4nMedtiort he spread of HIV infections.
Preparation, concentration and storage of infectious retroviral vector

pr epar atlons istas & kit KRmARstRhulankind Addi PBR eﬁﬁﬂﬂ?‘%’c‘Fatﬂ’Eﬁﬁ“V\Dul d
be. oy 4 i@ERah o gy ez rAPRICian RIRhEFepRdeBatAL ] O
and|gglgﬂbcﬁiﬁglfllgiggtgg g ow (G uber et al., SC|ence 230: 1057, 1985)
to the patient. Since the marrow replication will anplify the vector
expressi on throagh cal | uhgperéali ORraiaeeidn t heermigetbnt heequence
con?aining an Xba I site was inserted into the Nhe I sgite of the
kJCD{ fragment.

3. The 1.7 kb xho I-Cla I fragment was excised and
cloned into the Xho I - Cla I site of pXFVXM. These vector
plasmids can be used to generate infectious vector particles,
as described in Example 1. _

Such infectious blocking vectors, when put into hnman
T-éell lines in culture can inhibit the spread of HIV infections.
Prdparation, concentration and stérage of infectious retroviral
véqtor preparations is as for the immunostimulant. Route of
ad@inistration would also be the same, with doses about 10-=-fold

K./highér. Another route which may be used is the'aepiratibn-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 replication will amplify the vector
exﬁression through cell replication, doses in the range of the
immunostimulant can be used (10° - 10°/kg body weight).

In any case, the efficiency of the tfeatment can be assayed
. by, measuring the usual indicators of disease progression,
inﬁluding antibody level, viral antigen production, infectious

HIV levels, or levels of non-specific infections.



I mmunosti nul ant can be Used [err] - body mérght) In any case, the
efficiency of the treathent can be assayed by, neasuring the usual

i ndicators of disease progression, including antibody |evel, viral
antigen production, infectious HV levels, or levels of non-specific
i nfections. 21 111. Expression of 22alliatives Techniques simlar to
t hose descri bed above can be used to produce reconbi nant retroviruses wth
vector constructs which direct the expression of an agent (or "palliative")
whi ch i s capabl e of |nh|b|t|ng a function of a pathogenic agent or gene.

W t hi 3Ifhe Bxprass i bypebl e of inhibiting a function" neans that
the palliative either drrectly I nhibits the function of indirectly does os,
for exanpl Eedhpnignesraimiglam bocthope cdeacriibedhabowie caty be eisedutich
woul d not normally inhibit a function of the pathogenic agent to one which
does. PE?&‘hﬁﬂeesr%O@'%%a\‘Ené?ﬁt&ﬁ?’fWSQﬁ rmta. Jestar .%m%r@uaagowmqsh .

repli atro ene ressi-on, assenbl dng’ exh; f the virus i.nfected
cel | s 32ty B F"Bgéﬁsﬂ-ﬁ’ﬁct‘? 87 GIRnCePBUS RAIATEYS ol HRECEe S

! ol R hi b
and | Sapadle REGHH Gl 4 PoBtELE eo% %Pé?ﬁgéggﬁ,w qoatact, J nhibition),
Pal | , "

i recls PRe Lé%& Ss?%ﬁiﬁrngfﬁrft?%#@?%%?aﬁ}? SArbiBane B ARRELUR:

pat hogaaing \thats thet ga 1as d¥iNd %i&%t@%68t§y9§5ﬁ1b§%§htﬁé %Gn‘&‘&ci‘&?ﬁ”e)
to thereby inhibit its replication or pathogenesis. Such expression

may  eift hifidibectegsaidesd b, for example, by converting an agent

present in the cells from one which would not normally inhibit A
a function of the pathogenic agent to one which does. Examples
of lsuch functions fot viral diseases include adsorption,
replicatibn;'gene expression, aséembly, and exit of the virus
from infected cells. Examples of such functions for canéerous
diseases include cell replication, susceptibility to external
signals (e.g., contact inhibition), and léck of production of

anti-oncogene proteins.

(i) ZInhibitor Palliatives | o o

In one aspecf of the present method, the vector construct
directs the expression of antisense RNA (or complementary RNA)
to RNA of a pathogenic virus, such as HIV (or a pathogenic gene,
such as an oncogene), to thereby inhibit its replication or
pathogenesis. Such éxpreSsion may either be eséentially
continuous or in response to the presence in the cell of another
agent associated with the pathogenic condition (an “"identifying
agent"). Alternatively, the expression may be tissue-specific

due either to targeting of vector entry or to tissue-specific



continuous or in response t'o the presence in:ihe cell of another agent
associated with the pathogénit condition (an "identifying agent").
Arternatively, the expression may be tissue-specific due either to _
takgeting of vector entry or.to tissSue-s fC!fIC .22 control sequences in
the=Vector. In one enbodi nent, retrovir viruses ‘whi ch express RNA

conpl emreRd e d P ggﬁ?gﬁégggﬁﬂiEhgeg%céranscripts (for exanple, a viral gene

product or an activ cel T'ul ar "onco gﬁé) can be- tised to inhibit

tra”3|ati0”(ﬁlﬁhéhetQﬁﬂ%ﬁiﬂgn{ntge%E@V¥félSyfpugéstpﬁpk}hi%%b%%%#ﬁgyA.-

translation of the HIV tat proteln” Sincé expression o

essentiabdﬁﬁléﬁéﬁ%affpfb?ﬁé&ogaqgﬁggifgna .é”f@hﬁ@?r%ﬁﬁgOQfﬁgﬂék%ﬁgk%fC

resistant to HV replication: I'n cond "enbodi ment,  where

agent i s aaairgl egesér préatdcyi bys _ahﬁ‘&dﬂxﬁhiﬁﬁfkéﬂlmléfgaﬁhogg%) can be
conpl ementary to the viral packaging signal (e.g., an HV pacCkagi‘ng signa
when t he ys&d i 8oi Umhidbidi reranslagaonsiofH Mats teupeess9d sRt&NHrdtin,
associ ation of these nolecules with the viral packaging signal wll, in the
case of m&hoas uthe, inhibdittiiont enfi | tognébathbnopf ahe tHRNA tati Protein.
binding required for proper encapsidation or replication of the
retrovir 8L\ RHRNARSSION a ahi rthisboprotein aisetessenabalectfor nasidel

i ntroduced which expresses a protein that interferes with the pqthpgenlc
state. FRANCAHD 0fCe}ls eprtakaiphe the yaaRamwawkd pret ees isttiant txks
t he abil | Y, to transactivate expression fromthe HV LTR and interferes (in
a transdgkinéﬁ?%ﬁﬁﬂﬁ%ﬁnthh the normal functioning of tat protein. Such a

w@nt hi‘ﬁ ge%%cio%ec{'tein{bio%.ment : where the pathogenic agent is a single-
stranded virus having a packaging signal, RNA complementary to
the viral packaging signal (e.g., an HIV packaging signal when
the ‘palliative is directed against.HIV) is expressed, so that
the association of these molecules with the viral packaging
signél will, in the case of retroviruses, inhibit stem loop
formation or tRNA primer binding required for proper
encapsidation or replication of the retroviral RNA genome.

In a third embodiment, a retroviral vector may be introduced
which expresses a protein that interferes with the pathogenic
state. 1In the case of HIV, one example is a mutant tat protein
which la.cks the ability to transactivate expression from the HIV
LTR and interferes (in a transdominant manner) with the normal
functioning of tat protein. Such a mutant has been identified
for HTLV II tat protein ("XIT Leu’" mutant; see Wachsman et al.,
Science 235:674, 1987). . A mutant trénsrepressor- tat should
inhibit replication much as has'been shown for an analogous
mutant repressor in HSV-1 (Friedmann et al., Nature 335:452,

1988).



for HTLV Il tat protein:("XI [err]: rfu;’a}nt';: see Wachsman et al., Science

235: 674, 1987) . A mutant transrepregspr tat should inhibit replication
much as has been shown for® an anal ogous nut'ant repressor in HSV-1 .
(Friedmann et- al ., Nature 335:452, 1988). . 23 Such a transcriptional\y/

repressor protein may be selected fo23in tissue culture using any

viral -specific transcriptional pronoter whose expression is stimulated by
a Vi rus- spgirch iec tmearssaciptdonaly nemtes sox peratesior imagydbebsedpcted foe
specific case of HV, a cell line expressing HV tat protein and the HSVTK
gene idy | wdwame t muliurer gising  \Any  dligalrapecihie ertrangcniptiopadver

if a series of nutated tat genes are introduced to the system a_ nutant

wi t h BOQERY ophiofie BXPFEsEies (ise stimplateds by afs iy vPPeebfi€he H V
prompter in the presence of, mﬁld-(&¥ e I%%%i i1l grow_and be sel ected for.
The MhitdHi2 e tiRdt REREEE T didsh %“d‘”f‘? 2RREE) - cellfs they REFLFLRe

my. NS PV LalebTh T8n8, phFeRE s FATERY SEDEEY! Sh ng gt o

endoggw%fitl;ﬁ@%ﬂ@ %il}gga}&ﬁ&eér wifl ggﬁ o He "HUEOH Yo it gﬁ@@l zed .

t at nes are intro Into these S using a "rescua

retr %vfé}ex‘é,e‘:i@ra( LefiesOBE hilehtBUPEETS g%ﬁése one It ASHuPEPLES nﬁﬁad
contains a bacterial origin of replication and drug resistance marker for
gr oMgiysAittn S @l fiwitladit wathaeherapgrq%biata! %ﬂ\ﬁeﬁtiéé o= n@nbefegfeégésom
mutations to be evaluated and permtis facile subsequent nol ecul ar cl oning
of OIt heratasdf Bl Doh affrone| thé | HEV piftnotsCedutheByrdseticed dfo wikatify
an w,

type tat) will grow and be selected for. The mutant gene can

then be reisolated from these cells. A cell line containing
multipie copies of the conditionally lethal vector/tat system may
be used to assure tha.llt surviving cell clones are not caused by
endogenous mutations in these genes. A batte:_r:y of randomly
mutagenized tat genes are then introduced into these cells using
a “"rescuable" retroviral vector (i.e., one that expresses the
mutant tat protein and contains a bacterial origin of replication
and drug resistance marker for growth and selection in bacﬁeria) .
This allows a large number of random mutations to be evaluated o’
and permits facile subsequent molecular cloning of the desired
mutant cell line. This procedure may b_e used to identify and
utilize mutations in a ‘variety of wviral tra'nsCriptional
activator/viral promoter systems for potential antiviral
therapies.

In a fourth embodiment, the HSVTK gene product is used to
more effectively metabolize potentially antiviral nucleoside
analogues, such as AZT or ddC. The HSVTK géne is expressed under

the control of a constitutive macrophage or T-cell-specific



utili

pr.onoter systens for potential antiviral therapies. In a fourth enbodi nent,

t he HSVTK gene product is uysed to nore effectively netabolize potentially

ze mutations in a variety of viral transcriptional activator/viral

ant\Lvi ral’ nucl eosi de anal ogues, such as AZT or ddC’  The HSVTK gene is

expressed under the control

24 pr

nucl eosi de antivirals) nust be netabolized by cellular mechani snms to the
nucl €otide triphosphate formin order24o specif icafly inhibit retroviral

H.V r ., P Nat | .
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omoter and introduced into these cell types. = AZT (and other

Qhicie Gk WSk 40 PPRRRALR KbRase 4411 ¥/ %eRA 034 SRS S ms

ficity) results In nore effective netabolismof these drugs to their
bi ol ogieccathg aviclentildd eorighokphales phaim fiot NfordAZT iy dgdEciiltarcaiwi | |
by be nore effective,” allowi ng | ower doses, |ess generalized toxicity,

iddgheib Jp*btr@tamég@nhgqeviﬁrcﬁm@trmqﬂﬁm%wemm\mqﬁ HIN rﬁ'@é-l%-‘@sﬁ’d@
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horyl ated, wi | made nore efficacl ous. A description of this

the Antiviral Effect. of AZT and Anal oques

Y

in fuore effective metabolism of these drugs to their biologically
active nucleotide triphosphate form. AZT or ddC therapy will
thereby be more effective, allowing lower doses, less genexalizaed
toxiéity, and "higher potency against productive infection.
Adéitional nucleoside analogues whose nucieotide triphoéphate
forms show selectivity for retroviral re#erse transcriptase but,
ag a reéult of the substrate specificity of cellular nucleoside
an& nucleotide kinases are not phosphorylated, will be made more
efficacious. A description of this method is set forth in
Example 4.
EXAMPLE 4
Vectoxs Designed to Potentiate the Antiviral Effect .
of AZYT and Analogues

1- All of the following xetroviral vectors are based on the

“N2" vector (see Keller et al., Nature 318:149-154, 1985).

Cansequently, 5’ and 3’ Eco Rl LTR fragments (2.8 and 1.0 kb,
r¢spectively) were initially subcloned into plasmids containing
pélylinkers (into SK- to give pN2R5(+/=]; into pUC31 to give
p31N2R5[(+/-] and p31N2R3[+/—].to'facilitate vector construction.
Iﬁ one case, a 1.2 kb Cla I/Eco Rl 5 LTR fragﬁent was subcloned

ipto the same sites of an SK+ vector to give pN2C. In another

of a constitutive macrophage or T-cell-specific



. Al of the following retroviral vectiors are based on the "N2 " vectaor
(see Keller et al., Nature 318:149-154,.  1985). Consequently, 5 and 3'
Eco R1 LTR fragments (2.8 and 1.0 kb, respectively) were initially

subcl oned into plasm ds containing polylinkers (into SK- to give - v
pN2R5[ +/ =] ; into pUC31l to give p31N2R5[ +/-] and p31N2R3(+/-] to facilitate
vector construction. It one case, a 1.2 kb da I/Eco RL 5 LTR fragnent was
subcl oned into the same sites of an [err] vector to give pN2C. I n another
25 case, the 5° LTR containing a 6 del etion of the splice donor sequence
was | o . -8 fraogent inta pUC3IL (p31Nodel tal -

The égggi'ng%%r g’Zi gr.h'ﬂn a%%_t?tt?gﬁs rlapti’l i ge a etlgrtnj"\c%at | or:’( }g‘? gsr%f‘gc%f ghglf?)tl
t hy nkdgenkienases JeGBcWanedS At £d138 &bl. sk br Bok rhbhR¥t .linééﬁgﬂi?:&h from
pl asm d 322TK (3,5 kb Bam H1 fragment of HSVTK cl oned into Bam of
pBR3LRPLAFS A Inreld-1 Nt 0 BgThlel / Srddngli gesgédnpUsad ( piEME@crFfprioandt r uct s
whi ch r'egui re deletion of the term nator signals, pUCTK was digested witn

Sam FERMG"BEHR 5197 Es r FelifiV Ry EHAMAE i8S denaas aanavakyiandates HL

over han; e St d,wi bLe- stik- d Lconuycl.eoti made

rorteng FoPi S agrof fbut, 1¥' EPaGulRl 5 Eom bIaBIH aTphRACH aaR B8 s -
GAT £CT teAGrkl GBE REVTRCG YWked ClnEo3' a0 Ngst ?gn@@&%t raed Bikndadl ta A
For di agnostic purposes, the oligos were designed to destroy the Sma | site.

whi | énkeepiadg Iilt/Smay al +d bgestedit PUCB 1c i pUGITKY .t h&Fdx ansriatedeps owbileh The

0.6 kb H. V pronoter segyences were-cloned as a .Dra I/H nd Il fragnment from
[xlﬁfe$§é§%A eft ;?'SEP@h&?%ﬂ&P?EEr signails, pUCTK was digested
with Sam I and Bam Hl. The remaining codiné sequences and u

sticky-end Bam Hl overhang were reconstituted_with a double-~
stranded oligonucleotide made from the following oligomers:
5’ GAG AGA TGG GGG AGG CTA ACT GAG 3’
and 5‘ GAT CCT CAG TTA GCC TCC CCC ATC TCT C 3'“

forming the construét pTK.de'lta AL |

For diagnostic purposes, the oligos were designed to destroy
tha Sme I site while keeping its Ava I site without changing the
translated prdtein. |

The 0.6 kb HIV promoter sequences werxe cloned as. a Dra

I/Hind I11 fragment from pCV-1 (see Arya et al., Science 229:169- O/

73, 1985) into Hinc II/Hind III-cut SK' (SKHL).

A.. Construction of TK-1 and TK-3 retrovirxal vectors,
{See Fiqures 6). : -

i. The S kb Xho I/Hind III 5' LTR and plasmid sequences
were isolated form p31N2R5(;5,

2. HSVTK coding sequences lacking transcriptional
termination sequences were isolated as 1.2 kb Xho I/Bam Hl

fragment from pTKdeltaA.



73, 4985) into Hi nc II/thd I11-cut Ierr] (SKHL). A.. Constructlon of
TK-1 and TK-3 retroviral vecters.. (See- Figures 6). i. The 5 kb Xho I/ Hi nd
'l 5 LTR and pl asni d sequences were isolated form p3l N2R5(+). 2. HSVTK
Codeg sequences | acki ng transcriptional term nation sequences were

i solated as 1.2 kb Xho |/Bam HL fragmen®6from pTKdel t aA. 26 3. 3" LTR
sequences wer ated as .a. 1.0 kb Bam HL/H nd I3. fragment from

i SO
pPN2R3(-). 4. 3, *The 3 &EﬁeﬁFguef‘F&ﬁn ¥PEss 1eo3 akad A ‘Red -0 kbgRag(H1/Hind
t ransfor ria, dual cl one dent fied b restriction
enzy?re agg?yg ég—tn%z% %r'ogl m%él( | V'Is gonstruct :dl by | : niaarl z?/ng TK-1 with
Bam H1, f|||| in n d | i.gat i ab -fille a-1
fragnent cont al ni n'glJ’hFhefl5 ¥ %H—j%l quggéﬁlugg'é% tgr ‘Q%Rﬁloﬂ% ph ﬁﬁtdt@g
Dl s o orbeAELagiBd KARYHECL.AN D1 a0k ShaRSTANRn® dipldd Sfhanfsndy e

clones were screened for the proper orientafion Dy réstriction enz

anal ysi srestgsetiofioakie! anaWs/s8 s Usmel1§0 generate |nfect|ous
reconbi nant vector particles in“conjunction with a packaging cell |ine,

such as PA3175.as URsg@riwhedcahetaucAdd fb}ﬁtliaiéalfhﬁnc]ﬁ hegel reitRVBARA H1,
vectors to human T-cell and macrophage/ nonocyte cell Tines can increase
their refitlangeino tHe/ 5n dherhaagerrsl ablvri-end ‘ddgatdmearedst ofthecgiane
cells without retroviral vector treatnment. Preparation, concentration and
st orage ©lathefragmentr gontaining the bacterial lac UV5 promoter, SV40

early promoter, plus Tn5 Neo® gene. Kanamycin-resistant clones

— were isolated and individual clones were screenéd for the proper
orientation by restriction enzyme analysis. | |

These constructs were used to. generate infectious.
récombinant vector particles in conjunction with a packaging
cell line, such as PA317, as described above.

Administration of ﬁhese retroviral vectors to human T-cell
and macrophage/monocyte cell lines can increase their resistance
to HIV in the presence of AZT and ddc compared to the same cells ..
without retroviral vector treatment.

K,/ Preparation, concentration and storage of the retroviral
vector preparations would be as described above. Treatment would
be as previous;y described but ex corpore treatment of patient’s
cells would aim for uninfected potentially susceptible T-cells
or monocytes. One preferred method of targeting the suséeptible
cell is with vectors which carry HIV env or hybrid env (see
Section VIII Cell Line Specific'Retroviruses, below) to direct
absorptioh of vector particles ﬁo CD4+ cells. Normal adults have
about 5 x 10° T4 cells in their total blood and about the same

number of monocytes.



vector preparations woul d be as describéed: above - Tr eat ment woul d be as
previously described but ex corpore treat ment of patient's cells would aim
for uninfected potentially susceptible T-cells or nonocytes. One preferred
met hod of targeting the susceptible cell is with vectors which carry HV
env or hybrid env (see Section VIII Cell Line Specific Retroviruses, bel ow
to direct absorption of vector particles to CD4+ cells. Normal adults have
about .5 x 109 T4 cells in their tokal blood and about "the sanme nunber of
monocytes. ~ 27 A preferred nethod of adm nistration would be .

| eukophoheprefenhedenatibod 2D %dnfindrs tiretilon wehilsd B8l teukopberesioved at
any one tinpe and nanipulated in vitro. Thus, about 2 x 109 cells would be

t re‘é‘?%ﬂeaﬁa’%l%&%do apndadineidun) ohi PRES| AP e resmeyedaadufiy err |

thig l,i t.res_ of star viral . syper ngisa Repeat
trea’? rren#g aﬂ}% m%’éipperggldnédl R hat | “é‘?y abamE r?‘o&a@\mﬁ%*ﬁe
treabgtaapd s-baved haaagBbihkele §Lhee! cAs daScbhRefaditie ilRal ment -
with AZT would be at |lower than normal |evels to avoid toxic side effects,
butaseiaroehdi ¢0&mly thhsbwdbuldr eaquiteH2\to 20hiitmessefolstsrtingat ment
woul d, be foll owed as described for the blocker. A fifth enbodi nent for

pr oabEaig FURPENESANSal | | aRPPEST nhsPRsTentS emuéslsi de opaxficxnede

i nt e{)ferl nng ral structural protei ns which inhihit viral_ assenbly

Vecdtbternghiyeddde POPeddIREEPYe RitLd pbe - LReakPd i and \A)lewed, t‘i"%l e
assaxgr%ﬂﬁfgr tﬂspakesat agddgaeﬁb&uﬂo@' bbhh%ﬁ@@iwt 4@% th

viral particles IS occurs becau e Interaction o normal
subei 48 DbwelRe thandnd¥aidl CGlévdbs dStavded tbyic side effects, but ",
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still efficiently inhibit spread of HIV. The course of the
trpatment would be followed as descr.xbed for the blocker.

A fifth embodiment for producing inhibitor palliatives
inyolves therexpresSLOn.of defective interfgrzng*vlral structural
proteins, which inhibit viral assembly. Vectors would codé for
deffective gag, pol, env or other viral particle pxoteins or
'pe;_:ptides, and these would inhibit in a dominant fash..i.'on the
essembly of viral particles. This occurs becausae the interaction
of normal subunits of the viral particle is=s disturbed by
1ﬁteraction with the defective subunits.

A sixth sucﬁ embodiment involves the expression of
idhibiting peptides specific for viral protease. Viral protease
cleaves the viral gag and gag/pol proteine into a number of
aﬁaller peptides. Failuré of this cleavage in all cases leads
tq’) complete inhibition of production of infectious retroviral -
particles. The HIV protease is known to be ax_i aspartyl protease,
aéd these are knéwn to be ;nhibited by,peptidés made from amino
agids from proteih or an;logues. Vectors to inhibit HIV will

express one or multiple fused copies of such peptide inhibitors.



interaction with the defeétive subunits.".A sixth such enbodinent

i nvol ves the expression--of-ﬂnhibiting-pebbidesw§pecific for viral
protease. Viral protease clkeaves the viral gag’qﬁﬂjgag/pol proteins into a
ngmher of smaller peptides. Failure of,ghis cleavage in all cases leads to
commpl ete inhibition of production of infectious retroviral particles. The

HI'V proteasepi gelf@oWh (niisd fleREPANMY1 IO GRS EdeNdele BT a8 EpkPaYELLO be
i nhi bited by peptides nade fromam no acids fromprotein or anal ogues.
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peptide inhibitors. 28 A-sevent h enbodi nent involves the delivery of
suppr estsor tgeead geriesdi s whan tledet ezl tgpeexpr fedadtroducttidn fofpetheead
to tunorigenesis in that cell type. Rei ntroduction of the del eted gene by

means cieketedapenecbyr meaads abH aecyirali vactdrt leadsnhy yegresgpeni of
these cells. Exanples of such cancers are retinoblastoma and WIl ns Tunour.
Si nce rhe ghameyrcphebotypesiidertiese ocebbs . aBxampdiisbiafi gmchfcaneersal ar
termnal differentiation conpared with cell growh, the retrovira

del i ver3¥@n8eELpPEIIEEAMG! aggewbmau@ﬂ@% ch PEaget Badignansi iean okeof a
tumour shoul d al so, in general, lead to regressign. In_an_eighth .

enbodi ENSLEPESE ot (¥Ri r A€ cofsk r u&f‘h&g’éﬁlg’é‘s a°ﬁher%&>%ﬁ‘t‘?-§ref fe¥mppal
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okngr differentiation of a tumour should also, in general, lead to
regression.
In an eighth embodiment, the retroviral construct proﬁides
a therapeutic effect by inserting itself into a virus; oncogene,
or pathogenic gene, thereby inhibiting a function required fof
pathogenesis. - This embodiment requires the direction. of
retroviral integration to a specific site in the genome by
homologous reéombination, integrase modification, or other

methods (described below).

(1i) Conditional Toxic Palliatives

Another approach for inhibitiﬁg a pathogenic égent is to
express a palliative which is toxic for the cell expressing the-.
pathogenic condition. In this case, expression of the palliative
from the proviral vector should be limited by the presence of

- some intracellular signal identifying the pathogenic state in
order to avoid destruction of nonpathogenic cells. This cell-
type specificity may also be conferred at the level of infection
by targeting recombinant retro#irus carrying the vector to cells

having or being susceptible to the pathogenic condition.



met hods (descri bed belodd .(ii) Conditi-onal Toxic Palliatives Another =
approach for inhibiting. a.pathogenlc agent:.is to express a palliative which
is toxic for the cell expressing the. pathogenic condition. In this case, |,
‘expression of the palliative fromthe: rOV|raI vector should be |imted hys
the presence of some intracellular sig®al identifying the pathogenic state

I n order to_avoid destructi.on of nonpathogenlc cells. This cell- ty

speci fi ci t yIfragna| eub BélESHFePﬁeéhﬁﬁ1ﬂﬁ$hqgnﬂa(ﬁeq9ﬂQ*R?Qﬁ B?tFSVbePPng
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transcriptionally active only in rapld y proliferatin

tumourgr  kRan¥feryanner, rédgptby I ePridatitdis £el | SwhBhch Getpi n BéCt ors -
capabl e of activating transcription fromthese pronoters, are

pr ef erepahatkyptieanlayeddyitdeonlyotioki rapidly prrodiFeddnirndeceldgir al
construct. In a second enbodi ment, the gene producing the cytotoxic agent
i s undeechoasr dfumduns t i sse- shési Maangmwnotapidihereplicatiggyecells,
specificity corresponds to the o in of the tunmour. Since the viral vector
pref erépi¢ IF9ntﬁﬂ@gﬁﬂﬂ%?ﬂ&n@ﬂ?ﬁ@ggeﬁﬁnécﬁﬂvﬁepngmﬁﬁaﬂfQ%#P%l?mofrom

exanple, normal liver cells are_not L -
these promoters, are preferentially destroyed by the cytotoxic

agent produced by the proviral construct.

In a second embodiment, the gene producing- the cytotoxic
agent is under control-of'a tissue-specific promoter, where the
tissue specificity corresponds to the ~origin of the tumour.
Since the viral vector preferentially integrates into'the'genome'
of replicating cells (for example, normal liver cells are not
replicating, while those of a hepatocarcinorma are), these two
levels of specificity (viral integration/replication and tissue4
specific transcriptional regulation) lead to preferential killing W
of tumour cells. Additionally, event-specific and tissue-
specific proﬁoter elements may be artificially combined such that
the cytotoxic gene product is expressed only in cell types
satisfying both criteria (e.g., in the exa_mple above, combined
promoter elements are functional only in rapidly dividing liver
cells.). Transcriptional control elements may also be amplified
to increase the stringency of cell-type specificity.

These transcriptional promoter/enhancer elements need not

necessarily be present as an internal promoter (lying between the



repl tcating, while those of a hepatocarchnohﬁa are), these two | evels of
specificity (viral integratiion/replicati.oh and tissue- specific _
transcriptional regulation) lead to preferential killing of tunmour-cells.
AdQL;ionaIIy, event - speci fic and tissg@- speci fic¢”“pronoter el enents may be
artificially conbined such that the cytfotoxic gene product is expressed
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pronoter (lyin et ween t 30 viral LTRs) but may be a

repl acepdipsdF BpELohRL | ébﬂ?i_-e§9ﬂ6ﬁ o118 688RESAiFEct iPerrdh Bhe hdSridli ch
are thenselves transcriptional pronoters, such t hat

condi t ivlilr£PELTRI.C t TANSERLH icid, e¥pithss Ophai ldorRbictilonli 8¢t INafiRaLt he
nodified viral LTR In this case, either the condition for maxi nal

expr essxpredsiomesill I memd rfoibek e nirckert riqy ixfel r pACIED  pirkadindg | d851
(e.g., by altering growth conditions, supplying necessary transregul ators
of exprldgmsn(ergusilmyg d heenppygogrowth cehdiltionsas smppdnentg frecessary
packaging line), or the LTR nodification is limted to the 3" LTR U3

r egi on,transypegulateRrs of expredsiontoyiysingttherappropriateheellatine
case, after one round of infection/integration the 3' LTR U3 is now

al so t /& R parent oy iy PaekaBENg edineygud B pelke f LERe9dddfdicatiom &s
third enbodi nent, the proviral vector construct is simlarly activated but
ex esiég%;ﬁgcﬁ%iﬁhﬁhséthg,qﬂ_qqgﬁgq, to obtain maximal ‘recombinant

viral titers. In the latter case, after one round of’
infection/integration the 3’ LTR U3 is now also the 5’ LTR U3
giving the desired tissue specific expression.

In a third embodiment, the proviral vector construct is
similarly activated but expresses a protein which is not itself
'cytotoxic, and which processes within the target cells a compound
or a drug with little or no cytotoxicity into one  which is
cytotoxic 9a "Conditionally lethal" gene product). Specifically,-

K,/ the proviral vector construct carries the herpes simplex virus
thymidine kinase ("HSVTK") gene downstream and under the
transcriptional control of an Hiv promoter (which is known to be’
transcriptionally silent except when activated by HIV tat
protein).. Expression of the tat gene product in human cells
infected with HIV and carrying the proviral vector construct
causes increased production of HSVTK. The cells (either in vitro
or in vivo) are then exposed to a drug such as acyclovir or its
analogues (FIAU, FIAC, DHPG). -~ These drugs are known to be

phosphorylated by HSVTK (but not by cellular thymidine kinase)



cyt ot oxi c,

and whi ch processes Wi t hi n the target cells a conpound or a drug

mﬁth little or no cytotpxrcrty Fnto one which is cytotoxic 9a

"conditionally lethal" gene product). Specrfrcally, the proviral vector ;
construct carries the herpes sinplex virus thym dine kinase ("HSVIK" )\,f
- gene downstream and under the trahkcriptional control of an HV

pr onot er

acti vated

whi ch is known to be transcriptionally, sjlent except when
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Sci. USA 85:7572, 1988). Those cells containing the recombi nant” vector and
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speci fic dose of these drugs. In addition, an extra |level of specificity
i s aclpressendsy pficlaudspecihichdosec af th@seﬂdrnqsrwrﬂaraﬁdmaquwwran
CRS/ CAR sequences. In the presence of the CRS sequence gene expression is

suppr e%;st@@a leussbof speed fiicddands erhipwedahysivgbndéngabn the vestor

pr ot ei n.

the. HI

gple S provides an illustration of this technique. EXAVPLE 5
rev protein, responsive CRS/CAR sequences. In the

presence .of the CRS sequence dgene expression is suppressed,
except in the presence of the CAR sequences and the rev protein.

Example 5 provides an illustration of this technique.

EXAMPLE 5

Vector to Conditionally Potentiate the Toxic Action

of ACV or Its Analoques

Construction of Vectors

a. Construction of pKTVIHAX (see Fiqure 7). w,
1. A 9,2 kb Asu II/Xho I fragment was isolated from vector

pN2 DNA.
2. A 0.6 kb Xho I/Bam Hl promoter fragment was isolated

from plasmid pSKHL.

3. A 0.3 kb Bg 1I11/Acc I and a 1.5 kb Acc I/Acc I fragment

were purified from pUCTK.

4. The fragments Ifrom 1, 2, and 3 were ligated,

transformed into bacteria, and appropriate Amp® clones of the

given structure identified by restriction enzyme analysis.



Vector to Conditionally Potentiate the Toxi ¢ .Action of ACV.or Its Anal oques
Construction of Vectors a. Construction of. pKTVI HAX (se€ Figure 7). 1.
A9, 2 kb Asu Il/Xho | fragnent was isol ated from wector pN2 DNA. 2. A 0.6
kR %ho 1 /Bam H pronoter fragment was isol ated fro#rplasm d pSKHL. 3. A
0.3kb Bg I'll/Acc | and a 1.5 kb Accgh/Acc | fragment were purified from
pUCTK. - 4. The fragments from 1, 2, and 3 were ligated,

t rans#or ned pulzid oo, REYUIHRS i pRE 4e
structure |dent|f|ed by restriction enzyrre anal ysi s. 32 B’ Oonstructlon
of pKViH 5(888 EkquresB8les retroviral vectors (see Figure 8). 1.  4.5_kb

5 LTR and vectgrsvv‘a&_rl solated as an Xho |/Bam Hl fragnment from vector
p3l N25del t At +) Re ITH PR3 VeCHoX Jeas s'b?‘a;!-éﬂeés agn aRp XN9 BarBan

oo LG wEA Haegdalial 1, Y PSR oo ng s
d I
b oo R /Bl 1 TPECAO RS RAB | SRR TRRUATORT MR AR obEh T

corrbiﬁﬁigme:ktgﬁtoﬁ pnnaagﬁqr FRdgmdrx pacteria, and clones of the. gi ven
structure were identified by restriction enzyne analysis (pKTVIH 5).
The 0.6 kb HIV promoter element was isolated from

psﬁl{r..as an Apa I/Eco Rl fragment.

4. The HSVTK coding - sagquence and transcriptional
\_ tedmination sequences were isolated as 1.8 kb Eco R1/Sal I
fragment from pUCTK.

5. The fragments f_rom 1-4 were combined, ligated,
tra:hsfomed ;nto bacteria, and clones of the given structure
wark identified by restriction enzyme analysis (pKTVIH-S).

: 6. pK'J:’VIHS--ﬁ:éo; was constructed by linearizing pKTVIHS with
Cla; I; .m'ixing .v_:ith. a 1.8 kb Cla I fragment containing the
_bactierial lac UVS préﬁioter, 8V40 early promoter, and TnS Neo®
marl@er, ligating, traﬁsforﬁning bacteria and selecting for .
.- kana‘limycin resistance. Clones with the insert in the indicated
- oriehtation were iden'tified by xestriction énalysis. |
c. gonstruction of m_ Neo retroviral vector

" (see_ Fiqure 9).' o

T1. Construction o.f intermediate plasxﬁid }Q-m—l.;
a) plasmici PN2CRS was‘linearized by partiél digestion
wit-h' Fok I, the 5‘. overhang filled in with deoxynucleotide
| trz.phosphatee using Klenow DNA polymerase, and Hind III linkers

:.nseifted. After trans'format;.on into bacterla, a clone with a
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pKTVI H5 Neo was constructed by linearizing pKTVIH5S with Cla |I; nixing
with a 1.8 kb da | fragnent containing the bacterial |ac UV5 pronoter,
SV40 early pronoter, and Tn5 [err] marlier, ligating, transform ng

.oy

eria and selecting for kananycin resistance. Cones with the inse(ly

he indicated orientation were identified by restriction analysis.
truction of MHMIK Neo retroviral vector (see Figure 9). 1.
truction of internediate plasmd MIM1; a) pl asm'd pN2CRS was

ynucl eoti de tri phosphates using Kl enow DNA pol ynerase, and Hind ||
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11, and the 4. kb fragment with pronoterless M.V sequences

di gestion with3fok I, the 5 overhang filled in with

33
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fromﬂﬁgdﬂ“ d) b and ¢ were mxed, ligated, used to transform bacteria,
L st £OEL e oft - RHYWEL £ FRSMEBSS i pyomeseriestollez pREVANASSS .

;ﬁ? ég Eco Rv/Bal | fragnent isolated from VHM 1 was subcl oned into
é_C O:

Site of plasmd 130B (a nodified IBI30 plasm d containing

tional Bgl Eh, Bt slkp DNe9 Av andhder 4 HIV promoter sequences were

'isélated from pSXiL.

d) b and ¢ were mixed, ligated, used to transform.

bacteria, and the structure of MHM-]1 was confirmed by restriction

eniyme analysis.

2. A 0.7 kb Eco RV/Bel I fracment isoclated from MHM~1 was

su@cloned into the Eco RV site of plasmid I30B (a modified IBI30

Plasnid containing additional Bgl II, Bst II, Neo I and Nde I

~sites in the polylinker). After transformation into bacteria,

cléones with the appropriate orientation were identified by

regtriction eﬁzyme ahaljsis (PMHMB) .

3. pMHHB was digested with Apa I and Xho I and gel
putified.
4. MHM-~1 was digested with Apa I/Bam H1l and the 1.8 kb

MHMLTR/leader sequence gel purified.

5. A 2.8 kb Bgl II/Sal 1 fragment containing the HSVTK

coding region upstreem of the SV40 early promoter driving Neo'.

taken from pTK-3 (see Figure 3).
6. 3-5 were mixed, ligated, used to transform bacteria,

and appropriate clones were identified by restriction enzyme

,anhl?sis.

D. Constxuction of tat and anti-tat expression vectors



sites in the polylinker). "After transfornation into bacteria, clones with
the appropriate orientatiqn were identified:, by restriction enzynme

anal ysis (pVHWB) . 3: pMHVB was di gested with Apga’l and Xho | and gel
puified. 4. MHM 1 was di gest ed mﬁth3@pa | /Bam Hi and the 1.8 kb
MHWL.TR/ | eader sequence gel purified. 57 A 2.8 kb Bgl Il1/Sal | fragnent

containing t S 8ogb g region upstream of the SV40 early -pronoter
driving [erréL%;§24H§%ﬁmn4lTx-3 (see Figure 3). 6. 3-S were mxed, o

|1 gated, useghife!;aBEbRLTLRACkEENn AR AR APIY Al (L ODCIXELECLIERLLI T ed
by restriction enzyne anal ysis. D. nstruction of tat and anti-ta

expr esdepey@sher gsvrr3deseBrsi,gure 10). These vectors are used as
pseudo-H'V to test-activate tat- dependent HSVTK vectors. 1. The [err]

expressi on VECt or Th8aH1ES esisirdd S i e ot RBani sllwas dl i Aeatededi whtpal f
intestinal phosphatase. 2. The Sac | site of pCV-1 was nutagenized to a

Bam H1 Bent eHhnand her8s6elpwieh Walfodinteseipehcghosphhasat was i sol at ed.
3. The fragnents purified in steps 1 and 2 were m xed, |igated, used to
transform ba2t eri SheaSdcclIorsistev 0fi pEV-iln Wi hmotagehhdtedntoner eBam Hl
identified by restriction enzynme analysis. These constructs were used
to gerfdkte eandnftlei 3PP rbporBimaHl edbnrgpHaquenee | pfcHFUnseitonwast h a
paCkamig%lated.
3. The fragments purified in steps 1 and 2 were mixed,

N\ ligated, used to transform bacteria, and clones'with tat in both
orientations were identified by restriction enzyme analysis.

These constructs were used to . generate infectious
recombinant vector particles ih conjunction with a packaging
cell line such as PA317, as described above.

The biological properties of these fetroviral 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. 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
lacking tat.. Cell viability was then determined in various
concentrations of the HSVTK-Specific cytotoxic drug, acyclovir.
The data are reported here as LD50 {the diug cdncegtration at
which 50% toxicity is observed). The parental cell line

containing the vector but lacking tat (non-HIV-infected model)

showed no detectable toxicity by ACV at the concentrations tested



cell line such as PA317,'és descri bed abpve. The biol ogical properties of

t hese
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retroviral vectors are described hereinafter. The HV tat gene
his" vector -- see Figure 10) was transfected into nouse PA317
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for all three vectors tested. These data indicate that H V-infected cells
Badiidalted thatt L hrigsiawtedf cdlls awilllpbecktiildedr Linv ehieopressingeé ar | vy,
nfection of human T-cell lines +/- FIAU shower preferential inhibition

will
H Vi

(t hr o8&hAEY lang |"Batntiates/ i neetorsn. Cul tures were first treated

with vector, then

Similarly, HIV infection of human T-cell lines +/- FIAU
shower preferential inhibition (through cell kiiling) of HIV
infection. Cultures were first treated with vector, then
challenged with low mﬁltiplicity HIV infection for 4 days. Viral
supernatants were titred using the HIV, as described in Section
Iv.

In the case of HIV-infected cells, expression of the
conditionally lethal HSVTK gene was made even more HIV specific

by including cis-acting elements in the transcript ("CRS/CAR"),

which require an additional HIV gene product, rev, for optimal

activity (Rosen et al., Proc. Natl. Acad. Sci. USA 85:2071;

1988). More generally, cis elements present in mRNAs have been-

shown in some cases -to regulate mRNA stability or-

translatability. . Sequences of this type (i.e.,  post=
transcriptional regulation of gene expression) may be used for

event- or tissue-specific regulation of vector gene expression.

In addition, multimerization of these sequences (i.e., rev- .

responsive "CRS/CAR" or tat-responsive "TAR" elements for HIV)

could result in even greater specificity. - It should be noted

o/



chal I-enged with low nultiplicity HV infectipn for 4 days. Viral
supernatants were titred using-the H'V, as tdescribed in Section IV. In the
case of H V-infected cells, “eXpression of the condiitionally {ethal HSVTK:
geRe,was nade even nore H V.specific by including ¢is-acting elements i'n
the transcript ("CRS/CAR'), which requidfe an additional HV gene product,

rev, fO{__hogti | activity (Rosen et al., Proc. Natl. Acad. Sci. USA
85: 207114 85%1%5 ¥hpe gErenditional afehvation et an inaotive premitaen

howmn in ne__case to .requla MRNA __stability  or, .
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mul ti megb&abkan of these sequences (i.e., rev- responsive "CRS/ CAR' or
tat-responsive "TAR' elenents for H'V) could result in even greater
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activation of an inactive precursor into an actlve product s may
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e.g., adenovirus vectors. Production, concentration and”storage vVector
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vivo adm nistration as before or by ex corpore treatnent of PBL and/or bone
mar r ow. bone swawirbiv .be Daeseppridd o ety dpproaimatelel shéssine Esa@nlse a5
Targeting of viral vector infection will not be through the CD4 receptor,
but nayfoe Bxawppei $hed Tamgeitimgraki nolmeel twectpor tinfest wbhhwhybr ndt be
MiVenv- CD4 "envel ope" proteins (see -
through the CD4 receptor, but may be accomplished through making
vector particles with hybrid MLVenv-CD4 "envelope" proteins (see
Section VII) to target gp 120 expressing cells (i.e., those
infected with HIV). This inversion of the normal virus-receptor
interaction in order to target virally infected cells can be used
with all types of viruses.

In a similar manner to the preceding embodiment, the
retroviral vector construct can carry a gene for phosphorylation,
phosphoribosylation, ribosylation, or other metabolisrﬁ of a

(_ Ppurine- or pyrimidine-based drug. This gene may have no
equivalent in mammalian cells and might come from organisms such
as a virus, bacterium, fungus, or protozoan. An example of this
would be the E. coli guanine phosphoribosyl transferase gené

product, which is lethal in the presence of thioxanthine (see

Besnard et al., Mol. Cell. Biol. 7:4139-4141, 1987).

Conditionally, lethal gene products of this type have potential'
application to many presently known purine- or pyrimidine-based
anticancer drugs, which often require intracellular ribosylation

or phosphorylation in order to become effective cytotoxic agents.



Section VI1) to target gp-120 expressi-ng:tells (i.e., those infected with
H V). This inversion of the normal. vicrus-receptor interaction in order to
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a virus, bacterium  fungus, or protozoan. An exanple of this would be the
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early” gene products could _ W)
responsive to these viral "immediate early" gene products could
specifically kill cells infected with any particular virus.
Additionally, since the human o« and B interferon ‘promoter -
elements are transcriptionally'activated.in.résponse to infection
by a wide variety of nonrelated viruses, the introduction of
vectors expressing a conditionally 1lethal gene product like
HSVTK, for example, from these viral-responsive elements (VRE)

could result in the destruction of cells infected with a variety

of different viruses.

In a fourth embodiment, the recombinant retrovirus carries o’

a gene specifying a product which is not in itself toxic, but
when processed by a protease specific- to a viral or othéer
pathogen, is converted into a toxic form.

In a fifth embodiment, the retroviral construct may express.
a "reporting product" on the surface of the target cells in
response to the presence of an identifying agent in the cells
(such as- HIV tat protein). This surface protein can be
recognised by a cytotoxic agent, such as antibodies for the

reporting protein or by'cytotoxic T-cells. In a similar manner,

-



speeifically kill cells infected with any particular virus. Additionally,
since the human [err] and [err] interferon.pronoter elenents are
franscriptionally activated:in response to infect¥on by a wi de variety of
nQnrel ated viruses, the introduction of vectors expressing a conditionally
| ethal gene product |ike HSVTK, for exanple, fromthese viral-responsive
el enents (VRE) could result in the destruction of cells infected with a
variety of different viruses. In a fourk$h enbodi nent, the reconbi nant
retroviryus.,carries, a gene ecifying a product. which s nqot in.itself
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cells (such as HYV tat protein). This surface protein can be
recogni sed byiaicdgantyxi tnagertixtiuembas izmnithod esutdacehprodedrt icoould
protein_or by cytotoxic T-cells. In a simlar manner, 38 such a system
can be BSe@®*RFectrd crhish 3’95@-ém1(t§@é-ﬁoéPQ)\A?}hQEﬁB?%#?aiéé'nthWﬁ#ﬂbé%l-

cell s hayi a_part.icul ar. _gen Leh expresses an identifyin otein, such
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of C4 to HHV env intracellularly could inhibit the formati on of viable

v{LpI p&hei dlogwaguicin ast solaltle Wahoparticles such as soluble CD4 has

hizen shown to do for free vi:us,.but without the problem of
sjystematic clearance and poésible immunogenicity, since the
protein will remain membrane bound and is structurally idénti_cal
to endogenous CD4 (to which the patient sh0u1d be iﬁﬁunoldgiéﬁlly
ti:)lerant’).' ' | | o
: 2.  $ince the CD4/HIV env complex has been imbiicated as
# cause of cell death, additional expression'of cp4 (in ﬁhé
;;resence of excess HIV-env present in HIV-infected cells) leads
to more rapid cell death and thus inhibits viral dissemination.
K/ This may be particularly applicable to monocytes and macrophages,
which act as a resexveir for virus production as a result of
their relative refractility to HIV-induced cytotoxicity (which,
in turn, is apparently due to the relative lack of CD4 on their

cell surfaces).

(11 i.) Immune Down-Requlation

Specifically down-regulation of inappropriate or
unwanted immune response, such as in chronic hepatitis or in

transplants of heterologous tissue such as bone marrow, can be



been shown to do for free.virus, but withdut the problemof systematic

cl earance and possi bl e i munogenicity, sjirce the protein will remain _ :
menbrane bound and is structurally identical to endogenous CD4 (to which - =
“the patient should be imunologically tolerant). 2. Since the CD4/H V éwa
conpl ex has been inplicated as a caus® of cell death, additional expression
of C4 (in the presence of excess H \V-env present in H V-infected cells)
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het er gl.0 ' a r gy, ' : '
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anti - enes, such as i mmune- suppressive viral genes. Goup C

adenoyh LR 1802 G G 2 riessensi ch bT led aglsy TORHO! €6 e eell) sancfatesl. i n
the E3 fegion of the virus. This gp 19 nolecule binds to class | MAC

ol ecebes dihripEe £NgeRbasmc Behé Crbatriroof tomisp Faritptbowpt donemmibate

gl ycosyl ation and translation of class | MAC to the cell surface. For
exanpmharrow orcd ldoneayar bew timdfespiaxht awith, dpndP-bosedimg oweetds may
be infected with gp-19-encoding vector constructs which upon expression of
t he gpob®timuuits whilsh sponnexpression of the gp-19 inhibit the surface

expression of MHC class I i:rainsplan_tation antigens. These donor L
cells may be transplanted with low risk 'o_f graft rejection and
may require a minirﬁal immunosuppressive regimen for the
transp_lant patient. This may allow an écceptablé donor-recipient
chimeric state to exist with lfewer complications. Similar
treatments may be used to treat the range of so-called autoimmune
diseases, includiﬁ_g J.upus erythromiatis, multiple sclerosis,

rheumatoid arthritis or chronic hepatitis B infection.

IV. Expression of Markers _ - " \J
The abo_ve—deséribe_d technique of expressing a palliative in

a cell, in response to some identifying agent, can also be |

modified to enable detection of a particular_gene in a cell which

expresses an identifying protein (for example, a gehe carried by'

a particular virus), and hence enable detection of cells carrying

that virus. In addition, this technique enables the detection

of viruses (such as HIV) in a clinical sample of cells carrying

an identifying protein associated with the virus.

This modification can be accomplished by providing a genome



expression of MHC class | fransplantation-antigens. These donor cells may
be transplanted with | ow rtsk of graft rejectron and may require a m ni mal
Tgarunosuppr essi ve regi nmen for the transplant patient. This may all ow an
daccept abl e donor -reci pi ent chinmeric sggte to exist-with fewer
conplicati ons. Simlar treatments nay be used“tc treat the range of
so- cal £8diagt WIWURE gh-s®ases, vhet! peeBankepust eknlifhontahi e Mibhidihs,
sclerosis, rheumatoid arthritis or chronic hepatitis B infection. |V.
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palliative in a cell, in response to sone identifying agent, can also be
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an identifying protein (for exanple, a gene carried by a particular virus),
and hepedlepnabyeswétebiingn expresisionc afr yihe tdporvingsproduatidbetweent hi s
techni que enables the detection of viruses (such as H'V) in a clinical
sanpl ee¥Pre&sigcandy negexpriedsing \HRESH ot oL 2xvepPhe edHEV hwhie itr us.
This npdification, can. be acconplished by providing a genone 40 codi ng
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guch a&aiQ@tagkaéggeggh2§BQaE%%EﬁHHf%eﬂégé]gene, and a promoter, such

as the HIV promoter, which controls expression of the marker

gene. When the indicator_cells are exposed to a clinical'sample.
to be tested, énd the sample contains HIV, the indicator cells
beqomé infected with HiV, resulting in tat and/or rev expression
(an identifying pfotein) therein. The HIV expression controls .
in the indicator cells would then respond to tat and/or rev .
proteins by switching expression of genes encoding f-
galactosidase, luciferase, or alkaline phosphatase (marker
products) from normally "off" to "on". 1In the case of f-
galactosidase or alkaline phosphatase, exposing the cells to
substrate analogues results in a colour or fiuorescence change
_if the sample is positive for HIV. In the case of luciferase,
exposing the sample to luciferin will result in luminescence if.
the sample is positive for_HIV. For intracellular enzymes such
as f-galactosidase, the viral titre can-be measured directly by
counting coloured or fluorescent cells, or by making cell.
exﬁracts and performing a suitable aésay. For secreted enzymes,

such as an engineered form of alkaline phosphatase, small samples



gal act osi dase gene or the‘ﬁuciferase:genaf:and a pronoter, such as the HV
pronoter, which controls qipﬁession of. t hé imar ker gene.

cells
cont ai

| uci ferase, or al kaline phosphatase (nmarker products) fromnormally "off"

are exposed to a clinical sanple to ‘be tested, and the sanple

When t he i ndicator
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ns H'V, the indicator cells becone infected with H'V, resulting in \J/
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sinply measuring viral spread in a culture and the inhibition of this

Spr eadwhyhwati aeatdaldsingEtdbaiics ficithattanfes | ncpopoegamglient ant he
precedi ng system by testing for the presence of the virus either with or

one portion of the clinical sample being tested, neutralizing
antibodies to HIV may be present; whereaS'in'another portion
there would be no neutralizing antibodies. If the tests were
negative in the system where there were antibodies and positive
where there.were no antibodies, this would assist in confirming
the presence of HIV. |

Within an analogoﬁs 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 suitable retroviral vector which

. carries the reporter gene linked to the expressidn controls of

the virus of interest. The réporter gene, after entering the
sample cells, will express its reporting product (such as . f-
galactosidase or luciferase) only if the host cell expresses the
appropriate viral proteins.

These assays are more rapid and sensitive, since the
reporter gene can express a greater amount of reporting product
than identifying agent present, which results’inﬁén amplification

effect. Example 6 describes a rep:esentatiﬁe technique for
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wi thout neutralizing antibodies to that virus. ‘For exanple, in one portion
of the clinical sanple being,tested, neutralizing antibodies to HV may be
present; whereas in another portion there woul d beupo neutralizing

anti bodies.  |If the tests were negative_in the systemwhere there were
antTbodi es and positive where there weffé no antibodi'es, this woul d assi st

I n confir 'n%,the presence of H V. Wthin an,  anal pgous systemfor an in
vitro aggg‘ﬁf: LRE Br g8 ¥hdCh SIREeRIRI 2 cheentLEKIAg RYGtedN gene, may
be determ-ned in a cell sanple. In this case, the cells of the sanple are
infected with a suitable retroviral vector which carries the reporter gene

| inked to the expression controlsiggéﬁgkgiéus of interest. The reporter
gene, after entering the sanple ce » express its reporting product

(such as - gal act osi dg$g_8heY FilE M N Bysidm (dE A9Siycel | expresses the
appropriate viral progerns§§$%EsE—assays—agg—nvre*raprdé%nd sensitive,
since the repghkfru@®le cCan express a greater anount of reporting product
than identifyrng agent present, which results in an anplification effect.

Exanpl e 6 demrepbResrachBteaetisdinde! eABNEEHerbe of tHd HEYeEkbPesaisane
whi ch expresses an identifying protein. EXAMPLE 6 HI V-Specific rker

Syst em systemagréd. shokansihr Figureend (@ rewvnbiitit: WseFo¥ea LoREERbrgf
the H 'V expression systemare shown in Figure 12 (a reconbi nant retroviral
vect or ) angidinnFEggoree 133 (@ simple plasmid used by tnansffdtdon) . Thehe
pieces of these preferred vector and plasmid reporters were
\_ derived as follows: |

The retroviral backbone was derived from the construct '
PAFVXM (Krieger et al.; Cell 38:384, 1984), which has been
linearized using Xho I qnd 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 pCl5CAT (Arya et al., Science 229:69, 1985). Beta- -
gal was obtained from the plasmid pSP65 p-gal (Cepko; pers.

K,/ comm. ) as_a Hind III-Sma I fragment. A secreted form of human
placental alkaline phosphatase was produced by introduction of
universal terminator sequence after amino-acid 489 of the cell
surface form of alkaline phosphatase (as described by Berger et
al., Gene 66:1, 1988). The secreted alkaline phosphatase gene
was isolated as a 1.8 kb Hind III to Kpn I fragment. The CRS-
CAR sequences from HIV env were obtained by isolating the 2.1 kb
Kpn I to Bam Hl fragment from HTLVIIIB/BH10R3 (Fisher et al.,
Science 233:655, 1986). This fragment was inserted into pUC3l

linearized by Bam HI, and ‘Kpn I pUC31 is puC19 (Yanisch-Perron -



pi eces of these preferred?vector and plashid reporters were derived as
follows: The retroviral backbone was deriVied fromthe construct pAFVXM .
(Krieger et al., Cell 38:384, 1984), which has been linearized using Xho ;
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0.7 kb Hnd 111 fraqgent fromthe plasm d pCl5CAT (Arya et al., Science

229: 69t 2385) Gepa| 33 Y3 nas1B8BBAI Wadhf eFhnen&hR ki B-9LPEE /[ Bssh g

( Cepko,

term
al kal

| fragrent.

ihtSidRr Qo PUHL Imi Fhesal

pers._comm) as a Hnd [I1]-Snma_l fragnent._A secreted formof human
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Bam Hi1, angoKpnck1aUCHEl J1s, UGS ( Yapugeh-S8T400.8 k¥3n8b &l to Bamen33: 103, .

1985) with exira Xno I, B-gl Il, Bssh Il"and Nco | sites between the Eco Rl

and Kppagmehtes of pUCL9. The Bam Hl site of the resulting construct was

converted to a Nco | site to allow resection of the CRS-CAR sequences hy

Nco
Mol .

di gestion. The SV40 t intron was obtained.from pSVOL (de Wt et al.,

Cell. Biol. 7:725, 1987) as a 0.8 kb Nco I to Bam Hl fragnent.
B. Indicator Cells and Retroviral Vectors

Human T-cell (H-9, CEM and Sup T1l) and monocyte (U-937) cell
lines were obtained form‘ATCC, and maintained in RPM1 1640 medium
supplemented with 10% fetal bovine serum and 1%
penicillin/streptomYcin. .

The nonretroviral vectors are introduced into cell lines by
electroporation using a Bio-Rad Gene Pulser. The cell lines were
selected in G-418 (1 mg/ml) for 2-3 weeks to obtain stable G-
418; cell lines, and then dilution cloned to obtain clonal cell
lines. |

The pAF vectors were transfected into the PA317 packaging
cell line as a calcium phosphate precipitate (Wigler et al., Cell
16:777, 1979). The virus-producing PA317 cells were co-
cultivated with human monocyte 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.

c. Assay
Stable cell lines were infected with HIV (HTLV III) and the

cells (f-gal) or media (alkaline phosphatase) assayed on a daily

o/

i
|



B. Jndicator Cells and Retrpviral Vectors ‘Hunan T-cell (H9, CEM and Sup
T1l) and nonocyte (U-937) cell Lkines were ohtained form ATCC, and
mai_ntai ned in RPML 1640 nedi um suppl enent ed with. . 10% fetal bovi ne
seru and 1% penicillin/streptonyci The nonretroviral vectors are

I ntroduced into cell lines by electroporation using a Bio-Rad Gene Pul ser.
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as a calci um%ﬂ‘pﬁ rprtate (Wgler et al., Cell 16:777, 1979).
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cell lines for 24 hours in the presence o ol ybrene, after which the
suspensi@n cetyd el & ilsiBeirRmiarkl st £04 by | s Qekldr tvel Bip Maucb@sr abpve.
C. Assay Stable cell lines were infected with HV (HTLV'111B) and the

cells ([adrs] -Spmaticr Ceelll cardiiMal | nGepbbdpbafdseR535sAP8T )gn admajily) by 44
basis for 6 days post-infection. [err]-Gal actosi dase Assay Infected cells
coul d basisgnyeal byextraets in) a lselSittiorhienaynebicanssayi wiip QNPG as
descri bed by MacGregor et al. Somatic Cell and M. Genetics 13: 253,
1987); @aorsuhstrage uciiomter| andxCosEin ,i MOL . .cflal.i BiddnzyBia3&l ask§Shi-t h
ONPG asse substrate (Norton and Coffin, MOL. Cel. Biol. 5:281, 1985).
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Medium was removed from infected cells, microfuged for
\ 10 seconds, and then heated to 68°C for 10 minutes to destroy
endogenous phosphatases. The medium was then microfuged for 2
minutes aﬁd-an aliquot (10-50 ul) removed for assay. 100 pl of
buffer (1 M diethanolamine, pH 9.8; 0.5 Mm MgCl,; 10 mM L-
homoarginine) was added and -then 20 ul of .120 mM p-
nitrqphenylphpsphate (in buffers) was added. The A,,s of the.
reaction mixture was monitored using an automatic pléte reader.
Figures 14 and 15 depict typical resulﬁs-pf_a¢time.
course of infection of Sup T1 cells using the aikaline
phosphatase assay in the presence of varying concentrations of
antiviral drugs. The "+" and "-" on day 6 indicate the presence
or absence of syncytia.
| A number of other techniques (described below) can be
used with the retroviral vector systems employed above, so as -
to enhance their performance. Alternatively, these techniques .
may be used with other gene-delivery systems.
v Packaging Cell Selection
This method is based, in part, upon the discovery of

the major causes of low recombinant virus titres from packaging
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correct those causes. Basically, at |east ive factors may be
postgéﬁbmés-as causes for |low reconbinant virus titres: 1. t he
limted availability 'of viral packaging proteins; 2. the limted

avai lability of3.ret rhég r dimieedoraviNil goddity; of cell membrane for
budding of the recombinant retroviruses;

4. the limited intrinsic packaging efficiency of the v/
retroviral vector genome; and -

5. the density of the receptbr specific for the
envelope of a given retrovirus.

As noted above, the limited availability of wviral
packaging proteins is 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 units/millilitre, foilowing
which increasing packaging profein level has no further effect \J
on titres. Howevér, titres, can be further augmented by also -
increasing the level of retroviral vector genome available for
packaging. Thus, as described herein, it is advantageous to
select producer cells that manufacture the maximum levels of.
packaging proteins and retroviral vector genomésa It has been
discovered that the prior art methods of identifying, and thus
selecting, packaging cells and producer cells, described earlier
tend to lead to seleétion of many producer cells which produce

low_titres for the reasons described below.



3. ~thelimted availability of cell menbrane for budding of the
reconbi nant retroviruses; 4.: .the lLimted intrinsic packaging efficiency
of.. the retroviral vector gehome; and 5. the dengi.ty of the receptor
spegific for the envel ope of a given retrovirus. As-noted above, the
limted availability of viral packagi A§ proteins is'the initial limting
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i ncregé,es to about [err] infectious units/mlltilitre, follow ng which
i ncr ea%1 Badparkageryspfecs khasyshenpyopein expressinleyel iof & gene
However, titres, can be further augnented by al so increasing the |evel_ of
ret r oVAPURSLEERW EEABELRR aid ablldR 0P%Ha LgPromokeyy a8ddeSPAcesy
herein, . it iis advantageous to sel ect producer cells thgi rrfnuf acture the
i 13ee¥o

maxi rru?ﬁ‘é%%f’?mo?.y BRcRAEPRY SR % IRIemd-§ AYRRTRRE egénshas. if |t
ot cot TG, 1AEBKEERRRY. Borie Ak ¢ SRRehF Tcol 10 TR O DRP L P PFBPY o o
- casoreoSeeEabLaodhe (T o PGt St b S0 YeEF o Kbl PAERalGENG, O°
VAR i e e e A e S S

| nt er vig@t Ngs08Re 11l Tx@Hedrtdd | hdéesenbhabnithrdiN®f Ntk We{-AY gengmper e
absent. In the present nethod, the selectable gene is placed downstream

from cogeoehelr iprompEagrighout any splice donor or splice acceptor
~ sites. This acco_mpiishes two things. First, since the
packaging genes or genes of interest are now upstream with no
intervening gene between themselves and the promoter, their
corresponding proteins (packaging protein or protein of interest)
will be expressed at a higher level (5~ to 20-fold) than the
selectable protein. Second,. the selectable protein will be
~expressed on average at a lower level, with the distribution of
level of expression shifting toward lower levels. 1In the case
of the phleo™ protein, this shift in distribu_tion is illustrated
A by the broken curve indicated in Figure 16.  However, the
selection level for resistance to phleomycin remains the same,
80 that only the top-end expressing cells survive. The levels
of the packaging protein or of the protein of interest will still
be proportional, only in this case, a higher leével 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 oi: env packaging'

genes, along with a first selectable gene. These cells are then



genone or the gene of interest carried .by the vector construct, but is

still

Wi t hout any splice donor or splice acceptor sites.

transcri bed under the-caontrol of the viral 5 LTR or other pronoter
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n level may be used. =~ SubSequently, the procedure
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. of interest and a third selectable gene,
different from.the first or second selectabie gene. As a result
of this procedure, cells producing high titres of the desired
recombinant retrovirus will be selected, and these can be
cultured as required to supply recombinant retrovirus. In
additign, .gag and pol .can be independently introducéd and
selected for.

Example 7 described the construction of gag/pol and env

plasmids ‘designed to use these procedures.

EXAMPLE 7

Plasmids Designed to Make High Levels
of Packaging Proteins (Figure 7)
1. The 2.7 kb Xba I fragment from pPAM (Miller et al.,

Mol. Cell. Biol. 5:431, 1985), which contains-the amphotropic

env segment, was cloned in'pUC18'at the Xba I site, then removed
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screening are repeated using those selected cells, and the other of the

gag/ pol or env packaging genes. In this step, a second. sel ectabl e gene

(different fromthe first) would be required downstream fromthe packagi ng

géne and the cells producing the |argest anpbunt &f:the second viral protein

setect ed. The procedure and screenh%p are then tepeated using the

surviving cells, with a plasmd carrying the proviral vector construct
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the first or-second selectable gene. As a result of this procedure, cells
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sel ected, and these can be cultured as required to supply reconbi nant
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selected for. Exanple 7 described the construction of gag/pol and env
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inj from RSV env, and the phleo fragment were ligated tS five

iv/ pR%Vénv-phleo.'
2. A fragment from the Pst I site at nuclectide 563 of MLY
(RiA Tumour Viruses, Vol, II, ;985, Cold Spring Harbour) to the
Scé I site at 5§70'was de?ived from pMLV-K (Miller et al., 1885,
op{ ¢it) and cloned in the Pst I to Bam H1 (Bam Hl1 filled-in)

frégment_;rom p4aA8 (Jolly et al., Proc. Natl. Acad. Sci. USA

395477, 1983)_th€t as the SV4(0 promoter, the pBR322 ampicillin
reﬂ?stancé and origin of zreplication and the 5V40 poly A site.
Thi:xs gives pSVgp: PSVgpDHRF  vas made using the following
fragments: the 3.6 kb Hind IXXI to Sal I fragment from pSvVgp
containing the 8V40 promoter plus MLY gag and some pol sequences;
thélz.l.kb Sal I to Sca I fragment from pMILV-K with the rest of
t.he;-. pol gene; the 3.2 kb Xba I (Xba I filled-in) to Pst I
fragment from pF400 with the DHFR gene plus poly A site, pBR322
orléin and half the ampicillin xesistance gene; the 0.7 kb Pst
I tb Hind III fragment frém pBR322 with the other half of the
ampicillin resistance gene. This gives pSVgp-DHRF. 2All these
con?tiucta afé sﬁoﬁn in Pigqure 7. These plasmids can be

transfected into 3&3_cells_or other cells and high levels of gag,.



Mol Genet, 14:243, 1988) with the-BstE:l1 end fillédia carries the phleo
resi stance codi ng sequence. The 4.2 kb 'Bam HI:t.o Xho | fragment, the )
contiguous 1.6 kb Xho | to Xba | (Xba | filled i'n) fromRSV env, and the -
phl eo fragment were ligated to five pRSVenv-phleo. 2. A fragnent fromtRg/
Pst | site at nucleotide 563 of MY 4&NA Tunour Viruses, Vol. I1, 1985,
Cold Spring Harbour) to.the Sca | site at 5870 was derived from pM.V-K

(M1l polebraeny tBtaineat.. cit) and cloned i'n the Pst | to Bam HL (Bam H

f illed-in) fragnment..fromp4aA8 (Jolly et al., Prog. Natl. Acad. Sci. USA
80: 477, 1988) additt isnalhaedgl FonhwasomplishiBRe e kegtton| £8 tesiseance
and origin of replication and the SV40 poly A site. This gives pSvgp.
pSVgpBHEENRaSeAedt ien g one rousld @ndhd s advidfense tin 8 suRseEnaat| |1 to
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antisense HPRT would be required in order to inactivate the HPRT
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gene transcripts, assuming no reversion occurred.

ENVELOPE SUBSTiTUTIONS

The ability to express gagpol and env function separétely
allows for manipulation of these functions independently. A cell
line that expresses ample amounts of gagpol can be used, for
example, to address questions of titre with regard to env. One
factor resulting in low titres is the density of apprépriate
receptor molecules on the térget cell or tissue. 'Given'that env o’
expression is from a separate unit, a variety of envelope genes
(requiring different receptor proteins), such as =xenotropic,.
?olytrophic, or amphotropic envs from a variety of sources, can
be tested for highest titres on a speéific' target tissue.
Furthermore, envelopes from nonmurine retrovirus sources can be
used for pseudotyping a vector. In addition, hybrid envelopes -
(as described below) can be used in this system as well, to
tailor the tropism (and effectively increase titres) of a

retroviral vector. Cohversely, a cell line that expresses ample



deficient cell with t;he HPRT gene and sel.ected for the presence of this
gene using that nedia which requisres HPRT 'for the:salvage of purines. In
thexnext round, the antisense to HPRT coul d be delivered downstreamto env
and_the cell selected in 6 thioguanine for the HPRI-deficient phenotype.
Largé anmounts of antisense HPRT woul d b®0required in order to inactivate

t he HPRT gene transcripts, assum ng no reversion occurred. ENVELOPE
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protein for which the gene has been cloned. For example, see
Smith et al., (Mol. Cell. Biol. 3:12, 1983); Piccini et al.,
(Meth., Enzymology, 153:545, 1987); and Mansour et al., (Bxroc.

Natl. Acad. Sci. USA 82:1359, 1985).

These viral vectors can be used to produce proteins in
tissue culture cells by insertion of appropriate genes into the
viral vector and, hence, could be adapted to make retroviral
vector particles.

Adenovirus vectors are derived from nuclear replicating

\/ viruses and can be defecti\_re. Genes can be inserteq into vectors
and used to express pﬁoteins in mammalian cells either by in
vitro construction (Ballay et al., EMBO J. 4:3861, 1985) or by

recombination in cells (Thummel et al., J. Mol. Aggl Genetics

1: 435, 1982).

One preferred method is to construct plasmids using the
adenovirus Major Late Promoter (MLP) driving: (1) gag/pol, (2)
env, (3) a modified viral vector construct. A modified viral
vector construct is possible because the U3 region of the 5’ LTR,

which contains the viral vector promoter, can be replaced by



reconbi nant retroviruses carrylng t he vector CpnstrUct EFach of these.
systens takes advantage of t he ‘fact that" the.lnsect vi rus, bacul ovirus, and
t he manmal i an viruses, vaccinia and adenOV|rUS ‘have been adapt ed recentlm
to make | arge ampunts of -any given protein for which the gene has been
cloned. For exanple, see Smth et ., (Mol. Cell. Biol. 3:12, 1983);
Piccini et al., (Meth. Enzynol ogy, 153:545, 1987); and Nhnsour et al.

(Progthbat brofictdr Sdqudie 4469, fé@@ampﬁ@sﬁa\ﬁﬁrﬂn VaRIQr S }E‘@ﬂ'i@e used

to produce proteins |n tissue culture cells by i nsertion of appropriate
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vector particles. Adenovirus vectors are derived from nuclear replicating

Vi r ureandnd fc evErsief ecangeripease byn the U3sdExrond thyd B veprRrs and used
to express proteins in mammalian cells either by in vitro construction
(Bal | ay ewhﬁse fABmids 4c886thetobe) usedbyor mekebadenovirius gendangsThumel
et al., J. Appl . Cenetics 1. 435, 198%& One preferred nethod is to i
cons.ﬁ_ﬂuL’.LS‘QaS(ﬂadda]BlQTg alhe aEniit-Us Maihitheses thepafieatgdliny 283 vi ng:
(1) gag/pol, (2) env, (3). a nodified viral vector construct. A nodified
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are typically 107-10"/ml, these stocks can be used to infect hd
tissue culture cells simultaneously at 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 lysis will
occur and retroviral vectors can be harvested from 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 \J
in a similar manner as described in 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 wvitro RNA-generating system (see, for example, Flamant and
Sorge, J. Virol. 62:1827, 1988);

3. tRNA made as in (2) or purified from yeast or mammalian
tissue culture cells;’

4. liposomes (with embedded env proteinj;

and



i'n vitro (Ballay et al. op. cit.), and these transfected in 293 cells ( a
human cel|l |ine maki ng adenovirus EIA protein), for.*which the adenoviral
vectors are defective, to yield pure stocks of gag, pol, env and retroviral
vector carried separately in defective adenovirus.vectors. Since the titres
of\.guch vectors are typically [err] these stocks can be used to infect
tissue culture cells sinultaneously at_high nmultiplicity. The cells wll

t hen' be programred to produce retrovit4l proteins and retroviral vector
genones .at i gh | ls. .Si.nce the_adenqvi,fus vectors are defectiv no
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simlar manner as described in Smth et al., (supra) (or in other protein
product i on Witsh eitel s prodceduyeast ) or (E) zudi ) 3) 2are mixed , vendothBNanwade
in the known T7 or SP6 or other in vitro RNA-generating system (see, for
exanpPEStEidarfe bhBXpFaet and\prerlippseger nixoddyipial {nimNALi&ablEs in
(2) orﬁg;lérified om yeast or nanmmal i an H ssue culture cells;
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funct 19pbsome~embedded env to the mixture of (1), (2), and (3). The
mix is treated (e.g., by sonication, temp'eraturelmanipulation,
;or ?'otazy dialysis) to allow encapsidatioﬁ of the nascent viral
par:g:icles with 1lipid plus embedded env protein in a manner

similar to that for liposome encapdisation of pharmaceuticals,

(as described in Gould-Fogerite et al., Anal. Biogchem. 148:15,

1988). This procedure allows the production of high titres of
repiication incompetent recombinant retroviruses without
contamination with pathogenic <xretroviruses or replication-

comgetent retroviruses.

‘ VIIf Cell Line-Specific Retroviruses ~_ "Hybrid Bnvelope*
o :

" The host cell range specificity ©of a retrovirus is
deté;tr:mined in part by the env gene products. For example}
Coffin, J. (RNA Tumour Viruses 2:25-27, Cold Spring Harbour,
1985:) notes that the extracellular component of the proteins from
murine leukaemia virus {MLV) and rous Sarcoma virus (RSV) are
respbnsible for specific receptor binding..  The cytoplasmic
domain of envelope proteins, on the other hand, are underxstood
to pf_Lay a role in virion formation. While pseudotyping (l.e.,

the éncapsidation of viral RNA from one species by viral proteins



Wth this procedure (1), (2) and (3) are:mxed, end the env prdtein, cel
extract and pre-liposone mx (lipid ina Suitable solvent) added. It nay,
however, be necessary to earlier enbed the env pr'dtein in the |iposone g
prior to adding the resulting |iposome-enbedded env to the mxture of (10,
(2), and (3). The mx is treated (es® , by sonication, tenperature
mani pul ation, or rotary dialysis) to all ow encapsidation of the nascent
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that for |iposone encapdi sation of pharmaceuticals, (as described in .
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the production of high titres of replication inconpetent r econbi nant
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53 of another species) does occur at a low frequency, e envel ope protein
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present met'hod recogriises that by creating a &
In order to make a hybrid protein in which the receptor
binding compdnent and the cytoplésmic component are from
different retroviruses, a preferred location for recombination
is within the membrane-spanning region of the cytoplasmic
component. Example 8 describes the construction of a hybrid env
gene whiqh_expresses-é protein.with the CD4 binding portion of

the HIV envelope protein coupled to the cytoplasmic domain of the

MLV envelope protein. =

EXAMPLE 8 )

Bybrid HIV-MLV Enveloges

A hybrid envelope gene 1is prepared wusing in yvitro

mutagenesis (Kunkel, Proc. Natl, Acad, Sci. USA 82:488-492,
1985) to introduce a new restriction site at an appropriate point
of junction. Altefnatively, if the two envelope sequences are
on the same plasmid, they can be joined directly at any desired
point using in vitro mutagenesis. The end result in either case
is a hybrid gene containing the 5’ end of the HIV gp 160 and the

3' end of MLB pl5E. The hybrid protein expressed by the



hybrid env gene product (i.e., specifically,. :an-epv, protein having

cytopl asm ¢ regions and exogenous biridi ng regdgi ons' which are not in the sane
.protein nolecule in nature) the host range specificity may be changed

i ndependently fromthe cytoplasm c function. Thus, reconbinant retroviruses
can~be produced which will specifically4bind to preselected target cells.
In order to nake a hybrid protein in which the receptor binding conponent
and t hecessii bipl g i xe comtpiovaent: -gend r ds dillustnatedtrvi Figure algr edrdred

| ocation for reconbination is wthin the nenbrane-spanning region of the
cyt opl ammita tnspdient HINxagpl 308 (BR4r ineeeptar cbAsding: i BROSS1R)mybERE env
gene which expresses a protein with the CD4_binding portion of the HV
envel o tracel lutagpRartien hefc\HEY| &ni ¢lddide P t3d vPimgdpg opRd
protein. EXAVPLE 8 Hybrid H V-M.V Envel gpes A hybr,id 'envelqge gene _is
pr epar dinsigemic regiens) o and ddvhcNtoPlagmiG Portgan OiNMLY PR8E with
USA 82:488-492, 1985) to introduce a new restriction site at an.appropriate
poi nt dfh§ udeinsn oconnENm ateBRY | PL REVERS Lo R ?éﬁﬁéﬂc@ﬁﬁéogﬁ t he

|asnid, th be j oined dirtectly at. Lred poi ng. L
Viiro MRBRARST o ATREDELE AR MA9E Py ERe 180y ars he s el "Fate
taining the 5..end of ot ' f qendh
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the authentic HIV env gene. Thus the hybrid is correctly
1% transpdrted to the cell sutfaqe and displayed there.

While Example 8 illustrates one hybrid.prbtein.produced'from
two different-retroviruses,'thé possibilities are not limited to
retroviruses or even simply other viruses. For example, the
beﬁa—receptor portion of human interleukin-2 may be combined with
the envelope protein of MLV. 1In this case, a recombination would
preferably be located in the gp 70 portion of the MLV env gene,
leaving an intact pl5E protein. Furthermore, -the foregoing ’
technique may be used to create a recombinant retrovirus with an

{_  envelope protein which recognises antibody Fc segments.
Monoclonal antibodies which recognise only preselected target
cells only could then be bound to such a recombinant retrovirus

exhibiting such éenvelope proteins so that the retrovirus would

bind to and infect only those preselected target cells.

VIII. Site-Specific Intedqration
. Targeting a retroviral vector to a predetermined locus on

a chromosome increases the benefits of gene-delivery systems.

A measure of safety is gained by direct integration to a "safe"
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fusigenic regions), and the cytoplasm c portion: of: MV pl,5E, with the joint
occurring at any of several points within the host, menbrane. A hybrid gene
made by fusion at the new Eco Rl site shown in Figure 18 is expressed und__e___r,=
control of the CWIE gene in human Sup T1 cells and | eads to syncytia, a

is the case with the authentic H V eh% gene. Thus the hybrid is correctly
transported to the cell surface and displayed there. Wile Exanple 8

i | | usBPate®®ONB IBHNIMPIANR ei A -Fr-odueRe thavk t1® Provenentor haewi neses,
the possibilities are not |limted to retroyiruses or even sinply other

vi rusdgletegipug, affiects nErgm £he cLpssrtpspt Ofn df VAGHRE i nt BRPEOREN- 2
may be conbLnid mﬁtq,the envel o e,froteﬁn Bﬁ NLX. In this case, ,a
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such gegee9pBUNBRl et rovirus exhi biting such envel ope proteins so that the
retrovirus would bind to and infect only those preseélected target cells.
VI, Site-Specific Integration Targeting a retroviral vector to a
predet erm ned | ocus on a chronosone increases the benefits of gene-delivery

systens. A(igasHomodbagbtise Redombsimateibby direct integration to a "safe"

55 spot on a chronpsone, i.e., one that is proven to have not del eterious

ef fects frOmet hechniguei forointegeratdng anAsgbgenopst geheabfbaneéctors t he

ability to direct a gene to. an "open™ ;
construct of a recombinant retrovirus into a specific site in a o/
target cell’s DNA employs homologous recombination. Plasmids
containing'sequences of DNA of greater about 300 bp that are
homologous to genomic sequences have been shown to interact
(either by replacement or insertion) with those genomic sequences
at a rate that is greater than 10’°-fold over a specific
interaction in the absence of such homology (see Thomas and
Capecchi, Cell 51:503-12, 1987; and Doetscheman et al., Nature.
330:576-78, 1987). it has been shown that an insertion'event,
or alternatively, a replacement event, may be driven by the W/
specific design of the vector.

In order to employ homologous recombination in  site-
specific. retroviral ihtegration, a vectdr construct.  should be
modified such that (a) homologoﬁs sequences (to the target cell’s.
genome) are incorporated into the construct at an appropriate
location; and (b) the'normal'mechanism of integration does not
interfere with the targeting occurring due to homologous

sequences. A preferred approach .in this _regérd is to add

homologous sequences (greater than about 300 bp) in the 3’ LTR,



region of a chronosame, where.its expressi.on would be nmaxim zed. Two
techni ques for integrating retroviruses at specific,sites are described
betow. (i) Honol ogous Reconbi nation Cne technique for integrating an
expgenous gene of a vector construct of a reconbinant retrovirus into a
specific site in a target cell's DNA &l oys honol ogous reconbi nati on.
Pl asm ds contai ni ng sequences. of DNA of greater abeut 300:bp that are
honol oglwns trgamofiroms ddnee B3 sinwentdrberepeatn t 31 thdsa@pgedadie; bhe
repl acenent or insertion) with those genom c sequences at a rate that is
gr eat erconsfeructolis- ipidigldy madsspekthia ragéenceifohomeliagy sbraprteds
such honnlog §§ee Thomas and Capecchi,, Cell 51:503-12, 1987;, and

et
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this regard is to a onol ogous sequences (greater than about 300 bp) in
the 3' in tife dRYEdYF aRp beoBkphesHad, nwhethdr’ epeat thel NTRh6E from

approach, the construct is initially made with a region of honol ogy
i nsert eth i intéendl p¥Bmoiteirhe MNeisl spproach (Bas Bheecefddotarsfrppacdngi n
- a region of homology near a potential free end of the double-
stranded retrovirus vector genome. Freé ends are known to
increase the frequency of homolbgous reéombinatiqn by a factor
of 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 readily ascertained by one skilled in the °

art.

(iii) Integrase Modification

Another technique for integrating a vector construct into
specific, preselected sites of a target cell’s genome involves
integrase modification.

The retrovirus pol gene product is generally processed into
four parts: (i) a protease which processes the viral gag and pol
products; (ii) the reverse transcriptase; and (iii) RNase H,
which degrades RNA of an RNA/DNA duplex; and (iv) the

endonuclease or "integrase".



the host cell will result in a duplicati.gn of the redion of honol ogy in the

5 LTRwithin 31 bp of the end of the FﬁVQ[ted repeat (IR). Integration

into

i nt egration mechani sm

from
pl aci

the host genome will occur in the presence or ‘absence of the normal .’

The gene in'the vector may be expressed, whether \(

the LTR or froman internal promgter. This approach has the effect of

ng a region of honology near a potential free end of the double-

stranded r @heogeheraleiheeggase Btrucktuee RAEShEER dwlWwzéd By Uckassdr he
frequency- of honol ogous reconbi nation by a factor of approximately 10.
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dintegration, or to at least nodify it to slow down the process, allow ng
ti ne beenhpmuippyads tids thisi protpinnibetsher tims bahdingnmfidnfyeratwitth i s
required in a particular case can be readily ascertained by one skilled in
the awhichj iy intemgcds awbthodilie chepsn DWWt heforec hintearabingnttdyy at i ng
a vector construct into specific, preselected sites of a target cell's

genonBetReYLFed SAMMANERE nodi fication. The retrovirus pol gene product
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W th

e proposed that this pfotern has
receptor, responding to - estrogens, have the effect of a

glucocorticoid receptor, responding to glucocorticoids, simply
by substituting the glucocorticoid receptor "finger" (i.e., DNA

binding segment) in place' of the estrogen receptor finger segment

in the estrogen receptor gene. - In this example, the position in -

the genome to which the proteins are. targeted has been changed.
Such directing sequences can also be substituted into the
integrase gene in place of the present zinc finger. For
instance, the segment coding for the DNA binding region of the
human estrogen receptor gene méy be substituted in place-of the

DNA binding region of the integrase' in a packaging genome.

Initially, specific integration would be tested by means of an-

in vitro integration system (Brown et al., Cell 29:347-356,
1987). To confirm that the specificity would be seen in vivo,
this packaging genome is used to make infectious ' vector
particles, and infection of and integration into estrogen-
sensitive and estrogen-nonsensitive cells compared in culture.

Through use of this technique, incoming viral vectors may

be directed to integrate into preselected sites on the target -

cell’s genome, dictated by the genome-binding properties of site-~

o



which it interacts with the host DNA before integrating the retroviral
sequences. |In other proteins, such "fingers", allow the protein to bind to
DNA at particul ar sequences. One illustrative exanple is the steroid '
regeptors. In this case, one*can nake the estrogen receptor, responding
to estrogens, have the effect of a gluggcorticoid receptor, responding to
gl ucocorticoids, sinply by substituting the glucocarticoid receptor
"finger 'sgdde#fic Dia bk vy $IEein Sdynite Y1 id8 asite e raneise
finger segnent in the estrogen receptor gene. In this exanple, the position
in the gmmme! o Ihiwill hse pinderssoad ebyathesedskadlbededinc vhegarkt Sthedt :
directing sequences can al so be substituted into the integrase gene in

pl ace ofthehelprexpeatian neitengest, ifofachst haceeceptivegrmenttheodimpgdxs

t he DNA bi nding regi on of the human estrogen receptor gene may be
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IX. Production of Recombinant Retroviral Vectors in

Two problems previously described with helper line
generation of retioviral vectors are: Qa)- difficulty in
generating large quantities of-vectors;ﬁand (b) the current need
to use permanent instead of primary cells to make vectors. These"
problems can be overcome with producer or’ packaging lines that
are generated in transgenic animals. These animals woula carry

\_/ the packaging genomes and retroviral vector genomes. Current
technology does not allow the generation of packaging cell lines
and desired vector-producing lines in primary cells due to their.
limited life span. The current technology is such that extensive
characterisation is necessary, which eliminates the use of
primary cells because of senescence. However, individual lines
of transgenic animals can be generated by the methods provided
herein which produce the packaging functions, such as gag, pol

or env. These lines of animals are then characterised for

expression in either the while animal or targeted tissue through
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the integration site nust, in fact, be recéeptive tqg the fingers of the
nodi fied integrase. For exanple, nost cellsrare sersitive to
gl ucocorticoids and hence their chromatin'has site:for glucocorticoid L
receptors. Thus, for nost cells, a nodified integrase having a w
gl ucocorticoid receptor finger would ge suitable to integrate the proviréTJ
vector construct at those glucocortié id receptor-binding sites. I X )
Pr od L, 0 i_nang .ral .Vectors . n Transgenic Aninmals Two
e Bt R R e RO Sk RORUGC Y s bR T GPEOPatea®i r al
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does not allow the generation of packaging cell lines and desired !

vect cth@nattomngdn besdiriven BEfy seelh a fuembeerhgubstitutefgl £be gpan. The
current technology is such that extensive characterisation iS necessary,

whi cl 2| reghoneoft theuse dLTRr i( PFAgyree|1%) becahie akansgenecirildiopever, .
i ndi vidual |ines of transgenic aninmals can be generated by the nethods

pr oviiRAnGihle pxvmbilgquirtteha dnt 4 spexipagissd.onuncThbasvestah, dowegerpol or
env. , These lines of animals are then characterised for expression in

ei t he¥S t3Rt vPrrkagadmal Thesearljnesl of sanimahsoayk theho mateddtecthee use

of house eelo)' ng or tjissue-specific pronoters. to. transcribe the packagi ng
f unctdas{Pe e‘%ﬁea\%&a&r apgd fgubsequent progency -produce packaged

vector. The progency, which are essentially identical, are

"/

characterised and offer an unlimited source of primary producing
cells. Alternatively, primary cells making gag/pol and env and
derived from transgenic animals can be infected or transfected
in bulk with retrovirus vectors to make a primary cell producer
line. Many different transgenic animals or insects could produce
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 specificity and fissue-
specific expression i:hrough the use of tis’sue-spécific promoters o/
and different enveldpe proteins. An example of such a procedure
is illustrated in Figure 20. '

Although the following examples of transgenic production of
primary packaging lines are described. only for mice, these
procedures could be extended to other species by those skilled
in the art. Given the homology to MLV sequences in mice genome,

the final preferred animals would not be mice.



delivered is also inserted into a ‘I'ine of - tr-ahsgem canimals with a

ti ssue-specific or housekeepi ng pronbter. As di scussed above, the vector
can be driven off such a pronoter substltutlng for fhe U3 region of the 5
LT@/( Figure 19). This transgene could be inducible or ubiquitous inits
expression. This vector, however, is ng)? packaged. These |ines of aninals
are then mated to the gag/ poI/env ani mal and subse"quent progency produce
packaged vector. The progency, WpzMpRiEe gssent i ‘ally identical, are
characterised and offer an unlinitéd source of primary producing cells.

Al ternatively, @ﬁﬁtzoﬁebkssw FaRtedinsa Uk ey HEoubalesépetgf rom
transgenic aninmals can be Infected or transfected in bulk wth retrovirus
vectors to make a pri promotelrs ifoodUbdquitons Wupresdienent transgenic

animals or insects could produce these vectors, such as mce, rats,

chi ckens, swi ne, rabbits, cois Tsapsg Argim The vector and
packaglng genones woul d be tailored for speci es infection specificity and
ti ssue- spechhiexamplesefon weklbrefpraetertsed houseieeptagf PEOBPEADE &6
and different envel ope proteins. An exanple of such a pr ocedure is
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various gag/pdl fragments (e.g., Bal I/Sca I; Rat II/Sca I; Pst
I/Sca I or MOoMLV; see RNA Tumour Viruses 2, 1985, Cold Spring
‘Harbour Laboratory, 1985) that are cloned in Bluescript plasmids

(Strategene, Inc.) using recombinant DNA techniques (see Maniatis

et al., Molecular Cloning: A Laboratox __Manual-,-' Cold Spring

Harbour, 1982). The resulting plasmids are purified (Maniatis

et al., op. cit.) and the relevant genetic information isolated

using Geneclean (bio 101) 'or electroelution (see Hogah et al.

(Eds.) Manipulating the Mouse Embr\}o': A Laboratorx-Manua‘i  Cold
W, Spring Harbour, 1986).

These fully characterised DNAs would be microinjected in the
pronucleus of fertilized mouse ova at a concentration of 2 ug/ml.
Live born mice would be screened by tail i)lot analyses (see Hogan
et al., op. cit.). Transgenic-positive animals would be
characterised for expression levels of gag-pol proteins by
immuniprecipitation of radiolabeled primary cells, such as
fibroblast (see Harlow et al., eds. Antibodies: A TLaboratory
Manual, Cold Spring Herbour, -1988). Animals would then be bred

to homozygosity for establishment of animal lines that produce



R Sheldla e

in Transgenic Animals An exanple of a melh-characterlsed housekeepi ng

pronoter is the HPRT pronoter. HPRT is 3, purlne sal vage enzyne 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, 1984). Thi s

pronoter would be inserted in front gf various gag/pol fragnents (e.g., Bal

|/Sca I; Aat I1/Sca |; Pst-1/Sca | or MOMYV; see RNA Tunour Viruses 2,

1985, cﬁakdcgggﬂg@dtygwaygldﬁ) Qaf-Gsor. - 1985) that are cloned in Bluescript

pl asm ds (Strategene, Inc.) using reconblnant DNA t echni ques (see Maniatis

et al., Mdlecular Coning: A Laboratory Manual, Cold Spring Harbour,

1982). The resulting plasmds are purified (Nhniatis et al., op. cit.) and

the rel evant genetic informati onEXBMPREed0Qusi ng Genecl ean (bio 101) or

el ectroel ution (see Fbgan et aI (Eds. Nhnlpulatlng the Nbuse Enbrvo: A

Labor at ory Eeoduction ofSes ShieIns i gtope |} gipsact eri sed
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proteins could be from any retrovirus that 1is capable of

complementing the relevant gag-pol, in this case that of MLV. e
Examples are ecotropic MLV, amphotropic MLV, xenotropic MLV,
polytrophic MLV, or hybrid envelopes. As above, the envelope
gene would be cloned behind the HPRT promoter using recombinant
DNA techniques (see Maniatis et al., op. cit.). The resulting
"minigene" would be isolafed (see Hojan et al., op. cit.), and
expression of envelope protein would be determined (Harlow et
al., op. cit.). The resulting "minigene" would be isolated (see
Hogan et él., op. cit.), and expression of envelope protein would
be determined (Harlow et al., op. cit.). The transgenic envelope "

animals would be bred to homozygosity establish a well-

characterised envelope animal.

EXAMPLE 11
Production of gag-pol-env Animals Using Housekeeping
Promoters for Ubiquitous Expression in Transgenic Animals

This would use the well-characterised gag-pol animals, as
well as the animals for the establishment of a permanent gag-

pol/envelope animal 1line. This would involve breeding to



Prodticti on of env Proteins/Hybrid ‘Envel ope Pt at ei:ns Usi ng Housekeepi ng
Prafioters for Ubi quitous Expression in Transgenlc Ani mal s This exanpl e
ut¥lizes the HPRT pronoter for expression of ei ther envel ope or hybrid
en\ el ope proteins. The envel ope proteins could be fromany retrovirus
that is capable of conplenenting the réRevant gag-pol, in this case that of
M.V. Exanpl es are ecotropic MV, anphotropic MV, xenotropic MV,

pol yt r ohbmozpvsity hydrtﬂeeaseabbeshmens afoa eyelliechavattprigede limel.d be
cl oned behind the HPRT pronoter using reconbi nant DNA techni ques (see

Mani at i "s‘heﬁealmespwoem yhe!rhberesagt taeshahl jsheprimary B@uFS?oEEbé‘d’O( see
Hogan eié Cit, %Ib and e pl’eSSI on of, envel ope pr.otein woul d

det er ni HefI—HP bl d‘:’,o[r packpagdng ¥ectors ini higsne: C%Gﬁ&ebe
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ani mal s ¥o P g&# EQ honozygosity establish a well- characterised
envelopg ahi HRFC RPEE™Pr Production of gag-ol -env Animals Using
Fbusekeeplng Pronmoters for Ubiquitous Expression in Transgenic Animals This
woul d use the well-characterised gag-pol animals, as well as the aninals

for the establishment of a pernmanepkagipfieg p9!/envel ope aninal Iine. Thi s
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woul d involve breeding to 62 ho and the establishnment of a
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t!SSUG culture. or Hybrid Enveloge in Transgenic Animals
U/

The example given here is to direct tissue expression of the
gagpol, enveiope; or hybrid envelope to specific-tissues, such
as T-cells. This involves the use of an-sequences (see Lang et
al., EMBO J. 7:1675-1682, 1988) that give position and copy

- number independencé; The 1.5 kb Bam H1/Hind III fragment from
the CD2 gene would be inserted in front of gag-pol, envelope, or
hybrid envelope fragments using recombinant DNA techniques.
These genes would be inserted into fertilized mouse ova by
microinjection. Transgenic animals would be characterised as.

\_ before. Expression in T-cells would be established. Animals

would be bred to homozygosity to establish well-characterised
lines of transgenic animals. Gag-pol animals would be mated to
envelope animals to establish gag~-pol-env animals 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 fo
establish T-cells expressing the vector.

This technique allows the use of other.tissue-specific

promoters, such as milk-specific (whey), pancreatic (insulin or



Furthernore, aninmals containing the retrovi‘ral,vector. could be bred into
this line. EXAMPLE 12 Production of Tissue-Spetific Expression of .
gag- pol,-eny or Hybrid Envel ope in Transgenic Anifals The exanpl e given here
is to direct tissue expression of the gagpol, envelope, or hybrid envelope?
to specific-tissues, such as T-cells. This involveés the use of CD2 '
sequences (see Lang et al., EMBO J. 7:1675-1682, 1988) that give position
and copy nunber independence. The 1.5, kb BamHl/Hi nd Il fragment fromthe
CD2 gene would be inserted in front of gag-pol, envelope, or hybrid :
envebbis th=aleBks neardgale¢ayFRilianbabhd pechsifqyeprombeas-sgenrerrighd be
insertéd into fertilized nouse ova by m croinjection, Transgeni ¢ ani nal s
woul Hh@e atas acelri pobmatars or esuchxprasssi vhlknspecdifiic woptromoters,

establi.shed. Animals would be bred to hgnbzygosity.to establish

wel | FEAFRINET s e FHEHAVEL T35S affFenPe ah?ﬁ&?g.edGaé?‘ﬁGFt&ﬁ’i n&FS®wothe be
mat ed ., vel.ops, .an S ' ablish gag-pol -env ani mal s expressing only
in Tgéses?f)?}'%nle %%’é‘%lr%%o’fﬁ%é%éggﬂ?ﬁal s would then be a source for T-cells
capabl e of packaging retroviral vectors. Agai n, vector aninmals could be
bred into these gag-pol-env - aninmals to establish T-cells expressing the
vector.. This technique allows tExmea®fidther tissue-specific pronoters,
such as m | k-specific (whey), pancreatic (insulin or 63 el astase), or
neuronal Exedwatheoni ofpEdther) Apusekeenindhon ) Bhsse-Soe AC onot er s,
such as m | k-specific pronoters, reconbinant retrovi rus’eis may . be isol ated
directly fromtmww__ﬂ!&n___——w;

The insertion of retroviruses or retroviral vectors \J

inéo the germ line of transgehic animals results iﬁ little or no
expression. This effect, deslcribe-d by Jaenisch (see Jahner et
al., Nature 298: 623-628, "1982), is attributed to methylation of
5‘:xetxroviral LTR seqﬁences. This technique would overcome the
meéhylation effect by substituting either a housekeeping or
tiésue-specific promoter to exprass the retroviral
veétor/retrovirus. The U3 region of the S’ LTR, which contains
thé enhancer elements, isl replaced with regulatory sequences from
housekeeping or tissue-specific promoters (see Figure 19)-. The
3‘'LTR is fully retained, as it contains sequences necessary for u
po_i_.yadenylation of £he viral- DNA and .integratidn. As the result
of uhique properties of retroviral replication, the U3 region of
th;a 5/ LTR of the integrated provirus. is generated by the U3
region of the 3 LTR of the infecting virus. Hence, the 3’ is
netessary, while the 5’ U3 is dispensable. Substitution of the
5’ LTR U3 sequences with promoters and insextion into the germ
line of tfansgenic animals results in lines of animals capable
of'producing retroviral vector transcripts. These animals would

then be mated to g‘ac_j-pol-env animals to generate retroviral-



bi ol egi cal fluid of the progeny. EXAMPLE 13 Production of .Either

Housekeepi ng or Tissue-Specific ‘Retroviral Vectors in Transgenic Aninals

- THe insertion of retroviruses or retroviral vectors into the germline of
trqnsgenic animals resulfs in little or no expression. This effect,

descri bed by Jaenisch (see Jahner et al., Nature 298:623-628, -1982), is
attributed to nethyl ation of 5 retréiral LTR sequences. This technique
woul d r the pethylation_effect by substitutiiig either a housekeeping
oré ti sg’é%dg%‘g%ﬁ i%“”“#%rrbf‘ﬁﬁ Figyre &@8jr-ess the’ retroviral |
vector/retr qwish e regi,on of the 5 LTR which contains the enhancer
el enents, i yﬁfﬁ)%&%%%‘%%ﬁ%%éﬁl & svisienal cratesm kapbkeapliaon tased

ti ssueosipey fog2 DEer, Jagure 19). The 3" LTRis fully retained, as
it contains se%uﬁggggnégggsz?gﬁéﬁ%% Yol 3&&8%1% &P Alefe dravwn DHIAcand

i nt egr peddingAapplg dASLY . Ushd erti oviral replication,
the U3 regi oﬁ onPhe 5' LI%'R@%f t ey?%ggggétj’ec{%{&‘{%&‘gener ated- by the
U3 region of the 3' LTR of the infecting virus. Hence, the 3' is
necessary, while the 5 U3 is dispensable. Substitution of the 5 LTR U3
sequences with pronoters and insertion into the germline of transgenic
animals results in lines of aninmals capable of producing retroviral vector
transcripts. These animals would then be nated to gag-pol-env aninmals to
generate retroviral - 64 producing animals (see Figure 20). This
application is a divisional patent application based on GB 9020586.5
(GB2236753A). Attention is also drawn to co-

\J.



pendi ng application No. GB 9211286.1 (GB2254424A). "C . L M S -
CLAI M5 1. A nethod of testjng a sample for t trus ”

carrying a particul ar gene, ‘sai‘'d gene bei ngcapabl e of expr ' .;;
i dentifying protein in indicator cells.having (1) aLlﬂIHm GBE@Mh IS \(J
capabl e of expressing a marker produ&s;’ and (2) con c I ch
respon@th%gpe presence of the identifying protein by switching expression
of the mar gene between expressing and non-expressing states; the method
conprising contacting indicator cells with the sanple, and testing for the
presence of the marker product. 2. A nethod of testing for the
presenge of a ! NG Jat iehk € Is%ﬁ&gl , £S48l n ' bl_e of
expressi ng an Pge%%FP$?Légﬁrgﬁiﬁfh%oﬁprisinéf f%geg??%gﬁggﬁkggﬁfﬁﬁfnathe
sanpl evirls Td1E6PIRG NANparii @Y1 HSgeABD! isH i FeNEChRY cadi ng
for (1) a marker gene V\:thCh S capab?e of esiipl%sg;?ﬂng gerﬁggﬁe@%&r% ﬁctgq'i n
the cedkpsesplitig amd idAntGFYi WM%W - i ce of
t he iden?ifying%wcnein int é@%e S mﬁthintr&?géﬁ%?gag§lgm?§§ﬁpﬁgfgg

expr essimarkért gensniriiclyae depabee 6EPeRproBa i aaRaREF 5s6adcstat es;
and testing for the presence of the marker product. 3. An i ndi cat or
cel | samdabR¢ fontiresdt ismgydencéhewhicherespohnda td e gafdgdngeacpathiscul ar
gene which is capable of expressing an identifying protein in the indicator
cel |, identifyiagmpmteimadvy ngwatgbhbge expdiesgifonr ofl)the meieerggefie

" between expressing and non-expressing states;
the method comprising contacting indicator cells with the o/

sample, and testing for the presence of the marker product.

2. A method of testing for the presence of a particular
gene in a cell sample, said gene being capable of expressing
an identifying protein, comprisings:

infecting cellé within the sample with a recombinant
retrovirus comprising a vector construct coding for (1) a
marker gene which is capable of éxpressing a marker product in
the cell sample; and (2) control sequences which respond to the '\J
presence of the identifying protein in the cells within the
sample by switching expression of the marker gene between
expressing and non-expressing states; and

testing for the presence of the marker product.

3. An indicator cell suitable for testing for the presence
of a virus carrying a particular gene which is capable of
expressing an identifying protein in the indicator cell, the

indicator cell having a genome coding for (1) a marker gene



~ which can express a.marKer produc't. in the indicataor cell; and (2) control
" seqfiences which respond ta the nLesence of the |dent|fy|ng protein in the
indicator cell by swtchi nﬁl ﬁ) |on of the mafKer gene between

expressing and non“mm l‘“s

which can express. .'.:1. marker product in the indicator cell; and
(2) control sequences which respond to the presence of the
identifying protein in the indicator cell by switching
express.ion- of the marker gene between expressing and ‘non-

expressing states.




