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(54) 11tle: CONDITIONALLY REPLICA TING VIRAL VECToRS AND THEIR USE 

(57) Abstract 

The present invention provides a conditionally replicating viral vector. 
methods of making, modifying, propagating and selectively packaging, and 
using such a vector, isolated molecules of specified nucleotide and amino acid 
sequences relevant to such vectors. a phannaceutical composition and a host 
cell comprising such a vector. the use of such a host cell to screen drugs. 'The 
methods include the prophylactic and therapeutic treatment of viral infection, 
in particular HIV infection, and, thus, are also directed to viral vaccines and 
the treatment of cancer, in particular cancer of viral etiology. Other methods 
include the use of such conditionally replicating viral vectors in gene therapy 
and other applications. 
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CONDITIONALLY REPLICATING VIRAL VECTORS AND THEIR USE 

This application claims priority to U.S. patent 
application serial no. 08/563,459, which was filed on 

5 November 28, 1995, has since been converted to a 
provisional patent application, and is hereby 
incorporated by reference in its entirety. 

TECHNICAL FIELD OF THE INVENTION 
10 The present invention relates to a conditionally 

replicating viral vector, methods of making, modifying, 
propagating and selectively packaging such a vector, 
isolated molecules of specified nucleotide and amino acid 
sequences relevant to such vecto~rs, a pharmaceutical 

15 composition and a host cell comprising such a vector, and 
methods of using such a vector and a host cell. 

BACKGROUND OF THE INVENTION 
The discovery of.the human immunodeficiency virus 

20 (HIV) as the cause of acquired immune deficiency syndrome 
(AIDS) has fostered a plethora of research into the 
underlying mechanisms of the viral infectious cycle and 
viral pathogenesis. Studies on these mechanisms have 

provided researchers with an ever-increasing number of 
25 targets for the development of antiviral agents effective 

not only against HIV, but against ether viruses as well. 
These antiviral agents, particularly those directed 
against HIV, can be categorized into groups depending on 
their mode of action. Such groups include inhibitors of 

30 reverse transcriptase, competitors of viral entry into 
cells, vaccines, and protease inhibitors, as well as a 
more recent group referred to herein as "genetic 
antiviral agents.u 

Generally, each type of antiviral agent has its own 
35 associated benefits and limitations, and must be assessed 

in terms of the exigencies of the particular treatment 
situation. Antiviral agents, such as zidovudine (3'-
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azido-3'-deoxythymidine, also known as AZT), protease 
inhibitors and the like, can be delivered into the cells 
of a patient's body with relative ease and have been 
studied extensively. Targeting one specific factor in 

5 the viral infectious cycle, such agents have proven 

relatively ineffective against HIV. This is primarily 

due to the fact that strains of HIV change rapidly and 
become resistant to agents having a singular locus of 
effect (Richman, AIDS Res. and Hum. Retrovir., ~' 1065-

10 1071 (1992)). Accordingly, the problems of genetic 
variation and rapid mutation in HIV genomes compel 
consideration of new antiviral strategies to treat HIV 
infections. Along these lines, genetic antiviral agents 
are attractive, since they work at many different levels 

15 intracellularly. 
Genetic antiviral agents differ from other 

therapeutic agents in that they are transferred as 
molecular elements into a target cell, wherein they 
protect the cell from viral infection (Baltimore, Nature, 

20 325, 395-396 (1988); and Dropulic' et al., Hum. Gene 
Ther., ~, 927-939 (1994)). Genetic antiviral agents can 
be any genetic sequence and include, but are not limited 
to, antisense molecules, RNA decoys, transdominant 

mutants, interferons, toxins, immunogens, and ribozymes. 
25 In particular, ribozymes are genetic antiviral agents 

that cleave target RNAs, including HIV RNA, in a 
sequence-specific fashion. The specificity of ribozyme­
mediated cleavage of target RNA suggests the possible use 
of ribozymes as therapeutic inhibitors of viral 

30 replication, inciuding HIV replication. Different types 
of ribozymes, such as the hammerhead and hairpin 
ribozymes, have been used in anti-HIV strategies (see, 
e.g., U.S. Patent Nos. 5,144,019, 5,180,818 and 
5,272,262, and PCT patent application nos. WO 94/01549 

35 and WO 93/23569) . Both of the hammerhead and hairpin 

ribozymes can be engineered to cleave any target RNA that 
contains a GUC sequence (Haseloff et al., Nature, 334, 
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585-591 (1988); Uhlenbeck, Nature, 334, 585 (1987); 

Hampel et al., Nuc. Acids Res., _!!, 299-304 (1990}; and 

Symons, Ann. Rev. Biochem., 61, 641-671 (1992)). 

Generally speaking, hammerhead ribozymes have two types 

S of functional domains, a conserved catalytic domain 

flanked by two. hybridization domains. The hybridization 
domains bind to sequences surrounding the GUC sequence 

and the catalytic domain cleaves the RNA target 3' to the 

GUC sequence (Uhlenbeck (1987), supra; Haseloff et al. 

10 (1988}, supra; and Symons (1992), supra). 
A number of studies have confirmed that ribozymes 

can be at least partially effective at inhibiting the 

propagation of HIV in tissue culture cells (see, e.g., 
Sarver et al., Science, 241, 1222-1225 {1990); Sarver et 

15 al., NIH Res., ~, 63-67 ( l 993a) ; Dropuli c' et al., .!!..:_ 

Virol., 66, 1432-1441 (1992); Dropulic' et al., Methods: 

Comp. Meth. Enzymol., ~, 43-49 (1993); Ojwang et al., 

PNAS, 89, 10802-10806 (1992); Yu et al., PNAS, 90, 6340-
6344 (1993}; and Weerasinghe et al., J. Viral., 65, 5531-

20 5534 (1991)). In particular, Sarver et al. ((1990), 

supra) have demonstrated that hammerhead ribozymes 
designed to cleave within the transcribed region of the 

HIV gag gene, i.e., anti-gag ribozymes, could 

specifically cleave HIV gag RNAs in vitro. Furthermore, 

25 when cell lines expressing anti-gag ribozymes were 
challenged with HIV-1, a 50- to 100-fold inhibition of 

HIV replication was observed. Similarly, Weerasinghe et 

al. ((1991), supra) have shown that retroviral vectors 

encoding ribozymes designed to cleave within the US 
30 sequence of HIV-1 RNA confer HIV resistance to transduced 

cells upon subsequent challenge with HIV. Although 

different clones of transduced cells demonstrated 

different levels of resistance to challenge as determined 

by the promoter system used to drive ribozyme expression, 

35 most of the ribozyme-expressing cell lines succumbed to 

HIV expression after a limited time in culture. 
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Transduction of tissue culture cells with a provirus 

into the nef gene (which is not essential for viral 
replication in tissue culture) of which was introduced a 
ribozyme, the hybridization domains of which were · 

5 specific for the US reqion of HIV, has been shown to 
inhibit viral replication within the transduced cells 
100-fold as compared to cells transduced with wild-type 

proviruses (see, e.g., Dropulic' et al. (1992) and 
{1993), supra). Similarly, hairpin ribozymes have been 

10 shown to inhibit HIV replication in T-cells transduced 
with vectors containing US hairpin ribozymes and 
challenged with HIV (Ojwang et al. (1992), supra). Other 
studies have shown that vectors containing ribozymes 
expressed from a tRNA promoter also inhibit a variety of 

15 HIV strains (Yu et al. (1993), supra). 
Delivery of ribozymes or other genetic antiviral 

agents to the cellular targets of HIV infection (e.g., 
CD4+ T-cells and monocytic macrophages) has been a major 
hurdle for effective genetic therapeutic treatment of 

20 AIDS. Current approaches for targeting cells of the 
hematopoietic system (i.e., the primary targets for HIV 
infection) call for introduction of therapeutic genes 
into precursor multipotent stem cells, which, upon 

differentiation, give rise to mature T-cells, or, 

25 alternatively, into the mature CD4+ T lymphocytes, 
themselves. The targeting of stem cells is problematic, 
however, since the cells are difficult to culture and 
transduce in vitro. The targeting of circulating T 

lymphocytes is also problematic, since these cells are so 
30 widely disseminated that it is difficult to reach all 

target cells using current vector delivery systems. 
Moreover, macrophages need to be considered as a cellular 
target, since they are the major reservoir for viral 

spread to other organs. However, since macrophages are 
35 terminally differentiated and, therefore, do not undergo 

cellular division, they are not readily transduced with 
commonly used vectors. 
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Accordingly, the predominant current approach to HIV 
treatment makes use of replication-defective viral 
vectors and packaging {i.e., "helper") cell lines (see, 
e.g., Buchschacher, JAMA, 269(22), 2880-2886 (1993); 

5 Anderson, Science, 256, SOB·-013 (1992); Miller, Nature, 
357, 455-460 (1992); Mulligan, Science, 260, 926-931 
(1993); Friedmann, Science, 244, 1275-1281 (1989); and 
Cournoyer et al., Ann. Rev. Immunol., l!.1 297-329 (1993)) 
to introduce into cells susceptible to viral infection 

10 (such as HIV infection) a foreign gene that specifically 
interferes with viral replication, or that causes the 
death of an infected cell (reviewed by Buchschacher 
(1993), supra). such replication-defective viral vectors 
contain, in addition to the foreign gene of interest, the 

15 cis-acting sequences necessary for viral replication but 
not sequences that encode essential viral proteins. 
Consequently, such a vector is unable to complete the 
viral replicative cycle, and a helper cell line, which 
contains and constitutively expresses viral genes within 

20 its genome, is employed to propagate it. Following 
introduction of a replication-defective viral vector into 
a helper cell line, proteins required for viral particle 
formation are provided to the vector in trans, and vector 
viral particles capable of infecting target cells and 

25 expressing therein the gene, which ~nterferes with viral 
replication or causes a virally infected cell to die, are 
produced. 

Such replication-defective retroviral vectors 
include adenoviruses and adeno-associated viruses, as 

30 well as those retroviral vectors employed in clinical 
trials of HIV gene therapy, and, in particular, the mouse 
amphotropic retroviral vector known as the Moloney murine 
leukemia virus (MuLV). These defective viral vectors 
have been used to transduce CD4+ cells with genetic 

35 antiviral agents, such as anti-HIV ribozymes, with 
varying degrees of success {Sarver et al. (1990), supra; 
Weerasinghe et al. (1991), supra; Dropulic' et al. 
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(1993), supra; Ojwang et al. (1992), supra; and Yu et al. 

(1993), supra). However, these vectors are intrinsically 

limited for HIV gene therapy applications. For example, 

a high transduction frequency is especially important in 

S the treatment of HIV, where the vector has to transduce 

either rare CD34+ progenitor hematopoietic stem cells or 

widely disseminated target CD4+ T-cells, most of which, 

during the clinical "latent" stage of disease, are 
already infected with HIV. MuLV vectors, however, are 

10 difficult to obtain in high titer and, therefore, result 

in poor transduction. Furthermore, long-term expression 

of transduced DNA has not been obtained in CD34+ 
progenitor stem cells, in particular after 

differentiation to mature T lymphocytes. In addition, 
15 the use of defective viral vectors requires ex vivo gene 

transfer strategies (see, e.g., U.S. Patent No. 
5,399,346), which can be expensive and beyond the cost of 

the general population. 
These shortcomings associated with the use of 

20 currently available vectors for genetic therapeutic 
treatment of AIDS have led researchers to seek out new 
viral vectors. One such vector is HIV, itself. HIV 

vectors have been employed for infectivity studies (Page 

et al., J. Virol., 64, 5270-5276 (1990)) and for the 

25 introduction of genes (such as suicide genes) into CD4+ 

cells, particularly CD4+ HIV-infected cells (see, e.g., 
Buchschacher et al., Hum. Gener. Ther., ~, 391-397 

(1992); Richardson et al., J. Virol., 67, 3997-4005 

(1993); Carroll et al., J. Viral, 68, 6047-6051 (1994); 

30 and Parolin et al., J. Viral., 68, 3888-3895 (1994)). 

The strategy of these studies is to use HIV vectors to 

introduce genes into the CD4+ T-cells and monocytic 

cells. 

To date, however, these vectors are extremely 

35 complex. Moreover, use of these vectors is accompanied 

by a risk of generating wild-type HIV via intracellular 
recombination. Cotransfection/coi~fection of defective 
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vector sequences and helper virus has been observed to 
result in recombination between homologous regions of the 
viral genomes (Inoue et al., PNAS, ~, 2278-282 (1991)). 
Observed complementation in vitro indicates that a 

S similar replication-defective HIV vector could recombine 
in vivo, thus exacerbating an already existing HIV 
infection. The fact that retroviruses package two RNA 
genomes into one virion has led researchers to suggest 
that retroviruses carry two viral RNAs to circumvent any 

10 genetic defects caused by complementation and/or 
recombination (Inoue et al. (1991), supra). 

In addition to the risk of intracellular 
recombination, thereby resulting in wild-type HIV, HIV 
vectors have an associated risk of mutation in vivo, 

15 which increases the pathogenicity of the viral vector. 
This has lead Sarver et al. (AIDS Res. and Hum. 
Retrovir., 21 483-487 (1993b)) to speculate regarding the 
development of second-generation recombinant HIV vectors, 
which are replication-competent, yet nonpathogenic. Such 

20 vectors, in comparison with the predominantly used 
nonreplicating vectors (i.e., replication-deficient 
vectors) continue to replicate in a patient, thus 
providing constant competition· with wild-type HIV. So 
far, however, such vectors are not available. 

25 Ideally, the best opportunity to treat an infected 
individual occurs at the time of inoculation, before the 
virus even infects the host. However, this is difficult 
to accomplish inasmuch as many individuals do not realize 
they have become infected with HIV until the clinical 

30 latent phase of disease. Based on this, the stage at 
which antiviral intervention is most sorely needed is 
during clinical latency. Therapy at this stage requires 
that the challenge presented by the large number of 
already infected CD4+ lymphocytes, which harbor viral 

35 genomes, be confronted. This is no trivial challenge, as 
evidenced by the fact that, to date, HIV remains 
incurable and is only poorly treatable by currently 
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available therapies. An effective vaccine is not 
forthcoming, and, although inhibitors of reverse 

transcriptase and protease have been shown to prevent HIV 
replication in tissue culture, the development of viral 

5 resistance in vivo has led to treatment failure. Thus, 
HIV gene therapy may have little benefit for the vast 
majority of HIV-infected individuals, predicted to reach 
more than 40 million by the year 2000. 

In view of the above, it is also becoming 

10 increasingly important to develop long-term and 
persistent immunological responses to certain pathogens, 
especially viruses, particularly in the context of AIDS 
and cancer, for example. Live-attenuated (LA) vaccines, 
using replication-competent, but nonpathogenic viruses 

15 have been considered (Daniel et al., Science, 250, 1938-
1941 (1992); and Desrosiers, AIDS Res. & Human Retrovir., 
lQ., 331-332 (1994)). However, such nonpathoqenic 
viruses, which differ from the corresponding wild-type 
viruses by a deletion in one or more genes, either (i) 

20 cannot elicit a protective iinin.une response because the 
antigen does not persist {because the LA-virus does not 
efficiently replicate); or (ii) the LA-virus replicates 
but has other pathoqenic potential, as witnessed by the 
ability of the LA-virus to cause disease in young animal 

25 models (Baba et al., Science, 267, 1823-1825 {1995)). 
For the aforementioned reasons, there remains a need 

for alternative prophylactic and therapeutic treatment 

modalities of viral infection, particularly in the 
context of AIDS and cancer. The present invention 

30 provides such alternative methods by providing a 
conditionally replicating vector. The invention also 

provides additional methods in which such a vector can be 

employed. These and other objects and advantages of the 
present invention, as well as additional inventive 

35 features, will be apparent from the description of the 
invention set forth herein. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention provides a conditionally 
replicating viral vector, which is characterized by a 
capacity to replicate only in a host cell that is 

5 permissive for replication of the vector. 
In one embodiment, the conditionally replicating 

viral vector comprises at least one nucleic acid 

sequence, the presence, transcription or translation of 
which confers to the vector in a replication-permissive 

10 host cell a selective advantage over a wild-type strain 
of virus corresponding to the virus from which the vector 
was derived. 

In another embodiment of the conditionally 
replicating viral vector, the vector, which preferably is 

15 a retrovirus, comprises at least one nucleic acid 
sequence, the presence, transcription or translation of 
which confers to a host cell, which is infected with the 
vector, a selective advantage over a cell infected with a 
wild-type strain of virus corresponding to the virus from 

20 which the vector was derived. 
Also provided by the present invention is a 

pharmaceutical composition comprising a conditionally 
replicating viral vector and a pharmaceutically 
acceptable carrier. Further provided is a host cell 

25 comprising a conditionally replicating viral vector. A 
vector, wherein said vector, if DNA, comprises a 
nucleotide sequence selected from the group consisting of 
SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and lB and wherein 

said vector, if RNA, comprises a nucleotide sequence 
30 encoded by a nucleotide sequence selected from the group 

consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18 is also provided as are isolated and purified nucleic 
acid molecules as set forth herein. Similarly provided 
are a method of engendering a vector with a ribozyme, a 

35 method of modifying a vector, and a method of propagating 
and selectively packaging a conditionally replicating 

vector without using a packaging cell line . 
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In yet another embodiment of the present invention, 

a method of therapeutically and prophylactically treating 
a host cell for a viral infection is provided. Such 

methods can additionally comprise the use of a helper-

s expression vector, a cytotoxic drug, proteins/factors, or 
a protease/reverse transcriptase inhibitor as 

appropriate. The method can be used, for example, to 
inhibit replication of a virus, treat cancer, in vivo 
gene transfer, or to express a gene of interest in a host 

10 cell. 
In still yet another embodiment, a method of using a 

host cell comprising a conditionally replicating vector 

to detect interaction between a drug/factor and.a protein 

is provided. Such a method enables protein 

15 characterization and screening of drugs/factors for 
activity with respect to a given protein. 

BRIEF DESCRIPTION OF THE FIGURES 
Figures lA - lE are schematic depictions of the 

20 structure of the viral genome present in wild-type HIV 

(Fig. lA), crHIV-1.1 (Fig. lB), crHIV-1.11 (Fig. lC), 

crHIV-1.12 (Fig. lD), and crHIV-1.111 (Fig. lE). 

Designations: er, conditionally replicating; US, US 

coding sequence: Rz, ribozym.e; 'I', packaging signal; gag, 

25 pol and env, the coding sequence for proteins that form 
the viral core, reverse transcriptase, and envelope, 

respectively; tat, rev, rre, and nef, additional viral 
genes; open boxes, viral long-terminal repeats. The 
crosses in the wild-type US coding region indicate the 

30 approximate regions in which ribozym.es according to the 

invention cleave in the wild-type US RNA, but not 

modified crHIV US RNA (i.e., "mUS"J. 

Figure 2 depicts the DNA sequences of wild-type HIV 
US RNA [SEQ ID NO:l] (A) and modified crHIV US RNA [SEQ 

35 ID NO: 21 (B) • Numbers refer to the number of bases 

downstream from the start of transcription. 
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Figure 3 is an autoradiograph depicting the 

susceptibility to in vitro ribozyme cleavage of wild-type 

us RNA (lanes 1-7) as compared with no cleavage of crHIV 

US RNA (lanes B-14): wild-type HIV US RNA transcript 

5 (lane 1); ribozyme RNA containing a single ribozyme 

targeted to the +115 site (i.e., corresponding to the 

number of base pairs downstream from the start of 

transcription) (lanes 2 & 9); wild-type HIV US RNA 

incubated with a single ribozyme targeted to site +115 

10 resulting in cleavage products Pl and P2 (lane 3); 

ribozyme RNA containing a double ribozyme targeted to the 

+115 site (lanes 4 & 11); wild-type HIV RNA incubated 

with a double ribozyme targeted to the +115 site (lane 

5); ribozyme RNA containing a double ribozyme targeted to 

15 sites +115 and +133 (lanes 6 & 13); wild-type HIV RNA 

incubated with a double ribozyme targeted to sites +115 

and +133 (lane 7); crHIV US RNA transcript (lane 8); and 

crHIV US RNA incubated with either a single or a double 

ribozyme targeted to site +115 (lanes 10, 12 & 14), which 

20 showed no cleavage. The asterisks indicate where the 

ribozyme cleavage products would resolve, if present. 

Figure 4 is a graph depicting reverse transcriptase 

activity (cpm/µl) versus time (days after co­

transfection) for crHIV-mediated inhibition of wild-type 

25 HIV replication in Jurkat cells co-transfected with wild­

type HIV and crHIV-1.1 (open boxes), with wild-type HIV 

and crHIV-1.1.1 (open crossed boxes), with wild-type HIV 

and crHIV-1.12 (stippled boxes), and with wild-type HIV 

and control plasmid pGEM-3Z (solid boxes). 

30 Figure 5 is a graph depicting reverse transcriptase 

activity (cpm/µl} versus time (days after co­

transfection) for crHIV-mediated inhibition of wild-type 

HIV replication in Jurkat cells co-transfected with wild­

type HIV and crHIV-1.1 (open boxes), wild-type HIV and 

35 crHIV-1.11 (open crossed boxes), wild-type HIV and crHIV-

1.111 (stippled boxes), and wild-type HIV and plasmid 

pGE~-3Z (solid boxes) . 
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Figures 6A - 6C are schematic depictions of the 
primers and probes employed to detect US RNA transcripts 

from wild-type HIV (Fig. 6A), crHIV-1.l (Fig. 6B), and 

crHIV-1.111 (Fig. 6C). Designations: US, US coding 

5 sequence; 'P, packaging signal; gag, pol and env, the 

coding sequences for proteins that form the viral core, 

reverse transcriptase, and envelope, respectively; open 

boxes, viral long terminal repeats; solid boxes, tat and 
rev coding sequences; and PE, Vl, V2, V3, Rl and R2, 

10 primers employed for wild-type and/or conditionally 
replicating viruses. The cross in the wild-type US 
coding region indicates the approximate region in which 
ribozymes according to the invention cleave in the wild­
type US RNA, but not modified crHIV US RNA (i.e., "mUS"}. 

15 Figure 7 is an autoradiograph depicting RT-PCR 

amplification using Rl and R2 primers of ribozyme RNAs 
from virions produced from day +20 cultures of Jurkat 
cells co-transfected with wild-type HIV and crHIV-1.111 
(lane 4), or transfected with only wild-type HIV (lane 

20 2). Lanes 1 and 3 comprise RT-PCR negative controls, 
wherein RNA was mock reverse-transcribed in the absence 
of reverse transcriptase. 

Figure 8 is an autoradiograph depicting virion 

(lanes 1-4) and intracellular (lanes 5-8) RT-PCR 
25 amplification using Vl, V2 and V3 primers of viral RNAs 

from day +20 cultures of Jurkat cells co-transfected with 
wild-type HIV and crHIV-1.111 (lanes 4 and 8), or 
transfected with wild-type HIV (lanes 2 and 6) alone. 
Lanes 1, 3, 5 and 7 comprise RT-PCR negative controls. 

30 Figure 9 is an autoradiograph depicting a Northern 

blot analysis of intracellular HIV RNAs from day +20 

cultures of Jurkat cells co-transfected with wild-type 

HIV and crHIV-1.111 (lane 4), or transfected with wild­
type HIV (lane 3) alone. The quality of the RNA 

35 preparation and the amount loaded is shown for wild-type 

HIV RNA (lane 3) and crHIV-1.111 RNA (lane 4). 
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Figures lOA - lOC are autoradiographs depicting the 

replication of crHIVs in the presence of wild-type HIV 
helper. Fig. lOA: Production of virions that contain 
crHIV-1.111 RNA in stimulated ACH2 cells transfected with 

5 crHIV-1.111 (lane 4) or with pGEM 3Z (lane 2). Lanes 1 
and 3 comprise RT-PCR negative controls. Fig. lOB: 
Production of crHIV-1.11 ribozyme DNA after infection of 

Jurkat cells with the supernatants of stimulated ACH2 
cells that previously were (lane 2) or were not (lane 1) 

10 transfected with crHIV-1.11. Fig. lOC: Production of 
virions that contain crHIV-1.11 RNA in Jurkat cells that 
were first transfected with crHIV-1.11, and were then 
superinfected with pNL4-3 virus (lane 2). Also shown is 

virion production in cells that were first transfected 
15 with pGEM 3Z control plasmid and then superinfected with 

pNL4-3 virus (lane 2). Lanes 1 and 3 comprise RT-PCR 
negative controls. 

Figure 11 is an autoradiograph depicting RT-PCR 
using the viral-specific primers (Vl, V2 & V3) of virion-

20 associated RNAs during the early (lanes 1-4) and late 
(lanes 5-8) stages of viral growth, of virions from 
cultures co-transfected with wild-type HIV RNA and crHIV-
1.11 (lanes 4 and 8, respectively), or transfected with 
wild-type HIV alone (lanes 2 and 6, respectively). Lanes 

25 1, 3, 5 and 7 comprise RT-PCR negative controls. 
Figure 12 is an autoradiograph depicting primer 

extension using the PE primer of virion-associated RNAs 
from crHIV-1.11 cultures at the late stages of viral 
growth in cells transfected with wild-type HIV alone 

30 (lane 1), or co-transfected with both wild-type HIV and 
crHIV-1.11 (lane 2). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention provides a method of 

35 inhibiting the replication of a wild-type strain of a 

virus. The method comprises contacting a host, which is 

capable of being infected with such a wild-type strain of 
-------~. -----·--
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virus, and preferably is actually infected with such a 

wild-type strain of virus, with a vector that is 

propagated only in a host that is permissive for the 

replication of the vector (i.e., a nonpathoqenic, 
5 conditionally replicatinq (er) vector). 

As further described herein, a particular aim of the 
method is to establish a competitive infection in the 

host with such a nonpathoqenic, conditionally replicating 

vector. Generally, a conditionally replicating vector 

10 according to the invention comprises at least one nucleic 

acid sequence that confers a selective advantage for 
replication and spread to the conditionally replicating 
vector as compared with a wild-type virus, and/or at 
least one nucleic acid sequence that confers a selective 

15 advantage for propagation of viral particles to a host 
cell containing a conditionally replicating vector as 
compared with a host cell containing a wild-type virus. 

In a preferred embodiment of the invention, the 
vector comprises an HIV sequence and is employed for 

20 treatment of HIV infection. Thus, the vector, or a host 
cell containing the vector, comprises at least one 
nucleic acid sequence that (1) provides a crHIV genome 
with a selective advantage over a wild-type HIV genome 

for packaging into progeny virions (i.e., in cells where 

25 they both reside), and/or (2) provides a host cell 
producinq a conditionally replicating vector (virus) with 
a selective advantage for production of a crHIV virion, 
as compared with a host cell producing a wild-type virus. 

One method (to which the invention is not limited) is to 

30 confer crHIV genomes with a selective advantage for 

packaging by providing them with one or more ribozymes 

capable of cleaving the wild-type HIV genome. 

Wild-Type Virus 

35 According to the invention, a "virus" is an 

infectious agent that consists of protein and nucleic 

acid, and that uses a host cell's genetic machinery to 
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produce viral products specified by the viral nucleic 
acid. A "nucleic acid" refers to a polymer of DNA or RNA 

that is single or double-stranded, linear or circular, 

and, optionally, contains synthetic, nonnatural, or 

5 modified nucleotides, which are capable of being 
incorporated into DNA or RNA polymers. A DNA 
polynucleotide preferably is comprised of genomic or cDNA 
sequences. 

A "wild-type strain of a virus" is a strain that 

10 does not comprise any of the human-made mutations as 
described herein, i.e., any virus that can be isolated 
from nature. Alternatively, a wild-type strain is any 
virus that has been cultured in a laboratory, but still, 
in the absence of any other virus, is capable of 

15 producing progeny genomes or virions like those isolated 
from nature. For example, the pNL4-3 HIV molecular clone 

described in the following Examples is a wild-type 
strain. 

In general, the method of the present invention 
20 preferably is employed to treat viral diseases that 

result from viral infection. Desirably, a virus (as well 
as the vector, as discussed below) is a RNA virus, but 
also can be a DNA virus. RNA viruses are a diverse group 
that infects prokaryctes (e.g., the bacteriophages) as 

25 well as many eukaryotes, including mammals and, 
particularly, humans. Most RNA viruses have single­
stranded RNA as their genetic material, although at least 
one family has double-stranded RNA as the genetic 

material. The RNA viruses are divided into three main 
30 groups: the positive-stranded viruses (~.e., those of 

which the genome transferred by the virus is translated 
into protein, and whose deproteinized nucleic acid is 
sufficient to initiate infection), the negative-stranded 
viruses (i.e., those of which the genome transferred by 

35 the virus is complementary to the message sense, and must 

be transcribed by virion-associated enzymes before 
translation can occur), and the double-stranded RNA 
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viruses. The method of the present invention preferably 

is employed to treat positive-stranded viruses, negative­

stranded viruses, and double-stranded RNA viruses. 

As employed herein, a RNA virus encompasses Sindbis-
5 like viruses (e.g.,. Togaviridae, Bromovirus, Cucumovirus, 

Tobamovirus, Ilarvirus, Tobravirus, and Potexvirus), 
Picornavirus-like viruses (e.g., Picornaviridae, 

Caliciviridae, Comovirus, Nepovirus, and Potyvirus), 
minus-stranded viruses (e.g., Paramyxoviridae, 

10 Rhabdoviridae, Orthomyxoviridae, Bunyaviridae, and 

Arenaviridae), double-stranded viruses (e.g., Reoviridae 
and Birnaviridae), Flavivirus-like viruses (e.g., 

Flaviviridae and Pestivirus), Retrovirus-like viruses 
{e.g., Retroviridae), Coronaviridae, and other viral 

15 groups including, but not limited to, Nodaviridae. 
A preferred RNA virus according to the invention is 

a virus of the family Flaviviridae, preferably a virus of 
the genus Filovirus, and especially a Marburg or Ebola 
virus. Preferably, a virus of the family Flaviviridae is 

20 a virus of the genus Fla vi virus, such as yellow fever 
virus, dengue virus, West Nile virus, St. Louis 
encephalitis virus, Japanese encephalitis virus, Murray 

Valley encephalitis virus, Rocio virus, tick-borne 

encephalitis virus, and the like. 
25 Also preferred is a virus of the family 

Picornaviridae, preferably a hepatitis A virus (HAV), 

hepatitis B virus (HBV), or a non-A or non-B hepatitis 

virus. 

Another preferred RNA virus is a virus of the family 
30 Retroviridae (i.e., a retrovirus), particularly a virus 

of the genus or subfamily Oncovirinae, spumavirinae, 

Spumavirus, Lentivirinae, and Lentivirus. A RNA virus of 
the subfamily Oncovirinae is desirably a human T­

lymphotropic virus type 1 or 2 (i.e., HTLV-1 er HTLV-2) 

35 or bovine leukemia virus (BLV), an avian leukosis-sarcoma 

virus (e.g., Rous sarcoma virus (RSV), avian 

myeloblastosis virus (AMV), avian erythroblastosis virus 
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(AEV), and Rous-associated virus {RAV; RAV-0 to RAV-50), 
a mammalian c-type virus (e.g., Moloney murine leukemia 
virus (MuLV), Harvey murine sarcoma virus (HaMSV), 
Abelson murine leukemia virus (A-MuLV), AKR-MuLV, feline 

5 leukemia virus ( FeLV), simian sarcoma virus, 
reticuloendotheliosis virus (REV), spleen necrosis virus 
(SNV)), a B-type virus (e.g., mouse mammary tumor virus 
(MMTV)), and a D-type virus (e.g., Mason-Pfizer monkey 
virus (MPMV) and "SAIDS" viruses) . A RNA virus of the 

10 subfamily Lentivirus is desirably a human 
immunodeficiency virus type 1 or 2 (i.e., HIV-1 or HIV-2, 
wherein HIV-1 was formerly called lymphadenopathy 
associated virus 3 (HTLV-III) and acquired immune 
deficiency syndrome (AIDS)-related virus (ARV}), or 

15 another virus related to HIV-1 or HIV-2 that has been 
identified and associated with AIDS or AIDS-like disease. 
The acronym "HIV" or terms "AIDS virus" or "human 
immunodeficiency virus" are used herein to refer to these 
HIV viruses, and HIV-related and -associated viruses, 

20 generically. Moreover, a RNA virus of the subfamily 
Lentivirus preferably is a Visna/maedi virus (e.g., such 
as infect sheep), a feline immunodeficiency virus CFIV), 
bovine lentivirus, simian immunodeficiency virus (SIV), 
an equine infectious anemia virus (EIAV), and a caprine 

25 arthritis-encephalitis virus (CAEV). 
A virus according to the invention also desirably is 

a DNA virus. Preferably, the DNA virus is an Epstein­
Barr virus, an adenovirus, a herpes simplex virus, a 
papilloma virus, a vaccinia virus, and the like. 

30 Many of these viruses are classified as "Biosafety 
Level 4" (i.e., World Health Organization (WHO} "Risk 
Group 4") pathogens for which maximum containment 
facilities are required for all laboratory work. The 
ordinary skilled artisan, however, is familiar with and 

35 is capable of adhering to the safety precautions 
necessary for these viruses. 
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A "host cell" can be any cell, and, preferably, is a 
eukaryotic cell. Desirably, the host cell is a lymphocyte 
(such as a T lymphocyte) or a macrophage (such as a 
monocytic macrophage), or is a precursor to either of 

5 these cells, such as a hematopoietic stem cell. 

Preferably, the cells comprise a CD4+ glycoprotein on the 
cell surface, i.e., are CD4+. Desirably, however, a CD4+ 

T lymphocyte, which has been infected with the AIDS 

virus, has not yet become activated {i.e., preferably 
10 expression of nef has not yet occurred, and, even more 

preferably, CD4 gene expression has not been 

downregulated, as further discussed below). Moreover, a 
host cell preferably is a cell that lacks the CD4 marker, 
and yet is capable of being infected by a virus according 

15 to the present invention. such a cell includes, but is 

not limited to, an astrocyte, a skin fibroblast, a bowel 
epithelial cell, and the like. Preferably, the host cell 
is of a eukaryotic, multicellular species (e.g., as 
opposed to a unicellular yeast cell), and, even more 

20 preferably, is a mammalian, e.g., human, cell. A cell 
can be present as a single entity, or can be part of a 
larger collection of cells. Such a "larger collection of 
cells" can comprise, for instance, a cell culture (either 
mixed or pure), a tissue (e.g., epithelial or other 

25 tissue}, an organ (e.g., heart, lung, liver, gallbladder, 
urinary bladder, eye, and other organs), an organ system 
{e.g., circulatory system, respiratory system, 
gastrointestinal system, urinary system, nervous system, 
intequmentary system or other organ system), or an 

30 organism (e.q., a bird, mammal, or the like). 

Preferably, the organs/tissues/cells beir.g targeted are 
of the circulatory system (e.g., including, but not 
limited to heart, blood vessels, and blood), respiratory 
system (e.g., nose, pharynx, larynx, trachea, bronchi, 

35 bronchioles, lungs, and the like), gastrointestinal 

system (e.g., including mouth, pharynx, esophagus, 
stomach, intestines, salivary glands, pancreas, liver, 

SUBSTITUTE SHEET (RULE 26) 



W097120060 PCT/US96/18997 

19 

gallbladder, and others), urinary system (e.g., such as 
kidneys, ureters, urinary bladder, urethra, and the 

like), nervous system (e.g., including, but not limited 
to, brain and spinal cord, and special sense orqans, such 

5 as the eye) and integumentary system (e.g., skin). Even 
more preferably, the cells being targeted are selected 
from the group consisting of heart, blood vessel, lung, 
liver, gallbladder, urinary bladder, and eye cells. 

10 Vector 

A "vector" is a nucleic acid molecule (typically DNA 
or RNA) that serves to transfer a passenger nucleic acid 
sequence (i.e., DNA or RNA) into a host cell. Three 
common types of vectors include plasmids, phages and 

15 viruses. Preferably, the vector is a virus. 
Desirably, the vector is not a wild-type strain of a 

virus, inasmuch as it comprises human-made mutations. 
Thus, the vector typically is derived from a wild-type 
viral strain by genetic manipulation (i.e., by deletion) 

20 to comprise a conditionally replicating virus, as further 
described herein. Optimally, the viral vector comprises 
a strain of virus that is of the same type as the wild­
type virus causing the infection being treated, which, 
preferably, is one of the aforementioned wild-type 

25 viruses. Accordingly, preferably, the vector is derived 
from a RNA virus, even more preferably, the vector is 

derived from a retrovirus, and, optimally, the vector is 
derived from a human immunodeficiency virus. Such a 
vector derived from a human immunodeficiency virus is 

30 referred to generically herein as a "crHIV" vector. 
A vector also, preferably, is a "chimeric vector," 

e.g., a combination of a viral vector with other 
sequences, such as, for instance, a combination of HIV 
sequences with another virus (which, desirably, is 

35 derived from a wild-type viral strain to comprise a 

conditionally replicating vector) . In particular, HIV 
sequences desirably can be linked with sequences of a 
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modified (i.e., non-wild-type) strain of adenovirus, 
adeno-associated virus, a Sindbis virus vector, or an 
amphotropic murine retroviral vector. 

As encompassed herein, a vector can comprise either 
5 DNA or RNA. For instance, either a DNA or RNA vector can 

be used to derive the virus. Similarly, a cDNA copy can 
be made of a viral RNA genome. Alternatively, a cDNA (or 
viral genomic DNA) moiety can be transcribed in vitro to 
produce RNA. These techniques are well-known to those 

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

A "conditionally replicating virus" is a 
replication-defective virus, which is defective only 
under certain conditions. In particular, the virus can 

15 complete its replicative cycle in a permissive host cell, 
and cannot complete its replicative cycle in a 
restrictive host cell. A "permissive host cell" is a 
host cell infected with a wild-type strain of virus. 
Such infection can occur either before or after infection 

20 with a conditionally replicating virus according to the 

invention. Alternatively, a "permissive host cell" is 

one that encodes wild-type viral gene products necessary 
for viral replication. Thus, a conditionally replicating 
vector according to the invention is a virus (which 

25 preferably is the same type of virus as the infection 
bein_g treated) that replicates only upon complementation 

with a wild-type strain of virus or when wild-type virus 
infects cells containing conditionally replicating vector 
genomes. 

30 In a preferred embodiment, a vector 
virus (e.g., a conditionally replicating 
which is introduced in the form of DNA. 

comprises an RNA 
HIV virus), 
This preferred 

embodiment provides a replicating HIV-1 (crHIV) vector 

strategy that affords nonpathogenic crHIV-1 vector 
35 genomes with a selective advantage over pathogenic wild­

type HIV genomes. Specifically, in cells containing both 
wild-type HIV and crHIV genomes, crHIV RNAs have a 

SUBSTITUTE SHEET (RULE 26) 



... ·- ·---- ·-----------· 

WO 97120060 PCT/US96/18997 

21 

selective advantage for packaging into virions because 
they contain, for instance, ribozymes that cleave wild­
type RNA, but not crHIV RNA. Such nonpathogenic crHIVs 
are able to spread to uninfected cells that are 

5 susceptible to HIV infection (e.g., CD4+ cells) in the 
presence of wild-type helper virus. In this manner, 
selective packaging and spread of crHIV interferes with 
wild-type HIV replication. 

In particular, crHIV genomes are introduced into 
10 infected cells or uninfected cells. Infected cells 

supply the crHIV genome with proteins required for 
encapsidation and production of progeny virions. crHIV 
genomes are introduced into uninfected cells preferably 
either directly by transduction (e.g., this can be done, 

15 for instance, by liposome-mediated transduction of crHIV 
DNA, or by using a chimeric viral vector), or by 
infection of crHIV particles that result from 
transfection of wild-type HIV-infected cells. Uninfected 
cells on their own do not produce crHIV particles. 

20 However, they can become superinfected with wild-type 
virus, which supplies the proteins required ·for the 
further production of crHIV particles. In this sense, a 
conditionally replicating vector according to the 
invention also functions as a type of "viral delivery 

25 vector" that provides the means by which multiple rounds 
of crHIV infection (i.e., in the presence of concurrent 
infection with wild-type HIV) can ensue. Such a vector, 
which provides a source of virus for more than one round 
of viral replication, contrasts with other currently 

30 employed vectors, such as those used with packaging cell 
lines, and which provide for only a single round of 
replication. 

If desired (e.g., to facilitate use of the vector in 
vitro), wild-type viral gene products can be co-supplied 

35 to a cell infected with the conditionally replicating 
vector. Wild-type viral gene products can be supplied 
not only by co-infection with a wild-type viral strain 
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(or a cDNA or provirus of a RNA virus), but also by 

supplying them to a cell in the form of their genes 
subcloned in an expression vector, e.g., a helper 
expression vector ("helper"), that is capable of 

5 imparting on a host cell transcription or translation of 

the sequences (regulatory or structural), or, 
alternatively, the qene products can be supplied 
exogenously, i.e., by addinq the protein products to the 
cell. With respect to the "helper," its expression can 

10 be cell specific or not cell-specific and it can be 
introduced into a host cell in concert with a 
conditionally replicating viral vector as defined herein 
and, thereby, enable continuous replication of the 
conditionally replicating viral vector. 

15 As used herein, "complementation11 refers to the 
nongenetic interaction of viral gene products from 
different sources in cells. Specifically, with a mixed 
infection, complementation comprises an enhancement in 
the viral yield of one or both parental genomes, while 

20 the genotypes of the parental genomes remain unchanged. 
Complementation can be nonallelic (i.e., intergenic, 
wherein mutants defective in different functions assist 
each other in viral replication by supplying the func";ion 
that is defective in the other virus) or allellic (i.e., 

25 intraqenic, wherein the two parents have defects in 
different domains of a multimeric protein). 

Desirably, the types of cells that can be 
transfected (transduced) with crHIV DNA (i.e., by 

liposomes or by using an adenoviral vector or an 
30 amphotropic retroviral vector) can be either HIV-infected 

or uninfected cells. HIV infected cells can be activated 
or unactivated. If they are activated, they will 
immediately transcribe wild-type HIV RNA and crHIV RNA, 
resulting in selective packaging of crHIV RNA into 

35 progeny virions. If HIV-infected cells are not 
activated, the crHIV DNA will reside in them until they 
become activated (e.g., through stimulation by mitogens, 
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antigens, and the like), resulting again in selective 
packaging of crHIV RNA into progeny virions. Both 
activated and unactivated uninfected cells that are 
transfected with crHIV DNA will not produce virions until 

5 they become superinfected with wild-type HIV and 
activated by stimulation, resulting again in selective 
packaging of crHIV RNA into progeny virions. 

Superinf ection of cells containing crHIV genomes 
(e.g., as a result of transfection or infection) occurs 

10 because crHIV genomes do not encode viral proteins that 
block superinf ection (such as env and nef) • The 
resulting crHIV virions can infect uninfected cells 
because the viral particles contain the reverse 
transcriptase molecule, which all HIV particles carry so 

15 that they can create a DNA provirus from their genomic 
RNA. This process is called reverse transcription. Once 
crHIV virions infect uninfected cells, they can undergo 
reverse transcription and produce a provirus from their 
genomic RNA. Thus, these cells are the equivalent to 

20 those uninfected cells that are directly transduced with 
crHIV DNA. They cannot produce crHIV particles until 
these cells become superinfected with wild-type HIV and 
become activated, then once again, selective packaging of 
crHIV RNA into progeny virions occurs. It is possible 

25 that crHIV particles could also infect some cells that 
are already infected with HIV (see, e.g., Yunoki et al., 
Arch. Viral., 116, 143-158 (1991); Winslow ec al., 
Virol., 196, 849-854 (1993); Chen et al., Nuc. Acids 
Res., 20, 4581-4589 (1992); and Kim et al., AIDS Res. & 

30 Hum. Retrovir., ~, 875-882 (1993)). However, for this to 
occur, these HIV-infected cells must not express proteins 
that down-regulate CD4 expression, because this will 
prevent the crHIV virions from infecting these cells. 
Activated, HIV-infected cells generally down-regulate CD4 

35 expression. Accordingly, HIV-infected cells that are not 
activated are potentially susceptible to crHIV 
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superinfection and, thus, could be another source for 

crHIV particle production. 
With a preferred crHIV vector according to the 

invention, the vector comprises sequences required for 

5 RNA transcription, tRNA primer binding, dimerization and 

packaging, and either lacks sequences encoding proteins 

that block superinfection with wild-type HIV (e.g., nef 

or env proteins) or comprises such sequences but they are 

either not transcribed or not translated into functional 
10 protein, such that their expression is deemed "silent." 

Even more preferably, the vector lacks the region or 
sequences coding the region of wild-type HIV from within 
the gag coding sequence to and including the nef gene. 
Optimally, however, the vector does comprise the rev 

15 responsive element (RRE), which is cloned into the vector 
in the region of the deletion or some other convenient 
region. Such a preferred HIV vector is said to "lack the 
region or sequences coding the region" inasmuch as this 

vector can be administered in its RNA manifestation, or, 
20 alternatively, as DNA, as previously described. 

Vector construction is well-known to those skilled 
in the art. For instance, and as described in Example 1, 

the DNA manifestation of a RNA virus, such as HIV, is 
cleaved using restriction enzymes to excise HIV encoding 

25 sequences from within the gag coding region to within the 
U3 region, following the nef gene. A cloning cassette 

comprised of a polylinker containing multiple restriction 

sites is inserted into the region of the deletion prior 
to ligation to provide convenient restriction sites for 

30 cloning into the vector. A DNA fragment containing RRE 

is subcloned into one of these sites. The resultant 

vector produces a truncated gag transcript, and does not 

produce wild-type Gag protein, or any other wild-type HIV 

proteins. Moreover, it is not necessary that the vector 

35 express even the truncated gag protein inasmuch as the 

gag translation initiation sequence can be mutated to 
prevent its translation. 
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Using the same approach, the crHIV sequences can be 
linked to other sequences, such as those of a virus or 
other vector, to derive a chimeric vector. For instance, 
the crHIV sequences can be ligated to those of Sindbis 

5 virus, AAV, adenovirus, or amphotropic retrovirus to name 
but a few such viruses that can be used to provide for 
delivery of the crHIV sequences. With such a chimeric 
vector, the vector can be introduced into the cell either 
using the conjoined virus's mechanism for cell entry 

10 (e.g., receptor-mediated endocytosis for adenovirus) or 
other means, e.g., liposomes. 

Preferably, according to the invention, a vector 
(i.e., a conditionally replicating virus that preferably 
is a crHIV vector) comprises at least one nucleic acid 

15 sequence, the possession (i.e., presence, transcription 
or translation) of which confers a selective advantage. 
There are two types of such nucleic acid sequences 
contemplated for inclusion in the vector: {1) a nucleic 
acid sequence, the possession of which optimally confers 

20 a selective advantage for viral replication and spread to 
a vector comprising such a sequence over a wild-type 
strain of virus (i.e., preferably, a wild-type strain 
from which the vector was derived, and which does not 
comprise the sequence), and (2) a nucleic acid sequence, 

25 the possession of which optimally confers a selective 
advantage to cells infected with a vector comprising the 
sequence as compared with cells infected with a wild-type 
strain of virus (i.e., preferably, a wild-type strain 
from which the vector was derived (and also, for example, 

30 a helper-expression vector that promotes vector 
replication and/or function in an uninfected host cell), 
and which does not comprise the sequence) by, for 
example, promoting cell survival, promoting vector 
particle production and/or propagation, promoting the 

35 production of crHIV vector virions from crHIV vector­
producing cells, inducing apoptosis, facilitating protein 
production or promoting immunological function or 
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targeting, so as to achieve a desired prophylactic, 
therapeutic or biological outcome. Each of these 

sequences, or a plurality of each of these sequences, 
i.e., a sequence that alone or in combination with 

5 another factor(s), promotes the propagation of the vector 
and/or promotes a particular host cell function so as to 
enable a favorable prophylactic, therapeutic and/or 
biological outcome, can be included in the vector, ~ither 

in the absence or the presence of the other sequence, 
10 i.e., the vector can comprise "at least one nucleic acid 

sequence" and "at least one additional nucleic acid 

sequence." 
A "nucleic acid" is as previously described. A 

"nucleic acid sequence" in particular comprises any qene 
15 or coding sequence {i.e., DNA or RNA) of potentially any 

size (i.e., limited, of course, by any packaging 
constraints imposed by the vector), the possession of 
which confers a selective advantage, as further defined 
herein. A "gene" is any nucleic acid sequence coding for 

20 a protein or a nascent mRNA molecule (regardless of 
whether the sequence is transcribed and/or translated). 
Whereas a gene comprises coding sequences as well as 
noncoding sequences {e.g., regulatory sequences}, a 
"coding sequence" does not include any noncoding DNA. 

25 

30 

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

A nucleic acid sequence, which confers a selective 
advantage to a vector in a host cell over a wild-type 

strain of virus, preferably is any sequence that allows 
viral particles propagated from the vector to be 

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

The first category of nucleic acid sequences that 
confer a selective advantage in a host cell to a vector 

5 containing the sequence as compared with a wild-type 
strain of virus are sequences such as a promoter. A 
"promoter" is a sequence that directs the binding of RNA 
polymerase and thereby promotes RNA synthesis, and that 
can comprise one or more enhancers. "Enhancers" are cis-

10 acting elements that stimulate or inhibit transcription 
of adjacent genes. An enhancer that inhibits 
transcription also is termed a "silencer." Enhancers 
differ from DNA-binding sites for sequence-specific DNA 
binding proteins found only in the promoter (which also 

15 are termed "promoter elements") in that enhancers can 
function in either orientation, and over distances of up 
to several kilobase pairs (kb), even from a position 
downstream of a transcribed region. 

Accordingly, preferably, the promoter (e.g., the 
20 long-terminal repeat (LTR)) of a conditionally 

replicating HIV vector is modified such that the vector 
is more responsive to certain cytokines than is the wild­
type HIV strain. For instance, a modified HIV promoter 
is available that demonstrates increased transcriptional 

25 activity in the presence of interleukin-2. Incorporation 
of this promoter into a vector and introduction of the 
vector into wild-type, HIV-infected cells preferably 
results in increased production and packaging of progeny 
virions from the vector genome as compared wi~h the wild-

30 type HIV genome. Other cytokines and/or chemokines 
(e.g., including, but not limited to, tumor necrosis 
factor a, RANTES, and the like) similarly can be employed 
to promote selective packaging of virions encoded by the 
vector. 

35 The second category of a nucleic acid sequence that 
confers a selective advantage to a vector containing the 
sequence as compared with a wild-type strain of virus 

SUBSTITUTE SHEET (RULE 26) 



W097/20066 PCT/US96/18997 

28 

includes, as a preferred nucleic acid sequence, an 

antiviral nucleic acid sequence. "Antiviral agents'' are 
categorized by their mode of action, e.g., inhibitors of 

reverse transcriptase, competitors for viral entry into 

5 cells, vaccines, protease inhibitors, and genetic 

antivirals. "Genetic antiviral agents" are DNA or RNA 

molecules that are transferred into cells and affect 

their intracellular targets either directly (i.e., as 
introduced intracellularly) or after their conversion to 

10 either RNA or protein (reviewed by DropuliD et al. 

(1994), supra). A genetic antiviral sequence also is a 
preferred nucleic acid sequence. Genetic antiviral 
agents include, but are not limited to, antisense 

molecules, RNA decoys, transdominant mutants, toxins, 
15 immunogens, and ribozymes. Desirably, a genetic 

antiviral is an antisense molecule, an immunogen, and a 
ribozyme. Accordingly, a preferred nucleic acid sequence 
that confers a selective advantage to a vector over a 
wild-type strain of virus is that of a genetic antiviral 

20 agent selected from the group consisting of an antisense 
molecule, an iromunogen, and a ribozyme. 

An "antisense molecule" is a molecule that mirrors a 

short segment of a gene whose expression is to be 

blocked. An antisense molecule directed against HIV 

25 hybridizes to wild-type HIV RNA, allowing its 
preferential degradation by cellular nucleases. 

Antisense molecules preferably are DNA oligonucleotides, 

desirably of about 20 to about 200 base pairs in length, 
preferably about 20 to about SO base pairs in length, 

30 and, optimally, less than 25 base pairs in length. An 
antisense molecule can be expressed from crHIV RNA that 
preferentially binds to genomic wild-type RNA, thereby 

providing the crHIV RNA with a selective advantage for 

packaging into progeny virions. 

35 An "immunogen" is a single-chain antibody (scAb) 

directed to a viral structural protein. An immunogen is 

transferred as nucleic acid and expressed 
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intracellularly. Similarly, an immunogen also can be any 
antigen, surface protein (including those that are class­
restricted) or antibody, which facilitates vector and/or 
host cell selection. In a preferred vector, the nucleic 

5 acid sequence comprises a sc.Ab that binds to wild-type 
HIV Rev protein. This preferably prevents maturation of 
Rev protein by resulting in its withholding in the 
endoplasmic reticulum. Specifically, Rev proteins export 
unspliced HIV RNA to the cytoplasm by binding to the RRE 

10 and then oligomerizing to surround the HIV RNA. HIV RNAs 
that are complexed with Rev are exported into the 
cytoplasm and bypass the cell's splicing machinery. 
Thus, if wild-type Rev does not bind to the wild-type 
RRE, then wild-type HIV RNAs are not exported inco the 

15 cytoplasm, and are not encapsidated into progeny virions. 
Optimally, the vector containing the scAb nucleic 

acid sequence further comprises a modified RRE sequence, 
and encodes a mutated Rev protein that recognizes the 
modified, but not the wild-type, RRE. Accordingly, in 

20 cells containing wild-type HIV and a vector comprising 
the scAb nucleic acid sequence, the vector preferentially 
is packaged into virions. A similar strategy preferably 
is employed wherein proteins of the wild-type HIV matrix 
or nucleocapsid (i.e., or any protein involved in 

25 protein/RNA interactions that affect encapsidation of 
viral RNA) are the targets of the scAb. 

A "ribozyme" is an anti.sense molecule with catalytic 
activity, i.e., instead of binding RNA and inhibiting 
translation, ribozyrnes bind RNA and effect site-specific 

30 cleavage of the bound RNA molecule. Generally, there are 
four ribozym.e groups: the Tetrahymena group I 
intervening sequence, RNase P, and the hammerhead and 
hairpin ribozyrnes. However additional catalytic motifs 
also exist in other RNA molecules, e.g., hepatitis delta 

35 virus and ribosomal RNAs in fungal mitochondria. 
A pref erred ribozyme is a ribozyme in which the 

catalytic domain cleaves a 3'-nucleotide NUH sequence 
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(SEQ ID N0:3), wherein N can be any nucleotide (i.e., G, 
A, U or C), and H can be either an A, C or U. However, 
inasmuch as the sequence that is cleaved most efficiently 
by such ribozymes is a GUC site, preferably the NUH 

5 sequence comprises a GUC site. 

Desirably, such a ribozyme cleaves in a region of a 

wild-type strain of virus or its transcripts, but does 
not cleave in a region of a vector or its transcripts. 
The ribozyme cleaves the virus or its transcripts in the 

10 sense that such a virus or vector can be either RNA or 
DNA, as previously described. By cleavage "in a region" 

is meant cleavage in a targeted region, i.e., preferably 

a region of the virus that is necessary for viral 
propagation. Desirably, the vector has been modified so 

15 that this particular region being targeted (i.e., if 
present in the vector at all) is not cleaved by the 
ribozyme. Optionally, the ribozyme can cleave the 
vector, so long as cleavage does not occur in a region 
required for propagation of viral, e.g., crHIV particles. 

20 Optimally, the ribozyme is encoded by a sequence 
selected from the group consisting of SEQ ID N0:4 

(i.e.,CACACAACACTGATGAGGCCGAAAGGCCGAAACGGGCACA) and SEQ 
ID NO:S (i.e., ATCTCTAGTCTGATGAGGCCGAAAGGCCGAAACCAGAGTC). 

Whereas SEQ ID N0:4 comprises a ribozyme that is targeted 
25 to the +115 site (i.e., in terms of the number of bases 

downstream from the start of transcription) of the wild­
type HIV us region, SEQ ID NO:S comprises a ribozyme that 

is targeted to the +133 site of the wild-type HIV us 
region. 

30 Such a ribozyme is able to cleave within the wild-

type HIV genome (or its transcripts) but not the vector 
genome (or its transcripts) inasmuch as the vector US 

sequences are modified by in vitro site-directed 
mutagenesis, such as is known in the art and described in 

35 Example 1. In particular, the vector sequences 

preferably are modified such that the vector comprises a 

sequence selected from the group consisting of SEQ ID 

SUBSTITUTE SHEET (RULE 26) THIS SHEET HAS BEEN 
-REPLACED 



W097/20060 PCT/US96/18997 

31 

N0:2 (i.e., GTGTGCCCACCTGTTGTGTGACTCTGGCAGCTAGAGAAC), SEQ 
ID N0:4, SEQ ID NO:S, SEQ ID N0:6 (i.e., 
GTGTGCCCGCCTGTTGTGTGACTCTGGTAACTAGAGATC), SEQ ID N0:7 
(i.e., GTGTGCCCGTCTGTTGTGTGACTCTGGCAAC 

5 TAGAGATC), SEQ ID NO:lS, SEQ ID NO:l6, SEQ ID NO:l7, and 
SEQ ID NO:l8. In the form of RNA, the vector preferably 
comprises a sequence encoded by a sequence selected from 
the group consisting of SEQ ID N0:2, SEQ ID N0:4, SEQ ID 
NO:S, SEQ ID N0:6, SEQ ID NO:?, SEQ ID NO:lS, SEQ ID 

10 NO:l6, SEQ ID N0:17, and SEQ ID NO:l8. In contrast, 
wild-type HIV comprises the U5 sequence encoded by the 
sequence of SEQ ID NO:l (i.e., 
GTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATC) . The 
modifications in toto and comparison to the wild-type US 

15 sequence (in the form of DNA) are set out in Figure 2. 
Moreover, other ribozymes targeted to other regions 

of a viral and, particularly, a HIV genome can be 
employed, either alone or in combination. For instance, 
the ribozyme can cleave within other RNA sequences needed 

20 for viral replication, e.g., within the reverse 
transcriptase, protease, or transactivator protein, 
within Rev, or within other necessary sequences, such as 
have been described. Preferably, a vector comprises 
multiple ribozymes, e.g., targeted to multiple sites. In 

25 such cases, the analogous sequences in the vector are 
modified by site-directed mutaqenesis, or some other 
means such as is known in the art, to derive a vector 
that is resistant to such ribozyme cleavage. 

When the vector is a human immunodeficiency virus, 
30 preferably the vector lacks the tat gene and its 5' 

splice site and, in place thereof, comprises a triple 
anti-Tat ribozyme cassette, wherein the catalytic domain 
of each ribozyme of the triple ribozyme cassette cleaves 
a different site on a wild-type human immunodeficiency 

35 viral nucleic acid molecule, in particular a different 
site within tat. Preferably, the catalytic domain of 
each ribozyme cleaves a nucleotide sequence in a region 
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of a nucleic acid molecule of wild-type human 
immunodeficiency virus for which there is no ribozyme­
resistant counterpart in the vector, itself. 

2. Nucleic acid sequence, the possession of which 
confers a selective advantage to cells infected 
with a vector comprising the sequence as 
compared with cells infected with a wild-type 
strain of virus. 

A nucleic acid sequence that confers a selective 
advantage to a cell containing a vector comprising the 
sequence over a cell containing a wild-type strain of 
virus (i.e., that lacks the sequence) preferably is any 

15 sequence that allows a cell containing the vector to 
survive and propagate viral particles (i.e., crHIV viral 
particles) as compared with a cell containing the wild­
type virus. Such sequences include, but are not limited 
to, any sequence that allows the cell, or the vector 

20 contained in the cell, to escape destruction, sequences 
that promote cell survival, sequences that induce 
apoptosis, sequences that facilitate protein production 
or sequences that promote immune function or targeting. 

For instance, preferably such a nucleic acid 
25 sequence contained on the vector encodes genes for 

multidrug resistance (see., e.g., Ueda et al., Biochem. 
Biophys. Res. Commun., 141, 956-962 (1986); Ueda et al., 
J. Biol. Chem., 262, 505-508 (1987); and Ueda et al., 
PNAS, !_!, 3004-3008 (1987)). In the presence of added 

30 cytotoxic drug (e.g., as used for cancer chemotherapy), 
·this allows a cell containing the vector to survive, 
whereas a cell that contains wild-type virus, such as 
HIV, does not. Such cytotoxic drugs include, but are not 
limited to, actinomycin D, vinblastine sulfate, 

35 vincristine sulfate, daunomycin, adriamycin, VP-16, and 
AMSA. 

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

5 and non-nucleoside reverse transcriptase inhibitors, and 
a mutated protease is engineered to be resistant to 
commonly employed protease inhibitors. 

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

10 the vector is employed to select for cells producing the 
vector as opposed to cells producing the wild-type virus. 
Similarly, this approach is modified for use with any 
drug that inhibits viral replication such that the virus 
can be mutated to escape from inhibition. Accordingly, 

15 for treatment of HIV, the selective nucleic acid sequence 
incorporated into the vector preferably· comprises mutated 
HIV sequences. Optimally, however, these sequences do 
not prevent superinfection with wild-type HIV. 

Preferably, the vector is one of those set forth 
20 above, and, in particular, the preferred crHIV vectors 

depicted in Figures lB - lE, i.e., crHIV-1.1, crHIV-1.11, 

crHIV-1.12, and crHIV-1.111, respectively (Dropulic' et 
al., PNAS, 93, 11103-11108 (1996)). Also preferred is a 
vector as described in Example 11, i.e., cr2HIV. 

25 The cr2HIV vector preferably lacks the tat gene and 
its splice site from the genome of a wild-type human 

immunodeficiency virus. In place of the tat gene and its 
splice site, the cr2HIV vector comprises a triple anti­
Tat ribozyme cassette, wherein the catalytic domain of 

30 each ribozyme of the triple ribozyme cassette cleaves a 
different site on a wild-type HIV nucleic acid molecule. 

Preferably, the catalytic domain of each ribozyme of the 
triple ribozyme cassette cleaves a different site within 
tat on a wild-type HIV nucleic acid molecule. More 

35 preferably, the catalytic domain of each ribozym.e cleaves 
a nucleotide sequence in a region of a nucleic acid 
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molecule of wild-type HIV for which there is no ribozyme­
resistant counterpart in the vector, itself. 

Optimally, a vector is compatible with the cell into 
which it is introduced, e.g., is capable of imparting 

5 expression on the cell of the vector-encoded nucleic acid 
sequences. Desirably, the vector comprises an origin of 

replication functional in the cell. When a nucleic acid 

sequence is transferred in the form of its DNA coding 
sequence (e.g., versus in the form of a complete gene 

10 comprising its own promoter), optimally the vector also 
contains a promoter that is capable of driving expression 
of the coding sequence and that is operably linked to the 
coding sequence. A coding sequence is "operably linked" 
to a promoter (e.g., when both the coding sequence and 

15 the promoter together constitute a native or recombinant 
gene) when the promoter is capable of directing 
transcription of the coding sequence. 

In a recombinant vector of the present invention, 
preferably all the proper transcription (e.g., initiation 

20 and termination signals), translation (e.g., ribosome 
entry or binding site and the like) and processing 
signals (e.g., splice donor or acceptor sites, if 
necessary, and polyadenylation signals) are arranged 

correctly on the vector, such that any gene er coding 
25 sequence is appropriately transcribed (and/or translated, 

if so desired) in the cells into which the vector is 
introduced. The manipulation of such signals to ensure 
appropriate expression in host cells is well within the 
knowledge and expertise of the ordinary skilled artisan. 

30 Preferably, the vector also comprises some means by 
which the vector or its contained subcloned sequence is 

identified and selected. Vector identification and/or 
selection is accomplished using a variety of approaches 
known to those skilled in the art. For instance, vectors 

35 containing particular genes or coding sequences 

preferably are identified by hybridization, the presence 

or absence of so-called "marker" gene functions encoded 
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by marker genes present on the vectors, and/or the 
expression of particular sequences. In the first 
approach, the presence of a particular sequence in a 
vector is detected by hybridization (e.g., by DNA-DNA 

5 hybridization) using probes comprisinq sequences that are 
homologous to the relevant sequence. In the second 
approach, the recombinant vector/host system is 
identified and selected based upon the presence or 
absence of certain marker gene functions such as 

'!' 

10 resistance to antibiotics, thymidine kinase activity, and 
the like, caused by particular genes encoding these 
functions present on the vector. In the third approach, 
vectors are identified by assaying for a particular gene 
product encoded by the vector. Such assays are based on 

15 the physical, immunological, or functional properties of 
the gene product. 

Accordingly, the present invention also provides a 
vector, which, if DNA, comprises a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 2, 4, 

20 5, 6, 7, 15, 16, 17 and 18 and, which, if RNA, comprises 
a nucleotide sequence encoded by a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 2, 4, 
5, 6, 7 , 15, 1 6, 1 7 and 18 . 

The present invention further provides a method of 
25 engendering a vector, which is derived from a wild-type 

hum.an immunodeficiency virus and which is capable of 

replicating only in a host cell that is permissive for 
replication of said vector, with a ribozyme. The 
ribozyme, which is comprised within or encoded by the 

30 vector, cleaves a nucleic acid of a wild-type.human 
immunodeficiency virus but not the vector, itself, and 
its transcripts, if any. The method comprises obtaining 
a vector, which is derived from a wild-type human 
immunodeficiency virus and which is capable of 

35 replicating only in a host cell that is permissive for 

replication of said vector, and incorporating into the 
vector a nucleic acid sequence, which comprises or 
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encodes a ribozyme, the catalytic domain of which cleaves 

a nucleic acid of a wild-type human inununodef iciency 

virus but not the vector, itself, and its transcripts, if 
any. In such a method, the nucleotide sequence 

5 comprising or encoding the US sequence of the wild-type 
human immunodeficiency virus can Q.e deleted from the 

vector and replaced with a nucleotide sequence selected 

from the group consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 

17 and 18, if the vector is DNA, and a nucleotide 

10 sequence encoded by a nucleotide sequence selected from 
the group consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 17 

and 18, if the vector is RNA. Preferably, the vector 
replicates in a host cell permissive for replication of 
said vector more than once. 

15 Also provided by the present invention is a method 
of modifying a vector. The method comprises obtaining a 

vector and introducing into the vector a nucleotide 

sequence selected from the group consisting of ·the DNA 

sequences of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
20 18, if the vector is DNA, and a nucleotide sequence 

encoded by a nucleotide sequence selected from the qroup 
consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18, if the vector is RNA. 

Further provided by the present invention is a 

25 method of propagating and selectively packaging a 
conditionally replicating vector without using a 

packaging cell line. The method comprises contacting the 
conditionally replicating vector with a cell capable of 
being infected by another vector, which is the same type 

30 of vector as the conditionally replicating vector and 

which differs from the conditionally replicating vector 
by being wild-type for replication competency; 

subsequently contacting the cell with the other vector; 
and then culturing the cell under conditions conducive to 

35 the propagation of the conditionally replicating vector. 

Also provided is an isolated and purified nucleic 

acid molecule selected. from the group consisting of a DNA 
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molecule comprising a nucleotide sequence selected from 
the group consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 17 
and 18 and a RNA molecule comprising a nucleotide 
sequence encoded by a nucleotide sequence selected from 

5 the group consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 17 

and 18. 

Method of Use 

The above-described vectors preferably are 
10 introduced into a host cell for the prophylactic and 

therapeutic treatment of viral infection, for ease of 

vector maintenance, as well as for other reasons. 
Accordingly, the present invention provides a host cell 
comprising a vector according to the invention. The 

15 isolation of host cells, and/or the maintenance of such 
cells or cell lines derived therefrom in culture, has 
become a routine matt~r, and one in which the ordinary 
skilled artisan is well-versed. 

In particular, a vector as described above 
20 preferably is employed in the prophylactic and 

therapeutic treatment of a viral infection, preferably 
such as where the infection is from a wild-type virus, 
preferably a wild-type RNA virus, even more preferably, 
from a wild-type retrovirus, and optimally from a wild-

25 type HIV. 

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

30 replication of the vector, the presence, transcription or 
translation of which inhibits the replication of the 

wild-type strain of virus in the host cell. Desirably, 
the vector replicates more than once and comprises at 
least one nucleic acid sequence, the possession (i.e., 

35 presence, transcription or translation) of which confers 
a selective advantage in a host cell to the vector over a 
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wild-type strain of virus, which, optimally, is the 

strain from which the vector was derived. 

Accordinq to this method, the nucleic acid sequence 
preferably comprises a nucleotide sequence, which 

5 comprises or encodes a genetic antiviral agent, which 
adversely affects the replication and/or expression of a 
virus other than said vector. Desirably, the genetic 
antiviral agent is selected from the group consisting of 
an antisense molecule, a ribozyme, and an inununogen. 

10 Optimally, the genetic antiviral agent is a ribozyme, 
preferably the catalytic domain of which cleaves at a 3 1 

nucleotide NUH sequence (i.e., especially a GUC sequence; 
SEQ ID N0:3). Optionally, the ribozyme is encoded, at 
least in part, by a sequence selected from the group 

15 consisting of SEQ ID N0:4 and SEQ ID NO:S. Desirably, 
the ribozym.e cleaves in a region of the wild-type strain 
of virus or its transcripts, but does not cleave in a 
region of the vector or its transcripts. Preferably, this 

is because the wild-type strain of virus comprises a 
20 sequence encoded by SEQ ID NO:l, whereas the vector, if 

DNA, comprises a nucleotide sequence selected from the 
group consisting of SEQ ID NOS:2, 6, 7, 15, 16, 17, and 
18, and, if RNA, comprises a nucleotide sequence encoded 
by a nucleotide sequence selected from the group 

25 consisting of SEQ ID NOS:2 6, 7, 15, 16, 17 and 18. 
The method also desirably is carried out wherein the 

vector comprises at least one nucleic acid sequence, the 
possession (i.e., presence, transcription or translation) 
of which confers a selective advantage to a host cell 

30 infected with the vector over a cell infected with a 

wild-type strain of virus, which, ·optimally, is the 

strain of virus from which the vector was derived. In 

this regard, a vector can comprise at least one nucleic 
acid sequence, which confers a selective advantage to a 

35 host cell infected with the virus and at least nucleic 

acid sequence, which confers a selective advantage to the 
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vector over a wild-type strain of a virus corresponding 
to the virus from which the vector was derived. 

Accordingly, the method preferably is carried out 
wherein the nucleic acid sequence comprises a nucleotide 

5 sequence encoding a multidrug resistance. Alternatively, 
the method is carried out wherein the nucleic acid 
sequence comprises a nucleotide sequence encoding a 

mutated (mutant) protease and a nucleotide sequence 
encoding a mutated (mutant) reverse transcriptase, such 

10 as when the viral infection to be prophylactically or 
therapeutically treated is a retrovirus. 

The method preferably further comprises 
administering to a host cell an agent selected from the 
group consisting of a cytotoxic drug, a protease 

15 inhibitor, and a reverse transcriptase inhibitor (i.e., 
in addition to administration of the vector). 

Accordingly, a vector can be employed in accordance 
with the above-described method not only to treat 
therapeutically a viral infection but to protect a 

20 potential host cell from viral infection, i.e., a method 
of prophylactically treating a viral infection or a 
"vaccination" against a virus of interest, such as a RNA 
virus, in particular a retrovirus, such as HIV. The 
method essentially inhibits the replication of a wild-

25 type strain of virus before the host cell comes into 
contact with the wild-type strain of virus. In this 
regard, the vector can comprise or encode proteins that 
block superinfection with a wild-type virus. The method 

comprises contacting the host cell with a conditionally 
30 replicating vector, as described above, and a "helper­

expression vector," i.e., a viral genome that promotes 
the replication of the "vector" in an uninfected host. 
The conditionally replicating vector comprises a 

selective advantage for packaging and/or propagation. 

35 Furthermore, the vector, for example, can contain a 
sequence that enhances cell survival, promotes viral 

production, induces apoptosis, facilitates protein 
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production and/or promotes ill\ltl.une function and/or 
targeting. The "helper-expression vector" construct is 
any expression vector that complements for the inability 
of the "vector" to replicate. Such helper-expression 

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

10 propagation, this system provides a safe means to achieve 
high replication of the virus without the possible 
pathogenic effects that a live attenuated virus could 
potentially cause. ·In addition, the vector can be 
admixed with nonspecific adjuvants to increase 

15 immunogenicity. Such adjuvants are known to those 
skilled in the art, and include, but are not limited to 
Freund's complete or incomplete adjuvant, emulsions 
comprised of bacterial and mycobacterial cell wall 
components, and the like. 

20 When a vector is employed in accordance with the 
above-described method as a prophylactic treatment of 
viral infection, the vector can encode an antigen of a 
protein that is not encoded by a wild-type virus, such as 
a mutant viral protein or a nonviral protein. 

25 Accordingly, the antigen encoded by the vector can be of 
bacterial origin or cancerous cell origin, for example. 
Furthermore, the "vector" also can encode a MHC gene for 
proper presentation of the antigen to the host's immune 
system. Thus, such vectors can be used to facilitate a 

30 persistent immunological response against a diverse array 
of potential pathogens and/or endogenous proteins (e.g., 
tumor-specific antigen) that are selectively expressed in 
abnormal cells. 

Furthermore, the "helper-virus" (also referred to 
35 herein as "helper") expression vector can be engineered 

to express only in specific cell types {e.q., stem cells, 
professional antigen presenting cells, and tumor cells) 
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by the addition or omission of a specific genetic 
element/factor (either in the vector or helper-virus 
expression construct), which permits cell-specific vector 
replication and spread. Thus, the vector still spreads 

5 by complementation with the helper-virus construct, but 
this spread is cell-specific, depending upon whether a 

certain genetic element/factor is added to or omitted 
from the veGtor or helper-virus expression construct. 
This can be used alone or in combination with other of 

10 the above-mentioned strategies. 
For example, a conditionally replicating HIV vector 

can be designed to replicate specifically in macrophages, 
rather than in T-cells. The vector, which would 
constitute a Tat-defective HIV (the vector encodes the 

15 other HIV proteins but they are not expressed because of 
the absence of the Tat transcriptional transactivator), 
can encode a ribozyme that cleaves wild-type HIV but not 
conditionally replicating HIV RNA. The helper-expression 
vector for this vector can encode a tat gene expressed 

20 off of a macrophage-specific promoter. Thus, the crHIV 
would conditionally replicate only in macrophage cells, 
while not being able to replicate in T-cells or other 
cell types. 

Alternatively, the tat gene can be operably linked 

25 to a tumor-specific promoter; thus, the crHIV would then 
replicate only in tumor CD4 cells and not in normal CD4 
cells. The genetic element/factor also can be a 
modification of a promoter sequence of the vector such 

that it is expressed only in specific cell types and not 
30 in other cells types in concert with the "helper-virus" 

expression construct. 
In another embodiment, the helper-expression 

construct or the vector construct envelope proteins (if 
such constructs are engineered to contain envelope 

35 proteins) can be modified so that the vector-virion will 

specifically infect certain cell types (e.g., tumor 

cells), while not being able to infect other cell types 
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(e.g., normal cells). In yet another embodiment, an 
adenovirus, which is lacking one or several key factors 
for replication, could be complemented by using a helper 

construct, which provides such factors linked to a tumor-
s specific promoter. Thus, the factors that complement 

replication of the adenovirus would only be expressed in 
tumor ceils, thereby permitting viral replication in 
tumor cells (with expression of proteins required for 
cell killing), but not in normal cells. 

10 Thus, the present invention also provides a method 
of treating cancer, and in particular, treating T-cell 
leukemia. "Treating cancer" according to the invention 
comprises administering to a host a further modified 
vector as set forth herein for the purpose of effecting a 

15 therapeutic response. Such a response can be assessed, 
for example, by monitoring the attenuation of tumor 
growth and/or tumor regression. "Tumor growth" includes 
an increase in tumor size and/or the number of tum.ors. 
"Tumor regression" includes a reduction in tumor mass. 

20 "Cancer" according to the invention includes cancers 
that are characterized by abnormal cellular proliferation 
and the absence of contact inhibition, which can be 
evidenced by tumor formation. The term encompasses cancer 
localized in tumors, as well as cancer not localized in 

25 tumors, such as, for instance, those cancer cells that 
expand from a tumor locally by invasion, or systemically 
by metastasis. Theoretically, any type of cancer can be 
targeted for treatment according to the invention. 
Preferably, however, the cancer is of viral origin. 

30 Finally, the above-described vectors can be directly 
used for in vivo gene therapy. Current strategies for 
gene therapy suffer because they cannot mediate gene 
delivery to large percentage of cells; only a certain 
percentage of the cells are infected. This is especially 

35 important in anti-tumor strategies where gene 
transduction of the entire tumor population is crucial. 
By adding the "vector" in concert with a "helper," the 
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immediately transduced cells will produce viral particles 
that can infect neighboring cells and thus enable high 
and possible complete transduction efficiency. In one 
embodiment to this invention, a human retrovirus (which 

5 could be HIV or a retrotransposon element) could be 
delivered into tissue (or cells in vitro) with a "helper" 
construct. Cells immediately containing the vector and 
helper will produce virus and will package the vector 
conditionally into virions. These virions will be able 

10 to mediate high efficiency transduction of neighboring 
cells (since cell-cell contact is the most efficient 
means to transduce cells) . The immediately transduced 
cells may or may not die, depending whether the 
vector/helper combination results in a cytolytic 

15 infection. In the case of a retrotransposon, the helper 
may not need to contain structural proteins since normal 
or tumor cells may contain the protein/factor necessary 
for encapsidation into virions. In this case the helper 
can merely be, but not restricted to, a transactivator 

20 protein that activates transcription of the factors 
required for retrotransposon encapsidation. In the case 
of HIV, other factors may, but not necessarily, be 
required for encapsidation of the HIV genome into progeny 
virions for infection/transduction of cells. 

25 The above-described vectors also can be used in 
counter-biological and counter-chemical warfare 
strategies. For example, a conditionally replicating 
vector can be delivered into an individual recently 
infected with a highly pathogenic virus or bacterium or a 

30 chemical agent (e.g., toxin). The vector would interfere 
with the replication of the pathogenic virus as described 
previously. However, the conditionally replicating 
vector also can be used for antibacterial or anti­
chemical strategies in concert with a helper-expression 

35 vector ("helper") . 
For example, a conditionally replicating vector can 

secrete anti-bacterial or anti-toxin antibodies after a 
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"helper" permits its expression and propagation. The 
"helper" can be, but not necessarily, driven off an 
inducible promoter that permits its expression upon 

activation by a bacterium, a cytokine (in response to 
5 bacterial infection}, an.antibiotic (as with the 

tetracycline inducible promoter systems (Paulus et al., 
J. Virol., 70, 62-67 (1996)) or a chemical (e.g., the 
toxin, itself) . Thus, the conditionally replicating 
vector would not only selectively propagate with the aid 

10 of the "helper" in response to the incurring pathogen or 
toxin (as a result of activation of the helper) but also 
secrete anti-pathogen or anti-toxin antibodies to inhibit 
the pathological effects of the tumor antigen, pathogen 
or chemical (e.g., toxin). Thus, any protein, factor, or 

15 genetic element that can be transcribed into either mRNA 
and/or protein can be inserted into a conditionally 
replicating vector to inhibit a pathogenic response -- in 
concert with a "helper," which promotes its selective 
propagation and expression (selective because the 

20 products of the helper are expressed conditionally (for 
example, but not restricted to, (a) an inducible promoter 
system -- a factor in a tumor cell activates the 
production of a helper factor, a toxin responsive 
sequence that expresses a helper factor, or a cytokine 

25 responsive promoter induces production of a helper 
factor, (b) a helper RNA/protein/factor is selectively 
stabilized in certain cells and not in others), and (cl 
indirect induction of a third party gene that affects 
helper viral protein production, chaperoning, targeting, 

30 structure or another biofunction) . Such strategies can 

be used in transgenic plants and animals to protect them 
from pathogens. Similarly, such strategies can be used 
in transgenic systems to produce heterologous 
proteins/factors of value. 

35 In another embodiment of a method in accordance with 
the present invention, a cell line can be developed for 
screening a drug/factor to determine, for example, which 
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part of the protein/factor is important for a particular 
function. A vector can be created to express a 
mutagenized protein of interest within a given cell line. 
The RNA encoding the mutagenized protein, however, is 

5 made resistant to the ribozyme by insertion of silent 
point mutations, for example. Wild-type protein 
expression, however, is inhibited within the cell line. 
Vectors that express a ribozyme to the protein of 
interest also can be constructed to express mutant test 

10 protein. When the vector is transduced into the cells, 
most of the native RNA encoding the normal protein is 
cleaved, whereas the mutant test protein is expressed. 
This method can be used with recently developed delivery 
and selection techniques as a quick and powerful 

15 technique to determine how a given protein functions and 
how a given factor/drug interacts with the protein. 

There also are numerous uses of the method and the 
vectors of the present invention in vitro. For instance, 
the vectors can be employed to ascertain certain nuances 

20 of viral replication and ribozyme function. Similarly, 
the ribozyme-containing vectors can be used as diagnostic 
tools, e.g., to assess mutations present in diseased 
cells, or to examine genetic drift. This aforementioned 
discussion is by no means comprehensive regarding the use 

25 of the present invention. 

Benefits of the Invention 

The advantages of using a crHIV strategy for genetic 
therapeutic treatment of AIDS and other viruses are 

30 considerable. For instance, the problem of targeting the 
vector to cells infected by HIV becomes resolved. After 
in vivo transfection of crHIVs into infected CD4+ cells, 
the crHIVs become packaged into progeny virions using the 
endogenous infectious HIV envelope proteins. Thus, the 

35 crHIV RNA tags along inside progeny virions and infects 
cell types that are normally infectable by that 
particular strain of HIV, producing nonpathogenic 
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virions. This includes difficult to target cells, such 
as the microglia of the brain, which are a major 
reservoir for HIV infection of the central nervous 

system. There is likely to be little toxicity associated 
5 with crHIV vectors that infect uninfected CD4+ cells, 

since no viral proteins are coded by crHIV vectors. 
Moreover, the result of crHIV vector competition with 
wild-type HIV results in the production of nonpathogenic 
particles, which results in dec;eased viral loads. 

10 Decreasing pathogenic HIV-1 loads can not only increase 
the survival time of infected individuals, but also can 
decrease the rate of transmission to uninfected 
individuals, since the crHIV particles also can spread 
systemically (i.e., as does infectious HIV). Decreased 

15 pathogenic HIV-1 loads in the blood can be particularly 
important in pregnant HIV-infected individuals, since the 
production of crHIVs can also decrease transmission of 
HIV-1 from infected mothers to their fetuses in utero. 

The plasmid DNA/lipid mixture that can be employed 
20 for introducing the crHIV vector into host cells should 

be stable and cheap to produce, bypassing expensive ex 

vivo strategies. Of course, the method of the invention 
is inherently flexible inasmuch as it could also be 
employed for ex vivo gene delivery, should this be 

25 desired. Regardless, the availability of the liposome­
mediated approach opens the possibility for treatment of 
the general population -- something that is not feasible 
with current gene therapeutic strategies. The crHIV 
vectors also can be engineered to.contain several 

30 ribozymes, which can be made to different targets on the 

HIV genome. This reduces the possibility that infectious 
HIV can mutate and escape the effect of the anti-HIV 
ribozymes. Furthermore, the conditionally replication 
competent virus strategy can be applied to treat other 

35 viral infections, especially those where viral turnover 
is high. 
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A particularly useful feature of crHIV vectors is 
that they can be employed to express genetic antiviral 
agents, for instance, a ribozyme, post-transcriptionally. 
Thus, infection of uninfected cells with crHIV vectors 

5 results in low toxicity because little expression occurs 
from the HIV long-terminal repeat (LTR) promoter in the 

absence of the Tat protein. High levels of crHIV 
expression, and its consequent antiviral activity, occurs 
only when the Tat protein is provided by complementation 

10 with wild-type HIV. Thus, crHIV vectors are not designed 
to protect cells from HIV infection, but to lower the 
overall wild-type HIV viral burden through selective 

accumulation of nonpathogenic crHIV particles. 
While not seeking to be bound by any particular 

15 theory regarding the operation or functioning of the 
invention, it is believed that ribozymes can be employed 
as confirmed in the following Examples to provide crHIV 
genomes with a selective advantage because of two useful 
properties: (1) they have a high degree of specificity, 

20 and (2) they have a relative efficiency, depending upon 
their ability to co-localize with target RNAs (Cech, 
Science, 236, 1532-1539 (1987)). The specificity of 
ribozymes is conferred by their specific hybridization to 
complementary target sequences containing a XUY site. 

25 Ribozymes are relatively efficient because they cleave 
target RNAs with high efficacy only when they efficiently 
co-localize with target RNAs. In a mixed HIV/crHIV 
infection, co-localization of ribozyme-containing crHIV 
RNAs with wild-type HIV RNAs must occur, since HIV RNA 

30 genomes dimerize prior to packaging into progeny virions. 

Cleavage of non-genomic species of wild-type HIV RNAs, 

required for the production of viral proteins, is likely 
to be less efficient than that of genomic wild-type HIV 
RNAs inasmuch as non-genomic HIV RNAs no not dimerize. 

35 It was discovered in the experiments described herein 
that the selective advantage conferred to crHIV RNAs was 

due to the selective packaging of crHIVs into viral 
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particles. These results suggest that most efficient 
cleavage occurs intracellularly during dimerization, 
resulting in the selective destruction of wild-type HIV 
RNAs by host nucleases. This allows for the preferential 

5 packaging of crHIV RNAs into viral particles. 

The application of crHIV vectors for HIV therapy can 
involve not only genomic selection of crHIVs, but also 
cellular selection of cells producing crHIV particles. 
Otherwise, the cells producing wild-type HIVs will 

10 produce wild-type HIV particles at a selective advantage 
over the cells producing crHIV particles, and will 
rapidly predominate. A selective advantage can be 

conferred to crHIV expressing cells by inserting a gene 
into crHIV genomes (e.g., the multidrug resistance gene} 

15 that confer crHIV expressing cells (in the presence of 
drug) with a survival advantage over cells expressing 
wild-type HIV. Under these conditions, wild-type HIV­
expressinq cells progressively die, but still produce 
some wild-type HIV, while crHIV-expressinq cells that 

20 selectively produce crHIV survive. Infection of crHIV­
containing cells with remaining wild-type HIV will result 
in the further production of crHIV containing viral 
particles. Thus, a viral genomic shift can result with 

the cumulative infection of CD4+ cells with crHIV 
25 genomes, thereby altering the viral balance in the host 

from pathogenic wild-type HIV to nonpathogenic crHIV 
genomes. Such a strategy can result in clearance of 
wild-type HIV, once the balance of HIV genomes 

selectively shifts from wild-type HIV to crHIV. Viral 
30 replication eventually ceases, since crHIVs can only 

replicate in the presence of wild-type HIV helper 

genomes. Therefore, under such mutually restrictive 
conditions, it can be possible to engineer crHIV vectors 

that not only decrease wild-type HIV viral loads, but 
35 also clear the virus from the HIV-infected host. 
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Means of Administration 
According to the invention, a vector is introduced 

into a host cell in need of gene therapy for viral 

infection as previously described. The means of 
5 introduction comprises contacting a host capable of being 

infected with a virus with a vector according to the 
invention. Preferably, such contacting comprises any 
means by which the vector is introduced into a host cell; 
the method is not dependent on any particular means of 

10 introduction and is not to be so construed. Means of 
introduction are well-known to those skilled in the art, 
and also are exemplified herein. 

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

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

20 incubation with calcium phosphate-DNA precipitate, direct 
microinjection into single cells, and the like. Other 

methods also are available and are known to those skilled 
in the art. 

Preferably, however, the vectors or ribozymes are 
25 introduced by means of cationic lipids, e.g., liposomes. 

Such liposomes are commercially available (e.g., 

Lipofectin®, Lipofectamine™, and the like, supplied by 

Life Technologies, Gibco BRL, Gaithersburg, MD) . 

Moreover, liposomes having increased transfer capacity 
30 and/or reduced toxicity in vivo {e.g., as reviewed in PCT 

patent application no. WO 95/21259) can be employed in 
the present invention. For liposome administration, the 

recommendations identified in the PCT patent application 
no. WO 93/23569 can be followed. Generally, with such 

35 administration the formulation is taken up by the 

majority of lymphocytes within 8 hr at 37°C, within more 

than 50% of the injected dose being detected in the 
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spleen an hour after intravenous administration. 
Similarly, other delivery vehicles include hydroqels and 
controlled-release polymers. 

The form of the vector introduced into a host cell 
5 can vary, depending in part on whether the vector is 

being introduced in vitro or in vivo. For instance, the 
nucleic acid can be closed circular, nicked, or 
linearized, depending on whether the vector is to be 

maintained extragenomically (i.e., as an autonomously 
10 replicating vector), integrated as a provirus or 

prophage, transiently transf ected, transiently infected 
as with use of a replication-deficient or conditionally 
replicating virus, or stably introduced into the host 
genome through double or single crossover recombination 

15 events. 

Prior to introduction into a host, a vector of the 
present invention can be formulated into various composi­
tions for use in therapeutic and prophylactic treatment 
methods. In particular, the vector can be made into a 

20 pharmaceutical composition by combination with 
appropriate pharmaceutically acceptable carriers or 
diluents, and can be formulated to be appropriate for 
either human or veterinary applications. 

Thus, a composition for use in the method of the 
25 present invention can comprise one or more of the 

aforementioned vectors, preferably in combination with a 
pharmaceutically acceptable carrier. Pharmaceutically 

acceptable carriers are well-known to those skilled in 
the art, as are suitable methods of administration. The 

30 choice of carrier will be determined, in part, by the 
particular vector, as well as by the particular method 

used to administer the composition. One skilled in the 
art will also appreciate that various routes of 
administering a composition are available, and, although 

35 more than one route can be used for administration, a 

particular route can provide a more immediate and more 
effective reaction than another route. Accordingly, 
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there are a wide variety of suitable formulations of the 
composition of the present invention. 

A composition comprised of a vector of the present 
invention, alone or in combination with other antiviral 

5 compounds, can be made into a formulation suitable for 
parenteral administration, preferably intraperitoneal 
administration. Such a formulation can include aqueous 

and nonaqueous, isotonic sterile injection solutions, 
which can contain antioxidants, buffers, bacteriostats, 

10 and solutes that render the formulation isotonic with the 
blood of the intended recipient, and aqueous and 
nonaqueous sterile suspensions that can include 
suspending agents, solubilizers, thickening agents, 
stabilizers, and preservatives. The formulations can be 

15 presented in unit dose or multidose sealed containers, 
such as ampules and vials, and can be stored in a freeze­
dried (lyophilized) condition requiring only the addition 
of the sterile liquid carrier, for example, water, for 
injections, immediately prior to use. Extemporaneously 

20 injectable solutions and suspensions can be prepared from 
sterile powders, granules, and tablets, as described 
herein. 

A formulation suitable for oral administration can 
consist of liquid solutions, such as an effective amount 

25 of the compound dissolved in diluents, such as water, 
saline, or fruit juice; capsules, sachets or tablets, 
each containing a predetermined amount of the active 
ingredient, as solid or granules; solutions or 
suspensions in an aqueous liquid; and oil-in-water 

30 emulsions or water-in-oil emulsions. Tablet forms can 

include one or more of lactose, rnannitol, corn starch, 
potato starch, microcrystalline cellulose, acacia, 
gelatin, colloidal silicon dioxide, croscarmellose 

sodium, talc, magnesium stearate, stearic acid, and other 
35 excipients, colorants, diluents, buffering agents, 

moistening agents, preservatives, flavoring agents, and 
pharmacologically compatible carriers. 
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An aerosol formulation suitable for administration 
via inhalation also can be made. The aerosol formulation 
can be placed into a pressurized acceptable propellant, 
such as dichlorodifluoromethane, propane, nitrogen, and 

5 the like. 

Similarly, a formulation suitable for oral 
administration can include lozenge forms, that can 
comprise the active ingredient in a flavor, usually 
sucrose and acacia or tragacanth; pastilles comprising 

10 the active ingredient in an inert base, such as gelatin 
and glycerin, or sucrose and acacia; and mouthwashes 
comprising the active ingredient in a suitable liquid 
carrier; as well as creams, emulsions, gels, and the like 
containing, in addition to the active ingredient, such 

15 carriers as are known in the art. 
A formulation suitable for topical application can 

be in the form of creams, ointments, or lotions. 
A formulation for rectal administration can be 

presented as a suppository with a suitable base 
20 comprising, for example, cocoa butter or a salicylate. A 

formulation suitable for vaginal administration can be 
presented as a pessary, tampon, cream, gel, paste, foam, 
or spray formula containing, in addition to the active 
ingredient, such carriers as are known in the art to be 

25 appropriate. Similarly, the active ingredient can be 
combined with a lubricant as a coating on a condom. 

The dose administered to an animal, particularly a 
human, in the context of the present invention should be 
sufficient to effect a therapeutic response in the 

30 infected individual over a reasonable time frame. The 
dose will be determined by the potency of the particular 
vector employed for treatment, the severity of the 
disease state, as well as the body weight and age of the 
infected individual. The size of the dose also will be 

35 determined by the existence of any adverse side effects 
that can accompany the use of the particular vec·tor 
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employed. It is always desirable, whenever possible, to 

keep adverse side effects to a minimum. 
The dosage can be in unit dosage form, such as a 

tablet or capsule. The term "unit dosage form" as used 
5 herein refers to physically discrete units suitable as 

unitary dosages for human and animal subjects, each unit 
containing a predetermined quantity of a vector, alone or 
in combination with other antiviral agents, calculated in 
an amount sufficient to produce the desired effect in 

10 association with a pharmaceutically acceptable diluent, 
carrier, or vehicle. The specifications for the unit 
dosage forms of the present invention depend on the 
particular compound or compounds employed and the effect 

to be achieved, as well as the pharmacodynamics 
15 associated with each compound in the host. The dose 

administered should be an "antiviral effective amount" or 
an amount necessary to achieve an "effective level" in 
the individual patient. 

Since the "effective level" is used as the preferred 
20 endpoint for dosing, the actual dose and schedule can 

vary, depending on interindividual differences in 
pharmacokinetics, drug distribution, and metabolism. The 
"effective level" can be defined, for example, as the 
blood or tissue level desired in the patient that 

25 corresponds to a concentration of one or more vector(s) 
according to the invention, which inhibits a virus, such 

as HIV, in an assay predictive for clinical antiviral 
activity of chemical compounds. The "effective level" 

for compounds of the present invention also can vary when 
30 the compositions of the present invention are used in 

combination with zidovudine or other known antiviral 
compounds or combinations thereof. 

One skilled in the art can easily determine the 

appropriate dose, schedule, and method of administration 
35 for the exact formulation of the composition being used, 

in order to achieve the desired "effective level" in the 

individual patient. One skilled in the art also can 
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readily determine and use an appropriate indicator of the 
"effective level" of the compounds of the present 

invention by a direct (e.q., analytical chemical 

analysis) or indirect (e.g., with surrogate indicators of 
5 viral infection, such as p24 or reverse transcriptase for 

treatment of AIDS or AIDS-like disease) analysis of 

appropriate patient samples (e.g., blood and/or tissues). 
Further, with respect to determining the effective 

level in a patient for treatment of AIDS or AIDS-like 

10 disease, in particular, suitable animal models are 
available and have been widely implemented for evaluating 

the in vivo efficacy against HIV of various gene therapy 

protocols (Sarver et al. (1993b), supra). These models 
include mice, monkeys and cats. Even though these 

15 animals are not naturally susceptible to HIV disease, 

chimeric mice models (e.g., SCIO, bg/nu/xid, bone marrow­
ablated BALB/c) reconstituted with human peripheral blood 
mononuclear cells (PBMCs), lymph nodes, or fetal 

liver/thymus tissues can be infected with HIV, and 
20 employed as models for HIV pathogenesis and gene therapy. 

Similarly, the simian immune deficiency virus 
(SIV)/monkey model can be employed, as can the feline 
immune deficiency virus (FIV)/cat model. 

Generally, an amount of vector sufficient to achieve 

25 a tissue concentration of the administered ribozyme (or 

vector) of from about 50 to about 300 mg/kg of body 

weight per day is preferred, especially of from about 100 
to about 200 mg/kg of body weight per day. In certain 

applications, e.g., topical, ocular or vaginal 
30 applications, multiple daily doses are preferred. 

Moreover, the number of doses will vary depending on the 

means of delivery and the particular vector administered. 

In the treatment of some virally infected 
individuals, it can be desirable to utilize a "mega-

35 dosing" regimen, wherein a large dose of a vector is 
administered, time is allowed for the compound to act, 

and then a suitable reagent is administered to the 
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individual to inactivate the active compound Cs). In the 
method of the present invention, the treatment (i.e., the 
replication of the vector in competition with the virus 
being treated) is necessarily limited. In other words, 

5 as the level, for instance, of HIV decreases, the level 
of vector dependent on HIV for production of virions will 
also decrease. 

The pharmaceutical composition can contain other 
pharmaceuticals, in conjunction with a vector according 

10 to the invention, when used to therapeutically treat 
AIDS. These other pharmaceuticals can be used in their 
traditional fashion (i.e., as agents to treat HIV 
infection), as well as more particularly, in the method 
of selecting for crHIV viruses in vivo. Such selection 

15 as described herein will promote conditionally 
replicating HIV spread, and allow conditionally 
replicating HIV to more effectively compete with wild­
type HIV, which will necessarily limit wild-type HIV 
pathogenicity. In particular, it is contemplated that an 

20 antiretroviral agent be employed, such as, preferably, 
zidovudine. Further representative examples of these 
additional pharmaceuticals that can be used in addition 
to those previously described, include antiviral 
compounds, immunomodulators, immunostimulants, 

25 antibiotics, and other agents and treatment regimes 
(including those recognized as alternative medicine) that 
can be employed to treat AIDS. Antiviral compounds 
include, but are not limited to, ddI, ddC, gancylclovir, 
fluorinated dideoxynucleotides, nonnucleoside analog 

30 compounds such as nevirapine (Shih et al., PNAS, !!!_, 
9878-9882 (1991)), TIBO derivatives such as R82913 (White 
et al., Antiviral Research, ~' 257-266 (1991)), and BI­
RJ-70 {Shih et al., Am. J. Med., 90(Suppl. 4A), as-17S 
(1991)). Immunomodulators and immunostimulants include, 

35 but are not limited to, various interleukins, CD4, 
cytokines, antibody preparations, blood transfusions, and 
cell transfusions. Antibiotics include, but are not 
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limited to, antifungal agents, antibacterial agents, and 

anti-Pneumocystis carinii agents. 
Administration of the virus-inhibiting compound with 

other anti-retroviral agents and particularly with known 
5 RT inhibitors, such as ddC, zidovudine, ddI, ddA, or 

other inhibitors that act against other HIV proteins, 

such as anti-TAT agents, will generally inhibit most or 
all replicative stages of the viral life cycle. The 

dosages of ddC and zidovudine used in AIDS or ARC 
10 patients have been published. A virustatic range of ddC 

is generally between o.os µM to 1.0 µM. A range of about 

0.005-0.25 mg/kg body weight is virustatic in most 

patients. The dose ranges for oral administration are 
somewhat broader, for example 0.001 to 0.25 mg/kg given 

15 in one or more doses at intervals of 2, 4, 6, 8, and 12; 

etc., hr. Preferably, 0.01 mg/kg body weight ddC is 
given every 8 hr. When given in combined therapy, the 

other antiviral compound, for example, can be given at 

the same time as a vector according to the invention, or 
20 the dosing can be staggered as desired. The vector also 

can be combined in a composition. Doses of each can be 

less, when used in combination, than when either is used 

alone. 

25 EXAMPLES 
The present inventive compounds and methods are 

further described in the context of the following 

examples. These examples serve to illustrate further the 

present invention and are not intended to limit the scope 
30 of the invention. 

Example 1 

This example describes the construction of 

conditionally replication competent vectors according to 

35 the invention. In particular, this example describes the 

construction of conditionally replicating vectors based 

on HIV, i.e., crHIV vectors. 
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One of the most prominent aspects of HIV-1 
pathogenesis is the production of genetic variants of the 
virus. The rapi_d production of HIV variants in vivo 
indicates that the virus can be considered within the 

5 framework of Darwinian genetic modeling (see, e.g., 
Coffin, Curr. Top. Microbiol. Immunol., 1.1!1 143-164 
(1992); and Coffin, Science, 267, 483-489 (1995)). The 
variants are a result of the infidelity of the HIV-1 
reverse transcriptase molecule, which creates mutations 

10 in newly transcribed proviruses from viral genomic RNA. 
Therefore, under in vivo conditions of no significant 
bottlenecks and many replicative cycles, a substantial 
deqree of qenetic variation occurs with the production of 
many viral variants. Yet, wild-type HIV still 

15 predominates, since, under such unrestricted conditions, 
it has the highest selective advantage. However, in the 
presence of an inhibitor, for instance zidovudine, a 
viral variant will be selected that is conferred with a 
higher selective advantage than the wild-type strain, and 

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

25 These nonpathogenic, conditionally replicating HIV 
(crHIV) vectors are defective HIVs that undergo 
replication and packaging only in cells that are infected 
with wild-type HIV. crHIV genomes compete with and 

decrease pathogenic wild-type HIV viral loads. The 

30 effect of decreasing wild-type HIV viral loads in an 
infected host should lead to an increased life 
expectancy. It should also decrease the ability of 
infected hosts to transmit wild-type HIV to uninfected 
individuals. For successful competition of crHIVs with 

35 wild-type HIV-1, two factors appear important: (1) a 

selective advantage of crHIV genomes over wild-type HIV 
genomes, and (2) a selective advantage of crHIV-
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expressing cells over cells expressing wild-type HIV 

(i.e., a selective advantage for the production of crHIV 
virions from crHIV-expressing cells over cells expressing 

wild-type HIV) • 
5 The crHIV vectors conditionally replicate due to the 

fact that they contain the sequences required for RNA 
expression, dimerization and packaging, but do not 

express functional (i.e., wild-type} HIV-1 proteins. A 

selective advantage was imparted to the crHIV vectors by 
10 inserting a ribozyme cassette that cleaves in the US 

region of the wild-type HIV genome, but not the crHIV US 
RNA. 

The ribozymes present in the vectors do not cleave 

the crHIV RNA because the US region of the crHIV RNA has 

15 been modified by conserved base substitution (base 
substitutions present in other HIV strains) to prevent 
the ribozyroes from efficiently binding and cleaving these 
sites. Moreover, the crHIVs are nonpathogenic because 
they do not code for proteins believed to be responsible 

20· for CD4+ cell death. When the HIV-infected cells (that 

have been transfected with the crHIV vector) become 
activated, the cells become capable of complementing the 
crHIV qenomic deficits, resulting in the production of 
crHIV progeny virions. 

25 In general, crHIV genomes were constructed from the 
full-length, infectious HIV clone, pNL4-3 (Adachi et al., 
J. Viral., 59, 284-291 (1986)). All cloning reactions 
and DNA, RNA, and protein manipulations were carried out 

using methods well known to the ordinary skilled artisan, 

30 and which have been described in the art, e.g., Maniatis 

et al., Molecular Cloning: A Laboratory Manual, 2nd ed. 

(Cold Spring Harbor Laboratory, NY (1982)). Enzymes and 
reagents employed in these reactions were obtained from 
commercial suppliers (e.g., New England Biolabs, Inc., 

35 Beverly, MA; Clontech, Palo Alto, CA; and Boehringer 

Mannheim, Inc., Indianapolis, IN) and were used according 
to the manufacturers' recommendations. Moreover, vector 

-------·-------·----
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maintenance and propagation was done using techniques 
that are conunonly known, and that have been described 

previously (e.g., Dropulic' et al. (1992), supra; and 

Dropulic' et al. (1993), supra). 
5 pNL4-3 was cleaved with the enzymes Pst I (which 

cleaves in gag, at about position +1000 from the start of 
transcription) and Xho I (which cleaves in nef, at about 
position +8400 from the start of transcription), and a 
polylinker containing convenient restriction sites was 

10 inserted. A 0.86 kb Bgl II to Bam HI fragment containing 
the rev responsive element (RRE) was cloned into a Barn HI 

site present in the polylinker. These manipulations 
resulted in deletion of the HIV wild-type genome from 
within the gag coding region to within the U3 coding 

15 region (i.e., thus also deleting the nef gene). While 
the vector is able to produce a truncated gag transcript, 
a full-length functional Gag protein is not produced by 
the vector. However, inasmuch as wild-type Gag functions 
are unnecessary according to the invention, the gag 

20 sequences can be mutated to prevent Gaq protein from 
being translated. 

A ribozyme cassette containing either single or 
multiple ribozymes as described herein was inserted into 

a Sal I site downstream from the Bam HI site. To 
25 accomplish this, complementary·deoxyoligonucleotides 

encoding ribozyme sequences were synthesized, annealed 
and then cloned into the Sal I site. The ribozymes 
employed for construction of the crHIV vectors were 
hammerhead ribozymes. These ribozymes contained a 

30 catalytic domain comprised of 22 base pairs, and two 
hybridization domains comprised of 9 base pairs each. 
The ribozymes were tarqeted either to the +115 or +133 
site (i.e., corresponding to the number of base pairs 
downstream from the start of transcription) of the us RNA 

35 sequence. The hybridization domains and catalytic domain 

(underlined) of the ribozymes targeted to the +115 site 
and the +133 site are as follows: 

SUBSTITUTE SHEET (RULE 26) 
THIS SHEET HAS BEEN· 

-REPLACED 



W097/20060 PCT/US96/18997 

60 

CACACAACACTGATGAGGCCGAAAGGCCGAAACGGGCACA ("the 

+115 ribozyme") [SEQ ID N0:4] 

ATCTCTAGTCTGATGAGGCCGAAAGGCCGAAACCAGAGTC ("the 

+133 ribozyme") [SEQ ID NO:SJ 

5 The ribozyme cassette was comprised of either a 
single, double or triple ribozyme(s) placed in tandem. 

Vectors containing either single (i.e., 11 crHIV-l.l" 

vector, Figure lB) or triple (i.e. "crHIV-1.l" vector, 

Figure lE) ribozymes were targeted ·to the same site of 

10 the US HIV RNA, at position +115. Vectors containing 
double ribozym.es were targeted either to the same site at 

position +115 (i.e., "crHIV-1.11" vector, Figure lC), or 

to different sites at positions +115 and +133 of the US 

HIV RNA; crHIV-1.12 (i.e., "crHIV-1.12" vector, Figure 

15 lD) • These vectors are referred to herein generically as 

"crHIV" vectors. 
To complete the construction of the vectors, the 

crHIV vectors were rendered resistant to ribozyme 

cleavage (i.e., in their manifestation as RNA) by 
20 mutating a site recognized by the hammerhead ribozymes 

occurring within the US region of the crHIV genome. To 

accomplish this, a double-stranded oligonucleotide (i.e., 

AAGCTTGCCTTGAGTGCTCAAAGTAGTGTGTGCCCACCTGTTGTGTGACTCTGGCAG 

CTAGAGATCCCACAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCC 

25 [SEQ ID N0:141} containing the base substitutions 

depicted in Figure 2 [SEQ ID N0:2J was used to introduce 

modified sites into the vector. Specifically, base 

substitutions were engineered into the ribozyme 
hybridization and cleavage sites at base pairs 115 and 

30 133. In particular, as illustrated ~n Figure 2; 

mutations were introduced at base pairs 113, 114, 132, 

134 and 142. These sites can be modified to comprise any 

mutation (i.e., GTGTGCCCNNCTGTTGTGTGACTCTGGN.ANCTAGAGANC, 

wherein N can be any nucleotide [SEQ ID NO:lSJl. 
35 Preferably, however, the sequences are mutated such that 

there is, for instance, a G to A substitution at site 

+113 (i.e., such that the sequence comprises 
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GTGTGCCCATCTGTTGTGTGACTCTGGTAACTAGAGATC [SEQ ID NO:l6]), 

a U (i.e., T, in terms of the DNA sequence} to c 
substitution at site +114 [SEQ ID N0:6J, a U (i.e., T, in 

terms of the DNA sequence) to C substitution at site +132 

5 [SEQ ID N0:7], an A to G substitution at site +134 (i.e., 

such that the sequence comprises 

GTGTGCCCGTCTGTTGTGTGACTCTGGTAGCTAGAGATC [SEQ ID N0:17]) 

and a U (i.e., T, in terms of the DNA sequence) to A 

substitution at site +142 (i.e., such that the sequence 

10 comprises GTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGAAC [SEQ ID 

N0:18]), which mutations can be made either alone, or in 

combination. In particular, in the absence of other US 

mutations, the U (i.e. T, in.terms of the DNA sequence) 

to c substitution at site +114 [SEQ ID N0:6] and/or site 

15 +132 [SEQ ID N0:7] in the crHIV US RNA prevents its 

scission by ribozymes (Uhlenbeck (1987), supra). The 

inserted base-substitutions are present in various other 

strains of HIV {Myers et al., HIV Sequence Database, Los 

Alamos Nat. Lab. (1994)}, which indicates that these 

20 substitutions do not decrease the replicative capacity of 

the HIV genome. 

The method as set forth herein can be employed to 

construct other condition~lly replicating vectors, for 

instance, comprised of differing viral genomes (e.g., 

25 different RNA viruses), or comprised of different genetic 

antiviral agents. Furthermore, a conditionally 

replicating vector can be further modified to impart to a 

host cell, into which the vector is introduced, a 

selective advantage over a host cell containing the wild-

30 type virus. For instance, such a vector can be modified 

to further encode multidrug resistance, or a mutated 

protease or reverse transcriptase. 

Example 2 

35 This example describes the resistance to ribozyme 

cleavage of conditionally replicating vectors, and, in 

particular, of the crHIV vectors. 
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To confirm the resistance to ribozyme cleavage of 

the crHIV vectors, in vitro transcription was performed. 
To accomplish this, the ribozyme sequences were cloned 
into the Xho I site of pBluescript KSII (Strataqene, La 

5 Jolla, CA) • A 0. 21 kilobase pair (kb) Bgl II fragment 

containing the mutated crHIV US region similarly was 

excised from the crHIV vector and inserted into the Bam 

HI site of pBluescript KSII. The resultant modified 
pBluescript KSil vectors were linearized with Bss HII 

10 prior to in vitro transcription. A similar plasmid 

expressing wild-type HIV US RNA (described in Myers et 
al. (1994), supra) was employed as a control. It was 
linearized with Eco RI prior to in vitro transcription. 

Radiolabeled US HIV RNA and ribozyme RNA were 
15 produced by in vitro transcription of the vectors, as 

previously described (Dropulic' et al. (1992), supra). 
The radiolabeled transcripts were incubated together (at 

a target to ribozyme molar ratio of 1:2) in lX 

transcription buffer containing 40 mM Tris-HCl, pH 7.5, 6 
20 mM MgCl2, 2 mM Spermidine, and 10 mM NaCl. The samples 

were heated to 65°C, and then cooled to 37°C for 5 min 

prior to the addition of stop buffer solution containing 

95% formamide, 20 mM EDTA, 0.05% Bromophenol Blue, and 

0.05% Xylene Cyanol FF. The products were then resolved 

25 by denaturing polyacrylamide gel electrophoresis (PAGE}, 

and detected by autoradiography. 
As can be seen in Figure 3, when wild-type US-HIV 

RNA (Figure 3, lane 1) was incubated with a transcript 

containing a sinqle ribozyme to site +115 (Figure 3, lane 

30 2), cleavage was readily observed (Figure 3, lane 3). 

Such cleavage results in products PI and P2. Cleavage 
also can be seen when wild-type HIV RNA was incubated 
with RNAs containing double ribozymes to either the same 

site (Figure 3, lanes 4 & 5), or to different sites 

35 (Figure 3, lanes 6 & 7). When a ribozyme-containing 

transcript directed to two different sites was incubated 
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with wild-type HIV RNA, products Pl, P2 and P3 were 

produced. P3 results from cleavage at the +133 site. 

In comparison, when the modified US-containing crHIV 
RNA (Figure 3, lane 1) was incubated with either a single 

5 ribozyme directed to the +115 site, or double ribozyme 
directed to either the +115 site or the +133 site, 
cleavage products were not detected (Figure 3, lanes 10, 

12, and 14). Thus, these results confirm that crHIV US 

RNAs are resistant to ribozym.e cleavage, while wild-type 
10 HIV-US RNAs are cleaved by anti-US ribozymes. Moreover, 

the results validate that the approach of the present 
invention can be employed to impart conditionally 
replicating vectors (including vectors other than crHIV 

vectors) with a selective advantage for replication when 
15 introduced into a host cell as compared with a wild-type 

strain of virus. 

Example 3 
This example describes the ability of ribozyme-

20 containing conditionally replicating vectors to cleave 
wild-type viral RNA intracellularly. In particular, this 
example describes the ability of crHIV vectors to cleave 
wild-type HIV RNA intracellularly. 

The effectiveness of crHIV vector-mediated 

25 inhibition of wild-type HIV was tested by co-transfecting 
the genomes into Jurkat cells. Transfection was carried 
out by washing about 106 Jurkat cells in Opti-MEM medium 

(Life Technologies, Gibco BRL, Gaithersburg, MD) and then 

co-transfecting the cells with about 0.6 µg of wild-type 

30 HIV DNA (i.e., pNL4-3) and about 1.8 µg of crHIV DNA. A 

molar ratio of wild-type HIV to crHIV provirus of about 

1:3.was used to ensure that all cells transfected with 

wild-type HIV also contained crHIV proviruses. DNA was 

mixed in lipofectin solution {Life Technologies) for 30 
35 min, and then was incubated with Jurkat cells for about 3 

to about 6 hr, after which complete RPMI 1640 medium 

contai~ing 10% fetal bovine serum (FBS) was added. 
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Virus-containing supernatants were harvested every 2 to 4 
days, and virus levels were assayed by reverse 
transcriptase activity in cell supernatants, as 

previously described (Dropulic' et al. (1992), supra). 
The effect of crHIV genomes on wild-type HIV 

replication is shown in Figure 4. When wild-type HIV was 
co-transfected with crHIV-1.1, viral growth was delayed 
(Figure 4, open boxes) relative to cells co-transfected 
with wild-type HIV and a control virus (Figure 4, closed 

10 boxes), but was not inhibited. Since anti-US ribozymes 
can inhibit HIV replication in vivo under co-localized 

conditions (e.g., Dropulic' et al. (1992), supra), the 
viral growth seen could be the result of either: (a) 
preferential packaging for wild-type HIV RNAs into 

15 progeny virions, (bl the production of wild-type HIV RNAs 
that are resistant to ribozyme cleavage, or (c) an 

accumulation of nonfunctional ribozymes in crHIV RNAs. 
The nature of "escape" viral growth was tested by 

co-transfectinq wild-type HIV with crHIV vectors that 
20 contain double ribozymes. If preferential packaging of 

wild-type HIV is responsible for viral growth, then 
cultures containing double ribozyme crHIVs should have 
similar growth kinetics as cultures containing single 
ribozyme crHIVs. If, however, viral growth results from 

25 wild-type HIV RNAs that have become resistant to ribozyme 
action (i.e., as a result of viral reverse transcriptase 
infidelity), then the kinetics of viral growth should 
show a greater delay for cultures containing crHIV-1.12 
(i.e., directed against two viral sites) as compared with 

30 cultures containing crHIV-1.11 (i.e., directed against a 
single viral site). Alternatively, if a delay in viral 

growth was seen that was comparable in cultures 
containing the different double ribozyrne-containing 
crHIVs, this would suggest that a proportion of the 

35 singly expressed ribozymes are nonfunctional in vivo. 

As can be seen in Figure 4, cultures containing 
crHIV-1.11 (Figure 4, open crossed boxes} or crHIV-1.12 

-------
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(Figure 4, stippled boxes) showed a greater delay in the 

onset of viral growth than crHIV-1.1, which contained a 

singly transcribed ribozyme (Figure 4, open boxes) • 
However, the delay in the onset of viral growth between 

5 crHIV-1.11 and crHIV-1.12 was similar, indicating the 
correctness of the third possibility, i.e., that singly 

transcribed ribozymes are kinetically less efficient in 
cleaving target RNAs than are double ribozymes. This 
suggests that a certain proportion of intracellularly 

10 transcribed ribozyrnes can form in a nonfunctional, 
possibly misfolded, conformation, since the co­
transfection experiments were performed in a molar excess 
of ribozyme-containing crHIV genomes. 

The ability of multiple ribozymes to relieve this 
15 kinetic limitation by providing a greater probability for 

functional ribozymes to associate with wild-type HIV RNAs 
was explored. For these experiments, Jurkat cells were 
co-transfected with wild-type HIV and crHIV-1.111, which 

contains a triple ribozyme to site +115. As can be seen 
20 in Figure S (stippled boxes), there is no evidence of 

viral growth with use of a triple ribozyme, even after 22 

days in culture. These results are particularly 
significant in view of the fact that normal primary T 

cells often die shortly (e.g., about a week) after 

25 infection with HIV. 
Moreover, these results confirm that ribozyme­

containing conditionally replicating vectors, such as the 
crHIV vectors, and particularly those that contain 
multiple ribozymes, can be employed to compete 

30 intracellularly with a wild-type viral genome, such as 
HIV. 

Example 4 

This example describes an investigation of the 

35 mechanism underlying the ability of ribozyme-containing 
conditionally replicating vectors, particularly crHIV 
vectors, to cleave wild-type viral RNA intracellularly. 
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For these.experiments, cell supernatant RNA from 
wild-type HIV and crHIV-1.111 co-transfected cultures 
was examined with use of the reverse transcription 

polymerase chain reaction {RT-PCR), as described herein. 
5 RT-PCR was done using the primers depicted in Figures 6A­

C. Namely, ribozyme RNA was detected using primers Rl 
and R2, wild-type HIV RNA was detected using primers Vl 
and V3, and crHIV RNA was detected using primers V2 and 
V3. Primers Rl (TGTGACGTCGACCACACAACACTGATG [SEQ ID 

10 N0:8]) and R2 (TGTGACGTCGACTCTAGATGTGCCCGTTTCGGC [SEQ ID 
N0:9] each comprise a Sal I restriction site, and amplify 
the anti-US ribozyme RNA by binding to the ribozyme 
hybridization sequences. In crHIV-1.111 expressing cells, 
single, double and triple ribozyme amplification products 

15 are seen. Primers VI (GGTTAAGCTTGAATTAGCCCTTCCAGTCCCC 
(SEQ ID NO:lO]) and V2 {GGTTGGATCCGGGTGGCAAGTGGTCAAAAAG 
[SEQ ID NO:ll]) each comprise Barn HI or Hin dIII 
restriction sites, and·amplify wild-type HIV RNAs. Along 
with the aforementioned Vl primer, the V3 

20 (CGGATCCACGCGTGTCGACGAGCTCCCATGGTGATCAG [SEQ ID N0:12J) 
primer com.prises Barn HI and other restriction sites. 
This primer set amplifies crHIV RNAs from a crHIV­
speci fic polylinker sequence. 

To perform RT-PCR, virion and intracellular RNAs 
25 were isolated using Trizol™ (Life Technologies}. 

Intracellular viral RNAs were isolated directly from 

microcentifuged cell pellets. Virion RNAs were isolated 
from culture supernatants that were first cleared of 
cells and debris by microcentrifugation at 12,000 x g for 

30 5 min. Trizol ™ was added to the cell-free supernatants, 
and the mixtures were incubated for 5 min prior to the 
addition of chloroform for phase separation. The aqueous 
phase was transferred to a fresh tube, and the RNA was 

precipitated with isopropanol using glycogen. After 

35 reconstitution of the RNA pellet, the viral RNAs were 

reverse-transcribed and then amplified by PCR using 

radiolabeled primers. 
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Reverse transcription was performed for 1 hr at 42°C 

in first-strand buffer containing 50 mM Tris-HCl, pH 0.3, 
75 mM KCl, 3 mM MgC12 , 5 mM DTT, 1 mM c:lNTPs, and 20 units 
(U) of RNase inhibitor, to which 25 U of MuLV Reverse 

5 Transcriptase was added. After reverse transcription was 

completed, the reverse transcriptase was heat-inactivated 

at 65°C for 10 min. The entire mixture was then added 

directly to PCR buff er to comprise a mixture containing a 
final concentration of 10 mM Tris-HCl, pH 8.3, SO mM KCl, 

10 and 1.5 roM MgCl2. The mixture was amplified for 30 cycles 
using 2.5 U of Taq enzyme. The radiolabeled PCR products 
were then resolved by denaturing PAGE, and detected by 

autoradiography. 
As can be seen in Figure 7 (lane 4), crHIV-1.111 

15 ribozyme RNAs exist in the supernatants of cells more 
than twenty days after co-transfection with wild-type 
HIV-1 and crHIV-1.111 proviral genomes. This is 
evidenced by the existence of single, double and triple 

ribozyrne RNA PCR products. In comparison, no such 
20 products are seen in virions produced by control wild­

type, HIV-transfected cultures (lane 2). During this 
period, the cells appeared normal, with no apparent signs 
of crHIV-induced cytotoxicity. This confirms that crHIVs 

are packaged into viral particles even though no reverse 
25 transcriptase activity was observed. Moreover, this 

indicates that crHIVs can be complemented intracellularly 
by HIV gene functions. 

Thus, these results indicate that crHIVs inhibit 
wild-type HIV replication by inhibiting wild-type HIV 

30 spread. The results further indicate that other 
conditionally replicating vectors, for instance, other 
viral vectors, and/or vectors containing other genetic 
antivirals can similarly be employed to inhibit wild-type 
viral replication and spread. 

35 
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Example 5 
This example describes a further exploration of the 

mechanism underlying the ability of ribozyme-containing, 
5 conditionally replicating vectors, particularly crHIV 

vectors, to cleave wild-type, viral RNA intracellularly. 
One possible mechanism is that both wild-type HIV 

and crHIV RNAs are packaged into progeny virions, and 

efficient cleavage occurs in this small viral volume due 
10 to co-localization of ribozyme and target RNAs. 

Alternatively, selective packaging of crHIV RNAs into 
progeny virions can occur because cleavage of wild-type 
HIV RNAs predominantly occurs intracellularly, and not in 

the HIV virion. These mechanisms were explored herein. 
15 The means by which crHIV-1.111 inhibited wild-type 

HIV spread was examined by RT-PCR of virion- and cell­
associated viral RNAs, in cell cultures transfected with 
wild-type HIV alone {Figure 8, lanes 2 and 6), or co­
transfected with wild-type HIV and crHIV-1.111 {Figure 6, 

20 lanes 4 and 8). crHIV-l.111 RNAs were exclusively 
present in progeny virions produced following co­
transfection (Figure 8, lane 4). In comparison, control, 
wild-type, HIV-transfected cultures produced virions that 
contained only wild-type HIV RNAs (Figure 8, lane 2). 

25 Intracellularly, both wild-type HIV and crHIV-1.111 RNAs 
were evident in co-transfected cultures (Figure 8, lane 

8). Therefore, although both wild-type HIV and crHIV 
RNAs are synthesized intracellularly, crHIV RNAs are 
selectively packaged into progeny virions. This 

30 suggests that crHIV-1.111 inhibited wild-type HIV spread 
by selectively cleaving genomic wild-type HIV RNAs prior 
to encapsidation, while allowing some sub-genomic wild­

type RNAs to be translated into proteins for virion 
production. 

35 To test whether genomic wild-type RNAs are 
selectively cleaved by crHIV RNAs, the types of 

intracellular RNAs present in Jurkat cell cultures 
-----
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obtained about 20 days following co-transfection was 
examined by Northern hybridization. The probe employed 
for the Northern blot analysis, as indicated in Figure 6, 

was isolated from a 0.21 kb Bgl II fragment from the US 
5 region of pNL4-3. 

Results of these experiments are indicated in Figure 

9. Cultures transfected with wild-type HIV express all 
wild-type HIV RNA species, i.e., genomic and subgenomic 
RNA species (Figure 9, lane 1). In comparison, crHIV-

10 1.111 co-transfected cultures do not express significant 
amounts of genomic (9.7 kb), wild-type HIV RNA (Figure 9, 

lane 2). RNAs of low molecular weight (reflecting the 

presence of subgenomic wild-type HIV RNAs) were observed 
in co-transfected cultures (Figure 9, lane 2). The HIV-

15 RNA smearing in these samples suggests that some degraded 
genomic HIV RNAs may be present within these low 
molecular-weight RNAs. In comparison, the smearing of 
wild-type HIV RNA from control, wild-type HIV cells 

(Figure 9, lane 1) is due to RNA degradation that occurs 
20 from the significant CPE observed at the late stage of 

HIV infection. 
Accordingly, these results confirm that genomic, 

wild-type HIV RNAs are selectively cleaved and degraded 
in cells containing wild-type HIV and crHIV-1.111 

25 genomes, allowing selective crHIV RNA packaging into 
virions. Furthermore, these results indicate that the 
method may similarly be employed with other viruses, 
particularly with other RNA viruses. 

30 Example 6 

This example describes an investigation of the 
ability of ribozyme-containing, conditionally replicating 
vectors, particularly crHIV vectors, to undergo the 

complete viral replicative cycle in the presence of wild-
35 type helper virus. 

To confirm that crHIV genomes undergo the complete 

viral replicative cycle in the presence of a helper wild-
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type HIV genome, the production of virus particles 
containing crHIV genomes was examined under several 

conditions. Specifically, first the production of viral 
particles containing crHIV qenomes was examined in 

5 activated ACH2 cells (AIDS Reagent Reference Program, 
Rockville, Maryland). These cells comprise a latently 
HIV-1 infected cell line. Next, the ability of any crHIV 
particles derived from these cultures to infect 
uninfected Jurkat cells and produce crHIV DNA was 

10 examined. 
For these experiments, about 10' ACH2 cells were 

transfected with about 2.5 µg of vector DNA. The cells 

were stimulated with 50 nM 12-0-tetradecanoylphorbol 13-

acetate (TPA) about 24 hr after transfection. RNA was 

15 isolated from the cell supernatants about 72 hr after 
transfection. RT-PCR was performed using the Rl and R2 

primers as described in Example 4. As can be seen in 
Figure lOA, crHIV ribozyme RNAs were detected in virions 
produced by activated ACH2 cells after transfection with 

20 crHIV-1.11 (lane 4), but nqt after transfection with pGEM 
3Z control plasmid (Promeqa, Madison, WI) {lane 2). 
Therefore, transfection of crHIV vectors into infected 
CD4+ cells results in the production of viral particles 
that contain crHIV RNAs. 

25 The ability of crHIV virions derived from these 
cultures to infect uninfected Jurkat cells and produce 
crHIV proviruses was examined next. Such proviruses were 

detected by isolating cellular DNA using Trizol™, 

cleaving the DNA with Eco RI, and then amplifying 

30 ribozymal DNA by PCR, using the Rl & R2 primers as 

described in Example 4. Figure lOB illustrates the 

production of crHIV DNA in Jurkat cells after infection 
of cell supernatants derived from crHIV-transfected ACH2 
cells. Namely, in this case, specific amplification of 

35 crHIV-1.11 ribozyrnal DNA was seen (Figure lOB, l~ne 2). 
In comparison, cells infected with stimulated ACH2 cell 
supernatants alone (i.e., in the absence of any infection 

---
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of ACH2 cells with crHIV-1.111) showed no ribozyrnal DNA 
products (Figure lOC, lane 1). 

Since crHIV vectors spread only in the presence of 
wild-type helper HIV genomes, the ability of uninfected 

5 cells containing crHIV genomes to be rescued after 
infection with wild-type HIV was examined. These 

experiments were carried out by first transfecting cells 
with crHIV-1.11 (i.e., as representative of the crHIV 
vectors), and then superinfecting with wild-type HIV 

10 (i.e., pNL4-3). Accordingly, about 106 Jurkat cells were 

transfected with about 2.5 µg of crHIV DNA. The cells 

were allowed to grow for about 72 hr prior to infection 
with wild-type HIV stock virus. crHIV-1.11 transfected 
Jurkat cells were incubated with stock pNL4-3 (2 x 105 

15 TCIDSO units per 106 cells) for about 2 hr at 37°C, 

washed three times in Opti-MEM® I Reduced Serum Medium, 

and then resuspended in complete medium (RPMI 1640 with 
10% FBS) • RNA was isolated from cell supernatants as 
described in Example 4 about 5 days after infection. 

20 For the TCID~o assay, supernatants containing HIV 
were plated out on 96-well plates by 5-fold limiting 
dilution. About 104 MT4 cells (AIDS Reagent Reference 
Program, Rockville, Maryland; and Harada et al., Science, 

229, 563-566 (1985)) were then added to the diluted viral 

25 suspensions and the resultant suspensions were incubated 
for 7 days until complete viral growth had occurred. MT4 
cells are modified T-cells that contain the Tax gene from 
HTLV-1, which is a transactivator gene that is analogous 
to Tat in HIV-1 .. Supernatants were then assayed for 

30 reverse transcriptase activity and scored as previously 

described (Dropuli c' et al. (1992), supra) . The tissue 
culture infectious dose (TCID50 ) was determined by the 
method of Reed and Muench (In: Tech. in HlV Res., Johnson 
et al., eds., Stockton Press, 71-76 (1990)). 

35 Superinfection of crHIV-transfec~ed Jurkat cells 
with wild-type HIV resulted in crHIV genomes being 
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rescued into viral particles {Figure lOC, lane 4) • The 

crHIV genomes are packaged into viral particles after 
superinfection with wild-type HIV. During this period, 
the cells appeared normal, with no significant signs of 

5 cytotoxici ty. 

These results confirm that crHIV genomes are able to 

undergo the full replicative cycle after complementation 

with wild-type HIV helper virus. These results also 
confirm that other viral genomes are likely able to 

10 undergo the full replicative cycle after complementation 
with the corresponding wild-type virus. 

Example 7 

This example describes the nature of escape viral 
15 growth reported in the prior examples. 

The nature of escape viral growth from cultures 
transfected with wild-type HIV, or co-transfected with 
wild-type HIV and crHIV-1.11, was examined by analyzing 
virion RNAs using RT-PCR as previously described. 

20 Viruses produced by cultures at the early stages of viral 
growth (i.e., wild-type HIV transfected culture at day 
+11, crHIV-1.11 co-transfected culture at day +19) 
contained predominantly crHIV RNAs (Figure 11; wild-type 

HIV transfected culture, lane 2, crHIV-1.11 cc-

25 transfected culture, lane 4). In comparison, cultures 
from the late staqes of various growth (i.e., wild-type 

HIV transfected culture at day +17, crHIV-1.11 co­

transfected culture at day +23) contained predominately 
wild-type HIV RNAs (Figure 11; wild-type HIV transfected 

30 culture, lane 6, crHIV-1.11 co-transfected culture, lane 

8). Therefore, viral growth from cells co-transfected 

with wild""".type HIV and crHIV-1.11 proviruses {Figure 11, 
lanes 4 and 8) appeared to result from the growth of 

wild-type HIV that escaped from intracellular ribozyme 
35 restriction. Significantly, crHIV genomes still 

compr_ised a substantial proportion of the total HIV 

genomes even in cultures at the late stages of viral 
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growth {Figure 11, lanes 4 and 8). This suggests that, 
although wild-type HIV genomes predominated, crHIV 

genomes were, nevertheless, spreading through the 
culture, albeit at lower efficiencies than wild-type HIV 

5 genomes. 

10 

This confirms that the crHIV vectors, as well as 
further conditionally replicating vectors, can 
effectively compete with wild-type viral genomes for 
viral replication. 

Example 8 
This example further describes the nature of escape 

viral growth reported in the prior examples. 
The effect of crHIV RNA packaging into virions 

15 during escape viral growth was studied by measuring 
infectious wild-type HIV titers. Limiting dilution TCID50 

assays (as described in Example 6) were performed on 
viral supernatants from cultures at the exponential stage 
of viral growth (i.e., wild-type HIV cultures at day +14, 

20 crHIV-1.1 cultures at day +16, crHIV-1.11 or crHIV-1.12 
cultures at day +20) . The samples were normalized prior 
to assay using reverse transcriptase activity. 
Supernatants from wild-type HIV, crHIV-1.1, crHIV-1.11 
and crHIV-1.12 cultures had an infectious dose of 1.3 x 

25 104 TCIDw/ml, 5.4 x 103 TCID~/ml, 3.8 x 103 TCID~/ml, 
and 3.8 x 103 TCID~0/ml, respectively. Thus, the 

packaging of crHIV RNAs into virions during escape viral 
growth results in a decrease in the number of infectious 

wild-type HIV particles that are produced. 
30 Next examined was whether the decrease in infectious 

wild-type HIV titer was the result of cleavage of wild­
type HIV RNAs within escaped virions. RNA cleavage 
products from virions present in the supernatants of co­
transf ected cells were assessed by primer extension. The 

35 PE primer (GGTTAAGCTTGTCGCCGCCCCTCGCCTCTTG [SEQ ID 

N0:13)) identified in Figure 6, and which comprises a Hin 
dIII restriction site, was employed. Prime:?:" extension 

----·------------
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across the cleavage site was performed for 2 hr at 42°C in 

first-strand buffer comprising 50 mM Tris-HCl, pH 8.3, 75 

mM KCl, 3 mM MgC1 2, 5 1tlM DTT, 1 mM dNTPs, and 20 U of 

RNase inhibitor, to which 25 U of MuLV reverse 
5 transcriptase was added. Viral RNAs were isolated from 

concentrated virion preparations derived from crHIV co­
transfected cultures. Cells and debris were removed by 

centrifugation at 2,000 x g for 15 min at 4°C. Virus was 

then concentrated by ultracentrifugation at 30,000 x g 

10 for 4 hr at 4°C. Viral RNAs were then isolated from the 

viral pellets using Trizol™ as previously described. 

Viral RNAs were isolated from wild-type, HIV­
transfected and crHIV-1.11 co-transfected culture 
supernatants during the late stages of viral growth 

15 (i.e., wild-type HIV transfected cultures at day +17, 

crHIV-1.11 co-transfected cultures at day +23). As 

indicated in Figure 12, the virions in these cultures 
contained both wild-type HIV and crHIV genomic RNAs. 
Full-lenqth, primer-extended cDNA was observed in both 

20 wild-type HIV transfected (Figure 12, lane 1) and crHIV-
1.ll co-transfected (Figure 12, lane 2) cultures. No 

smaller cDNAs, which would have resulted from us RNA 
cleavage, were detected, despite extensive primer­
extension analysis. Thus, the decrease in infectious 

25 wild-type HIV titers is not due to intraviral cleavage of 
wild-type HIV RNAs, but to their numerical displacement 
by crHIV RNAs within progeny virions. 

These results, thus, indicate that the method 
described herein can be employed to displace wild-type 

30 genomes, such as HIV genomes and other genomes, from 
progeny virions, using the conditionally replicating 
vectors according to the invention. 

35 
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Example 9 
This example demonstrates that crHIV vectors can 

inhibit wild-type HIV replication after challenge with 
plasmid or recombinant crHIV-1.111 virus. 

5 Jurkat cells were infected with stock HIV (clone 
pNL4-3) and were then challenged with either (1) plasmid 
DNA containing the crHIV-1.111 construct or (2) 
recombinant crHIV-1.111 virus packaged in 293 cells, 
i.e., mutant crHIV-1.M (Nadlini et al., Science, 272, 

10 263-267 (1996)). The cells were subjected to DLS lipid­
mediated transfection (Thierry et al., PNAS, 92, 9742-
9746 (1995)) or crHIV-mediated delivery. Viral 
replication was measured by using the reverse 
transcriptase assay 12 days after original infection with 

15 HIV. Wild-type positive control cultures showed normal 
levels of wild-type HIV growth. When cells infected with 
wild-type HIV were challenged with mutant crHIV-1.M via 
DLS-mediated transfection, wild-type HIV viral growth was 
unaffected. In contrast, when cells infected with wild-

20 type HIV were challenged with crHIV-1.111, which encodes 
an anti-HIV ribozyme, via DLS-mediated transfection, 
wild-type HIV viral growth (i.e., replication) was 
significantly inhibited. Furthermore, when mutant crHIV-
1.M was challenged with wild-type HIV, wild-type HIV 

25 replication was unaffected. In contrast, when wild-type 
HIV was challenged with crHIV-1.111, wild-type HIV 
replication was significantly inhibited. The data show 
that crHIV vectors can be used to inhibit significantly 
wild-type HIV replication intracellularly. 

30 

Example 10 
This example describes the use of conditionally 

replicating vectors in the therapeutic treatment of 
cancer. 

35 The conditionally replicating, cancer-treating, viral 
vector can be constructed to be defective in itg ability 
to replicate in normal cells because it lacks a viral 
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protein requisite for its replication. However, when this 
vector infects a cancerous cell, the unique properties of 
the cancerous cell provide a factor (e.g., preferably the 
same mutated cellular protein that promotes the aberrant 

5 growth of cancerous cells) that facilitates the 
replication of the defective cancer-treatment vector. 
Accordingly, this method differs from the method employed 
for treatment of viral infection inasmuch as selective 
packaging o~ the viral vector does not occur, and instead, 

10 there is preferential lysis of cancerous cells due to the 
packaging of progeny vector-derived virions in the cell. 
However, the method is similar to the method employed for 
the viral infections in that it can use a helper-virus 
expression vector to selectively propagate the 

15 conditionally replicating vector in cancerous cells. The 
vector and/or helper-virus expression vector can be made 
to be responsive to tumor-specific factors, thereby 
facilitating vector spread selectively in tumor cells. 

Tumor-specific factors, which can be exploited in 
20 this method of treatment, include, but are not limited to, 

those that act at the level: (1} of viral entry into 
cells (e.g., the presence of a tumor-specific receptor 
that will allow a viral vector to selectively enter a 
cancerous cell, but not a normal cell); (2) of viral 

25 transcription (e.g., a mutant cancerous cell protein will 
allow a cancer-treatment vector to transcribe selectively 
its RNA in cancer cells, as opposed to normal cells; and 
(3) of viral maturation and release (e.g., mutant 
cancerous cellular proteins can allow the conditionally 

30 replicating cancer-treatment vector to selectively mature, 
for instance, by association of the mutant cellular 
proteins with the viral proteins or genome, and the 

resultant promotion of viral maturation and release). 
Accordingly, mutant proteins ~hat exist in cancerous cells 

35 can interact with viral proteins {or the genomic RNA or 
DNA) at many staqes of the viral replication cycle. These 
interactions can be manipulated to create conditionally 
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replicating cancer-treatment vectors, which are defective 
in normal cells and can replicate in cancerous cells. 

In particular, this method can be employed for the 
treatment of T-cell leukemia. T-cell leukemias are a 

5 severe form of cancer with a poor prognosis. Many of the 
leukemic T-cells are CD4•. Thus, an anti-T-cell leukemia­
treating, conditionally replicating vector can be 

constructed usinq wild-type HIV as the vector backbone. 
Inasmuch as HIV ostensibly enters cells via the CD4 

10 glycoprotein, this vector would act at the level of viral 
entry into cells. 

The vector can be made into a cancer-treatment vector 
by introducing deletion(s) into wild-type HIV, for 
example. The HIV genome can be mutated by producing it in 

15 its DNA form and conducting site-specific mutagenesis, as 
previously described. The method similarly can be 
employed by complementing viral deficits with other tumor 
suppressor mutations, or neqative oncoqenes, or by 
exploiting other tumor-specific factors that interact with 

20 viral proteins. For example, the tat gene, which encodes 
a protein important for HIV replication, can be deleted. 
In the absence of Tat, HIV can no longer upregulate its 
expression, which is absolutely essential for HIV 
propagation. The Tat protein functions by binding to the 

25 TAR RNA stem-loop structure, which is associated with the 
HIV promoter, and is capable of upregulating HIV 

expression by more than 100-fold. Thus, without Tat, the 
HIV-based vector will not express HIV proteins, and will 

not propagate and kill normal (i.e., noncancerous) T-

30 cells. 

However, leukemic T-cells typically comprise a 
functionally altered molecule that is either mutated, 
overexpressed or silenced. This altered state of 
molecular function is not associated with normal cells. 

35 In its non-mutated state (but not its mutated state), this 

molecule functions in the regulation of cell proliferation 

and/or apoptosis (programmed cell death) . The changes 
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associated with the mutated state can be used to promote 
specifically the propagation of a conditionally 

replicating viral vector. This could be done in the 

presence or absence of a helper-virus expression vector. 
5 For example, the defect in Tat can be complemented by a 

helper-expression vector that is driven of a tumor­
specific promoter, where the promoter is from a gene in 
leukemic cells that is overexpressed. Such a vector only 
can replicate in leukemic T-cells and not in normal cells. 

10 Viral expression and propagation in leukemic T-cells would 

result in the lysis and death of the cells with nascent 
viral production. The vector could also carry additional 
elements to promote cell killing (e.g., a sequence 
encoding a toxin, a cytokine or an antigen to promote 

15 immune targeting) . 
Other methods and strategies can similarly be 

employed in the construction of further conditionally 
replicating cancer-treatment vectors. 

20 Example 11 

This example describes the development of second 
generation crHIV constructs (cr2HIV), which have better 
propagation properties than crHIV-1.111 vectors. 

The second generation vectors enable increased 
25 production of crHIV particles from crHIV-producing cells. 

The production of more crHIV particles facilitates their 
spread and prevents wild-type HIV outgrowth in cultures. 
Lacking sequences encoding proteins that block 

superinfection with wild-type HIV, the vectors contain 
30 all sequences of the native, wild-type HIV but do not 

encode the Tat gene. In place of the Tat gene is a 

triple anti-Tat ribozyme cassette ([SEQ ID NO: 19}) made 
to the three different sites on the Tat gene. Also, the 
Tat splice site was deleted so that the Tat ribozymes 

35 will selectively cleave genomic wild-type HIV RNAs and 
not spliced wild-type HIV RNAs, which complement for the 
defect in Tat and facilitate crHIV replication. In 
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contrast to the previous vectors, which do not encode 
proteins, other than, perhaps, a proteinaceous genetic 
antiviral agent, such as an immunoqen, the second 
generation vectors encode, but only express, these 

5 proteins in the presence of Tat. In a cell that contains 
both wild-type HIV and crHIV genomes, crHIVs genomes will 
not only be selectively packaged, but many more virions 
will be produced than from crHIV-1.111 cells, since the 
structural proteins are produced not only from wild-type 

10 HIV, but from crHIV genomes as well. Accordingly, the 
vector is conferred with a selective advantage for 
propagation, since it not only is producing virions from 
wild-type HIV templates but also from crHIV templates. 

The second generation vectors are also characterized 
15 by comprising or encoding ribozymes, the catalytic 

domains of which target regions other than those in the 
vector, itself. In contrast to crHIV-1.111, which 
comprises or encodes ribozymes targeted to the US region 
of the HIV leader sequence, which necessitated the 

20 incorporation of modified US sequences into the leader of 
the crHIV vector, the ribozymes of the second generation 
vectors target regions that are not in the vector, 
itself, thereby eliminating the need to modify the 
sequence of the vector. This reduces the possibility 

25 that resistant HIVs could form by recombination of wild­
type HIV with modified crHIV US sequences. Thus, 
recombination of wild-type HIV with crHIV sequences would 
provide no benefit to the wild-type HIV; incorporation of 
ribozyme sequences into wild-type HIV would only be 

30 detrimental to wild-type HIV. 
The second generation vectors are further 

characterized by the incorporation of a number of 
different ribozymes, each of which is targeted to a 
different site, to reduce the possibility of wild-type 

35 HIV from forming ribozyme-resistant mutants. 
In a further improvement of the vector system for 

the purposes of a safe, conditionally replicating 
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vaccine, the "'helper-vector" construct can be further 

improved by adding genetic elements/factors that 

specifically facilitate crHIV replication and spread in a 

safe manner. One embodiment is the introduction of 
5 ribozymes into the helper-vector to prevent its genetic 

recombination with the vector to produce wild-type virus. 

Thus, the above cr2HIV vector can be complemented with a 
Tat helper-expression vector to facilitate its spread. 

By inserting anti-HIV ribozymes into the helper-

10 expression vector, the chance for recombination is 
minimized because an encounter of the vector with helper­

vector RNA would result in their mutual scission and 
destruction. Therefore, the helper-expression vector can 
be modified in a number cf ways to aid a particular 

15 prophylactic or therapeutic strategy. Accordingly, 

cr2HIV vectors have utility as vaccines against HIV since 
they Cl) replicate and, thus, persistently stimulate the 
host's immune response and (2) allow the host to 
recognize diverse epitopes, since they are derived from 

20 HIV and change antigenically. 

All of the references cited herein, including 
patents, patent applications, and publications, are 

hereby incorporated in their entireties by reference. 

25 While this invention has been described with an 
emphasis upon preferred embodiments, it will be apparent 

to those of ordinary skill in the art that variations in 
the pref erred embodiments can be prepared and used and 
that the invention can be practiced otherwise than as 

30 specifically described herein. The present invention is 

intended to include such variations and alternative 

practices. Accordingly, this invention includes all 

modifications encompassed within the spirit and scope of 

the invention as defined by the following claims. 
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SEQUENCE LISTING 

(1} GENERAL INFORMATION: 

5 (i) APPLICANT: Dropulic, Soro 
Pitha, Paula M. 

{11) TITLE OF INVENTION: CONDITIONALLY REPLICATING VIRAL VECTORS 
AND THEIR USE 

10 
liiil NUMBER OF SEQUENCES: 19 

{iv) CORRESPONDENCE ADDRESS: 
(Al ADDRESSEE: Leydiq, Voit & Mayer, Ltd. 

15 (B} STREET: Two Prudential Plaza, Suite 4900 
(C) CITY: Chicago 

20 

(DI STATE: IL 
(E) COUNTRY: USA 
(Fl ZIP: 60601 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy disk 
(Bl COMPUTER: IBM PC compatible 
(C} OPERATING SYSTEM: PC-DOS/MS-DOS 

25 (DI SOFl'WARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: US 
(B) FILING DATE: 27-NOV-1996 

30 (C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: US 08/563,459 
(Bl FILING DATE: 28-NOV-1995 

35 (Cl CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Kilyk Jr., John 
(8) REGISTRATION NUMBER: 30,763 

40 (C) REFERENCE/DOCKET NUMBER: 71899 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (312) 616-5600 
(B) TELEFAX: {312) 616-5700 

45 (C) TELEX: 25-3533 

50 

55 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 39 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(0) TOPOLOGY: linear. 

SUBSTITUTE SHEET (RULE 26) 
THIS SHEET HAS BEEN 

. REPLACED 



5 

10 

W097/20060 

82 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GTGTGCCCGT CTGTTGTGTG ACTCTGGTAA CTAGA~TC 

(2) INFORMATION FOR SEQ ID H0:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 39 base pairs 
{B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 

15 (D) TOPOLOGY: linear 

Iii) MOLECULE TYPE: DNA (genomic! 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

GTGTGCCCAC CTGTTGTGTG ACTCTGGCAG CTAGAGAAC 

25 (2) INFORMA.TION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 
IA) LENGTH: 3 base pairs 
(B) TYPE: nucleic acid 

30 (C) STRANDEDNESS: doub1e 
(D) TOPOLOGY: linear 

35 

40 

(ii) MOLECULE TYPE: RNA 

{xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

NUH 

(2) INFORMJ\TION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARP..CTERISTICS: 
(A) LENGTH: 40 base pairs 

45 (Bl TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (other nucleic acid) 
50 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

CACACAACAC TGATGAGGCC GAAAGGCCGA AACGGGCACA 

(2) INFORMA.TION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 base pairs 

10 (B} TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D} TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (other nucleic acid) 
15 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

ATCTCTAGTC TGATGAGGCC G.AAAGGCCGA AACCAGAGTC 
20 

(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CW\RAC'l'ERISTICS: 
25 (A) LENGTH: 39 base pairs 

IB) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

30 (ii) MOLECULE TYPE: DNA (qenomic} 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

35 GTGTGCCCGC CTGTTGTGTG ACTCTGGTAA CTAGAGATC 

(2) INFORMATION FOR SEQ ID N0:7: 

40 (i) SEQUENCE CHARACTERISTICS: 

45 

50 

(A) LENGTH: 39 base pairs 
(B) TYPE: nucleic acid 
{C) STRANDEDNESS: double 
CD) TOPOLOGY: linear 

(iil MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

GTGTGCCCGT CTGTTGTGTG ACTCTGGCAA CTAGAGATC 
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(2) IN.FORMATION FOR SEQ ID NO:B: 

(i) SEQUENCE CHARACTERISTICS: 
IA) LENGTH: 27 base pairs 

5 (8) TYPE: nucleic acid 
(C) STRANDEDNESS: sin9le 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (other nucleic acid) 
10 

{xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

TGTGACGTCG ACCACACAAC ACTGATG 
15 

(2) INFO~TION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 
2Q (A) LENGTH: 33 base pairs 

(8) TYPE: nucleic ac:id 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: DNA (other nucleic acidl 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

30 TGTGACGTCG ACTCTAGATG TGCCCGTTTC GGC 

(2) INFORMA.TtON FOR SEQ ID NO:lO: 

35 (i) SEQUENCE CHARACTERISTICS: 

40 

(Al LENGTH: 31 base pairs 
(Bl TYPE: nucleic acid 
{Cl STRANDEDNESS: sinqle 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ONA (other nucleic acid) 

(xii SEQUENCE DESCRIPTION: SEQ ID NO:lO: 
45 

GGTTAAGCTT GAATTAGCCC TTCCAGTCCC C 
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(2) INFORMATION FOR SEO ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 
(Al LENGTH: 31 base pairs 

5 (B) TYPE: nucleic acid 
(C) STPANDEDNESS: single 
(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: DNA (other nucleic acid) 
10 

{Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

GGTTGGATCC GGGTGGCAAG TGGT~ G 
15 

{2) INFORMATION FOR SEQ ID NO:l2: 

{i) SEQUENCE CHARACTERISTICS: 
20 CAI LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(Dl TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: DNA (other nucleic acid) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l2: 

30 CGGATCCACG CGTGTCGACG AGCTCCCATG GTGATCAG 

35 

40 

45 

{2) INFORMATION FOR SEQ ID NO:l3: 

Ii) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 base pairs 
(Bl TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (other nucleic acid) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l3: 

GGTTAAGCTT GTCGCCGCCC CTCGCCTCTT G 

SUBSTITUTE SHEET (RULE 26) 

PCT/US96/18997 

31 

38 

31 

THI$ SHEET HAS BEEN 
REPLACED 



WO 971200(;0 

86 

(2) INFORMATION FOR SEQ ID N0:14: 

(ii SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 112 base pairs 

5 (B) TYPE: nucleic acid 
CC) STRANDEDNESS: sinqle 
(D) TOPOLOGY: linear 

(iii MOLECULE TYPE: DNA (other nucleic acid) 
10 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

PCT/US96Jl8997 

AAGCTTGCCT TGAGTGCTCA AAGTAGTGTG TGCCCACCTG TTGTGTGACT CTGGCAGCTA 6Q 
15 

GAGATCC~AC AGACCCTTTT AGTCAGTGTG GAAAATCTCT AGCAGTGGCG CC 112 

20 
(2} INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE C~CTERISTICS: 
(A) LENGTH: 39 base pairs 
(Bl TYPE: nucleic acid 
(C) STIU\NDEDNESS: double 

25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

30 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l5: 

GTGTGCCCNN CTGTTGTGTG ACTCTGGNAN CTAGAGANC 

35 (2) INFORMATION FOR SEQ ID NO:l6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 39 base pairs 
(B) TYPE: nucleic acid 

4 0 ( C) STRANDEDNESS : double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic} 

45 
(xi} SEQUENCE DESCRIPTION: SEQ ID NO:l6: 

GTGTGCCCAT CTGTTGTGTG ACTCTGGTAA. CTAGAGATC 

50 
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(2) INFORMATION FOR SEQ ID NO:l7: 

(i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 39 base pairs 

S (B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA lgenomic) 
10 

(xii SEQUENCE DESCRIPTION: SEQ ID NO:l1: 

GTGTGCCCGT CTGTTGTGTG ACTCTGGTAG CTAGAGATC 
15 

(2) INFORMATION FOR SEQ ID NO:lB: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:lB: 

30 GTGTGCCCGT CTGTTGTGTG ACTCTGGTAA CTAGAGAAC 

(2) INFORMATION FOR SEQ ID NO:l9: 

35 (i) SEQUENCE CHARACTERISTICS: 

40 

45 

(Al LENGTH: 152 base pairs 
(B) TYPE: nucleic acid 
(C} STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (other) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l9: 

PCT/US96/l 8997 

39 

39 

GATCGAATTC CTGCTATGTT CTGATGAGTC CG.AAAGGACG AAA.CACCCAT TTCCCGGGTT 60 

50 

TAGGATCCTG ATGAGCGGAA AGCCGCGAAA CTGGCTCCGG CCGTTTTAGG CTCTGATGAG 120 

CTGGAAACAG CGAAACTTCC TGGTCGACGA TC 

I 
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(C) CLASSIPICATIOM; 
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(A) APP:t,,lCATION NtlMBER: US 08-5634.59 
(B) FILING DATE: 28-NOV-1995 
(C) CLASSIFICATIO~: 

("Ti ii) ATTORNEY /AGENT I·NFOiMATION: · 
(A) NAME: K1lyk Jr., John 

. (B) RSGISTRATXON NOY.BIR: 30, 763 
(C) RBPERBNCB/COCKBT NtJMBER':. 74993 

(ix) TBLECCH«JNICA'l'ION INFORMATION: 
(A) 'tBLEPHOt11'B: (312) 616-5600 
(B) TELEFAX: (312) 616·5700 
(C) TELEX: 25-2533 

(2) lltFORMATION FOR $EQ In N0:1: 

(i) SBQOENCB CHARACTERISTICS: 
CA> LENGTH: 39 ·base pairs 
CB) TYPEi nucleic acid · 
(C) STRANDEDNESS: double 
{D) TOPOLOGY: linear 
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(ii) MCI.ECOLE TYPE: DllA (genomic) 

(xi) SBQ".JENCB DBSCRIP'l'ION: SBQ :CD NO: 1; 

GTGTGCCCGT CTOTI'G'l'GTG ACTCTGGTAA CTAGAGATC 

(2) INFORMATION POR SBQ lD N0:2: 

< i) · SBQtJBNCE CHARACTBRISTICS : 
(A) LENGTH: 39 base pairs 
(S) TY~I: nucleic •cid 
(C) STRANDEDDSS1 double 
CD) TOPOLOGY= linear 

(ii) MOLICULB TYPBa mfA (9enomic) 

(x:.) SEQOSMCB DBSCR.IPTJ:OH: &BQ ID lr0:2; 

GTGTGCCCAC: C'l'GTTGTGTG ACTC'l'GGCAG CTAGAG>.AC 

. (2) I:SPORMATION POR SEQ ID HO: 3 : 

(i) SEQtrlNCi CHARACTER~STICS: 
(A) LENGTH: 40 base pairs 
CB> TY'PB: nucleic acid 
(C) STRAN!>Z=NESS: double 
CD) TOPOLOGY: linear 

" 

(ii) MOLECOLE TYPB: DNA (Other nucleic acidl 

(Xi) SSQUBNCE DESCRIPTIONr SEQ ID N0:3: 

CACACAACAC TGATGAGGCC GAAAGGCCGA.AACGGGCACA 

(2) INtoRMJ!i.TION FOR SEQ ID N0:4: 

{il SSQUDCE CHAR.ACTB.R.lSTICS: 
(Al LENGTHz 40 base pairs 
(8) TYPE:· nucleic acid 
(C) STRANDEDllTKSS: double 
(D} 'rOPOLOGY: linear 

.Ci~l MO~COI.t T!PE: DNA (other nucleic aci:d> 

lxi) S!QUERC! DESCRIPTION: S!Q l~ N0:4: 

ATCTCTAGTC TGATGAGGCC GAAAGGCCGA ~CCAGAGTC 
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(2) INFORMATION FOR SEQ ID lQO:!Sr 

(i) SBQUPCS CHUAC'l'ER.ISTIC:S: 
(A) LBNGTH: 39 base pair• 
(Bl TYfE: nucleic acid 
(C) S'l'RAllDIDNBSS: double 
(D) 'l'OPOLOGY: linear 

(ii) MOliiCOLI TYPE: DNA (genomie) 

(xi) SEQO'SNCI DESCRZPTIOB: S£Q ID ~:Sr 

GTGTGCCCGC C'l'G'l'TG'rG'tG ACTCTGGTAA CTAGAGATC 

(2) %MfQRMATION POil SEQ ID M0:6: 

(i) SBQO'ENCS CHARACTERISTIC.Sr 
(A) LBNGTH: 39 base pai:s 
(B) TrPI: ~ucleic acid 
(C) STRANDBDSESS: double 
(D) TOPOLOGY: . lineat' 

(ii) MOliBCCLB TYPE: DNA (gencimic) 

(Xi) SBQUENCE ~BSCRIPTION: SEQ ID N0:6: 

G'l'G'!'GCCCGT CTGTrGTGTG ACTCTGGCAA t::'l"AGAGATC 

(.2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) laDGTH1·27 b.ase pairs 
(B) TrPB: nucleic aeid 
(C) STRANDBDNBSS: single 
(D) 'l'OPOI.OGY: linear 

(ii) MOLBC:OL! TYPE:: Dl'IA !other nucl.eic acid) 

(xi) SEQUENCE DSSCltIPTION: SEQ ID N0:7: 

TGTGACGTCG ACCACACAAC ACTGAT:'.; 
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(2) t~ORMATION FOR SBQ XD B0:8: 

{ i) SBQOBNCB CHARACTBR:CSTJ:CS ; 
CAl LENGTH1 33.~••e pairs 
CB> TYPE: nucleic acid 
(C) STRAN.D!DNSSS: sinil8 
(DJ TOfOLOGY: linear 

(ii) MOt.iCULB TY1B: DlfA Cother nueleic &qid) 

(xi) S:BQUBNCB DESCRIPTION: SEQ ID HQ:i: 

'l'GTGACGTCG M:TC'l'AGA'X'G TGCCCOTTTC GGC 

(2) INFORMATION POR SBQ Il:I BO: 9 : 

(1) SIQUBNCI CHARACTERISTICS: 
(A) LBNG'rll; 31 base pairs 
ca> TYPl:.~cleie acid 
(C) STRANDIU>NESS: single 
(D) TOPOLOGY: li~ear . 

CU) MOLBcot.I TYPB1 DNA (ocher nucleic acid) 

.. 
(xi) SB~!JDJCE DBSCRIPTXON: SEQ ID N0:9:. 

GGTTAAGCTT GAA'l'TAGCCC: 'l'TCCAGTCCC C 

(2) INFORMATION &'OR SEQ ID NO:lO; 

(i) SEQOINCE CHARACTSR?STlCS: 
(A) LENG'l'H: 31 ~••e pair1 
(8) TY'PB: nucleic acid 
(C) STRANDEDNESS: 1ingle 
(D) TOPOI.OGY 1 linear 

(ii) MOlaBCCLE TYPBs DNA (ocher nucle;ic acid) 

Cxi) SEQUENCE ~BSCJlIPTlON: SEQ ID N0:10: 

GG'rl'GGATCC GGGTGGCAAG 'l'GGTCAAAAA G 
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( 2) Ilf!'ORMATION FOR $BQ ID NO :'11 : 

(i) SBQUBNCB CHARACTERISTICS: 
(~) LBNGTH: 38 base pairs 
(S) TIPE: nucleic acid 
(C) S'l'RARDBDllTBSS; single 
(J::>) . TOPOl.OGY: linear 

tii) MotiBCU:.B ~PB: DNA Cother nucleic acid) 

(xi) SEQOBHCE DESCRIPTION: SIQ ID ~:11~ 

CaGATCCACG CGTG'l'CGACG AGCTCCCA'l'G GTGATC!AG 

( 2) INFORMATION FOR SIQ ID ~O: 12: 

. (1) SZQUSNCE·CHARACTERISTICS: 
(Al LDG'I'Ht ll base pai%B 
(Bl TYPE: nucleic aei~ 
(C) STRARDBDNBSS: single 
( D) TOPOLOGY: linear . . 

(ii) MOLECTJLB TY1!; DNA Cother nucleic •cid) 

" 
(Xi) SEQtJENCE ~SSCRIPTION: SEQ lD N0:12i 

GGTTAAGCTT GTCGCCGCCC CTCCJCC'!'CT'l' G 

(2) DlFORMATION POll SEQ IO NO:ll: 

(1) SEQUENCE CHARACT.!RISTICS: 
CA> ~BNGTH: 112 base pai~s 
(Bl TYPE: nucleie acid 
(C} STKANDEDNESS: Bingle 
(D) TOPOLOGY: linear 

(1i) MO~SCTJLB TYPE: ~NA (other.nucleic acid) 

{xi) SEQUSNCE DBSOlIPTION: S!Q xn.KO:l3i 

38 

31 

.. 

AAGCTTGC:C'l' TGAGTGCTCA AAGTAG'l'G'l'G TGCCCACCTG Tl'GTGTGACT C'J.'OOCAGC'l'A . 60 

GACATCCc:AC AGACCC'rl'Tr AGTCAGTGtG GAAAATCTCT AGCAGTGGCG CC 112 
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(2) Il!J'PORMATION POR SBQ ID N0:14; 
. 

( il SBQOBNCB CHARACT!R.IST::CCS·: 
(Al LENGTH: !9 bese pairs 
(B> TrPB: nu~leic acid 
(C) STRANlliDNBSS: double 

. (D) TOPOLOGY: linesx-

(ii) MOLSCCL! TYPB: DNA (genomic) 

86 

(xi) SBQt1ENCE DESCRIPTION: SSQ ID NOzlt1 

GTGTGCCCNN C'l'GTTGTGTG ACTCTGGNAN C'l'AGAGHC 

(2) IRPORMATION FOR SEQ ID N0:15:' 

(i) SEQOENCE CHARACTERISTICS: 
(A) LB~GTH1 39 base pairs 
(B) T!PB: nucleic acid 
(C) s~~!SS: doul:lle 
(D) TOPOLOGY: linear 

(ii) MOLSCOLB 'l'YH: DNA C;encmic) 

' 
!xi) SEQtJENCS DSSCll%PTION: SBQ ID NO:l5r 

G'l'GTGCCCAT CTGTTGTGTG ACTCTGGTAA CTAGAG1'TC 

(2) INFORMATION FOR SEQ ID 50:16: 

(i) SIQOENCE CHARACTERISTICS; 
CA) LBNGTH: 3 9 base pairs 
(B} TYPE: ~ueleic &Cid 
re> STRANDEDNESS: doubie 
(0) TOPOLOGY: linear 

(ii) MOLBCtJLE TYPE T DNA !genomic) 

(xi) SBQUEN(!g DESCIU:n:"ON: s:e:o !:O NO: u: 

GTG'l'Gc:CCGT CTG'l'TGTGTG ACTCTGGTAG CTAGAGATC 
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(2) lNFORJl.ATION FOR S!Q ID NO:l7: 

Ci} SEQUENCE CHARACTBRlSTICS: 
(A) LD'GTH1 1s2 bon· pairs 
IB) TYPE: nucleic acid 
(C) STR.Am:.)BDNBSS: ~ol.!Dle 
(D} TOPOI.OGYi linear 

(ii) MOLBctlLB TYPE! DlfA (ocher) 

87 

(Xi) SBQODCE DBSCRIPTION: SEQ ID NO:l?·: 

GATCGAA'ITC CTGCTATGTr CTGATGAGTC CGMAGGACG AAACACCCAT T'I'CCCGGGTT 60 

TAGGATCCTG A'l'GAGCGCJU AGCCGCGAAA CTGGCTCCGG CCG'rl"l'TAGG CTC'I'GATGAG 120 
' . 

C'l'GGAAACAG CGAAACTTCC TOGTCGACGA 'l'C 152 

.. 
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WHAT IS CLAIMED IS: 

1. A conditionally replicating viral vector, which 

is characterized by a capacity to replicate only in a 

host cell that is permissive for replication pf said 

5 vector, and wherein said vector comprises at least one 

nucleic acid sequence, the presence, transcription or 
translation of which confers to said vector in a host 
cell, which is permissive for replication of said vector, 
a selective advantage over a wild-type strain of virus 

10 corresponding to the virus from which said vector was 
derived or a helper. 

2. The conditionally replicating viral vector of 
claim 1, wherein said at least one nucleic acid sequence 

15 comprises a·nucleotide sequence, which comprises or 
encodes, in which case it expresses, a genetic antiviral 
agent, which adversely affects the replication and/or 
expression of a virus other than said vector. 

20 

25 

30 

35 

3. The conditionally replicating viral vector of 
claim 2, wherein said genetic antiviral agent is selected 
from the group consisting of an antisense molecule, a 
ribozyme, and an immunogen. 

4 . The conditionally replicating viral vector of 
claim 2, wherein said genetic antiviral agent is a 

ribozynte. 

5. The conditionally replicating viral vector of 
claim 4, wherein said vector is derived from a human 
immunode.ficiency virus. 

6. The conditionally replicating viral vector of 
claim 4, wherein said vector is derived from a 
Togaviridae. 
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7. The conditionally replicating viral vector of 

claim 4, wherein the catalytic domain of said ribozyme 
cleaves the nucleotide sequence of SEQ ID NO: 3. 

5 8. The conditionally replicating viral vector of 

10 

claim 4, wherein said ribozyme is encoded by a sequence 

selected from the group consisting of SEQ ID NO: 4 and 

SEQ ID NO: 5. 

9. The conditionally replicating viral vector of 
claim 5, wherein said wild-type strain of virus comprises 
a nucleotide sequence encoded by SEQ ID NO: 1 and said 
vector, if DNA, comprises a nucleotide sequence selected 

from the group consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 

15 15, 16, 17 and 18, and said vector, if RNA, comprises a 
nucleotide sequence encoded by a nucleotide sequence 
selected from the group consisting of SEQ ID NOS: 2, 4, 
5, 6, 7, 15, 16, 17 and 18. 

20 10. The conditionally replicating viral vector of 

25 

claim 5, wherein said vector lacks the tat gene and its 
splice site from the genome of the human immunodeficiency 
virus, wherein said human immunodeficiency virus is wild­

type. 

11. The conditionally replicating viral vector of 
claim 10, wherein, in place of said tat gene and its 

splice site, said vector comprises a triple anti-Tat 
ribozyme cassette, wherein the catalytic domain of each 

30 ribozyme of the triple ribozyme cassette cleaves a 

different site on a wild-type human immunodeficiency 

viral nucleic acid molecule. 

12. The conditionally replicating viral vector of 

35 claim 11, wherein said wild-type human immunodeficiency 
· viral nucleic acid molecule comprises tat and the 
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catalytic domain of each ribo:yme of the triple ribozyme 
cassette cleaves a different site within tat. 

13. The conditionally replicating viral vector of 
5 claim 11, wherein the catalytic domain of each ribozym.e 

cleaves a nucleotide sequence in a region of a nucleic 
acid molecule of wild-type human immunodeficiency virus 
for which there is no ribozyme-resistant counterpart in 
the vector, itself. 

10 

14. A conditionally replicating viral vector, which 
is characterized by a capacity to replicate only in a 
host cell that is permissive for replication of said 
vector, and wherein said vector comprises at least one 

15 nucleic acid sequence, the presence, transcription or 
translation of which confers to a host cell, which is 
infected with said vector, a selective advantage over a 
cell infected with a wild-type strain of virus 
corresponding to the virus from which said vector was 

20 derived or a helper. 

15. The conditionally replicating viral vector of 
claim 14, wherein said at least one nucleic acid sequence 
comprises a nucleotide sequence encoding a multidrug 

25 resistance. 

30 

16. The conditionally replicating viral vector of 
claim 15, wherein said vector is derived from a human 
inununodeficiency virus. 

17. The conditionally replicating viral vector of 
claim 15, wherein said vector is derived from a 
Togaviridae. 

35 18. The conditionally replicating viral vector of 
claim 16, wherein said at least one nucleic acid sequence 
comprises a nucleotide sequence selected from the group 
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consistinq of a nucleotide sequence encodinq a mutant 

protease and a nucleotide sequence encoding a mutant 
reverse transcriptase. 

19. The conditionally replicating viral vector of 

claim 1, wherein said vector further comprises at least 
one additional nucleic acid sequence, the presence, 
transcription or translation of which confers to a host 
cell, which is infected with said vector, a selective 

10 advantage over a cell infected with a wild-type strain of 
virus corresponding to the virus from which said vector 

was derived or a helper. 

20. The conditionally replicating viral vector of 
15 claim 19, wherein said at least one additional nucleic 

acid sequence comprises a sequence encoding a multidrug 
resistance. 

21. The conditionally replicating viral vector of 
20 claim 19, wherein said vector is derived from a hum.an 

immunodeficiency virus. 

22. The conditionally replicating viral vector of 
claim 19, wherein said vector is derived from a 

25 Togaviridae. 

23. The conditionally replicating viral vector of 
claim 21, wherein said at least one additional nucleic 
acid sequence comprises a nucleotide sequence selected 

30 from the group consisting of a nucleotide sequence 
encoding a mutant protease and a nucleotide sequence 
encoding a mutant reverse transcriptase. 

24. The conditionally replicating viral vector of 
35 claim 23, wherein said vector is selected from the group 

consisting of crHIV-1.. 1, crHIV-1.11, crHIV-1.12, and 
crHIV-1.111. 
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vector of 
carrier. 

26. 

vector of 
carrier. 

27. 

vector of 
carrier. 
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A pharmaceutical composition comprising a 
claim 1 and a pharmaceutically acceptable 

A pharmaceutical composition compr1s1ng a 
claim 14 and a pharmaceutically acceptable 

A pharmaceutical composition compr1s1ng a 

claim 19 and a pharmaceutically acceptable 

28. A host cell comprising a vector of claim 1. 

29. A host cell comprising a vector of claim 14. 

30. A host cell comprising a vector of claim 19. 

20 31. A vector, wherein said vector, if DNA, 
comprises a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 17 and 
18 and wherein said vector, if RNA, comprises a 

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

5, 6, 7, 15, 16, 17 and 18. 

32. A method of engendering a vector, which is 
derived from a wild-type human immunodeficiency virus and 

30 which is capable of replicating only in a host cell that 
is permissive for replication of said vector, with a 

ribozyme, which is comprised within or encoded by said 

vector and which cleaves a nucleic acid of a wild-type 
human immunodeficiency virus but not the vector, itself, 

35 and its transcripts, if any, which method comprises: 

(a) obtaining a vector, which is derived from a 
wild-type human immunodeficiency virus and which is 

~~~~~~~~~~ 
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capable of replicating only in a host cell that is 
permissive for replication of said vector; and 

(b) incorporating into the vector of (a) a nucleic 
acid sequence, which comprises or encodes, in which case 

5 it also expresses, a ribozyme, the catalytic domain of 
which cleaves a nucleic acid of a wild-type human 
immunodeficiency virus but not the vector, itself, and 
its transcripts, if any. 

10 33. The method of claim 32, wherein step (b} 

comprises: 
(i) deleting from said vector a nucleotide sequence 

comprising or encoding the US sequence of the wild-type 
human immunodeficiency virus; and 

15 (ii) inserting into the vector of {i) a nucleotide 
sequence selected from the group consisting of SEQ ID 
NOS: 2, 6, 7, 15, 16, 17 and 18, if the vector is DNA, 

and a nucleotide sequence encoded by a nucleotide 
sequence selected from the group consisting of SEQ ID 

20 NOS: 2, 6, 7, 15, 16, 17 and 18, if the vector is RNA. 

34. The method of claim 32, wherein said vector 

replicates in a host cell permissive for replication of 
25 said vector more than once. 

35. A method of modifying a vector, which method 
comprises: 

(a) obtaining a vector; and 
30 (b) introducing into the vector of (a) a nucleotide 

sequence selected from the group consisting of the DNA 
sequences of SEQ ID NOS: 2,. 4, 5, 6, 7, 15, 16, 17 and 

18, if the vector is DNA, and a nucleotide sequence 

encoded by a nucleotide sequence selected from the group 
35 consisting of SEQ ID NOS: 2, 4, 5, 6, 7, 15, 16, 11 and 

18, if the vector is RNA. 
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36. A method of propagating and selectively 
packaging a conditionally replicating vector without 
using a packaging cell line, which method comprises: 

(a) contacting the conditionally replicating vector 
5 with a cell capable of being infected by another vector, 

which is the same type of vector as the conditionally 
replicating vector and which differs from the 
conditionally replicating vector by being wild-type for 
replication competency; 

10 (b) contacting the cell of (al with said another 

15 

vector of (a); and 
(c) culturing the cell of (b) under conditions 

conducive to the propagation of said conditionally 
replicating vector. 

37. An isolated and purified nucleic acid molecule 
selected from the group consisting of a DNA molecule 
comprising a nucleotide sequence selected from the group 
consisting of SEQ lD NOS: 2, 6, 7, 15, 16, 17 and 18 and 

20 a RNA molecule comprising a nucleotide sequence encoded 
by a nucleotide sequence selected from the group 
consisting of SEQ ID NOS: 2, 6, 7, 15, 16, 17 and 18. 

38. A method of inhibiting the replication of a 

25 wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 
being infected with the wild-type strain of the virus, 
with a vector of claim 1, the presence, transcription or 
translation of which inhibits the replication of the 

30 wild-type strain of virus in the host cell. 

39. A method of inhibiting the replication of a 
wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 

35 being infected with the wild-type strain of the virus, 
with a vector of claim 14, the presence, transcription or 
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translation of which inhibits the replication of the 
wild-type strain of virus in the host cell. 

40. A method of inhibitinq the replication of a 
5 wild-type strain of a virus in a host cell, which method 

comprises contacting the host cell, which is capable of 
beinq infected with the wild-type strain of the virus, 
with a vector of claim 19, the presence, transcription or 
translation of which inhibits the replication of the 

10 wild-type strain of virus in the host cell. 

41. A method of inhibiting the replication of a 
wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 

15 being infected with the wild-type strain of the virus, 
with a vector of claim 13, the presence, transcription or 
translation of which inhibits the replication of the 
wild-type strain of virus in the host cell. 

20 

25 

42. The method of claim 41, which additionally 
comprises contacting the host cell with an agent selected 
from the group consisting of a cytotoxic drug, a protease 
inhibitor, and a reverse transcriptase inhibitor. 

43. A method of inhibiting the replication of a 
wild-type strain of a virus in a host cell, which method 
comprises contacting the host cell, which is capable of 
beinq infected with the wild-type strain of the virus, 
with a vector of claim 16, the presence, transcription or 

30 translation of which inhibits the replication of the 
wild-type strain of virus in the host cell. 

44. The method of claim 43, which additionally 
comprises contacting the host cell with an aqent selected 

35 from the group consisting of a cytotoxic drug, a protease 
inhibitor, and a reverse transcriptase inhibitor. 
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45. The method of claim 38, wherein said virus 
causes cancer. 

46. The method of claim 38, wherein said host cell 
5 has not yet come into contact with said wild-type strain 

of virus and wherein said method additionally comprises 
contacting said host cell with a helper-expression 

vector, wherein said helper-expression vector complements 
said conditionally replicating viral vector for its 

10 inability to replicate. 

15 

47. The method of claim 46, wherein said helper­
expression vector complements said conditionally 
replicating viral vector in a cell-specific manner. 

48. A method of expressing a gene of interest in a 
host cell, which method comprises: 

(a) contacting said host cell with a conditionally 
replicating viral vector of claim 1, wherein said viral 

20 vector further comprises the gene of interest and is 
capable of expressing the gene in said host cell, and a 
helper; and (b) expressing in said host cell the gene of 
interest. 

25 49. The method of claim 48, wherein said expression 
of said gene of interest in said host cell inhibits 

replication of a wild-type virus in said host cell. 

50. A method of expressing a gene of interest in a 
30 host cell, which method comprises: 

(a) contacting said host cell with a conditionally 

replicating viral vector of claim 14, wherein said viral 
vector further comprises the gene of interest and is 

capable of expressing the gene in said host cell, and a 

35 helper; and (b) expressing in said host cell the gene of 
interest. 
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51. A method of expressing a qene of interest in a 
host cell, which method comprises: 

(a) contacting said host cell with a conditionally 
replicating viral vector of claim 19, wherein said viral 

5 vector further comprises the gene of interest and is 
capable of expressing the gene in said host cell, and a 
helper; and (b) expressing in said host cell the gene of 
interest. 

10 

15 

52. A method of detecting interaction between a 
drug/factor and a protein, which method comprises: 

(a) contacting the drug/factor with a host cell of 
claim 28, in which the vector encodes and expresses a 
protein; and 

(b) detecting interaction between the drug/factor 
and the mutant protein. 
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BRIEF SUMMARY OF THE INVENTION 
The present invention provides a conditionally 

replicating viral vector, which is characterized by a 
capacity to repl.icate only in a host ·eel~ that is 

5 permissive for replication of the .vector. 
In one embodiment, the co.ndi~ionally replicating 

viral vector .comprises at least one nucleic acid 
sequence, the presence, trar.scription or tran.slat!:on cf 
which confers to the vector in.a replication-permissive 

10 host cell a selective advantage over a wild-type strain 
ot virus correspondi~9 to the virus frdm which the vector 
was derived. 

In another embodiment of the conditionally 
replicatinq viral vector, the vector, whieh ~referably is 

15 a retrovirus, comprises at least one nucleic acid 
sequence, ~he preser.~e, t~an&cription or translation of 
which confers to a host cell, which is infected with 'the 
vector,. a selective advantaqe over a cell infected with a 
wild-type strain of virus corresponding t~· the virus· fr~m 

20 which the vector was derived .• 

Also provided by the present invention is.a 
pharmaceutical composition co..~prising a eonditio~ally 
replicating viral vect.or and a pharmaceutically 
acceptable carr:.er. Fur-:her provided is a host .. cell 

25 co~prisinq a conditionally rep:icating viral vector. A 
vecto.r, whereir. said vecl:or, if DNA, comprises a 
nuc:eotide sequence selec~ed from the group consi$tin9 o! 
S!:O ID NOS: 2, 3, 4, S, 6, 14, in w~ich at least one N is 
mutated, lS and 16 and wherein said, vector, if RNA, 

30 coir.prises a nueleoti,de sequenee encoded t>y a !t'J.Cleotide 
sequence selected f rcm. the· qroup consisting of SEQ IO 
NOS: 2, 3, 4, 5, 6, 14, in which at· least one N is 
~utated, lS and 16 is also proviaed·as are isolated ana· 
purified nucleie acid moleeules as set fo~th ~ere~n. 

35 Similarly provided are a met~od of engenderinq a vectc~ 
with a ribozyme, a ~ethoa o~ modify~nq a vector, and a 
method of propagating and select~vely packag~~q a · 

conditiona!ly re~licatin9.vector wittour-:u~s~i~·n7g~a==---~----
REPLACEMENT SHEET 
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Figure 3 is a graph dep1ct!ng reverse transcriptase 

activity (epm/µl) versus time (days after co­
tra~sfect~on) for crHIV-rnediate~ 1nhibitior. of wild-type 

HIV repl~cation in Jurkat cells co-~ransfec~ed wi~h wi:d-
5 type HIV and crHiy-1.1 !open boxes), with wild-~ype a:v 

and crHIV~l.11 (open crossed boxes), with wild-type HIV 
and crHIV-1~12 (stippled boxes); and with wild-~ype HIV 
and control plasm•d pG~M-3Z (solid boxes) • 

Figure 4 is a qraph depietinq reverse transcriptase 

10 activity (cpm/µ1) ve~sus time (days after co­
transfaction) for .crHIV-mediated inhibition of wi:d-type 
HIY =eplication· in ~urkat cells co-transfected ~ith wi!d­
type HIV and crHIV-l.l (open boxes), ·wild-type ·Hrv and 

15 
crHIV-1.11 (open erossad boxes), wild-type HIV and crHIV-
1.111 (stippled boxes), and wild-type HIV and plasmid 
pGEM-3Z (solid boxes). 

' 
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Fiqures SA - SC are schematie depictions of the 
primers· and p:robes employed to detect US"RN.A transcripts 
from wild-type HIV (Fi9. SA), crH!V-1.1 (Fig. SB), and 
crHIV-1. lll (Fiq. ·SC). Designations: U5, 05 coding 

5 seqi.;.ence; \JI, packaging siq:ial; gag, pol and env~ the 
coding seqi.;ences for pro~eins that form the viral core, 
·reverse t:canscriptase, and envelope, respectbrely;, open 

boxes, viral lor.q te.rminal repeats; solid boxes, tat and 
rev codi~g sequences; and PE~ Vl, V2, V3, Rl and R2, 

lC pri~ers employed for wild-type and/or conditionally 
replica~ing viruses. Th~ cross ir. the wild-type U5 
coding region indicates the approximate regio~ in wh~ch 
ribozymes accordinq to ~he i~vention cleave in the wild­
type US RNA, but not modifit!d crKIV US 

0

RNA (i.e.; "mOS"). 
15 

.. 

. . 
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DESCRIPTION OF .THE PREFERRED EMBODIMENTS 
the present invention provides a :r'.lethod of 

inhi.bi tinq the replica:tion of a wild-type .strain of a 

virus: The method comprises contacting a host,· which is · 
5 capable of beinq ~nfected with such a wild-type strain of 

.. 
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produce viral products specified by the vi.ral nucleic 
acid. A ''nucleic acid" refers to a polymer of DNA or RNA 
that is single or double-stranded, linear or circular, 
and, optionally, contains synthetic, nonnatural, or 

S modified nucleotides, which are capable of bein9. 
incorporated into DNA or RNA polymers. A DNA 
polynucleotide preferably is comprised of qenomic or cDNA 
sequenees. 

. A ''wild-type strain of a virus" is a strain that 
10 does not comprise any of the human-made mutations as 

described herein, i.e., any virus that can be isolated 
from natur~·· A~tern.atively, a wilCi-type strain is any 
virus that has been cultured in a laboratory, but still, 
in the absence of any other vir'l:s, is capable of 

15 producing p:ogeny genomes or vi~ions like those isolated 
from nature. For example, the pNL4~3 HIV molecular clone 
des::ribed in the following Examples. is a wild-type 
strain, which is available from the AIDS Research and 
Referenee Rea9ent Program Catalog through the National 

20 Institutes of Health (see, al,:ao, Adachi et al., 
J. Virol., 59, 264-291 (1996)}. 

I~ general, the me~hod o~ the present invention 
pre:erably is employee ~o treat viral diseases t~at 
:result from.vi::al infect.ion. Desirably, a virus (as wel: 

25 as the vector, as discussed belowl is a ~NA ~irus, but 
also can .be a DNA virus. i\NAviruse.s are a diverse q:r:oup 
that infects prokaryo":es t e, 9, , t_he ·bac_te.riophagee) as 
well as many eukaryotes, ~ncluding mamrnais and, 
particularly, hwnans. Most RNA viruses have single-

:lO stranded RNA as their gen_etie material, although at least 
one fa~ily has double-stranded RNA as the 9enetic 
material. The RNA viruses are divided into three ~in 
9roups: the positive-stranded virus·es ( J.. a. i those of 
which the qenome transfer:ed bv the virus is transla~ed . - . 

35 icto protein, and whose depro~einized nucleic aeid is 
sufficient to initia~e infectio~), the ne9ative-~tranded 
viruses {i.e., those of which the qenome transferred by 

the· virus is complementary to the messaqe sense, and must 
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be transcribed by virion-associa~ed enzymes before 
translation can occur), and the double-stranded RNA 

' 
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wherein N can he any nucliotide {i.e., G, A, U or C), and 
R can be either an A, C or o. However, inasmuch as th~ 
sequen~e ~hat is cleaved ~ost efficiently by such 
ribozymes is a GOC site~ preferably the NUH sequence 

5 comprises a GUC site. 
Oesirably, such a ribozyme cleaves in a region of a 

wild-type strain of virus or its transcripts, but does 
no~ cleave in a :eqion of a vector or its transcripts. 
The ribozyme cleaves the virus or it.s tran.scripts in the 

· 10 sense that such a virus or vector can be either RNA or 
DNA, as previously described. By cleavaqe "in a region" 
is meant eleavage in a targeted region, i.e., preferably 
a raqion of the virus that is necessary for viral 
propagation. Desirably, the vector has been modif!ed· so 

15 th~t this particular region being targeted (~.e., if 
present in the vector at all) is not cleaved by the 
ribozyme .. Optionally,· the ribozymecan cleave ·the 
vector, so long as cleavage does not occur in a region 
required '!or propagation of viral, e. 9. ,· crHIV particles. 

20 Opt;.rr.ally, the ribozyrr.e J.s encoded by a sequence 

2: 

30 

$elected f:-om the group consistinq of SEQ It.I Y0:3 . 
(i.e.,CACACAACACTGATGAGGCCGAAAGGCCGAAACGGGCACA) and SEQ 
.!) ·NO: 4 (i.e., ATCTCTAGTCTGATGAGGCCGA.~GG.:CGAA.~CCAGAGTCi .. 
Whereas SEQ ID N0:3 comprises a ribozyme that is tarqeted 
~o the +115 site (i',e., in terms of the number ·of bases 
down~trearn from the start of transcription) of the wild­
type HIV US region, SEQ ~D N0:4. comprises a ribozyme that 
is targeted to the +133 site 0£ the wild-type HIV US 
region. 

such a rioozyme is able to cleave within the wild­
type HIV genome (or its transcripts). but. not the vec~or 
qenome (or its transcripts) i~asm~ch as the vector 05 
sequences are modi=ied by in vitro site-directed 
~uta9enesis, such as is known in the art a~d des~ribed·in 

35 Example 1. !n particu:ar, the vector sequer.ces 
pra:erably are modified.such that the vecto~ co~prises a 
sequence selected from t~e gro~p consisting of SEQ !D 
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NO: 2 (i.e. , -GTGTGCCCACCTGT'!'GTGTGACTCTGGCAGCTAGAGAAC) '· 
SEQ ID NO: 5 (i.e. , 
GTGTGCCCGCCTGTTGTGTGACTCTGGTAACTAG.~GATC), SEQ ID N0:6 
(i.e., GTGTGCCCGTCTGTTGTGTGAC:CTGGCAAC 

S TAGAGATC), SEQ ID NO:l4. in which at -least one N is 
mutated, SEQ ID NO:lS and SEQ IJ NC:l6. In the for~ of 
RNA, the vector pref~rably comprises a sequence encoded 
by a .sequence selected from the group consisting of SEQ 
I~ N0:2, SEQ ID N0:5, SEQ IO N0:6, SEQ IO NO~l4, in whic~ 

10 at :east one N is mutated, SEQ ID N0:15 and SEO rn-NO: 
16. In c::ontrast, wild-type ·HIV comprises the 05 seq':lence 
encoded by the sequence of SEQ ID NO:l (i.e., 
GTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATC) . Tr.e 
modifications in toto and ·comparison to ~he wild-type OS 

15 sequence (in the !orm of DNA) are set out in Fiq~re 2. 
Moreover, other ribozymes targeted to other reqions 

ot a v~ral and, par~icularly, a HIV genome can be 
e~ployed, either alo~e or in cor..bination. For instance, 
the ribozyme can cleave within other R~A sequences needed 

20 for vira~ replicatio~, e.g., ~it~in the reverse 
transcriptase, protease, o: transac~ivator protein, 
within Rev, or wi:hin other.necessary sequencesr such as 
have been ~eseribed. Preferably, a veetor comprises 
~ultiple ~ibozymes, e.q., ta~geted to ~ultiple sites. In. 

25 such cases, the analogous sequences in the vec'Cor are 
modified by site-directe~ mutaqenesis, or some other 
mea~s such as is ·knowr. in the ar~, tc derive a vector 
that is ·re$istant to such ribozyme cleavage . . 

When the vector is a huma~ imrnl.!nodefi=iency vir~s, 
30 preferacly the vec-:cr lacks the tat: gene and its 5' 

splice site and, in plaee therec=, comprises a triple 
anti-Tat ·rioozyme· cassette, wherein the catalytic domain 
cf each ribozy"?r\e of the t~iple ribozyme casse~te cleaves 
a differ.er.-:. .si~e o!l a wild-t:ype hu."T1a::. im."'!11.!no<.iefioieney 

35 viral nccle!c aeid r.olecul&, in par~~eular a diffe~e~t 
site within tat. Pre!erably, the catalytic domain of 

. . 
each ribozyne cleavas a ~ucleo~ide sequence in a region 
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ot a nucl~ic acid molecule of wild-type human · 
immunodef ieiency virus for which t~ere is no ribozyme­
sensi tive counterpa~t in the vector, i-:self. 

5 2. Nucleic acid sequence, the possession of which 
confers a selective advanta;e to cells infected with a 
vecto~ comprisinq the sequence a$ compared with cells 
infected with a wild~type strain of virus . 

10 . A nucleic acid sequence that confers a selective 
advantage. tc a ~ell containing a vector comprising. the 
sequence over a cell containing a wild-type strain of 
vi::--:is (i.e., that laeks the seqi..iance) preferably is ar..y 
sequence that a:lows a cej.! containing the vector to 

15 survive and propaqate viral particles (i.e., crHIV viral 
particles) as compared with a cell contaifting the wild­
type virus. Such sequences include, but are not limited 

to, any seque~ce that ~llows the cell, or the vector 
cor.tained in the cell, to escape destruction, sequences 

2C t~at'promote cell survival, sequences t~at ind~=• 
a~op~osis, seq~ences that facili~ate protein production 
or sequences that promo~e immbne function or targeting. 

For insta~ee, preferably such a nucleic acid 
sequence cor.tainea on the vector encode$ genes f o: 

2S ~ultidrug resistance (see., e.g., Ueda et al., Biochem. 
Biophys. Res. Commun., 14:, 956-962 (1986); Ueda et al., 

J. 'Siol. Chem., ffi, 50S-SOB ·(1987); and Ueda et al., 

?NAS, !1_, 3004-3008 (1987}) .. In the presence of added 
cyto-:oxic drug (e.9., as used for cancer chemotherapy), 

30 ·this a~:ows a eel~ containing the vec~or to survive, 
whereas' a cell that con-:aJ.n$ wild-typ~_ virus, such- as 
HIV, does not. Such cytotoxic drugs include, but are not 
li~~ted to, actino~yei~ D, vinblastine sulfa~e, 

vincrist'ine sulfate, daunomycin, adriamycin, VP-16, anci 
35 AMSA. 

Aleernatively, sue~ a nucleic ac~d seq~ence 
desirably comprises a sequence· selected !rom the qroup 
cons!.s-::in9 of a seq~anee of (or a sequence that encodes) 
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by marker genes present on the vectors, and/or the 
expression of partic~lar sequences. In the first 

~ . . approach, the presence ~f a particular sequence in a 
vecto~ is detected by hyb;idiza~ion (e.9., by ONA-DNA 

S hybridization) using probe~ compr:a.sinq ~equences that are 
homologous to the relevant sequence. In th~ second 
approach, the reco~binant vector/host sys~em is 
identified and selected based upon the presence or 
absence of certain ma~ker gene functions such as 

10 resistance to anti~ioties, thymidi~e kinase a~~ivity, and 
the like, caused by par~icula~ genes encoding these . . 

functio~s present on the vector. In the third approachr 
vec~ors are identified by assaying for a particular ger.e 
product encoded by the vector. Such assays are based on 

15 . the physical, immunological, or fu:ictional properties of 
the qene produc~. 

Accordingly, the ·present invention also provides a 
vector, which, if DNA, comprises a nuc~eotide sequence 
selected ~rom the group consistin; of SEQ ID NOS: 2, 3, 

20 4, 5, 6, 14, in whi~h at lea~t one N is rnuta~ec, 15 ar.d 
16, which, if R~A,· eomprises a n~eleot~de sequence 
encoded by a ~ucleotide seq~ence se:ected f~cm. the qroup 
cor.sisting of SEQ IO NOS: 2, 4, S, 6, 14, in whi~h at 
least or:.e N is mutated, 15 and 16. . 

25 The present ir.vention further provides a metbod of 
engendering a vector, which is de~ived :!'rorn a wild-type 
human imrnunode!iciency virus and w~ich is capable of . 
:eplieating only in a !lost e~ll tha~ is pe~issive for 
.:eplicat::.o·n of said vector, with a :ibozyme. The 

30 ~ibozyme, which is co~prised wit~in or encoded by the 
vecto.r:, cleaves a nucle.::.c acid of a wild-type hu.rnar. 
irnm~nodeficiency virus but not the vec~or, itself, a~d 
its transcrJ.pts, if any. The method co~prise.s obtair.ir1-; 
a vector, wl:ich is cte.r!.••red from a wi.:d-type human 

35 .:.mmunode=ic~ency vir~s and which is.capable of 
replioatinq only ir. a host cell tha~ ~s permissive for . . . 
replica~ion of said vector, ar.d·ir.corpo~ating ~nto the 
vector a nucleic acid sequence, whieh comp~ises or 
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·enc.cdes a ribozyme,. the catalytic dorr.ain of whieh cleaves 

a nucleic acid of a wild-type human immunodeficiency 

virus but not the v~ctor, itself, and its transc~ipts, if 

any. In 'such a method, the nucleotide sequence 

5 comprisinq or encod~n9 the US sequence of the wild-type 

human irnmunodefic!eney v~rus ean-be deleted from t~e 
vector a~d replaced with a nucleotide sequence selected 

from the qroup con$istinq of SEQ !O NOS: 2, 5, 6, 14, in 

which at least one N is mutated, 15 and 16, if the vector 

10 is DNA, and a nucleotide seque!lce encoded by a nucleotide 

sequence selec~ed :rom the group consisting of SEQ ID 

NOS: 2, 5, 6, 14, in which at least one N is mutated, 15 

and 16, if the vector is RNA. J?refera:bly, the vector 

replicates in a host cell perm~ssive for replication of 

lS said vector more than once. 
Also provided by the pre$ent invention is a methcd 

of mo~ifying a vec~or. The method comprises obtainin; a 

vector and introducing into the vector a r.ucleotide 

sequence selected f4om ~he qroup co~sisting of the C~A 

20 sequences of SEQ IO ~OS: 2, Jy 4, 5, 6, l~, in which at 

least one N is muta~ed, 15 and 16, if ~he vector is DNA, 

and a nucleotide sequence ·en.coded 'oy a :.'lUcleoticie 

seq~ence selected from ~he gr~up consist~nq of SEQ IO 
NOS! 2, 3, 4, S, 6, 14, ir. which at :east one N is 

25 mutated, 15 and 16, ~f ~he vector is RNA. 

Further provided by ~he present invention is a 

method of propagating and selectively packaging a 
conditio~ally replicating vector wit~out using a· 

packaginq cell line. Tne nethod comprises contacting ~he 

30 conditionally repl!cat!r.q vector with a cell capab:e cf 

. being infected by anot~er vector, wh~ch is ~he same type 

of vector as ~he conditionally repl~cat~nq vector and 

which differs from t~e cond!ticnall~ replica~i~g vec~or 

by beinq wild-type =or replica~ion competency~ 

35 subsequently contact~ng the cell wi~h the other vec~or; 

a~d then cult~ring the eel: u~der eondi;~ons conducive to 

the propa9ation of ~~~ condi~ionally replicating vector. 

Also ~rovided .is ar. iso~ated a~d pcri!ied nucleic 
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acid molecule selected from the group c6nsis~in9 of a DNA 
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molecule comprising a r.ucleotide sequence selected trom 
the group consisting of SEQ ID NOS: 2, 5, 6, 14,· in which 
at least one N is mutated, 15 ar.d 16 a RNA molecule 
comprising a nucleotide sequence encoded by a nucleotide 

5 seq~ence selected from the qroup consistinq of SEQ ID 
Nos: 2, S, 6, 14, in which at least one N is mu~at:ed, 15 
and 16. 

Method or Use 
10 The above-described vec~ors preferably are 

.introd~ced into a host cell ·for the prophylactic and 
. therapeutic treatment of viral intect~on, for ease of 
vector maintenance, as ~ell as for other reasons. 
Accordinqly, the present inven~ion provides a host cell 

15 comprisin9 a vec:or accordinq to the invention. '. 'l'be 
isolation.of host cells, and/or the maintenance of $'.lCh 
cells or cell lines derived therefrom in culture, has 
be~ome a routine matter, and one in which the ordinary 
ski.:.led artisan is well-versed. 

20 · In pa~t1c~lar, a vector as descrioed above 
preferably is ~mployed in the proph~laetie and 
therapeutic ~reatmer.~ of a viral infection, preferab:y· 
such as where the .infec~ion is from a wilci-type virus, 
p=eferab.:.y a wild-type RNA virus, even more preferably, 

25 · from a wild-type retrovirus, and optimally from a wild­
type HIV. 

The method comprises contacting a host ce~l, which 
is capable of beinq infected with a wild-type ·.virus,. witr. 

a conditionally replieatinq vector, which i5 capable of 
30 being replicated only in a host cell ·permissive for ~he 

replication of the vector, the presence, transcription or 
t:anslation of which inhibits the replication of the 
wild-type strain of virus in t:he host cell. 'Desirably, 
the vector re~licates more ~han once and comprises at 

35 least or.e nucleic acid sequence, the possession (i.e., 
presence, transc:iption or translation) of which :onfers 
a selective advantage iri a host cell -:o the vector over a 
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wild-type strain of virus, which, optimally," is the 

strain from which the vector was derived. 
According to this method, the nucleic acid sequence 

preferably comprises a· nucleotide sequence, which 

5 eomprises or encodes a. qenet.ic antiviral a9ent, which 

adver'sely affects the 'replication and/or expression of a 

virus other than ~aid vector. Desirably, the genetic 

antiviral agent is selected from the group consisting of 

an antisense molecule, a ribozyme, and an immunogen. 

10 Optimally, the genetic antiviral aqen~ is a ribozyme,. 

preferably the catalytic domain of which cleaves at a 3' 

nucleotide NOH sequence (i.e., especially a GUC 

sequence). Optionally, the ribozyme-is encode~, at least 

in part, by a sequence selected from the group consisting 

15 of SEQ IC N0:3 and SEQ ID N0:4. Desirably, the ribozyme 

cleaves in a region of the wild-type strain of.virus or 

its transcripts, but does not cleave in a region of the 

vector or its transcripts. Preferably, this is becau3e 

the wild-type strain of virils coir.prises a sequence 

20 encoded by SEQ IO NC:l, whereas the vector, if DNA, 

comprises a nucleotide sequence ·selected from the"group 

. consisting of SEQ ID NOS:2, 5, 6, 14, in which ·at least 

one N .is muta~ed, 15 and 16, and, if RNA, comp:ises a 

nucleotide sequence encoded by a nucleo~ide sequence 

25 selected from t~e qroup consisting of SEQ ID NOS:2, 5, o, 
14, in which a~ least one N is mutated~ 15 a~d 16. 

The method also desirably is carried out wherein the 
. . . 

vector comp:ises at least one nuclei'c ·acid $equence, the 

possession (1.e., presence, transcription or translation) 

30 of which co~fers. a selective advantage to a nest cell 

infected with the vector over a cell infected with a 

wild-type strain of virus, which, optimally, is the 

strain of virus from which the ·vector was derived •. :n 

35 
-:his regard; a vectoz: can comprise at least one nu:::leic 

acic sequence, which confers a select~ve advantage to a 

hos~ cell infected with the vir~s anc at least nuc:eic 

acid sequence, which confers a se:.eetive advantage to the. 
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by the addition or omission of a specific genet.ic 
element/factor (either in the vector ·or helper-virus 
expression construct}, which permits cell-specific vector 
replication and spread. · Thus, the vector still spreads 

5 by complementation with the h~lper-v!rus.construct, b~t 

this spread is cell-specific, depending upon whether a 
ce'rtain genetic element/factor is added to or omitted 
froin the vector .or help~r--virus expression construct. 
This can be used alone or ·in combination with other of 

10 the above-mentioned strategies. 
For example, a conditionally repl,icatinq HIV vector 

can be des~qned to replicate specifically in macropha9es, 
ra~her than in T-cells. The vector, .which would 
constitute a Tat-defee~ive HIV (the vecto~ eneodes the 

15 other HIV proteins but they are not expressed because of 
the absence of the Tat t~anscriptional transactivator), 
can encode a ribozyme that cleaves wild-type HIV b~t ~ot 
conditionally replicating HIV RNA. The ~elper-e~pression 
vector for this vector can encode a tat gene expressed 

20 · of! of a macrophaqe-specif ic pro1r.oter. Thus,· the crHIV 
would cond~tionally replicate only in macrophage cells, 
while ~ot being able to replicate in T-cells or other 
cell types. 

Al~ernat~vely, the tat gene can-be operably. linked 
25 'tO a tumor-~pecific promoter; thu·s, the crHIV would then 

rep:ica~e only ir. tumor C~4 cells ·and not in normal CD4 
ceils. The genetic element/factor also ca~ be a· 
modification of a promoter seque:'l2e ,of the vector such 
that .it is expressed only in specific eel: types and :iot 

30 in ether cell types in concert with the "helper-virusu 
expression construe~. 

In .ar..other embodimen-c, the helper-expressi_on 
co~struct or the vector construct envelcpe proteins (if 
sucn const:ucts are engineered to contain envelo~e 

35 proteins) can be modified so that the vector-virion will 
specifically infect certain .cell_ types {e.g., tumo.r 
cells>, while not be:t.ng· able t:e ·infect o'ther cell types 
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expressing cells over cells expressing wild-type HIV 
(i.e., a selective advantaqe for the production of crH!V 
virions from crHIV-exp:essing cells over cells expressing 
wild-type HIV) • 

5 The crHIV vectors·conditionally replicate due to the. 
fact that they conta~n the sequences required for RNA 
expression, dimerization and packaging, but do not 
express functional (i.e~, wild-type) HIV-1 proteins. A 

. . 
selective advantage was imparted to the c::rHIV vectors by 

10 inserting a ribozyme cassette that cleaves in the US 
region cf the wild-type HIV.genome, but not the crRIV 05 
RNA. 

The ribozymes present in the vectors do not cleave 
the crHIV RNA because the US region of the crHIV RNA has 

15 been modified by conserved base substitution (base 
substitutions present in other HIV strains) to prevent 
the ribozymes from efficien~ly binding and cleaving these 
sites. Moreover, the crHIVs are nonpathoqenic because 
they ~o not code for proteins believed to be responsible 

20 for CD4T eell death. When the HIV-infected cells (tha~ 

have been tra~sfected with the crHIV vee~or) becom~ 
activated, the cells become capable of complementing the 
crHIV genomic deficits, resulting in the production ot 
crHIV proge~y virions. 

25 In general, crHIV genomes were constru~ted from the 
f~ll-lenqt~, infectious HIV clonew ~NL4-3 (Adachi et al. 
{l996), supra). All cloninq reactions and DNA, RNA, and 
protein manipulations were carried out using methods well 
known to the ordinary skilled artisan, and which have 

30 been described in the art, e .. 9., Maniatis et al,; 
)1olec::ular Clening: A Laboratory Manual, 2nd ed. (Cold 
Spr~nq Harbor Laboratory, NY (1982)). Enzymes and 
reagents en"~loyed in these reactions were obtained· from 
cor:imercial s~ppliers (e.g., New England Biolabs, Inc., 

35 Beverly, MA: Clontech, Palo Alto, CA; and Boehringer 
·Mannheim, Inc., Indianapolis, IN} and were used accordir.q 
:o the :nanufacturers' recommendations. 
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maintenance a~d propagation were done Using teeh~iques 

that are commonly known, .and that have l:>een described 

previously (e.g., Dropulic et al. (1992), supra; and 

Oropulic et al. (1993), supra). 
s· pNL4-3 was cleaved with the enzymes est I (which 

cleaves in ·gag, a~ about position +1000 from the start of 

transcription) and Xho I (which cleaves ~n nef, at about . . . . 

pos:i.tion +8.400 from the start of transcription), and a 

polylinker containing convenient restrictio~ sites was 

10 inser~ed. A 0.86 kb Bgl- II to. Ba.m H! fragment containing 

the rev responsive element (RRE) was cloned into a Sam HI 

site present in the polylinker. T~ese manipulations 

resulted in deletion of the HIV wild-type genome from 

within the gag coding reqion to within the V3 eodinq 

15 region (i.e., thus also deleting the nef qene). While 

the vector is able to produce a truncated gag transc:::ript, 
·. . 

a full-length functional Gag p~otein is not produced by 

the vector. However, inasmuch a~ wild-~ype Gag funct~ons 

are unnecessary according to the invention, the gag 

20 sequences can be mutated to p.revent Gag protein f~om 

~einq translated. 
A ribozyme cassette contain~nq either single or 

multiple ribozymes as described herein was inserted into 

a Sal I site dowr.stream from the Bam·H! site. To 

25 aec~mplish this,· complementary deoxyoliqonucleotides 

enc.oding r.!.boiyme seq".lences were synthesized, an?'lealed 

and then cloned into ~he Sal I si~e. The ribozymes 

employed fc~ construction of the e~HIV vectors were 

hammerhead ribozymes. These ribczymes contained s 

·JO c~talytic domain comprised of 22 base pairs, and two· 

hybridization domains comprised of 9 base pai~s each. 

:he rib~zymes were tar9eted either io the +115 or +133 

site (i.e., cor~esponding to ~~e n~mber of base pairs 

downstrea~ trom the sta:t Of transc~ip~ion) of the us·R~A 

35 sequence. The hybridization domains ar.d catalytic domain· 

(underlined) of the ri:Oozymes ta:rqeted to the -rl:-S site 

and the +133 site are as follows: 
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CACACAACAt'tGATGAGGCCGAAAGGCCGAAACGGGCACA ("the +115 
ribozyme'') [SEC IO NO: 3] 

ATCTCTAGTCTGATGAGGCCGAAAGGCCGAAACCAGAGTC ("the +133 
ribozyme") [SEQ ID N0:4] 

s The ribozyrne· cassette was comprised of either a 
$ir.qle, double or triple ribozyme(s) placed in tandem. 
Vectors ·con":.a1ning either single (i.e., "erHIV-1.l" 
vector,· FiqUre lB) or· triple (i.e. "erHIV-1.111" vector, 
Figure lt) ribozymes were tar9eted to the same site of 

10 the us HIV RNA~ at position +115. Vectors containing 
double riboiymes were tar;etad either to the same site at 
position ~115 (i.e., ncrHIV-1.11" vector, Figure lC), or 
to different sites at positions +115 and .+133 of the U5 
HIV RNA; crHIV-l .12 {i.e., "crHIV-1.12" vector, Fiqure . 

· 15 · 10) . ·These vectors are referred to herein qene.rical:y as 
"crHIV" vectors. 

:o complete the c·onstruction of ·~he vectors, the 
erHIV vectors were rendered resistar.t to ribozyme 
cleavage (1. e., in their manifestation as R..1'1Al by. 

20 mutatinq a site recogl'.lized by, the hammerhead ribozymes 
occurring within the US region of the crHIV 9enome. To 
accorr.plish th:.s,_ a double-stranded ol~9onucleotide (i.e.'· 
AAGCTTGCCTTGAGTGCTCAAAGTAGTGTGTGCCCACCTGTTGTG!GACTCTGGCAG 
CTAGAGATCCCACAGACCCTTTTAGTCAGTGTGGA.?\AATCTCTAGCAGTGGCGCC 

25 [SEQ ID NO:l3l) containing the base substitutions 
oepic~ed in ~idure 2 [SEQ ID N0:21 was used to introd~ce 
modified sites into the vector. Specifically, base 
subst~tutions were enqir.eered in~o the ribozyme · 
hybridization and cleavage sites at base pairs 115 and 

30 133. In particula~, as illustrated in !i;ure 2; 
C\1.0tai:ions were intro_duced at base.pairs 113, 114, 132, 
134 and 142. These sites can be modified to comprise any 
~~~ation (i.e., GTGTGCCCNNCTGT~GTGTGACTCTGGNANCTAGAGANC, 
whe~ein N can be any mutant nucleotide [S~O ID NO:l4]). 

35 Preferably, however, the sequences a:e mutated such tr.a~ 
t~ere is, for ins~ance, a G to A subst~tut~on at site 
~113 (i.e., such tha~ the sequence ·comprises 



• - ........... ~ v. 
.I. 1 ... &,./ \IV 

·61 

GTGTGCCCATCTGTTGTGTGACTCTGGTAACTAGAGATC [SEQ IO NO:l5)j, 
au (i.e., T, in terms of the ONA sequence> to c 
substitution at site +114 [StQ ID N0:5], a.u (i.e., T, in 

~erms cf the DNA sequence) to C substitution at site +132· 
5 (SEO ID N0:6], an A to G s~bst~tution at site +134 (i.e., 

$Uch that the sequence comp~ises 
GTGTGCCCGTCTGTTGTGTGACTCTGG'l'AGCTAGAGATC [SEQ IO N_O: 16]) 

and a U (i.e., T, in terms of the DNA sequence) to A 
substi~ution at site +142, which mutations can be made 

10 either alone, or in combination. In particular, in the 
absence of o~her US mutations, the u (i.e. T, in terms of 

the ONA sequence) to C substitution at site ~114 [SEQ ID 
NO:SJ and/or site +132. tSEQ ID N0:6l· in the erHIV us RNA 

prevents its scission by ribozymes (Uhlenbeck (1987), 
15 supra) . The inserted base-subs~itutions ara present in 

va~iou$ other strains of HIV (.Myers et al., HIV Sequence 
Database, Los Alamos Nat. Lab. (1994)), which indicates 
~ha~ these substitutions do noc deerease the replicative 
capac~ty of the RIV genome. 

20 The method as set for:~ ~erein can ce employed to 
construct other conditiona::y replieat~ng vectors, fo= 
in.stance, comprisec:i of di!feri:lg viral genomes· (e.q., 

different RNA viruses), or comprised of differer.-= genetic 
antiviral aqents. -Furthermore, a conditionally 

25 replicating vector can be further modified to i~part to a 
host cell, into wf.ieh the vector is introduced, a 
selective advanta9e over a host eel: containing the wild­
type virus. For ins-:ance, such a vector can be modified 
to further encode multidr~q resistance, or a mutated 

30 protease or reverse transcr~p~ase. 

Example 4 
This example describes t~e ~esistance to.ribozyme 

cleavage of eonditiona:ly replicating vectors, and, in 
35 particular, of the c:HIV vectors .. 

REPLACEMENT SHEET 

AMENC:.:~ ~H~~· 
,r: ..... ·. ,. .. "' 
: :.. .:. o : I ~ .• _. 

[25M~ 



.,,"''"' & v t V' .&. .U.UL.:..;.,.a .. 
&tV, V\J't I 'I 't\JI """ 

62 

To confirm tha resistance to ribozy:ne cleavage of 
the erHIV vectors, in v.i tro transeripti'on- was performed. 
To accomplish thi~, the ribozyme sequen~es were cloned 
into the Xho I s:i.te of pSluascript KSII (Strata9ene, La 

5 Jolla, CA). A 0.21 kilobase pair (kb) Bgl'II fragment 
containing the mutated crHIV US region similarly was 
excised from the erHIV vector and inserted into the Bam 
HI site of pBluescript KSII. The resultant modified 
pBluescript KSII vectors vere linearized with Bss HII 

10 prior to in vitro transc~ip~ion. A similar plasmid 
expres~ing wild-type HIV US RNA (described in Myers et 
al. (1994), supra> was employed as a control. It was 
linearized with Eco RI prior to in vitro tran9eription. 

15 
Radiolabeled US HIV RNA and r1bozyme RNA we=e 

produced by in vJtro transcription of the vectors, as 
previously described (::>ropulic _et al. (1992), s_upra) ~ 
The radio labeled transe_ripts were incubated together (at 
a target to ribozyrne molar ratio of 1:2) in lX 
tra!'lscription buffer containing 40 mM Tr:.:s-·:tcl, pH 7 ;S, 6 

20 mM M9Cl2, 2 mM Spermidine, an~ 10 mM·NaCl. The sample$ 

were hea~ed to 65°C, and then cool~d to 37ac fo~ S_min 
prior to the addition of stop buffer solution containing 
95% fo~.amide, 20 =.M EDTA, 0.05% Bromophenol Blue, and 
O. 05% Xylene Cyanol FF. The products were then· ·re sot veci 

25 by denaturing polyaery~amide gel ·electrophoresis (PAGE), 
and detected by autoradiography. 

When wild-type OS-HIV RNA was incubated with a 
transcript containinq a si~gle ribozyme to site +115, 
cleavage was readily observed. · Such cleavage results in 

30 P,roducts iI and P2. Cleav'age also can be seen when wild­
type HIV RNA was· incu~ated with RNAs containing doable 
ribozymes to either the_ same site, or to dif=erent sites. 
w~en a ribozyme-containinq transcript directed to two 
difteren~ si~es was incuba~ed 
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with wild-type HIV RNA, products :E?l, P2 and P3 we.re 
produced. P3 results ··from cleavage at the •133 si t'e ~ 

In comparison, when the modified US-containing crHIV 
RNA was incubated with either a s~nqle ribozyme directed 

5 to the +115 site, ·or double ribozyme directed to either . . . 
the +115 site or the +133 site, cleavage product.s were 
not detected. Thus, tnese results confirm that crHIV US 
RNA.s ar~ resistant to ribozyme,claavage, while.wild-type . ' 

HIV-uS RNAs are cleaved by anti-OS ribozymes. Moreover, 
10 the ~esults validate that the approach of the present 

inven~ion can be employed to· impart conditionally .· 
replica"tinq vect~rs (includinq vectors other than crHIV 
vectors) wit·h a selective advantaqe for replication when 
introduced into a host cell as compared wi~h a wild-type 

15 strain of virus. 

Example 3 
This example·describes the ability of ribozyme­

containing co.nditional-ly replicating vectors to cleave 
20 wild-type v!ral RNA ir.tracell.p~arly. In particular, this 

exa~ple deseribes the ability of crHIV vectors to ~leave 
wild-type HIV_RNA intracellularly. 

The effectiveness o! c:H!V ve~to=-mediated 
i~bibition of wild-type HIV was tested by co-transfectin; 

25 the genomes into Jurkat cells. Trans:ection was carried 
out by washing about 106 Jurkat eells in Opti-MEM mediuo 
(Life Technologie$, Gibco BRL, Gaithersburg, MD) and then 
co-transfeeting the cells with about 0.6 µg of wild-type 

H!V DNA'(i.e., pNL4-3) ar.d abo~t l.B µg of crHIV ONA. A 
. 30 mo:ar ratio of wi:d-type HIV to c~HIV provirus of about 

1:3 was used to ensure that all cells tra~sfected ~ith 
wild-type HIV also contained crHIV provir~ses. ONA was 
:.nixed in lipofectin .solutio!:'l (Life Tec:hr.olo9ies) fo.r 30 
~ir., and ther. was incuba~ed with J~rkat cell$ fer aoc~t 3· 

35 · to about 6 h:, after which complete RPM: 1640 medium 
containing lOi fetal :Oov.ine serurr. (FES) was added . 
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Virus-con~aininq. supernatants were harves.ted every 2 to 4 
days, and virus levels were assayed by reverse 
transcriptase activity in c:ell supernatants,·as 
previously. described (Dropulie et al. (1992), supra}. 

5 The eff eet of crHIV qenomes on wild-type HIV 
replication is shown in Fiqure 3. When wild-type HIV was 
co-transfected with erH~V-1.1, viral growth was delayed 
(Figure 3, open boxes) relative to cells eo-t.ransfected 
with wild-type HIV and a control virus (Figure 3, cl~sed 

. . 
10 boxes), but was not inhibited. Since anti-US riboty:nes 

can inhibit H~V replication ·in vivo'under co-locall.zed 
conditions {e.9., Dcopulic et al. (1992), supra>, the 

. viral qrowth seen could be the result of either: (a)·. 
preferential packaqinq for wild-type HIV RNAs irito 

15 progeny virions, (b) the production of wild-type HIV RNAs 
~hat are ~esistant· to ribozyme cleavage, or (c) an 
aceumu1ation.of nonfunctional ribozymes in crHIV RNAs. 

The nature .of "escape" viral qrowth was t~sted by 
co-tr~nsfecting wild-type HIV with crHIV vectors that 

20 contain double ribozymes. If.. preferential packaging of 
wild-type HIV is responsible for viral growth, then 
cul-;ures containipg double ribozyme crHIVs should have. 
similar g~owth kin~tics as ~ultures con~a1nin9 single 
ribozyme crHIVs. If, however, viral qrowth results from 

25 wild-type HIV RNAs that have become resistant to ribozyme 
action {i.e., as a result of viral reverse t~an5criptase 
infideli":y), then the kinetics of viral qr:owth should 
show a 9~eater delay for cult~res containing crH!V-l.12 
(i.e., directed against two viral sites) as ccmpared with 

30 cultures containing crHIV-1.11 (i.e., directed against a 
single viral si~e). Al~ernativeiy, if a delay in viral 
growth was seen that was comparable in cultures 
co~taining the different double ribozyrne-containing. 
c~HIVs, thi$ would suggest that a proportion of the 

35 singly expressed ribozymes are nonfunctional in vivo. 
As can be seen in ~i9ure 3, cultures containing 

crHIV-1.11 (Figqre 3, open crossed boxes) or crHIV-1.12 
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(Figure 3, stipp~ed boxes) showed a greater delay in the 
onset of viral -growth .than crHIV-1.1, whi.ch contained a 
si"ngly·transcribed ribozyme (Fiqure 3, open boxes). 
However, ~he' delay in the onset of viral qrc~th between 

S crHIV-1.11 and crKIV·l.12 was similar, indicating the 
correctness of the third possibility, i.e., tha~ singly 
transcribed ribozyrnes are kineti.cally less efficient in 
cleaving ta~9et RNAs. than a.re. double ribozyme.s. This 
suggests that a certain proportion of intracellularly 

10 transei.:ibed.ribozymes can form in a nonfunctional, 
possibly misfolded, conformation, since the eo-· 
transf ection experiments were performed in a molar excess 
of ribozyme-eontaining crHIV 9en9mes.· 

The ability of multiple ribo~ymes to relieve this 
15 kinetic limitation by providing a greater probabili~y for 

func~ional ribozymes to asso~iate with wild-type HIV RNAs 
was explored. For these experiments, Jurkat cells were 
eo-transfeet:ed with ·wild-type HIV and crHIV-1.lll, which 
contains a triple ribozyme to site +ll5. As can be. seen 

20 i~ Fiqure 3 (stippled boxes),~there is no evidence of 
viral ;rowth with use of a triple ri~ozyme, even after 21 

.days in culture. These results are particularly 
sigr.ificant in. view ot the ~act that normal primary T 
cells often die shortly (e.g., aboa~ a week) after 

25 infection with HIV. 
Moreover, these results confirir:. tha~ ribozyme­

containing conditionally replicating vec~ors, such as the 
crHIV vectors, a~d particularly those t~at contain 
m~ltiple ribozymes, can be employed to compete 

30 intracellularly with a wild-type viral geno~e, sueh as 
H!V. 

Example 4 
This example d~scribes a~ investigation of ~he 

35 mechanism underlyinq the abili~y of ribozyrne-con~aini~g 
co~ditionally replicating vec~ors, pa~ticula~ly crHIV 
vectors, to cleave wild~type viral RNA int~acellula~ly. 
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For these experiments, cell supernatant RNA from· 
wild-type HIV and crHlV-l.lll co-transfected cultu=es 
was examined with use of the reverse transcription 
polymerase chain ~eaction (~T-fCR), as described herein. 

· 5 RT-PCR was done us:i.n9 the ~ri:ners depicted: in Figures SA. 
Namely, ribozyme RNA wa.s detected uaing primers Rl and 
R2, wild-type HIV RNA was detected using primers Vl and 
V3, and crHIV RNA was detected using·primers V2 and V3. 
P·rimers Rl {TGTGACGTCGACCACAC~CACTGATG (SEQ ID N0:7]) 

10 and R2 (TGTGACGTCGACTCTAGATGTGCCCGTTTCGGC [SEQ IO·NO:B] 
each comprise a Sal I restriction site, and amplify the 
anti-OS ribozyme RNA by binding to the ribozyme 
hybridization sequences. In crHIV-1.111 expressing cells, 
single, ·double and triple ribozyme amplification products 

15 are seer.. Primers VI (GGTTAAGCTTGAATTAGCCCTTCCAGTCCCC 
[SEQ IO N0:9]) and V2 (GGTTGGATCCGGGTGGCAAGTGGTCAAAAAG 
[SEQ ID NO:lOJ) each comprise Bam HI or Hin·drI: 
restrictio!1 sites, and amplify wild-type HIV RNAs. Along 
wi~h ~he aforementioned Vl primer, the V3 

20 (CGGATCCACGCGl'GTCGACGAGCTCCC,A!rGGTGATCAG [SEQ ID NO:ll]) 
primer comprises Bam HI and other restriction sites. 
This primer set amplifies crHIV RNAs'from a crH!V­
specific polylinker sequence. 

To perform. RT~PCR, virion and intracellular RNAs 
25 were isolated using Trizol™ (Life Technologies). 

Ini:rac.ell~lar viral RNAs were isolated directly f:com 
microcentifuged cell pellets. -Virion RNAs wer~ iso~ated 

. . 
from culture supernatants that were first ~leared of 
cells and debris by microcen~ritugation at 12,000 x g fer 

30 5 mir.. Trizol™ was added to the cell-·free supernatants, 
and the mixtures were_ incl.lba~ed for S ~in prior to the 
addi~ion of chloroform for phase separation. The aqueo~s 
phase was t=ansferred to a fr~sh tube, and the RNA.was 
precipitated wi~h isopropanol using qlycogen. After 

35 recor.stitution of the RNA p~lle~, the viral RNAs we4e 
reverse-transcribed and ~hen amp~~fied by PCR using 
radiolabeled primers. 
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Reverse tran~eription was pe~formed fo= 1 hr at 42Dc 
in first-st.rand buffer containing SO mM Tris-HCl, pH 8. 3, 
is niM·KCl, 3 :mM MgCl3, 5 mM DTT, l mM dNTPs, and 20 units 
(U) of RNase inhibitor, to which 25 u of MuLV Reverse 

5 Transcriptase was added. After reverse transcription was 
completed, the revtrse transcriptase was heat-inactivated 
at 65°C for 10 min. The entire rn·ixture was then added 
directly to PC~ buffer tc comprise a miKture containing a 
final concentration of 10 mM Tris~Hcl, pH 8.3, 50 mM KCl, 

f . • -

10 and 1.5 mM MgCl2. The mixture was amplified for 30 cycles 
using 2•5 U of Ta(! enzyme. The :radiolabeled PCR produ<?tS 
were then resqlved by denaturing PAGE, and detected by 
autoradiography~ 

erHIV-1.111 riboz_yme RNAs exist in the supernatants 
15 of cells more than t:wenty days after .co-tran.sfection with 

wild-type HIV-1 and crHIV-l.111 proviral genomes. Th~s 

is evidenced by the ex~stence of sinqle, do~ble and 
triple ribozyme RN.A PCR. products. In eomparison, no ~·uch 
produc-cs are seen in virions prodi.:.c:ed by control wild-

20 type, HIV-transfected cul~ure~. During this period, the 
cells appeared no:rma:, with no apparent signs of crHIV­
induced cyt:o-:oxic,ity. This confirms that.crHIV.5 are 
packaged into viral particles ever. tho~gh no reverse 
transcriptase activi~y was observed. Moreover, this 

25 indicates that crHIVs can be complemented intrace~lularly 
by liIV qene functions . 

Thus, these results indicate that crHIVs inhibit 
wild-type HIV replicatio!l by inhi_bi tin9 w:..ld-type a:v 
spread. The results further indicate that ot~er 

30 conditionally replicatir.g ·vec~ors, for instance, ether 
vi=~: veetors, and/or vectors contai~ing other ge~eti~ 
antivirals can si~ila~ly. be e~ployed.to inhibi~ wild-~ype 
viral replicat~on and spread. 
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Example 5 

This example de$cribes a further exploration of the 
r.iechanism underlyinq the ability of ri.bo:zyrr~e-containing, 
conditionally replicating vectors, ·particularly crHIV 

S vectors, to cleave wild~type, vir~l RNA intracellula~ly. 
One possible mechanism is that both wild-type HIV 

and crHIV RNAs are packaqed into proqeny virion·s, and 
efficient cleavage occurs in this small viral volume due 
to co-localization of rihozyme and target RNAs. 

lO Alternatively, selective packaging of crH~V R~As into 
progeny v~rions can occur because cleavage of wild-type 
HIV R.~As predominantly occurs intracellularly, and not in 
the HIV virion. These mechanisms were explored nerein. 

lS 
The means by which crHIV-1.111 inhibited wild-type· 

HIV spread was examined by RT-PCR of virion- and cell-
.. 

associated viral RNAs, in ·cell cultures transf.ected with 

wild-type HIV alone, c·.r co~transfected with wild-type HIV 

and crHIV-1.lll. crHIV-l.111 RNAs were exclusively 
present in prc~eny virions produced following co-

20 transfection. In comparison,, control, wild-type, HIV­
transfected c~ltures produced v±rions that co~tained only 
wild-type HIV RNAs. Intraeellularly, both wild-type HIV. 
and crHIV-l.111 RNAs were evider.t in co-transfected 
cultures. Therefore, although both wild-type HIV and 

25 crHIV R.~As. are ·synthesized intracellularly, crHIV RNAs 
~re selectively packaged into progeny virions. This 
sug9ests that crHIV-1.111 inhibi~ed· wild-type HIV spread 
by.selectively cleaving genomic wild-type HIV RNAs prior 
to encapsidation, while allowing some sub-genomic wild-

. . 
30 . type RNAs to be translated into proteins for virion 

production. 
To test whethe~ qenomic wild-type RNAs are 

selectively cleaved by erRIV RNA&, the type~·of 
int:acellular RNAs present in ~urkat cell cultures 
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obtained about 20 days following co-tran$fection was 
examined by Northern hyb~idization. The probe employed 
for the Northern blot analysis, as indica~ed in Fiqure 5, 
was ·isolated f:rom a Q.21 kb Bgl II fragment from the US 

5 region of pNL4-3. 
Cultures transfected with.wild-type HIV express all 

wild-type HIV aNA species, i.e., genomic and subganomic 
RNA species. In comparison, crHIV-l.lll co-transfacted 
cultures do not express significant amounts of qenomic 

10 (9.7" kb), wild-type HIV RNA. RNAs of low molecula:t 
weiqht (.reflecting the.presence o'f sui.:>geno:nic wild-type 
HIV RNAs) were observed in co-transfected cultures. ~he 

HIV-RNA srnearin9 in these samples su9qests that some 

15 
degraded qenomic HIV RNAs may ce present w~thin these low 
molecular-weight RNAs.· In comparison, the smearin9 of 

• 
wild-type HIV RNA from control, ·.wild-type ~IV cells is 
aue to RNA deqradation that occurs from the significant 
CPE observed at the late staqe of HIV infection. 

AccordimJly, these results confirm that genomic, 
20 wild~type HIV R»As are seleet~vely cleaved and degraded 

in ~ells containing wild-type HIV and erHIV-1.:11 
genomes, allowinq selective crHIV RNA packaging in~o 
virions. rurthermore, these resul~s indicate that the 
method may similarly be employed with other viruses, 

25 pa~t1cularly with other RNA viruses. 

. Exaz,zple 6 

This example describes an investigation of the 
ab1li~y of ribozyme-containing, conditionally replicating 

30 vec-:.ors, par-=icularly c:-HIV vectors, to ur.derqo the 
complete viral replicative cycle in the presence of wi!d­

. type helper.virus. 
To confirm that erKIV genomes undergo the corr..p::.ete­

vi~al replicative cyele in the presence of a helper w~ld-
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type HIV genome, the production of virus particles 
containing crF.IV genomes was examine~ under se~eral 
conditions. Speci~ically, tirst the production of viral 

particles ~ontaining erHIV genoxr.es was e>eamined in 

5 activated A~H2 cells (AIDS Reagent Reference iroqram, 
Rockville, Maryland} . These cells comprise a latently 

KIV-l infected cell line. Next, the ability cf any· crHIV 
particles derived from these cultures to infect 
uninfected Jurkat cells and produce crHIV DNA was 

10 examined. 
For these experiments, about io' ACH2 cells were 

transfected with about 2.S µg of vector DNA. The cells 
were stimulated with 50 nM 12-0-tetradecanoylphorbol 13-
acetate (TPA) about 24 hr after transfection. RNA was 

15 isolated f:-om the cell supernatants a.bout 72 hr after 
transfection. RT-i'CR was pe·rformed using the Rl and R2 
primers as described in !xample 4. crHIV ribozyme RNAs 
were de~ected in virions produced by activated ACH2 cells 
after transfection with C%HIV-l.11, but not after 

. 20 transfect~on with pGEM 3Z con~rol plasmid (fromega, 
Madison, WI) . Therefore, transfeetion of crHIV vectors 
into infected CD4+ cells :esults in· the production o! 
viral particles that contain crHIV RNAs. 

The ability of crHIV virions derived from these 
25 cultures to lnfeet un-infected Jurkat cells and produce 

. crRIV provJ.ruses was examined next .. Such proviruses were 

detec~ed by isolating ce~lular DNA using Trizol™, 
cleavin9 the ONA with Eco RI, and then amplifying 
ribozymal· ONA by PCR, . using the Rl & i\2 primers as 

30 described in Example 4. crHIV DNA was produced in Ji;rkat 
cells af~e~ infection of cell supern~tants derived from 
crHIV-transfec~ed ACH2 cells. Namely, in th~s case, 
specific ampli::ication of cra::v..;1.11 ribozymal DNA wa_s 
see:l. In comparison, ee.:.ls· infected wit~ stimulated ACH2 

35 cell supernatants a:one ,(i.e., in the absence of any 
inf ec-:ion 
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of ACH2 cells with crHIV-1.lll) showed no ribozymal DNA 
products. 

Since crHIV vectors spread only in the_p~esence of 
wild-type helper H!V genomes, the.ability of uninfected 

S cells containing crHIV 9~nornes to be' rescued. after 
infection with wild-type H~V was examined. These 
experiments were carried out by fir.st ·. t:ransfectin9 cells 
with crHIV-1.11 (i.e., as representative of ·the crHIV 
vectors}, and then superinfecting with wild-type HIV 

lO (1.e., pNL4~3). Accordingly, about 10' Jurkat celis were 
transfeeted with about 2.5 ~g of erHIV DNA .. The. cells 
were allowed to grow for about 72 hr prior to 1nfection 
with wild-type HIV stock virus. crHIV-l.ll transfected 
Jurkat cells were incuoated with stock pNL4-3 (2 x 105 

15 TCID50 units pe.r 10 11 cells) for about 2 hr at 37°c, washed 
three times in Opti-MEM9 I Reduced Serum Medium, ar.d then 
resuspended in comp!ete.medium (RPMI 1640 with 10% FBS). 

RNA was isolated from cell superr.atants as described in 
Example 4 about 5 days after .infection. 

20 !'or the TCID15o assay, su.,-ernatants containing H!V 
were plated out on 96-well plates by 5-fold 1.imitir.g 
dilution. About 104 MT4 cells (A!DS Reagent Reference 
Pro9:-am, Rockv~lle, Maryland; and Harada et al., Science, 
229, 563-566 (1985)) were then added to the diluted viral - ' 

25 suspensions. and the resultant suspensions were incubated 
for 7 days unt!l co~ple~e viral growth had occurred. MT4 
cells are modified T-eel!s'that con~ain the Tax gene f:o~ 
HTLV-1, ~hich is a transact~vator qene that is analoqo~s 
to Tat in HIV-:. Supernatants were t~er. assayed· for 

3C reverse transc~iptase activity and scored as pr~viously 
described (Dropulie et al. (1992), supra) . . The tissue 
culture infect~ous dose (TCID!o) was determined by the 
method of Reed and Mue~eh (In! Tech. in HIV Res., Johnson 
et al., eds., Stockton ?ress, 71-76 (1990)). 

35 Superin!ect~or. of crE!V-transfected. :~~kat cel:s· 
wieh wild-type HIV resu:ted in cr~!V genomes beir.q 
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rescued into viral particles. The crHIV genomes are 
packaqe~ into viral particles after superinfection with 
wild-type HIV. During this period, the cells appeared 
normal, with no significant signs of eytotoxicity. 

These results confirm that c:HIV genomes are able to 
underqo the full replicative cycle atter complementation 
with wild-t~pe HIV helper virus. These results als~ 
confirm that other viral genomes are likely able ~o 
undergo the full replicative cycle after complementat~o~ 

10 with the correspondinq wild-type v:i..ru.s. 

·. 
Example 7 

This example descr~bes the na'Cure of escape viral 
growth·repo:-ted in the prior examples. 

15 The nature of escape viral growth from cultures 
transfected with wild-type HIV, or·co-tra~sfected with 
wild-~ype HIV and crHIV-1.ll, was examined by analyzing 
virion RNAs usinq RT-PCR as previously described. 
Viruses produceci by cultures at the early stages of viral 

.20 qrowt:h (i.e., wild-type HIV t~ansfected culture at .day 
~11, crHIV~l.?l co-transfected culture at day ~19) 
contained predominantly crHIV RNAs. In comparison, 
cultures from the late stages of various growth (i.e., ' 
wild-type HIV transfected culture at· day -rl 1, cr.HIV-l .11 

25 co-transfected C':.l.lture at day +23) contained 
p:edominately wild-type HIV RNAs. Therefore, viral 
growth from cells co-transfected with wild-type RIV and 
c~HIV-l. ll proviruses appeared to ::r:es'i.1lt fro~ the qrowth 
of wild-type HIV that escaped from· i·ntracellular ribozyme 

30 restriction. "Siqnificar.~ly, crHIV. qenomes still 
comprised a substantial proportion of the total HIV 
genomes even in cultures at the late stages of v:i.ral 

REPLACEMENT SHEET 

25 MAR 1998 



M&.I l U .;. ..,. - f v- I. - .I dUiit' I.I 'i-. -. - ....... _ ,, ... - ............. ,~----~" ~~. - ..... ,--;· :;;;~~ ,., ..... 

73 
growth. This su9qes'C.s that, although wild-type HIV 
genomes predominated, crHIV genomes. were, nevertheless, 
spreading through the culture, albeit at lower 
efficiencies than wild-type HIV gencmes. 

s This confirms that the crH!V vectors, as well as 
further conditionally replicating vectors, can 
effectively compete with wild-type viral 9enomes for 
viral replication. 

10 Example B 
This example fu~ther describes the nature of escape. 

viral g:owth reported in t~e pr~or examples .. 
The effect of crHIV RNA packaqtnq into virions 

du:in9 escape viral growth was studied by measuring 
15 infectious wild-type HIV titers~ Limiting dilution TCIDso 

assays (a5 described in Example 6) were performed on 
viral supernatants fro~ cul~ures at the exponential stage 
of viral growth (i.e., wi:d-type HIV c~ltures at day ~14, 
crHIV-1.1 cu!tures at day +16, crRIV-l.11 or. crHIV-1.12 

20 . cultures at day +20) , The sa~ples were normalized prior 
to ~ssay·~sing reverse transcrip~ase activity. 
S~pernatants from wild-type HIV, crHIV-1.1, crHIV-1.11 

and crHIV-1.12 cultures had an infectious dose of t.3 x 
104 'I'CIDso/ml, 5. 4 x 103 TC:Dso/ml, 3. 3 x 103 TCIDso/ml, a!'ld 

25 3.8 x 103 TC!050/ml, respec~ively. Thus, the pack~ging of 
crHIV RNAs into virior-s during escape viral growth 
results in a decrease in ~he numbe: of infectious wild­
type HIV particles tha~ are produced. 

Next exami~ed was whether the decrease in inf ectio~s 
30 wild-type HIV.ti~er was the result of cleavage of·wild­

type HIV RNAs ~i~h.in escaped virions. RNA cleavage 
products from virions present in· the· supernatants of co­
transfected cells were assessed by pr~:r.er extension· .. The 
PE primer (GGT~AAGC~TGrcGCCGCCCCTCGC:~CTTG [SEQ !O 

35 NO:l2]) iden~ifiad i~ Figure 6, and which eompri~es a Hin 
dII! restrie~ion s!te, was employed. Primer extensio~ 
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across the cleavage site was perfo~ed for 2 hr at 42°C in 
. . 

first-strand buffer comp~isin9 50 mM Tris-RCl, pH 8.3, 15 

mM KCl, 3"mM ~gCi2 , 5 mM OTT, l mM dNTPs, and 20 U of 

~Nase inhibitor,' to which 25 U of MuLV reverse 

S transcriptase ~as added. Viral RNAs were isolated from 

concentrat~d virion preparations derived from crHIV co­

transf ected cultures. Calls and debris were removed by 

centrifugation at 2,000 x g for 15 min at 4°C. Virus was 

then concentrated by ultracentrifugation at 30,00C_x q 

10 for 4 h~ at 4°C. Viral RNAs. were then isolated from the 

viral pellets using TrizolTM as previously described. 

Viral RNAs were isolated from wild-type, HIV­

transfected and crH!V-1.ll co-transfected culture 

supernatants durin9 the la~e stages of viral qrowth 

15 (i.e., wild-type HIV transfected cultures at day +17, 

.crHIV--1.11 co-trans:Eected cultures at day +23). The 

virion.s in these cultures contained both wild-type HIV 

and ~rHIV qenomic RNAs. Full-length, primer-extended 

cDNA was cbserved in both wild-type KIV transf ec:ted and 
. ' 

20 crHIV-1.11 co-transfecte:i cultures. No _.maller cDNAs, 

25 

wh~ch .would have resu!ted from US RNA cleavage, were 

detected, despite ex~ensive primer-extension analysis. 

Thus, the decrease in in:ectious wild-type HIV titers is 

not due to intravi:al e:eavage of wild-type HIV RNAs, but . . 

to their numerical displa=ement by crHIV RNAs within 

progeny virions. 
These resul-;s, thus, indicate that the method 

described herein can be e~ployed to displace wild-type 

qenomes, such as HIV genomes and other genomes, from 

30 progeny virions, using the conditionally replicating 

vectors according to the· invention.· 
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associated.with the mu~ated state can be used to promote 

specifically the propa9ation of a conditionally 

replicating viral vector: This could be done ir. the 

presence or absence of a .helper-virus e~pression vector. 

5 For example, the defect in Ta~ can be complemented by a 

helper-expression vector that is driven of a tumor­

spec~fie promoter, whera the promoter is from a gene in 

leukemic cells that is overexpressed. Such a vector only 

can replicate in leukemic T-eells and not in normal 

10 ce~:s. Viral expression and propaga~ion in leukemi~ T­

cells would res.ult in t.he l;Ysis and <ieath of the cells 

with nascent viral production. The vector could also 

carry ad?iitional elemen"ts to promote.~ell killinq (e.q., 
a sequence er.codir.9 a toxin, a cytokine or an antigen :o 

15 promo~e immune targeting} . 

20· 

Othe~ methods and strategies can similarly be 

employed in the con~truction of ·further condit~onally 

replicating cancer-treatment vectors. 

Example ll 

This example describes the ·developmen~ of second 

ge~eration crHIV constructs (cr2HIV), which' have be~ter 

propagation prope~ties·than crH!V-l.111 vec~ors. 

The second generation vectors enable increased 
. . 

25 prod~etion of crRIV particles from erHIV-produeing eel:s. 

The production of more crHIV particles fac1litates tne·~r 

spread and prevents wild-type H:v ou~qrowth in cultures. 

Lacki.ng sequences encoding proteins that block 

superinfection with w~ld-type HIV, t~e vectors eontain 

30 all sequences of the native, wild-type HIV but do noc 
encode the Tat gene. ·In p~aee of the Tat 9ene· is a 

t:!'ipla anti-Tat ribozyme cassette (["SEQ.ID NO: 18)) made 

35 

to t~e three difteren~ sites on the Tat 9ene~ Alsc, the 

Tat splice site was deleted so that the ~at ribozymes 

will selec~ively cleave. genomic wild-type HIV RNAs anri 

not spliced wild-type H:v RNAs, which co~plement fo: the 

defe=t in Tat and facili~a~e crHIV :eplication. In 
rr~-:-::--:---...,.,. .... ,...,.,.,. ~­

·REPuc;;;M~N .. ~fi~i·e-~-r ,--__ .... _. ·.. \ .... ' t 

AMENDED SHEET 
- . f.PE.~EP 

~";;""::~·-.. 

25/.fAR~ 
·-........ 



.. 88 
11111111 111111 11111 11111111111 

* C L M S * WHAT IS CLAIMED !S: 

1. .A conditionally replicating viral vector, which 
is charac~erized by a capaei~y to replicate only in a 

S .· ho.st cell that is permissive for replication· of said 
vector, and wherein said vector cornpri·ses at least one 

nucleic acid sequence, the _presence, transcription or 
translation of which ·causes said vector, which is 
~es~stant to the p%e.sence 1 transcription or translation 

10 of said at least one nucleic acid sequene~, to be -
selectively packaged into progeny virions ove: (i) a 

wild-type strain of virus, .which corresponds to the virus 
from which !aid vector was derived, is sensitive to the 
presen=e, transcription o~ translation of said at least 

15 .one nucleic.acid sequence, or (ii) a helper for 
replication of a viral vector, which is sensitive to the 
presence, .transcription or trans~a:~ori of said at ·1east 
one nucle~c aeid seq~ence, when (il said wild-type s~rain 
of vir~s o~ (i) said helper for replication of a viral 

20 vector is present ir. said hos~ cell. 
' 

2. The conditionally replicating viral vector of 
claim 1, wherei~ said at least one nucleic acid sequence 
comprises a nucleotide sequence, wh•ch colT.p.rises or 

25 encodes, i~ which case it expresses, a genetic antivira: 
agent, which adversely affects the replication, 
expression, or replie~~ic~ and expression of (i) a wild­

type st:ai~ of virus or (ii) a helper· for replication of 
a viral veet:or ,. but no-: said viral vector, its elf. 

30 

3-5 

3. Tr.e conditionally replica~~ng viral vector cf 
claim 2, wherein said genetic antivi~al agent is selected 
from the group consist:ing of 'an antisense molee<ule,. a 
ribozyme, and a~ irnm.~nogen. 

4. Tt.e cor.aitionally replica~ing viial vector of 
claim 3, wr.erein said vector is derived from a human 
!mmu~ode=iciency virus. 
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S. The conditionally replicating viral vector of 

claim 3, wherein said vector is derived from a 

To9aviridae. 

6. The conditionally replicating viral vector of 

claim 3, wherein the catalytic dcma•n of said riboz}1me 

cleave.s the nucleotide sequence of NOR. 

10 7. The c~nditionally replicating viral vector of 

claim 3, wherein said ribozyme is encoded by a sequenoe 

select~d from the group consistinq of SEQ ID N0:3 and SEQ 

ID N0:4. 

15 8. The conditionally replicating viral vector of 

claim 1, wherein said wild-type strain of virus comprises 

a nucleotide sequence er.coded by SEQ ID NO: 1 and said .. . 
·vector, if DNA,_comprises a nucleotide sequence selected 

f%om the group consisting of SEQ ID NOS: 2, 3, 4, 5, 6, 

20 14, in which at least one N is mutated, 15 and 16, and 

25 

.. 
said vector, if RNA, comprises a nucleotide sequence 

encoded by a nucleotide sequence selected from the 9roup 

oo~sisting of SEQ IO NOS: 2, 3, 4, 5, 6, 14, in which at 

least one N is ~utated, 15 and 16. 

9. The conditiona!ly replicat!nq viral vector o! 

claim 8, wherein said vecto~, if DNA, comprises S~Q IO 

N0:3 and a nucleotide seqaenee selected from the group 

cons~sting of SEQ ro NOS:2, s· and 15, and said vector, ~f 

30 RNA, comprises the nucleotide sequenc::e encoded by SEQ ID 

~O: 3 and a nucleotide sequence encoded by a n~cleotide 

sequence selected from the group cons~stin9 o~ SEQ !D 

NOS; 2, 5 and 15. 

35 :o. The conditi~na:~y replicating v~ral vector of 

cla!~ ~, wterein sa~d vecto~, if C~A, comprises SEQ ID 

NO:~ anci a nucleotide seq-Jenee se:ec~ea from the group 

consisting of SEQ ID ~OS:2, 6 and 16, and said vector, if 
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RNA, eompr~ses the nuel·eotide sequence encoded by SEQ ID 
. N0:4 and a nucleotide sequen~e encoded by a nucleotide 
sequence selected from the grou~ consisting of SEQ ID 
NOS:2, 6 and 16. 

11. The conditionally replicating v~ral vector of 
claim l, where~n said vector is derived from a h~~an 
immunodeficiency virqs and lacks the tat gene· and its 
splice site f:om the genome of a wild-type strain of 

10 human imm.unodaficiency virus. 

k2 .. The conditionally replicating viral vector of 
claim 11, wherein, in place of said tat qene and its 
splice site, said vector comprises ·a triple anti-Tat 

15 ribozyrr.e cassette, wherein the catalytic domain of each 
ribozyme of the triple ribozyme cassette cleaves a 
different site on a wild-type human immunodeficiency 
viral nucleic acid molecule. 

20 

25 

13. The conditionally ~'plieatinq viral vector of 
claim 12, wherein said wild~type human immunodeficiency 
viral nucleic ac~d molecule compr~ses tat and the 
catalytic domain of each ribozy:ne of th~ tripl~ ribozyme 
cassette cleaves a different site within tat. 

14. The conditionally replica~ing viral vector ot. 
claim :2, ~herein the catalytic domain of each ribozy~e 
cleaves a nucleotide sequence in a reqion of a nucleic 
acid molecule of wild-type human im.~unodeficiency virus 

30 for which there ~s no ribozyme-sensitive counterpart i~ 
the vector, itself. 

15. The conditionally replicatinq viral vector of 
claim 1, wherein said vector further e~~prisas. at least 

35 on~ addi~ional nucleic ~eid sequence, the presence, 
transcriptio~ or translation of which centers to a hos~ 
cell, which is i~fected.with said vector, a selec~ive 
advantage over a. cell infected. with (i) a •' :bei-t;.-p.e • -
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strain of virus or (ii)' a helper for replication of a 

viral vector. 

16. The conditio~ally replicating viral vector of 
·5 claim 15, wherein said at least one additional.. nucleic 

acid sequence comprises a sequence encoding a multidruq 

resistance. · 

17. The conditionally replicating viral vector of 

10 claim 16; wherein said at least one additional nucleic 
acid sequence comprises a nucleotide sequence selected 
from the group consist!ng of a nucleotide sequence 

15 

. . 
encodinq a mutant protease and a.nucleotide sequence 
encodinq a mutant reverse transcriptase. 

18. ~he conditionally replicating viral vector of 

claim 17, wherein said. vector is a conditionally 

rep~icating human immunodeficiency viral vector, which 
comprises a ribozyme cassette comprising one, two or 

20 three rioozymes, each of wh!cp is inc:iependent~y targeted 

to site +115 or site +133 of US ·H:V RNA. 

19. The conditionally :eplieatinq viral vector of 
c.laim 1, wherein sai<i at least one nucleic acid sequence 

25 causes substantially more of said vector than (i) said 

wild-type strain of virus or ·(ii) said helpe: for 

replicatior. of a viral vector to be selectively packaged 
into progeny virions. 

30 20. The conditional:y ~eplicatin;_v~ral vector of 

claim 19, wherein said at least one nucleic acic:i sequence 

causes said vector to be selectively packa9ed !.nto 

progeny virions to the ~xclusion of (i) said·wild-type 

s~rain of virus or (ii) said helper for replica~ion of a 

35 viral vecto~. 

21. A compositio~·comprisin~ a vector ·of claim l or 

j,S and a carrier t!1erefor. 
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22. A host cell comprising a vector of claim 1 or 

15. 

23; A method of making a. vector, which method · 

corr.prises: 
. (a) obtaining a vectcr, which :i.s derived from a 

wild-type strain of virus a~d which is capable of 
replicating only in a host cell that is permissive for 

10 replication of said vector: and 
(b) incorporatinq into the vector of (a) a nucleic 

acid sequence, which comprises or encodes, in which case 
it also exp~esses, an antivi~al agent, and thereby, or in 
add~tion thereto, modifyinq the vector of (a) to be 

15 resistant to.said antiviral agent, 
wherein the ineorporation into the vec~or of the 

nuc:eic acid sequence anc ~he modification ot the vector 
to be resistant tc the antiviral agent cause said vecto~ 
to be selectively packaged into proqeny virions over .(i) 

20 a wild~type strain of virus, ~hich corresponds to the 
vi=us from which said vector was derived and is sensitive 
t~ said antiviral agent, o.: (ii} a helper ::or r_eplication 
of a viral vector, which is sensiti~e to said antivi~al 
agent, when Ci) said w~lc-type strain of virus o~ (ii) 

25 sa~d helper· for replication of a viral vec~or is present 
in said host cell. 

24. The method o! c:aim 23, wherein said antiviral 
a9ent is a genetic antiviral agent selected f.ror.i. the 

30 group consistin9 of an ar.~isense molecule, a ribozyme, 
and an immunogen. 

35 

25. The method of claim 24, wherein sa~d vec~or i~ 
a ~u~an immunodeficiency viral vec~or. 

2E. The method o! claim 2:, wherein s~ep (b} 

· comprises: 

AMEN· ·oi::n c·HJ:!:"T" 
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(i) ineorporatin9 into the vector of (a), if DNA, a 
nucleotide sequence selected from.the group consisting of 

SEQ ID N0:3 and SEQ ID N0:4, or, if RNA, a nucleotide 
sequence encoded by a nucleotide sequence selected from 

S the group eons•sting of SEQ IO N0:3 and SEQ ID N0:4; anti 
(ii) modifying the vector of (a), if DNA, to 

comprise a nucleotide sequence of SEQ I~ NO:l4, in which 
at least one N is mutated, or, if RNA, a nucleotide 
sequence encoded by a nucleotide sequence of SEQ ID 

10 'NO:l4, in which at least one. N is m~tated. 

27. The method of claim 26, wherein step "(h) · 
comprises: 

(i} 1neorporatinq into the vecto~ of (a), if. DNA, 
lS SEQ ID N0:3, or if RNA, the nucleo-;ide sequence encoded 

:>y SEQ IO N0:3, and 
(ii) modifying the vector of (a), if DNA, to 

comprise a nucleotide sequence selected from the group 
consisting of SEQ In NOS:2, 5 and :s, or, if RNA, a 

20 nucleotide sequence encoded cy a nucleo~ide sequence· 
selected from the group consisting of SEQ ID NOS:2, 5 a~d 
15. 

28. The me~hod of claim 26, wherein step (b) 
25 comprises: 

(l) incorporatinq into the vec~or of (a), if DNA, 
SEQ ID N0:4, o:- if RNA, the nucleotide sequer.ce encoded 
by SEQ ID N0:4, and 

(ii) modifying the vector of (a), ·if ONA, to 
30 ·comprise a.nucleotide sequence selected f:om the group 

35 

consistir...g of SEQ IO NOS:2,6 and 16, or, if RNA; a 
~ucleotide seq'Jence encoded by a nuc.:!..eotide sequence 
selected from tJ::i,e qroup :onsisting of SEQ ID- NOS: 2, .6 and 
16. 

29. A method of modifying a vector, which method 
comprises: 

(a) obtaining a vector; and 
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(b) introducing into the vector of (a) a nucleotide · 
sequence eorrespondlng 'to S~Q ID NO:l4, ·in which at least 

one N is mutated, if the vector is DNA, and a nucleotide 
sequence encoded by a nucleotide sequence corresponding 

S to SEQ ID NO:l4, in which at least one N"is mutated, if 
the vector is RNA. 

30. The method of claim 29, wherein said nucleotide 
sequence is selected trom. the group consisting of SEQ ID 

10 NOS: 2, 5, 6, 15 and 16, if the vector is DNA, and·a 
nucleotide sequence encoded by a nucleotide sequence 
selected fr~m the g~oup consisting of SEO ID NOS: 2, 5, 
6, 15 and 16, if the vector is RNA. 

15 31. A method· of propaqating and selectively 
packaqing a conditionally teplic:ating vect:or without 
usinq a packaging cell line. which method comprises: 

(a) contactinq the conditionally replicating vector 
with a cell capable of being infected by another veetor, 

20 which is ~be same ~ype of vector as the conditionally .. 
replicating vector and which differs from the 
conditionally replicating vector by beinq wild-type for 
replication co~petency; 

{b) contacting the cell of (a) with said another 
25 vector of (a); and 

30 

(c) culturing the cell of (o) under cond!tions 
conducive to the propaqation of said conditionally 
replicatinq vector. 

32. An ·isolated and purified nucleic acid molecule 
selec~ed_ from the group consisting of a DNA ~olecule 
comprising a nucleotide sequence selected from the group 
consisting of StQ !D NOS: 2, 5, 6, 15 an<i 16 -and a .RNA 

molec.ule comprising a nucleotide sequence encoded by a 
35 nucleotide sequence selee-:ed :from the group consisi:ing ef 

SEQ IO NOS~ 2, 5, 6, 15 and 16. 

. ~"·;.. ••. ;,; ·-· • ~,.. !'- • \
'.\ ....... -~ ·-..,. ... i tc-1 
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33. A method of inhibiting the replication o~ a 

wild-type strain of a virus in a hCst cell, which method 

comprises contacting the host ~ell, which is- capable of 

being infected with the wild-type strain of the virus, 

5 with a vector of any of claims 1, i4 and 15, ·the 

presence, tran•cription or tranBlation ot which inhibits' 

the replication of ~he wild-type strain of virus in the 

host cell. 

10 

lS 

34. The method of claim 33, which additionally 

com.prises contactinq the host cell with an agent selected . . . 
from the group consisting of a cytotoxic drug, a protease 

inhibitor, and a rever.se transcriptase inhibitor. 

35. ~he method of claim 33, wherein said virus 

causes cancer. 

36. The method of claim 33, wherein said host cell 

has not yet come into contact with said wild-type strain 

20 . of virus and wherein said method additionally comprises 

'25 

_eontactinq said host eell with a helper-expression 

vector, wherein said helper-expression veetor complements 

said conditionally replicating viral vector for its 

inability to replicat~. 

3~. The method of claim 36, wherein said belper­

expressicn vector complements said conditionally 

replicating viral vector in a cell-specific manner. 

·30 38. A method ot expre~sing a gene of interest in a 
host cell, which method comprises: 

(a) contactinq said host cell with a conditionally. 

replicating viral vector of claim 1 or 15, ~herein_ said 

viral vector further comprises the gene of interest and 

35 is capable of expressinq the qene in said host cell, and 

a helper; and (b) e~pressinq in said host cell the qen• 

of interest. 

REPLACEMENT SHEET -AMENDED SHEET 
IPEA/EP 

25MAR1998 



nu. J\Jir 1, V••u Jw 

96 11111111111111 111111111111 1111 
* C L M S * 

39·. The ir.ethod of claim 38, wherein said expression 
of said ~ene of interest in said host cell inhibits 
replication of a wild-type virus in said host cell. 

5 40. A method of detectinq interaction between a 
drug/factor and a protein, which method comprises: 

{a) contacting the drµg/factor with a host cell 
comprising a vector of claim l, in which the vector 
encodes and expresses the protein; and 

10 Cb) detect~ng interaction between the druq/factor 
and the p:-ot~~n. 
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