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(57) ABSTRACT 

Isolated nucleic acid molecules are disclosed, comprising an 
alphavirus nonstructural protein gene which, when operably 
incorporated into a recombinant alphavirus particle, eukary 
otic layered vector initiation system, or RNA vector replicon, 
has a reduced level of vector-specific RNA synthesis, as com 
pared to wild-type, and the same or greater level of proteins 
encoded by RNA transcribed from the viral junction region 
promoter, as compared to a wild-type recombinant alphavirus 
particle. Also disclosed are RNA vector replicons, alphavirus 
vector constructs, and eukaryotic layered vector initiation 
systems which contain the above-identified nucleic acid mol 
ecules. 
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AGAAGCAGGC GCCCAAGCAA CCACCGAAGC CGAAGAAACC AAAAACGCAG GAGAAGAAGA 7920 
AGAAGCAACC TGCAAAACCC AAACCCGGAA AGAGACAGCG CATGGCACTT AAGTTGGAGG 7980 
CCGACAGATT GTTCGACGTC 8000 
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RECOMBINANT ALPHAVIRUS-BASED 
VECTORS WITH REDUCED INHIBITION OF 

CELLULAR MACRO-MOLECULAR 
SYNTHESIS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. Ser. No. 
10/391.441, filed Mar. 17, 2003, pending, which is a continu 
ation of U.S. Ser. No. 09/507,362, filed Feb. 18, 2000, now 
U.S. Pat. No. 6,592,874, issued Jul. 15, 2003, which is a 
division of U.S. Ser. No. 08/944,465, filed Oct. 6, 1997, now 
U.S. Pat. No. 6,451,592, issued Sep. 17, 2002, which is a 
continuation-in-part of U.S. Ser. No. 08/833,148, filed Apr. 4, 
1997, abandoned, which is a continuation-in-part of U.S. Ser. 
No. 08/679,640, filed Jul. 12, 1996, abandoned, which is a 
continuation-in-part of U.S. Ser. No. 08/668,953 filed Jun. 24, 
1996, abandoned, which is a continuation-in-part of U.S. Ser. 
No. 08/628,594, filed Apr. 5, 1996, abandoned. Each refer 
ence is incorporated herein in its entirety. 
0002 This application incorporates by reference the con 
tents of a 64 kb text file created on Jul. 28, 2010 and named 
“PAT051264 US CNT02seqlist.txt,” which is the sequence 
listing for this application.” 

STATEMENT OF GOVERNMENT INTEREST 

0003. This invention has been made in part with govern 
ment support under grant number AI 11377, awarded by the 
National Institutes of Health. The government may have cer 
tain rights in the invention. 

JOINT RESEARCH AGREEMENT 

0004. The inventions claimed in this application were 
made undera Joint Research Agreement between Washington 
University and Viagene, Inc. 

TECHNICAL FIELD OF THE INVENTION 

0005. The present invention relates generally to recombi 
nant DNA technology: and more specifically, to the develop 
ment of recombinant vectors useful for directing the expres 
sion of one or more heterologous gene products. 

BACKGROUND OF THE INVENTION 

0006 Alphaviruses comprise a set of genetically, structur 
ally, and serologically related arthropod-borne viruses of the 
Togaviridae family. These viruses are distributed worldwide, 
and persist in nature through a mosquito to Vertebrate cycle. 
Birds, rodents, horses, primates, and humans are among the 
defined alphavirus vertebrate reservoir/hosts. 
0007 Twenty-six known viruses and virus subtypes have 
been classified within the alphavirus genus utilizing the 
hemagglutination inhibition (HI) assay. This assay segregates 
the 26 alphaviruses into three major complexes: the Venezu 
elan equine encephalitis (VEE) complex, the Semliki Forest 
(SF) complex, and the western equine encephalitis (WEE) 
complex. In addition, four other viruses, eastern equine 
encephalitis (EEE), Barmah Forest, Middelburg, and Ndumu, 
receive individual classification based on the HI serological 
assay. 
0008 Members of the alphavirus genus also are classified 
based on their relative clinical features in humans: alphavi 
ruses associated primarily with encephalitis, and alphavi 
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ruses associated primarily with fever, rash, and polyarthritis. 
Included in the former group are the VEE and WEE com 
plexes, and EEE. In general, infection with this group can 
result in permanent sequelae, including behavior changes and 
learning disabilities, or death. In the latter group is the SF 
complex, comprised of the individual alphaviruses Semliki 
Forest, Sindbis, Ross River, Chikungunya, Onyong-nyong, 
and Mayaro. With respect to this group, although serious 
epidemics have been reported, infection is in general self 
limiting, without permanent sequelae. 
0009. Sindbis virus is the prototype member of the 
Alphavirus genus of the Togaviridae family. Its replication 
strategy after infection of cells (see FIG. 1) has been well 
characterized in chicken embryo fibroblasts (CEF) and baby 
hamster kidney (BHK) cells, where Sindbis virus grows rap 
idly and to high titer, and serves as a model for other alphavi 
ruses. Briefly, the genome from Sindbis virus (like other 
alphaviruses) is an approximately 12 kb single-stranded posi 
tive-sense RNA molecule which is capped and polyadeny 
lated, and contained within a virus-encoded capsid protein 
shell. The nucleocapsid is further surrounded by a host-de 
rived lipid envelope into which two viral-specific glycopro 
teins, E1 and E2, are inserted and anchored to the nucleo 
capsid. Certain alphaviruses (e.g., SF) also maintain an 
additional protein, E3, which is a cleavage product of the E2 
precursor protein, PE2. After virus particle absorption to tar 
get cells, penetration, and uncoating of the nucleocapsid to 
release viral genomic RNA into the cytoplasm, the replicative 
process is initiated by translation of the nonstructural proteins 
(nsPs) from the 5' two-thirds of the viral genome. The four 
nsPs (nsP1-nsP4) are translated directly from the genomic 
RNA template as one of two polyproteins (nsP123 or 
nsP1234), and processed post-translationally into monomeric 
units by an active protease in the C-terminal domain nsP2. A 
leaky opal (UGA) codon present between nsP3 and nsP4 of 
most alphaviruses accounts for a 10 to 20% abundance of the 
nsP1234 polyprotein, as compared to the nsP123 polyprotein. 
Both of the nonstructural polyproteins and their derived 
monomeric units may participate in the RNA replicative pro 
cess, which involves binding to the conserved nucleotide 
sequence elements (CSEs) present at the 5' and 3' ends, and a 
junction region Subgenomic promoter located internally in 
the genome (discussed further below). 
0010. The positive strand genomic RNA serves as tem 
plate for the nsP-catalyzed synthesis of a full-length comple 
mentary negative strand. Synthesis of the complementary 
negative strand is catalyzed after binding of the nsP complex 
to the 3' terminal CSE of the positive strand genomic RNA. 
The negative strand, in turn, serves as template for the Syn 
thesis of additional positive strand genomic RNA and an 
abundantly expressed 26S subgenomic RNA, initiated inter 
nally at the junction region promoter. Synthesis of additional 
positive strand genomic RNA occurs after binding of the nsP 
complex to the 3' terminal CSE of the complementary nega 
tive strand genomic RNA template. Synthesis of the subge 
nomic mRNA from the negative strand genomic RNA tem 
plate, is initiated from the junction region promoter. Thus, the 
5' end and junction region CSEs of the positive strand 
genomic RNA are functional only after they are transcribed 
into the negative strand genomic RNA complement (i.e., the 
5' end CSE is functional when it is the 3' end of the genomic 
negative stranded complement). The structural proteins (SPs) 
are translated from the subgenomic 26S RNA, which repre 
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sents the 3' one-third of the genome, and like the nsPs, are 
processed post-translationally into the individual proteins. 
0.011 Several groups have suggested utilizing certain 
members of the alphavirus genus as an expression vector, 
including, for example, Sindbis virus (Xiong et al., Science 
243:1188–1191, 1989; Hahn et al., Proc. Natl. Acad. Sci. USA 
89:2679-2683, 1992; Dubensky et al., J. Virol. 70:508-519, 
1996), Semliki Forest virus (Liljestrom, Bio/Technology 
9:1356-1361, 1991), and Venezuelan Equine Encephalitis 
virus (Davis et al., J. Cell. Biochem. Suppl. 19A:10, 1995). In 
addition, one group has suggested using alphavirus-derived 
vectors for the delivery of therapeutic genes in vivo. One 
difficulty, however, with the above-referenced vectors is that 
inhibition of host cell-directed macromolecular synthesis 
(i.e., protein or RNA synthesis) begins within a few hours 
after infection and cytopathic effects (CPE) occur within 12 
to 16 hours post infection (hpi). Inhibition and shutoff of host 
cell protein synthesis begins within 2 hpi in BHK cells 
infected with recombinant viral particles, in the presence or 
absence of structural protein expression, Suggesting that the 
early events after virus infection (e.g., synthesis of nsPs and 
minus strand RNA) may directly influence the inhibition of 
host cell protein synthesis and Subsequent development of 
CPE and cell death. 
0012 SIN-1 is a variant strain derived from wild-type 
Sindbis, and was isolated from a culture of BHK cells persis 
tently infected with Sindbis virus over a period of one month 
(Weiss et al. J. Virol. 33: 463-474, 1980). A pure SIN-1 virus 
stock obtained by expansion from a single plaque does not kill 
the BHK cells which it infects. Importantly, virus yields 
(>10 PFU/cell) are the same in BHK cells infected with 
wild-type Sindbis virus or the variant SIN-1 virus. Thus, the 
principle phenotype of SIN-1 in infected BHK cells is char 
acterized by production of wild-type levels of infectious virus 
in the absence of virus-induced cell death. 
0013 The present invention provides recombinant vectors 
with selected desirable phenotypes for use in a variety of 
applications, including for example, gene therapy and recom 
binant protein production, and further provides other related 
advantages. 

SUMMARY OF THE INVENTION 

0014 Briefly stated, the present invention provides RNA 
vector replicons, alphavirus vector constructs, eukaryotic 
layered vector initiation systems and recombinant alphavirus 
particles which exhibit reduced, delayed, or no inhibition of 
cellular macromolecular synthesis (e.g., protein or RNA syn 
thesis), thereby permitting the use of these vectors for protein 
expression, gene therapy and the like, with reduced, delayed, 
or no development of CPE or cell death. Such vectors may be 
constructed from a wide variety of alphaviruses (e.g., Semliki 
Forest virus, Ross River virus, Venezuelan equine encephali 
tis virus or Sindbis virus), and designed to express numerous 
heterologous sequences (e.g., a sequence corresponding to 
protein, a sequence corresponding to antisense RNA, a 
sequence corresponding to non-coding sense RNA, or a 
sequence corresponding to ribozyme). 
0015 Within one aspect of the invention, isolated nucleic 
acid molecules are provided comprising an altered alphavirus 
nonstructural protein gene which, when operably incorpo 
rated into a recombinant alphavirus, increases the time 
required to reach 50% inhibition of host-cell directed macro 
molecular synthesis following expression in mammalian 
cells, as compared to a wild-type alphavirus. As utilized 
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within the context of the present invention, “altered alphavi 
rus nonstructural protein gene' refers to a gene which, when 
operably incorporated into an alphavirus RNA vector repli 
con, recombinant alphavirus particle, or eukaryotic layered 
vector initiation system, produces the desired phenotype 
(e.g., reduced, delayed or no inhibition of cellular macromo 
lecular synthesis). Such altered alphavirus nonstructural pro 
tein genes will have one or more nucleotide Substitutions, 
deletions, or insertions, which alter the nucleotide sequence 
from that of the wild-type alphavirus gene. The gene may be 
derived either artificially (e.g., from directed selection proce 
dures; see Example 2 below), or from naturally occurring 
viral variants (see Example 1 below). In addition, it should be 
understood that when the isolated nucleic acid molecules of 
the present invention are incorporated into an alphavirus 
RNA vector replicon, recombinant alphavirus particle, or 
eukaryotic layered vector initiation system as discussed 
above, that they may, within certain embodiments, Substan 
tially increase the time required to reach 50% inhibition of 
host-cell directed macromolecular synthesis, up to and 
including substantially no detectable inhibition of host-cell 
directed macromolecular synthesis (over any period of time). 
Assays suitable for detecting percent inhibition of host-cell 
directed macromolecular synthesis include, for example, that 
described within Example 1. 
0016. Within other aspects of the invention, isolated 
nucleic acid molecules are provided comprising an altered 
alphavirus nonstructural protein gene which, when operably 
incorporated into a recombinant alphavirus particle, eukary 
otic layered vector initiation system, or RNA vector replicon, 
results in a reduced level (e.g., 2-fold, 5-fold, 10-fold, 50-fold 
or more than 100-fold) of vector-specific RNA synthesis as 
compared to the wild-type, and the same or greater level of 
protein encoded by RNA transcribed from the viral junction 
region promoter, as compared to a wild-type recombinant 
alphavirus particle, wild-type eukaryotic layered vector ini 
tiation system, or wild-type RNA vector replicon. Represen 
tative assays for quantitating RNA levels include Huridine 
incorporation as described in Example 1, or RNA accumula 
tion as detected by Northern Blot analysis (see Example 4). 
Representative assays for quantitating protein levels include 
scanning densitometry (see Example 4) and various enzy 
matic assays (see Examples 3-5). 
0017. Within one embodiment of the above, the isolated 
nucleic acid molecule encodes nonstructural protein 2 (nsP2). 
Within a further embodiment, the isolated nucleic acid mol 
ecule has a mutation in the LXPGG motif of nsP2. 
0018 Within another aspect of the invention, expression 
vectors are provided comprising a promoter operably linked 
to one of the above-described nucleic acid molecules. Within 
one embodiment, the expression vector further comprises a 
polyadenylation sequence or transcription termination 
sequence 3' to the nucleic acid molecule. 
0019. Within yet another aspect of the present invention, 
alphavirus vector constructs are provided, comprising a 5' 
promoter which initiates synthesis of viral RNA in vitro from 
cDNA, a 5' sequence which initiates transcription of alphavi 
rus RNA, a nucleic acid molecule which operably encodes all 
four alphaviral nonstructural proteins including an isolated 
nucleic acid molecule as described above, an alphavirus viral 
junction region promoter, an alphavirus RNA polymerase 
recognition sequence and a 3' polyadenylate tract. 
0020. Within a related aspect, such constructs further 
comprise a selected heterologous sequence downstream of 
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and operably linked to a viral junction region. Within a related 
aspect, alphavirus vector constructs are provided comprising 
a 5" promoter which initiates synthesis of viral RNA in vitro 
from cDNA, a 5' sequence which initiates transcription of 
alphavirus RNA, a nucleic acid molecule which operably 
encodes all four alphavirus non-structural proteins, an 
alphavirus viraljunction region promoter, an alphavirus RNA 
polymerase recognition sequence, and a 3' polyadenylate 
tract, wherein said in vitro synthesized RNA, upon packaging 
into an alphavirus particle and introduction of the particle into 
a mammalian host cell, increases the time required to reach 
50% inhibition of host-cell directed macromolecular synthe 
sis following expression in mammalian cells, as compared to 
a wild-type alphavirus particle. 
0021. Within a further aspect, alphavirus vector constructs 
are provided comprising a 5' promoter which initiates synthe 
sis of viral RNA in vitro from cDNA, a 5' sequence which 
initiates transcription of alphavirus RNA, a nucleic acid mol 
ecule which operably encodes all four alphavirus non-struc 
tural proteins, an alphavirus viral junction region promoter, 
an alphavirus RNA polymerase recognition sequence, and a 
3' polyadenylate tract, wherein said in vitro synthesized RNA, 
upon packaging into an alphavirus particle and introduction 
of the particle into a mammalian host cell, has a reduced level 
of vector-specific RNA synthesis as compared to wild-type 
alphavirus particle, and the same or greater level of protein 
encoded by RNA transcribed from the viral junction region 
promoter, as compared to a wild-type alphavirus particle. 
0022 Within yet other aspects of the present invention, 
RNA vector replicons capable of translation in a eukaryotic 
system are provided, comprising a 5' sequence which initiates 
transcription of alphavirus RNA, a nucleic acid molecule 
which operably encodes all four alphaviral nonstructural pro 
teins, including the isolated nucleic acid molecules discussed 
above, an alphavirus viraljunction region, an alphavirus RNA 
polymerase recognition sequence and a 3' polyadenylate 
tract. 

0023. Within a related aspect, alphavirus RNA vector rep 
licons capable of translation in a eukaryotic system are pro 
vided, comprising a 5' sequence which initiates transcription 
of alphavirus RNA, a nucleic acid molecule which operably 
encodes all four alphaviral nonstructural proteins, an alphavi 
rus viral junction region promoter, an alphavirus polymerase 
recognition sequence and a 3' polyadenylate tract, wherein 
said alphavirus RNA, upon packaging into an alphavirus par 
ticle and introduction of the particle into a mammalian host 
cell, increases the time required to reach 50% inhibition of 
host-cell directed macromolecular synthesis following 
expression in mammalian cells, as compared to a wild-type 
alphavirus particle. 
0024. Within other aspects, alphavirus RNA vector repli 
cons capable of translation in a eukaryotic system are pro 
vided comprising a 5' sequence which initiates transcription 
of alphavirus RNA, a nucleic acid molecule which operably 
encodes all four alphaviral nonstructural proteins, an alphavi 
rus viral junction region promoter, an alphavirus polymerase 
recognition sequence and a 3' polyadenylate tract, wherein 
said alphavirus RNA, upon packaging into an alphavirus par 
ticle and introduction of the particle into a mammalian host 
cell, has a reduced level of vector-specific RNA synthesis as 
compared to wild-type alphavirus particle, and the same or 
greater level of protein encoded by RNA transcribed from the 
viral junction region promoter, as compared to a wild-type 
alphavirus particle. 
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0025. Within another embodiment, such RNA vector rep 
licons further comprise a selected heterologous sequence 
downstream of and operably linked to a viral junction region. 
Within further aspects of the invention, host cells are provided 
which contain one of the RNA vector replicons described 
herein. Within additional aspects of the invention, pharma 
ceutical compositions are provided comprising RNA vector 
replicons as described above and a pharmaceutically accept 
able carrier or diluent. 

0026. Within other aspects of the invention, recombinant 
alphavirus particles are provided, comprising one or more 
alphavirus structural proteins, a lipid envelope, and an RNA 
vector replicon as described herein. Within one embodiment, 
one or more of the alphavirus structural proteins are derived 
from a different alphavirus than the alphavirus from which the 
RNA vector replicon was derived. Within other embodi 
ments, the alphavirus structural protein and lipid envelopes 
are derived from different species. Within further aspects, 
pharmaceutical compositions are provided comprising a 
recombinant alphavirus particle as disclosed above and a 
pharmaceutically acceptable carrier or diluent. Further, mam 
malian cells infected with Such recombinant alphavirus par 
ticles are also provided. 
0027. Within certain embodiments of the invention, the 
above described vectors or particles may further comprise a 
resistance marker which has been fused, in-frame, with the 
heterologous sequence. Representative examples of Such 
resistance markers include hygromycin phosphotransferase 
and neomycin phosphotransferase. 
0028. Within other aspects of the present invention, meth 
ods are provided for selecting alphavirus or recombinant 
alphavirus vector variants which exhibit the phenotype 
described herein of reduced, delayed, or, no inhibition of host 
cell directed macromolecular synthesis. Representative 
examples of such methods include the use of selectable drug 
orantigenic markers and are provided in more detail below in 
Example 2. 
0029. Within other aspects of the present invention, 
Togavirus capsid particles are provided which contain Sub 
stantially no genomic (i.e., wild-type virus genome) or RNA 
vector replicon nucleic acids. Representative examples of 
Togaviruses include, for example alphaviruses and rubivi 
ruses (e.g., rubella). Within certain embodiments, the capsid 
particles further comprise a lipid envelope containing one or 
more alphavirus glycoproteins. Within other embodiments, 
the capsid particle further comprises an alphavirus envelope 
(i.e., the lipid bilayer and the glycoprotein complement). 
Within related aspects of the present invention, pharmaceu 
tical compositions are provided comprising the above noted 
capsid particles (with or without a lipid bilayer (e.g., viral 
envelope containing alphavirus glycoproteins)) along with a 
pharmaceutically acceptable carrier or diluent. Within further 
aspects. Such capsid particles (with or without a lipid bilayer 
(e.g., viral envelope containing alphavirus glycoproteins)) or 
pharmaceutical compositions may be utilized as a vaccinat 
ing agent in order to induce an immune response against a 
desired togavirus. 
0030. Within further aspects of the invention, inducible 
promoters are provided comprising a core RNA polymerase 
promoter sequence, an operably linked nucleic acid sequence 
that directs the DNA binding of a protein that activates tran 
Scription from the core promoter sequence, and an operably 
linked nucleic acid sequence that directs the DNA binding of 
a protein that represses transcription from the core promoter 
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sequence. Such promoters may be utilized in the gene deliv 
ery vehicles described herein, as well as a wide variety of 
other vectors known to those skilled in the art. 
0031. Within other aspects, alphavirus structural protein 
expression cassettes are provided comprising a 5' promoter 
which initiates synthesis of viral RNA from DNA, a nucleic 
acid molecule which encodes one or more functional alphavi 
rus structural proteins, a selectable marker operably linked to 
transcription of the expression cassette, and optionally, a 3' 
sequence which controls transcription termination. Within 
one embodiment, such expression cassettes further comprise 
a 5' sequence which initiates transcription of alphavirus RNA, 
a viral junction region promoter, and an alphavirus RNA 
polymerase recognition sequence. Within another embodi 
ment, the expression cassette further comprises a catalytic 
ribozyme processing sequence, post-translational transcrip 
tional regulatory elements which facilitate RNA export from 
the nucleus, and/or elements which permit translation of mul 
ticistronic mRNA, selected from the group consisting of 
Internal Ribosome Entry Site elements, elements promoting 
ribosomal read through and BiP sequence. Within other 
embodiments, the selectable marker is operably linked to a 5' 
promoter capable of initiating synthesis of alphavirus RNA 
from cDNA. Within further embodiments, the selectable 
marker is positioned downstream from a junction region pro 
moter and from the nucleic acid molecule which encodes 
alphavirus structural proteins. Within yet other embodiments, 
the 5' promoter is an inducible promoter as described herein. 
Within another embodiment, the alphavirus structural protein 
expression cassette further comprises an alphavirus capsid 
protein gene or other sequence (e.g., a tobacco etch virus or 
“TEV' leader) which is capable of enhancing translation of 
one or more functional alphavirus structural protein genes 
located 3' to the enhancer sequence. Preferably, the capsid 
protein gene sequence is derived from a different alphavirus 
than that from which the sequence encoding the alphavirus 
structural genes is obtained. 
0032. Within yet other aspects of the invention, alphavirus 
packaging cell lines are provided comprising a cell contain 
ing an alphavirus structural protein expression cassette as 
described above. In certain embodiments, the alphavirus 
packaging cell lines are stably transformed with the alphavi 
rus structural protein expression cassettes provided herein. 
Within related aspects, alphavirus producer cell lines are pro 
vided comprising a cell which contains a stably transformed 
alphavirus structural protein expression cassette, and a vector 
selected from the group consisting of RNA vector replicons, 
alphavirus vector constructs and eukaryotic layered vector 
initiation systems. 
0033. Within yet other aspects of the present invention, 
eukaryotic layered vector initiation systems are provided, 
comprising a 5' promoter capable of initiating in vivo the 5' 
synthesis of RNA from cDNA, a sequence which initiates 
transcription of alphavirus RNA following the 5' promoter; a 
nucleic acid molecule which operably encodes all four 
alphaviral nonstructural proteins, including an isolated 
nucleic acid molecule as discussed above, an alphavirus RNA 
polymerase recognition sequence, and a 3' polyadenylate 
tract. 

0034. Also provided are eukaryotic layered vector initia 
tion systems comprising a 5" promoter capable of initiating in 
vivo the 5' synthesis of alphavirus RNA from cDNA, a 
sequence which initiates transcription of alphavirus RNA 
following the 5' promoter, a nucleic acid molecule which 
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operably encodes all four alphaviral nonstructural proteins, 
an alphavirus RNA polymerase recognition sequence, and a 
3' polyadenylate tract, wherein the in vivo synthesized RNA, 
upon packaging into an alphavirus particle and introduction 
of the particle into a mammalian host cell, increases the time 
required to reach 50% inhibition of host-cell directed macro 
molecular synthesis following expression in mammalian 
cells, as compared to a wild-type alphavirus particle. 
0035 Related eukaryotic layered vector initiation system 
are also provided which comprise a 5" promoter capable of 
initiating in vivo the 5' synthesis of alphavirus RNA from 
cDNA, a sequence which initiates transcription of alphavirus 
RNA following the 5' promoter, a nucleic acid molecule 
which operably encodes all four alphaviral nonstructural pro 
teins, an alphavirus RNA polymerase recognition sequence, 
and a 3' polyadenylate tract, wherein said in vivo synthesized 
RNA, upon packaging into an alphavirus particle and intro 
duction of the particle into a mammalian host cell, has a 
reduced level of vector-specific RNA synthesis as compared 
to wild-type alphavirus particle, and the same or greater level 
of protein encoded by RNA transcribed from the viral junc 
tion region promoter, as compared to a wild-type alphavirus 
particle. 
0036 Representative examples of suitable 5' promoters 
for eukaryotic layered vector initiation systems include RNA 
polymerase I promoters, RNA polymerase II promoters, 
RNA polymerase III promoters, the HSV-TK promoter, RSV 
promoter, tetracycline inducible promoter, MoMLV pro 
moter, a SV40 promoter and a CMV promoter. Within pre 
ferred embodiments, the 5' promoter is an inducible promoter 
as described herein. 
0037. Within certain embodiments, eukaryotic layered 
vector initiation systems are provided which further comprise 
a heterologous sequence operably linked to a viral junction 
region, and/or a post-transcriptional regulatory element 
which facilitates RNA export from the nucleus. Within fur 
ther embodiments, the eukaryotic layered vector initiation 
systems provided herein may further comprise a transcription 
termination signal. 
0038. Within related aspects, the present invention also 
provides host cells (e.g., vertebrate or insect) containing a 
stably transformed eukaryotic layered vector initiation sys 
tem as described above. Within further aspects of the present 
invention, methods for delivering a selected heterologous 
sequence to a vertebrate or insect are provided, comprising 
the step of administering to a vertebrate or insect an alphavi 
rus vector construct, RNA vector replicon, recombinant 
alphavirus particle, or a eukaryotic layered vector initiation 
system as described herein. Within certain embodiments, the 
alphavirus vector construct, RNA vector replicon, recombi 
nant alphavirus particle or eukaryotic layered vector initia 
tion system is administered to cells of the vertebrate ex vivo, 
followed by administration of the vector or particle-contain 
ing cells to a warm-blooded animal. 
0039. Within other aspects, pharmaceutical compositions 
are provided comprising a eukaryotic layered vector initia 
tion system as discussed above, and a pharmaceutically 
acceptable carrier or diluent. Within certain embodiments, 
the pharmaceutical composition is provided as a liposomal 
formulation. 
0040. Within further aspects, methods of making recom 
binant alphavirus particles are provided, comprising the steps 
of (a) introducing a vector Such as a eukaryotic layered vector 
initiation system, RNA vector replicon, or alphavirus vector 
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particle as described above into a population of packaging 
cells under conditions and for a time sufficient to permit 
production of recombinant alphavirus particles, and (b) har 
vesting recombinant alphavirus particles. Within related 
aspects, methods of making a selected protein are provided, 
comprising the steps of (a) introducing a vector which 
encodes a selected heterologous protein, such as a eukaryotic 
layered vector initiation system, RNA vector replicon or 
alphavirus vector particle described above, into a population 
of packaging cells, or other cells under conditions and for a 
time sufficient to permit production of the selected protein, 
and (b) harvesting protein produced by the vector containing 
cells. Within yet other aspects, methods of making a selected 
protein are provided, comprising the step of introducing a 
eukaryotic layered vector initiation system which is capable 
of producing a selected heterologous protein into a host cell, 
underconditions and for a time Sufficient to permit expression 
of the selected protein. Within further aspects, host cell lines 
are provided which contain a RNA vector replicon as 
described herein. 
0041. Within yet other aspects of the present invention, 
alphavirus vaccines are provided, comprising one of the 
above-described alphavirus vector constructs, RNA vector 
replicons, eukaryotic vector initiation systems, or recombi 
nant alphavirus particles, which may or may not express one 
of the heterologous sequences provided herein (e.g., they may 
be utilized solely as a vaccine for treating or preventing 
alphaviral diseases). For example, within one embodiment of 
the invention, recombinant togavirus particles are provided 
which have substantially no nucleic acid or RNA vector rep 
licon nucleic acid. Within a further embodiment, recombinant 
togavirus particles are provided which contain heterologous 
viral nucleic acids (i.e., from a different virus than the togavi 
rus particle). Within yet another embodiment, the recombi 
nant togavirus particle is T3 or greater. 
0042. Within further aspects of the invention, recombinant 
chimeric togavirus particles (either empty, or containing 
nucleic acids) are provided wherein the viral particle has viral 
structural components obtained or derived from different 
Togaviridae (e.g., the capsid protein and glycoprotein is 
obtained from different alphavirus sources). 
0043. Within other aspects of the invention, methods for 
stimulating an immune response within a vertebrate are pro 
vided, comprising the step of administering to a vertebrate an 
alphavirus vector construct, an alphavirus RNA vector repli 
con according, a recombinant alphavirus particle, or a eukary 
otic layered vector initiation system, wherein the alphavirus 
vector construct, RNA vector replicon, particle, or eukaryotic 
layered vector initiation system expresses an antigen which 
stimulates an immune response within said vertebrate (see, 
e.g., U.S. Ser. No. 08/404,796 for suitable antigens). Within 
related aspects, methods are provided for inhibiting a patho 
genic agent within a vertebrate, comprising the step of admin 
istering to a vertebrate an alphavirus vector construct, an 
alphavirus RNA vector replicon, a recombinant alphavirus 
particle, or a eukaryotic layered vector initiation system 
according, wherein said alphavirus vector construct, RNA 
vector replicon, particle, or eukaryotic layered vector initia 
tion system expresses anpalliative which is capable of inhib 
iting a pathogenic agent (see, e.g., U.S. Ser. No. 08/404,796 
for suitable palliatives). 
0044) These and other aspects and embodiments of the 
invention will become evident upon reference to the follow 
ing detailed description and attached figures. In addition, 
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various references are set forth herein that describe in more 
detail certain procedures or compositions (e.g., plasmids, 
sequences, etc.), and are therefore incorporated by reference 
in their entirety as if each were individually noted for incor 
poration. 

BRIEF DESCRIPTION OF THE FIGURES 

004.5 FIG. 1 is a schematic illustration of Sindbis virus 
and general alphavirus genomic organization and replication 
Strategy. 
0046 FIG. 2 is a graph of virus release from BHK cells 
infected at an MOI of 10 with SIN-1, SIN-1/nsP1-4, 
Toto1101, or Sin-1/nsP2 viruses. Cell culture fluids were 
collected at 3, 6, 9 and 12 hours post-infection. Virus titers 
were determined by plaque assay. 
0047 FIG. 3 is a graph depicting viral RNA synthesis in 
BHK cells following infection by Toto1101, SIN-1/nsP2, 
SIN-1/nsP1-4, or SIN-1 virus. Cells were infected at an MOI 
10 and at 1 hour post-infection, actinomycin D and H-uri 
dine were added. At 3: 6,9, and 12 hpi the amount of H-uri 
dine incorporation was determined. 
0048 FIG. 4 is a graph depicting viral RNA synthesis in 
BHK cells infected by SIN-1/nsP1, SIN-1/nsP2, SIN-1/nsP3, 
SIN-1/nsP3-4, SIN-1/nsP4, SIN-1/nsP2-C, SIN-1/nsP2-N, 
Toto1101, SIN-1, or SIN-1/nsP1-4. The levels of H-uridine 
incorporation are expressed relative to wild-type (Toto 1101) 
infection. 

(0049 FIG. 5 is a graph depicting the shut-off of host cell 
protein synthesis in BHK cells infected by SIN-InsP1-4, SIN 
1, SIN-1 nsP2, or Toto.1101 viruses. 
0050 FIGS. 6A-6D is the cDNA sequence of 8000 bases 
of SIN-1 virus (SEQ. ID NO. 101). 
0051 FIG. 7A-7D is the cDNA sequence of 8000 bases of 
SINCG virus (SEQ. ID NO. 102). 
0052 FIGS. 8A-8E are the cDNA sequence of Toto 1101 
virus (SEQ. ID NO. 103). 
0053 FIG. 8F is a schematic illustration depicting selec 
tion of vectors expressing the desired phenotype using a 
selectable marker. 

0054 FIG.8G is a northern blot analysis of RNAs isolated 
from G418-resistant BHK-21 cell pools stably transformed 
with a variant Sindbis virus vector or Semliki Forest virus 
vector expressing neomycin phosphotransferase. 
0055 FIG. 8H is a schematic illustration of the genetic 
determinants responsible for the desired phenotype in variant 
Sindbis virus vectors. 

0056 FIG.9A is a northern blot analysis of RNAs isolated 
from BHK-21 cells that were transfected with pBG/SIN-1 
ELVS 1.5-SEAP orpEG/wt ELVS 1.5-SEAP plasmid DNAs, 
and hybridized with a radiolabeled viral RNA probe. 
0057 FIG.9B is a graph depicting a 7 day timecourse of 
alkaline phosphatase expression in BHK cells transfected 
with pBG/SIN-1 ELVS 1.5-SEAP or pBG/wt ELVS 1.5- 
SEAP plasmid DNAs. 
0.058 FIG. 10 is a graph depicting a 4 day timecourse of 
luciferase expression in BHK cells transfected with pBG/ 
SIN-1 ELVS 1.5-lucorpBG/wtELVS 1.5-luc plasmid DNAs. 
0059 FIG. 11A is a northern blot analysis of RNAs iso 
lated from BHK-21 cells that were transfected with pBG/ 
SIN-1 ELVS-1.5-f-gal or pBG/wt ELVS 1.5-?3-gal plasmid 
DNAs, and hybridized with a radiolabeled viral RNA probe. 
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0060 FIG. 11B is a western blot analysis detecting fB-gal 
expression in BHK-21 cells transfected with either pBG/ 
SIN-1 ELVS-1.5-f-gal or pBG/wt ELVS 1.5-?3-gal plasmid 
DNAS. 
0061 FIG. 11C is a graph depicting a 5 day timecourse of 
alkaline phosphatase expression in BHK cells transfected 
with pBG/SIN-1 ELVS-1.5-?3-gal orpEG/wt ELVS 1.5-B-gal 
plasmid DNAs. 
0062 FIGS. 12A & B are graphs depicting fB-gal expres 
Sion in HT 1080 and BHK-21 cells transfected with ELVS 
B-gal vectors with or without HBV PRE sequences, as mea 
sured by RLU (relative light units). 
0063 FIG. 13 is a schematic illustration of RNA amplifi 
cation, structural protein expression, and vector packaging by 
vector inducible alphavirus packaging cell lines. 
0.064 FIG. 14 is a schematic illustration of vector induc 
ible structural protein expression cassettes used in the gen 
eration of alphavirus packaging cell lines. 
0065 FIG. 15 is a graph depicting luciferase vector pack 
aging (transfer of expression) by different alphavirus pack 
aging cell lines. 
0066 FIG. 16 is a western blot analysis demonstrating 
induction of structural protein expression by an alphavirus 
packaging cell line following transfection and Subsequent 
expression with an alphavirus vector (ELVS-Bgal), but not a 
conventional plasmid DNA expression vector (pCMV-Bgal). 
0067 FIG. 17A is a graph depicting luciferase vector 
packaging by C6/36 mosquito cells containing the plCMV 
intSINrbz structural protein expression cassette. 
0068 FIG. 17B is a graph depicting luciferase vector 
packaging by human 293 packaging cells stably transformed 
with plasmid pBGSVCMVdlineo. 
0069 FIG. 18 is a graph depicting luciferase vector pack 
aging by different alphavirus packaging cell lines. 
0070 FIG. 19 is an RNA gel autoradiograph depicting H 
uridine-labeled RNAs from BHK cells infected with SINrep/ 
Lacz vector particles produced from an alphavirus packaging 
cell line. 
(0071 FIG.20 is a protein gelautoradiograph depicting S 
methionine-labeled proteins from BHK cells infected with 
SINrep/Lacz vector particles produced from an alphavirus 
packaging cell line. 
0072 FIG. 21A is a schematic illustration depicting pack 
aging of alphavirus vectors with structural proteins in which 
the capsid protein and glycoproteins are expressed from dis 
tinct, or 'split, expression cassettes. 
0073 FIG. 21B is a schematic illustration depicting the 
structural protein expression cassettes in which the capsid 
protein and glycoproteins are separated, used to derive stable 
split structural gene packaging cell lines. 
0074 FIG. 21C is a western blot analysis demonstrating 
induction of alphavirus capsid protein synthesis by several 
clonal cell lines following transfection and Subsequent Syn 
thesis of alphavirus glycoproteins or Bgal from an alphavirus 
expression vector (ELVS-1.5PE 1.5 PE), or ELVS-Bgal 
fgal). 
0075 FIG. 21D is a western blot analysis demonstrating 
induction of alphavirus capsid protein synthesis by several 
clonal cell lines following transfection and Subsequent 
expression with an alphavirus expression vector (ELVS 
fgal). 
0076 FIG. 22 is a schematic illustration of the region of 
structural protein expression cassettes comprising a wild 
type or deletion mutant Ross River virus capsid protein gene. 
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0077 FIG. 23 is a schematic illustration of vector induc 
ible structural protein expression cassettes containing a wild 
type or deletion mutant Ross River virus capsid protein gene. 
0078 FIG. 24 is a schematic illustration of vector packag 
ing by 'split' structural protein gene expression cassettes 
which contain a Ross River virus capsid protein gene 
sequence upstream of the Sindbis virus glycoprotein genes. 
007.9 FIG.25 is a schematic illustration of vector packag 
ing by 'split' structural protein gene expression cassettes 
which contain a Ross River virus capsid protein gene 
sequence upstream of the Sindbis virus glycoprotein genes on 
one cassette, and the Sindbis virus capsid protein gene in a 
separate cassette. 
0080 FIG. 26A is a table showing the results of vector 
particle packaging using the above 'split' structural protein 
gene expression cassettes. 
I0081 FIG. 26B is two graphs which depict the packaging 
activity of 25 clonal cell lines from drug-resistant cell pools 
derived by stable transfection with the split structural protein 
gene expression cassettes illustrated in FIG.21B, relative to a 
genomic structural protein gene PCL (987 dlineo). 
I0082 FIG. 26C is a western blot analysis demonstrating 
induction of structural protein expression by three split struc 
tural gene alphavirus packaging cell lines following transfec 
tion and Subsequent expression with an alphavirus vector 
(ELVS-Bgal), but not a conventional plasmid DNA expres 
sion vector (pCI-Bgal). 
I0083 FIG. 26D is a graph depicting the amplification and 
production of B-gal protein over time in several split struc 
tural gene alphavirus packaging cell lines (Clone 9TD. Clone 
2TD, Clone 24TD. Clone 20SS), relative to a genomic struc 
tural protein gene PCL (987 genomic PCL). 
008.4 FIG. 27 is a schematic illustration of the use of 
alphavirus packaging cell lines for the amplification of pack 
aged vector particle preparations and the large scale produc 
tion of recombinant protein. 
I0085 FIG. 28 is a graph depicting the amplification and 
production of B-gal protein over time using alphavirus pack 
aging cell lines. 
0.086 FIG. 29 is a schematic illustration of the use of a 
tetracycline regulated promoter system to control expression 
of alphavirus vector RNA from cDNA in vivo. 
0087 FIG. 30 is a schematic illustration of the use of a 
linked transcriptional repressor and a transcriptional inducer/ 
activator regulated promoter system to control expression of 
alphavirus vector RNA from cDNA in vivo. 
I0088 FIGS.31A & B are autoradiographs of Huridine 
labeled RNAS electrophoresed on denaturing glyoxal gels 
that were isolated from BHK cell) electroporated with SIN 
rep/Lacz replicon and DH RNAs from various RRV capsid 
containing DH constructs, and from the vector particles 
present in the culture fluids at 18 hours post electroporation. 
I0089 FIGS. 32A & B are protein gel autoradiographs 
depicting S methionine-labelled proteins from BHK cells 
electroporated with SINrep/Lacz replicon and DH RNAs 
from various RRV capsid containing DH constructs, and from 
the vector particles present in the culture fluids at 18 hours 
post electroporation. 
(0090 FIG. 33A-D are Kyte-Doolittle hydrophobicity 
plots of various Ross River virus (RRV) capsid proteins, 
expressed from the wild-type gene (A) and three deletion 
mutants CA1rrv. CA2rrV, and CA3rrv (B-D, respectively). 
0091 FIG. 34 is a schematic that illustrates the amino 
terminus RRV capsid proteins expressed from the wild-type 
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gene (SEQ. ID NO. 114), and three deletion mutants CA1 rrv 
(SEQ. ID NO. 115), CA2rrv (SEQ. ID NO. 116), and CA3rrv 
(SEQ. ID NO. 117). The lysine residues deleted in the RRV 
capsid gene mutants are indicated. 
0092 FIG. 35 is a graph that illustrates the relative levels 
of Smethionine and Huridine incorporated into virus 
particles in BHK cells infected at high MOI with Toto1101 
wild-type virus. 
0093 FIG. 36 is a graph that illustrates the relative levels 
of ISI methionine and Huridine incorporated into virus 
particles in BHK cells electroporated with SINrep/lacZ and 
DH-BB (5' tRNA) Crrv DH RNAs. 
0094 FIG. 37 is a graph that illustrates the relative levels 
of Smethionine and Huridine incorporated into virus 
particles in BHK cells electroporated with SINrep/lacZ and 
RRV capsid deletion mutant DH-BB (5' tRNA) CA3rrv DH 
RNAS. 
0095 FIG.38 is a graph which compiles the results shown 
in FIGS. 35-37, depicting the relative levels of Smethion 
ine and Huridine incorporated into virus particles in BHK 
cells electroporated with SINrep/lacZ and DH RNAs, or 
infected with Toto 1101 wild-type virus. 
0096 FIG.39 is a graph which illustrates luciferase vector 
packaging by BHK cells stably transformed with pBGSVC 
MVdlhyg. 

DEFINITION OF TERMS 

0097. The following terms are used throughout the speci 
fication. Unless otherwise indicated, these terms are defined 
as follows: 
0098 “Genomic RNA refers to RNA which contains all 
of the genetic information required to direct its own amplifi 
cation or self-replication in vivo, within a target cell. To direct 
its own replication, the RNA molecule may: 1) encode one or 
more polymerase, replicase, or other proteins which may 
interact with viral or host cell-derived proteins, nucleic acids 
or ribonucleoproteins to catalyze the RNA amplification pro 
cess; and 2) contain cis RNA sequences required for replica 
tion, which may be bound during the process of replication by 
its self-encoded proteins, or non-self-encoded cell-derived 
proteins, nucleic acids or ribonucleoproteins, or complexes 
between any of these components. An alphavirus-derived 
genomic RNA molecule should contain the following ordered 
elements: 5' viral or defective-interfering RNA sequence(s) 
required in cis for replication, sequences which, when 
expressed, code for biologically active alphavirus nonstruc 
tural proteins (e.g., nsP1, nsP2, nsP3, nsP4), 3' viral 
sequences required in cis for replication, and a polyadenylate 
tract. The alphavirus-derived genomic RNA vector replicon 
also may contain a viral Subgenomic junction region' pro 
moter which may, in certain embodiments, be modified in 
order to prevent, increase, or reduce viral transcription of the 
Subgenomic fragment, and sequences which, when 
expressed, code for biologically active alphavirus structural 
proteins (e.g., C, E3, E2, 6K, E1). Generally, the term 
genomic RNA refers to a molecule of positive polarity, or 
“message' sense, and the genomic RNA may be of length 
different from that of any known, naturally-occurring 
alphavirus. In preferred embodiments, the genomic RNA 
does not contain the sequences which encode any alphaviral 
structural protein(s); rather those sequences are substituted 
with heterologous sequences. In those instances where the 
genomic RNA is to be packaged into a recombinant alphavi 
rus particle, it must contain one or more sequences which 
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serve to initiate interactions with alphavirus structural pro 
teins that lead to particle formation, and preferably is of a 
length which is packaged efficiently by the packaging system 
being employed. 
(0099. “Subgenomic RNA, or “26S RNA, refers to a 
RNA molecule of a length or size which is smaller than the 
genomic RNA from which it was derived. The subgenomic 
RNA should be transcribed from an internal promoter whose 
sequences reside within the genomic RNA or its complement. 
Transcription of the subgenomic RNA may be mediated by 
viral-encoded polymerase(s), host cell-encoded polymerase 
(S), transcription factor(s), ribonucleoprotein(s), or a combi 
nation thereof. In preferred embodiments, the Subgenomic 
RNA is produced from a vector according to the invention, 
and encodes or expresses the gene(s) or sequence(s) of inter 
est. The subgenomic RNA need not necessarily have a sedi 
mentation coefficient of 26. 

0100 “Alphavirus vector construct” refers to an assembly 
which is capable of directing the expression of a sequence(s) 
or gene(s) of interest. Such vector constructs are comprised of 
a 5' sequence which is capable of initiating transcription of an 
alphavirus RNA (also referred to as 5' CSE, in background), 
as well as sequences which, when expressed, code for bio 
logically active alphavirus nonstructural proteins (e.g., nsP1, 
nsP2, nsP3, nsP4), and an alphavirus RNA polymerase rec 
ognition sequence (also referred to as 3' CSE, in background). 
In addition, the vector construct should include a viral Sub 
genomic junction region’ promoter which may, in certain 
embodiments, be modified in order to prevent, increase, or 
reduce viral transcription of the Subgenomic fragment, and 
also a polyadenylate tract. The vector also may include 
sequences from one or more structural protein genes or por 
tions thereof, extraneous nucleic acid molecule(s) which are 
of a size sufficient to allow production of viable virus, a 5' 
promoter which is capable of initiating the synthesis of viral 
RNA in vitro from cDNA, a heterologous sequence to be 
expressed, as well as one or more restriction sites for insertion 
of heterologous sequences. 
0101 “Alphavirus RNA vector replicon”, “RNA vector 
replicon' and “replicon refers to a RNA molecule which is 
capable of directing its own amplification or self-replication 
in vivo, within a target cell. To direct its own amplification, 
the RNA molecule may: 1) encode one or more polymerase, 
replicase, or other proteins which may interact with viral or 
host cell-derived proteins, nucleic acids or ribonucleopro 
teins to catalyze RNA amplification; and 2) contain cis RNA 
sequences required for replication which may be bound by its 
self-encoded proteins, or non-self-encoded cell-derived pro 
teins, nucleic acids or ribonucleoproteins, or complexes 
between any of these components. In certain embodiments, 
the amplification also may occur in vitro. An alphavirus 
derived RNA vector replicon molecule should contain the 
following ordered elements: 5' viral sequences required in cis 
for replication (also referred to as 5' CSE, in background), 
sequences which, when expressed, code for biologically 
active alphavirus nonstructural proteins (e.g., nsP1, nsP2, 
nsP3, nsP4), 3' viral sequences required in cis for replication 
(also referred to as 3' CSE, in background), and a polyadeny 
late tract. The alphavirus-derived RNA vector replicon also 
may contain a viral Subgenomic junction region' promoter 
which may, in certain embodiments, be modified in order to 
prevent, increase, or reduce viral transcription of the Subge 
nomic fragment, sequences from one or more structural pro 
tein genes or portions thereof, extraneous nucleic acid mol 
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ecule(s) which are of a size sufficient to allow production of 
viable virus, as well as heterologous sequence(s) to be 
expressed. The source of RNA vector replicons in a cell may 
be from infection with a virus or recombinant alphavirus 
particle, or transfection of plasmid DNA or in vitro tran 
scribed RNA. 

0102) “Recombinant Alpha virus Particle' refers to a 
virion unit containing an alphavirus RNA vector replicon. 
Generally, the recombinant alphavirus particle comprises one 
or more alphavirus structural proteins, a lipid envelope and an 
RNA vector replicon. Preferably, the recombinant alphavirus 
particle contains a nucleocapsid structure that is contained 
within a host cell-derived lipid bilayer, such as a plasma 
membrane, in which alphaviral-encoded envelope glycopro 
teins are embedded. The particle may also contain other com 
ponents (e.g., targeting elements such as biotin, other viral 
structural proteins, or other receptor binding ligands) which 
direct the tropism of the particle from which the alphavirus 
was derived, or other RNA molecules. 
0103 “Structural protein expression cassette' refers to a 
nucleic acid molecule which is capable of directing the Syn 
thesis of one or more alphavirus structural proteins. The 
expression cassette should include a 5" promoter which is 
capable of initiating in vivo the synthesis of RNA from 
cDNA, as well as sequences which, when expressed, code for 
one or more biologically active alphavirus structural proteins 
(e.g., C, E3, E2, 6K, E1), and a 3' sequence which controls 
transcription termination. The expression cassette also may 
include a 5' sequence which is capable of initiating transcrip 
tion of an alphavirus RNA (also referred to as 5' CSE, in 
background), a viral Subgenomic junction region' promoter, 
and an alphavirus RNA polymerase recognition sequence 
(also referred to as 3' CSE, in background). In certain embodi 
ments, the expression cassette also may include splice recog 
nition sequences, a catalytic ribozyme processing sequence, a 
sequence encoding a selectable marker, a nuclear export sig 
nal, as well as a polyadenylation sequence. In addition, 
expression of the alphavirus structural protein(s) may, in cer 
tain embodiments, be regulated by the use of an inducible 
promoter. 
0104 “Stable Transformation” refers to the introduction 
of a nucleic acid molecule into a living cell, and long-term or 
permanent maintenance of that nucleic acid molecule in prog 
eny cells through Successive cycles of cell division. The 
nucleic acid molecule may be maintained in any cellular 
compartment, including, but not limited to, the nucleus, mito 
chondria, or cytoplasm. In preferred embodiments, the 
nucleic acid molecule is maintained in the nucleus. Mainte 
nance may be intrachromosomal (integrated) or extrachro 
mosomal, as an episomal event. 
0105. “Alphavirus packaging cell line' refers to a cell 
which contains an alphavirus structural protein expression 
cassette and which produces recombinant alphavirus par 
ticles after introduction of an alphavirus vector construct, 
RNA vector replicon, eukaryotic layered vector initiation 
system, or recombinant alphavirus particle. The parental cell 
may be of mammalian or non-mammalian origin. Within 
preferred embodiments, the packaging cell line is stably 
transformed with the structural protein expression cassette. 
0106 “Alphavirus producer cell line' refers to a cell line 
which is capable of producing recombinant alphavirus par 
ticles, comprising an alphavirus packaging cell line which 
also contains an alphavirus vector construct, RNA vector 
replicon, eukaryotic layered vector initiation system, or 
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recombinant alphavirus particle. Preferably, the alphavirus 
vector construct is eukaryotic layered vector initiation sys 
tem, and the producer cell line is stably transformed with the 
vector construct. In preferred embodiments, transcription of 
the alphavirus vector construct and Subsequent production of 
recombinant alphavirus particles occurs only in response to 
one or more factors, or the differentiation state of the alphavi 
rus producer cell line. 
0107 “Defective helper construct” refers to an assembly 
which is capable of RNA amplification or replication, and 
expression of one or more alphavirus structural proteins in 
response to biologically active alphavirus nonstructural pro 
teins supplied in trans. The defective helper construct should 
contain the following ordered elements: 5' viral or defective 
interfering RNA sequences required in cis for replication, a 
viral Subgenomic junction region promoter, sequences 
which, when expressed, code for one or more biologically 
active alphavirus structural proteins (e.g., C, E3, E2, 6K, E1), 
3' viral sequences required in cis for replication, and a poly 
adenylate tract. The defective helper construct also may con 
tain a 5' promoter which is capable of initiating the synthesis 
of viral RNA from cDNA, a 3' sequence which controls 
transcription termination, splice recognition sequences, a 
catalytic ribozyme processing sequence, a sequence encod 
ing a selectable marker, and a nuclear export signal. 
(0.108 “Eukaryotic Layered Vector Initiation System” 
refers to anassembly which is capable of directing the expres 
sion of a sequence(s) or gene(s) of interest. The eukaryotic 
layered vector initiation system should contain a 5' promoter 
which is capable of initiating in vivo (i.e. within a cell) the 
synthesis of RNA from cDNA, and a nucleic acid vector 
sequence which is capable of directing its own replication in 
a eukaryotic cell and also expressing a heterologous 
sequence. The nucleic acid sequence which is capable of 
directing its own amplification may be of viral or non-viral 
origin. In certain embodiments, the nucleic acid vector 
sequence is an alphavirus-derived sequence and is comprised 
of a 5' sequence which is capable of initiating transcription of 
an alphavirus RNA (also referred to as 5' CSE, in back 
ground), as well as sequences which, when expressed, code 
for biologically active alphavirus nonstructural proteins (e.g., 
nsP1, nsP2, nsP3, nsP4), and an alphavirus RNA polymerase 
recognition sequence (also referred to as 3' CSE, in back 
ground). In addition, the vector sequence may include a viral 
Subgenomic junction region' promoter which may, in cer 
tain embodiments, be modified in order to prevent, increase, 
or reduce viral transcription of the Subgenomic fragment, 
sequences from one or more structural protein genes or por 
tions thereof, extraneous nucleic acid molecule(s) which are 
of a size sufficient to allow optimal amplification, a heterolo 
gous sequence to be expressed, one or more restriction sites 
for insertion of heterologous sequences, as well as a polyade 
nylation sequence. The eukaryotic layered vector initiation 
system may also contain splice recognition sequences, a cata 
lytic ribozyme processing sequence, a nuclear export signal, 
and a transcription termination sequence. In certain embodi 
ments, in vivo synthesis of the vector nucleic acid sequence 
from cDNA may be regulated by the use of an inducible 
promoter. 
0109) “Alphavirus cDNA vector construct” refers to an 
assembly which is capable of directing the expression of a 
sequence(s) or gene(s) of interest. The vector construct is 
comprised of a 5' sequence which is capable of initiating 
transcription of an alphavirus RNA (also referred to as 5' 
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CSE), as well as sequences which, when expressed, code for 
biologically active alphavirus nonstructural proteins (e.g., 
nsP1, nsP2, nsP3, nsP4), and an alphavirus RNA polymerase 
recognition sequence (also referred to as 3' CSE, in back 
ground). In addition, the vector construct should include a 5' 
promoter which is capable of initiating in vivo the synthesis 
of viral RNA from cDNA, and a 3' sequence which controls 
transcription termination. Within certain embodiments, the 
vector construct may further comprise a viral Subgenomic 
junction region' promoter which may, in certain embodi 

ments, be modified in order to prevent, increase, or reduce 
viral transcription of the Subgenomic fragment The vector 
also may include sequences from one or more structural pro 
tein genes or portions thereof, extraneous nucleic acid mol 
ecule(s) which are of a size sufficient to allow production of 
viable virus, a heterologous sequence to be expressed, one or 
more restriction sites for insertion of heterologous sequences, 
splice recognition sequences, a catalytic ribozyme processing 
sequence, a nuclear export signal, as well as a polyadenyla 
tion sequence. In certain embodiments, in vivo synthesis of 
viral RNA from cDNA may be regulated by the use of an 
inducible promoter. 
0110 “Gene delivery vehicle” refers to a construct which 
can be utilized to deliver a gene or sequence of interest. 
Representative examples include alphavirus RNA vector rep 
licons, alphavirus vector constructs, eukaryotic layered vec 
tor initiation systems and recombinant alphavirus particles. 
0111 Numerous aspects and advantages of the invention 
will be apparent to those skilled in the art upon consideration 
of the following detailed description which provides illumi 
nation of the practice of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0112. As noted above, the present invention provides 
novel gene delivery vehicles including for example, RNA 
vector replicons, alphavirus vector constructs, eukaryotic 
layered vector initiation systems and recombinant alphavirus 
particles. Briefly, introduction of plasmid DNA-, in vitro 
transcribed RNA-, or particle-based vectors of the present 
invention into a cell, results in levels of heterologous gene 
expression that are equivalent, or higher, as compared to 
expression levels of wild-type derived alphaviral vectors. 
Unexpectedly however, the level of vector-specific RNA syn 
thesized is at least about 5 to 10-fold lower in cultured cells 
which contain a gene delivery vehicle of the present inven 
tion, as compared to wild-type derived vectors. Furthermore, 
such gene delivery vehicles exhibit reduced, delayed, or no 
inhibition of host cell-directed macromolecular synthesis fol 
lowing introduction into a host cell, as compared to wild-type 
derived vectors. 

0113. As discussed in more detail below, the present 
invention provides: (A) sources of wild-type alphaviruses 
suitable for constructing the gene delivery vehicles of the 
present invention; (B) methods for selecting alphaviruses 
with a desired phenotype, (C) construction of alphavirus vec 
tor constructs and alphavirus RNA vector replicons: (D) con 
struction of Eukaryotic Layered Vector Initiation Systems; 
(E) construction of recombinant alphavirus particles; (F) het 
erologous sequences which may be expressed by the gene 
delivery vehicles of the present invention; (G) construction of 
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alphavirus packaging or producer cell lines; (H) pharmaceu 
tical compositions; and (I) methods for utilizing alphavirus 
based vectors. 

A. Sources of Wild-Type Alphavirus 
0114. As noted above, the present invention provides a 
wide variety of alphavirus-based vectors (e.g., RNA vector 
replicons, alphavirus vector constructs, eukaryotic layered 
vector initiation systems and recombinant alphavirus par 
ticles), as well as methods for utilizing Such vector constructs 
and particles. Briefly, sequences encoding wild-type alphavi 
ruses Suitable for use in preparing the above-described vec 
tors can be readily obtained given the disclosure provided 
herein from naturally-occurring sources, or from depositories 
(e.g., the AmericanType Culture Collection, Rockville, Md.). 
In addition, wild-type alphaviruses may be utilized for com 
paring the level of host-cell directed macromolecular synthe 
sis in cells infected with the wild-type alphavirus, with the 
level of host-cell directed macromolecular synthesis in cells 
containing the gene delivery vehicles of the present invention. 
0115 Representative examples of suitable alphaviruses 
include Aura virus (ATCC VR-368), Bebaru virus (ATCC 
VR-600, ATCCVR-1240), Cabassou virus (ATCCVR-922), 
Chikungunya virus (ATCCVR-64, ATCCVR-1241), Eastern 
equine encephalomyelitis virus (ATCC VR-65, ATCC 
VR-1242), Fort Morgan virus (ATCC VR-924), Getah virus 
(ATCCVR-369, ATCCVR-1243), Kyzylagach virus (ATCC 
VR-927), Mayaro virus (ATCC VR-66, ATCC VR-1277), 
Middleburg virus (ATCCVR-370), Mucambo virus (ATCC 
VR-580, ATCC VR-1244), Ndumu virus (ATCC VR-371), 
Pixuna virus (ATCCVR-372, ATCC VR-1245), Ross River 
virus (ATCCVR-373, ATCCVR-1246), Semliki Forest virus 
(ATCC VR-67, ATCC VR-1247), Sindbis virus (ATCC 
VR-68, ATCC VR-1248; see also CMCC #4640, described 
below), Tonate virus (ATCC VR-925), Triniti virus (ATCC 
VR-469). Una virus (ATCC VR-374), Venezuelan equine 
encephalomyelitis virus (ATCC VR-69, ATCC VR-923, 
ATCC VR-1250 ATCC VR-1249, ATCC VR-532), Western 
equine encephalomyelitis virus (ATCC VR-70, ATCC 
VR-1251, ATCC VR-622, ATCC VR-1252), Whataroa virus 
(ATCC VR-926), and Y-62-33 virus (ATCCVR-375). 
0116 For purposes of comparing levels of cellular mac 
romolecular synthesis, the following plasmids may also be 
utilized as a standard source of wild-type alphavirus stocks. 
These plasmids include: for Semliki Forest Virus, pSP6 
SFV4 (Liljestrom et al., J. Virol. 65:4107-41 13, 1991); for 
Venezuelan equine encephalitis virus, pV2000 (Davis et al., 
Vir. 183:20-31, 1991); for Ross River virus, pRR64 (Kuhn et 
al., Vir. 182:43.0-441, 1991). Briefly, for these plasmids, virus 
can be obtained from BHK cells transfected with in vitro 
transcribed genomic RNA from the plasmids. For Sindbis 
virus, infectious virus may be isolated directly from BHK 
cells transfected with pVGELVIS (ATCC No. 75891) plas 
mid DNA, or alternatively, obtained as a wild-type virus stock 
(see deposit information provided below regarding ATCC 
No. VR-2526). 
B. Selection of Alphaviruses with a Desired Phenotype 
0117 The duration of in vivo heterologous gene expres 
sion from alphavirus-based vectors is affected by several 
mechanisms, including inhibition of host cell-directed mac 
romolecular synthesis. However, prior to the present inven 
tion, there had been no obvious method to select for or iden 
tify coding or non-coding vector viral-specific sequence 
changes that result in a non-cytopathic phenotype. Therefore, 
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within one aspect of the present invention methods are pro 
vided for isolating and/or constructing alphavirus-derived 
gene delivery-vehicles with reduced or no inhibition of host 
cell directed macromolecular synthesis. 
0118 1. Biological Selection of Virus Variants 
0119 a. Selection from Virus Stocks Containing DI Par 

ticles 
0120. One approach for isolating non-cytopathic alphavi 
rus variants exploits the presence of defective interfering (DI) 
particles in wild-type virus preparations. Briefly, although 
certain RNA viruses, for example rhabdoviruses (e.g., vesicu 
lar stomatitis virus) and alphaviruses (e.g., Sindbis virus and 
Semliki Forest virus), are highly cytopathic, they can never 
theless establish long-term persistent infection in cultured 
cells in the presence of DI particles. DI particles, by defini 
tion, are derived from wild-type virus and contain one or more 
mutations (e.g., deletions, rearrangements, nucleotide Substi 
tutions, etc.) from the wild-type genome which prevent 
autonomous replication by the DI. In general, the genome of 
DI particles is Smaller and of a lower complexity compared to 
wild-type virus, and is deleted of protein-encoding regions 
while maintaining regions required in cis for replication. 
Such cis sequences often are duplicated and/or rearranged. In 
the case of certain alphaviruses (e.g., Sindbis virus), the 
sequence and organization of DI RNA genomes have been 
analyzed and found to contain a minimum of 50 nt from the 
extreme 3'-end of the wild-type virus genome, and at their 
5'-ends, either a wild-type sequence or a cellular tRNA (e.g., 
tRNA') sequence, in addition to the viral sequence. In all 
cases, the propagation and maintenance of the mutated DI 
genomes requires the co-existence of parental helper virus in 
the infected cell. However, as a result of their genetic struc 
ture, DI genome replication is vastly Superior and compara 
tively abundant to its wild-type counterpart. This character 
istic results in interference of wild-type genome replication, 
the absence or low level production of infectious virus, and 
the establishment of long-term persistent infection of cells. 
0121 Therefore, as described below in Examples 1 and 2. 
the ability to establish long-term persistent infection in per 
missive cells (e.g., mammalian cells, including cells of 
human origin) by infecting with a mixed alphavirus stock 
containing a population of DI particles provides a mechanism 
to isolate, over time, fully intact virus variants that are able to 
establish persistent infection, even in the absence of DI par 
ticles. Such infectious virus variants can be isolated from 
long-term persistently infected cultures by multiple rounds of 
plaque purification and have been found to initiate produc 
tive, persistent, and non-cytopathic infection in the host cells. 
Furthermore, the level of variant virus produced from such a 
productive, persistent, and non-cytopathic infection is indis 
tinguishable from wild-type virus infection. This observation 
is in distinct contrast to the previous requirement for estab 
lishment of persistent infections with virus stocks containing 
a mixture of DI particles. 
0122) b. Selection from Virus Stocks not Containing DI 
Particles 

0123. In addition to selection from virus stocks that con 
tain defective-interfering particles, virus variants suitable for 
use within the present invention may be obtained from puri 
fied virus stocks (without DI particles) which are either sub 
jected to random mutagenesis prior to infection of susceptible 
cultured cells or allowed to generate non-specific mutations 
during RNA replication with the cultured cells. Briefly, the 
initial virus stock may be obtained as a natural isolate or 
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biological variant derived therefrom, or may be generated by 
transfecting cultured cells with an infectious nucleic acid 
molecule comprising a genomic cDNA clone or in vitro tran 
scribed RNA. If desired, the virus stock may then subjected to 
physical or chemical mutagenesis (although preferred. Such 
mutagenesis is not required). In the case of chemical 
mutagenesis, preferred embodiments utilize a readily avail 
able mutagenic agent, for example nitrous acid, 5-azacyti 
dine, N-methyl-N'-nitro-N-nitrosoguanidine, or ethyl 
methane Sulfonate (Sigma, St. Louis, Mo.), prior to virus 
infection. Following random mutagenesis, specific selection 
procedures are applied to isolate virus variants possessing the 
desired phenotype, as described in more detail below in 
Example 2. 
0.124 2. Genetic Selection of Virus Variants 
0.125. In a related approach, mutations may be obtained 
not using a virus stock, but rather, using cloned genomic 
cDNA of the virus that can be used subsequently to transcribe 
infectious viral RNA in vitro (for example, Sindbis virus 
(Rice et al., J. Virol. 61:38.09-3819, 1987: Dubensky et al., J. 
Virol. 70:508-519, 1996, SFV (Liljeström et al., J. Virol. 
65:4107-4113, 1991, VEE (Davis et al., Virology 183:20-31, 
1991), Ross River virus (Kuhn et al., Virology 182:43.0-441, 
1991), poliovirus (VanDerWerfet al., Proc. Natl. Acad. Sci. 
USA 83:2330-2334, 1986)) or in vivo (Sindbis virus (Duben 
sky et al., ibid.), poliovirus (Racaniello and Baltimore, Sci 
ence 214:916-919, 1981)). Briefly, the infectious nucleic acid 
is introduced into Susceptible cultured cells (e.g., mammalian 
cells, including cells of human origin) either directly or fol 
lowing mutagenesis performed using one of the above-refer 
enced methods. Alternatively, vector nucleic acid may be 
packaged into particles initially, and the particles used to 
deliver vector into the target cell population for selection. 
Subsequently, specific selection procedures to isolate virus 
variants possessing the desired phenotype are applied, and are 
described below. 
0.126 In certain embodiments, random mutagenesis may 
be performed initially by propagation of the plasmid contain 
ing viral cDNA in the XL 1-Red strain of E. coli (Stratagene, 
San Diego, Calif.), which is deficient in three of the primary 
DNA repair pathways, resulting from mutS, mutD, and mutT 
mutations. However, other mutagenesis procedures includ 
ing, but not limited to, linker-Scanning mutagenesis (Haltiner 
et al., Nucleic Acids Res. 13:1015, 1985: Barany, Proc. Natl. 
Acad. Sci. USA 82:4202, 1985), random oligonucleotide 
directed mutagenesis (Kunkel et al., Methods Enzymol. 155: 
166, 1987; Zoller and Smith, Methods Enzymol. 154:329, 
1987: Hillet al., Methods Enzymol. 155:558, 1987; Hermeset 
al., Gene 84:143, 1989) and PCR mutagenesis (Herlitze and 
Koenen, Gene 91: 143, 1990), can be readily substituted uti 
lizing published protocols. The resulting mixed population of 
mutated cDNA clones is introduced into susceptible cultured 
cells directly, or after transcription in vitro. Enrichment for 
transfected cells which contain mutated virus of the desired 
phenotype is accomplished based on increased Survival time 
over wild-type virus infected cells, as described below. 
I0127 3. Genetic Selection of Variants. Using Virus-De 
rived Vectors 
0128. In another approach, mutations may be generated in 
any region a virus-derived expression vector, including the 
regulatory, untranslated regions, or protein-encoding gene 
regions. For example, within one aspect of the invention 
methods are provided for selecting viral variants with reduced 
or no inhibition of host-cell directed macromolecular synthe 
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sis, comprising the steps of: (a) introducing into a cell a 
eukaryotic layered vector initiation system. RNA vector rep 
licon, or recombinant alphavirus particle which directs the 
expression of a immunogenic cell Surface protein (Suitable for 
detection of vector containing cells), or alternatively, a select 
able marker (either a drug or non-drug marker wherein non 
vector containing cells are killed upon addition of for 
example, a drug such as neomycin, hygromycin, phleomycin, 
gpt, puromycin, or histidinol); (b) incubation or culturing the 
cells underconditions and for a time sufficient to select vector 
containing cells which exhibit the desired phenotype; fol 
lowed by (c) isolating cells which contain the vector of the 
desired phenotype and (d) analysis of the vector for the causal 
mutation. 

0129. As noted above, the viral vectors of the present 
invention may be derived from a wide variety of viruses (e.g., 
Sindbis virus (Xiong et al., Science 243: 1188–1191, 1989; 
Hahn et al., Proc. Natl. Acad. Sci. USA 89:2679-2683, 1992: 
Schlesinger, Trends Biotechnol. 11:18-22, 1993; Dubensky et 
al., ibid), Semliki Forest virus (Liljestrom and Garoff, Bio/ 
Technology 9:1356-1361, 1991), Venezuelan equine 
encephalitis virus (Davis et al., J. Cell. Biochem. Suppl. 19 A: 
310, 1995), poliovirus (Choi et al., J. Virol. 65:2875-2883, 
1991; Ansardi et al., Cancer Res. 54:6359-6364, 1994; and 
Andino et al., Science 265: 1448-1451, 1994). Representative 
examples of the above-described methods are discussed in 
more detail below within Example 2. 
0130. 4. Use of Viral Variants 
0131. As discussed in more detail herein, viral variants 
which have been selected or generated utilizing the methods 
provided herein may be utilized to construct a wide variety of 
recombinant gene delivery vehicles which exhibit the desired 
phenotype. Within certain embodiments, the gene delivery 
vehicle contains a mutation within the Leu-Xaa-Pro-Gly-Gly 
(“LXPGG) motif of the nsP2 gene. Briefly, for alphaviruses 
wherein published sequence of the nsP2 gene is available, a 
highly conserved amino acid motif.-Leu-Xaa-Pro-Gly-Gly 
(“LXPGG’) is observed. As predicted by standard protein 
modelling algorithms (Chou and Fasman, Adv. Enzym. 47:45 
148, 1978), the residues of this motif possibly comprise a 3 
turn in the structure. Proline 726 of nsP2 in Sindbis virus is the 
central residue of this motif. The corresponding motif in other 
alphaviruses is illustrated in the table below. 

insP2 a.a.'s 
Alphavirus Strain Pro-Gly-Gly Region (P-G-G) 

1. Sindbis virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728 
2. S.A.AR86 virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728 
3. Ockelbo virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728 
4. Aura virus Leu-Lys-Pro-Gly-Gly-Thr a.a. = 725-727 
5. Semliki Forest virus Leu-Lys-Pro-Gly-Gly-Ile a.a. = 718-720 
6. VEE virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 713-715 
7. Ross River virus Leu-Xaa-Pro-Gly-Gly-Ser a.a. = 717-719 

*Alphavirus strains with published nsP2 sequences: (1) Strauss et al., Virology 133; 92-110, 
1984; (2) Simpson et al., Virology 222; 464-469 1996; (3) Shirako et al., Virology 752: 
753-764, 1991; (4) Rumenapfet al., Virology 208: 621-633, 1995; (5) Takkinen, Nucleic 
Acids Res. 14: 5667-5682, 1986; (6) Kinney et al., Virology 170: 19-30, 1989; and (7) 
Faragher et al, Virology 163:509-526, 1988. 

0132 Hence, within various embodiments of the present 
invention, gene delivery vehicles are provided wherein the 
gene delivery vehicle contains an nsP2 gene with a mutation 
in the LXPGG motiff. Within one embodiment, the Leu 
codon is mutated to another amino acid selected from the 
group consisting of Ala, Arg, ASn, Asp, ASX. Cys, Gln, Glu, 
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Glx, Gly, His, Ile, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, Val, 
or another rare or non-protein amino acid (see, e.g., Leh 
ninger, Biochemistry, Worth Publishers, Inc., N.Y. N.Y., 
1975). Within another embodiment, the Pro codon is mutated 
to another amino acid selected from the group consisting of 
Ala, Arg, ASn, Asp, ASX. Cys, Gln, Glu, Glx, Gly, His, Ile, 
Leu, Lys, Met, Phe, Ser. Thr, Trp, Tyr, Val, or another rare or 
non-protein amino acid. Within other embodiments, either or 
both of the Glycodons may be mutated to another amino acid 
selected from the group consisting of Ala, Arg, ASn, Asp, ASX, 
Cys, Gln, Glu, Glx. His, Ile, Leu, Lys, Met, Phe, Pro, Ser. Thr, 
Trp, Tyr, Val, or another rare or non-protein amino acid. 
Within yet other embodiments, the Xaa amino acid, or amino 
acids between 1 and 3 residues upstream or downstream of 
the LXPGG motif may be mutated from the wild-type amino 
acid in order to effect the phenotype of the resultant gene 
delivery vehicle. Within certain embodiments of the inven 
tion, the LXPGG motiff may be mutated to contain more than 
one codon alteration, or alternatively, one or more codon 
insertions or deletions. 

C. Alpha virus Vector Constructs and Alphavirus RNAVector 
Replicons 

0.133 As noted above, the present invention provides both 
DNA and RNA constructs which are derived from alphavi 
ruses. Briefly, within one aspect of the present invention 
alphavirus vector constructs are provided, comprising a 5' 
promoter which initiates synthesis of viral RNA in vitro from 
cDNA, a 5' sequence which initiates transcription of alphavi 
rus RNA, a nucleic acid molecule which operably encodes all 
four alphaviral nonstructural proteins including an isolated 
nucleic acid molecule as described above, an alphavirus RNA 
polymerase recognition sequence and a 3' polyadenylate 
tract. Within other aspects, RNA vector replicons are pro 
vided, comprising a 5' sequence which initiates transcription 
of alphavirus RNA, a nucleic acid molecule which operably 
encodes all four alphaviral nonstructural proteins, including 
the isolated nucleic acid molecules discussed above, an 
alphavirus RNA polymerase recognition sequence and a 3' 
polyadenylate tract. Within preferred embodiments of the 
above, the above constructs further comprise a viral junction 
region. Each of these aspects are discussed in more detail 
below. 

I0134) 1. 5' Promoters which Initiate Synthesis of Viral 
RNA 

0.135. As noted above, within certain embodiments of the 
invention, alphavirus vector constructs are provided which 
contain 5" promoters which (e.g., DNA dependent RNA poly 
merase promoters) initiate synthesis of viral RNA from 
cDNA by a process of in vitro transcription. Within preferred 
embodiments such promoters include, for example, the bac 
teriophage T7, T3, and SP6 RNA polymerase promoters. 
Similarly, eukaryotic layered vector initiation systems are 
provided (e.g., DNA dependent RNA polymerase promoters) 
which contain 5" promoters which initiate synthesis of viral 
RNA from cDNA in vivo (i.e., within a cell). Within certain 
embodiments, such RNA polymerase promoters (for either 
alphavirus vector constructs or eukaryotic layered vector ini 
tiation systems) may be derived from both prokaryotic and 
eukaryotic organisms, and include, for example, the bacterial 
B-galactosidase and trpE promoters, and the eukaryotic viral 
simian virus 40 (SV40) (e.g., early or late), cytomegalovirus 
(CMV) (e.g., immediate early), Moloney murine leukemia 
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virus (MoMLV) or Rous sarcoma virus (RSV) LTR, and 
herpes simplex virus (HSV) (thymidine kinase) promoters. 
0.136 2. Sequences which Initiate Transcription 
0.137 As noted above, within preferred embodiments the 
alphavirus vector constructs and RNA vector replicons of the 
present invention contain a 5' sequence which is capable of 
initiating transcription of an alphavirus RNA (also referred to 
as 5'-end CSE, or 5' cis replication sequence). Representative 
examples of such sequences include nucleotides 1-60, and to 
a lesser extent nucleotides through bases 150-210, of the 
wild-type Sindbis virus, nucleotides 10-75 for tRNA (as 
partic acid, Schlesingeret al., U.S. Pat. No. 5,091,309), and 5' 
sequences from other alphaviruses which initiate transcrip 
tion. It is the complement of these sequences, which corre 
sponds to the 3' end of the of the minus-strand genomic copy, 
which are bound by the nsP replicase complex, and possibly 
additional host cell factors, from which transcription of the 
positive-strand genomic RNA is initiated. 
0.138. 3. Alpha virus Nonstructural Proteins 
0.139. The alphavirus vector constructs and RNA vector 
replicons provided herein also require sequences encoding all 
four alphaviral nonstructural proteins, including a sequence 
which provides the desired phenotype discussed above. 
Briefly, a wide variety of sequences which encode alphavirus 
nonstructural proteins, in addition to those explicitly pro 
vided herein, may be utilized in the present invention, and are 
therefore deemed to fall within the scope of the phrase 
“alphavirus nonstructural proteins. For example, due to the 
degeneracy of the genetic code, more than one codon may 
code for a given amino acid. Therefore, a wide variety of 
nucleic acid sequences which encode alphavirus nonstruc 
tural proteins may be generated. Furthermore, amino acid 
Substitutions, additions, or deletions at any of numerous posi 
tions may still provide functional or biologically active non 
structural proteins. Within the context of the present inven 
tion, alphavirus nonstructural proteins are deemed to be 
biologically active if they promote self-replication of the 
vector construct, i.e., replication of viral nucleic acids and not 
necessarily the production of infectious virus, and may be 
readily determined by metabolic labeling or RNase protec 
tion assays performed over a time course. Methods for mak 
ing Such derivatives are readily accomplished by one of ordi 
nary skill in the art given the disclosure provided herein. 
0140 Alphaviruses express four nonstructural proteins, 
designated insp1, insp2, insp3, and insp4. Vectors of the present 
invention derived from alphaviruses should contain 
sequences encoding the four nonstructural proteins. In wild 
type Sindbis virus, nonstructural proteins 1-3 are encoded by 
nucleotides 60 to 5747, while nsP4 is encoded by nucleotides 
5769 to 7598 (see FIG. 1). The nonstructural proteins are 
translated from the genomic positive strand RNA as one of 
two large polyproteins, known as P123 or P1234, respec 
tively, depending upon (i) whether there is an opal termina 
tion codon between the coding regions of nsP3 and nsP4 and 
(ii) if there is such an opal codon present, whether there is 
translation termination of the nascent polypeptide at that 
point or readthrough and hence production of P1234. The 
opal termination codon is present at the nsP3/nsP4 junction of 
the alphaviruses SIN (strain AR339 and the SIN-1 strain 
described herein), AURA, WEE, EEE, VEE, and RR, and thus 
the P123 and P1234 species are expressed in cells infected 
with these viruses. In contrast, no termination codon is 
present at the nsP3/nsP4 junction of the alphaviruses SIN 
(strain AR86, SF, and ONN), and thus only the P1234 species 
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is expressed in cells infected with these viruses. Both the 
polyprotein and processed monomeric forms of the nonstruc 
tural proteins function in the replication of the alphavirus 
RNA genome. Experiments examining growth characteris 
tics of alphavirus nonstructural protein cleavage mutants have 
indicated that the polyproteins are involved in the synthesis of 
the genomic negative stranded RNA, while the individual 
monomeric proteins catalyze the synthesis of the genomic 
and Subgenomic positive stranded RNA species (Shirako and 
Strauss, J. Virol. 68:1874-1885, 1994). Translational 
readthrough generally occurs about 10%-20% of the time in 
cells infected with wildtype Sindbis virus containing the opal 
termination codon at the nsP3/nsP4 junction. Processing of 
P123 and P1234 is by a proteinase activity encoded by the one 
of the nonstructural proteins, and is discussed further below. 
The order of processing, whether incis or in trans, depends on 
various factors, including the stage of infection. For example, 
Sindbis virus and SFV produce P 123 and insp4 early in infec 
tion, and P12 and P34 later in infection. Further processing 
then releases the individual nonstructural proteins. Each non 
structural protein has several functions, some of which are 
described below. 

0141 
0142. Nonstructural protein 1 is required for the initiation 
of (or continuation of) minus-strand RNA synthesis. It also 
plays a role in capping the 5' terminus of genomic and Sub 
genomic alphavirus RNAS during transcription, as nsP1 pos 
sesses both methyltransferase (Mi and Stollar, Vir. 184:423 
427, 1991) and guanyltransferase activity (Strauss and 
Strauss, Microbiol. Rev. 58(3):491-562, 1994). NsP1 also 
modulates the proteinase activity of nsP2, as polyproteins 
containing nsP1 inefficiently cleave between nsP2 and nsP3 
(de Groot et al., EMBO.J. 9:2631-2638, 1990). 
0143 b. nsP2 
0144. Nonstructural protein 2 is a multifunctional protein, 
involved in the replication of the viral RNA and processing of 
the nonstructural polyprotein. The N-terminal domain of the 
protein (spanning about the first 460 amino acids) is believed 
to be a helicase which is active in duplex unwinding during 
RNA replication and transcription. Synthesis of 26S subge 
nomic mRNA, which, in vectors according to the present 
invention, encodes the gene(s) of interest, requires functional 
insP2. The C-terminal domain of nsP2, between amino acid 
residues 460-807 of Sindbis virus, proteolytically cleaves in 
trans and in cis the nonstructural polyprotein between the 
nsP1/nsP2, nsP2/nsP3, and nsP3/nsP4 junctions. Alignment 
of the primary sequences of the alphavirus nsP2 C-terminal 
domains Suggests that nsP2 is a papain-like proteinase (Hardy 
and Strauss, J. Virol. 63:4653-4664, 1988). 
(0145. Other observed characteristics of nsP2 have not, as 
yet, been assigned a function directly related to the propaga 
tion of alphaviruses. For example, it has been shown that nsP2 
is closely associated with ribosomes in SFV-infected cells, 
and can be cross-linked to rRNA by UV irradiation (Rankiet 
al., FEBS Lett. 108:299-302, 1979). Further, 50% of nsP2 is 
localized in the nuclear matrix, particularly in the area of the 
nucleoli of SFV-infected BHK cells (Penanen et al., J. Virol. 
64:1888-1896, 1990). Localization of nsP2 to the nuclei pre 
Sumably proceeds by active transport, as it exceeds the size of 
small proteins and metabolites (about 20-60 kD), which can 
enter the nucleus by diffusion through nuclear core com 
plexes (Paine et al., Nature 254:109-114, 1975). Putative 

a.. nsP1 
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NLS sequences have been identified in the alphaviruses SFV. 
SIN, RR, ONN, OCK, and VEE (Rikkonen et al., Vir. 189: 
462-473, 1992). 
0146 c. nsP3 
0147 Nonstructural protein nsP3 contains two distinct 
domains, although their precise roles in viral replication are 
not well understood. The N-terminal domain ranges in length 
from 322 to 329 residues in different alphaviruses and exhib 
its a minimum of 51% amino acid sequence identity among 
any two alphaviruses. The C-terminal domain, however, is not 
conserved among known alphaviruses in length or in 
sequence, and multiple changes are tolerated (Liet al., Virol 
ogy, 179:416-427). The protein is found associated with rep 
lication complexes in a heavily phosphorylated State. In 
alphaviruses whose genomes contain an opal termination 
codon between the nsP3/nsP4junction, two different proteins 
are produced depending upon whether or not there is 
readthrough of the opal termination signal. Readthrough 
results in an nsP3 protein which contains 7 additional carboxy 
terminal amino acids after cleavage of the polyprotein. It is 
clear that nsP3 is required in some capacity for viral RNA 
synthesis, as particular mutants of this protein are RNA nega 
tive, and the P123 polyprotein is required for minus-strand 
RNA synthesis. 
0148 d. nsP4 
0149 NSP4 is the virus-encoded RNA polymerase and 
contains the GDD motif characteristic of such enzymes 
(Karner and Argos, Nucleic Acids Res. 12:7269-7282, 1984). 
Thus, nsP4 is indispensable for alphavirus RNA replication. 
The concentration of nsP4 is tightly regulated in infected 
cells. In most alphaviruses, translation of nsP4 requires 
readthrough of an opal codon between the nsP3 and nsP4 
coding regions, resulting in lower intracellular levels as com 
pared to other nonstructural proteins. Additionally, the bulk of 
nsP4 is metabolically unstable, through degradation by the 
N-end rule pathway (Gonda et al., J. Biol. Chem. 264:16700 
16712, 1989). However, some nsP4 is stable, due to its asso 
ciation with replication complexes which conceal degrada 
tion signals. Thus, stabilization of the enzyme by altering the 
amino terminal residue may prove useful in promoting more 
long term expression of proteins encoded by the vectors 
described herein. Stabilizing amino terminal residues include 
methionine, alanine, and tyrosine. 
0150 
0151. The alphavirus viral junction region normally con 

trols transcription initiation of the subgenomic mRNA; thus, 
this element is also referred to as the subgenomic mRNA 
promoter. In the case of Sindbis virus, the normal viral junc 
tion region typically begins at approximately nucleotide 
number 7579 and continues through at least nucleotide num 
ber 7612 (and possibly beyond). At a minimum, nucleotides 
7579 to 7602 (5-ATC TCT ACG GTG GTC CTA AAT 
AGT SEQ. ID NO. 1) are believed necessary for transcrip 
tion of the Subgenomic fragment. This region (nucleotides 
7579 to 7602) is hereinafter referred to as the “minimal junc 
tion region core.” 
0152 Within certain aspects of the invention, the viral 
junction region is inactivated in order to prevent synthesis of 
the Subgenomic fragment. As utilized within the context of 
the present invention, “inactivated” means that the species 
corresponding to Subgenomic mRNA is not observed in auto 
radiograms from denaturing gels of electrophoresed RNA 
purified from cells containing these vectors and treated with 1 

4. Viral Junction Regions 
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ug/ml dactinomycin and labeled with Hi-uridine, as 
described (Frolov and Schlesinger, J. Virol. 68:1721-1727, 
1994). 
0153. Within one embodiment of the invention, gene 
delivery vehicles may be constructed by the placement of 
signals promoting either ribosome readthrough or internal 
ribosome entry immediately downstream of the disabled 
junction region promoter. In this vector configuration, Syn 
thesis of Subgenomic message cannot occur; however, the 
heterologous proteins are expressed from genomic length 
mRNA by either ribosomal readthrough (scanning) or inter 
nal ribosome entry. 
0154) In certain applications of the gene delivery vehicles 
described herein, the expression of more than one heterolo 
gous gene is desired. For example, in order to treat metabolic 
disorders such as Gaucher's syndrome, multiple administra 
tions of gene delivery vehicles or particles may be required, 
since duration of the therapeutic palliative may be limited. 
Therefore, within certain embodiments of the invention it 
may be desirable to co-express in a target cell the Adenovirus 
2 E3 gene, along with a therapeutic palliative, such as the 
glucocerebrosidase gene. In wild-type virus, the structural 
protein (SP) polycistronic message is translated into a single 
polyprotein which is processed Subsequently into individual 
proteins in part by the SP capsid proteinase. Thus, expression 
of multiple heterologous genes from a polycistronic message 
requires a mechanism different from the wild-type virus, 
since the protease activity of the capsid sp. or the peptides 
recognized for cleavage, are not present in the replacement 
region of the alphavirus vectors. Therefore, within further 
embodiments of the invention, functional elements which 
permit translation of multiple independent heterologous 
sequences, including ribosomal readthrough, cap-indepen 
dent translation, internal ribosome entry, or minimal junction 
region core sequences, can be utilized. 
(O155 5. Alphavirus RNA Polymerase Recognition 
Sequence, and Poly(A) Tract 
0156. As noted above, alphavirus vector constructs or 
RNA vector replicons of the present invention also should 
include an alphavirus RNA polymerase recognition sequence 
(also termed “alphavirus replicase recognition sequence', '3' 
terminal CSE’, or '3' cis replication sequence”). Briefly, the 
alphavirus RNA polymerase recognition sequence, which is 
located at the 3' end region of positive Stranded genomic 
RNA, provides a recognition site at which the virus begins 
replication by Synthesis of the negative strand. A wide variety 
of sequences may be utilized as an alphavirus RNA poly 
merase recognition sequence. For example, within one 
embodiment, Sindbis virus vector constructs in which the 
polymerase recognition is truncated to the Smallest region 
that can still function as a recognition sequence (e.g., nucle 
otides 11,684 to 11,703) can be utilized. Within another 
embodiment of the invention, Sindbis virus vector constructs 
in which the entire nontranslated region downstream from the 
E1 sp gene to the 3' end of the viral genome including the 
polymerase recognition site (e.g., nucleotides 11.382 to 
11,703), can be utilized. 
(O157 Within preferred embodiments of the invention, the 
alphavirus vector constructor RNA vector replicon may addi 
tionally contain a poly(A) tract, which increases dramatically 
the observed level of heterologous gene expression in cells 
transfected with alphavirus-derived vectors (see e.g., Duben 
sky et al. Supra). Briefly, the poly(A) tract may be of any size 
which is sufficient to promote stability in the cytoplasm, 
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thereby increasing the efficiency of initiating the viral life 
cycle. Within various embodiments of the invention, the poly 
(A) sequence comprises at least 10 adenosine nucleotides, 
and most preferably, at least 25 adenosine nucleotides. Within 
one embodiment, the poly(A) sequence is attached directly to 
Sindbis virus nucleotide 11,703. 

D. Eukaryotic Layered Vector Initiation Systems 

0158 Due to the size of a full-length genomic alphavirus 
cDNA clone, in vitro transcription of full-length, capped 
RNA molecules is rather inefficient. This results in a lowered 
transfection efficiency, in terms of infectious centers of virus 
(as measured by plaque formation), relative to the amount of 
in vitro transcribed RNA transfected. Such inefficiency is also 
relevant to the in vitro transcription of alphavirus expression 
vectors. Testing of candidate cDNA clones and other alphavi 
rus cDNA expression vectors for their ability to initiate an 
infectious cycle or to direct the expression of a heterologous 
sequence can thus be greatly facilitated if a cDNA clone is 
transfected into susceptible cells as a DNA molecule, which 
then directs the synthesis of viral RNA in vivo. 
0159. Therefore, within one aspect of the present inven 
tion DNA-based vectors (referred to as “Eukaryotic Layered 
Vector Initiation Systems) are provided that are capable of 
directing the synthesis of viral RNA (genomic or vector) in 
vivo. Generally, eukaryotic layered vector initiation systems 
comprise a 5' promoter that is capable of initiating in vivo 
(i.e., within a cell) the 5' synthesis of RNA from cDNA, a 
construct that is capable of directing its own replication in a 
cell, the construct also being capable of expressing a heter 
ologous nucleic acid sequence, and a 3' sequence that controls 
transcription termination (e.g., a polyadenylate tract). Such 
eukaryotic layered vector initiation systems provide a two 
stage or “layered mechanism that controls expression of 
heterologous nucleotide sequences. Briefly, the first layer 
initiates transcription of the second layer and comprises a 
promoter that is capable of initiating in vivo the 5' to 3' 
synthesis of RNA from cDNA (e.g., a 5' eukaryotic pro 
moter), and may further comprise other elements, including a 
3' transcription termination/polyadenylation site, one or more 
splice sites, as well as other RNA nuclear export elements, 
including, for example, the hepatitis B virus posttranscrip 
tional regulatory element (PRE) (Huang et al., Mol. Cell. 
Biol. 13:7476, 1993; Huang et al., J. Virol. 68:3193, 1994: 
Huang et al., Mol. Cell. Biol., 15:3864-3869, 1995), the 
Mason-Pfizer monkey virus constitutive transport element 
(CTE) (Bray et al., Proc. Natl. Acad. Sci. USA 91: 1256-1260, 
1994), the HIV Rev responsive element (Malim et al., Nature 
338:254-257, 1989; Cullen et al., Trends Biochem. Sci. 
16:346, 1991), and other similar elements, if desired. Repre 
sentative promoters suitable for use within the present inven 
tion include both eukaryotic (e.g., pol I, II, or III) and prokary 
otic promoters, and inducible or non-inducible (i.e., 
constitutive) promoters, such as, for example, Moloney 
murine leukemia virus promoters, metallothionein promot 
ers, the glucocorticoid promoter, Drosophila actin 5C distal 
promoter, SV40 promoter, heat shock protein 65 promoter, 
heat shock protein 70 promoter, immunoglobulin promoters, 
mouse polyoma virus promoter (Py), Rous sarcoma Virus 
(RSV), herpes simplex virus (HSV) promoter, BK virus and 
JC virus promoters, mouse mammary tumor virus (MMTV) 
promoter, alphavirus junction region, CMV promoter, Aden 
ovirus E1 or VA1 RNA promoters, rRNA promoters, tRNA 
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methionine promoter, CaMV 35S promoter, nopaline syn 
thetase promoter, tetracycline responsive promoter, and the 
lac promoter. 
0160. Within yet other embodiments of the invention, 
inducible promoters may be utilized. For example, within one 
embodiment inducible promoters are provided which initiate 
the synthesis of RNA from DNA, comprising a core RNA 
polymerase promoter sequence, and an operably linked 
nucleic acid sequence that directs the DNA binding of a 
transcriptional activator protein, and an operably linked 
nucleic acid sequence that directs the DNA binding of a 
transcriptional repressor protein. Within a further embodi 
ment, the nucleic acid sequence that directs the DNA binding 
of a transcriptional activator protein is a sequence that binds 
a tetracycline repressor/VP16 transactivator fusion protein. 
Within yet another embodiment, the nucleic acid sequence 
that directs the DNA binding of a transcription repressor 
protein is a sequence that binds a lactose repressor/Kruppel 
domain fusion protein. 
0.161 The second layer comprises an autocatalytic vector 
construct which is capable of expressing one or more heter 
ologous nucleotide sequences and of directing its own repli 
cation in a cell, either autonomously or in response to one or 
more factors (e.g. is inducible). The second layer may be of 
viral or non-viral origin. Within one embodiment of the 
invention, the second layer construct may be an alphavirus 
vector construct as described above. 

0162. A wide variety of vector systems may be utilized as 
the first layer of the eukaryotic layered vector initiation sys 
tem, including for example, viral vector constructs developed 
from DNA viruses such as those classified in the Poxviridae, 
including for example canary pox virus or vaccinia virus (e.g., 
Fisher-Hoch et al., PNAS 86:317-321, 1989: Flexner et al., 
Ann. N.Y. Acad. Sci. 569:86-103, 1989; Flexneret al., Vaccine 
8:17-21, 1990; U.S. Pat. Nos. 4,603,112, 4,769.330 and 
5,017,487; WO 89/01973); Papoviridae such as BKV, JCV or 
SV40 (e.g., Mulligan et al., Nature 277:108-114, 1979); 
Adenoviridae. Such as adenovirus (e.g., Berkner, Biotech 
niques 6:616-627, 1988: Rosenfeld et al., Science 252:431 
434, 1991); Parvoviridae, such as adeno-associated virus 
(e.g., Samulski et al., J. Vir. 63:3822-3828, 1989; Mendelson 
et al., Virol. 166:154-165, 1988; PA 7/222,684); Herpesviri 
dae, Such as Herpes Simplex Virus (e.g., Kit, Adv. Exp. Med. 
Biol. 215:219-236, 1989); and Hepadnaviridae (e.g., HBV), 
as well as certain RNA viruses which replicate through a 
DNA intermediate, such as the Retroviridae (see, e.g., U.S. 
Pat. No. 4,777,127, GB 2,200,651, EP 0,345,242 and WO91/ 
028.05: Retroviridae include leukemia in viruses such as 
MoMLV and immunodeficiency viruses such as HIV, e.g., 
Poznansky, J. Virol. 65:532-536, 1991). 
0163 Similarly, a wide variety of vector systems may be 
utilized as second layer of the eukaryotic layered vector ini 
tiation system, including for example, vector systems derived 
from viruses of the following families: Picornaviridae (e.g., 
poliovirus, rhinovirus, coxsackieviruses), Caliciviridae, 
Togaviridae (e.g., alphavirus, rubella), Flaviviridae (e.g., yel 
low fever, HCV), Coronaviridae (e.g., HCV. TGEV, IBV. 
MHV, BCV), Bunyaviridae, Arenaviridae, Retroviridae (e.g., 
RSV. MoMLV, HIV, HTLV), hepatitis delta virus and Astro 
virus. In addition, non-mammalian RNA viruses (as well as 
components derived therefrom) may also be utilized, includ 
ing for example, bacterial and bacteriophage replicases, as 
well as components derived from plant viruses, such as potex 
viruses (e.g., PVX), carlaviruses (e.g., PVM), tobraviruses 
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(e.g., TRV, PEBV, PRV), Tobamoviruses (e.g., TMV. ToMV. 
PPMV), luteoviruses (e.g., PLRV), potyviruses (e.g., TEV. 
PPV, PVY), tombusviruses CyRSV), nepoviruses (e.g., 
GFLV), bromoviruses (e.g., BMV), and topamoviruses. 
0164. The replication competency of the autocatalytic 
vector construct, contained within the second layer of the 
eukaryotic vector initiation system, may, be measured by a 
variety of assays known to one of skill in the art including, for 
example, ribonuclease protection assays which measure 
increases of both positive-sense and negative-sense RNA in 
transfected cells over time, in the presence of an inhibitor of 
cellular RNA synthesis, such as dactinomycin, and also 
assays which measure the synthesis of a Subgenomic RNA or 
expression of a heterologous reporter gene in transfected 
cells. 
0.165. Within particularly preferred embodiments of the 
invention, eukaryotic layered vector initiation systems are 
provided that comprise a 5" promoter which is capable of 
initiating in vivo the synthesis of alphavirus RNA from cDNA 
(i.e., a DNA promoter of RNA synthesis), followed by a 5' 
sequence which is capable of initiating transcription of an 
alphavirus RNA, a nucleic acid sequence which operably 
encodes all four alphaviral nonstructural proteins (including a 
nucleic acid molecule as described above which, when oper 
ably incorporated into a recombinant alphavirus particle, 
results in the desired phenotype), an alphavirus RNA poly 
merase recognition sequence, and a 3' sequence which con 
trols transcription termination/polyadenylation. In addition, a 
viral junction region which is operably linked to a heterolo 
gous sequence to be expressed may be included. Within vari 
ous embodiments, the viral junction region may be modified, 
Such that viral transcription of the Subgenomic fragment is 
increased, reduced, or inactivated. Within other embodi 
ments, a second viral junction region may be inserted follow 
ing the first inactivated viral junction region, the second viral 
junction region being either active or modified Such that viral 
transcription of the Subgenomic fragment is increased or 
reduced. 
0166 Following in vivo transcription of the eukaryotic 
layered vector initiation system, the resulting alphavirus 
RNA vector replicon molecule is comprised of a 5' sequence 
which is capable of initiating transcription of an alphavirus 
RNA, a nucleotide sequence encoding biologically active 
alphavirus nonstructural proteins, a viral junction region, a 
heterologous nucleotide sequence, an alphavirus RNA poly 
merase recognition sequence, and a polyadenylate sequence. 
0167 Various aspects of the alphavirus cloNA vector con 
structs have been discussed above, including the 5' sequence 
which is capable of initiating transcription of an alphavirus, 
the nucleotide sequence encoding alphavirus nonstructural 
proteins, the viral junction region, including junction regions 
which have been inactivated such that viral transcription of 
the Subgenomic fragment is prevented, and the alphavirus 
RNA polymerase recognition sequence. In addition, modified 
junction regions and tandem junction regions have also been 
discussed above. 

0.168. In another embodiment of the invention, the eukary 
otic layered vector initiation system is derived from an 
alphavirus vector, Such as a Sindbis vector construct, which 
has been adapted to replicate in one or more cell lines from a 
particular eukaryotic species, especially a mammalian spe 
cies, such as humans. For instance, if the gene encoding the 
recombinant protein to be expressed is of human origin and 
the protein is intended for human therapeutic use, production 
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in a suitable human cell line may be preferred in order that the 
protein be post-translationally modified, as would be 
expected to occur in humans. This approach may be useful in 
further enhancing recombinant protein production (as dis 
cussed in more detail below). Given the overall plasticity of 
an alphaviral genome due to the infidelity of the viral repli 
case, variant strains with an enhanced ability to establish high 
titer productive infection in selected eukaryotic cells (e.g., 
human, murine, canine, feline, etc.) can be isolated. Addition 
ally, variant alphaviral Strains having an enhanced ability to 
establish high titer persistent infection in eukaryotic cells 
may also be isolated using this approach. Alphavirus expres 
sion vectors can then be constructed from cDNA clones of 
these variant strains according to procedures provided herein. 
(0169. Within another embodiment of the invention, the 
eukaryotic layered vector initiation system comprises a pro 
moter for initial alphaviral vector transcription that is tran 
scriptionally active only in a differentiated cell type. Briefly, 
it is well established that alphaviral infection of mammalian 
cells in culture, such as those derived from hamster (e.g., baby 
hamster kidney cells) or chicken (e.g., chicken embryo fibro 
blasts), typically results in cytoxicity. Thus, to produce a 
stably transformed or transfected host cell line, the eukaryotic 
layered vector initiation system may be introduced into a host 
cell wherein the promoter which enables the initial vector 
amplification is a transcriptionally inactive, but inducible, 
promoter. In a particularly preferred embodiment. Such a 
promoter is differentiation state dependent. In this configu 
ration, activation of the promoter and subsequent activation 
of the alphavirus DNA vector coincides with induction of cell 
differentiation. Upon growth to a certain cell number of such 
a stably transformed or transfected host cell line, the appro 
priate differentiation stimulus is provided, thereby initiating 
transcription of the vector construct and amplified expression 
of the desired gene and encoded polypeptide(s). Many Such 
differentiation state-dependent promoters are known to those 
in the art, as are cell lines which can be induced to differen 
tiate by application of a specific stimulus. Representative 
examples include cell lines F9 and P19, HL60, and Freund 
erythroleukemic cell lines and HEL, which are activated by 
retinoic acid, horse serum, and DMSO, respectively. 
0170 In a preferred embodiment, such promoters can be 
regulated by two separate components. For example, as 
described in Example 7, binding sites for both a transcrip 
tional activator and a transcriptional repressor are positioned 
adjacent to a “core promoter, in an operably-dependent man 
ner. In this configuration, the uninduced State is maintained 
by blocking the ability of the transcriptional activator to find 
its recognition site, while allowing the transcriptional repres 
Sor to be constitutively expressed and bound to its recognition 
site. Induction is permitted by blocking the transcriptional 
repressor and removing the transactivator block. For 
example, a tetracycline-responsive promoter system (Gossen 
and Bujard, Proc. Natl. Acad. Sci. 89:5547-5551, 1992) may 
be utilized for inducible transcription of an alphavirus vector 
RNA. In this system, the expression of a tetracycline repres 
sor and HSV-VP16 transactivator domain, as a “fusion pro 
tein (rTA), stimulates in vivo transcription of the alphavirus 
vector RNA by binding specifically to a tetracycline operator 
sequence (tetO) located immediately adjacent to a minimal 
“core' promoter (for example, CMV). The binding and trans 
activation event is reversibly blocked by the presence of tet 
racycline, and may be “turned on by removing tetracycline 
from the culture media. As uninduced basal levels of tran 
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scription will vary among different cell types, other different 
minimal core promoters (for example HSV-tk) may be linked 
to the tetracycline operator sequences, provided the transcrip 
tion start site is known, to allow juxtaposition at or in the 
immediate proximity of alphavirus vector nucleotide 1. 
0171 The rTA transactivator can be provided by an addi 
tional expression cassette also stably transformed into the 
same cell line; and in certain embodiments, the rTA expres 
sion cassette may itself be autoregulatory. The use of an 
autoregulatory rTA expression cassette circumvents potential 
toxicity problems associated with constitutive high level 
expression of rTA by linking expression to transcriptional 
control by the same tetO-linked promoter to which rTA itself 
binds. This type of system creates a negative feedback cycle 
that ensures very little rTA is produced in the presence of 
tetracycline, but becomes highly active when the tetracycline 
is removed. Such an autoregulatory rTA expression cassette is 
provided in plasmid pTet-tTAk (Shockett et al., Proc. Natl. 
Acad. Sci. USA 92:6522-6526, 1995). 
0172 For transcriptional repression, the KRAB repres 
sion domain of a certain Zinc finger proteins can also be 
utilized. Briefly, KRAB (Krüppel-associated box) domains 
are highly conserved sequences present in the amino-terminal 
regions of more than one-third of all Krüppel-class Cys-His 
Zinc finger proteins. The domains contain two predicted 
amphipathic C-helicies and have been shown to function as 
DNA binding-dependent RNA polymerase II transcriptional 
repressors (for example, Licht et al., Nature 346: 76-79, 
1990). Like other transcription factors, the active repression 
domain and the DNA-binding domain are distinct and sepa 
rable. Therefore, the repression domain can be linked as a 
fusion protein to any sequence specific DNA binding protein 
for targeting. Thus, the DNA binding protein component can 
be reversibly prevented from binding in a regulatable fashion, 
thereby turning “off the transcriptional silencing. For 
example, the KRAB domain from human Kox1 (Thiesen, 
New Biol. 2:363-374, 1990) can be fused to the DNA-binding 
lactose (lac) repressor protein, forming a hybrid transcrip 
tional silencer with reversible, sequence-specific binding to a 
lac operator sequence engineered immediately adjacent to the 
tet-responsive promoter. In this configuration, constitutive 
expression of the lac repressor/KRAB domain fusion (rKR) 
will result in binding to the lac operator sequence and the 
elimination of any “leaky’ basal transcription from the unin 
duced tet-responsive promoter. When vector expression is 
desired and tetracycline is removed from the system, IPTG is 
added to prevent rKR-mediated transcriptional silencing. 
0173. In addition, KRAB domains from other zinc finger 
proteins, for example, ZNF133 (Tommerup et al., Hum. Mol. 
Genet. 2: 1571-1575, 1993), ZNF91 (Bellefroid et al., EMBO 
J. 12:1363-1374, 1993), ZNF2 (Rosati et al., Nucleic Acids 
Res. 19:5661-5667, 1991), as well as other transferable 
repressor domains, for example, Drosophila en or eve genes 
(Jaynes and O’Farrell, EMBO.J. 10:1427-1433, 1991; Han 
and Manley, Genes Dev. 7:491-503, 1993), human zinc finger 
proteinYY1 (Shietal., Cell 67:377-388, 1991), Wilms’ tumor 
suppressor protein WT1 (Madden et al., Science 253:1550 
1553, 1991), thyroid hormone receptor (Baniahmad et al., 
EMBO.J. 11:1015-1023, 1992), retinoic acid receptor (Bani 
ahmad et al., ibid), Kid-1 (Witzgall et al., Proc. Natl. Acad. 
Sci. USA 91:4514-4518, 1994), can likewise be readily used 
in the gene delivery vehicles provided herein. Furthermore, 
the lac repressor/lac operator component of this system may 
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be substituted by any number of other regulatable systems 
derived from other sources, for example, the tryptophan and 
maltose operons, or GAL4. 

E. Recombinant Alpha virus Particles, and Generation and 
Use of Empty. Togavirus Particles or Togaviruses Particles 
Containing Non-Homologous Viral RNA 

0.174 Within another aspect of the present invention, the 
generation of recombinant alphavirus particles containing 
RNA alphavirus vectors, which are capable of infection of 
eukaryotic target cells, are described. Briefly, such recombi 
nant alphavirus particles generally comprise one or more 
alphavirus structural proteins, a lipid envelope, and an RNA 
vector replicon as described herein. 
0.175 Methods for generating recombinant alphavirus 
vector particles may be readily accomplished by, for example, 
co-transfection of complementing vectorand defective helper 
(DH) molecules derived from in vitro transcribed RNA, or, 
alternatively, plasmid DNA, or by coinfection with virus (see 
Xiong et al., Science 243:1 188-1191, 1989, Bredenbeek et 
al., J. Virol. 67:6439-6446, 1993, Dubensky et al., J. Virol 
70:508-519, 1996 and Dubensky et al., WO95/07994). 
0176 Within other aspects, methods for generating 
recombinant alphavirus vector particles from alphavirus-de 
rived packaging or producer cell lines are provided. Briefly, 
such PCL and their stably transformed structural protein 
expression cassettes can be derived using methods described 
within W/O 95/07994, or using novel methods described 
within this invention. For example, the production of recom 
binant alphavirus vector particles by PCL can be accom 
plished following introduction of alphavirus-based vector 
molecules with desirable properties into the PCL (see 
Example 6), the vectors being derived from in vitro tran 
scribed RNA, plasmid DNA, or previously obtained recom 
binant alphavirus particles. In yet a further example, produc 
tion of recombinant particles from alphavirus vector producer 
cell lines is described (see Example 7). 
0177. Within other embodiments, methods are provided 
for producing high-titer stable togavirus capsid particles that 
do not contain any genomic RNA, (i.e., contain Substantially 
no viral RNA) or RNA Vector Replicons. As utilized within 
the present invention, it should be understood that “substan 
tially no' genomic or RNA Vector Replicon nucleic acids 
refers to ratios of greater than 10:1, and preferably greater 
than 15:1 of Smethionine versus Huridine incorporation 
into virus particles (as compared to wild-type) (see, e.g., 
Example 8 and FIG. 38). For example, within one embodi 
ment empty capsid particles (preferably with the lipid bilayer 
and lycoprotein complement) are constructed from a selected 
pathogenic virus from the togavirus family (such as an 
Alphavirus or Rubivirus), and used as immunogens to estab 
lish protective immunity against infection with the wild-type 
togavirus. The empty viral particles are a desirable immuno 
genic alternative, as they are unable to replicate and produce 
virus, yet are able to generate both cellular and humoral 
immune responses. Thus, utilizing the methods which are 
described in more detail in Example 8, empty capsid particles 
derived from togaviruses (with or without a lipid bilayer and 
glycoprotein complement) can be generated from a wide 
variety oftogaviruses, including, but not limited to, alphavi 
ruses (such as Sindbis Virus (e.g., SIN-1 or wild-type Sindbis 
virus), Venezuelan Equine Encephalitis virus, Ross River 
virus, Eastern Equine Encephalitis virus, Western Equine 
Encephalitis virus, and rubiviruses (e.g., rubella), 
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0178. In a second embodiment, sequences from heterolo 
gous viruses which encode peptides that bind to genomic 
viral RNA can be inserted into a defective helper (DH) 
expression cassette in the amino terminal region of the 
alphavirus capsid gene, which has been deleted of the 
sequences which encode the region of the protein that binds to 
the homologous alphavirus genomic RNA. For example, 
BHK cells can be electroporated with an alphavirus replicon 
RNA, a DH RNA containing a sequence that encodes a het 
erologous virus genomic RNA binding peptide, and a repli 
con derived from the same heterologous virus. Thus, the 
alphavirus particles produced contain a genomic RNA from a 
heterologous virus, and possess the host-range tropism of the 
alphavirus. As one possible example, gag sequences encod 
ing proteins required for retrovirus RNA binding are included 
in the DH expression cassette construct. In this configuration, 
the resulting alphavirus particles would contain retrovirus 
vector RNA. 

F. Heterologous Sequences 

0179. As noted above, a wide variety of nucleotide 
sequences may be carried and expressed by the gene delivery 
vehicles of the present invention. Preferably, the nucleotide 
sequences should be of a size sufficient to allow production of 
viable virus. Within the context of the present invention, the 
production of any measurable titer by recombinant alphavirus 
particles, for example, by plaque assay, luciferase assay, or 
B-galactosidase assay of infectious virus on appropriate sus 
ceptible monolayers, or the expression of detectable levels of 
the heterologous gene product by RNA or DNA vectors, is 
considered to be “production of viable virus.” This may be, at 
a minimum, an alphavirus vector construct which does not 
contain any additional heterologous sequence. However, 
within other embodiments, the vector construct may contain 
additional heterologous or foreign sequences. Within pre 
ferred embodiments, the heterologous sequence can com 
prise a heterologous sequence of at least about 100 bases, 2 
kb, 3.5 kb, 5 kb, 7 kb, or even a heterologous sequence of at 
least about 8 kb. 

0180. As will be evident to one of ordinary skill in the art 
given the disclosure provided herein, the efficiency of recom 
binant alphavirus particle packaging and hence, viral titer, is 
to some degree dependent upon the size of the sequence to be 
packaged. Thus, in order to increase the efficiency of pack 
aging and the production of viable virus, additional non 
coding sequences may be added to the vector construct. 
Moreover, within certain embodiments of the invention it 
may be desired to increase or decrease viral titer. This 
increase or decrease may be accomplished by increasing or 
decreasing the size of the heterologous sequence, and hence 
the efficiency of packaging. 
0181. As briefly noted above, a wide variety of heterolo 
gous sequences may be included within the gene delivery 
vehicles described herein including, for example, sequences 
which encode palliatives Such as lymphokines or cytokines, 
toxins, prodrug converting enzyme, antigens which stimulate 
an immune response, ribozymes, proteins for therapeutic 
application Such as growth or regulatory factors, and proteins 
which assist or inhibit an immune response, as well as anti 
sense sequences (or sense sequences for “antisense applica 
tions'). In addition, as discussed above, the gene delivery 
vehicles provided herein may contain (and express, within 
certain embodiments) two or more heterologous sequences. 
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0182 1. Lymphokines 
0183 Within one embodiment of the invention, the heter 
ologous sequence encodes a lymphokine. Briefly, lymphok 
ines act to proliferate, activate, or differentiate immune effec 
tors cells. Representative examples of lymphokines include 
gamma interferon, tumor necrosis factor, IL-1, IL-2, IL-3, 
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, 
IL-14, IL-15, GM-CSF, CSF-1 and G-CSF. 
0.184 Within related embodiments of the invention, the 
heterologous sequence encodes an immunomodulatory 
cofactor. Briefly, as utilized within the context of the present 
invention, “immunomodulatory cofactor” refers to factors 
which, when manufactured by one or more of the cells 
involved in an immune response, or when added exogenously 
to the cells, causes the immune response to be different in 
quality or potency from that which would have occurred in the 
absence of the cofactor. The quality or potency of a response 
may be measured by a variety of assays known to one of skill 
in the art including, for example, in vitro assays which mea 
sure cellular proliferation (e.g., H thymidine uptake), and in 
vitro cytotoxic assays (e.g., which measure "Cr release) (see 
Warneret al., AIDS Res. and Human Retroviruses 7:645-655, 
1991). 
0185. Representative examples of immunomodulatory co 
factors include alpha interferon (Finter et al., Drugs 42(5): 
749-765, 1991; U.S. Pat. No. 4,892,743: U.S. Pat. No. 4,966, 
843: WO85/02862: Nagata et al., Nature 284:316-320, 1980; 
Familletti et al., Methods in Enz. 78:387-394, 1981; Twu et 
al., Proc. Natl. Acad. Sci. USA 86:2046-2050, 1989; Faktor et 
al., Oncogene 5:867-872: 1990), beta interferon (Seifet al., J. 
Virol. 65:664-671, 1991), gamma interferons (Radford et al., 
American Society of Hepatology. 2008-2015, 1991; 
Watanabe et al., PNAS 86:9456-9460, 1989; Gansbacher et 
al., Cancer Research 50:7820-7825, 1990; Maio et al., Can. 
Immunol. Immunother 30:34-42, 1989; U.S. Pat. Nos. 4,762, 
791 and 4,727,138), G-CSF (U.S. Pat. Nos. 4,999.291 and 
4,810,643), GM-CSF (WO 85/04188), TNFs (Jayaraman et 
al., J. Immunology 144:942-951, 1990), Interleukin-2 (IL-2) 
(Karupiah et al., J. Immunology 144:290-298, 1990; Weberet 
al., J. Exp. Med. 166:1716-1733, 1987: Gansbacher et al., J. 
Exp. Med. 172:1217-1224, 1990;U.S. Pat. No. 4,738,927), 
IL-4 (Tepper et al., Cell 57:503-512, 1989; Golumbek et al., 
Science 254:713-716, 1991; U.S. Pat. No. 5,017,691), IL-6 
(Brakenhof et al., J. Immunol. 139:41 16-4121, 1987: WO 
90/06370), IL-12, IL-15 (Grabstein et al., Science 264:965 
968, 1994; Genbank-EMBL Accession No. V03099), 
ICAM-1 (Altman et al., Nature 338.512-514, 1989), ICAM 
2, LFA-1, LFA-3, MHC class I molecules, MHC class II 
molecules, 2-microglobulin, chaperones, CD3, B7/BB1, 
MHC linked transporter proteins or analogues thereof. 
0186 The choice of which immunomodulatory cofactor to 
include within a alphavirus vector construct may be based 
upon known therapeutic effects of the cofactor, or experimen 
tally determined. For example, in chronic hepatitis B infec 
tions alpha interferon has been found to be efficacious in 
compensating a patient’s immunological deficit and thereby 
assisting recovery from the disease. Alternatively, a Suitable 
immunomodulatory cofactor may be experimentally deter 
mined. Briefly, blood samples are first taken from patients 
with a hepatic disease. Peripheral blood lymphocytes (PBLs) 
are restimulated in vitro with autologous or HLA-matched 
cells (e.g., EBV transformed cells), and transduced with an 
alphavirus vector construct which directs the expression of an 
immunogenic portion of a hepatitis antigen and the immuno 
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modulatory cofactor. Stimulated PBLs are used as effectors in 
a CTL assay with the HLA-matched transduced cells as tar 
gets. An increase in CTL response over that seen in the same 
assay performed using HLA-matched stimulator and target 
cells transduced with a vector encoding the antigen alone, 
indicates a useful immunomodulatory cofactor. Within one 
embodiment of the invention, the immunomodulatory cofac 
tor gamma interferon is particularly preferred. 
0187. Another example of an immunomodulatory cofac 
tor is the B7/BB1 costimulatory factor. Briefly, activation of 
the full functional activity of T cells requires two signals. One 
signal is provided by interaction of the antigen-specific T cell 
receptor with peptides which are bound to major histocom 
patibility complex (MHC) molecules, and the second signal, 
referred to as costimulation, is delivered to the T cell by 
antigen-presenting cells. The second signal is required for 
interleukin-2 (IL-2) production by T cells and appears to 
involve interaction of the B7/BB1 molecule on antigen-pre 
senting cells with CD28 and CTLA-4 receptors on T lympho 
cytes (Linsley et al., J. Exp. Med. 173:721-730, 1991a, and J. 
Exp. Med. 174:561-570, 1991). Within one embodiment of 
the invention, B7/BB1 may be introduced into tumor cells in 
order to cause costimulation of CD8" T cells, such that the 
CD8" T cells produce enough IL-2 to expand and become 
fully activated. These CD8" T cells can kill tumor cells that 
are not expressing B7 because costimulation is no longer 
required for further CTL function. Vectors that express both 
the costimulatory B7/BB1 factor and, for example, an immu 
nogenic HBV core protein, may be made utilizing methods 
which are described herein. Cells transduced with these vec 
tors will become more effective antigen-presenting cells. The 
HBV core-specific CTL response will be augmented from the 
fully activated CD8" T cell via the costimulatory ligand 
B7/BB1. 
0188 2. Toxins 
0189 Within another embodiment of the invention, the 
heterologous sequence encodes a toxin. Briefly, toxins act to 
directly inhibit the growth of a cell. Representative examples 
of toxins include ricin (Lamb et al., Eur: J. Biochem. 148:265 
270, 1985), abrin (Wood et al., Eur: J. Biochem. 198:723-732, 
1991: Evensen et al., J. of Biol. Chem. 266:6848-6852, 1991; 
Collins et al., J. of Biol. Chem. 265:8665-8669, 1990; Chenet 
al. Fed of Eur: Biochem Soc. 309: 115-118, 1992), diphtheria 
toxin (Twetenet al., J. Biol. Chem. 260:10392-10394, 1985), 
cholera toxin (Mekalanos et al., Nature 306:551-557, 1983: 
Sanchez, and Holmgren, PNAS 86:481-485, 1989), gelonin 
(Stirpe et al. J. Biol. Chem. 255:6947-6953, 1980), pokeweed 
(Irvin, Pharmac. Ther. 21:371-387, 1983), antiviral protein 
(Barbieri et al., Biochem. J. 203:55-59, 1982: Irvin et al., 
Arch. Biochem. & Biophy's. 200:418-425, 1980; Irvin, Arch. 
Biochem. & Biophys. 169:522-528, 1975), tritin, Shigella 
toxin (Calderwoodet al., PNAS84:4364-4368, 1987: Jackson 
et al., Microb. Path. 2: 147-153, 1987), Pseudomonas exo 
toxin A (Carroll and Collier, J. Biol. Chem. 262:8707-8711, 
1987), herpes simplex virus thymidine kinase (HSVTK) 
(Field et al., J. Gen. Virol. 49:115-124, 1980), and E. coli. 
guanine phosphoribosyltransferase. 
0.190 3. Prodrug Converting Enzymes 
0191 Within other embodiments of the invention, the het 
erologous sequence encodes a prodrug converting enzyme. 
Briefly, as utilized within the context of the present invention, 
a prodrug converting enzyme refers to a gene product that 
activates a compound with little or no cytotoxicity into a toxic 
product (the prodrug). Representative examples of such gene 
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products include HSVTK and VZVTK (as well as analogues 
and derivatives thereof), which selectively monophosphory 
late certain purine arabinosides and Substituted pyrimidine 
compounds, converting them to cytotoxic or cytostatic 
metabolites. More specifically, exposure of the drugs ganci 
clovir, acyclovir, or any of their analogues (e.g., FIAU, FIAC, 
DHPG) to HSVTK phosphorylates the drug into its corre 
sponding active nucleotide triphosphate form. 
0.192 Representative examples of other prodrug convert 
ing enzymes which can also be utilized within the context of 
the present invention include: E. coli guanine phosphoribosyl 
transferase which converts thioxanthine into toxic thioxan 
thine monophosphate (Besnard et al., Mol. Cell. Biol. 7:4139 
4141, 1987); alkaline phosphatase, which converts inactive 
phosphorylated compounds Such as mitomycin phosphate 
and doxorubicin-phosphate into toxic dephosphorylated 
compounds; fungal (e.g., Fusarium oxysporum) or bacterial 
cytosine deaminase, which converts 5-fluorocytosine to the 
toxic compound 5-fluorouracil (Mullen, PNAS. 89:33, 1992); 
carboxypeptidase G2, which cleaves the glutamic acid from 
para-N-bis(2-chloroethyl)aminobenzoyl glutamic acid, 
thereby creating a toxic benzoic acid mustard; and Penicil 
lin-V amidase, which converts phenoxyacetabide derivatives 
of doxorubicin and melphalan to toxic compounds (see gen 
erally, Virudhula et al., J. of Med. Chem. 36(7):919-923, 1993: 
Kernet al., Canc. Immun. Immunother: 31(4): 202-206, 1990). 
0193 4. Antisense Sequences 
0194 Within another embodiment of the invention, the 
heterologous sequence is an antisense sequence. Briefly, anti 
sense sequences are designed to bind to RNA transcripts, and 
thereby prevent cellular synthesis of a particular protein or 
prevent use of that RNA sequence by the cell. Representative 
examples of Such sequences include antisense thymidine 
kinase, antisense dihydrofolate reductase (Maher and 
Dolnick, Arch. Biochem. & Biophys. 253:214-220, 1987: 
Bzik et al., PNAS 84:8360-8364, 1987), antisense HER2 
(Coussens et al., Science 230:1132-1139, 1985), antisense 
ABL (Fainstein et al., Oncogene 4: 1477-1481, 1989), anti 
sense Myc (Stanton et al., Nature 310:423-425, 1984) and 
antisense ras, as well as antisense sequences which block any 
of the cell cycle signaling components (e.g., cyclins, cyclin 
dependent kinases, cyclin-dependent kinase inhibitors) or 
enzymes in the nucleotide biosynthetic pathway. In addition, 
within other embodiments of the invention antisense 
sequences to interferon and 2 microglobulin may be utilized 
in order to decrease immune response. 
0.195. In addition, within a further embodiment of the 
invention, antisense RNA may be utilized as an anti-tumor 
agent in order to induce a potent Class I restricted response. 
Briefly, in addition to binding RNA and thereby preventing 
translation of a specific mRNA, high levels of specific anti 
sense sequences are believed to induce the increased expres 
sion of interferons (including gamma-interferon) due to the 
formation of large quantities of double-stranded RNA. The 
increased expression of gamma interferon, in turn, boosts the 
expression of MHC Class I antigens. Preferred antisense 
sequences for use in this regard include actin RNA, myosin 
RNA, and histone RNA. Antisense RNA which forms a mis 
match with actin RNA is particularly preferred. 
(0196) 5. Ribozymes 
0.197 Within other aspects of the present invention, gene 
delivery vehicles are provided which produce ribozymes 
upon infection of a host cell. Briefly, ribozymes are used to 
cleave specific RNAS and are designed Such that it can only 
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affect one specific RNA sequence. Generally, the substrate 
binding sequence of a ribozyme is between 10 and 20 nucle 
otides long. The length of this sequence is Sufficient to allow 
a hybridization with target RNA and disassociation of the 
ribozyme from the cleaved RNA. 
0198 A wide variety of ribozymes may be utilized within 
the context of the present invention, including for example, 
Group I intron ribozymes (Cech et al., U.S. Pat. No. 4,987, 
071); hairpin ribozymes (Hampel et al., Nucl. Acids Res. 
18:299-304, 1990, U.S. Pat. No. 5,254,678 and European 
Patent Publication No. 0360 257), hammerhead ribozymes 
(Rossi, J. J. et al., Pharmac. Ther: 50:245-254, 1991: Forster 
and Symons, Cell 48:211-220, 1987; Haseloff and Gerlach, 
Nature 328:596-600, 1988: Walbot and Bruening, Nature 
334:196, 1988; Haseloff and Gerlach, Nature 334:585, 1988), 
hepatitis delta virus ribozymes (Perrotta and Been, Biochem. 
31:16, 1992); RNase Pribozymes (Takada et al., Cell 35:849, 
1983); as well as other types of ribozymes (see e.g., WO 
95/29241, and WO 95/31551). Further examples of 
ribozymes include those described in U.S. Pat. Nos. 5,116, 
742, 5,225,337 and 5,246,921. 
(0199. 6. Proteins and Other Cellular Constituents 
0200. Within other aspects of the present invention, a wide 
variety of proteins or other cellular constituents may be car 
ried and/or expressed by the gene delivery vehicles provided 
herein. Representative examples of Such proteins include 
native or altered cellular components, as well as foreign pro 
teins or cellular constituents, found in for example, viruses, 
bacteria, parasites or fungus. 
0201 a. Altered Cellular Components 
0202 Within one embodiment, gene delivery vehicles are 
provided which direct the expression of an immunogenic, 
non-tumorigenic, altered cellular component (see, e.g., WO 
93/10814). As utilized herein, the term “immunogenic’ refers 
to altered cellular components which are capable, under the 
appropriate conditions, of causing an immune response. This 
response must be cell-mediated, and may also include a 
humoral response. The term “non-tumorigenic’ refers to 
altered cellular components which will not cause cellular 
transformation or induce tumor formation in nude mice. The 
phrase “altered cellular component” refers to proteins and 
other cellular constituents which are either associated with 
rendering a cell tumorigenic, or are associated with tumori 
genic cells in general, but are not required or essential for 
rendering the cell tumorigenic. 
0203 Briefly, before alteration, the cellular components 
may be essential to normal cell growth and regulation and 
include, for example, proteins which regulate intracellular 
protein degradation, transcriptional regulation, cell-cycle 
control, and cell-cell interaction. After alteration, the cellular 
components no longer perform their regulatory functions and, 
hence, the cell may experience uncontrolled growth. Repre 
sentative examples of altered cellular components include 
ras, p53*, Rb, altered protein encoded by the Wilms tumor 
gene, ubiquitin, mucin, protein encoded by the DCC, APC, 
and MCC genes, the breast cancer gene BRCA1*, as well as 
receptors or receptor-like structures such as neu, thyroid hor 
mone receptor, platelet derived growth factor (PDGF) recep 
tor, insulin receptor, epidermal growth factor (EGF) receptor, 
and the colony stimulating factor (CSF) receptor. 
0204. Once a sequence encoding the altered cellular com 
ponent has been obtained, it is necessary to ensure that the 
sequence encodes a non-tumorigenic protein. Various assays 
which assess the tumorigenicity of a particular cellular com 
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ponent are known and may easily be accomplished. Repre 
sentative assays include a rat fibroblast assay, tumor forma 
tion in nude mice or rats, colony formation in Soft agar, and 
preparation of transgenic animals, such as transgenic mice. 
0205 Tumor formation in nude mice or rats is a particu 
larly important and sensitive method for determining the tum 
origenicity of a particular cellular component. Nude mice 
lack a functional cellular immune system (i.e., do not possess 
CTLs), and therefore provide a useful in vivo model in which 
to test the tumorigenic potential of cells. Normal non-tumori 
genic cells do not display uncontrolled growth properties if 
infected into nude mice. However, transformed cells will 
rapidly proliferate and generate tumors in nude mice. Briefly, 
in one embodiment an alphavirus vector construct is admin 
istered to Syngeneic murine cells, followed by injection into 
nude mice. The mice are visually examined for a period of 2 
to 8 weeks after injection in order to determine tumor growth. 
The mice may also be sacrificed and autopsied in order to 
determine whether tumors are present. (Giovanella et al., J. 
Natl. Cancer Inst. 48:1531-1533, 1972: FuresZ. et al., Abnor 
mal Cells, New Products and Risk, Hopps and Petricciani 
(eds.), Tissue Culture Association, 1985; and Levenbook et 
al., J. Biol. Std 13:135-141, 1985.) 
0206 Tumorigenicity may also be assessed by visualizing 
colony formation in Soft agar (Macpherson and Montagnier, 
Virol. 23:291-294, 1964). Briefly, one property of normal 
non-tumorigenic cells is “contact inhibition' (i.e., cells will 
stop proliferating when they touch neighboring cells). If cells 
are plated in a semi-solid agar Support medium, normal cells 
rapidly become contact inhibited and stop proliferating, 
whereas tumorigenic cells will continue to proliferate and 
form colonies in Soft agar. 
0207. If the altered cellular component is associated with 
making the cell tumorigenic, then it is necessary to make the 
altered cellular component non-tumorigenic. For example, 
within one embodiment the sequence or gene of interest 
which encodes the altered cellular component is truncated in 
order to render the gene product non-tumorigenic. The gene 
encoding the altered cellular component may be truncated to 
a variety of sizes, although it is preferable to retain as much as 
possible of the altered cellular component. In addition, it is 
necessary that any truncation leave intact at least Some of the 
immunogenic sequences of the altered cellular component. 
Alternatively, multiple translational termination codons may 
be introduced downstream of the immunogenic region. Inser 
tion of termination codons will prematurely terminate protein 
expression, thus preventing expression of the transforming 
portion of the protein. 
0208. As noted above, in order to generate an appropriate 
immune response, the altered cellular component must also 
be immunogenic. Immunogenicity of a particular sequence is 
often difficult to predict, although T cell epitopes often pos 
sess an immunogenic amphipathic alpha-helix component. In 
general, however, it is preferable to determine immunogenic 
ity in an assay. Representative assays include an ELISA, 
which detects the presence of antibodies against the newly 
introduced vector, as well as assays which test for T helper 
cells such as gamma-interferon assays, IL-2 production 
assays, and proliferation assays. 
0209. As noted above, within another aspect of the present 
invention, several different altered cellular components may 
be co-expressed in order to form a general anti-cancer thera 
peutic. Generally, it will be evident to one of ordinary skill in 
the art that a variety of combinations can be made. Within 
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preferred embodiments, this therapeutic may be targeted to a 
particular type of cancer. For example, nearly all colon can 
cers possess mutations in ras, p53, DCC APC or MCC genes. 
An alphavirus vector construct which co-expresses a number 
of these altered cellular components may be administered to 
a patient with colon cancer in order to treat all possible muta 
tions. This methodology may also be utilized to treat other 
cancers. Thus, an alphavirus vector construct which co-ex 
presses mucin, ras, neu, BRCA1* and p53* may be utilized 
to treat breast cancer. 

0210 b. Antigens from Foreign Organisms or Other 
Pathogens 
0211 Within other aspects of the present invention, vec 
tors are provided which direct the expression of immunogenic 
portions of antigens from foreign organisms or other patho 
gens. Representative examples of Such antigens include bac 
terial antigens (e.g., E. coli, Streptococcal, staphylococcal, 
mycobacterial, etc.), fungal antigens, parasitic antigens, and 
viral antigens (e.g., influenza virus, Feline Leukemia Virus 
(“FeLV), immunodeficiency viruses such as Feline Immu 
nodeficiency Virus (“FIV) or Human Immunodeficiency 
Virus (“HIV), Hepatitis A, B and C Virus (“HAV”, “HBV” 
and “HCV”, respectively), Respiratory Syncytial Virus, 
Human Papilloma Virus (“HPV), Epstein-Barr Virus 
(“EBV), Herpes Simplex Virus (“HSV), Hantavirus, HTLV 
I, HTLV II and Cytomegalovirus (“CMV). As utilized 
within the context of the present invention, “immunogenic 
portion” refers to a portion of the respective antigen which is 
capable, under the appropriate conditions, of causing an 
immune response (i.e., cell-mediated or humoral). “Portions' 
may be of variable size, but are preferably at least 9 amino 
acids long, and may include the entire antigen. Cell-mediated 
immune responses may be mediated through Major Histo 
compatability Complex (“MHC) class I presentation, MHC 
Class II presentation, or both. 
0212. Within one aspect of the invention, alphavirus vec 
tor constructs are provided which direct the expression of 
immunogenic portions of Hepatitis B antigens (see, e.g., WO 
93/15207). The Hepatitis B virus presents several different 
antigens, including among others, three HB “S” antigens 
(HBSAgs), an HBc antigen (HBcAg), an HBe antigen 
(HBeAg), and an HBX antigen (HBXAg) (see Blum et al., TIG 
5(5):154-158, 1989). Briefly, the HBeAg results from pro 
teolytic cleavage of a P22 pre-core intermediate and is 
secreted from the cell. HBeAg is found in serum as a 17 kD 
protein. The HBcAg is a protein of 183 amino acids, and the 
HBXAg is a protein of 145 to 154 amino acids, depending on 
Subtype. 
0213. The HBS Ags (designated “large.” “middle' and 
“small') are encoded by three regions of the Hepatitis B 
genome: S. pre-S2 and pre-S1. The large protein, which has a 
length varying from 389 to 400 amino acids, is encoded by 
pre-S1, pre-S2, and S regions, and is found in glycosylated 
and non-glycosylated forms. The middle protein is 281 amino 
acids long and is encoded by the pre-S2 and S regions. The 
Small protein is 226 amino acids long and is encoded by the S 
region. It exists in two forms, glycosylated (GP 27') and 
non-glycosylated (P24). If each of these regions are 
expressed separately, the pre-S1 region will code for a protein 
of approximately 119 amino acids, the pre-S2 region will 
code for a protein of approximately 55 amino acids, and the S 
region will code for a protein of approximately 226 amino 
acids. 
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0214. As will be evident to one of ordinary skill in the art, 
various immunogenic portions of the above-described Santi 
gens may be combined in order to induce an immune response 
when administered by one of the alphavirus vector constructs 
described herein. In addition, due to the large immunological 
variability that is found in different geographic regions for the 
S open reading frame of HBV, particular combinations of 
antigens may be preferred for administration in particular 
geographic regions. 
0215. Also presented by HBV are pol (“HBV poi'), ORF 
5, and ORF 6 antigens. Briefly, the polymerase open reading 
frame of HBV encodes reverse transcriptase activity found in 
virions and core-like particles in infected livers. The poly 
merase protein consists of at least two domains: the amino 
terminal domain which encodes the protein that primes 
reverse transcription, and the carboxyl terminal domain 
which encodes reverse transcriptase and RNase H activity. 
Immunogenic portions of HBV pol may be determined uti 
lizing methods described herein, utilizing alphavirus vector 
constructs described below, and administered in order togen 
erate an immune response within a warm-blooded animal. 
Similarly, other HBV antigens, such as ORF 5 and ORF 6 
(Miller et al., Hepatology 9:322-327, 1989) may be expressed 
utilizing alphavirus vector constructs as described herein. 
0216. As noted above, at least one immunogenic portion 
of an antigen from a foreign organism is incorporated into a 
gene delivery vehicle. The immunogenic portion(s) which are 
incorporated into the gene delivery vehicles may be of vary 
ing length, although it is generally preferred that the portions 
be at least 9 amino acids long and may include the entire 
antigen. Immunogenicity of a particular sequence is often 
difficult to predict, although T cell epitopes may be predicted 
utilizing computer algorithms such as TSITES (MedImmune, 
Maryland), in order to scan coding regions for potential 
T-helper sites and CTL sites. From this analysis, peptides are 
synthesized and used as targets in an in vitro cytotoxic assay. 
Other assays, however, may also be utilized, including, for 
example, ELISA, which detects the presence of antibodies 
against the newly introduced vector, as well as assays which 
test for Thelper cells. Such as gamma-interferon assays, IL-2 
production assays and proliferation assays. 
0217. Immunogenic portions may also be selected by 
other methods. For example, the HLA-A2.1 transgenic mouse 
has been shown to be useful as a model for human T-cell 
recognition of viral antigens. Briefly, in the influenza and 
hepatitis B viral systems, the murine T cell receptor repertoire 
recognizes the same antigenic determinants recognized by 
human T cells. In both systems, the CTL response generated 
in the HLA A2.1 transgenic mouse is directed toward virtu 
ally the same epitope as those recognized by human CTLS of 
the HLA A2.1 haplotype (Vitiello et al., J. Exp. Med. 173: 
1007-1015, 1991; Vitiello et al., Abstract of Molecular Biol 
ogy of Hepatitis B Virus Symposia, 1992). 
0218. As noted above, more than one immunogenic por 
tion may be incorporated into the gene delivery vehicles. For 
example, a gene delivery vehicle may express (either sepa 
rately or as one construct) all or immunogenic portions of 
HBcAg., HBeAg., HBSAgs, HBXAg, as well as immunogenic 
portions of the HCV antigens C, E1, E2, NS3, NS4, or NS5. 
0219. 7. Sources for Heterologous Sequences 
0220 Sequences which encode the above-described pro 
teins may be readily obtained from a variety of Sources, 
including for example, depositories such as the American 
Type Culture Collection (ATCC, Rockville, Md.), or from 
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commercial Sources such as British Bio-Technology Limited 
(Cowley, Oxford, England). Representative examples include 
BBG12 (containing the GM-CSF gene coding for the mature 
protein of 127 amino acids); BBG 6 (which contains 
sequences encoding gamma interferon), ATCC No. 39656 
(which contains sequences encoding TNF), ATCC No. 20663 
(which contain sequences encoding alpha interferon), ATCC 
Nos. 31902, 31902 and 39517 (which contains sequences 
encoding beta interferon), ATCC No 67024 (which contain a 
sequence which encodes Interleukin-1b); ATCC Nos. 39405, 
39452,39516, 39626 and 39673 (which contains sequences 
encoding Interleukin-2); ATCC Nos. 59399, 59398, and 
67326 (which contain sequences encoding Interleukin-3); 
ATCC No. 57592 (which contains sequences encoding Inter 
leukin-4), ATCC Nos. 59394 and 59395 (which contain 
sequences encoding Interleukin-5), and ATCC No. 67153 
(which contains sequences encoding Interleukin-6). 
0221 Sequences which encode altered cellular compo 
nents as described above may be readily obtained from a 
variety of Sources. For example, plasmids which contain 
sequences that encode altered cellular products may be 
obtained from a depository Such as the American Type Cul 
ture Collection (ATCC, Rockville, Md.), or from commercial 
Sources such as Advanced Biotechnologies (Columbia, Md.). 
Representative examples of plasmids containing some of the 
above-described sequences include ATCC No. 41000 (con 
taining a G to Tmutation in the 12th codon of ras), and ATCC 
No. 41049 (containing a G to A mutation in the 12th codon). 
0222 Alternatively, plasmids which encode normal cellu 
lar components may also be obtained from depositories Such 
as the ATCC (see, for example, ATCC No. 41001, which 
contains a sequence which encodes the normal ras protein; 
ATCC No. 57103, which encodes abl; and ATCC Nos. 59120 
or 59121, which encode the bcr locus) and mutated to form 
the altered cellular component. Methods for mutagenizing 
particular sites may readily be accomplished using methods 
known in the art (see Sambrook et al., Supra. 15.3 et seq.). In 
particular, point mutations of normal cellular components 
Such as ras may readily be accomplished by site-directed 
mutagenesis of the particular codon, for example, codons 12, 
13 or 61. 

0223 Sequences which encode the above-described viral 
antigens may likewise be obtained from a variety of sources. 
For example, molecularly viral cloned genes may be obtained 
from sources such as the American Type Culture Collection 
(ATCC, Rockville, Md.). For example, ATCC No. 45020 
contains the total genomic DNA of hepatitis B (extracted 
from purified Dane particles) (see FIG. 3 of Blum et al., TIG 
5(5):154-158, 1989) in the Bam HI site of pBR322 (Moriarty 
et al., Proc. Natl. Acad. Sci. USA 78:2606-2610, 1981). 
0224. Alternatively, cDNA sequences which encode the 
above-described heterologous sequences may be obtained 
from cells which express or contain the sequences. Briefly, 
within one embodiment, mRNA from a cell which expresses 
the gene of interest is reverse transcribed with reverse tran 
Scriptase using oligonucleotide dT or random primers. The 
single stranded cDNA may then be amplified by PCR (see 
U.S. Pat. Nos. 4,683.202; 4,683,195 and 4,800,159. See also 
PCR Technology. Principles and Applications for DNA 
Amplification, Erlich (ed.), Stockton Press, 1989) utilizing 
oligonucleotide primers complementary to sequences on 
either side of desired sequences. In particular, a double 
stranded DNA is denatured by heating in the presence of heat 
stable Taq polymerase, sequence-specific DNA primers, 
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dATP, dCTP, dGTP and dTTP, Double-stranded DNA is pro 
duced when synthesis is complete. This cycle may be 
repeated many times, resulting in a factorial amplification of 
the desired DNA. 
0225 Sequences which encode the above-described pro 
teins may also be synthesized, for example, on an Applied 
Biosystems Inc. DNA synthesizer (e.g., APB DNA synthe 
sizer model 392 (Foster City. CA)). 

G. Alpha virus Packaging/Producer Cell Lines 
0226. Within further aspects of the invention, alphavirus 
packaging and producer cell lines are provided. In particular, 
within one aspect of the present invention, alphavirus pack 
aging cell lines are provided wherein the viral structural pro 
teins are Supplied in trans from one or more stably trans 
formed expression vectors, and are able to encapsidate 
transfected, transduced, or intracellularly produced vector 
RNA transcripts in the cytoplasm and release infectious pack 
aged vector particles through the cell membrane. In preferred 
embodiments, the structural proteins necessary for packaging 
are synthesized at high levels only after induction by the RNA 
vector replicon itselforsome other provided stimulus, and the 
transcripts encoding these structural proteins are capable of 
cytoplasmic amplification in a manner that will allow expres 
sion levels sufficient to mimic that of a natural viral infection. 
Furthermore, in other embodiments, expression of a select 
able marker is operably linked to the structural protein 
expression cassette. Such a linked selectable marker allows 
efficient generation of functional, stably transformed PCL. 
0227. For example, alphavirus RNA vector replicon mol 
ecules of the desired phenotype to be packaged, which are 
themselves capable of autocatalytic replication in the cell 
cytoplasm, can be introduced into the packaging cells as in 
vitro transcribed RNA, recombinant alphavirus particles, or 
as alphavirus cloNA vector constructs. The RNA vector tran 
Scripts then replicate to high levels, stimulate amplification of 
the structural protein gene transcript(s) and Subsequent pro 
tein expression, and are Subsequently packaged by the viral 
structural proteins, yielding infectious vector particles. The 
intracellular expression of alphavirus proteins and/or vector 
RNA above certain levels may result in cytotoxic effects in 
packaging or producer cell lines. Therefore, within certain 
embodiments of the invention, it may be desirable for these 
elements to be derived from virus variants selected for 
reduced cytotoxicity of their expressed structural proteins, 
reduced inhibition of host macromolecular synthesis, and/or 
the ability to establish persistent infection. 
0228 To optimize vector packaging cell line performance 
and final vector titer, Successive cycles of gene transfer and 
vector packaging may be performed. For example, Superna 
tants containing infectious packaged vector particles derived 
from vector transfection of the packaging cell lines, can be 
used to infect or “transduce a fresh monolayer or Suspension 
culture of alphavirus packaging cells. Successive transduc 
tions with packaged vector particles and fresh packaging cells 
may be preferred over nucleic acid transfection because of its 
higher RNA transfer efficiency into cells, optimized biologi 
cal placement of the vector in the cell, and ability to “scale 
up' the process for vector production from increasingly larger 
numbers of packaging cells. This leads to higher expression 
and higher titer of packaged infectious recombinant alphavi 
ruS VectOr. 

0229. Within other aspects of the invention, a stably inte 
grated or episomally maintained DNA expression vector can 
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be used to produce the alphavirus vector RNA molecule 
within the cell. Briefly, such a DNA expression vector can be 
configured, in preferred embodiments, to be inducible. Such 
that transcription of the alphavirus vector RNA occurs only 
when cells have been propagated to a desired density, and are 
Subsequently induced. Once transcribed, the alphavirus vec 
tor maintains the ability to self-replicate autocatalytically and 
triggers a cascade of events that culminate in packaged vector 
particle production. This approach allows for continued vec 
tor expression over extended periods of culturing because the 
integrated DNA vector expression system is maintained 
through a drug or other selection marker and the DNA system, 
once induced, will constitutively express unaltered RNA vec 
tor replicons which cannot be diluted out by defective RNA 
copies. Production of larger-scale, high titer packaged 
alphavirus vector is possible in this alphavirus “producer cell 
line' configuration, the DNA-based alphavirus vector is 
introduced initially into the packaging cell line by transfec 
tion, since size restrictions could prevent packaging of the 
expression vector into a viral vector particle for transduction. 

H. Pharmaceutical Compositions 
0230. As noted above, the present invention also provides 
pharmaceutical compositions comprising the gene delivery 
vehicles described herein in combination with a pharmaceu 
tically acceptable carrier, diluent, or recipient. For example, 
within one embodiment. RNA or DNA vector constructs of 
the present invention can be lyophilized for long term storage 
and transport, and may be reconstituted prior to administra 
tion using a variety of Substances, but are preferably recon 
stituted using water. In certain instances, dilute salt solutions 
which bring the final formulation to isotonicity may also be 
used. In addition, it may be advantageous to use aqueous 
Solutions containing components which enhance the activity 
or physically protect the reconstituted nucleic acid prepara 
tion. Such components include cytokines, such as IL-2, poly 
cations, such as protamine Sulfate, lipid formulations, or other 
components. Lyophilized or dehydrated recombinant vectors 
may be reconstituted with any convenient volume of water or 
the reconstituting agents noted above that allow Substantial, 
and preferably total solubilization of the lyophilized or dehy 
drated sample. 
0231 Recombinant alphavirus particles or infectious 
recombinant virus (both referred to as virus below) may be 
preserved either in crude or purified forms. In order to pro 
duce virus in a crude form, producing cells may first be 
cultivated in a bioreactor or flat stock culture, wherein viral 
particles are released from the cells into the culture media. 
Virus may then be preserved in crude form by first adding a 
sufficient amount of a formulation buffer to the culture media 
containing the recombinant virus to forman aqueous Suspen 
sion. Within certain preferred embodiments, the formulation 
bufferisanaqueous solution that contains a saccharide, a high 
molecular weight structural additive, and a buffering compo 
nent in water. The aqueous solution may also contain one or 
more amino acids. 
0232. The recombinant virus can also be preserved in a 
purified form. More specifically, prior to the addition of the 
formulation buffer, the crude recombinant virus described 
above may be clarified by passing it through a filter and then 
concentrated, such as by a cross flow concentrating system 
(Filtron Technology Corp., Nortborough, Mass.). Within one 
embodiment, DNase is added to the concentrate to digest 
exogenous DNA. The digest is then diafiltrated in order to 
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remove excess media components and to establish the recom 
binant virus in a more desirable buffered solution. The diafil 
trate is then passed over a Sephadex S-500 gel column and a 
purified recombinant virus is eluted. A sufficient amount of 
formulation buffer is then added to this eluate in order to reach 
a desired final concentration of the constituents and to mini 
mally dilute the recombinant virus. The aqueous Suspension 
may then be stored, preferably at -70° C., or immediately 
dried. As above, the formulation buffer may be an aqueous 
Solution that contains a saccharide, a high molecular weight 
structural additive, and a buffering component in water. The 
aqueous solution may also contain one or more amino acids. 
0233 Crude recombinant virus may also be purified by ion 
exchange column chromatography. Briefly, crude recombi 
nant virus may be clarified by first passing it through a filter, 
followed by loading the filtrate onto a column containing a 
highly sulfonated cellulose matrix. The recombinant virus 
may then be eluted from the column in purified form by using 
a high salt buffer, and the high salt buffer exchanged for a 
more desirable buffer by passing the eluate over a molecular 
exclusion column. A sufficient amount of formulation buffer 
is then added, as discussed above, to the purified recombinant 
virus and the aqueous Suspension is either dried immediately 
or stored, preferably at -70° C. 
0234. The aqueous suspension in crude or purified form 
can be dried by lyophilization or evaporation at ambient tem 
perature. Briefly, lyophilization involves the steps of cooling 
the aqueous Suspension below the gas transition temperature 
or below the eutectic point temperature of the aqueous sus 
pension, and removing water from the cooled Suspension by 
sublimation to form a lyophilized virus. Within one embodi 
ment, aliquots of the formulated recombinant virus are placed 
into an Edwards Refrigerated Chamber (3 shelf RC3S unit) 
attached to a freeze dryer (Supermodulyo 12K). A multistep 
freeze drying procedure as described by Phillips et al. (Cryo 
biology 18:414, 1981) is used to lyophilize the formulated 
recombinant virus, preferably from a temperature of -40°C. 
to -45°C. The resulting composition contains less than 10% 
water by weight of the lyophilized virus. Once lyophilized, 
the recombinant virus is stable and may be stored at -20°C. 
to 25°C., as discussed in more detail below. 
0235. Within the evaporative method, water is removed 
from the aqueous Suspension at ambient temperature by 
evaporation. Within one embodiment, water is removed 
through spray-drying (EP520,748). Within the spray-drying 
process, the aqueous Suspension is delivered into a flow of 
preheated gas, usually air, whereupon water rapidly evapo 
rates from droplets of the Suspension. Spray-drying apparatus 
are available from a number of manufacturers (e.g., Drytec, 
Ltd., Tonbridge, England; Lab-Plant, Ltd., Huddersfield, 
England). Once dehydrated, the recombinant virus is stable 
and may be stored at -20°C. to 25° C. Within the methods 
described herein, the resulting moisture content of the dried 
or lyophilized virus may be determined through use of a 
Karl-Fischer apparatus (EM Science Aquastar V1B Volumet 
ric titrator, Cherry Hill, N.J.), or through a gravimetric 
method. 

0236. The aqueous solutions used for formulation, as pre 
viously described, are preferably composed of a saccharide, 
high molecular weight structural additive, a buffering com 
ponent, and water. The Solution may also include one or more 
amino acids. The combination of these components act to 
preserve the activity of the recombinant virus upon freezing 
and lyophilization or drying through evaporation. Although 
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one saccharide that can be utilized is lactose, other saccha 
rides may likewise be utilized including, for example, 
Sucrose, mannitol, glucose, trehalose, inositol, fructose, mal 
tose or galactose. In addition, combinations of Saccharides 
can be used, for example, lactose and mannitol, or Sucrose 
and mannitol. A particularly preferred concentration of lac 
tose is 3%-4% by weight. Preferably, the concentration of the 
saccharide ranges from 1% to 12% by weight. 
0237. The high molecular weight structural additive aids 
in preventing viral aggregation during freezing and provides 
structural support in the lyophilized or dried state. Within the 
context of the present invention, structural additives are con 
sidered to be of “high molecular weight' if they are greater 
than 5000 m.w. A preferred high molecular weight structural 
additive is human serum albumin. However, other substances 
may also be used, such as hydroxyethyl-cellulose, hydroxym 
ethyl-cellulose, dextran, cellulose, gelatin, or povidone. A 
particularly preferred concentration of human serumalbumin 
is 0.1% by weight. Preferably, the concentration of the high 
molecular weight structural additive ranges from 0.1% to 
10% by weight. 
0238. The amino acids, if present, function to further pre 
serve viral infectivity upon cooling and thawing of the aque 
ous Suspension. In addition, amino acids function to further 
preserve viral infectivity during sublimation of the cooled 
aqueous Suspension and while in the lyophilized State. A 
preferred amino acid is arginine, but other amino acids Such 
as lysine, ornithine, serine, glycine, glutamine, asparagine, 
glutamic acid or aspartic acid can also be used. A particularly 
preferred arginine concentration is 0.1% by weight. Prefer 
ably, the amino acid concentration ranges from 0.1% to 10% 
by weight. 
0239. The buffering component acts to buffer the solution 
by maintaining a relatively constant pH. A variety of buffers 
may be used, depending on the pH range desired, preferably 
between 7.0 and 7.8. Suitable buffers include phosphate 
buffer and citrate buffer. A particularly preferred pH of the 
recombinant virus formulation is 7.4, and a preferred buffer is 
tromethamine. 
0240. In addition, it is preferable that the aqueous solution 
contain a neutral salt which is used to adjust the final formu 
lated recombinant alphavirus to an appropriate iso-osmotic 
salt concentration. Suitable neutral salts include Sodium chlo 
ride, potassium chloride or magnesium chloride. A preferred 
salt is sodium chloride. 
0241 Aqueous Solutions containing the desired concen 

tration of the components described above may be prepared 
as concentrated Stock solutions. 

0242. It will be evident to those skilled in the art, given the 
disclosure provided herein, that it may be preferable to utilize 
certain saccharides within the aqueous Solution when the 
lyophilized virus is intended for storage at room temperature. 
More specifically, it is preferable to utilize disaccharides, 
Such as lactose or trehalose, particularly for storage at room 
temperature. 
0243 The lyophilized or dehydrated viruses of the subject 
invention may be reconstituted using a variety of Substances, 
but are preferably reconstituted using water. In certain 
instances, dilute salt solutions which bring the final formula 
tion to isotonicity may also be used. In addition, it may be 
advantageous to use aqueous solutions containing compo 
nents known to enhance the activity of the reconstituted virus. 
Such components include cytokines, such as IL-2, polyca 
tions, such as protamine Sulfate, or other components which 
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enhance the transduction efficiency of the reconstituted virus. 
Lyophilized or dehydrated recombinant virus may be recon 
stituted with any convenient volume of water or the reconsti 
tuting agents noted above that allow Substantial, and prefer 
ably total solubilization of the lyophilized or dehydrated 
sample. 

I. Methods for Utilizing Gene Delivery Vehicles 
0244 As noted above, the present invention also provides 
methods for delivering a selected heterologous sequence to a 
Vertebrate (e.g., a mammal such as a human or other warm 
blooded animal Such as a horse, cow, pig, sheep, dog, cat, rat 
or mouse) or insect, comprising the step of administering to a 
vertebrate or insect a gene delivery vehicle as described 
herein which is capable of expressing the selected heterolo 
gous sequence. Such gene delivery vehicles may be admin 
istered either directly (e.g., intravenously, intramuscularly, 
intraperitoneally, Subcutaneously, orally, rectally, intraocu 
larly, intranasally), or by various physical methods such as 
lipofection (Feigner et al., Proc. Natl. Acad. Sci. USA 
84:7413-7417, 1989), direct DNA injection (Fung et al., 
Proc. Natl. Acad. Sci. USA 80:353-357, 1983: Seeger et al., 
Proc. Natl. Acad. Sci. USA 81:5849-5852: Acsadi et al., 
Nature 352:815-818, 1991); microprojectile bombardment 
(Williams et al., PNAS 88:2726-2730, 1991); liposomes of 
several types (see, e.g., Wang et al., PNAS 84.7851-7855, 
1987); CaPO, (Dubensky et al., PNAS 81:7529-7533, 1984); 
DNA ligand (Wu et al., J. Biol. Chem. 264:16985-16987, 
1989); administration of nucleic acids alone (WO 90/11092); 
or administration of DNA linked to killed adenovirus (Curiel 
et al., Hum. Gene Ther. 3:147-154, 1992); via polycation 
compounds such as polylysine, utilizing receptor specific 
ligands; as well as with psoralen inactivated viruses such as 
Sendai or Adenovirus. In addition, the gene delivery vehicles 
may either be administered directly (i.e., in vivo), or to cells 
which have been removed (ex vivo), and subsequently 
returned. 
0245. As discussed in more detail below, gene delivery 
vehicles may be administered to a vertebrate or insect for a 
wide variety of therapeutic and/or other productive purposes, 
including for example, for the purpose of stimulating a spe 
cific immune response; inhibiting the interaction of an agent 
with a host cell receptor, to express a toxic palliative, includ 
ing for example, conditional toxic palliatives; to immunologi 
cally regulate the immune system; to prevent cell division, to 
express markers, for replacement gene therapy, to promote 
wound healing and/or to produce a recombinant protein. 
These and other uses are discussed in more detail below. 
0246 1. Immunostimulation 
0247. Within one aspect of the present invention, compo 
sitions and methods are provided for administering a gene 
delivery vehicle which is capable of preventing, inhibiting, 
stabilizing or reversing infectious, cancerous, auto-immune 
or immune diseases. Representative examples of Such dis 
eases include viral infections such as HIV, HBV, HCV, HTLV 
I, HTLV II, CMV, EBV and HPV, melanomas, diabetes, graft 
vs. host disease, Alzheimer's disease and heart disease. More 
specifically, within one aspect of the present invention, com 
positions and methods are provided for stimulating an 
immune response (either humoral or cell-mediated) to a 
pathogenic agent, such that the pathogenic agent is either 
killed or inhibited. Representative examples of pathogenic 
agents include bacteria, fungi, parasites, viruses and cancer 
cells. 
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0248. Within one embodiment of the invention the patho 
genic agent is a virus, and methods are provided for stimu 
lating a specific immune response and inhibiting viral spread 
by using a gene delivery vehicle that directs the expression of 
an antigen or modified form thereof to Susceptible target cells 
capable of either (1) initiating an immune response to the viral 
antigen or (2) preventing the viral spread by occupying cel 
lular receptors required for viral interactions. Expression of 
the vector nucleic acid encoded protein may be transient or 
stable with time. Where an immune response is to be stimu 
lated to a pathogenic antigen, the gene delivery vehicle is 
preferably designed to express a modified form of the antigen 
which will stimulate an immune response and which has 
reduced pathogenicity relative to the native antigen. This 
immune response is achieved when cells present antigens in 
the correct manner, i.e., in the context of the MHC class I 
and/or II molecules along with accessory molecules Such as 
CD3, ICAM-1, ICAM-2, LFA-1, or analogues thereof (e.g., 
Altmann et al., Nature 338.512, 1989). Cells infected with 
gene delivery vehicles are expected to do this efficiently 
because they closely mimic genuine viral infection and 
because they: (a) are able to infect non-replicating cells. (b) 
do not integrate into the host cell genome, (c) are not associ 
ated with any life threatening diseases, and (d) express high 
levels of heterologous protein. Because of these differences, 
gene delivery vehicles can easily be thought of as safe viral 
vectors which can be used on healthy individuals for vaccine 
SC. 

0249. This aspect of the invention has a further advantage 
over other systems that might be expected to function in a 
similar manner, in that the presenter cells are fully viable and 
healthy, and low levels of viral antigens, relative to heterolo 
gous genes, are expressed. This presents a distinct advantage 
since the antigenic epitopes expressed can be altered by selec 
tive cloning of Sub-fragments of the gene for the antigen into 
the recombinant alphavirus, leading to responses against 
immunogenic epitopes which may otherwise be overshad 
owed by immunodominant epitopes. Such an approach may 
be extended to the expression of a peptide having multiple 
epitopes, one or more of the epitopes being derived from 
different proteins. Further, this aspect of the invention allows 
efficient stimulation of cytotoxic T lymphocytes (CTL) 
directed againstantigenic epitopes, and peptide fragments of 
antigens encoded by Sub-fragments of genes, through intra 
cellular synthesis and association of these peptide fragments 
with MHC Class I molecules. This approach may be utilized 
to map major immunodominant epitopes for CTL induction. 
0250) An immune response may also beachieved by trans 
ferring to an appropriate immune cell (such as a T lympho 
cyte) the gene for the specific T cell receptor which recog 
nizes the antigen of interest (in the context of an appropriate 
MHC molecule if necessary), for an immunoglobulin which 
recognizes the antigen of interest, or for a hybrid of the two 
which provides a CTL response in the absence of the MHC 
context. Thus, the gene delivery vehicle cells may be used as 
an immunostimulant, immunomodulator, or vaccine. 
0251. In another embodiment of the invention, methods 
are provided for producing inhibitor palliatives wherein gene 
delivery vehicles deliver and express defective interfering 
viral structural proteins, which inhibit viral assembly. Such 
gene delivery vehicles may encode defective gag, pol, env or 
other viral particle proteins or peptides and these would 
inhibit in a dominant fashion the assembly of viral particles. 
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This occurs because the interaction of normal subunits of the 
viral particle is disturbed by interaction with the defective 
Subunits. 
0252. In another embodiment of the invention, methods 
are provided for the expression of inhibiting peptides or pro 
teins specific for viral protease. Briefly, viral protease cleaves 
the viral gag and gag?pol proteins into a number of Smaller 
peptides. Failure of this cleavage in all cases leads to com 
plete inhibition of production of infectious retroviral par 
ticles. As an example, the HIV protease is known to be an 
aspartyl protease and these are known to be inhibited by 
peptides made from amino acids from protein or analogues. 
Gene delivery vehicles to inhibit HIV will express one or 
multiple fused copies of such peptide inhibitors. 
0253) Another embodiment involves the delivery of Sup 
pressor genes which, when deleted, mutated, or not expressed 
in a cell type, lead to tumorigenesis in that cell type. Reintro 
duction of the deleted gene by means of a gene delivery 
vehicle leads to regression of the tumor phenotype in these 
cells. Examples of Such cancers are retinoblastoma and 
Wilms Tumor. Since malignancy can be considered to be an 
inhibition of cellular terminal differentiation compared with 
cell growth, the alphavirus vector delivery and expression of 
gene products which lead to differentiation of a tumor should 
also, in general, lead to regression. 
0254. In yet another embodiment, the gene delivery 
vehicle provides a therapeutic effect by transcribing a 
ribozyme (an RNA enzyme) (Haseloff and Gerlach, Nature 
334:585, 1989) which will cleave and hence inactivate RNA 
molecules corresponding to a pathogenic function. Since 
ribozymes function by recognizing a specific sequence in the 
target RNA and this sequence is normally 12 to 17 bp, this 
allows specific recognition of a particular RNA species Such 
as a RNA or a retroviral genome. Additional specificity may 
be achieved in some cases by making this a conditional toxic 
palliative (see below). 
0255 One way of increasing the effectiveness of inhibi 
tory palliatives is to express viral inhibitory genes in conjunc 
tion with the expression of genes which increase the prob 
ability of infection of the resistant cell by the virus in 
question. The result is a nonproductive “dead-end event 
which would compete for productive infection events. In the 
specific case of HIV. gene delivery vehicles may be delivered 
which inhibit HIV replication (by expressing anti-sense tat, 
etc., as described above) and also overexpress proteins 
required for infection, such as CD4. In this way, a relatively 
small number of vector-infected HIV-resistant cells act as a 
“sink” or “magnet” for multiple nonproductive fusion events 
with free virus or virally infected cells. 
0256 2. Blocking Agents 
0257 Many infectious diseases, cancers, autoimmune dis 
eases, and other diseases involve the interaction of viral par 
ticles with cells, cells with cells, or cells with factors pro 
duced by themselves or other cells. In viral infections, viruses 
commonly enter cells via receptors on the Surface of Suscep 
tible cells. In cancers or other proliferative conditions (e.g., 
restenosis), cells may respond inappropriately or not at all to 
signals from other cells or factors, or specific factors may be 
mutated, overexpressed, or underexpressed, resulting in loss 
of appropriate cell cycle control. In autoimmune disease, 
there is inappropriate recognition of “self markers. Within 
the present invention, Such interactions may be blocked by 
producing, in Vivo, an analogue to either of the partners in an 
interaction. Alternatively, cell cycle control may be restored 
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by preventing the transition from one phase to another (e.g., 
G1 to S phase) using a blocking factor which is absent or 
underexpressed. This blocking action may occur intracellu 
larly, on the cell membrane, or extracellularly, and the action 
of an alphavirus vector carrying a gene for a blocking agent, 
can be mediated either from inside a susceptible cell or by 
secreting a version of the blocking protein to locally block the 
pathogenic interaction. 
0258. In the case of HIV, the two agents of interaction are 
the gp120/gp 41 envelope protein and the CD4 receptor 
molecule. Thus, an appropriate blocker would be a gene 
delivery vehicle expressing either an HIV env analogue that 
blocks HIV entry without causing pathogenic effects, or a 
CD4 receptor analogue. The CD4 analogue would be secreted 
and would function to protect neighboring cells, while the gp 
120/gp41 is secreted or produced only intracellularly so as to 
protect only the vector-containing cell. It may be advanta 
geous to add human immunoglobulin heavy chains or other 
components to CD4 in order to enhance stability or comple 
ment lysis. Administration of a gene delivery vehicle encod 
ing such a hybrid-soluble CD4 to a host results in a continu 
ous supply of a stable hybrid molecule. Efficacy of treatment 
can be assayed by measuring the usual indicators of disease 
progression, including antibody level, viral antigen produc 
tion, infectious HIV levels, or levels of nonspecific infections. 
0259. In the case of uncontrolled proliferative states, such 
as cancer or restenosis, cell cycle progression may be halted 
by the expression of a number of different factors that affect 
signaling by cyclins or cyclin-dependent kinases (CDK). For 
example, the cyclin-dependent kinase inhibitors, p16, p21, 
and p27 each regulate cyclin: CDK mediated cell cycle sig 
naling. Overexpression of these factors within a cell by a gene 
delivery vehicle results in a cytostatic Suppression of cell 
proliferation. Other factors that may be used therapeutically, 
as blocking agents or targets to disrupt cell proliferation, 
include, for example, wild-type or mutant Rb; p53, Myc, Fos, 
Jun, PCNA, GAX, lentiviral vpr and p15. Within related 
embodiments, cardiovascular diseases such as restenosis or 
atherosclerosis may be treated or prevented with vectors that 
express products which promote re-endothelialization, or 
vascular remodeling (e.g., VEGF, TFPI, SOD). 
0260. 3. Expression of Palliatives 
0261 Techniques similar to those described above can be 
used to produce gene delivery vehicles which direct the 
expression of an agent (or "palliative') which is capable of 
inhibiting a function of a pathogenic agent or gene. Within the 
present invention, "capable of inhibiting a function” means 
that the palliative either directly inhibits the function or indi 
rectly does So, for example, by converting an agent present in 
the cells from one which would not normally inhibit a func 
tion of the pathogenic agent to one which does. Examples of 
Such functions for viral diseases include adsorption, replica 
tion, gene expression, assembly, and exit of the virus from 
infected cells. Examples of Such functions for a cancerous 
cell, cancer-promoting growth factor, or uncontrolled prolif 
erative condition (e.g., restenosis) include viability, cell rep 
lication, altered Susceptibility to external signals (e.g., con 
tact inhibition), and lack of production or production of 
mutated forms of anti-oncogene proteins. 
0262 a. Inhibitor Palliatives 
0263. In one aspect of the present invention, the gene 
delivery vehicle directs the expression of a gene which can 
interfere with a function of a pathogenic agent, for instance in 
viral or malignant diseases. Such expression may either be 
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essentially continuous or in response to the presence in the 
cell of another agent associated either with the pathogenic 
condition or with a specific cell type (an “identifying agent'). 
In addition, Vector delivery may be controlled by targeting 
vector entry specifically to the desired cell type (for instance, 
a virally infected or malignant cell) as discussed above. 
0264. One method of administration is leukophoresis, in 
which about 20% of an individual's PBLs are removed at any 
one time and manipulated in vitro. Thus, approximately 
2x10 cells may be treated and replaced. Repeat treatments 
may also be performed. Alternatively, bone marrow may be 
treated and allowed to amplify the effect as described above. 
In addition, packaging cell lines producing a vector may be 
directly injected into a subject, allowing continuous produc 
tion of recombinant virions. 
0265. In one embodiment, gene delivery vehicles which 
express RNA complementary to key pathogenic gene tran 
Scripts (for example, a viral gene product or an activated 
cellular oncogene) can be used to inhibit translation of that 
transcript into protein, Such as the inhibition of translation of 
the HIV tat protein. Since expression of this protein is essen 
tial for viral replication, cells containing the gene delivery 
vehicle would be resistant to HIV replication. 
0266. In a second embodiment, where the pathogenic 
agent is a single-stranded Virus having a packaging signal, 
RNA complementary to the viral packaging signal (e.g., an 
HIV packaging signal when the palliative is directed against 
HIV) is expressed, so that the association of these molecules 
with the viral packaging signal will, in the case of retrovi 
ruses, inhibit stem loop formation or tRNA primer binding 
required for proper encapsidation or replication of the 
alphavirus RNA genome. 
0267 In a third embodiment, a gene delivery vehicle may 
be introduced which expresses a palliative capable of selec 
tively inhibiting the expression of a pathogenic gene, or a 
palliative capable of inhibiting the activity of a protein pro 
duced by the pathogenic agent. In the case of HIV, one 
example is a mutant tat protein which lacks the ability to 
transactivate expression from the HIV LTR and interferes (in 
a transdominant manner) with the normal functioning of tat 
protein. Such a mutant has been identified for HTLV II tat 
protein (XII Leu mutant; see Wachsman et al., Science 
235:674, 1987). A mutant transrepressor tat should inhibit 
replication much as has been shown for an analogous mutant 
repressorin HSV-1 (Friedmannet al., Nature 335:452, 1988). 
0268 Such a transcriptional repressor protein can be 
selected for in tissue culture using any viral-specific tran 
Scriptional promoter whose expression is stimulated by a 
virus-specific transactivating protein (as described above). In 
the specific case of HIV, a cell line expressing HIV tat protein 
and the HSVTK gene driven by the HIV promoter will die in 
the presence of ACV. However, if a series of mutated tat genes 
are introduced to the system, a mutant with the appropriate 
properties (i.e., represses transcription from the HIV pro 
moter in the presence of wild-type tat) will grow and be 
selected. The mutant gene can then be reisolated from these 
cells. A cell line containing multiple copies of the condition 
ally lethal vector/tat system may be used to assure that Sur 
viving cell clones are not caused by endogenous mutations in 
these genes. A battery of randomly mutagenized tatgenes are 
then introduced into these cells using a “rescuable' alphavi 
rus vector (i.e., one that expresses the mutant tat protein and 
contains a bacterial origin of replication and drug resistance 
marker for growth and selection in bacteria). This allows a 
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large number of random mutations to be evaluated and per 
mits facile Subsequent molecular cloning of the desired 
mutant cell line. This procedure may be used to identify and 
utilize mutations in a variety, of viral transcriptional activator/ 
viral promoter systems for potential antiviral therapies. 
0269 b. Conditional Toxic Palliatives 
0270. Another approach for inhibiting a pathogenic agent 

is to express a palliative which is toxic for the cell expressing 
the pathogenic, condition. In this case, expression of the 
palliative from the gene delivery vehicle should be limited by 
the presence of an entity associated with the pathogenic 
agent, Such as a specific viral RNA sequence identifying the 
pathogenic state, in order to avoid destruction of nonpatho 
genic cells. 
0271 In one embodiment of this method, a gene delivery 
vehicle can be utilized to express a toxic gene (as discussed 
above) from a cell-specific responsive vector. In this manner, 
rapidly replicating cells, which contain the RNA sequences 
capable of activating the cell-specific responsive vectors, are 
preferentially destroyed by the cytotoxic agent produced by 
the gene delivery vehicle. 
0272. In a similar manner to the preceding embodiment, 
the gene delivery vehicle can carry a gene for phosphoryla 
tion, phosphoribosylation, ribosylation, or other metabolism 
of a purine- or pyrimidine-based drug. This gene may have no 
equivalent in mammalian cells and might come from organ 
isms such as a virus, bacterium, fungus, or protozoan. An 
example of this would be the E. coli guanine phosphoribosyl 
transferase gene product, which is lethal in the presence of 
thioxanthine (see Besnard et al., Mol. Cell. Biol. 7:4139 
4141, 1987). Conditionally lethal gene products of this type 
(also referred to as “prodrugs converting enzymes' above) 
have application to many presently known purine- or pyrimi 
dine-based anticancer drugs, which often require intracellular 
ribosylation orphosphorylation in order to become effective 
cytotoxic agents. The conditionally lethal gene product could 
also metabolize a nontoxic drug which is not a purine or 
pyrimidine analogue to a cytotoxic form (see Searle et al., 
Brit. J. Cancer 53:377-384, 1986). 
0273 Mammalian viruses in general tend to have “imme 
diate early’ genes which are necessary for Subsequent tran 
Scriptional activation from other viral promoter elements. 
RNA sequences of this nature are excellent candidates for 
activating alphavirus vectors intracellular signals (or “identi 
fying agents') of viral infection. Thus, conditionally lethal 
genes expressed from alphavirus cell-specific vectors respon 
sive to these viral “immediate early’ gene products could 
specifically kill cells infected with any particular virus. Addi 
tionally, since the human and interferon promoter elements 
are transcriptionally activated in response to infection by a 
wide variety of nonrelated viruses, the introduction of vectors 
expressing a conditionally lethal gene product like HSVTK, 
for example, in response to interferon production could result 
in the destruction of cells infected with a variety of different 
viruses. 
0274. In another aspect of the present invention, gene 
delivery vehicles are provided which direct the expression of 
a gene product capable of activating an otherwise inactive 
precursor into an active inhibitor of the pathogenic agent. For 
example, the HSVTK gene product may be used to more 
effectively metabolize potentially antiviral nucleoside ana 
logues such as AZT or ddC. The HSVTK gene may be 
expressed under the control of a cell-specific responsive vec 
tor and introduced into these cell types. AZT (and other 
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nucleoside antivirals) must be metabolized by cellular 
mechanisms to the nucleotide triphosphate form in order to 
specifically inhibit retroviral reverse transcriptase, and thus, 
HIV replication (Furmam et al., Proc. Natl. Acad. Sci. USA 
83:8333-8337, 1986). Constitutive expression of HSVTK (a 
nucleoside and nucleoside kinase with very broad substrate 
specificity) results in more effective metabolism of these 
drugs to their biologically active nucleotide triphosphate 
form. AZT or ddC therapy will thereby be more effective, 
allowing lower doses, less generalized toxicity, and higher 
potency against productive infection. Additional nucleoside 
analogues whose nucleotide triphosphate, forms show selec 
tivity for retroviral reverse transcriptase but, as a result of the 
substrate specificity of cellular nucleoside and nucleotide 
kinases are not phosphorylated, will be made more effica 
C1O.S. 

0275 Administration of these gene delivery vehicles to 
human T cell and macrophage/monocyte cell lines can 
increase their resistance to HIV in the presence of AZT and 
ddC compared to the same cells without retroviral vector 
treatment. Treatment with AZT would be at lower than nor 
mal levels to avoid toxic side effects but still efficiently inhibit 
the spread of HIV. The course of treatment would be as 
described for the blocker. 

0276. In one embodiment, the gene delivery vehicle car 
ries a gene specifying a product which is not in itself toxic but, 
when processed or modified by a protein Such as a protease 
specific to a viral or other pathogen, is converted into a toxic 
form. For example, the gene delivery vehicle could carry a 
gene encoding a proprotein for ricin A chain, which becomes 
toxic upon processing by the HIV protease. More specifically, 
a synthetic inactive proprotein form of the toxin ricin or 
diphtheria A chains could be cleaved to the active form by 
arranging for the HIV virally encoded protease to recognize 
and cleave off an appropriate “pro” element. 
0277. In another embodiment, the gene delivery vehicle 
may express a “reporting product on the Surface of the target 
cells in response to the presence of an identifying agent in the 
cells (such as expression of a viral gene). This Surface protein 
can be recognized by a cytotoxic agent, such as antibodies for 
the reporting protein, or by cytotoxic T cells. In a similar 
manner, Such a system can be used as a detection system (see 
below) to simply identify those cells having a particular gene 
which expresses an identifying protein. 
0278 Similarly, in another embodiment, a surface protein 
could be expressed which would itself be therapeutically 
beneficial. In the particular case of HIV, expression of the 
human CD4 protein specifically in HIV-infected cells may be 
beneficial in two ways: 
(0279 1. Binding of CD4 to HIV env intracellularly could 
inhibit the formation of viable viral particles, much as soluble 
CD4 has been shown to do for free virus, but without the 
problem of systematic clearance and possible immunogenic 
ity, since the protein will remain membrane bound and is 
structurally identical to endogenous CD4 (to which the 
patient should be immunologically tolerant). 
(0280 2. Since the CD4/HIV env complex has been impli 
cated as a cause of cell death, additional expression of CD4 
(in the presence of excess HIV-env present in HIV-infected 
cells) leads to more rapid cell death and thus inhibits viral 
dissemination. This may be particularly applicable to mono 
cytes and macrophages, which act as a reservoir for virus 
production as a result of their relative refractility to HIV 
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induced cytotoxicity (which, in turn, is apparently due to the 
relative lack of CD4 on their cell surfaces). 
0281. In another embodiment, the gene delivery vehicle 
can provide a ribozyme which will cleave and inactivate RNA 
molecules essential for viability of the vector infected cell. By 
making ribozyme production dependent on a specific RNA 
sequence corresponding to the pathogenic state, such as HIV 
tat, toxicity is specific to the pathogenic state. 
0282 
0283. The above-described technique of expressing a pal 
liative in a cell in response to a specific RNA sequence can 
also be modified to enable detection of a particular gene in a 
cell which expresses an identifying protein (for example, a 
gene carried by a particular virus), and hence enable detection 
of cells carrying that virus. In addition, this technique enables 
the detection of viruses (such as HIV) in a clinical sample of 
cells carrying an identifying protein associated with the virus. 
0284. This modification can be accomplished by provid 
ing a genome coding for a product, the presence of which can 
be readily identified (the “marker product’), in a gene deliv 
ery vehicle which responds to the presence of the identifying 
protein in the infected cells. For example, HIV, when it infects 
Suitable cells, makes tat and rev. The indicator cells can thus 
be provided with a genome (such as by infection with an 
appropriate recombinant alphavirus) which codes for a 
marker gene, such as the alkaline phosphatase gene, B-galac 
tosidase gene, or the luciferase gene which is expressed by the 
recombinant alphavirus upon activation by the tat and/or rev 
RNA transcript. In the case of B-galactosidase or alkaline 
phosphatase, exposing the cells to Substrate analogues results 
in a color or fluorescence change if the sample is positive for 
HIV. In the case of luciferase, exposing the sample to luciferin 
will result in luminescence if the sample is positive for HIV. 
For intracellular enzymes such as B-galactosidase, the viral 
titre can be measured directly by counting colored or fluores 
cent cells, or by making cell extracts and performing a Suit 
able assay. For the membrane bond form of alkaline phos 
phatase, virus titre can also be measured by performing 
enzyme assays on the cell Surface using a fluorescent Sub 
strate. For secreted enzymes, such as an engineered form of 
alkaline phosphatase, Small samples of culture Supernatant 
are assayed for activity, allowing continuous monitoring of a 
single culture over time. Thus, different forms of this marker 
system can be used for different purposes. These include 
counting active virus, or sensitively and simply measuring 
viral spread in a culture and the inhibition of this spread by 
various drugs. 
0285) Further specificity can be incorporated into the pre 
ceding system by testing for the presence of the virus either 
with or without neutralizing antibodies to that virus. For 
example, in one portion of the clinical sample being tested, 
neutralizing antibodies to HIV may be present; whereas in 
another portion there would be no neutralizing antibodies. If 
the tests were negative in the system where there were anti 
bodies and positive where there were no antibodies, this 
would assist in confirming the presence of HIV. 
0286. Within an analogous system for an in vitro assay, the 
presence of a particular gene. Such as a viral gene, may be 
determined in a cell sample. In this case, the cells of the 
sample are infected with a suitable gene delivery vehicle 
which carries the reporter gene which is only expressed in the 
presence of the appropriate viral RNA transcript. The reporter 
gene, after entering the sample cells, will express its reporting 

4. Expression of Markers 

27 
Dec. 30, 2010 

product (Such as B-galactosidase or luciferase) only if the host 
cell expresses the appropriate viral proteins. 
0287. These assays are more rapid and sensitive, since the 
reporter gene can express a greater amount of reporting prod 
uct than identifying agent present, which results in an ampli 
fication effect. 
0288 5. Immune Down-Regulation 
0289. As described above, the present invention also pro 
vides gene delivery vehicles capable of Suppressing one or 
more elements of the immune system in target cells infected 
with the alphavirus. Briefly, specific down-regulation of inap 
propriate or unwanted immune responses, such as in chronic 
hepatitis or in transplants of heterologous tissue Such as bone 
marrow, can be engineered using immune-suppressive viral 
gene products which Suppress Surface expression of trans 
plantation (MHC) antigen. Group C adenoviruses Ad2 and 
Ad5 possess a 19kd glycoprotein (gp19) encoded in the E3 
region of the virus. This gp19 molecule, binds to class I MHC 
molecules in the endoplasmic reticulum of cells, and prevents 
terminal glycosylation and translocation of class I MHC to 
the cell Surface. For example, prior to bone marrow transplan 
tation, donor bone marrow cells may be infected with a gp 
19-encoding gene delivery vehicle which, upon expression of 
the gp 19, inhibit the surface expression of MHC class I 
transplantation antigens. These donor cells may be trans 
planted with low risk of graft rejection and may require a 
minimal immunosuppressive regimen for the transplant 
patient. This may allow an acceptable donor-recipient chi 
meric state to exist with fewer complications. Similar treat 
ments may be used to treat the range of so-called autoimmune 
diseases, including lupus erythromiatis, multiple Sclerosis, 
rheumatoid arthritis or chronic hepatitis B infection. 
0290 An alternative method involves the use of anti-sense 
message, ribozyme, or other specific gene expression inhibi 
tor specific for T cell clones which are autoreactive in nature. 
These block the expression of the T cell receptor of particular 
unwanted clones responsible for an autoimmune response. 
The anti-sense, ribozyme, or other gene may be introduced 
using the viral vector delivery system. 
0291 6. Replacement or Augmentation Gene Therapy 
0292. One further aspect of the present invention relates to 
transforming cells of a vertebrate or insect with a gene deliv 
ery vehicle which Supplies genetic sequences capable of 
expressing a therapeutic protein. Within one embodiment of 
the present invention, the gene delivery vehicle is designed to 
express a therapeutic protein capable of preventing, inhibit 
ing, stabilizing or reversing an inherited or noninherited 
genetic defect in metabolism, immune regulation, hormonal 
regulation, enzymatic or membrane associated structural 
function. This embodiment also describes the gene delivery 
vehicle capable of transducing individual cells, whereby the 
therapeutic protein is able to be expressed systemically or 
locally from a specific cell or tissue, whereby the therapeutic 
protein is capable of (a) the replacement of an absent or 
defective cellular protein or enzyme, or (b) Supplement pro 
duction of a defective of low expressed cellular protein or 
enzyme. Such diseases may include cystic fibrosis, Parkin 
son's disease, hypercholesterolemia, adenosine deaminase 
deficiency, B-globin disorders, Hemophilia A & B, Gaucher's 
disease, diabetes and leukemia. 
0293 As an example of the present invention, a gene deliv 
ery vehicle can be constructed and utilized to treat Gaucher 
disease. Briefly, Gaucher disease is a genetic disorder that is 
characterized by the deficiency of the enzyme glucocer 
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ebrosidase. This type of therapy is an example of a single gene 
replacement therapy by providing a functional cellular 
enzyme. This enzyme deficiency leads to the accumulation of 
glucocerebroside in the lysosomes of all cells in the body. 
However, the disease phenotype is manifested only in the 
macrophages, except in the very rare neuronpathic forms of 
the disease. The disease usually leads to enlargement of the 
liver and spleen and lesions in the bones. (For a review, see 
Science 256:794, 1992, and The Metabolic Basis of Inherited 
Disease, 6th ed., Scriver et al., vol. 2, p. 1677). 
0294 Gene delivery vehicles can similarly be utilized to 
deliver a wide variety of therapeutic proteins in order to treat, 
cure, prevent a disease or disease process. Representative 
examples of such genes include, but are not limited to, insulin 
(see U.S. Pat. No. 4,431,740 and BE 885196A), hemoglobin 
(Lawn et al., Cell 21:647-51, 1980), erythropoietin (EPO; see 
U.S. Pat. No. 4,703,008), megakaryocyte growth and differ 
entiation factor (MGDF), stem cell factor (SCF), G-CSF (Na 
gata et al., Nature 319:415-418, 1986), GM-CSF, M-CSF (see 
WO 8706954), the filt3 ligand (Lyman et al. (1993), Cell 
75:1157-1167), EGF, acidic and basic FGF, PDGF, members 
of the interleukin or interferon families, Supra, neurotropic 
factors (e.g., BDNF. Rosenthal et al., Endocrinology 129: 
1289-1294, 1991, NT-3; see WO9103569, CNTF; see WO 
9104316, NGF; see WO9310150), coagulation factors (e.g., 
factors VIII and IX), thrombolytic factors such as t-PA (see 
EP 292009, AU 8653302 and EP 174835) and streptokinase 
(see EP 407942), human growth hormone (see JP 94030582 
and U.S. Pat. No. 4,745,069) and other animal somatotropins, 
integrins and other cell adhesion molecules, such as ICAM-1 
and ELAM (see also other "heterologous sequences' dis 
cussed above), and other growth factors, such as IGF-I and 
IGF-II, TGF-B, osteogenic protein-1 (Ozkaynaket al., EMBO 
J. 9:2085-2093, 1990), and other bone morphogenetic pro 
teins (e.g., BMP-4. Nakase et al., J. Bone Miner: Res. 9:651 
659, 1994). 
0295) 
0296. As noted above, the present invention also provides 
gene delivery vehicles which can, among other functions, 
direct the expression of one or more cytokines or cytokine 
receptors. Briefly, in addition to their role as cancer therapeu 
tics, cytokines can have negative effects resulting in certain 
pathological conditions. For example, most resting T-cells, B 
cells, large granular lymphocytes and monocytes do not 
express IL-2R (receptor). In contrast to the lack of IL-2R 
expression on normal resting, cells. IL-2R is expressed by 
abnormal cells in patients with certain leukemias (ATL, 
Hairy-cell, Hodgkins, acute and chronic granulocytic), 
autoimmune diseases, and is associated with allograft rejec 
tion. Interestingly, in most of these patients the serum con 
centration of a soluble form of IL-2R is elevated. Therefore, 
with certain embodiments of the invention therapy may be 
effected by increasing the serum concentration of the soluble 
form of the cytokine receptor. For example, in the case of 
IL-2R, a gene delivery vehicle can be engineered to produce 
both soluble IL-2R and IL-2R, creating a high affinity soluble 
receptor. In this configuration, serum IL-2 levels would 
decrease, inhibiting the paracrine loop. This same strategy 
also may be effective against autoimmune diseases. In par 
ticular, because Some autoimmune diseases (e.g., Rheuma 
toid arthritis, SLE) also are associated with abnormal expres 
sion of IL-2, blocking the action of IL-2 by increasing the 
serum level of receptor may also be utilized in order to treat 
Such autoimmune diseases. 

7. Lymphokines and Lymphokine Receptors 
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0297. In other cases inhibiting the levels of IL-1 may be 
beneficial. Briefly, IL-1 consists of two polypeptides, IL-1 
and IL-1, each of which has pliedtropic effects. IL-1 is pri 
marily synthesized by mononuclear phagocytes, in response 
to stimulation by microbial products or inflammation. There 
is a naturally occurring antagonist of the IL-1R, referred to as 
the IL-1 Receptor antagonist (“IL-1Ra). This IL-1Rantago 
nist has the same molecular size as mature IL-1 and is struc 
turally related to it. However, binding of IL-1Ra to the IL-1R 
does not initiate any receptor signaling. Thus, this molecule 
has a different mechanism of action than a soluble receptor, 
which complexes with the cytokine and thus prevents inter 
action with the receptor. IL-1 does not seem to play an impor 
tant role in normal homeostasis. In animals, antibodies to 
IL-1 receptors reduce inflammation and anorexia due to 
endotoxins and other inflammation inducing agents. 
0298. In the case of septic shock, IL-1 induces secondary 
compounds which are potent vasodilators. In animals, exog 
enously Supplied IL-1 decreases mean arterial pressure and 
induces leukopenia. Neutralizing antibody to IL-1 reduced 
endotoxin-induced fever in animals. In a study of patients 
with septic shock who were treated with a constant infusion of 
IL-1R for three days, the 28 day mortality was 16% compared 
to 44% in patients who received placebo infusions. In the case 
of autoimmune disease, reducing the activity of IL-1 reduces 
inflammation. Similarly, blocking the activity of IL-1 with 
recombinant receptors can result in increased allograft Sur 
vival in animals, again presumably by decreasing inflamma 
tion. 
0299 These diseases provide further examples where 
gene delivery vehicles may be engineered to produce a 
soluble receptor or more specifically the IL-1Ra molecule. 
For example, in patients undergoing septic shock, a single 
injection of IL-1Ra producing vector particles could replace 
the current approach requiring a constant infusion of recom 
binant IL-1R. 
0300 Cytokine responses, or more specifically, incorrect 
cytokine responses may also be involved in the failure to 
control or resolve infectious diseases. Perhaps the best stud 
ied example is non-healing forms of leishmaniasis in mice 
and humans which have strong, but counterproductive T2 
dominated responses. Similarly, lepromotomatous leprosy is 
associated with a dominant, but inappropriate T2 response. 
In these conditions, gene delivery vehicles may be useful for 
increasing circulating levels of IFN-gamma, as opposed to the 
site-directed approach proposed for solid tumor therapy. IFN 
gamma is produced by T-1 T-cells, and functions as a nega 
tive regulator of T-2 subtype proliferation. IFN gamma also 
antagonizes many of the IL-4 mediated effects on B-cells, 
including isotype Switching to IgE. 
0301 IgE, mast cells and eosinophils are involved in 
mediating allergic reaction. IL-4 acts on differentiating 
T-cells to stimulate T-2 development, while inhibiting T-1 
responses. Thus, alphavirus-based gene therapy may also be 
accomplished in conjunction with traditional allergy thera 
peutics. One possibility is to deliver a gene delivery vehicle 
which produces IL4R with small amounts of the offending 
allergen (i.e., traditional allergy shots). Soluble IL-4R would 
prevent the activity of IL-4, and thus prevent the induction of 
a strong T-2 response. 
0302) 8. Suicide Vectors 
0303 One further aspect of the present invention relates to 
the use of gene delivery vehicle suicide vectors to limit the 
spread of wild-type alphavirus in the packaging/producer cell 
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lines. Briefly, within one embodiment the gene delivery 
vehicle is comprised of an antisense or ribozyme sequence 
specific for the wild-type alphavirus sequence generated from 
an RNA recombination event between the 3' sequences of the 
junction region of the vector, and the 5' alphavirus structural 
sequences of the packaging cell line expression vector. The 
antisense or ribozyme molecule would only be thermostable 
in the presence of the specific recombination sequence and 
would not have any other effect in the alphavirus packaging/ 
producer cell line. Alternatively, a toxic molecule (such as 
those disclosed herein), may also be expressed in the context 
of a vector that would only express in the presence of wild 
type alphavirus. 
0304) 9. Gene Delivery Vehicles to Prevent the Spread of 
Metastatic Tumors 

0305 One further aspect of the present invention relates to 
the use of gene delivery vehicles for inhibiting or reducing the 
invasiveness of malignant neoplasms. Briefly, the extent of 
malignancy typically relates to vascularization of the tumor. 
One cause for tumor vascularization is the production of 
soluble tumor angiogenesis factors (TAF) (Paweletz et al., 
Crit. Rev. Oncol. Hematol. 9:197, 1989) expressed by some 
tumors. Within one aspect of the present invention, tumor 
vascularization may be slowed utilizing gene delivery 
vehicles to express antisense or ribozyme RNA molecules 
specific for TAF. Alternatively, anti-angiogenesis factors 
(Moses et al., Science 248: 1408, 1990; Shapiro et al., PNAS 
84:2238, 1987) may be expressed either alone or in combi 
nation with the above-described ribozymes or antisense 
sequences in order to slow or inhibit tumor vascularization. 
Alternatively, gene delivery vehicles can also be used to 
express an antibody specific for the TAF receptors on Sur 
rounding tissues. 
(0306 10. Administration of Gene Delivery Vehicles 
0307 Within other aspects of the present invention, meth 
ods are provided for administering a gene delivery vehicle to 
a vertebrate or insect. Briefly, the final mode of gene delivery 
vehicle administration usually relies on the specific therapeu 
tic application, the best mode of increasing vector potency, 
and the most convenient route of administration. Generally, 
this embodiment includes gene delivery vehicles which can 
be designed to be delivered by, for example, (1) direct injec 
tion into the blood stream; (2) direct injection into a specific 
tissue or tumor; (3) oral administration; (4) nasal inhalation; 
(5) direct application to mucosal tissues; or (6) ex vivo admin 
istration of transduced autologous cells into the vertebrate or 
insect. Within certain embodiments of the invention, for ex 
Vivo applications cells can be first removed from a host, 
positively and/or negatively selected in order to yield a popu 
lation of cells which is at least partially purified (e.g., CD34' 
stem cells, T cells, or the like), transduced, transfected, or, 
infected with one of the gene delivery vehicles of the present 
invention, and reintroduced into either the same host or 
another individual. 

0308 Thus, the therapeutic gene delivery vehicle can be 
administered in Such a fashion Such that the vector can (a) 
transduce a normal healthy cell and transform the cell into a 
producer of a therapeutic protein or agent which is secreted 
systemically or locally, (b) transform an abnormal or defec 
tive cell, transforming the cell into a normal functioning 
phenotype, (c) transform an abnormal cell so that it is 
destroyed, and/or (d) transduce cells to manipulate the 
immune response. 
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(0309 11. Modulation of Transcription Factor Activity 
0310. In yet another embodiment, gene delivery vehicles 
may be utilized in order to regulate the growth control activity 
of transcription factors in the infected cell. Briefly, transcrip 
tion factors directly influence the pattern of gene expression 
through sequence-specific trans-activation or repression 
(Karin, New Biologist 21:126-131, 1990). Thus, it is not sur 
prising that mutated transcription factors represent a family of 
oncogenes. Gene delivery vehicles can be used, for example, 
to return control to tumor cells whose unregulated growth is 
activated by oncogenic transcription factors, and proteins 
which promote or inhibit the binding cooperatively in the 
formation of homo- and heterodimer trans-activating or 
repressing transcription factor complexes. 
0311. One method for reversing cell proliferation would 
be to inhibit the trans-activating potential of the c-myc/Max 
heterodimer transcription factor complex. Briefly, the nuclear 
oncogene c-myc is expressed by proliferating cells and can be 
activated by several distinct mechanisms, including retroviral 
insertion, amplification, and chromosomal translocation. The 
Max protein is expressed in quiescent cells and, indepen 
dently of c-myc, either alone or in conjunction with an uni 
dentified factor, functions to repress expression of the same 
genes activated by the myc/Max heterodimer (Cole, Cell 
65:715-716, 1991). 
0312 Inhibition of c-myc or c-myc/Max proliferation of 
tumor cells may be accomplished by the overexpression of 
Max in target cells controlled by gene delivery vehicles. The 
Max protein is only 160 amino acids (corresponding to 480 
nucleotide RNA length) and is easily incorporated into a gene 
delivery vehicle either independently, or in combination with 
other genes and/or antisense/ribozyme moieties targeted to 
factors which release growth control of the cell. 
0313 Modulation of homo/hetero-complex association is 
another approach to control transcription factor activated 
gene expression. For example, transport from the cytoplasm 
to the nucleus of the trans-activating transcription factor 
NF-B is prevented while in a heterodimer complex with the 
inhibitor protein IB. Upon induction by a variety of agents, 
including certain cytokines, IB becomes phosphorylated and 
NF-B is released and transported to the nucleus, where it can 
exert its sequence-specific trans-activating function (Bae 
uerle and Baltimore, Science 242:540-546, 1988). The disso 
ciation of the NF-B/IB complex can be prevented by masking 
with an antibody the phosphorylation site of 1B. This 
approach would effectively inhibit the trans-activation activ 
ity of the NF-IB transcription factor by preventing its trans 
port to the nucleus. Expression of the IB phosphorylation site 
specific antibody or protein in target cells may be accom 
plished with an alphavirus gene transfer vector. An approach 
similar to the one described here could be used to prevent the 
formation of the trans-activating transcription heterodimer 
factor AP-1 (Turner and Tijan, Science 243:1689-1694, 
1989), by inhibiting the association between the jun and fos 
proteins. 
0314 12. Production of Recombinant Proteins 
0315. In another aspect of the present invention, togavirus 
(including alphavirus) gene delivery vehicles can be utilized 
to direct the expression of one or more recombinant proteins 
in eukaryotic cells (ex vivo, in vivo, or established cell lines). 
As used herein, a “recombinant protein’ refers to a protein, 
polypeptide, enzyme, or fragment thereof. Using this 
approach, proteins having therapeutic or other commercial 
application can be more cost-effectively produced. Further 
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more, proteins produced in eukaryotic cells may be more 
authentically modified post-translationally (e.g., glycosy 
lated, Sulfated, acetylated; etc.), as compared to proteins pro 
duced in prokaryotic cells. In addition, such systems may be 
employed in the in vivo production of various chemical com 
pounds, e.g., fine or specialty chemicals. 
0316. Within this aspect, the gene delivery vehicle encod 
ing the desired protein, enzyme, or enzymatic pathway (as 
may be required for the production of a desired chemical) is 
transformed, transfected, transduced or otherwise introduced 
into a suitable eukaryotic cell. Representative examples of 
proteins which can be produced using such a system include, 
but are not limited to, insulin (see U.S. Pat. No. 4,431,740 and 
BE 885196A), hemoglobin (Lawn et al., Cell 21:647-51, 
1980), erythropoietin (EPO; see U.S. Pat. No. 4,703,008), 
megakaryocyte growth and differentiation factor (MGDF), 
stem cell factor (SCF), G-CSF (Nagata et al., Nature 319:415 
418, 1986), GM-CSF, M-CSF (see WO 8706954), the filt3 
ligand (Lyman et al. (1993), Cell 75:1157-1167), EGF, acidic 
and basic FGF, PDGF, members of the interleukin or inter 
feron families, supra, neurotropic factors (e.g., BDNF: 
Rosenthal et al., Endocrinology 129:1289-1294, 1991, NT-3: 
see WO9103569, CNTF; see WO91043 16, NGF; see WO 
93.10150), coagulation factors (e.g., factors VIII and IX), 
thrombolytic factors such as t-PA (see EP 292009, AU 
8653302 and EP 174835) and streptokinase (see EP 407942), 
human growth hormone (see JP94030582 and U.S. Pat. No. 
4.745.069) and other animal Somatotropins, integrins and 
other cell adhesion molecules, such as ICAM-1 and ELAM 
(see also other "heterologous sequences' discussed above), 
and other growth factors, such as VEGF, IGF-I and IGF-II, 
TGF-B, osteogenic protein-1 (Ozkaynak et al., EMBO J. 
9:2085-2093, 1990), and other bone or cartilage morphoge 
netic proteins (e.g., BMP-4, Nakase etal, J. Bone Miner: Res. 
9:651-659, 1994). As those in the art will appreciate, once 
characterized,any gene can be readily cloned into gene deliv 
ery vehicles according to the present invention, followed by 
introduction into a suitable host cell and expression of the 
desired gene. In addition, such vectors may be delivered 
directly in vivo, either locally or systemically to promote the 
desired therapeutic effect (e.g., wound healing applications). 
0317 Methods for producing recombinant proteins using 
the vectors and alphavirus packaging cell lines described 
herein are provided (see examples 6 and 7). Briefly, gene 
delivery vehicles, in the form of in vitro transcribed RNA, 
plasmid DNA, or recombinant vector particles, which encode 
recombinant proteins, may be introduced (via transfection or 
infection) into alphavirus packaging cell lines (PCLS) Such 
that only a small fraction of the cultured cells (s.1%) contain 
vector molecules. Vector replicons are packaged by the SPS, 
supplied in trans by the PCL, following vector RNA ampli 
fication, which proceeds according to the Sindbis virus rep 
lication strategy. In turn, the produced recombinant vector 
particles infect the remaining cells of the culture. Thus, a 
bloom of recombinant protein expression results over time as 
recombinant vector particles are produced and Subsequently 
infect all cells in the PCL culture. Similarly, amplification of 
vector particles with PCL may be used to generate large, high 
titer particle stocks for other applications. In yet another 
aspect of this invention, recombinant protein expression from 
producer cell lines is described (see Example 7). Briefly, cell 
lines are derived which contain all of the genetic elements, 
including vector replicon and defective helper expression 
cassettes, from which the production of vector particles can 

30 
Dec. 30, 2010 

be induced, via addition of an extracellular stimulus to the 
culture. Thus, expression of Vector-encoded recombinant 
protein occurs as a result of induction of alphavirus vector 
particle producer cell lines. In yet a still further aspect of this 
invention, recombinant protein expression from cell lines 
stably transformed with eukaryotic layered vector initiation 
systems are described (see Example 7). Briefly, cell lines are 
derived which are stably transformed with an inducible 
eukaryotic layered vector initiation system cassette that 
encodes a recombinant protein of interest. Thus, expression 
of vector-encoded recombinant protein occurs as a result of 
induction of the eukaryotic layered vector initiation system 
CaSSette. 

0318. As should be readily understood given the disclo 
sure provided herein, protein production utilizing RNA vec 
tors replicons, eukaryotic layered vectorinitiation systems, or 
recombinant vector particles may also be accomplished by 
methods other than introduction into packaging or producer 
cell lines. For example, Such vectors may be introduced into 
a wide variety of other eukaryotic host cell lines (e.g., COS, 
BHK. CHO, 293, or HeLa cells), as well as direct adminis 
tration in vivo or to ex vivo cells, in order to produce the 
desired protein. 

J. Deposit Information 

0319. The following materials have been deposited with 
the American Type Culture Collection: 

Accession 
Deposit Designation Deposit Date No. 

Wild type Sindbis virus CMCC #4639 Apr. 2, 1996 VR-2526 
SIN-1 Sindbis virus CMCC #4640 Apr. 2, 1996 VR-2527 
pBG-SIN1 ELVS1.5 SEAP CMCC #4641 Apr. 2, 1996 97502 

0320. The above materials were deposited by Chiron Cor 
poration with the AmericanType Culture Collection (ATCC), 
12301 Parklawn Drive, Rockville, Md. under the terms of the 
Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for purposes of Patent Procedure. 
The accession number is available from the ATCC at tele 
phone number (301) 881-2600. 
0321. These deposits are provided as convenience to those 
of skill in the art, and are not an admission that a deposit is 
required under 35 U.S.C. S 112. The nucleic acid sequence of 
these deposits, as well as the amino acid sequence of the 
polypeptides encoded thereby, are incorporated herein by 
reference and should be referred to in the event of an error in 
the sequence described therein. A license may be required to 
make, use, or sell the deposited materials, and no such license 
is granted hereby. 
0322 The following examples are included to more fully 
illustrate the present invention. Additionally, these examples 
provide preferred embodiments of the invention and are not 
meant to limit the scope thereof. Standard methods for many 
of the procedures described in the following examples, or 
suitable alternative procedures, are provided in widely reor 
ganized manuals of molecular biology, Such as, for example, 
“Molecular Cloning.” Second Edition (Sambrook et al., Cold 
Spring Harbor Laboratory Press, 1987) and “Current Proto 
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cols in Molecular Biology” (Ausubel et al., eds. Greene Asso 
ciates/Wiley Interscience, NY, 1990). 

EXAMPLES 

Example 1 
Isolation and Characterization of SIN1 

0323 Below, the identification and molecular character 
ization of a positive strand RNA virus which exhibits reduced 
inhibition of host macromolecular synthesis and is capable of 
establishing persistent infection in Vertebrate cells, as com 
pared to lytic, cytopathogenic wild type strains of the same 
virus, is described. For example, Sindbis virus is used as a 
prototype representative of the Alphavirus genus. 
A. Isolation, Plaque Purification, and Characterization of 
SIN-1 from a Wild-Type Sindbis Virus Stock 
0324. The isolation, molecular cloning, and characteriza 
tion of a Sindbis virus variant strain is described. This strain 
is able to establish productive persistent infection in the 
absence of cytopathicity, but produce levels of virus equiva 
lent to that of wild-type virus. 
0325 A high-titered (>10 PFU/ml) wild-type stock 
obtained by infection of BHK cells (ATCCNo. CCL-10) with 
Sindbis virus (CMCC #4639) at low MOI (s0.1). To facili 
tate infection, the virus inoculum was contained in a Volume 
just sufficient to cover the monolayer when added to the cells. 
BHK cells were maintained, and all virus dilutions were 
performed, in Eagle minimal essential medium Supplemented 
with 10% fetal calf serum. Cells were cultured at 37° C. in a 
5% CO atmosphere. Extensive CPE, as demonstrated by 
“rounding up', loss of adhesion, and increased light refrac 
tion of individual cells within the monolayer, and addition 
ally, the decreased overall cell density of the monolayer, was 
observed within 48 hours post infection (hpi). The cell culture 
fluids were collected, cell debris was removed by low speed 
centrifugation (4,000 rpm for 10 min at room temperature), 
and the virus stock was aliquoted and stored at -70° C. The 
titer of the Sindbis virus stock was determined by plaque 
assay as described previously (Strauss et al., Virology 74: 154 
168, 1976). Briefly, chicken embryo fibroblasts (CEF) mono 
layers were infected with various dilutions of the virus stock 
and the monolayer overlayed with media supplemented with 
0.75% agarose. At 24–48 hpi plaques due to cell lysis were 
visualized and quantitated either directly or, alternatively, by 
staining with crystal violet after removing the agarose over 
lay. The virus titer was determined from samples infected 
with virus dilutions in which the plaques were accurately 
quantitated. 
0326 A Sindbis virus stock enriched for DI particles was 
obtained by repeated high MOI passage (25) on BHK cells. 
BHK monolayers were infected initially with the Sindbis 
virus seed stock at an MOI =5. The culture medium was col 
lected and clarified by low speed centrifugation after com 
plete cell lysis of the infected culture was observed (usually 
within 24 hpi). The clarified medium collected from the 
infected culture was then used to infect a fresh BHK mono 
layer. For example, 2 ml of the virus inoculum was added to 
a fresh BHK monolayer in a 10 cm petri dish. At 1 hpi, 8 ml 
of fresh medium was added to the virus-infected culture. As 
described above, the culture medium was collected and clari 
fied after observation of complete cell lysis of the culture. 
This process was repeated until the rate at which cytopatho 
genicity in the BHK monolayer developed after infection was 
delayed until at least 4 days. The delay in the onset of cyto 
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pathogenicity after infection signifies the presence of a high 
level of DI particles in the virus preparation. 
0327. The presence of a high level of DI particles in the 
virus preparation derived from multiple serial undiluted pas 
sages of infected cell medium was determined by an interfer 
ence assay or by RNA analysis of BHK infected cells. In the 
first method, a homologous interference assay was performed 
as a measure of the presence of DI particles. Briefly, BHK 
cells were infected alone at an MOI-10 with the high-titered 
(>10 PFU/ml) wild-type stock prepared as described above 
At 16 hpi, the virus yield was determined by plaque assay, as 
described above. The virus yield from this experiment was 
typically 1x10 to 1x10' PFU/ml. In another experimental 
group, BHK cells were simultaneously coinfected with the 
wild-type stock (MOI-10) and the virus stock prepared from 
multiple serial undiluted passages of infected cell medium 
(MOI =5). As before, the virus yield was determined at 16 hpi 
by plaque assay. If the virus stock from the second experi 
mental group contains a high level of DI particles, the virus 
yield will be at least 2-3 orders of magnitude lower than the 
first experiment (e.g., s1x107 PFU/ml). 
0328. As a more definitive method for demonstrating the 
presence of DI particles in the virus preparation, virus-spe 
cific RNA in BHK infected cells at 16 hpi was analyzed. 
Briefly, BHK cells were infected (MOI=10) with the high 
titered (>10 PFU/ml) wild-type stock or with the virus stock 
containing DI particles. Mock-infected controls and infected 
cells were treated with dactinomycin (1 mg/ml) and labeled 
with Huridine (20 mCi/ml) from 1 to 16 hpi. RNA was 
isolated from infected and control cells by using RNAZol B, 
as described by the manufacturer (Tel-Test, Inc., Friend 
swood, Tex.). Alternatively, RNA was isolated with Tri-Re 
agent (Molecular Research Center, Inc., Cincinnati, Ohio), or 
by conventional methods using phenol extraction of cells 
lysed in a buffer (0.05 M Tris, 0.1 M NaCl, 0.001 M EDTA, 
pH 7.5) containing 0.5% Triton and 0.5% recrystallized naph 
thalene disulfonate, as described by Weiss et al. (J. Virol. 
14:1189-1198, 1974). The RNAs were denatured with gly 
oxal and electrophoresed through 1.1% horizontal agarose 
gels prepared in 0.01M sodium phosphate buffer (pH 7.0), at 
5 V/cm (McMaster and Carmichael, Proc. Natl. Acad. Sci. 
USA 74:4835-4838, 1977). Alternatively, RNA can be elec 
trophoresed through formaldehyde gels. Following electro 
phoresis, all moisture was removed from the gels under 
vacuum with a gel dryer, and the dried gels were treated for 
fluorography and exposed to film. Two RNAS, corresponding 
to the genomic and Subgenomic species (42S and 26S, respec 
tively), were observed in samples from BHK cells infected 
with the wild-type virus stock. In contrast, a large number of 
RNA species that are distinct from the standard viral 42S and 
26S RNAs were observed in samples from BHK cells 
infected with the virus stock containing DI particles. Multiple 
RNAs corresponding to DI RNAs migrated predominantly at 
molecular weights smaller than the 26S RNA species from 
wild-type virus. An example of multiple RNAs in addition to 
the 42S and 26S species observed in BHK cells infected with 
a virus stock containing DI particles may be seen in FIG. 3, 
lane 3, of Weiss et al. (J. Virol. 33:463-474, 1980). 
0329. A Sindbis virus variant strain which is able to estab 
lish productive persistent infection with decreased cytopatho 
genicity was isolated and molecularly cloned from a virus 
stock enriched for DI particles. BHK cells were infected at 
high multiplicity (MOI =5) with the Sindbis virus stock 
enriched for DI particles. Cytopathogenicity developed 
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slowly compared to infection of BHK cells with wild-type 
virus; however, most cells were eventually lysed and 
detached from the plate. Cell debris and non-adherent cells 
were removed every two days by medium changes. Within 
two weeks after initial infection, separate and distinct colo 
nies were observed. These colonies were thriving and dem 
onstrated no morphological evidence of CPE, compared to 
uninfected BHK cell controls. Within 3-4 weeks, the cell 
colonies were large and discernible to the naked eye. The 
colonies were isolated with cloning rings, and the cells were 
dispersed with either 3 mM EDTA or trypsin. Dispersed cells 
from each colony were replated without dilution. Thereafter, 
cells were subcultured at a 1:10 dilution upon reaching con 
fluency, generally within four days. Aliquots of cells, desig 
nated BHK(SIN-1), were prepared in cryotubes after the fifth 
passage for long term storage in liquid nitrogen. BHK(SIN-1) 
cells were indistinguishable from the original, uninfected 
BHK cells in terms of growth rate or morphology. 

B. Molecular Cloning, of SIN-1 

0330. To characterize the mutation(s) in the Sindbis 
genome which correlate with the development of the substan 
tially reduced cytopathogenicity of SIN-1, genomic RNA 
from SIN-1 virions was isolated, reverse transcribed, and the 
resultant cDNA encompassing the nonstructural protein 
genes sequenced, as described more fully below. 
0331 Briefly, the SIN-1 virus was plaque purified three 
times before preparation of a stock that was used for the 
isolation of RNA. The BHK(SIN-1) cells were grown as 
described above, the culture fluid was collected, and various 
dilutions were used to infect primary chicken embryo fibro 
blast monolayers (CEF, grown in minimal essential medium 
supplemented with 3% fetal calfserum). Following infection, 
medium containing 0.5% noble agar was added to the mono 
layers. Additionally, DEAE-dextran (100 lug/mL) can be 
included in the agar-overlay medium to increase the size of 
the SIN-1 plaques. Individual discreet plaques were observed 
after 3 days of incubation at 30° C. in plates infected with 
suitably dilute inoculums of the BHK(SIN-1) culture fluid. 
After the third round of purification, the cloned SIN-1 virus 
was passaged once at 30°C. in CEF cells infected at a MOI-0. 
1. The plaque-purified SIN-1 virus preparations were deter 
mined to be free of DI particles by the interference assay and 
RNA analysis in BHK infected cells, as described above. 
0332 BHK cells were infected (MOI-10) with the plaque 
purified SIN-1 stock to determine the ability of this wild-type 
Sindbis virus variant strain to establish persistence. As 
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described above, establishment of persistent infection in 
BHK cells with wild-type Sindbis virus requires the presence 
of DI particles in the virus preparation and considerable time 
to allow those few surviving cells to grow out. In contrast, 
persistent infection was readily established in BHK cells 
infected at 37° C. with the SIN-1 variant whether or not DI 
particles are present in the virus inoculum. At six days post 
infection with SIN-1, the BHK cells were completely resis 
tant to superinfection with wild-type Sindbis virus, demon 
strating establishment of a persistent infection. However, 
these cells were susceptible to infection by the heterologous 
virus, VSV, demonstrating that interferon is not involved in 
the establishment of SIN-1 persistent infection. 
0333 CEF cells were infected (MOI=10) with the plaque 
purified SIN-1 stock to generate a high titered stock of virus 
for the isolation of RNA. Ninety ml of culture fluid (2x10' 
PFU/ml) was clarified by centrifugation for 5 min at 2,500 
rpm in a Sorvall GSA rotor. The SIN-1 virus was pelleted 
from the clarified culture fluid by centrifugation in an SW 27.1 
rotor for 2 hat 24,000 rpm, at 4°C. The virus pellet was then 
resuspended in 3 ml of culture media, homogenized by 
repeated pipetting, and layered on top of a 25-40% (w/w) 
Sucrose gradient. This was followed by centrifugation in an 
SW27.1 rotor for 4 hat 24,000 rpm, at 4°C. The virus band 
was visualized with incandescent light illumination, and col 
lected with a 22 gauge needle?syringe. The RNA was purified 
further by Proteinase K (Boehringer Mannheim, Indianapo 
lis, Ind.) digestion (56°C. 1 hr), followed by extraction with 
an equal volume of HO-saturated phenol:chlorform (1:1 V/V, 
pH 7.0), followed by precipitation with 2 volumes of ethanol 
and 0.3 M sodium acetate, pH 5.2. 
0334 Alternatively, the SIN-1 virus can be further purified 
by polyethylene glycol precipitation of infected BI-1K cell 
culture media (Strauss et al. Virology 133:154-168, 1976), or 
alternatively by pelleting through a Sucrose cushion (Polo et 
al. J. Virol. 62:2124-2133, 1988). 
0335 Two rounds of first strand cDNA synthesis were 
performed with the purified viral RNA, using the Moloney 
murine leukemia virus or SuperScript II reverse tran 
scriptases (Gibco-BRL, Gaithersburg, Md.) according to the 
manufacturer's recommended conditions. Six separate reac 
tions were performed, using the Sindbis virus specific primers 
complementary to the positive strand (primers denoted by R) 
shown below. All primers denoted by R were phosphorylated 
at their 5' end with polynucleotide kinase (New England 
Biolabs) prior to the first strand synthesis reaction to facilitate 
cloning. 

Primer Location Seq. ID No. Sequence (5' -> 3') Enzyme Site 

T7/1F Sac IAT7/1-2O 2 GGTGGAGCTCTAATACGACT Sac I 
CACTATAGATTGACGGCGTA 

GTACACAC 

1465R 1465-1451 3 AATTTCTGCCTCAGC Eco 47 III 

10O3F 1 OO3-101.9 4. TATGCAAAGTTACTGAC Eco 47 III 

2823R 2823-2806 5 CTGTCATTACT TCATGTC Bsp HI 

10O3F 1 OO3-101.9 4. TATGCAAAGTTACTGAC Eco 47 III 

43 O3R 43O3 - 4289 6 GCGTGGATCACTTTC AWr II 
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- Continued 

Primer Location Seq. ID No. Sequence (5' -> 3') Enzyme Site 

4 O51F 4 O51 - 4 O 69 7 ATTGCGTGATTTCGTCCGT AWr II 

8115R 8115 - 8101 8 TAAATTTGAGCTTTG Pm. I 

168OF 1680 - 1689 9 GGCATATGGCATTAGTTG Bsp HI 

8115R 8115 - 8101 8 TAAATTTGAGCTTTG Pm. I 

803.4F 8O34-8052 1O CTGGCCATGGAAGGAAAGG Pm. I 

11, 703R Xho I/dT2/ 11 CCCCTCGAGGGT (21) GAAATG Xho I 
11703 - 11677 TTAAAAACAAAATTTTGTTG 

0336 Synthesis of the second strand from the cDNA tem- PCR amplification protocol used is shown below (The 72°C. 
plate above was accomplished in six separate reactions with 
the Klenow fragment of DNA polymerase I (New England 
Biolabs, Beverly, Mass.) according to the manufacturer's rec 
ommended conditions. Sindbis virus specific primers 
complementary to the negative strand (primers denoted by F 
shown above) were used. The double-stranded DNA products 
were substituted, stepwise, for the corresponding regions in 
the plasmid Toto 1101, which contains the full-length Sindbis 
virus genome (Rice et al., J. Virol, 61:38.09-3819, 1987). For 
example, the T71 F-1465R product was digested with Sac I 
and Eco 47III, and inserted into Sac I/Eco 47III digested and 
CIAP treated Toto 1101 plasmid, which was purified away 
from the Sac I/Eco 47III small fragment (SP6 promoter, Sind 
bis virus nts. 1-1407) by 1% agarose/TAE (50x/liter: 242 g 
Tris base/57.1 ml glacial acetic acid/100 ml 0.5 M EDTA pH 
8.0) electrophoresis, and GENECLEAN II. This construct 
was then digested with Eco 471 11 and Avr II (Sindbis virus nt 
nos. 1407 and 4281, respectively), treated with CIAP and 
followed by insertion of the 3300 by fragment isolated from 
the 1003F-4303R product, digested with Eco 47 III and Avr 
II. The fully assembled clone is designated as pRSIN-1g (g, as 
a reference to full-length genomic clone), and contained all 
11.703 by of viral genome. A subset of the primers listed in 
the table above generate redundant double-stranded DNA 
reaction products within the SIN-1 genome. For example, the 
sequences in the 4051F/8115R product are within the 1680F/ 
8115R product. These redundant products are provided as 
construction alternatives for the SIN-1 genomic clone; i.e., in 
general, the efficiency of cDNA cloning is inversely propor 
tional to the length of the desired fragment. 
0337 To clone portions of the viral genome not obtained 
by the above method, the SIN-1 RNA viral genome was 
cloned by reverse transcription polymerase chain reaction 
(RT-PCR). First strand synthesis was accomplished as 
described above. PCR amplifications of Sindbis cDNA with 
the primer pairs shown above were performed as separate 
reactions, using the Klentaq1 enzyme, and the reaction con 
ditions, as described in Barnes (Proc. Natl. Acad. Sci. USA 
97:2216-2220, 1994). Alternatively, the Thermalase thermo 
stable DNA polymerase (Amresco Inc., Solon, Ohio) was 
Substituted for the Klentaq 1 enzyme, using a buffer contain 
ing 1.5 mM MgCl, that was provided by the supplier. Alter 
natively, the Vent thermostable DNA polymerase (New 
England Biolabs, Beverly, Mass.) was used in the amplifica 
tion reactions. Additionally, the reactions contained 5% 
DMSO and “HOT START WAX” beads (Perkin-Elmer). The 

extension incubation period was adjusted to 1 min per 1kb of 
template DNA): 

Temperature (C.) Time (Min.) No. Cycles 

(a) 95 2 1 
(b) 95 O.S 35 

55 O.S 
72 3.5 

(c) 72 10 1 

0338 Alternatively, cloning of the full-length SIN-1 RNA 
genome can be performed similar to methods which have 
previously been described (Dubensky et al., J. Virol. 70:508 
519, 1996). Briefly, first strand cDNA synthesis is accom 
plished with a mixture of random hexamer primers (50 ng/ml 
reaction concentration) (Invitrogen, San Diego, Calif.), and 
primer 4B, whose sequence is shown in the table below. 
Genomic length Sindbis virus SIN-1 variant cDNA is then 
amplified by PCR. Six distinct segments using six pairs of 
overlapping primers is Sufficient to clone the entire genome. 
In addition to viral complementary sequences, the SIN-1 5' 
end forward primer contains a 19 nucleotide sequence corre 
sponding to the bacterial SP6 RNA polymerase promoter and 
the Apa I restriction endonuclease recognition sequence 
linked to its 5' end. The bacterial SP6 RNA polymerase is 
poised such that transcription in vitro results in the inclusion 
of only a single non-viral G ribonucleotide linked to the A 
ribonucleotide, which corresponds to the authentic Sindbis 
virus 5' end. Inclusion of the Apa I recognition sequence 
facilitates insertion of the PCR amplicon into the plasmid 
vector pKS II" (Stratagene, La Jolla, Calif.) polylinker 
sequence. A five nucleotide buffer sequence extension is 
also linked upstream from the Apa I recognition sequence in 
order to facilitate efficient enzyme digestion. The sequence of 
the SP6-5' SIN-1 forward primer and all of the primer pairs 
necessary to amplify the entire SIN-1 genome are shown in 
the table below. (Note that “nt” and “nts’ as utilized herein 
after refer to “nucleotide' and “nucleotides.” respectively). 
The reference sequence (GenBank accession no. J02363, 
locus: SINCG) is from Strauss et al., Virology 133:92-110, 
1984. 
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Primer Location Seq. ID No. Sequence (5' - >3') 

SP6-1A Apa I/SP6/ 2 TATATGGGCCCGATTTAGGTGAC 
SIN nts 1 - 18 ACTATAGATTGACGGCGTAGTAC 

AC 

1B 3.182-316 O 3 CTGGCAACCGGTAAGTACGATAC 

2A. 3144-31.64 4. ATACTAGCCACGGCCGGTATC 

2B 5905 - 5.885 5 TCCTCTTTCGACGTGTCGAGC 

3A. 5844 - 58 64 6 ACCTTGGAGCGCAATGTCCTG 

7349R 7349-732.8 7 CCTTTTCAGGGGATCCGCCAC 

7328F 7328-7349 8 GTGGCGGATCCCCTGAAAAGG 

3B 93.85-93 66 9 TGGGCCGTGTGGTCGTCATG 

4A 933. 6- 93.56 2O TGGGTCTTCAACT CACCGGAC 

10394R 10394 - 10372 21 CAATTCGACGTACGCCTCACTC 

10373F 10373 - 10394 22 GAGTGAGGCGTACGTCGAATTG 

4B Xba I/T35/ 23 TATATTCTAGA (Ts) GAAATG 
11703 - 11 698 

0339) PCR amplifications of Sindbis cDNA with the 
primer pairs shown above are performed as separate reac 
tions, using the Thermalase or Vent DNA polymerases (cited 
above), reaction conditions, and the PCR amplification con 
ditions, as described above. 
0340. The regions of sequence overlap between the ampli 
fication products correspond to unique enzyme recognition 
sites within the PCR amplicon. The PCR products are purified 
(QIAquick PCR purification kit, Qiagen, Chatsworth, Calif.) 
and inserted stepwise into the pKS II vector, between the 
Apa I and Xba I sites. The fully assembled clone is designated 
as pKSRSIN-1 g (g, as a reference to full-length genomic 
clone), and contains all 11,703 by of viral genome. 

C. Sequence of the SIN-1 Phenotype 

0341 The SIN-1 specific nucleotide sequences of the 
pRSIN-1g clone was determined by the dideoxy-chain termi 
nation method. Sequence comparison of 8,000 by of viral 
sequence revealed multiple differences between the SIN-1 
clone described herein and the Sindbis virus (strain HRsp) 
sequence provided in GenBank (GenBank Accession no. 
J02363, locus: SINCG). Differences in the sequence among 
SIN-1 (FIG. 6), SINCG (FIG. 7), and Toto1101 (FIG. 8) are 
presented below. 

SINCG Toto 1101 SIN-1 

nt. Position Gene int 88 int 88 int 88 

45 5' NTR T T C 
120 nSP1 C Gln C Glin A Lys 

Dec. 30, 2010 

Recognition 
Sequence 

Apa I 

Age I 

Age I 

Eco RI 

Eco RI 

Bam HI 

Bam HI 

Bcl I 

Bcl I 

Bisi WI 

Bisi WI 

Xoa I 

-continued 

SINCG Toto 1101 SIN-1 

nt. Position Gene int 88 int 88 int 88 

1775 nSP2 G null G null A null 
1971 nSP2 T Phe T Ple C Leu 
2992 nSP2 C Pro T Leu T Leu 
3579 nSP2 A. Lys G Glu G Glu 
3855 nSP2 C Pro C Pro T Ser 
3866 nSP2 C null C null T null 
4339 InsP3 A. Glu A. Glu T Wall 
4864 InsP3 C Ser C Ser T Phe 
5702 InsP3 A. null T null T null 
5854: nSP4 G Arg G Arg A His 
7612 junction A A. T 
7837 Capsid C Arg C Arg T Cys 

This mutation was found in one cDNA clone. It was not detected when the Sin-1 wirus RNA 
was sequenced. It likely represents a minor species in the RNA population, 

0342 Verification that the sequence changes were unique 
to the clone (and not the result of cloning artifact) described 
herein, was determined by amplifying SIN-1 virion RNA by 
RT-PCR as described above, establishing the sequence con 
taining the nucleotides in question by direct sequencing of the 
RT-PCR amplicon product, and comparing the sequence to 
the corresponding SIN-1 sequence. 
D. Characterization and Genetic Mapping of the SIN-1 Phe 
notype with Molecular Clones: 
0343 Various regions of the SIN-1 genome were substi 
tuted for the corresponding wild-type Sindbis virus region in 
the Toto1101 plasmid (Rice et al., J. Virol. 61:3809-3819, 
1987) in order to map the location of the phenotype for 
establishment of persistence. The various SIN-1 nsP genes 
were substituted into the Toto 1101 wild-type Sindbis virus 



US 2010/03301 21 A1 Dec. 30, 2010 

background using restriction enzyme fragments purified from 
pRSIN-1g, as illustrated in the table below. 

Restriction Nucleotide Clone 
nSP Gene Fragment Coordinates Designation 

nSP1 Ple IEco 47III 98-1407 pRSIN-1 nsP1 
nSP2 Eco 47III Avr II 1407-4281 pRSIN-1 nsP2 
insP2-N terminus Eco 47III/Bgl II 1407-2289 pRSIN-1 nsP2-N 
insP2-C terminus Bgl II/Avr II 2289-4281 pRSIN-1 nsP2-C 
nSP3-4 Avr II EcoRI 4281-5870 pRSIN-1 nsP3 
nSP3 Avr II/Spe I 4281-5262 pRSIN-1 nsP3 
nSP4 Spe IIAat II 5263-5870 pRSIN-1 nsP4 
insP1-4 Ple IAat II 98-8000 pRSIN-1 nsP1-4 

The coordinates of the nonstructural gene coding regions are 
provided in the following table: 

Coordinates of Sindbis 
nSP Gene virus genome (int. no.) 

nSP1 60-1680 
nSP2 1680-4101 
nSP3 4101-5769 
nSP4 5769-7597 
insP1-4 60-7597 

0344) The various SIN-1, Toto, and chimeric SIN-1/Toto 
clones, pRSIN-1g, Toto, pRSIN-1 nsP1, pRSIN-1 nsP2, 
pRSIN-1 nsP2-N, pRSIN-1 nsP2-C, pRSIN-1 nsP3, pRSIN 
1 nsP4, and pRSIN-1 nsP1-4 were linearized by digestion with 
Xho I, which makes a single cut in the cDNA clones imme 
diately adjacent and downstream of a 21 nucleotide poly 
dA:dT tract following the Sindbis virus 3' end (viral nt. 
11703). The linearized clones were purified with 
GENECLEAN II (BIO 101, LaJolla, Calif.), and adjusted to 
a concentration of 0.5 Lig/ul. Transcription of the linearized 
clones was performed in vitro at 40°C. for 90 minutes accord 
ing to the following reaction conditions: 2 ul DNA/4.25 ul 
HO); 10 ul 2.5 mMNTPs (UTP ATP, GTP, CTP); 1.25 ul 20 
mM Me7G(5')ppp(5')G cap analogue; 1.25 ul 100 mM DTT; 
5ul 5x transcription buffer (Promega, Madison Wis.): 0.5ul 
RNasin (Promega); 0.25 ul 10 g/ul bovine serum albumin; 
and 0.5ul T7 RNA polymerase (Promega). The in vitro tran 
scription reaction products were digested with DNase I 
(Promega), purified by sequential phenol:CHCl and ether 
extraction, and followed by ethanol precipitation. Alterna 
tively, the in vitro transcription reaction products can be used 
directly for transfection. The in vitro transcription reaction 
products or purified RNA were complexed with a commercial 
cationic lipid compound (LIPOFECTIN, GIBCO-BRL, 
Gaithersburg, Md.) and applied to Baby Hamster Kidney-21 
(BHK-21) cells maintained in a 60 mm petri dish at 75% 
confluency. Alternatively, BHK cells were electroporated 
with the in vitro transcription reaction products or purified 
RNA, exactly as described previously (Liljestrom, Bio/Tech 
nology 9:1356-1361, 1991). The transfected cells were incu 
bated at 37°C. At 48 hours post-transfection, culture media 
were collected and the titer of each virus was determined by 
plaque assay, as described above. The titered virus stocks 
derived from these in vitro transcription reactions were des 
ignated as shown in the table below. 

Clone Designation Virus Designation 

pRSIN-1 nsP1 SIN-1 nsP1 
pRSIN-1 nsP2 SIN-1nSP2 
pRSIN-1 nsP2-N SIN-1nSP2-N 
pRSIN-1 nsP2-C SIN-1nSP2-C 
pRSIN-1NSp3-4 SIN-1 nsP3-4 
pRSIN-1 nsP3 SIN-1 nsP3 
pRSIN-1 nsP4 SIN-1nSP4 
pRSIN-1 nsP1-4 SIN-1 nsP1-4 
Toto 1101 Toto 

(0345. To map the SIN-1 persistent phenotype, 8x10 BHK 
cells were infected (MOI-5) with each of the virus stocks 
prepared above. At 3 days post infection, the culture viability 
was determined by trypan blue dye exclusion. The results of 
this experiment (shown below), demonstrate that the SIN-1 
phenotype of establishing persistent non-cytocidal infections 
maps to the nonstructural genes, and to nsP2 gene in particu 
lar. The number of cells in the mock-infected culture repre 
sents continued growth of these cells until they reached the 
stationary phase. At 3 dpi, cells infected with SIN-1 nsP1, 
SIN-1 nsP3, SIN-1-nsP3-4 and SIN-1 nsP4 had all died. The 
cells that Survived infection with SIN-1 nsP2 and SIN 
1 nsP1-4 continued to grow and were persistently infected 
based on staining with antibodies specific for Sindbis virus. 

Virus Number of Cells at 3 dpi. 

SIN-1 nsP1 O 
SIN-1nSP2 3 x 10 
SIN-1 nsP3-4 O 
SIN-1 nsP3 O 
SIN-1nSP4 O 
SIN-1 nsP1-4 5 x 10 
Toto O 
Mock 1 x 107 

0346. As shown above, the observed SIN-1 phenotype of 
establishing non-cytocidal persistent infections maps to the 
viral nsPs, as opposed to the SPs. This conclusion was dem 
onstrated clearly by comparison of cell survival levels 
between cultures infected with the Toto or SIN-1 nsP1-4 virus 
stocks. Both the Toto and SIN-1 nsP1-4 viruses contain the 
wild-type sps; cell survival was observed, however, only in 
those cultures infected with the virus (SIN-1 nsP1-4) contain 
ing nsPs derived from the SIN-1 clone. In these experiments, 
cell survival was not dependent upon the source of the Sindbis 
virus sps. Importantly, the SIN-1 phenotype was mapped 
further to nsP2. The level of cell survival was comparable 
between cultures infected with the SIN-1 nsP1-4 or SIN 
1 nsP2Viruses. Further, a C->T transition at nucleotide 3855, 
in the SIN-1 nsP2 gene is responsible for the characteristic 
phenotype of establishment of persistent infection in cells 
infected with the SIN-1 virus. The single proline to serine 
change in the nsP2 protein produced in cells infected with the 
chimeric virus SIN-1 nsP2-C, was all that was required to 
convert wild-type Sindbis virus (Toto 1101) from a virus that 
killed all of the infected cells into a virus which permitted 
many of the infected cells to Survive and continue to produce 
virus. The phenotypes of chimeric viruses derived from inser 
tion of the SIN-1 nsP1, nsP3, or nsP4 genes into the Toto 
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background were indistinguishable from wild-type and com 
plete lysis was observed in cultures infected with these 
viruses. 

0347 The possible effect of amino acid changes in the 
SIN-1 nsPs on the level of productive infection in BHK cells 
was determined by comparing the virus yield over a time 
course in BHK cells inoculated with the various SIN-1, wild 
type (Toto), or SIN-1/Toto chimeric strains. Briefly, BHK 
cells were infected (MOI-20) with SIN-1 (plaque purified 
stock described above), Toto, SIN-1 nsP1-4, or SIN-1 nsP2 
viruses, and the culture fluids were collected at 3, 6, 9, and 12 
hours post infection. The titers of virus in the culture fluids 
were then determined by plaque assay, as described above. 
The results of this study, shown in FIG. 2, demonstrate that 
equivalent levels of virus were produced in BHK cells 
infected with wild-type or SIN-1 strains. The actual virus 10, 
titers at the 12 hpi time point are set forth in the table below. 
More than half of the BHK cells survived infection with 
SIN-1 virus (and chimeric viruses containing SIN-1 nsPs 1-4, 
or SIN-1 nsP2) in combination with levels of virus production 
equivalent to wild-type strains. 

Virus Titer (PFU/ml) at 12 hpi (x10) 

SIN-1 3.6 
Toto 2.7 
SIN-1 nsP1-4 1.8 
SIN-1nSP2 2.6 

0348. The possible effect of amino acid changes in the 
SIN-1 nsPs on the level of viral-specific RNA synthesis was 
determined by comparing the level of Hi-uridine incorpo 
ration over a time course in BHK cells inoculated with the 
various SIN-1, wild-type (Toto), or SIN-1/Toto chimeric 
strains. BHK cells (3x10 cells/35 mm dish) were grown at 
37°C., according to the conditions described herein. The cells 
were infected (MOI-20) with SIN-1, Toto1101, SIN-1 nsP1 
4, or SIN-1 nsP2 viruses. At 30 min.post infection, the culture 
medium was adjusted to 1 g/ml actinomycin D. After incu 
bation for an additional 30 min, the culture medium was 
adjusted to 10 uCi/ml Hi-uridine. At 3, 6,9, and 12 hpi, the 
treated cells were washed with PBS, and lysed by addition of 
200 ul of TTE buffer (0.2% Triton X-100, 10 mM Tris-HCl, 
pH 8.0, 1 mM EDTA). The RNA was precipitated at 4°C. by 
addition of 200 ul of a 25% trichloroacetic acid (TCA) solu 
tion. The RNA was pelleted by microcentrifugation for 5 min 
at 14,000 rpm, rinsed once with 5% TCA, and dissolved in a 
solution consisting of 50 mMNaOH/0.1% SDS, at 55°C. The 
solution containing the dissolved RNA was transferred into 
scintillation vials and the level of incorporated Hi-uridine 
was determined using EcoLume (ICN, Irvine, Calif.) scintil 
lation fluid. The results of this study, shown in FIG. 3, dem 
onstrate that levels of virus-specific RNA were dramatically 
lower in BHK cells infected with SIN-1 compared to wild 
type virus. This phenotype of low level of virus-specific RNA 
synthesis maps to the nsPs, as shown by the equivalently low 
levels of RNA produced in BHK cells infected with the SIN-1 
or SIN-1 nsP1-4 strains, compared to wild-type. 
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Virus Huridine incorporation (x10 cpm) 

SIN-1 22 
Toto.1101 86 
SIN-1 nsP1-4 28 
SIN-1nSP2 62 
Mock 8 

(0349 Virus-specific RNA synthesis in infected BHK cells 
was also determined using all of the SIN-1, Toto, and SIN-1/ 
Toto chimeric, strains. The levels of HIuridine incorpora 
tion, relative to wild-type infection (Toto) at 9hpi, are shown 
in FIG. 4, and given in the table below. 

No. of Relative RNA 
Virus Experiments Synthesis Level Standard Deviation 

Toto.1101 9 1.O 
SIN-1 9 O.1 O1 
SIN-1 nsP1-4 8 O.2 O1 
SIN-1 nsP1 7 1.O O2 
SIN-1nSP2 8 O.6 O1 
SIN-1 nsP3 4 1.O O.O 
SIN-1 nsP3-4 7 0.4 O1 
SIN-1nSP4 6 O.8 O1 
SIN-1nSP2-N 1 O.9 
SIN-1nSP2-C 3 O.6 O2 
Mock 9 O.O 

Thus, BHK cells survive infection with SIN-1 virus (and 
chimeric viruses containing SIN-1 nsPs 1-4, or SIN-1 nsP2), 
SIN-1 virus levels equivalent to wild-type strains are pro 
duced in BHK cells, and, the level of viral-specific RNA 
synthesized is 10-fold lower compared to wild-type virus. 
0350. The possible effect of amino acid changes in the 
SIN-1 nsPs on the level of inhibition of host cell protein 
synthesis was determined by comparing the level of protein 
synthesis, relative to uninfected cells, over a time course in 
BHK cells inoculated with the various SIN-1, wild-type 
(Toto), or SIN-1/Toto chimeric strains. Briefly, 35 mm dishes 
seeded with 2x10 BHK cells were infected (MOI-20) with 
the various Sindbis virus strains in a 0.5 ml virus inoculum in 
a buffer consisting of PBS/1% fetal calf serum. The plates 
were incubated at 4°C. for 1 hr with continuous gentle shak 
ing. The inoculum was replaced with 2 ml of medium, 
described previously, containing 10% fetal calf serum, and 
the dishes were placed in a CO incubator at 37° C. At 5, 8, 
and 11 hr later, the media was replaced with 2 ml of MEM 
lacking methionine (Met-), with 2% fetal calf serum, and 
incubated 30 min. The medium was then replaced with 1 ml of 
MEM (Met-) containing 2% fetal calf serum and 10 uCi/ml of 

Smethionine. Following a 30 minincubation period at 37° 
C., 1 ml of medium containing 10% fetal calf serum was 
added to each well, and the dishes were incubated for another 
30 min at 37° C. This dilution is sufficient to inhibit further 
incorporation of radioactive label into protein and signifi 
cantly decreases the background of free S-methionine 
detected in polyacrylamide gels. The medium was then 
removed from the well. Cells were washed three times with 
PBS, scraped from the dish into PBS, pelleted by centrifuga 
tion, and dissolved in 25 ul of loading buffer (0.06 M Tris 
HCl, pH 6.7, 2% SDS, 5% B-mercaptoethanol, 5% glycerol, 
0.05% bromophenol blue). One-fifth of the sample was ana 




























































































































