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ABSTRACT 

The present disclosure provides TC-83 VEE-derived repli 
cons, alphaviral replicon particles and immunogenic com 
positions containing TC-83 alphaviral replicon particles 
Which direct the expression of at least one antigen When 
introduced into a suitable host cell. The TC-83 VEE-derived 
ARPs described herein are improved in that they are subject 
to a loWer vector-speci?c immune response than prior art 
ARPs. 
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TC-83-DERIVED ALPHAVIRUS VECTORS, 
PARTICLES AND METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of US. Provisional 
Application No. 60/572,212, ?led May 18, 2004, Which 
application is incorporated by reference herein to the extent 
there is no inconsistency With the present disclosure. 

ACKNOWLEDGMENT OF FEDERAL 
RESEARCH SUPPORT 

[0002] This invention Was made, at least in part, through 
funding from the United States government, through grants 
from the National Institutes of Health, grant numbers 1U01 
AI056438-01 and 5U01 AI 55071-02. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to recombinant DNA 
technology, and in particular to introducing foreign nucleic 
acid in a eukaryotic cell, and more particularly to compo 
sitions and methods for producing alphavirus replicon par 
ticles useful in immunotherapies and/or gene therapy appli 
cations. In particular, the present invention discloses a 
genetic background for the alphavirus replicon particle 
system that is based on the VeneZuelan Equine Encephalitis 
virus (VEE) vaccine strain, TC-83. 

[0004] A variety of viruses is included in the alphavirus 
genus, Which is a member of the Togaviridae family. The 
alphaviral genome is a single-stranded, messenger-sense 
RNA, modi?ed at the 5‘-end With a methylated cap and at the 
3‘-end With a variable-length poly (A) tract. Structural 
subunits containing a single viral protein, capsid, associate 
With the RNA genome in an icosahedral nucleocapsid. In the 
virion, the nucleocapsid is surrounded by a lipid envelope 
covered With a regular array of transmembrane protein 
spikes, each of Which consists of three heterodimeric com 
plexes of tWo glycoproteins, E1 and E2. See Paredes et al., 
(1993) Proc. Natl. Acad. Sci. USA 90:9095-9099. The Sind 
bis and Semliki Forest viruses are considered the prototypi 
cal alphaviruses and have been studied extensively. See 
Schlesinger, The Togaviridae and Flaviviridae, Plenum Pub 
lishing Corp., NeW York (1986). The VEE virus has also 
been studied extensively, see, e.g., US. Pat. Nos. 5,185,440, 
5,505,947, and 5,643,736. 

[0005] The use of propagation-defective alphavirus par 
ticles, termed alphaviral replicon particles, has shoWn great 
promise as a viral vector delivery system. Replicons are 
constructed to carry one or more heterologous antigens in 
place of some or all of the alphavirus structural genes. The 
replicons are introduced into alphavirus-permissive cells 
along With a helper construct(s) that expresses the viral 
structural protein(s) not encoded by the replicon or, alter 
natively, the replicon is introduced into a packaging cell 
capable of expressing the structural proteins. The replicon is 
then packaged, analogous to the packaging of the intact 
alphaviral genome, by the expressed structural proteins. 
These packaged replicons, or alphaviral replicon particles, 
are then inoculated into an animal. The particles enter the 
host cell, and the replicons then express the introduced 
heterologous coding or other functional sequence(s) at very 
high levels from the subgenomic mRNA. Subsequent viral 
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progeny are prevented from assembly since the replicons do 
not encode all of the essential viral packaging (structural) 
genes. 

[0006] Both the alphaviral genetic background for the 
replicon and the alphaviral structural proteins used to pack 
age the replicon have a signi?cant impact on the ultimate 
performance of the replicon particles. The VEE virus has 
been preferred as a vaccine vector among the alphaviruses 
because it is naturally lymphotrophic, Which leads to strong 
cellular and humoral immune responses at relatively loW 
immuniZation doses (Davis, N L et al. (1996) J. Viral. 70(6): 
3781-7; MacDonald, G H and Johnston R E, (2000) J. Viral. 
74(2): 914-922; Caley I J et al. (1997) J. Virol. 71: 3031 
3038; Hevey M et al. (1998) Virology 251(1): 28-37; Caley 
I J et al. (1999) Vaccine 17:23-24; Pushko, P et al. (2001) 
Vaccine 19:142-153). 

[0007] Several strains of the VeneZuelan Equine Encepha 
litis virus (VEE) are knoWn, and Within those strains, 
subtypes have been recogniZed. Virulent VEE strains have 
been isolated during mosquito-borne epidemic encephalo 
myelitis in equids in tropical and sub-tropical areas of the 
NeW World. One of the most virulent epiZootic strains, the 
Trinidad Donkey (TRD) strain, Which is in subtype IA/B, 
Was passaged serially in tissue culture to create a live, 
attenuated strain (Berge et al. (1961) Amer. J. Hyg. 73:209 
218) knoWn as TC-83. This strain elicits VEE-speci?c 
neutraliZing antibodies in most humans and equines and has 
been used successfully as a vaccine in both species (McKin 
ney et al. (1972) “Inactivated and live VEE vaccines—A 
RevieW, in VeneZuelan Encephalitis, pp. 369-376, Sc. Pub. 
No. 243 Pan American Health OrganiZation, Washington, 
DC; Walton T E et al. (1972) Am. J. Epidemiol. 95:247 
254; Pittman P R et al. (1996) Vaccine 14(4): 337-343). 
Nonetheless, this vaccine presents several problems in terms 
of safety and ef?cacy. First, it can cause adverse, sometimes 
moderately severe reactions in human vaccines. Second, the 
TC-83 strain shoWs residual murine virulence and is lethal 
for suckling mice after intracerebral (i.c.) or subcutaneous 
(s.c.) inoculation (LudWig G et al. (2001) Am. J. T r0p. Med. 
Hyg. Jan-Feb; 64(1-2):49-55). Third, the TC-83 strain has a 
signi?cant percentage of non-responders in humans, i.e., 
individuals Who do not shoW a demonstrable humoral 
response after inoculation (Pittman P R et al. (1996) Vaccine 
14(4): 337-343). Finally, the TC-83 strain is knoWn to be 
especially sensitive to interferon, as compared to the paren 
tal TRD strain or other epiZootic strains of VEE (Spotts, D 
R et al. (1998) J. Viral. 72:10286-10291). Such enhanced 
sensitivity to interferon Would lead one to expect that the 
heterologous genes in a replicon particle Would be expressed 
less ef?ciently in an infected cell and/or that such particles 
Would be less immunogenic in vivo. All of these detrimental 
factors associated With the TC-83 vaccine strain of VEE 
have led previous researchers to search for better attenuated 
strains to use as either propagation-competent VEE vectors 
or in replicon particle systems (eg Davis N L et al. (1994) 
Arch. Virol. Suppl. 9:99-109; Davis N L et al. (1996)J. Viral. 
70(6):3781; Pushko et al. (1997) Ibid.; Pratt W D et al. 
(2003) Vaccine 21(25-26): 3854-3862). 

[0008] There is a continuing need to optimiZe the combi 
nation of mutations and alphavirus strain to provide the most 
effective alphavirus replicon particle for use in vaccine 
and/or gene therapy applications. 
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SUMMARY OF THE INVENTION 

[0009] The present invention provides compositions of 
infective, replication-defective, highly immunogenic 
alphavirus replicon particles based on a particular alphavirus 
strain, i.e., the TC-83 of VEE, and methods of preparation 
thereof. As described previously (see, for example, US. Pat. 
Nos. 5,792,462; 6,156,558; 5,811,407; 6,008,035; 6,583, 
121; WO 03/023026; U.S. Publication No. 2003/0119182, 
all incorporated herein by reference), functional alphavirus 
replicon particles have been made from several different 
alphaviruses and chimeras thereof (see, for example, US. 
Publication No 2003/0148262). These particles are useful in 
vaccine and gene therapy applications, and the optimal 
characteristics of the alphavirus replicon particles differ in 
these applications. For instance, it may be useful to reduce 
the expression of proteins from the replicon during gene 
therapy applications, and thus techniques have been devel 
oped in the art to reduce such expression (see eg US. Pat. 
Nos. 5,843,723 and 6,451,592). In the case of vaccine 
applications, maximizing the expression of the heterologous 
RNA from the replicon, minimiZing any anti-vector 
responses, and targeting the tissues and cells of the immune 
system are desirable features. The alphaviruses Venezuelan 
Equine Encephalitis (VEE) virus and South African Arbo 
virus No. 86 have proved particularly useful in the vaccine 
applications. To improve the safety of these alphavirus 
vectors in the rare event that a replication-competent virus is 
generated, at least one attenuating mutation has been intro 
duced into the alphaviral genomic fragments. The present 
inventors have noW discovered that the TC-83 strain of VEE 
can be used as the genetic background for an alphavirus 
replicon particle system Which provides a surprisingly effec 
tive VEE particle preparation for use in immunogenic com 
positions and Which has other surprisingly advantageous 
properties useful in a vaccine vector system, including the 
ability to prepare puri?ed preparations With ease. 

[0010] The present inventors have discovered that the 
TC-83 strain of VEE is a surprisingly good alphavirus strain 
from Which to derive a replicon vaccine particle. Acomplete 
sequence of the TC-83 sequence Was published (Kinney R 
M et al. (1989) Virology 170:19-30; With correction noted in 
Kinney R M et al. (1993) J. Viral. 67(3):1269-1277). The 
genome of this live, attenuated vaccine strain carries 12 
differences from the virulent, parental strain from Which it 
Was derived. These mutations are: a single nucleotide sub 
stitution (G—>A) at nucleotide 3 of the 5‘ non coding region; 
amino acid substitutions at nsP2-16 (Ala—>Asp), nsP3-260 
(SerQThr), E2-7 (LysQAsn), E2-85 (His—>Tyr), E2-120 
(ThrQArg), E2-192 (Val—>Asp), E2-296 (ThrQIle), and 
E1-161 (LeuQIle); 2 silent nucleotide substitutions at 
E2-278 (U—>C) and E1-211 (AQU), and a single nucleotide 
deletion at nucleotide 11,405 in the 3‘ non-coding region 
(UUQU). Kinney et al. 1993 Ibid. have suggested that the 
attenuated phenotype of the live TC-83 strain (i.e. reduced 
neurovirulence in mice) is due to the nucleotide 3 mutation 
(G to A) and the E2 mutations, particularly the E2-120 
mutation. It has been shoWn that this nucleotide 3 mutation, 
When introduced into a Wild-type strain of VEE, attenuates 
the strain (White L J et al. (2001) J. Virol 75: 3706-3718). 
However, the methods used do not exclude contributions 
from other mutations, and the existence of the numerous 
other nonconservative mutations in the TC-83 genome make 
it impossible to predict Whether it can serve as an effective 
genetic background for the replicon particle system. 
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[0011] The inventors have noW produced a replicon par 
ticle vaccine based on the TC-83 strain, and it has several 
surprisingly advantageous characteristics for both vaccine 
and gene therapy applications including, but not limited to, 
much higher yields as compared to those achieved With 
particles based on Wild-type VEE or on those carrying other 
attenuating mutations; loWered anti-vector responses; 
increased purity; excellent immunogenicity that is compa 
rable to other VEE strains carrying only one, tWo or three 
attenuating mutations, and no non-responsiveness, in con 
trast to the noted non-responsiveness of animals to the live 
TC-83 strain used as a vaccine. 

[0012] Additionally, the inventors have discovered that 
packaging an alphavirus replicon in the VEETC83 structural 
proteins results in signi?cantly higher yields of replicon 
particle vaccines from cell cultures. Thus, the VEETC83 
structural proteins can be advantageously used to package 
replicons from other alphaviruses, including other strains of 
VEE. 

[0013] Thus, the present invention provides a recombinant 
alphavirus particle comprising an alphavirus replicon 
RNA encoding one or more heterologous RNA sequences, 
Wherein the replicon RNA comprises a 5‘ sequence Which 
initiates transcription of alphavirus RNA, one or more 
nucleotide sequences Which together encode those TC-83 
alphavirus nonstructural proteins necessary for replication 
of the replicon RNA, a means for expressing the polypeptide 
encoded by the heterologous RNA(s), and a 3‘ RNA poly 
merase recognition sequence, (ii) a TC-83 derived capsid 
protein; and (iii) alphavirus glycoproteins derived from 
TC-83. 

[0014] The present invention also provides other VEE 
vaccine strains, especially those With characteristics similar 
to those of TC-83, Which can be engineered for use in 
immunogenic replicon particle compositions. 
[0015] Also provided is a population of infectious, propa 
gation-defective, alphavirus particles, Wherein the popula 
tion comprises replicon particles comprising a VEE TC-83 
replicon RNA comprising an alphavirus packaging signal, 
one or more heterologous RNA sequence(s) encoding a 
nucleic acid of interest and lacking sequences encoding 
alphavirus structural proteins, and Wherein the population 
contains no more than 10 replication-competent TC-83 viral 
particles per 108 TC-83 replicon particles. 
[0016] Also provided is a composition comprising a popu 
lation of infectious, propagation-defective, alphavirus par 
ticles, Wherein (1) each particle comprises an alphavirus 
replicon RNA encoding one or more heterologous RNA 
sequences and lacks sequences encoding any alphavirus 
structural proteins, (2) the population has no detectable 
replication competent viruses (RCV), as measured by pas 
sage on cell cultures, (3) the replicon RNA is derived from 
TC-83, and Wherein the population is formulated With a 
pharmaceutically acceptable carrier. The alphavirus struc 
tural proteins can be derived from the alphavirus VEE 
vaccine strain TC-83, a Wild-type VEE strain, or other 
strains of VEE containing one or more attenuating mutations 
in the alphaviral genomic sequences encoding the structural 
proteins. In a speci?c embodiment, the TC-83 structural 
proteins may have one or more additional attenuating muta 
tions introduced, eg at E1-81 (eg from Phe to He). 
[0017] Also provided is a composition comprising a popu 
lation of infectious, propagation-defective, alphavirus par 
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ticles, wherein (1) each particle comprises an alphavirus 
replicon RNA encoding one or more heterologous RNA 
sequences and lacks sequences encoding any alphavirus 
structural proteins, (2) the structural proteins comprising the 
coat of the particles are derived from VEETC83, and (3) the 
population has no detectable replication competent viruses 
(RCV), as measured by passage on cell cultures, and 
Wherein the population is formulated With a pharmaceuti 
cally acceptable carrier. In this composition, the alphavirus 
replicon RNA is derived from a Wild-type VEE strain or 
other non-TC83 strains of VEE containing one or more 
attenuating mutations in the alphaviral genomic sequences 
contained Within the replicon. In a speci?c embodiment, the 
TC-83 structural proteins may have one or more additional 
attenuating mutations introduced, eg at E1-81 (eg from 
Phe to He). 

[0018] Also provided is a method of producing an immune 
response in a subject, comprising administering to the sub 
ject an effective amount of an immunogenic composition 
comprising a population of infectious, propagation-defec 
tive alphavirus particles in a pharmaceutically-acceptable 
carrier, Wherein the composition comprises particles com 
prising a VEE TC-83 replicon RNA comprising an alphavi 
rus packaging signal, one or more heterologous RNA 
sequence(s) encoding an immunogen and lacking sequences 
encoding alphavirus structural proteins, and Wherein the 
composition has less than 10 replication-competent TC-83 
particles per 108 TC-83 replicon particles. 

[0019] Also provided is a helper cell for producing an 
infectious, propagation-defective alphavirus particle com 
prising (1) a VEETC83 replicon RNA comprising a heter 
ologous RNA sequence, for example, a coding sequence 
heterologous to the virus, and lacking sequences encoding 
alphavirus structural proteins; and (2) one or more nucleic 
acids encoding the TC-83 structural proteins. Alternatively 
the structural proteins can be selected from the group 
consisting of Wild-type VEE structural glycoproteins, VEE 
3014 structural glycoproteins, VEE 3040 glycoproteins, 
VEE 3042 glycoproteins, and VEE 3526 glycoproteins, but 
preferably from among VEE structural glycoproteins Which 
contain amino acid substitutions that confer attenuated viru 
lence, and the VEE capsid is produced from the Wild-type 
sequence or from a sequence in Which the auto-proteolytic 
cleavage site has been deleted. 

[0020] Also provided is a helper cell for producing an 
infectious, propagation-defective alphavirus particle com 
prising (1) an alphavirus replicon RNA comprising a heter 
ologous RNA sequence, for example, a coding sequence 
heterologous to the virus, and lacking sequences encoding 
alphavirus structural proteins; and (2) one or more nucleic 
acids encoding the TC-83 structural proteins. 

[0021] The present invention further provides a method of 
producing infectious, propagation-defective TC-83 replicon 
particles comprising introducing into a population of cells a 
recombinant DNA molecule encoding all the VEE structural 
proteins, and a TC-83 replicon RNA encoding at least one 
heterologous RNA, such that infectious, propagation-defec 
tive TC-83 replicon particles are produced, and Wherein the 
VEE structural glycoproteins are derived from one of the 
folloWing VEE strains: TC-83, 3014, 3040, 3042 and 3526. 
These strains are referred to herein as VEETC83, VEE3014, 
etc. 
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[0022] Also provided is a method of producing infectious, 
propagation-defective alphavirus replicon particles compris 
ing introducing into a population of cells a recombinant 
DNA molecule encoding all the VEETc83 structural proteins, 
and an alphavirus replicon RNA encoding at least one 
heterologous RNA, such that infectious, propagation-defec 
tive replicon particles are produced, and Wherein the VEE 
replicon RNA is derived from a Wild-type VEE strain or 
incorporates at least one attenuating mutations, such as the 
mutation to an A at nucleotide 3. 

[0023] A method of producing infectious, propagation 
defective alphavirus replicon particles comprising introduc 
ing into a population of cells tWo recombinant nucleic 
acid molecules, each of Which encodes at least one, but not 
all of VEE structural proteins and (ii) a TC-83 replicon RNA 
encoding at least one heterologous RNA, Wherein the tWo 
recombinant nucleic acid molecules together encode all 
VEE structural proteins required to produce infectious, 
propagation-defective TC-83 replicon particles in the cells, 
and further Wherein the alphaviral structural proteins are 
derived from one of the folloWing VEE strains: TC-83, 
3014, 3040, 3042 and 3526. These strains are typically 
referred to in this application as “VEETC83”, “VEE3014,” 
etc. 

[0024] Also provided is a method of providing advanta 
geously puri?ed, infectious, propagation-defective TC-83 
replicon particles by heparin af?nity chromatography, either 
by column or batch puri?cation methods. The unique hep 
arin-binding characteristics of the TC-83 derived replicon 
particles alloW for removal of contaminating proteins and 
nucleic acids through a single puri?cation step. 

[0025] Also provided are methods of eliciting an immune 
response in a subject, comprising administering to the sub 
ject an immunogenic amount of the population of replicon 
particles of this invention. 

[0026] The present invention is also applicable to the 
production of live attenuated alphavirus vaccines, Which 
may or may not carry heterologous genes for expression in 
the vaccinee, as described in Us. Pat. No. 5,643,576, or live 
attenuated alphavirus vectors Which direct the expression of 
functional RNAs (such as antisense, suppressing RNAs or 
interfering RNAs or RNAs Which encode therapeutic pro 
teins. The method of the present invention comprises the 
steps of (a) introducing the TC-83 replicon nucleic acid into 
a host cell, Wherein said replicon nucleic acid contains at 
least an alphavirus packaging signal and at least one coding 
sequence for a protein or functional RNA of interest express 
ible in said alphaviral replicon nucleic acid, Wherein the host 
cell is capable of expressing alphavirus structural proteins 
required to produce ARPs, to produce a modi?ed host cell; 
(b) culturing said modi?ed host cell in a medium under 
conditions alloWing expression of the structural proteins and 
replication of the alphaviral replicon nucleic acid, and then 
packaging of the alphaviral replicon nucleic acid to form 
ARPs; (c), optionally separating the modi?ed host cells from 
the medium, and (d) after step (b) or (c) contacting the 
modi?ed host cells With an aqueous solution having an ionic 
strength of at least approximately 0.20 M, desirably from 
about 0.5 to about 5 M, (herein the “Release Medium”) to 
release the ARPs into the aqueous solution to produce an 
ARP-containing solution. The ionic strength of the Release 
Medium can be achieved using salts Which do not inactivate 
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the virions or ARPs, and suitable salts include, but are not 
limited to, sodium chloride, magnesium chloride, ammo 
nium chloride, ammonium acetate, potassium chloride, cal 
cium chloride, ammonium bicarbonate, and heparin Fast 
How. Desirably the Release Medium comprises a buffer 
With a pH from about 6 to about 9, preferably from about 6.5 
to about 8.5. Where the cells are not separated from the 
medium, the ionic strength of the medium can be raised by 
the addition of solid salts or a concentrated solution to 
provide the increased ionic strength for releasing the ARPs 
(or virions) from the cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 shoWs the elution pro?le of TC-83 virus 
replicon particles during heparin af?nity chromatography. 

[0028] FIG. 2 shoWs the results of SDS-PAGE of TC-83 
virus replicon particles after heparin af?nity chromatogra 
phy, With the proteins visualiZed by silver staining and by 
Western blotting using capsid-speci?c and glycoprotein 
speci?c antibodies and staining. 

[0029] FIG. 3 is a plasmid map of the TC-83 replicon 
cloning vector pVEK. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] The folloWing discussion and de?nitions are pro 
vided to improve the clarity of the present disclosure to one 
of ordinary skill in the relevant art. 

[0031] In the context of the present application, nm means 
nanometer, ml means milliliter, VEE means Venezuelan 
Equine Encephalitis virus, EMC means Encephalomyo 
carditis virus, BHK means baby hamster kidney cells, HA 
means hemagglutinin gene, GFP means green ?uorescent 
protein gene, N means nucleocapsid, FACS means ?uores 
cence activated cell sorter, IRES means internal ribosome 
entry site, and FBS means Fetal Bovine Serum. The expres 
sion “E2 amino acid (e.g., Lys, Thr, etc.) number” indicates 
designated amino acid at the designated residue of the E2 
gene, and is also used to refer to amino acids at speci?c 
residues in the E1 gene. 

[0032] As used herein, the term “alphavirus” has its con 
ventional meaning in the art, and includes the various 
species such as VEE, SFV, Sindbis, Ross River Virus, 
Western Equine Encephalitis Virus, Eastern Equine 
Encephalitis Virus, Chikungunya, S. A. AR86, Everglades 
virus, Mucambo, Barmah Forest Virus, Middelburg Virus, 
Pixuna Virus, O’nyong-nyong Virus, Getah Virus, Sagiyama 
Virus, Bebaru Virus, Mayaro Virus, Una Virus, Aura Virus, 
Whataroa Virus, Banbanki Virus, KyZylagach Virus, High 
lands J Virus, Fort Morgan Virus, Ndumu Virus, and Buggy 
Creek Virus. The preferred alphaviruses used in the con 
structs and methods of the claimed invention are VEE, S.A. 
AR86, Sindbis (e.g. TR339, see US. Pat. No. 6,008,035), 
and SFV. 

[0033] “Alphavirus-permissive cells” employed in the 
methods of the present invention are cells that, upon trans 
fection With a complete viral RNA transcript, are capable of 
producing viral particles. Alphaviruses have a broad host 
range. Examples of suitable packaging cells include, but are 
not limited to, Vero cells, baby hamster kidney (BHK) cells, 
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chicken embryo ?broblast cells, DF-1, 293, 293T, Chinese 
Hamster Ovary (CHO) cells, and insect cells. 

[0034] As used herein, the phrases “attenuating mutation” 
and “attenuating amino acid,” mean a nucleotide mutation 
(Which may or may not be in a region of the viral genome 
encoding polypeptides) or an amino acid coded for by a 
nucleotide mutation, Which in the context of a live virus, 
result in a decreased probability of the alphavirus causing 
disease in its host (i.e., a loss of virulence), in accordance 
With standard terminology in the art, See, e.g., B. Davis, et 
al., Microbiology 132 (3d ed. 1980), Whether the mutation be 
a substitution mutation, or an in-frame deletion or addition 
mutation. The phrase “attenuating mutation” excludes muta 
tions Which Would be lethal to the virus, unless such a 
mutation is used in combination With a “restoring” mutation 
Which renders the virus viable, albeit attenuated. Exemplary 
attenuating mutations in VEE structural proteins include, but 
are not limited to, those described in US. Pat. No. 5,505,947 
to Johnston et al., US. Pat. No. 5,185,440 to Johnston et al., 
US. Pat. No. 5,643,576 to Davis et al., US. Pat. No. 
5,792,462 to Johnston et al., and US. Pat. No. 5,639,650 to 
Johnston et al., the disclosures of Which are incorporated 
herein in their entireties by reference. Speci?c attenuating 
mutations for the VEE E1 glycoprotein include an attenu 
ating mutation at any one of amino acid positions 81, 272 or 
253. Alphavirus replicon particles made from the VEE-3042 
mutant contain an isoleucine substitution at E1-81, (amino 
acid 81 of the El protein) and virus replicon particles made 
from the VEE-3040 mutant contain an attenuating mutation 
at E1-253. Speci?c attenuating mutations for the VEE E2 
glycoprotein include an attenuating mutation at any one of 
amino acid positions 76, 120, or 209. Alphavirus replicon 
particles made from the VEE-3014 mutant contain attenu 
ating mutations at both E1-272 and at E2-209 (see US. Pat. 
No. 5,792,492). Aspeci?c attenuating mutation for the VEE 
E3 glycoprotein includes an attenuating mutation consisting 
of a deletion of amino acids 56-59. Virus replicon particles 
made from the VEE-3526 mutant contain this deletion in E3 
(aa56-59) as Well as a second attenuating mutation at 
E1-253. For alphaviruses generally, deletion or substitution 
mutations in the cleavage domain betWeen E3 and E2, Which 
result in the E3/E2 polyprotein not being cleaved, are 
attenuating. 

[0035] The terms “5‘ alphavirus replication recognition 
sequence” and “3‘ alphavirus replication recognition 
sequence” refer to the sequences found in alphaviruses, or 
sequences derived therefrom, that are recogniZed by the 
nonstructural alphavirus replicase proteins and lead to rep 
lication of viral RNA. These are sometimes referred to as the 
5‘ and 3‘ ends, or alphavirus 5‘ and 3‘ sequences. In the 
constructs of this invention, the use of these 5‘ and 3‘ ends 
Will result in replication of the RNA sequence encoded 
betWeen the tWo ends. The 3‘ alphavirus replication recog 
nition sequence as found in the alphavirus is typically 
approximately 300 nucleotides in length, Which contains a 
more Well de?ned, minimal 3‘ replication recognition 
sequence. The minimal 3‘ replication recognition sequence, 
conserved among alphaviruses, is a 19 nucleotide sequence 
(Hill et al., J. Virology, 2693-2704, 1997). These sequences 
can be modi?ed by standard molecular biological techniques 
to further minimiZe the potential for recombination or to 
introduce cloning sites, With the proviso that they must be 
recogniZed by the alphavirus replication machinery. 
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[0036] The term “minimal 5‘ alphavirus replication rec 
ognition sequence” refers to the minimal sequence that 
alloWs recognition by the nonstructural proteins of the 
alphavirus but does not result in signi?cant packaging/ 
recombination of RNA molecules containing the sequence. 
In a preferred embodiment, the minimal 5‘ alphavirus rep 
lication recognition sequence results in a ?fty to one 
hundred fold decrease in the observed frequency of pack 
aging/recombination of the RNA containing that sequence. 
Packaging/recombination of helpers can be assessed by 
several methods, eg the method described by Lu and Silver 
(J. Virol. Methods 2001, 91(1): 59-65). 

[0037] The terms “alphavirus RNA replicon”, “alphavirus 
replicon RN ”, “alphavirus RNA vector replicon”, “repli 
con”, and “vector replicon RNA” are used interchangeably 
to refer to an RNA molecule expressing nonstructural pro 
tein genes such that it can direct its oWn replication (ampli 
?cation) and comprises, at a minimum, 5‘ and 3‘ alphavirus 
replication recognition sequences (Which may be the mini 
mal sequences, as de?ned above, but may alternatively be 
the entire regions from the alphavirus), coding sequences for 
alphavirus nonstructural proteins, and a polyadenylation 
tract. It may additionally contain a promoter and/or an IRES. 
Speci?c replicons useful in the claimed invention include: a 
replicon based on VEETC83, herein referred to as a 
“VEETC83 replicon”; a replicon based on the Wild-type 
sequence of VEE, herein referred to as a “VEE3000 repli 
con”; and a replicon based on VEE3000 but additionally 
including one of the attenuating mutations present in TC83, 
namely the mutation to an “A” at nucleotide 3, herein 
referred to as “VEE3000 nt3A”. 

[0038] The alphavirus RNA vector replicon is designed to 
express a heterologous nucleic acid, eg a gene, of interest, 
also referred to herein as a heterologous RNA or heterolo 
gous sequence, Which can be chosen from a Wide variety of 
sequences derived from viruses, prokaryotes or eukaryotes. 
Examples of categories of heterologous sequences include, 
but are not limited to, immunogens, including antigenic 
proteins, cytokines, toxins, therapeutic proteins, enZymes, 
antisense sequences, and immune response modulators. 

[0039] The alphavirus RNA replicons of this invention 
may also be engineered to express alphavirus structural 
proteins, thereby generating a vaccine against the alphavi 
rus(es) from Which the structural proteins are derived. 
Johnston et al. and Polo et al. (cited in the background) 
describe numerous constructs for such alphavirus RNA 
replicons, and such constructs are incorporated herein by 
reference. Speci?c embodiments of the alphavirus RNA 
replicons utiliZed in the claimed invention may contain one 
or more attenuating mutations, an attenuating mutation 
being a nucleotide deletion, addition, or substitution of one 
or more nucleotide(s), or a mutation that comprises rear 
rangement or chimeric construction Which results in a loss of 
virulence in a live virus containing the mutation as com 
pared to the appropriate Wild-type alphavirus. Examples of 
an attenuating nucleotide substitution (resulting in an amino 
acid change in the replicon) include a mutation at nsP1 
amino acid position 538, nsP2 amino acid position 96, or 
nsP2 amino acid position 372 in the alphavirus S.A.AR86. 

[0040] The terms “alphavirus structural protein/pro 
tein(s)” refers to one or a combination of the structural 
proteins encoded by alphaviruses. These are produced by the 
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virus as a polyprotein and are represented generally in the 
literature as C-E3-E2-6k-E1. E3 and 6k serve as membrane 
translocation/transport signals for the tWo glycoproteins, E2 
and E1. Thus, use of the term E1 herein can refer to E1, 
E3-E1, 6k-E1, or E3-6k-E1, and use of the term E2 herein 
can refer to E2, E3-E2, 6k-E2, or E3-6k-E2. 

[0041] The term “helper(s)” or helper constructs refers to 
a nucleic acid molecule that is capable of expressing one or 
more alphavirus structural proteins. 

[0042] The terms “helper cell” and “packaging cell” are 
used interchangeably herein and refer to the cell in Which 
alphavirus replicon particles are produced. The helper cell 
comprises a set of helpers that encode one or more alphavi 
rus structural proteins. As disclosed herein, the helpers may 
be RNA or DNA. The cell can be any cell that is alphavirus 
permissive. In certain embodiments of the claimed inven 
tion, the helper or packaging cell may additionally include 
a heterologous RNA-dependent RNA polymerase and/or a 
sequence-speci?c protease. 

[0043] The terms “alphavirus replicon particles , virus 
replicon particles”, “VRPs” or “recombinant alphavirus 
particles”, used interchangeably herein, mean a virion-like 
structural complex incorporating an alphavirus replicon 
RNA that expresses one or more heterologous RNA 
sequences. Typically, the virion-like structural complex 
includes one or more alphavirus structural proteins embed 
ded in a lipid envelope enclosing a nucleocapsid comprised 
of capsid and replicon RNA. The lipid envelope is typically 
derived from the plasma membrane of the cell in Which the 
particles are produced. Preferably, the alphavirus replicon 
RNA is surrounded by a nucleocapsid structure comprised of 
the alphavirus capsid protein, and the alphavirus glycopro 
teins are embedded in the cell-derived lipid envelope. These 
replicon particles are propagation-defective (or synony 
mously “replication defective”), Which means that the par 
ticles produced in a given host cell cannot produce progeny 
particles in the host cell, due to the absence of the helper 
function, i.e. the alphavirus structural proteins required for 
packaging the replicon nucleic acid. HoWever, the replicon 
nucleic acid is capable of replicating itself and being 
expressed Within the host cell into Which it has been intro 
duced. Replicon particles of this invention may be referred 
to as VEETC83 replicon particles, and this refers to particles 
comprising either a TC83 replicon RNA or TC83 structural 
proteins, or both a TC83 replicon RNA and TC83 structural 
proteins. 

[0044] Any amino acids Which occur in the amino acid 
sequences referred to in the speci?cation have their usual 
three- and one-letter abbreviations routinely used in the art: 
A, Ala, Alanine; C, Cys, Cysteine; D, Asp, Aspartic Acid; E, 
Glu, Glutamic Acid; F, Phe, Phenylalanine; G, Gly, Glycine; 
H, His, Histidine; I, lie, Isoleucine; K, Lys, Lysine; L, Leu, 
Leucine; M, Met, Methionine; N, Asn, Asparagine; P, Pro, 
Proline; Q, Gln, Glutamine; R, Arg,Arginine; S, Ser, Serine; 
T, Thr, Threonine; V, Val, Valine; W, Try, Tryptophan; Y, Tyr, 
Tyrosine. 

[0045] As used herein, expression directed by a particular 
sequence is the transcription of an associated doWnstream 
sequence, i.e. production of messenger RNA from a DNA 
molecule or production of messenger RNA from an alphavi 
rus subgenomic promoter. If appropriate and desired for the 
particular application, the transcribed mRNA is then trans 
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lated, i.e. protein is synthesized. Thus, in one embodiment of 
this invention, the replicon or helper construct comprises a 
subgenomic promoter Which directs transcription of a mes 
senger RNA encoding the heterologous nucleic acid of 
interest (NOI) or the transcription of an mRNA encoding 
one or more alphavirus structural proteins, respectively. 
These mRNAs are “capped” Within the eukaryotic cell, ie 
a methyl-7-guanosine (5‘)pppN structure is present at the 5‘ 
end of the mRNA (the “cap” or “5“cap”), and this cap is 
recognized by the translation initiation factors that synthe 
siZe protein from the mRNA. Thus, the 26S promoter directs 
transcription, and the “cap” provides the initiation signal for 
translation. 

[0046] In another embodiment, the replicon or helper 
construct comprises a promoter that directs transcription; an 
IRES element; and a coding sequence, and the IRES element 
is operably located such that translation of the coding 
sequence is via a cap-independent mechanism directed by 
the IRES element, either in Whole or in part, described in 
detail in WIPO Publication No. WO 2004/085660. In par 
ticular, control of nucleic acid eXpression at the level of 
translation is accomplished by introducing an internal ribo 
some entry site (IRES) doWnstream of an alphavirus 26S 
subgenomic promoter and upstream of the coding sequence 
to be translated. The IRES element is positioned so that it 
directs translation of the mRNA, thereby minimiZing, lim 
iting or preventing initiation of translation of the mRNA 
from the 5‘ cap. This “IRES-directed,” cap-independent 
translation does not require or result in any signi?cant 
modi?cation of alphavirus non-structural protein genes that 
could alter replication and transcription. In speci?c embodi 
ments, the replicon and/or helper construct can comprise a 
spacer nucleic acid located betWeen the promoter and the 
IRES element. The spacer nucleic acid can comprise or 
consist of any random or speci?c non-coding nucleic acid 
sequence Which is of a length suf?cient to prevent at least 
some, and in some embodiments, all translation from the 5‘ 
cap of a messenger RNA, such that translation is then 
directed by the IRES, in part or in Whole. Alternatively, the 
spacer nucleic acid can be of a length and sequence structure 
that imparts suf?cient secondary structure to the nucleic acid 
to prevent at least some and possibly all translation activity 
from the 5‘ cap of a messenger RNA. 

[0047] Suitable IRES elements include, but are not limited 
to, viral IRES elements from picornaviruses, e.g., poliovirus 
(PV) or the human enterovirus 71, eg strains 7423/MS/87 
and BrCr thereof; from encephalomyocarditis virus 
(EMCV); from foot-and-mouth disease virus (FMDV); from 
?aviviruses, e. g., hepatitis C virus (HCV); from pestiviruses, 
e.g., classical sWine fever virus (CSFV); from retroviruses, 
e.g., murine leukemia virus (MLV); from lentiviruses, e.g., 
simian immunode?ciency virus (SIV); from cellular mRNA 
IRES elements such as those from translation initiation 
factors, e.g., elF4G or DAPS; from transcription factors, 
e.g., c-Myc (Yang and SarnoW, Nucleic Acids Research 25: 
2800-2807 (1997)) or NF-KB-repressing factor (NRF); from 
groWth factors, e.g., vascular endothelial groWth factor 
(VEGF), ?broblast groWth factor (FGF-2) and platelet 
derived groWth factor B (PDGF B); from homeotic genes, 
e.g., Antennapedia; from survival proteins, e.g., X-linked 
inhibitor of apoptosis (XIAP) or Apaf-1; from chaperones, 
e.g., immunoglobulin heavy-chain binding protein BiP 
(Martinez-Salas et al., Journal of General Virology 82: 
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973-984, (2001)), from plant viruses, as Well as any other 
IRES elements noW knoWn or later identi?ed. 

[0048] In speci?c embodiments, the IRES element of this 
invention can be derived from, for eXample, encephalomyo 
carditis virus (EMCV, GenBank accession #NC001479), 
cricket paralysis virus (GenBank accession #AF218039), 
Drosophila C virus (GenBank accession #AF 014388), Plau 
tia stali intestine virus (GenBank accession #AB006531), 
Rhopalosiphum padi virus (GenBank accession # 
AF022937), Himetobi P virus (GenBank accession 
#AB017037), acute bee paralysis virus (GenBank accession 
#AF150629), Black queen cell virus (GenBank accession 
#AF183905), Triatoma virus (GenBank accession 
#AF178440), Acyrthosiphon pisum virus (GenBank acces 
sion #AF024514), infectious ?acherie virus (GenBank 
accession #AB000906), and/or Sacbrood virus (Genbank 
accession # AF092924). In addition, synthetic IRES ele 
ments have been described, Which can be designed, accord 
ing to methods knoW in the art to mimic the function of 
naturally occurring IRES elements (see Chappell, S A et al. 
Proc. Natl. Acad. Sci. USA (2000) 97(4):1536-41. 

[0049] In speci?c embodiments, the IRES element can be 
an insect IRES element or other non-mammalian IRES 
element that is functional in the particular helper cell line 
chosen for packaging of the recombinant alphavirus par 
ticles of this invention, but Would not be functional, or 
Would be minimally functional, in a target host cell for the 
particles (eg a human subject). This is useful for those 
NOIs Which are either toXic to the packaging cell or are 
detrimental to the alphavirus packaging process. 

[0050] The phrases “structural protein” or “alphavirus 
structural protein” as used herein refer to one or more of the 
alphaviral-encoded proteins Which are required for packag 
ing of the RNA replicon, and typically include the capsid 
protein, E1 glycoprotein, and E2 glycoprotein in the mature 
alphavirus (certain alphaviruses, such as Semliki Forest 
Virus, contain an additional protein, E3, in the mature coat). 
The term “alphavirus structural protein(s)” refers to one or 
a combination of the structural proteins encoded by alphavi 
ruses. These are synthesiZed (from the viral genome) as a 
polyprotein and are represented generally in the literature as 
C-E3-E2-6k-E1. E3 and 6k serve as membrane transloca 
tion/transport signals for the tWo glycoproteins, E2 and E1. 
Thus, use of the term E1 herein can refer to E1, E3-E1, 
6k-E1, or E3-6k-E1, and use of the term E2 herein can refer 
to E2, E3-E2, 6k-E2, or E3-6k-E2. 

[0051] As described herein, the nucleic acid sequences 
encoding structural proteins of the alphavirus are distributed 
among one or more helper nucleic acid molecules (e.g., a 
?rst helper RNA (or DNA) and a second helper RNA (or 
DNA)). In addition, one or more structural proteins may be 
located on the same molecule as the replicon nucleic acid, 
provided that at least one structural protein is deleted from 
the replicon RNA such that the replicon and resulting 
alphavirus particle are propagation defective With respect to 
the production of further alphavirus particles. As used 
herein, the terms “deleted” or “deletion” mean either total 
deletion of the speci?ed segment or the deletion of a 
suf?cient portion of the speci?ed segment to render the 
segment inoperative or nonfunctional, in accordance With 
standard usage. See, e.g., US. Pat. No. 4,650,764 to Temin 
et al. Distribution of the helper nucleic acid sequences 
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among multiple nucleic acid molecules minimizes the fre 
quency at Which replication competent virus (RCV) are 
generated through recombination events. In the case of the 
DNA helper constructs that do not employ alphaviral rec 
ognition signals for replication and transcription, the theo 
retical frequency of recombination is loWer than the bipartite 
RNA helper systems that employ such signals. 

[0052] The helper cell, also referred to as a packaging cell, 
used to produce the infectious, propagation defective 
alphavirus particles, must express or be capable of express 
ing alphavirus structural proteins sufficient to package the 
replicon nucleic acid. The structural proteins can be pro 
duced from a set of RNAs, typically tWo, that are introduced 
into the helper cell concomitantly With or prior to introduc 
tion of the replicon vector. The ?rst helper RNA includes 
RNA encoding at least one alphavirus structural protein but 
does not encode all alphavirus structural proteins. The ?rst 
helper RNA may comprise RNA encoding the alphavirus E1 
glycoprotein, but not encoding the alphavirus capsid protein 
and the alphavirus E2 glycoprotein. Alternatively, the ?rst 
helper RNA may comprise RNA encoding the alphavirus E2 
glycoprotein, but not encoding the alphavirus capsid protein 
and the alphavirus E1 glycoprotein. In a further embodi 
ment, the ?rst helper RNA may comprise RNA encoding the 
alphavirus E1 glycoprotein and the alphavirus E2 glycopro 
tein, but not the alphavirus capsid protein. In a fourth 
embodiment, the ?rst helper RNA may comprise RNA 
encoding the alphavirus capsid, but none of the alphavirus 
glycoproteins. In a ?fth embodiment, the ?rst helper RNA 
may comprise RNA encoding the capsid and one of the 
glycoproteins, i.e. either E1 or E2, but not both. 

[0053] In preferred embodiments employing tWo helper 
RNAs, in combination With any one of these ?rst helper 
RNAs, the second helper RNA encodes the one or more 
alphavirus structural proteins not encoded by the ?rst helper 
RNA. For example, Where the ?rst helper RNA encodes only 
the alphavirus E1 glycoprotein, the second helper RNA 
encodes both the alphavirus capsid protein and the alphavi 
rus E2 glycoprotein. Where the ?rst helper RNA encodes 
only the alphavirus capsid protein, the second helper RNA 
encodes both the alphavirus glycoproteins. Where the ?rst 
helper RNA encodes only the alphavirus E2 glycoprotein, 
the second helper RNA encodes both the alphavirus capsid 
protein and the alphavirus E1 glycoprotein. Where the ?rst 
helper RNA encodes both the capsid and alphavirus E1 
glycoprotein, the second helper RNA may include RNA 
encoding one or both of the alphavirus capsid protein and the 
alphavirus E2 glycoprotein. 

[0054] In all of the helper nucleic acids, it is understood 
that these molecules further comprise sequences necessary 
for expression (encompassing translation and Where appro 
priate, transcription or replication signals) of the encoded 
structural protein sequences in the helper cells. Such 
sequences can include, for example, promoters (either viral, 
prokaryotic or eukaryotic, inducible or constitutive), IRE 
Ses, and 5‘ and 3‘ viral replicase recognition sequences. In 
the case of the helper nucleic acids expressing one or more 
glycoproteins, it is understood from the art that these 
sequences are advantageously expressed With a leader or 
signal sequence at the N-terminus of the structural protein 
coding region in the nucleic acid constructs. The leader or 
signal sequence can be derived from the alphavirus, for 
example E3 or 6k, or it can be a heterologous sequence such 
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as a tissue plasminogen activator signal peptide or a syn 
thetic sequence. Thus, as an example, a ?rst helper nucleic 
acid may be an RNA molecule encoding capsid-E3-E1, and 
the second helper nucleic acid may be an RNA molecule 
encoding capsid-E3-E2. Alternatively, the ?rst helper RNA 
can encode capsid alone, and the second helper RNA can 
encode E3-E2-6k-E1. Additionally, the packaging signal(s) 
or “encapsidation sequence(s)” that are present in the viral 
genome are not present in all of the helper nucleic acids. 
Preferably, any such packaging signal(s) are deleted from all 
of the helper nucleic acids. 

Production of Alphavirus Particles 

[0055] Alphavirus replicon particles of this invention are 
produced by introducing helper constructs and replicon 
nucleic acids into a helper cell so that the helper and replicon 
molecules function to produce alphavirus replicon particles. 
In embodiments utiliZing RNA helpers, the helpers can be 
introduced into the cells in a number of Ways. The RNAs can 
be introduced as RNA or DNA molecules that can be 
expressed in the helper cell Without integrating into the cell 
genome. Methods of introduction include electroporation, 
viral vectors (e.g. SV40, adenovirus, nodavirus, astrovirus), 
and lipid-mediated transfection. Alternatively, they can be 
expressed from one or more expression cassettes that have 
been stably transformed into the cells, thereby establishing 
packaging cell lines (see, for example, US. Pat. No. 6,242, 
259). 
[0056] In other embodiments, the helper is a single DNA 
molecule Which encodes all the polypeptides necessary for 
packaging the viral replicon RNA into infective alphavirus 
replicon particles. The single DNA helper can be introduced 
into the packaging cell by any means knoWn to the art, 
including by electroporation, typically With an increase in 
voltage as compared to that required for the uptake of RNA, 
but a voltage not suf?ciently high to destroy the ability of the 
packaging cells to produce infectious alphavirus replicon 
particles. The DNA helper can be introduced prior to, 
concomitantly, With, or after introduction/expression of the 
alphavirus RNA vector replicon. Alternatively, the helper 
function, in this format and under an inducible promoter, can 
be incorporated into the packaging cell genome prior to the 
introduction/expression of the alphavirus RNA vector rep 
licon, and then induced With the appropriate stimulus just 
prior to, concomitant With, or after the introduction of the 
alphavirus RNA vector replicon. 

[0057] Recombinant DNA molecules that express the 
alphavirus structural proteins can also be generated from a 
single helper that resolves itself into tWo separate molecules 
in vivo. Thus, the advantage of using a single helper in terms 
of ease of manufacturing and ef?ciency of production is 
preserved, While the advantages of a bipartite helper system 
are captured in the absence of employing a bipartite expres 
sion system. A DNA helper construct can be used, While in 
a second set an RNA helper vector is used. Such systems are 
described in detail in Smith et al. “Alphavirus Replicon 
Vector Systems”, US. Patent Publication 2003-0119182A1, 
incorporated herein by reference. 

[0058] For the DNA helper constructs, a promoter for 
directing transcription of RNA from DNA, i.e. a DNA 
dependent RNA polymerase, is employed. In the present 
context, a promoter is a sequence of nucleotides recogniZed 
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by a polymerase and suf?cient to cause transcription of an 
associated (downstream) sequence. In some embodiments of 
the claimed invention, the promoter is constitutive (see 
below). Alternatively, the promoter may be regulated, i.e., 
not constitutively acting to cause transcription of the asso 
ciated sequence. If inducible, there are sequences present 
Which mediate regulation of expression so that the associ 
ated sequence is transcribed only When an inducer 
molecule is present in the medium in or on Which the cells 
are cultivated, or (ii) conditions to Which the cells are 
exposed are changed to be inducing conditions. In the 
present context, a transcription regulatory sequence includes 
a promoter sequence and can further include cis-active 
sequences for regulated expression of an associated 
sequence in response to environmental signals. 

[0059] In the RNA helper embodiments, the promoter is 
utiliZed to synthesiZe RNA in an in vitro transcription 
reaction, and speci?c promoters suitable for this use include 
the SP6, T7, and T3 RNA polymerase promoters. In the 
DNA helper embodiments, the promoter functions Within a 
cell to direct transcription of RNA. Potential promoters for 
in vivo transcription of the construct include eukaryotic 
promoters such as RNA polymerase II promoters, RNA 
polymerase III promoters, or viral promoters such as MMTV 
and MOSV LTR, SV40 early region, RSV or CMV. Many 
other suitable mammalian and viral promoters for the 
present invention are available in the art. Alternatively, DNA 
dependent RNA polymerase promoters from bacteria or 
bacteriophage, e.g. SP6, T7, and T3, may be employed for 
use in vivo, With the matching RNA polymerase being 
provided to the cell, either via a separate plasmid, RNA 
vector, or viral vector. In a speci?c embodiment, the match 
ing RNA polymerase can be stably transformed into a helper 
cell line under the control of an inducible promoter. 

[0060] DNA constructs that function Within a cell can 
function as autonomous plasmids transfected into the cell or 
they can be stably transformed into the genome. In these 
embodiments, the promoter may be a constitutive promoter, 
i.e. a promoter Which, When introduced into a cell and 
operably linked to a doWnstream sequence, directs transcrip 
tion of the doWnstream sequence upon introduction into the 
cell, Without the need for the addition of inducer molecules 
or a change to inducing conditions. Alternatively, the pro 
moter may be inducible, so that the cell Will only produce the 
functional messenger RNA encoded by the construct When 
the cell is exposed to the appropriate stimulus (inducer). 
When using an inducible promoter, the helper constructs are 
introduced into the packaging cell concomitantly With, prior 
to, or after exposure to the inducer, and expression of the 
alphavirus structural proteins occurs When both the con 
structs and the inducer are present. Alternatively, constructs 
designed to function Within a cell can be introduced into the 
cell via a viral vector, e.g. adenovirus, poxvirus, adeno 
associated virus, SV40, retrovirus, nodavirus, picornavirus, 
vesicular stomatitis virus, and baculoviruses With mamma 
lian pol II promoters. 

[0061] Once an RNA transcript (mRNA) encoding the 
helper or alphavirus RNA replicon vectors of this invention 
is present in the helper cell (either via in vitro or in vivo 
approaches, as described above), it is eventually translated 
to produce the encoded polypeptides or proteins. In certain 
embodiments, the alphavirus RNA vector replicon is tran 
scribed in vitro from a DNA plasmid and then introduced 
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into the helper cell by electroporation. In other embodi 
ments, the RNA vector replicon of this invention is tran 
scribed in vivo from a DNA vector plasmid that is trans 
fected into the helper cell (e.g. see US. Pat. No. 5,814,482), 
or it is delivered to the helper cell via a virus or virus-like 
particle. 
[0062] In the embodiments of this invention, one or more 
of the nucleic acids encoding the alphavirus RNA replicon 
or helpers is comprised of sequences derived from the 
VEETC83 genome, Which contains mutations that contrib 
ute to the attenuated nature of the TC83 vaccine strain, as 
described hereinabove. In addition, one or more of the 
nucleic acids encoding the alphavirus structural proteins, 
i.e., the capsid, E1 glycoprotein and E2 glycoprotein, or the 
replicon construct, may contain one or more additional 
attenuating mutations. 

Methods for ImmuniZing Subjects 
[0063] As used herein, “eliciting an immune response” 
and “immunizing a subject” includes the development, in a 
subject, of a humoral and/or a cellular immune response to 
a protein and/or polypeptide produced by the particles 
and/or compositions of this invention (e.g. an immunogen, 
an antigen, an immunogenic peptide, and/or one or more 
epitopes). A “humoral” immune response, as this term is 
Well knoWn in the art, refers to an immune response com 
prising antibodies, While a “cellular” immune response, as 
this term is Well knoWn in the art, refers to an immune 
response comprising T-lymphocytes and other White blood 
cells, especially the immunogen-speci?c response by HLA 
restricted cytolytic T-cells, i.e., “CTLs.” A cellular immune 
response occurs When the processed immunogens, i.e., pep 
tide fragments, are displayed in conjunction With the major 
histocompatibility complex (MHC) HLAproteins, Which are 
of tWo general types, class I and class II. Class I HLA 
restricted CTLs generally bind 9-mer peptides and present 
those peptides on the cell surface. These peptide fragments 
in the context of the HLA Class I molecule are recogniZed 
by speci?c T-Cell Receptor (TCR) proteins on T-lympho 
cytes, resulting in the activation of the T-cell. The activation 
can result in a number of functional outcomes including, but 
not limited to, expansion of the speci?c T-cell subset result 
ing in destruction of the cell bearing the HLA-peptide 
complex directly through cytotoxic or apoptotic events or 
the activation of non-destructive mechanisms, e.g., the pro 
duction of interferon/cytokines. Presentation of immuno 
gens via Class I MHC proteins typically stimulates a CD8+ 
CTL response. 

[0064] Another aspect of the cellular immune response 
involves the HLA Class II-restricted T-cell responses, 
involving the activation of helper T-cells, Which stimulate 
and focus the activity of nonspeci?c effector cells against 
cells displaying the peptide fragments in association With the 
MHC molecules on their surface. At least tWo types of 
helper cells are recogniZed: T-helper 1 cells (Th1), Which 
secrete the cytokines interleukin 2 (IL-2) and interferon 
gamma and T-helper 2 cells (Th2), Which secrete the cytok 
ines interleukin 4 (IL-4), interleukin 5 (IL-5), interleukin 6 
(IL-6) and interleukin 10 (IL-10). Presentation of immuno 
gens via Class II MHC proteins typically elicits a CD4+ CTL 
response as Well as stimulation of B lymphocytes, Which 
leads to an antibody response. 

[0065] An “immunogenic polypeptide, immunogenic 
peptide,” or “immunogen” as used herein includes any 
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peptide, protein or polypeptide that elicits an immune 
response in a subject and in certain embodiments, the 
immunogenic polypeptide is suitable for providing some 
degree of protection to a subject against a disease. These 
terms can be used interchangeably With the term “antigen.” 

[0066] In certain embodiments, the immunogen of this 
invention can comprise, consist essentially of or consist of 
one or more “epitopes.” An “epitope” is a set of amino acid 
residues Which is involved in recognition by a particular 
immunoglobulin. In the context of T cells, an epitope is 
de?ned as the amino acid residues necessary for recognition 
by T cell receptor proteins and/or MHC receptors. In an 
immune system setting, in vivo or in vitro, an epitope refers 
to the collective features of a molecule, such as primary, 
secondary and/or tertiary peptide structure, and/or charge, 
that together form a site recogniZed by an immunoglobulin, 
T cell receptor and/or HLA molecule. In the case of a B-cell 
(antibody) epitope, it is typically a minimum of 3-4 amino 
acids, preferably at least 5, ranging up to approximately 50 
amino acids. Preferably, the humoral response-inducing 
epitopes are betWeen 5 and 30 amino acids, usually betWeen 
12 and 25 amino acids, and most commonly betWeen 15 and 
20 amino acids. In the case of a T-cell epitope, an epitope 
includes at least about 7-9 amino acids, and for a helper 
T-cell epitope, at least about 12-20 amino acids. Typically, 
such a T-cell epitope Will include betWeen about 7 and 15 
amino acids, e.g., 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino 
acids. 

[0067] The alphavirus particles of this invention are 
employed to express a nucleic acid encoding an immuno 
genic polypeptide in a subject (e.g., for vaccination) or for 
immunotherapy (e.g., to treat a subject With cancer or 
tumors). Thus, in the case of vaccines, the present invention 
thereby provides methods of eliciting an immune response 
in a subject, comprising administering to the subject an 
immunogenic amount of a population of alphavirus par 
ticles. 

[0068] An “immunogenic amount” is an amount of the 
infectious alphavirus particles Which is suf?cient to evoke an 
immune response in the subject to Which the pharmaceutical 
formulation comprising the alphavirus particles is adminis 
tered. An amount of from about 104 to about 109, especially 
106 to 108, infectious units, per dose is believed suitable, 
depending upon the age and species of the subject being 
treated. Exemplary pharmaceutically acceptable carriers 
include, but are not limited to, sterile pyrogen-free Water and 
sterile pyrogen-free physiological saline solution. 

[0069] A “subject” of this invention includes, but is not 
limited to, Warm-blooded animals, e.g., humans, non-human 
primates, horses, coWs, cats, dogs, pigs, rats, and mice. 
Administration of the various compositions of this invention 
(e.g., nucleic acids, particles, populations, pharmaceutical 
compositions) can be accomplished by any of several dif 
ferent routes. In speci?c embodiments, the compositions can 
be administered intramuscularly, subcutaneously, intraperi 
toneally, intradermally, intranasally, intracranially, sublin 
gually, intravaginally, intrarectally, orally, or topically. The 
compositions herein may be administered via a skin scari 
?cation method, or transdermally via a patch or liquid. The 
compositions may be delivered subdermally in the form of 
a biodegradable material Which releases the compositions 
over a period of time. 
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[0070] The compositions of this invention can be used 
prophylactically to prevent disease or therapeutically to treat 
disease. Diseases that can be treated include infectious 
disease caused by viruses, bacteria, fungi or parasites, and 
cancer. Chronic diseases involving the expression of aber 
rant or abnormal proteins or the over-expression of normal 
proteins, can also be treated, e.g., AlZheimer’s, disease 
multiple sclerosis, stroke, etc. 

[0071] The compositions of this invention can be opti 
miZed and combined With other vaccination regimens to 
provide the broadest (i.e., all aspects of the immune 
response, including those features described hereinabove) 
cellular and humoral responses possible. In certain embodi 
ments, this can include the use of heterologous prime-boost 
strategies, in Which the compositions of this invention are 
used in combination With a composition comprising a dif 
ferent modality for vaccination, such as one or more of the 
folloWing: immunogens derived from a pathogen or tumor, 
recombinant immunogens, naked nucleic acids, nucleic 
acids formulated With lipid-containing moieties, non-al 
phavirus vectors (including but not limited to pox vectors, 
adenoviral vectors, herpes vectors, vesicular stomatitis virus 
vectors, paramyxoviral vectors, parvovirus vectors, 
papovavirus vectors, retroviral vectors), and other alphavi 
rus vectors. The viral vectors can be virus-like particles or 
nucleic acids. The alphavirus vectors can be replicon-con 
taining particles, DNA-based replicon-containing vectors 
(sometimes referred to as an “ELVIS” system, see, for 
example, U.S. Pat. No. 5,814,482) or naked RNAvectors. In 
speci?c embodiments, VRPs can be used as a priming 
inoculation, folloWed by one or more boosting inoculations 
using one of the above-listed compositions. Alternatively, 
VRPs can be used in one or more boosting inoculations 
folloWing a priming inoculation With one of the above-listed 
compositions. 

[0072] The compositions of the present invention can also 
be employed to produce an immune response against 
chronic or latent infectious agents, Which typically persist 
because they fail to elicit a strong immune response in the 
subject. Illustrative latent or chronic infectious agents 
include, but are not limited to, hepatitis B, hepatitis C, 
Epstein-Barr Virus, herpes viruses, human immunode? 
ciency virus, and human papilloma viruses. Alphavirus 
replicon particles of this invention encoding peptides and/or 
proteins from these infectious agents can be administered to 
a cell or a subject according to the methods described herein. 

[0073] Alternatively, the immunogenic protein or peptide 
can be any tumor or cancer cell antigen. Preferably, the 
tumor or cancer antigen is expressed on the surface of the 
cancer cell. Exemplary cancer antigens for speci?c breast 
cancers are the HER2 and BRCA1 antigens. Other illustra 
tive cancer and tumor cell antigens are described in S. A. 
Rosenberg, (1999) Immunity 10:281) and include, but are 
not limited to, MART-1/MelanA, gp100, tyrosinase, TRP-1, 
TRP-2, MAGE-1, MAGE-3, GAGE-1/2, BAGE, RAGE, 
NY-ESO-l, CDK-4, [3-catenin, MUM-1, Caspase-8, 
KIAA0205, HPVE&, SART-1, PRAME, p15 and p53 anti 
gens, Wilms’ tumor antigen, tyrosinase, carcinoembryonic 
antigen (CEA), prostate speci?c antigen (PSA), prostate 
speci?c membrane antigen (PSMA), prostate stem cell anti 
gen (PSCA), human aspartyl (asparaginyl) [3-hydroxylase 
(HAAH), and EphA2 (an epithelial cell tyrosine kinase, see 
International Patent Publication No. WO 01/12172). 
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[0074] The immunogenic polypeptide or peptide of this 
invention can also be a “universal” or “arti?cial” cancer or 

tumor cell antigen as described in international patent pub 
lication WO 99/51263, Which is incorporated herein by 
reference in its entirety for the teachings of such antigens. 

[0075] In various embodiments, the heterologous nucleic 
acid of this invention can encode an antisense nucleic acid 
sequence. An “antisense” nucleic acid is a nucleic acid 
molecule (i.e., DNA or RNA) that is complementary (i.e., 
able to hybridiZe in vivo or under stringent in vitro condi 
tions) to all or a portion of a nucleic acid (e.g., a gene, a 
cDNA and/or mRNA) that encodes or is involved in the 
expression of nucleic acid that encodes a polypeptide to be 
targeted for inhibited or reduced production by the action of 
the antisense nucleic acid. Where the antisense nucleic acid 
is complementary to a portion of the nucleic acid encoding 
the polypeptide to be targeted, the antisense nucleic acid 
should hybridiZe close enough to the 5‘ end of the nucleic 
acid encoding the polypeptide such that it inhibits translation 
of a functional polypeptide. Typically, this means that the 
antisense nucleic acid should be complementary to a 
sequence that is Within the 5‘ half or third of the nucleic acid 
to Which it hybridiZes. 

[0076] An antisense nucleic acid of this invention can also 
encode a catalytic RNA (i.e., a riboZyme) that inhibits 
expression of a target nucleic acid in a cell by hydrolyZing 
an mRNA encoding the targeted gene product. Additionally, 
hammerhead RNA can be used as an antisense nucleic acid 
to prevent intron splicing. An antisense nucleic acid of this 
invention can be produced and tested according to protocols 
routine in the art for antisense technology. 

[0077] Standard techniques for cloning, DNA isolation, 
ampli?cation and puri?cation, for enZymatic reactions 
involving DNA ligase, DNA polymerase, restriction endo 
nucleases and the like, and various separation techniques are 
those knoWn and commonly employed by those skilled in 
the art. A number of standard techniques are described in 
Sambrook et al. (1989) Molecular Cloning, Second Edition, 
Cold Spring Harbor Laboratory, Plainview, NY; Maniatis et 
al. (1982) Molecular Cloning, Cold Spring Harbor Labora 
tory, Plainview, NY; Wu (ed.) (1993) Meth. Enzymol. 218, 
Part I; Wu (ed.) (1979) Meth. Enzymol. 68; Wu et al. (eds.) 
(1983) Meth. Enzymol. 100 and 101; Grossman and Mold 
ave (eds.) Meth. Enzymol. 65; Miller (ed.) (1972) Experi 
ments in Molecular Genetics, Cold Spring Harbor Labora 
tory, Cold Spring Harbor, NY; Old and Primrose (1981) 
Principles of Gene Manipulation, University of California 
Press, Berkeley; Schleif and Wensink (1982) Practical 
Methods in Molecular Biology; Glover (ed.) (1985) DNA 
Cloning Vol. I and II, IRL Press, Oxford, UK; Hames and 
Higgins (eds.) (1985) Nucleic Acid Hybridization, IRL 
Press, Oxford, UK; SetloW and Hollaender (1979) Genetic 
Engineering: Principles and Methods, Vols. 1-4, Plenum 
Press, NeW York; and Ausubel et al. (1992) Current Proto 
cols in Molecular Biology, Greene/Wiley, NeW York, NY, 
and in other sources referenced herein. Abbreviations and 
nomenclature, Where employed, are deemed standard in the 
?eld and commonly used in professional journals such as 
those cited herein. 

[0078] All references cited in the present application are 
incorporated by reference herein to the extent that there is no 
inconsistency With the present disclosure. 
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[0079] When a Markush group or other grouping is used 
herein, all individual members of the group and all combi 
nations and subcombinations possible of the group are 
intended to be individually included in the disclosure. 
Whenever a range is given in the speci?cation, for example, 
a temperature range, a time range, or a composition range, 
all intermediate ranges and subranges, as Well as all indi 
vidual values included in the ranges given are intended to be 
included in the disclosure. 

[0080] As used herein, “comprising” is synonymous With 
“including,”“containing,” or “characterized by,” and is 
inclusive or open-ended and does not exclude additional, 
unrecited elements or method steps. As used herein, “con 
sisting of” excludes any element, step, or ingredient not 
speci?ed in the claim element. As used herein, “consisting 
essentially of” does not exclude materials or steps that do not 
materially affect the basic and novel characteristics of the 
claim. Any recitation herein of the term “comprising”, 
particularly in a description of components of a composition 
or in a description of elements of a device in the speci?ca 
tion or claims, can be exchanged With “consisting essentially 
of” or “consisting of”. 

[0081] One of ordinary skill in the art Will appreciate that 
methods, techniques, procedures, e.g., collection and/or 
puri?cation techniques or procedures, starting materials, 
culture media, and reagents other than those speci?cally 
exempli?ed can be employed in the practice of the invention 
Without resort to undue experimentation. All art-knoWn 
functional equivalents, of any such methods, techniques, 
procedures, starting materials, culture media, and reagents 
are intended to be included in this invention. 

[0082] Although the description herein contains many 
speci?c recitations and examples, these should not be con 
strued as limiting the scope of the invention, but as merely 
providing illustrations of some of the embodiments of the 
invention. All references cited herein are hereby incorpo 
rated by reference to the extent that there is no inconsistency 
With the disclosure of this speci?cation. Some references 
provided herein are incorporated by reference herein to 
provide details concerning additional starting materials, 
additional methods of synthesis, additional methods of 
analysis and additional uses of the invention. 

[0083] The folloWing examples are provided for illustra 
tive purposes, and are not intended to limit the scope of the 
invention as claimed herein. Any variations in the exempli 
?ed articles Which occur to the skilled artisan are intended 
to fall Within the scope of the present invention. 

EXAMPLES 

Example 1 

Production of TC-83 Replicons 

[0084] A replicon plasmid based on the TC-83 strain of 
VEE Was produced from a TC-83 infectious cDNA clone, 
pVE/IC-92, obtained from the Centers for Disease Control 
and Prevention. The sequence of this clone Was published by 
Kinney et al. (1993) J. Virol. 6711269. The pVE/IC-92 
sequence differs from the TC-83 virus genomic sequence by 
the presence of an Ala-Val mutation at E1-119 (a cloning 
artifact introduced by Kinney) and three silent mutations in 
nsp1 (at 1613A—>G; at 1616CQA; at 1619T—>C) purposely 
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introduced to distinguish the clone-derived virus from the 
genomic sequence. The present inventors have identi?ed an 
additional silent mutation at E1 position in the pVE/IC-92 
clone. By “silent” is meant that the change in the nucleic 
acid sequence does not cause a change in the amino acid that 
is encoded by that nucleic acid sequence. 

[0085] The TC-83 replicon vector (“pVEK”) Was pro 
duced by ?rst transferring an expressible sequence encoding 
kanamycin resistance (“KN(R)”) into the TC-83 full-length 
clone to create pVEK/IC-92. A multiple cloning site Was 
inserted in place of the TC-83 structural protein genes by 
digesting an existing VEE replicon (such as the pERK 
plasmid, see US. Patent Publication No. 2002-141975, 
Example 2), Which has the VEE 26S promoter and 3‘ UTR 
(untranslated region), With ApaI and NotI restriction 
enZymes and ligating that fragment into the same sites of 
pVEK/IC-92. The resulting plasmid is replicated in bacteria 
using the COLE1 origin of replication (ORI) and contains 
the TC-83 5 ‘ and 3‘UTR’s, TC 83 nonstructural protein (nsP) 
sequences, a VEE 26S promoter, and a multiple cloning site, 
all placed doWnstream of a T7 polymerase promoter for in 
vitro RNA transcription. 

[0086] Alternatively, the structural proteins of the TC-83 
clone Were replaced With a chimeric heterologous gene, e.g. 
either the HIV gag (GAG) gene, the gene encoding the green 
?uorescent protein (GFP), or an alphavirus (VEE, EEE or 
WEE) glycoprotein polyprotein sequence. 

[0087] A second TC-83 based replicon Was produced in 
Which the VEE 26S promoter drives transcription of the 
heterologous gene, While an internal ribosome entry site 
(IRES) Was inserted doWnstream of the promoter is used to 
direct translation from the subgenomic RNA (herein referred 
to as an “IRES replicon” and speci?cally 
“VEETC83IRES”). This replicon Was generated from 
pERK-342EnGGAG (herein also referred to as 
“VEE3000IRES”), Which is a Wild-type VEE-based replicon 
that contains a 342 bp sequence (SEQ ID NO:1) (an Alul 
fragment from the digestion of pCDNA3.1 DNA; Invitro 
gen, Inc; Carlsbad, Calif.) inserted at the EcoRV restriction 
enZyme site of pERK betWeen the subgenomic promoter and 
EMCV IRES, as an ApaI-SphI fragment into pVEK-IC92. 
The 342 bp sequence is inserted to insure that the IRES is the 
control element for translation, and has the folloWing 
sequence: 

CTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAA 

AAAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATC 

GTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTT 

GGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGC 

TCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTT 

TGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAG 

CGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAG 

[0088] The cloning Was done in tWo steps due to the 
presence of an ApaI restriction enZyme site in the EMCV 
IRES. 

[0089] Replicon plasmids Were produced by transforming 
E. coli With the plasmid and then isolating the DNA plasmid 
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using a Marligen Biosciences (Ij amsville, Md.) High Purity 
Plasmid Puri?cation System, Which uses a proprietary ion 
exchange resin to yield highly puri?ed plasmid DNA. Alter 
natively, another DNA puri?cation procedure that results in 
DNA Which is free of RNA, protein or endotoxin is accept 
able. 

[0090] Aliquots of the puri?ed replicon plasmid Were 
transcribed in vitro from NotI lineariZed plasmid DNA using 
T7 polymerase. Typically, the T7 RiboMAX Express System 
(Promega, Madison, Wis.), Which contains a mixture of T7 
RNA polymerase, Recombinant RNasin® RNase Inhibitor 
and yeast inorganic pyrophosphatase that alloWs for large 
scale RNA production, Was used. The resulting RNA Was 
then puri?ed using the RNeasy Midi kit (Qiagen, Valencia, 
Calif.), Which utiliZes a silica-gel-based membrane to bind 
RNA and purify it aWay from contaminating protein. Alter 
natively, another RNA puri?cation scheme Which results in 
puri?ed RNA in Water that is free of RNases is acceptable. 

Example 2 

Production of TC-83 Helpers 

[0091] A. DNA Helper 

[0092] A TC-83 DNA helper Was constructed from 
pCDNA-VSp, Which is described in US. Patent Publication 
No. 2003-0119182, Example 5. pCDNA-VSp is a DNA 
helper in Which the VEE3014 VEE structural proteins are 
expressed directly from a CMV promoter. The glycoprotein 
gene sequence containing the TC-83 mutations Was digested 
from pVE/IC-92 using SpeI and ScaI restriction enZymes, 
and ligated into pCDNA-Vsp Which has been digested With 
the same enZymes. The introduced mutation at E1-119, 
Which Was noted but uncorrected by Kinney et al. (1993) J. 
Virol. supra as an artifact of the cDNA cloning to produce 
VE/IC-92, Was repaired using the quick change site-directed 
mutagenesis kit (Stratagene, LaJolla, Calif.) and primers 
TC83E1119F (GCCTTGCGGATCATGCTGMG 
CATATAAAGCGC) (SEQ ID N012) and TC83E1119R 
(GCGCTTTATATGCTTCAGCATGATCCGCAAGGC) 
(SEQ ID NO:3) to generate pCDNA-TC83r. 

[0093] E. coli cultures transformed With the DNA helper 
plasmids Were sent to Puresyn, Inc. (Malvern, Pa.) Where 
they Were groWn up and the resulting DNA Was puri?ed 
using their PolyFlo® technology, resulting in a DNA prepa 
ration that Was at least 5 mg/ml and free of detectable RNA, 
ssDNA, linear plasmid or chromosomal DNA. 

[0094] B. RNA Helpers 

[0095] The VEE strain TC-83 (“VEETC83”) does not 
contain any amino acid mutations in the capsid structural 
protein, so a TC-83 capsid helper can be constructed from 
any VEE strain, eg as described in Pushko et al. 1997 and 
in US. Pat. Nos. 5,792,462; 6,156,558; 5,811,407; and 
6,008,035. The TC83 glycoprotein helpers Were constructed 
from pCDNA-TC83r, (described above) by digesting With 
SpeI and NdeI and cloning into a VEE glycoprotein helper 
RNA (described in the above references and in US. Patent 
Publication No. 2002-0141975, Example 4, incorporated 
herein by reference) that has been digested With the same 
enZymes to remove the 3014 glycoprotein sequence, leaving 
the 5‘ and 3‘ sequences. In certain embodiments, an addi 
tional mutation at E1 81 (from Phe to Ile) Was engineered 
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into the TC-83 glycoprotein helper by site-directed 
mutagenesis, referred to herein as “GP-E1811”. 

[0096] Each helper plasmid Was in vitro transcribed from 
Not I linearized plasmid DNA using T7 polymerase, exactly 
as described for the replicon plasmids above. 

Example 3 

Packaging of TC-83 Replicon With Various Helpers 

[0097] VEETC83 replicon particles (VRPs) Were pro 
duced by co-electroporation of a TC83 replicon RNA 
(expressing the HIV GAG gene), and one or more helper 
nucleic acids (see Table 1) into Vero cells. FolloWing elec 
troporation, the cells Were seeded into 2 T300 ?asks con 
taining OptiPRO® (Gibco, Carlsbad, Calif.) and incubated 
for approximately 18 hours. The media Was removed from 
each ?ask, and 10 ml of a 0.5 M salt Wash solution in 10 mM 
sodium phosphate buffer Was added to each ?ask and 
incubated for approximately 5 minutes at room temperature 
before collection and ?ltration. VRP Were titered by incu 
bating serial dilutions of the salt Wash and/or the collected 
medium on Vero cells in 96 Well plates overnight at 37° C. 
and 5% CO2. GAG VRP infected cells Were detected using 
an anti-GAG indirect immuno?uorescence assay on Vero 
cells ?xed With MeOH, and titers Were determined by 
counting GAG positive cells at a speci?c dilution. Similarly, 
GFP-VRP titers Were determined by counting the number of 
GFP positive cells at a speci?c dilution under a UV micro 
scope. The results are shoWn in Table 1. 

TABLE 1 

Total 
VRP 

Inserted Yield 
Electroporation RNA (Salt 

Helper(s) Replicon Conditions encoding: Wash) 

VEE3014 VEE3000 4 pulses at GAG 3.11610 
tWo RNA 580 V; 25 ,uF 
helpers 
(c, GP) 
VEE3014 VEE3000 4 pulses at GFP 2.13610 
tWo RNA 580 V; 25 ,uF 
helpers 
(c, GP) 
VEE3014 VEETC83 4 pulses at GAG 2.94610 
tWo RNA 580 V; 25 ,uF. 
helpers 
(c, GP) 
VEE3014 VEETC83 4 pulses at GFP 1.41610 
tWo RNA 580 V; 25 ,uF. 
helpers (C, GP) 
pCDNA-TC83r VEE3000 1 pulse at GAG 1.269 

250 v; 950 ,uF 
pCDNA-TC83r VEETC83 1 pulse at GAG 9.668 

250 v; 950 ,uF 
VEETC83 VEE3000 4 pulses at GAG 5.98610 
tWo RNA 580 V; 25 ,uF. 
helpers (C, GP) 
VEETC83 VEETC83 4 pulses at GAG 1.15611 
tWo RNA 580 V; 25 ,uF. 
helpers (C, GP) 
VEETC83 VEE3000IRES** 4 pulses at GAG 2.85610 
tWo RNA 580 V; 25 ,uF. 
helpers (C, GP) 
VEE TC-83 VEETC83IRES** 4 pulses at GAG 3.43610 
tWo RNA 580 V; 25 ,uF. 
helpers (C, GP) 
VEE TC-S3 VEETCS3IRESW 4 pulses at GAG 1.6610 
tWo RNA 580 V; 25 ,uF. 
helpers (C, GP) 
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TABLE 1-continued 

Total 
VRP 

Inserted Yield 
Electroporation RNA (Salt 

Helper(s) Replicon Conditions encoding: Wash) 

VEE TC-83 VEETC83IRES** 4 pulses at GAG 2.469 
tWo RNA 580 V; 25 ,uF. 
helpers 
(c, GP-E181I) 

**IRES = contains replicon in Which translation of heterologous gene is 
under the control of an IRES 

Example 4 

[0098] A. Packaging of VEETC83 Replicons Expressing 
Various Heterologous Alphavirus Glycoprotein Genes With 
TC-83 Structural Proteins 

[0099] Replicons expressing various heterologous nucleic 
acids Were packaged using a single TC-83 DNA helper 
expressing the entire alphavirus structural polyprotein from 
the TC-83 strain. In this example, the heterologous genes 
Were glycoprotein cassettes from other alphaviruses. Also 
included Were TC-83 replicons expressing VEE glycopro 
teins from either the TC-83 or 3014 strain. In each of these 
constructs, the glycoprotein-encoding heterologous nucleic 
acid comprises the E3-E2-6k-E1 polyprotein from the 
respective virus. The glycoprotein cassettes are identi?ed as 
folloWs: “WEE CBA87”, from Western equine encephalitis 
virus strain Cba 87 and “EEE4002” from Eastern equine 
encephalitis virus strain Florida 91. 

[0100] For the WEE cassette, the nucleotide sequence of 
the WEE virus glycoprotein genes (strain Cba 87) Was 
cloned into the TC-83 replicon, starting from the amino 
terminal serine codon of E3 through to the carboxy terminal 
arginine codon of E1 (SEQ ID NO:4), as folloWs: 

TCACTAGTTACAGCGCTGTGCGTGCTTTCGAATGTCACATTCCTTGCGAC 

AAACCACCCGTGTGCTATTCACTGGCGCCAGAACGAACACTCGACGTGCT 

CGAGGAGAACGTCGACAATCCAAATTACGACACGCTGCTGGAGAACGTCT 

TGAAATGTCCATCACGCCGGCCCAAACGAAGCATTACCGATGACTTCACG 

CTGACCAGTCCCTACCTGGGGTTCTGCCCGTATTGCAGACACTCAGCGCC 

ATGTTTTAGCCCAATAAAAATTGAGAACGTGTGGGACGAATCTGATGATG 

GGTCGATTAGAATCCAGGTCTCGGCACAATTCGGCTACAATCAGGCAGGC 

ACTGCAGACGTCACCAAGTTCCGGTACATGTCTTACGACCACGACCATGA 

CATCAAGGAAGACAGTATGGAGAAATTAGCTATTAGTACATCCGGACCAT 

GCCGTCGTCTTGGCCACAAAGGGTACTTCCTGTTAGCTCAATGTCCTCCA 

GGTGACAGTGTAACCGTCAGTATCACGAGCGGAGCATCTGAGAATTCATG 

CACCGTGGAGAAAAAGATCAGGAGGAAGTTTGTCGGTAGAGAGGAGTACT 

TGTTCCCACCTGTCCATGGAAAGCTGGTAAAGTGCCACGTTTACGATCAC 

TTGAAGGAGACGTCTGCCGGATATATAACTATGCACAGGCCAGGCCCACA 

CGCGTATAAGTCCTACCTGGAGGAAGCGTCAGGCGAAGTGTACATTAAAC 
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-continued 

GTCCCAATACTCCTGGCGTTACTTTGCTGCATTAAGCCGACGAGGGCAGA 

CGACACCTTGCAAGTGCTGAATTATCTGTGGAACAACAATGAAAACTTTT 

TCTGGATGCAGACGCTTATCCCACTTGCAGCGCTTATCGTATGCATGCGC 

ATGCTGCGCTGCTTATTTTGCTGTGGGCCGGCTTTTTTACTTGTCTGCGG 

CGCCTTGGGCGCGGCAGCGTACGAACACACAGCAGTGATGCCGAACAAGG 

TGGGGATCCCGTATAAAGCTTTAGTCGAACGCCCAGGTTATGCACGCGTT 

CATCTACAGATACAGCTGGTTAATACCAGGATAATTCCATCAACTAACCT 

GGAGTACATCACCTGCAAGTACAAGACAAAAGTGCGGTCTCCAGTAGTGA 

AATGCTGCGGTGCCACTCAATGTACCTCCAAACCCCATCCTGACTATCAG 

TGTCAGGTGTTTACAGGTGTTTACCCATTCATGTGGGGAGGAGCCTACTG 

CTTCTGCGACACCGAAAACACCCAGATGAGCGAGGCGTATGTAGAGCGCT 

CGGAAGAGTGCTCTATCGACCACGCAAAAGCTTATAAAGTACACACAGGC 

ACTGTTCAGGCAATGGTGAACATAACTTATGGGAGCGTCAGCTGGAGATC 

TGCAGATGTCTACGTCAATGGTGAAACTCCCGCGAAAATAGGAGATGCCA 

AACTCATCATAGGTCCACTGTCATCTGCGTGGTCCCCATTCGATAACAAG 

GTGGTGGTTTATGGGCATGAAGTGTATAATTACGACTTTCCTGAGTACGG 

CACCGGCAAAGCAGGCTCTTTTGGAGACCTGCAATCACGCACATCAACCA 

GCAACGATCTGTACGCAAACACGAACTTGAAGCTACAACGACCCCAGGCT 

GGTATCGTGCACAGACCTTTCACCCAGGCGCCCTCTGGCTTCGAACGATG 

GAAAAGGGACAAAGGGGCACCGTTGAACGACGTAGCCCCGTTTGGCTGTT 

CGATTGCCGTGGAGCCGCTCCGTGCAGAAAATTGTGCAGTGGGAAGCATC 

CCTATATCTATAGATATACCCGATGCGGCTTTCACTAGAATATCTGAAAC 

ACCGACAGTCTCAGACCTGGAATGCAAAATTACGGAGTGTACTTATGCCT 

CCGATTTCGGTGGTATAGCCACCGTTGCCTACAAATCCAGTAAAGCAGGA 

AACTGTCCAATTCATTCTCCATCAGGTGTTGCAGTTATTAAAGAGAATGA 

CGTCACCCTTGCTGAGAGCGGATCATTTACATTCCACTTCTCCACTGCAA 

ACATCCATCCTGCTTTTAAGCTGCAGGTCTGCACCAGTGCAGTTACCTGC 

AAAGGAGATTGCAAGCCACCGAAAGATCATATCGTCGATTATCCAGCACA 

ACATACCGAATCCTTTACGTCGGCGATATCCGCCACCGCGTGGTCGTGGC 

TAAAAGTGCTGGTAGGAGGAACATCAGCATTTATTGTTCTGGGGCTTATT 

GCTACAGCAGTGGTTGCCCTAGTTCTGTTCTTCCATAGACAT 

[0102] TC-83-VEE replicon particles (VRPS) Were pro 
duced by co-electroporation of replicon RNA (expressing 
the indicated alphavirus glycoprotein polyprotein), and the 
single DNA helper encoding the TC-83 structural proteins 
into 108 Vero cells. Following electroporation, the cells Were 
seeded into 2 T300 ?asks containing OptiPRO® SFM 
(Gibco, Carlsbad, Calif.) and incubated for approximately 
18 hours. The media Was then removed from the ?ask, and 
10 mM of a 0.5 M salt Wash solution in 10 mM sodium 
phosphate buffer Was added to each ?ask and incubated for 
approximately 5 minutes at room temperature before col 
lection and ?ltration. VRP Were titered by incubating serial 
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dilutions of the collected VRP on Vero cells in 96 Well plates 
overnight at 37° C. and 5% CO2. Alphavirus glycoprotein 
expressing VRP infected cells Were detected using an anti 
WEE, anti-VEE, or anti-EEE indirect immuno?uorescence 
assay on Vero cells ?xed With 1: 1 AcetonezMeOH, and titers 
Were determined by counting antigen-positive cells at a 
speci?c dilution. The results are shoWn in Table 2. 

TABLE 2 

TC-83 Replicon (“pVEK”) expressing: Total VRP Yield 

WECBA87 3.4 X 109 
EE4002 4.3 X 108 
VEE-3014 2.0 X 109 
VEE-TC83 3.8 X 109 

[0103] B. Packaging of VEETC83 and Wild-type VEE 
Replicons Expressing a Gene from SARS With VEETC83 or 
VEE3014 Structural Proteins 

[0104] The S2 glycoprotein gene from the Severe Acute 
Respiratory Syndrome virus (“SARS-S2”) Was PCR ampli 
?ed from a SARS coronavirus capsid clone (Urbani strain of 
SARS coronavirus; Accession #AY278741; obtained from 
the United States Centers for Disease Control and Preven 
tion, Atlanta, Ga.) and inserted into a pERK replicon 
(described in Example 1 above) as a BamHI restriction 
fragment immediately doWnstream of the enterovirus 71 
(EV71) IRES. This replicon, capable of expressing the 
SARS-S2 glycoprotein gene, Was packaged into VRPs using 
either 3014 or TC83 structural proteins. The structural 
proteins Were expressed either from tWo separate RNA 
helpers or from a single DNA helper. For the split RNA 
helper approach, 30 pg replicon RNA Was combined With 30 
pg each of the VEE capsid RNA helper and the VEE 
glycoprotein helper (either from VEE3014 or VEETC83, see 
Example 2B above) and co-electroporated into 1.2><108 Vero 
cells. In this experiment, electroporation Was carried out in 
0.4 cm gap cuvettes using four pulses, each at 580V and 25 
MF. For packaging With a single DNA helper (encoding the 
entire sequence of either the VEETC83 structural polypro 
tein or the VEE3014 structural polyprotein), 30 pg replicon 
RNA Was combined With 150 pg of the DNA helper and 
co-electroporated into 1.2><108 Vero cells in a 0.4 cm gap 
cuvette, using a single pulse at 250V and 950 pF. VRPs Were 
produced, harvested and tittered as described in Example 
3A, and the yields on a per cell basis are reported in Table 
3. The yield per cell of VRPs using TC-83 glycoprotein 
helpers (as described earlier, the capsid sequence is the same 
in both VEETC83 and VEE3014), Whether in the RNA or 
DNA helper format, Was nearly 4 times greater than the yield 
recovered With 3014 glycoprotein helpers. 

TABLE 3 

SARS-S2 VRP yields from cells electroporated With RNA vs. DNA 
helpers expressing the VEE3014 or VEETC83 glycoprotein genes. 

Helper #2 (amt 
EP# Helper #1 used) IU/Cell 

1 capsid RNA VEE3014 GP 1000 
RNA 

2 capsid RNA VEETC83 GP 4000 
RNA 

3 pCDNA-VSp NA 51 
4 pCDNA-VSp NA 44 
5 pCDNA-VSp NA 77 
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TABLE 3-continued 

SARS-S2 VRP yields from cells electroporated With RNA vs. DNA 
helpers expressing the VEE3014 or VEETC83 glvcoprotein genes. 

Helper #2 (amt 
EP# Helper #1 used) IU/Cell 

6 pCDNA-TCSI’?r NA 260 
7 pCDNA-TCSI’?r NA 230 
8 pCDNA-TCSI’?r NA 290 

[0105] C. Enhanced Yield of VRPS Using a VEETC83 
DNA Helper 

[0106] The experiment in 3B. indicated that the VEETC83 
DNA helper Was associated With higher yields of VRPS 
(compare EP#3-5 With EP#6-8). This Was con?rmed in a 
second set of experiments, in Which replicon RNAs express 
ing either the GAG gene or GFP Were packaged With either 
pCDNA-TC83r or the pCDNA-VSp helper (see Table 4). 
These studies also con?rmed that the solution in Which the 
DNA helper Was resuspended prior to co-electroporation 
(eg Water (H2O), phosphate buffered saline (PBS) or Tris 
EDTA (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) does not 
signi?cantly affect yield, even if the DNA is stored for many 
months (eg 1, 3, 4, 5 or 6 months) at —20° C. 

TABLE 4 

15 
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18-23) Were collected from the column and formulated by 
direct dilution in 1% human serum albumin and 5% sucrose. 
Prior to formulation, 1e8 infectious units (IU) of puri?ed 
bulk VRP Were fractionated by SDS-PAGE and analyzed by 
silver stain or Western blot using capsid or glycoprotein 
speci?c antibodies to assess purity (FIG. 2). In the silver 
stained gel, only bands corresponding in size to the capsid 
and glycoproteins are evident, indicating a surprising level 
of purity. 

Example 6 

Immunogenicity of TC-83 VRPS 

[0108] The immunogenicity of TC-83 VRPS has been 
studied in laboratory animals. 

[0109] BALB/c mice, ?ve animals per group, Were immu 
nized With the indicated VRP particles by subcutaneous 
inoculation in the footpad at the indicated dose. The animals 
Were immunized three times (at 3-Week intervals). Humoral 
responses Were measured by GAG ELISA 7-days after the 
?rst and second booster inoculations, and cellular responses 
Were measured by interferon-gamma ELISPOT 7-days after 
the second booster inoculation. The ELISA and ELISPOT 
data presented in Table 6 are the geometric and arithmetic 
means, respectively, calculated from the ?ve mice from each 

VRP yields from VEETC83 DNA helper vs. VEE3014 DNA helper 

EP# Replicon (amount used) Helper (amt used) IU/Cell 

1 VEE3000/GFP (30 ,ug) pCDNA-VSp (H20) (150 ,ug) 43 
2 VEE3000/GFP (30 ,ug) pCDNA-VSp (PBS) (150 ,ug) 23 
3 VEE3000/GFP (30 ,ug) pCDNA-VSp (TE) (150 ,ug) 51 
4 VEE3000/GFP (30 ,ug) pCDNA-TC83r (H20) (150 ,ug) 130 
5 VEE3000/GFP (30 ,ug) pCDNA-TC83r (PBS) (150 ,ug) 100 
6 VEE3000/GFP (30 ,ug) pCDNA-TC83r (TE) (150 ,ug) 9s 
7 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-VSp (H20) (150 ,ug) 90 
s VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-VSp (PBS) (150 ,ug) 60 
9 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-VSp (TE) (150 ,ug) 110 

10 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-TC83r (H20) (150 ,ug) 200 
11 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-TC83r (PBS) (150 ,ug) 250 
12 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-TC83r (TE) (150 ,ug) 300 
13 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-VSp (H20) (150 ,ug) 74 
14 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-VSp (PBS) (150 ,ug) 73 
15 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-VSp (TE) (150 ,ug) 68 
16 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-TC83r (H20) (150 ,ug) 150 
17 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-TC83r (PBS) (150 ,ug) 190 
18 VEE3000(nt3A)IRES/Gag (30 ,ug) pCDNA-TC83r (TE) (150 ,ug) 200 

Example 5 

Heparin Af?nity Chromatography of TC-83 VRPS 

[0107] TC-83 VRPS, collected from Vero cells via a 1 M 
salt Wash of the cells, Were diluted With 16 mM sodium 
phosphate (SP) pH 7.4 to a sodium chloride concentration of 
0.12 M or less. The solution Was then loaded onto a column 
containing Heparin sepharose fast How resin (Amersham) at 
a linear velocity of 5 ml/min. The TC-83 VRPS Were eluted 
With a linear gradient of increasing sodium chloride con 
centration (approximately 120 mM to 1 M). The TC-83 
VRPS elute at a sodium chloride concentration of approxi 
mately 3 M at a pH of 7.4. FIG. 1 shoWs the elution pro?le 
of TC-83 VRPS puri?ed by this method. The sharp UV peak 
(between fractions 14 and 23) corresponds to VRP elution. 
The fractions containing greater then 1e9 VRP (fractions 

group. The response to the VEE vector Was assessed by a 

VEE neutralization assay (see beloW). 

TABLE 6 

Immunogenicity in Mice, Experiment 1. 

Im munogenicitv 

ELISA ELISPOT 

(GMT) (SECS/1 e6 
after lymphocytes 

GAG VRP** Dose 1“ boost after 2nd boost after 2nd boost 

VEE3000 * 1e3 6756 12177 1330 

VEE3000" 1e4 13512 27024 1203 
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TABLE 6-continued 

Immunogenicity in Mice, Experiment 1. 

Dec. 1, 2005 

[0110] To demonstrate that each mouse of each TC-83 
treatment group responded With both humoral and cellular 

immune responses, the ranges for the ?ve responses 

recorded for each treatment group are presented in the 

folloWing Table 7: Immunogenicity 

ELISA ELISPOT 

(GMT) (SFCs/l e6 TABLE 7 
after (lymphocytes) 

Humoral and Cellular Immune Responses (Experiment 1, Mice) 
GAG VRP** Dose 1“ boost after 2nd boost after 2nd boost 

ELISPOT 
VEE3000" 1e6 40960 48710 1217 

GAG ELISA range range 
VEE3014" 1e4 46 92 212 — 

VEE3014" 1e6 6756 17222 793 
VEETC83 164 243 844 284 VRP Replicon Dose Post-boost 1 Post-boost 2 Post-boost 2 

VEETC83 1e5 1940 10240 542 

VEETC83 166 2941 15521 1050 VEETC83 164 80-640 640-2560 173-473 

VEETC83IRES 1e6 1940 13512 449 VEETC83 1e5 640-2560 5120-20480 252-838 

VEETC83(E181I) 1e6 8914 23525 607 VEETC83 1e6 2560-5120 10240-20480 724-1577 

IRES VEETC83IRES 1e6 1280-5120 5120-40960 202-723 

VEETC83(E181I) 1e6 5120-10240 10240-40960 269-880 
*The replicons in the 3000 and 3014 VRPs contain a mutation to A at IRES 
nucleotide 3 of the replicon 
**VEE3000 and VEE3014 VRPs are packaged With Wild-type (VEE3000) VEE3O14IRES 166 2560-5120 10240-20480 609-933 
and VEE3014 structural proteins respectively; VEETC83 VRPs contain a 
TC83-derived replicon RNA that is packaged With TC83 structural pro 
teins 

[0111] 

TABLE 8 

Humoral and Cellular Responses (Experiment 2, mice) 

Immunogenicity 

ELISPOT" 

ELISA (SECS/1e6 
GAG VRP VEE GM! (lymphocytes) 

strain Route Dose after 15‘ boost after 2nd boost after 2nd boost 

3014IRES" ** footpad 1e6 10240 37924 910 

3014IRES footpad 1e7 13512 70225 970 
3014IRES footpad 5e7 20480 67202 1529 
TC-83IRES footpad 1e6 3378 11763 654 
TC-83IRES footpad 1e7 8127 27869 787 
TC-83IRES footpad 5e7 9554 37924 951 
TC—83(E181— footpad 1e6 4389 12902 713 
I)IRES 
TC—83(E181— footpad 1e7 6640 30433 1121 
I)IRES 
TC—83(E181— footpad 5e7 10240 36491 872 
I)IRES 
TC-83IRES intramuscular 1e6 300 3335 672 
TC-83IRES intramuscular 1e7 2903 6451 1877 
TC-83IRES intramuscular 5e7 4400 23525 1297 

TC—83(E181— intramuscular 1e6 304 1781 800 

I)IRES 
TC—83(E181— intramuscular 1e7 5881 40960 1666 

I)IRES 
TC—83(E181— intramuscular 5e7 20480 54047 1023 

I)IRES 

*ELISPOT numbers are averages 

**10 animals/group for the footpad injections and 5/group in intramuscular injections 
***no nt3 mutation 


















