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(57) ABSTRACT 

Provided herein are recombinant Listeria strains expressing a 
tumor-specific antigenic polypeptide and, optionally, an 
angiogenic polypeptide wherein a nucleic acid molecule 
encoding at least one of the polypeptides is operably inte 
grated into the Listeria genome in an open reading frame with 
a nucleic acid sequence encoding a PEST-containing 
polypeptide, methods of preparing same, and methods of 
inducing an immune response, and treating, inhibiting, or 
Suppressing cancer or tumors comprising administering 
SaC. 
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DUAL DELVERY SYSTEM FOR 
HETEROLOGOUSANTIGENS 

FIELD OF INVENTION 

0001 Provided herein are recombinant Listeria strains 
expressing a tumor-specific antigenic polypeptide and, 
optionally, an angiogenic polypeptide wherein a nucleic acid 
molecule encoding at least one of the polypeptides is oper 
ably integrated into the Listeria genome in an open reading 
frame with a nucleic acid sequence encoding a PEST-contain 
ing polypeptide, methods of preparing same, and methods of 
inducing an immune response, and treating, inhibiting, or 
Suppressing cancer or tumors comprising administering 
SaC. 

BACKGROUND OF THE INVENTION 

0002 Agreat deal of pre-clinical evidence and early clini 
cal trial data Suggests that the anti-tumor capabilities of the 
immune system can be harnessed to treat patients with estab 
lished cancers. The vaccine strategy takes advantage of tumor 
antigens associated with various types of cancers Immuniz 
ing with live vaccines Such as viral or bacterial vectors 
expressing a tumor-associated antigen is one strategy for 
eliciting strong CTL responses against tumors. 
0003 Listeria monocytogenes (Lm) is a gram positive, 
facultative intracellular bacterium that has direct access to the 
cytoplasm of antigen presenting cells, such as macrophages 
and dendritic cells, largely due to the pore-forming activity of 
listeriolysin-O (LLO). LLO is secreted by Lim following 
engulfment by the cells and perforates the phagolysosomal 
membrane, allowing the bacterium to escape the vacuole and 
enter the cytoplasm. LLO is very efficiently presented to the 
immune system via MHC class I molecules. Furthermore, 
Lim-derived peptides also have access to MHC class II pre 
sentation via the phagolysosome. 
0004 Cancer is a complex disease and combined thera 
peutic approaches are more likely to Succeed. Not only tumor 
cells, but also the microenvironment that Supports tumor 
growth, must be targeted to maximize the therapeutic effi 
cacy. Most immunotherapies focus on single antigens to tar 
get tumor cells and therefore they have shown limited Success 
against human cancers. A single therapeutic agent capable of 
targeting tumor cells and tumor microenvironment simulta 
neously would have an advantage over other immunothera 
peutic approaches, especially if it results in a synergistic 
anti-tumor effect. 

SUMMARY OF THE INVENTION 

0005. In one embodiment, provided herein is a recombi 
nant Listeria Strain comprising a first and second nucleic acid 
molecule, each said nucleic acid molecule encoding a heter 
ologous antigenic polypeptide or fragment thereof, wherein 
said first nucleic acid molecule is operably integrated into the 
Listeria genome in an open reading frame with an endog 
enous PEST-containing gene. In another embodiment, the 
present invention provides a vaccine comprising Such a 
recombinant Listeria strain. 
0006. In another embodiment, provided herein is a method 
of inducing an immune response to an antigen in a subject 
comprising administering a recombinant Listeria Strain to 
said Subject, wherein said recombinant Listeria strain com 
prises a first and second nucleic acid molecule, each said 
nucleic acid molecule encoding a heterologous antigenic 
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polypeptide or fragment thereof, wherein said first nucleic 
acid molecule is operably integrated into the Listeria genome 
in an open reading frame with an endogenous PEST-contain 
ing gene. 
0007. In another embodiment, provided herein is a method 
of treating, Suppressing, or inhibiting a cancer in a subject 
comprising administering a recombinant Listeria Strain com 
prising a first and second nucleic acid molecule, each said 
nucleic acid molecule encoding a heterologous antigenic 
polypeptide or fragment thereof, wherein said first nucleic 
acid molecule is operably integrated into the Listeria genome 
in an open reading frame with an endogenous PEST-contain 
ing gene. 
0008. In another embodiment, provided herein is a method 
of treating, Suppressing, or inhibiting at least one tumor in a 
Subject comprising administering a recombinant Listeria 
strain comprising a first and second nucleic acid molecule, 
each said nucleic acid molecule encoding a heterologous 
antigenic polypeptide or fragment thereof, wherein said first 
nucleic acid molecule is operably integrated into the Listeria 
genome in an open reading frame with an endogenous PEST 
containing gene. 
0009. In another embodiment, provided herein is a recom 
binant Listeria strain comprising a nucleic acid molecule 
encoding a heterologous antigenic polypeptide or fragment 
thereof, wherein said nucleic acid molecule is operably inte 
grated into the Listeria genome in an open reading frame with 
an endogenous PEST-containing gene. 
(0010 Inanother embodiment, provided hereinis a method 
of producing a recombinant Listeria Strain expressing two 
antigens, the method comprising genetically fusing a first 
nucleic acid encoding a first antigen and a second nucleic acid 
encoding a second antigen into the Listeria genome in an 
open reading frame with an endogenous PEST-containing 
gene; and expressing said first and second antigens under 
conditions conducive to antigenic expression in said recom 
binant Listeria strain. 
0011. In another embodiment, provided herein is a method 
of producing a recombinant Listeria Strain expressing two 
antigens. In one embodiment, the method comprises geneti 
cally fusing a first nucleic acid encoding a first antigen into 
the Listeria genome in an open reading frame with an endog 
enous PEST-containing gene; transforming said recombinant 
Listeria with an episomal expression vector comprising a 
second nucleic acid encoding a second antigen; and express 
ing said first and second antigens under conditions conducive 
to antigenic expression in said recombinant Listeria Strain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1. (A) Schematic representation of the chro 
mosomal region of the Limdd-143 and LimddA-143 after klk3 
integration and actAdeletion; (B) Theklk3 gene is integrated 
into the Limdd and LimddA chromosome. PCR from chromo 
Somal DNA preparation from each construct using klk3 spe 
cific primers amplifies aband of 714 by corresponding to the 
klk3 gene, lacking the Secretion signal sequence of the wild 
type protein. 
(0013 FIG. 2. (A) Map of the pADV 134 plasmid. (B) 
Proteins from LimddA-134 culture supernatant were precipi 
tated, separated in a SDS-PAGE, and the LLO-E7 protein 
detected by Western-blot using an anti-E7 monoclonal anti 
body. The antigen expression cassette consists of hly pro 
moter, ORF for truncated LLO and human PSA gene (klk3). 
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(C) Map of the pADV 142 plasmid. (D) Western blot showed 
the expression of LLO-PSA fusion protein using anti-PSA 
and anti-LLO antibody. 
0014 FIG. 3. (A) Plasmid stability in vitro of LimddA 
LLO-PSA if cultured with and without selection pressure 
(D-alanine). Strain and culture conditions are listed first and 
plates used for CFU determination are listed after. (B) Clear 
ance of LimddA-LLO-PSA in vivo and assessment of poten 
tial plasmid loss during this time. Bacteria were injected i.v. 
and isolated from spleen at the time point indicated. CFUs 
were determined on BHI and BHI+D-alanine plates. 
0015 FIG. 4. (A) In vivo clearance of the strain LimddA 
LLO-PSA after administration of 10 CFU in C57BL/6 mice. 
The number of CFU were determined by plating on BHI/str 
plates. The limit of detection of this method was 100 CFU. 
(B) Cell infection assay of J774 cells with 10403S, LimddA 
LLO-PSA and XFL7 Strains. 

0016 FIG.5. (A) PSA tetramer-specific cells in the sple 
nocytes of naive and LimddA-LLO-PSA immunized mice on 
day 6 after the booster dose. (B) Intracellular cytokine stain 
ing for IFN-Y in the splenocytes of naive and LimddA-LLO 
PSA immunized mice were stimulated with PSA peptide for 
5h. Specific lysis of EL4 cells pulsed with PSA peptide with 
in vitro stimulated effector T cells from LimddA-LLO-PSA 
immunized mice and naive mice at different effector/target 
ratio using a caspase based assay (C) and a europium based 
assay (D). Number of IFNY spots in naive and immunized 
splenocytes obtained after stimulation for 24h in the presence 
of PSA peptide or no peptide (E). 
0017 FIG. 6. Immunization with LimddA-142 induces 
regression of Tramp-C1-PSA (TPSA) tumors. Mice were left 
untreated (n=8) (A) or immunized i.p. with LimddA-142 
(1x10 CFU/mouse)(n=8)(B) or Lm-LLO-PSA (n=8)(C) on 
days 7, 14 and 21. Tumor sizes were measured for each 
individual tumor and the values expressed as the mean diam 
eter in millimeters. Each line represents an individual mouse. 
0018 FIG.7. (A) Analysis of PSA-tetramer"CD8" T cells 
in the spleens and infiltrating T-PSA-23 tumors of untreated 
mice and mice immunized with eitheran Lim control Strain or 
Lm-ddA-LLO-PSA (LmddA-142). (B) Analysis of CD4" 
regulatory T cells, which were defined as CD25"FoxP3", in 
the spleens and infiltrating T-PSA-23 tumors of untreated 
mice and mice immunized with eitheran Lim control Strain or 
Lim-ddA-LLO-PSA. 

0019 FIG. 8. (A) Schematic representation of the chro 
mosomal region of the Limdd-143 and LimddA-143 after klk3 
integration and actAdeletion; (B) Theklk3 gene is integrated 
into the Limdd and LimddA chromosome. PCR from chromo 
Somal DNA preparation from each construct using klk3 spe 
cific primers amplifies aband of 760 by corresponding to the 
klk3 gene. 
0020 FIG.9. (A) Limdd-143 and LimddA-143 secretes the 
LLO-PSA protein. Proteins from bacterial culture superna 
tants were precipitated, separated in a SDS-PAGE and LLO 
and LLO-PSA proteins detected by Western-blot using an 
anti-LLO and anti-PSA antibodies; (B) LLO produced by 
Lmdd-143 and LimddA-143 retains hemolytic activity. Sheep 
red blood cells were incubated with serial dilutions of bacte 
rial culture Supernatants and hemolytic activity measured by 
absorbance at 590 nm (C) Limdd-143 and LimddA-143 grow 
inside the macrophage-like J774 cells. J774 cells were incu 
bated with bacteria for 1 hour followed by gentamicin treat 
ment to kill extracellular bacteria. Intracellular growth was 
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measured by plating serial dilutions of J774 lysates obtained 
at the indicated timepoints. Lim 10403S was used as a control 
in these experiments. 
0021 FIG. 10. Immunization of mice with Limdd-143 and 
LmddA-143 induces a PSA-specific immune response. 
C57BL/6 mice were immunized twice at 1-week interval with 
1x10 CFU of Limdd-143, LimddA-143 or LmddA-142 and 7 
days later spleens were harvested. Splenocytes were stimu 
lated for 5 hours in the presence of monensin with 1 uM of the 
PSAs, peptide. Cells were stained for CD8, CD3, CD62L 
and intracellular IFN-Y and analyzed in a FACS Calibur 
cytometer. 
0022 FIG. 11. Three Lim-based vaccines expressing dis 
tinct HMW-MAA fragments based on the position of previ 
ously mapped and predicted HLA-A2 epitopes were designed 
(A). The Lin-t| LO-HMW-MMAoss (also referred as 
Lim-LLO-HMW-MAA-C) strain secretes a ~62 kDa band 
corresponding to the tLLO-HMW-MAAoss fusion pro 
tein (B). C57BL/6 mice (n=15) were inoculated s.c. with B 
16F10 cells and either immunized i.p. on days 3, 10 and 17 
with Lim-tLLO-HMW-MAAoss (n=8) or left untreated 
(n=7). BALB/c mice (n=16) were inoculated s.c. with 
RENCA cells and immunized i.p. on days 3, 10 and 17 with 
either Lim-HMW-MAA-C (n=8) or an equivalent dose of a 
control Lim vaccine. Mice immunized with the Lim-LLO 
HMW-MAA-C impeded the growth of established tumors 
(C). FVB/N mice (n=13) were inoculated s.c. with NT-2 
tumor cells and immunized i.p. on days 7, 14 and 21 with 
either Lim-HMW-MAA-C (n=5) or an equivalent dose of a 
control Lim vaccine (n=8) Immunization of mice with Lim 
LLO-HMW-MAA-C significantly impaired the growth of 
tumors not engineered to express HMW-MAA, such as 
B16F10, RENCA and NT-2 (D). Tumor sizes were measured 
for each individual tumor and the values expressed as the 
mean diameter in millimeters-SEM. *, Ps0.05, Mann-Whit 
ney test. 
0023 FIG. 12 Immunization with Lim-HMW-MAA-C 
promotes tumor infiltration by CD8" T cells and decreases the 
number of pericytes in blood vessels. (A) NT-2 tumors were 
removed and sectioned for immunofluorescence. Staining 
groups are numbered (1-3) and each stain is indicated on the 
right. Sequential tissues were either stained with the pan 
vessel marker anti-CD31 or the anti-NG2 antibody for the 
HMW-MAA mouse homolog AN2, in conjunction with anti 
CD8C. for possible TILs. Group 3 shows isotype controls for 
the above antibodies and DAPI staining used as a nuclear 
marker. A total of 5 tumors were analyzed and a single rep 
resentative image from each group is shown. CD8 cells 
around blood vessels are indicated by arrows. (B) Sequential 
sections were stained for pericytes by using the anti-NG2 and 
anti-alpha-Smooth-muscle-cell-actin (C-SMA) antibodies. 
Double staining/colocalization of these two antibodies (yel 
low in merge image) are indicative of pericyte staining (top). 
Pericyte colocalization was quantitated using Image ProSoft 
ware and the number of colocalized objects is shown in the 
graph (bottom). A total of 3 tumors were analyzed and a single 
representative image from each group is shown. *, Ps().05. 
Mann-Whitney test. Graph shows meant-SEM. 

DETAILED DESCRIPTION OF THE INVENTION 

0024. This invention relates, in one embodiment, to a 
recombinant Listeria Strain expressing an antigenic polypep 
tide in which the nucleic acid encoding the polypeptide is 
operably integrated into the Listeria genome in an open read 
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ing frame with an endogenous PEST-containing gene, which 
in one embodiment, is LLO. In one embodiment, the Listeria 
expresses two polypeptides, one of which is a tumor-associ 
ated antigen, and one of which is an angiogenic polypeptide. 
0025. In one embodiment, the present invention provides a 
recombinant Listeria strain comprising a first and second 
nucleic acid molecule, each said nucleic acid molecule 
encoding a heterologous antigenic polypeptide or fragment 
thereof, wherein the first nucleic acid molecule is integrated 
into the Listeria genome in an open reading frame with an 
endogenous LLO gene and wherein the second nucleic acid 
molecule is present in an episomal expression vector within 
the recombinant Listeria strain. In one embodiment, the first 
nucleic acid molecule encodes a KLK3 protein and the sec 
ond nucleic acid molecule encodes an HMW-MAA peptide, 
and in one embodiment, is in an open reading frame with a 
nucleic acid encoding a non-hemolytic LLO, truncated ActA, 
or PEST sequence. 
0026. In one embodiment, this invention provides a 
recombinant Listeria strain comprising a first and second 
nucleic acid molecule, each said nucleic acid molecule 
encoding a heterologous antigenic polypeptide. 
0027. In one embodiment, the first nucleic acid molecule 

is operably integrated into the Listeria genome as an open 
reading frame with an endogenous nucleic acid sequence 
encoding a polypeptide comprising a PEST sequence. In one 
embodiment, the first nucleic acid molecule is operably inte 
grated into the Listeria genome as an open reading frame with 
a nucleic acid sequence encoding LLO. In another embodi 
ment, the first nucleic acid molecule is operably integrated 
into the Listeria genome as an open reading frame with a 
nucleic acid sequence encoding ActA. 
0028. In one embodiment, the first nucleic acid molecule 

is operably integrated into the Listeria genome in an open 
reading frame with an endogenous nucleic acid sequence 
encoding LLO. In one embodiment, the integration does not 
eliminate the functionality of LLO. In another embodiment, 
the integration does not eliminate the functionality of ActA. 
In one embodiment, the functionality of LLO or Acta is its 
native functionality. In one embodiment, the LLO function 
ality is allowing the organism to escape from the phagoly So 
some, while in another embodiment, the LLO functionality is 
enhancing the immunogenicity of a polypeptide to which it is 
fused. In one embodiment, a recombinant Listeria of the 
present invention retains LLO function, which in one embodi 
ment, is hemolytic function and in another embodiment, is 
antigenic function. Other functions of LLO are known in the 
art, as are methods of and assays for evaluating LLO func 
tionality. In one embodiment, a recombinant Listeria of the 
present invention has wild-type virulence, while in another 
embodiment, a recombinant Listeria of the present invention 
has attenuated virulence. In another embodiment, a recombi 
nant Listeria of the present invention is avirulent. In one 
embodiment, a recombinant Listeria of the present invention 
is Sufficiently virulent to escape the phagolysosome and enter 
the cytosol. In one embodiment, a recombinant Listeria of the 
present invention expresses a fused antigen-LLO protein. 
Thus, in one embodiment, the integration of the first nucleic 
acid molecule into the Listeria genome does not disrupt the 
structure of the endogenous PEST-containing gene, while in 
another embodiment, it does not disrupt the function of the 
endogenous PEST-containing gene. In one embodiment, the 
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integration of the first nucleic acid molecule into the Listeria 
genome does not disrupt the ability of said Listeria to escape 
the phagolysosome. 
0029. In another embodiment, the second nucleic acid 
molecule is operably integrated into the Listeria genome with 
said first nucleic acid molecule in an open reading frame with 
an endogenous polypeptide comprising a PEST sequence. 
Thus, in one embodiment, the first and second nucleic acid 
molecules are integrated in frame with a nucleic acid 
sequence encoding LLO, while in another embodiment, they 
are integrated in frame with a nucleic acid sequence encoding 
ActA. In another embodiment, the second nucleic acid mol 
ecule is operably integrated into the Listeria genome in an 
open reading frame with a nucleic acid sequence encoding a 
polypeptide comprising a PEST sequence in a site that is 
distinct from the integration site of the first nucleic acid 
molecule. In one embodiment, the first nucleic acid molecule 
is integrated in frame with a nucleic acid sequence encoding 
LLO, while the second nucleic acid molecule is integrated in 
frame with a nucleic acid sequence encoding ActA, while in 
another embodiment, the first nucleic acid molecule is inte 
grated in frame with a nucleic acid sequence encoding ActA, 
while the second nucleic acid molecule is integrated in frame 
with a nucleic acid sequence encoding LLO. 
0030. In another embodiment, this invention provides a 
recombinant Listeria Strain comprising a first nucleic acid 
molecule encoding a first heterologous antigenic polypeptide 
or fragment thereof and a second nucleic acid molecule 
encoding a second heterologous antigenic polypeptide or 
fragment thereof, wherein said first nucleic acid molecule is 
integrated into the Listeria genome Such that the first heter 
ologous antigenic polypeptide and an endogenous PEST-con 
taining polypeptide are expressed as a fusion protein. In one 
embodiment, the first heterologous antigenic polypeptide and 
the endogenous PEST-containing polypeptide are translated 
in a single open reading frame, while in another embodiment, 
the first heterologous antigenic polypeptide and the endog 
enous PEST-containing polypeptide are fused after being 
translated separately. 
0031. In one embodiment, the Listeria genome comprises 
a deletion of the endogenous ActA gene, which in one 
embodiment is a virulence factor. In one embodiment, such a 
deletion provides a more attenuated and thus safer Listeria 
strain for human use. According to this embodiment, the 
antigenic polypeptide is integrated in frame with LLO in the 
Listeria chromosome. In another embodiment, the integrated 
nucleic acid molecule is integrated into the ActA locus. In 
another embodiment, the chromosomal nucleic acid encod 
ing Act A is replaced by a nucleic acid molecule encoding an 
antigen. 
0032. In another embodiment, the integrated nucleic acid 
molecule is integrated into the Listeria chromosome. 
0033. In one embodiment, said first nucleic acid molecule 
is a vector designed for site-specific homologous recombina 
tion into the Listeria genome. In another embodiment, the 
construct or heterologous gene is integrated into the Listerial 
chromosome using homologous recombination. 
0034 Techniques for homologous recombination are well 
known in the art, and are described, for example, in Frankel, 
F R, Hegde, S. Lieberman, J, and Y Paterson. Induction of a 
cell-mediated immune response to HIV gag using Listeria 
monocytogenes as a live vaccine vector. J. Immunol. 155: 
4766-4774. 1995; Mata, M.Yao, Z, Zubair, A, Syres, KandY 
Paterson, Evaluation of a recombinant Listeria monocytoge 
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nes expressing an HIV protein that protects mice against Viral 
challenge. Vaccine 19:1435-45, 2001: Boyer, J. D. Robinson, 
TM, Maciag, PC, Peng, X, Johnson, RS, Pavlakis, G. Lewis, 
MG, Shen, A, Siliciano, R. Brown, C R. Weiner, D, and Y 
Paterson. DNA prime Listeria boost induces a cellular 
immune response to SIV antigens in the Rhesus Macaque 
model that is capable of limited suppression of SIV239 viral 
replication. Virology. 333:88-101, 2005. In another embodi 
ment, homologous recombination is performed as described 
in U.S. Pat. No. 6,855,320. In another embodiment, a tem 
perature sensitive plasmid is used to select the recombinants. 
Each technique represents a separate embodiment of the 
methods and compositions as provided herein. 
0035. In another embodiment, the construct or heterolo 
gous gene is integrated into the Listerial chromosome using 
transposon insertion. Techniques for transposon insertion are 
well known in the art, and are described, interalia, by Sun et 
al. (Infection and Immunity 1990, 58: 3770-3778) in the 
construction of DP-L967. Transposon mutagenesis has the 
advantage, in one embodiment, that a stable genomic inser 
tion mutant can be formed. In another embodiment, the posi 
tion in the genome where the foreign gene has been inserted 
by transposon mutagenesis is unknown. 
0036. In another embodiment, the construct or heterolo 
gous gene is integrated into the Listerial chromosome using 
phage integration sites (Lauer P. Chow MY et al. Construc 
tion, characterization, and use of two LM site-specific phage 
integration vectors. J Bacteriol 2002:184(15): 4177-86). In 
another embodiment, an integrase gene and attachment site of 
a bacteriophage (e.g. U153 or PSA listeriophage) is used to 
insert the heterologous gene into the corresponding attach 
ment site, which can be any appropriate site in the genome 
(e.g. comK or the 3' end of the arg tRNA gene). In another 
embodiment, endogenous prophages are cured from the 
attachment site utilized prior to integration of the constructor 
heterologous gene. In another embodiment, this method 
results in single-copy integrants. Each possibility represents a 
separate embodiment as provided herein. 
0037. In another embodiment, the first nucleic acid 
sequence of methods and compositions as provided herein is 
operably linked to a promoter/regulatory sequence. In 
another embodiment, the second nucleic acid sequence is 
operably linked to a promoter/regulatory sequence. In 
another embodiment, each of the nucleic acid sequences is 
operably linked to a promoter/regulatory sequence. In one 
embodiment, the promoter/regulatory sequence is present on 
an episomal plasmid comprising said nucleic acid sequence. 
In one embodiment, endogenous Listeria promoter/regula 
tory sequence controls the expression of a nucleic acid 
sequence of the methods and compositions of the present 
invention. Each possibility represents a separate embodiment 
of the methods and compositions as provided herein. 
0038. In another embodiment, a nucleic acid sequence as 
provided herein is operably linked to a promoter, regulatory 
sequence, or combination thereofthat drives expression of the 
encoded peptide in the Listeria Strain. Promoter, regulatory 
sequences, and combinations thereof useful for driving con 
stitutive expression of a gene are well known in the art and 
include, but are not limited to, for example, the P. P. 
hly, ActA, and p60 promoters of Listeria, the Streptococcus 
bac promoter, the Streptomyces griseus sgia promoter, and 
the B. thuringiensis phaZ promoter. In another embodiment, 
inducible and tissue specific expression of the nucleic acid 
encoding a peptide as provided herein is accomplished by 
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placing the nucleic acid encoding the peptide under the con 
trol of an inducible or tissue-specific promoter/regulatory 
sequence. Examples of tissue-specific or inducible regulatory 
sequences, promoters, and combinations thereof which are 
useful for his purpose include, but are not limited to the 
MMTV LTR inducible promoter, and the SV40 late enhancer/ 
promoter. In another embodiment, a promoter that is induced 
in response to inducing agents such as metals, glucocorti 
coids, and the like, is utilized. Thus, it will be appreciated that 
the invention includes the use of any promoter or regulatory 
sequence, which is either known or unknown, and which is 
capable of driving expression of the desired protein operably 
linked thereto. In one embodiment, a regulatory sequence is a 
promoter, while in another embodiment, a regulatory 
sequence is an enhancer, while in another embodiment, a 
regulatory sequence is a Suppressor, while in another embodi 
ment, a regulatory sequence is a repressor, while in another 
embodiment, a regulatory sequence is a silencer. 
0039. In one embodiment, the nucleic acid construct used 
for integration to the Listeria genome contains an integration 
site. In one embodiment, the site is a PhSA (phage from Scott 
A) attPP' integration site. PhSA is, in another embodiment, 
the prophage of L. monocytogenes Strain ScottA (Loessner, 
M.J., I. B. Krause, T. Henle, and S. Scherer. 1994. Structural 
proteins and DNA characteristics of 14 Listeria typing bac 
teriophages. J. Gen. Virol. 75:701-710, incorporated herein 
by reference), a serotype 4b strain that was isolated during an 
epidemic of human listeriosis. In another embodiment, the 
site is any another integration site known in the art. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0040. In another embodiment, the nucleic acid construct 
contains an integrase gene. In another embodiment, the inte 
grase gene is a PhSA integrase gene. In another embodiment, 
the integrase gene is any otherintegrase gene known in the art. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0041. In one embodiment, the nucleic acid construct is a 
plasmid. In another embodiment, the nucleic acid construct is 
a shuttle plasmid. In another embodiment, the nucleic acid 
construct is an integration vector. In another embodiment, the 
nucleic acid construct is a site-specific integration vector. In 
another embodiment, the nucleic acid construct is any other 
type of nucleic acid construct known in the art. Each possi 
bility represents a separate embodiment of the methods and 
compositions as provided herein. 
0042. The integration vector of methods and compositions 
as provided herein is, in another embodiment, a phage vector. 
In another embodiment, the integration vector is a site-spe 
cific integration vector. In another embodiment, the vector 
further comprises an attPP site. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0043. In another embodiment, the integration vector is a 
U153 vector. In another embodiment, the integration vector is 
an A118 vector. In another embodiment, the integration vec 
tor is a PhSA vector. 
0044. In another embodiment, the vector is an A511 vector 
(e.g. GenBank Accession No: X91069). In another embodi 
ment, the vector is an A006 vector. In another embodiment, 
the vector is a B545 vector. In another embodiment, the vector 
is a B053 vector. In another embodiment, the vector is an 
A020 vector. In another embodiment, the vector is an A500 
vector (e.g. GenBank Accession No: X85009). In another 
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embodiment, the vector is a B051 vector. In another embodi 
ment, the vector is a B052 vector. In another embodiment, the 
vector is a B054 vector. In another embodiment, the vector is 
a B055 vector. In another embodiment, the vector is a B056 
vector. In another embodiment, the vector is a B101 vector. In 
another embodiment, the vector is a B110 vector. In another 
embodiment, the vector is a B111 vector. In another embodi 
ment, the vector is an A153 vector. In another embodiment, 
the vector is a D441 vector. In another embodiment, the vector 
is an A538 vector. In another embodiment, the vector is a 
B653 vector. In another embodiment, the vector is an A513 
vector. In another embodiment, the vector is an A507 vector. 
In another embodiment, the vector is an A502 vector. In 
another embodiment, the vector is an A505 vector. In another 
embodiment, the vector is an A519 vector. In another embodi 
ment, the vector is a B604 vector. In another embodiment, the 
vector is a C703 vector. In another embodiment, the vector is 
a B025 vector. In another embodiment, the vector is an A528 
vector. In another embodiment, the vector is a B024 vector. In 
another embodiment, the vector is a B012 vector. In another 
embodiment, the vector is a B035 vector. In another embodi 
ment, the vector is a C707 vector. 
0045. In another embodiment, the vector is an A005 vec 

tor. In another embodiment, the vector is an A620 vector. In 
another embodiment, the vector is an A640 vector. In another 
embodiment, the vector is a B021 vector. In another embodi 
ment, the vector is an HSO47 vector. In another embodiment, 
the vector is an H10G vector. In another embodiment, the 
vector is an H8/73 vector. In another embodiment, the vector 
is an H19 vector. In another embodiment, the vector is an H21 
vector. In another embodiment, the vector is an H43 vector. In 
another embodiment, the vector is an H46 vector. In another 
embodiment, the vectorisan H107 vector. In another embodi 
ment, the vector is an H108 vector. In another embodiment, 
the vector is an H1 10 vector. In another embodiment, the 
vector is an H163/84 vector. In another embodiment, the 
vector is an H312 vector. In another embodiment, the vector 
is an H340 vector. In another embodiment, the vector is an 
H387 vector. In another embodiment, the vector is an H391/ 
73 vector. In another embodiment, the vector is an H684/74 
vector. In another embodiment, the vector is an H924A vec 
tor. In another embodiment, the vector is an fMLUP5 vector. 
In another embodiment, the vector is a syn (P35) vector. In 
another embodiment, the vector is a 00241 vector. In another 
embodiment, the vector is a 0.0611 vector. In another embodi 
ment, the vector is a 02971A vector. In another embodiment, 
the vector is a 02971C vector. In another embodiment, the 
vector is a 5/476 vector. In another embodiment, the vector is 
a 5/911 vector. In another embodiment, the vector is a 5/939 
vector. In another embodiment, the vector is a 5/11302 vector. 
In another embodiment, the vector is a 5/11605 vector. In 
another embodiment, the vector is a 5/11704 vector. In 
another embodiment, the vector is a 184 vector. In another 
embodiment, the vector is a 575 vector. In another embodi 
ment, the vector is a 633 vector. In another embodiment, the 
vector is a 699/694 vector. In another embodiment, the vector 
is a 744 vector. In another embodiment, the vector is a 900 
vector. In another embodiment, the vector is a 1090 vector. In 
another embodiment, the vector is a 1317 vector. In another 
embodiment, the vector is a 1444 vector. In another embodi 
ment, the vector is a 1652 vector. In another embodiment, the 
vector is a 1806 vector. In another embodiment, the vector is 
a 1807 vector. In another embodiment, the vector is a 1921/ 
959 vector. In another embodiment, the vector is a 1921/ 

Jun. 2, 2011 

11367 vector. In another embodiment, the vector is a 1921/ 
11500 vector. In another embodiment, the vector is a 1921/ 
11566 vector. In another embodiment, the vector is a 1921/ 
12460 vector. In another embodiment, the vector is a 1921/ 
12582 vector. In another embodiment, the vector is a 1967 
vector. In another embodiment, the vector is a 2389 vector. In 
another embodiment, the vector is a 2425 vector. In another 
embodiment, the vector is a 2671 vector. In another embodi 
ment, the vector is a 2685 vector. In another embodiment, the 
vector is a 3274 vector. In another embodiment, the vector is 
a 3550 vector. In another embodiment, the vector is a 3551 
vector. In another embodiment, the vector is a 3552 vector. In 
another embodiment, the vector is a 4276 vector. In another 
embodiment, the vector is a 4277 vector. In another embodi 
ment, the vector is a 4292 vector. In another embodiment, the 
vector is a 4477 vector. In another embodiment, the vector is 
a 5337 vector. In another embodiment, the vector is a 5348/ 
11363 vector. In another embodiment, the vector is a 5348/ 
11646 vector. In another embodiment, the vector is a 5348/ 
12430 vector. In another embodiment, the vector is a 5348/ 
12434 vector. In another embodiment, the vector is a 10072 
vector. In another embodiment, the vector is a 11355C vector. 
In another embodiment, the vector is a 11711 A vector. In 
another embodiment, the vector is a 12029 vector. In another 
embodiment, the vector is a 12981 vector. In another embodi 
ment, the vector is a 13441 vector. In another embodiment, 
the vector is a 90666 vector. In another embodiment, the 
vector is a 90816 vector. In another embodiment, the vector is 
a 93253 vector. In another embodiment, the vector is a 
907515 vector. In another embodiment, the vector is a 910716 
vector. In another embodiment, the vector is a NN-Listeria 
vector. In another embodiment, the vector is a 01761 vector. 
In another embodiment, the vector is a 4211 vector. In another 
embodiment, the vector is a 4286 vector. 
0046. In another embodiment, the integration vector is any 
other site-specific integration vector known in the art that is 
capable of infecting Listeria. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. In another embodiment, the integration vec 
tor or plasmid of methods and compositions as provided 
herein does not confer antibiotic resistance to the Listeria 
vaccine strain. In another embodiment, the integration vector 
or plasmid does not contain an antibiotic resistance gene. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0047. In another embodiment, the present invention pro 
vides an isolated nucleic acid encoding a recombinant 
polypeptide. In one embodiment, the isolated nucleic acid 
comprises a sequence sharing at least 85% homology with a 
nucleic acid encoding a recombinant polypeptide as provided 
herein. In another embodiment, the isolated nucleic acid com 
prises a sequence sharing at least 90% homology with a 
nucleic acid encoding a recombinant polypeptide as provided 
herein. In another embodiment, the isolated nucleic acid com 
prises a sequence sharing at least 95% homology with a 
nucleic acid encoding a recombinant polypeptide as provided 
herein. In another embodiment, the isolated nucleic acid com 
prises a sequence sharing at least 97% homology with a 
nucleic acid encoding a recombinant polypeptide as provided 
herein. In another embodiment, the isolated nucleic acid com 
prises a sequence sharing at least 99% homology with a 
nucleic acid encoding a recombinant polypeptide as provided 
herein. 
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0048. In one embodiment, provided herein is a method of 
producing a recombinant Listeria strain expressing two dis 
tinct heterologous antigens. In another embodiment, the 
recombinant Listeria expresses at least 3 or more distinct 
heterologous antigens. In another embodiment, the recombi 
nant Listeria expresses 4 or more distinct heterologous anti 
gens. In another embodiment, the recombinant Listeria 
expresses 5 or more distinct heterologous antigens. 
0049. In another embodiment, the method comprises 
genetically fusing a first nucleic acid encoding a first antigen 
into the Listeria genome in an open reading frame with an 
endogenous polypeptide comprising a PEST sequence. In 
another embodiment, the method comprises genetically fus 
ing at least 2 nucleic acids encoding two distinct heterologous 
antigens in the Listeria genome in an open reading frame with 
an endogenous polypeptide comprising a PEST sequence. In 
another embodiment, the method comprises genetically fus 
ing at least 3 nucleic acids encoding two distinct heterologous 
antigens in the Listeria genome in an open reading frame with 
an endogenous polypeptide comprising a PEST sequence. In 
another embodiment, the method comprises genetically fus 
ing at least 4 nucleic acids encoding two distinct heterologous 
antigens in the Listeria genome in an open reading frame with 
an endogenous polypeptide comprising a PEST sequence. In 
another embodiment, the method comprises genetically fus 
ing at least 5 nucleic acids encoding two distinct heterologous 
antigens in the Listeria genome in an open reading frame with 
an endogenous polypeptide comprising a PEST sequence. 
0050. In another embodiment, the method comprises 
transforming said recombinant Listeria with an episomal 
expression vector comprising a second nucleic acid encoding 
a second antigen. In another embodiment, the method com 
prises transforming said recombinant Listeria with an episo 
mal expression vector comprising at least 2 nucleic acids 
encoding at least two distinct heterologous antigens. In 
another embodiment, the method comprises transforming 
said recombinant Listeria with an episomal expression vector 
comprising at least 3 nucleic acids encoding at least three 
distinct heterologous antigens. In another embodiment, the 
method comprises transforming said recombinant Listeria 
with an episomal expression vector comprising at least 4 
nucleic acids encoding at least four distinct heterologous 
antigens. In another embodiment, the method comprises 
transforming said recombinant Listeria with an episomal 
expression vector comprising at least 5 nucleic acids encod 
ing at least five distinct heterologous antigens. 
0051. In yet another embodiment, the method comprises 
expressing said first and second antigens under conditions 
conducive to antigenic expression, that are known in the art, 
in said recombinant Listeria Strain. 

0052. In another embodiment, the method comprises 
transforming said recombinant Listeria with at least 1 episo 
mal expression vector comprising heterologous antigens as 
described hereinabove. In another embodiment, the method 
comprises transforming said recombinant Listeria with at 
least 2 episomal expression vector comprising heterologous 
antigens as described hereinabove. In another embodiment, 
the method comprises transforming said recombinant List 
eria with at least 3 episomal expression vector comprising 
heterologous antigens as described hereinabove. In another 
embodiment, the method comprises transforming said 
recombinant Listeria with at least 4 episomal expression vec 
tor comprising heterologous antigens as described herein 
above. 
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0053. In another embodiment, the recombinant Listeria 
strain may express more than two antigens, Some of which are 
expressed from one or more nucleic acid molecules integrated 
into the Listeria chromosome and some of which are 
expressed via one or more episomal expression vectors 
present in the recombinant Listeria strain. Thus, as described 
hereinabove, in one embodiment, a recombinant Listeria 
strain as provided herein comprises two or more episomal 
expression vectors, each of which expresses a separate anti 
genic polypeptide, in one embodiment. In one embodiment, 
one or more of the antigens are expressed as a fusion protein 
with LLO, which in one embodiment, is non-hemolytic LLO, 
and, in another embodiment, truncated LLO. In one embodi 
ment, a recombinant Listeria strain as provided herein targets 
tumors by eliciting immune responses to two separate anti 
gens, which are expressed by two different cell types, which 
in one embodiment are a cell Surface antigen and an anti 
angiogenic polypeptide, while in another embodiment, a 
recombinant Listeria Strain as provided herein targets tumors 
by eliciting an immune response to two different antigens 
expressed by the same cell type, which in one embodiment 
are prostate specific antigen (PSA) and prostate-specific 
membrane antigen (PSMA), which in one embodiment is 
FOLH1. In another embodiment, a recombinant Listeria 
strain as provided herein targets tumors by eliciting an 
immune response to two different antigens as described here 
inbelow or as are known in the art. 
0054. In one embodiment, a first antigen of the composi 
tions and methods of the present invention is directed against 
a specific cell Surface antigen or tumor target, and a second 
antigen is directed against an angiogenic antigen or tumor 
microenvironment. In another embodiment, the first and sec 
ond antigens of the compositions and methods of the present 
invention are polypeptides expressed by tumor cells, or in 
another embodiment, polypeptides expressed in a tumor 
microenvironment. In another embodiment, the first antigen 
of the compositions and methods of the present invention is a 
polypeptide expressed by a tumor and the second antigen of 
the compositions and methods of the present invention is a 
receptor target, NO Synthetase, Arg-1, or other enzyme 
known in the art. 

0055. In one embodiment, provided herein is a method of 
producing a recombinant Listeria Strain expressing two anti 
gens, the method comprising, in one embodiment, genetically 
fusing a first nucleic acid encoding a firstantigen and a second 
nucleic acid encoding a second antigen into the Listeria 
genome in an open reading frame with a native polypeptide 
comprising a PEST sequence. In another embodiment, the 
expressing said first and second antigens are produced under 
conditions conducive to antigenic expression in said recom 
binant Listeria strain. 

0056. In one embodiment, the recombinant Listeria strain 
of the composition and methods as provided hereincomprises 
an episomal expression vector comprising the second nucleic 
acid molecule encoding a heterologous antigen. In another 
embodiment, the second nucleic acid molecule encoding a 
heterologous antigen is present in said episomal expression 
vector in an open reading frame with a polypeptide compris 
ing a PEST sequence. 
0057. In another embodiment, an episomal expression 
vector of the methods and compositions as provided herein 
comprises an antigen fused in frame to a nucleic acid 
sequence encoding a PEST-like AA sequence. In one embodi 
ment, the antigen is HMW-MAA, and in another embodi 
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ment, a HMW-MAA fragment. In another embodiment, the 
PEST-like AA sequence is KENSISSMAPPASPPASPKT 
PIEKKHADEIDK (SEQID NO: 1). In another embodiment, 
the PEST-like sequence is KENSISSMAPPASPPASPK 
(SEQID No. 2). In another embodiment, fusion of an antigen 
to any LLO sequence that includes one of the PEST-like AA 
sequences enumerated herein can enhance cell mediated 
immunity against HMW-MAA. 
0058. In another embodiment, the PEST-like AA sequence 

is a PEST-like sequence from a Listeria ActA protein. In 
another embodiment, the PEST-like sequence is KTE 
EQPSEVNTGPR (SEQ ID NO. 3), KASVTDTSEG 
DLDSSMQSADESTPQPLK (SEQ ID NO: 4), 
KNEEVNASDFPPPPTDEELR (SEQ ID NO. 5), or 
RGGIPTSEEFSSLNSGDFTDDENSETTEEEIDR (SEQ ID 
NO: 6). In another embodiment, the PEST-like sequence is 
from Listeria Seeligeri cytolysin, encoded by the lso gene. In 
another embodiment, the PEST-like sequence is RSEVTIS 
PAETPESPPATP (SEQ ID NO: 7). In another embodiment, 
the PEST-like sequence is from Streptolysin O protein of 
Streptococcus sp. In another embodiment, the PEST-like 
sequence is from Streptococcus pyogenes Streptolysin O, e.g. 
KQNTASTETTTTNEQPK (SEQID NO: 8) at AA 35-51. In 
another embodiment, the PEST-like sequence is from Strep 
tococcus equisimilis Streptolysin O, e.g. KQNTANTETTTT 
NEQPK (SEQ ID NO: 9) at AA 38-54. In another embodi 
ment, the PEST-like sequence has a sequence selected from 
SEQ ID NO: 3-9. In another embodiment, the PEST-like 
sequence has a sequence selected from SEQID NO: 1-9. In 
another embodiment, the PEST-like sequence is another 
PEST-like AA sequence derived from a prokaryotic organ 
1S 

0059) Identification of PEST-like sequences is well known 
in the art, and is described, for example in Rogers Set al 
(Amino acid sequences common to rapidly degraded pro 
teins: the PEST hypothesis. Science 1986:234(4774):364-8, 
incorporated herein by reference) and Rechsteiner Metal 
(PEST sequences and regulation by proteolysis. Trends Bio 
chem Sci 1996; 21 (7):267-71, incorporated herein by refer 
ence). “PEST-like sequence” refers, in another embodiment, 
to a region rich in proline (P), glutamic acid (E), serine (S), 
and threonine (T) residues. In another embodiment, the 
PEST-like sequence is flanked by one or more clusters con 
taining several positively charged amino acids. In another 
embodiment, the PEST-like sequence mediates rapid intrac 
ellular degradation of proteins containing it. In another 
embodiment, the PEST-like sequence fits an algorithm dis 
closed in Rogers et al. In another embodiment, the PEST-like 
sequence fits an algorithm disclosed in Rechsteiner et al. In 
another embodiment, the PEST-like sequence contains one or 
more internal phosphorylation sites, and phosphorylation at 
these sites precedes protein degradation. In one embodiment, 
a sequence referred to herein as a PEST-like sequence is a 
PEST sequence. 
0060. In one embodiment, PEST-like sequences of 
prokaryotic organisms are identified in accordance with 
methods such as described by, for example Rechsteiner and 
Rogers (1996, Trends Biochem. Sci. 21:267-271) for LM and 
in Rogers Setal (Science 1986; 234(4774):364-8). Alterna 
tively, PEST-like AA sequences from other prokaryotic 
organisms can also be identified based on this method. Other 
prokaryotic organisms wherein PEST-like AA sequences 
would be expected to include, but are not limited to, other 
Listeria species. In one embodiment, the PEST-like sequence 
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fits an algorithm disclosed in Rogers et al. In another embodi 
ment, the PEST-like sequence fits an algorithm disclosed in 
Rechsteiner et al. In another embodiment, the PEST-like 
sequence is identified using the PEST-find program. 
0061. In another embodiment, identification of PEST 
motifs is achieved by an initial scan for positively charged 
amino acids R, H, and K within the specified protein 
sequence. All amino acids between the positively charged 
flanks are counted and only those motifs are considered fur 
ther, which contain a number of amino acids equal to or 
higher than the window-size parameter. In another embodi 
ment, a PEST-like sequence must contain at least 1 P 1 D or 
E, and at least 1 S or T. 
0062. In another embodiment, the quality of a PEST motif 

is refined by means of a scoring parameter based on the local 
enrichment of critical amino acids as well as the motifs hydro 
phobicity. Enrichment of D, E, P S and T is expressed in mass 
percent (w/w) and corrected for 1 equivalent of D or E, 1 of P 
and 1 of S or T. In another embodiment, calculation of hydro 
phobicity follows in principle the method of J. Kyte and R. F. 
Doolittle (Kyte, J and Dootlittle, R F. J. Mol. Biol. 157, 105 
(1982), incorporated herein by reference. For simplified cal 
culations, Kyte-Doolittle hydropathy indices, which origi 
nally ranged from -4.5 for arginine to +4.5 for isoleucine, are 
converted to positive integers, using the following linear 
transformation, which yielded values from 0 for arginine to 
90 for isoleucine. 

Hydropathy index=10*Kyte-Doolittle hydropathy 
index+45 

0063. In another embodiment, a potential PEST motifs 
hydrophobicity is calculated as the sum over the products of 
mole percent and hydrophobicity index for each amino acid 
species. 
0064. The desired PEST score is obtained as combination 
of local enrichment term and hydrophobicity term as 
expressed by the following equation: 

PEST score=0.55*DEPST-0.5*hydrophobicity index. 

0065. In another embodiment, “PEST sequence,” “PEST 
like sequence' or “PEST-like sequence peptide' refers to a 
peptide having a score of at least +5, using the above algo 
rithm. In another embodiment, the term refers to a peptide 
having a score of at least 6. In another embodiment, the 
peptide has a score of at least 7. In another embodiment, the 
score is at least 8. In another embodiment, the score is at least 
9. In another embodiment, the score is at least 10. In another 
embodiment, the score is at least 11. In another embodiment, 
the score is at least 12. In another embodiment, the score is at 
least 13. In another embodiment, the score is at least 14. In 
another embodiment, the score is at least 15. In another 
embodiment, the score is at least 16. In another embodiment, 
the score is at least 17. In another embodiment, the score is at 
least 18. In another embodiment, the score is at least 19. In 
another embodiment, the score is at least 20. In another 
embodiment, the score is at least 21. In another embodiment, 
the score is at least 22. In another embodiment, the score is at 
least 22. In another embodiment, the score is at least 24. In 
another embodiment, the score is at least 24. In another 
embodiment, the score is at least 25. In another embodiment, 
the score is at least 26. In another embodiment, the score is at 
least 27. In another embodiment, the score is at least 28. In 
another embodiment, the score is at least 29. In another 
embodiment, the score is at least 30. In another embodiment, 
the score is at least 32. In another embodiment, the score is at 
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least 35. In another embodiment, the score is at least 38. In 
another embodiment, the score is at least 40. In another 
embodiment, the score is at least 45. Each possibility repre 
sents a separate embodiment of the methods and composi 
tions as provided herein. 
0066. In another embodiment, the PEST-like sequence is 
identified using any other method or algorithm known in the 
art, e.g. the CaSPredictor (Garay-Malpartida II M. Occhiucci 
JM, Alves J, Belizario J. E. Bioinformatics. 2005 June; 21 
Suppl 1:i169-76). In another embodiment, the following 
method is used: 
0067 A PEST index is calculated for each stretch of 
appropriate length (e.g. a 30-35 amino acid stretch) by assign 
ing a value of 1 to the amino acids Ser. Thr, Pro, Glu, Asp, 
ASn, or Gln. The coefficient value (CV) for each of the PEST 
residue is 1 and for each of the otheramino acids (non-PEST) 
is 0. 
0068. Each method for identifying a PEST-like sequence 
represents a separate embodiment as provided herein. 
0069. In another embodiment, the PEST-like sequence is 
any other PEST-like sequence known in the art. Each PEST 
like sequence and type thereof represents a separate embodi 
ment as provided herein. 
0070. In one embodiment, the present invention provides 
fusion proteins, which in one embodiment, are expressed by 
Listeria. In one embodiment. Such fusion proteins arefused to 
a PEST-like sequence which, in one embodiment, refers to 
fusion to a protein fragment comprising a PEST-like 
sequence. In another embodiment, the term includes cases 
wherein the protein fragment comprises Surrounding 
sequence other than the PEST-like sequence. In another 
embodiment, the protein fragment consists of the PEST-like 
sequence. Thus, in another embodiment, “fusion” refers to 
two peptides or protein fragments either linked together at 
their respective ends or embedded one within the other. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0071. In another embodiment, a recombinant Listeria 
strain of the compositions and methods as provided herein 
comprises a full length LLO polypeptide, which in one 
embodiment, is hemolytic. 
0072. In another embodiment, the recombinant Listeria 
strain comprises a non-hemolytic LLO polypeptide. In 
another embodiment, the polypeptide is an LLO fragment. In 
another embodiment, the oligopeptide is a complete LLO 
protein. In another embodiment, the polypeptide is any LLO 
protein or fragment thereof known in the art. Each possibility 
represents a separate embodiment of the methods and com 
positions as provided herein. 
0073. In another embodiment, an LLO protein fragment is 
utilized in compositions and methods as provided herein. In 
one embodiment, a truncated LLO protein is encoded by the 
episomal expression vector as provided herein that expresses 
a polypeptide, that is, in one embodiment, an antigen, in 
another embodiment, an angiogenic factor, or, in another 
embodiment, both an antigen and angiogenic factor. In 
another embodiment, the LLO fragment is an N-terminal 
fragment. 
0074. In another embodiment, the N-terminal LLO frag 
ment has the sequence: 
0075 MKKIMLVFITLILVSLPIAQQTEAK 
DASAFNKENSISSVAPPASPPASPKTPIEKK 
HADEIDKYIQGLDYNKNNVLVYHGDAVT 
NVPPRKGYKDGNEYIVVEKKKKSINQNNA DIQV 
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VNAISSLTYPGALVKANSELVENQPDV 
LPVKRDSLTLSIDLPGMTNQDNKIVVKN 
ATKSNVNNAVNTLVERWNEKYAQAYSN 
VSAKIDYDDEMAYSESQLIAKFGTAFKAVN NSLNVN 
FGAISEGKMQEEVISFKQIYYNVNVNEP 
TRPSRFFGKAVTKEQLQALGVNAEN 
PPAYISSVAYGRQVYLKLSTNSHSTKV 
KAAFDAAVSGKSVSGDVELTNIIKNSSFKAVIY 
GGSAKDEVOIIDGNLGDLRDILKKGAT 
FNRETPGVPIAYTTNFLKDNELAVIKNNSEYIE 
TTSKAYTDGKINIDHSGGYVAQFNISWDEVNYD (SEQ 
ID NO: 10). In another embodiment, an LLOAA sequence of 
methods and compositions as provided herein comprises the 
sequence set forth in SEQID No: 10. In another embodiment, 
the LLOAA sequence is a homologue of SEQID No: 10. In 
another embodiment, the LLO AA sequence is a variant of 
SEQ ID No. 10. In another embodiment, the LLO AA 
sequence is a fragment of SEQID No: 10. In another embodi 
ment, the LLOAA sequence is an isoform of SEQID No: 10. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0076. In another embodiment, the LLO fragment has the 
Sequence: 
0077 mkkimlvfitlilvslpiaqqteak 
dasafnkensis.Svappasppaspkt 
piekkhadeidkyiqgldynkinnylvyhg davtnvp 
prkgykdgneyiv vekkksinqnnadiqVVnaissltypgalvkanselve 
nqpdvlpvkrdsltlsidlpgmtnqdnki VvknatkSnvnnavntlver 
WnekyaqaySnVSakidyddemay 
sesqliakfgtafkavnnslnVnfgaisegkmqeevisfkai yynVnvnep 
trpSrffgkavtkedlqalgVnaenppayissvaygroVylklstnshstkvka 
afdaaysgkSVsgdveltniknSSfk aviyggsakdevdiidgnlgdlrdil 
kkgatfnretpgvpiayttnflkdnelavikinnseyiettskaytd (SEQ ID 
NO: 11). In another embodiment, an LLO AA sequence of 
methods and compositions as provided herein comprises the 
sequence set forth in SEQID No: 11. In another embodiment, 
the LLOAA sequence is a homologue of SEQID No: 11. In 
another embodiment, the LLO AA sequence is a variant of 
SEQ ID No: 11. In another embodiment, the LLO AA 
sequence is a fragment of SEQID No: 11. In another embodi 
ment, the LLOAA sequence is an isoform of SEQID No: 11. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0078. The LLO protein used in the compositions and 
methods as provided herein has, in another embodiment, the 
Sequence: 

(0079 MKKIMLVFITLILVSLPIAQQTEAK 
DASAFNKENSISSMAPPASPPASPKTPIEKK 
HADEIDKYIQGLDYNKNNVLVYHGDAVT 
NVPPRKGYKDGNEYIVVEKKKKSINQNNA 
VNAISSLTYPGALVKANSELVENQPDV 
LPVKRDSLTLSIDLPGMTNQDNKIVVKN 
ATKSNVNNAVNTLVERWNEKYAQAYPN 
VSAKIDYDDEMAYSESQLIAKFGTAFKAVN NSLNVN 
FGAISEGKMQEEVISFKQIYYNVNVNEP 
TRPSRFFGKAVTKEQLQALGVNAEN 
PPAYISSVAYGRQVYLKLSTNSHSTKV 
KAAFDAAVSGKSVSGDVELTNIIKNSSFKAVIY 
GGSAKDEVOIIDGNLGDLRDILKKGAT 
FNRETPGVPIAYTTNFLKDNELAVIKNNSEYIE 
TTSKAYTDGKINIDHSGGYVA 
QFNISWDEVNYDPEGNEIVQHKNWSENN 
KSKLAHFTS SIYLPGNARNINVYAKECTGLAWEW 
WRTVIDDRNLPLVKNRNISIWGTTLYPKYSNKV 

DIQV 
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DNPIE (GenBank Accession No. P13128; SEQID NO: 12: 
nucleic acid sequence is set forth in GenBank Accession No. 
X15127). The first 25 AA of the proprotein corresponding to 
this sequence are the signal sequence and are cleaved from 
LLO when it is secreted by the bacterium. Thus, in this 
embodiment, the full length active LLO protein is 504 resi 
dues long. In another embodiment, the above LLO fragment 
is used as the Source of the LLO fragment incorporated in a 
vaccine as provided herein. In another embodiment, an LLO 
AA sequence of methods and compositions as provided 
herein comprises the sequence set forth in SEQID NO: 12. In 
another embodiment, the LLOAA sequence is a homologue 
of SEQ ID NO: 12. In another embodiment, the LLO AA 
sequence is a variant of SEQID NO: 12. In another embodi 
ment, the LLOAA sequence is a fragment of SEQID NO: 12. 
In another embodiment, the LLOAA sequence is an isoform 
of SEQ ID NO: 12. Each possibility represents a separate 
embodiment as provided herein. 
0080. The LLO protein used in the compositions and 
methods as provided herein has, in another embodiment, the 
Sequence: 

MKKIMLVFITLILVSLPIAQQTEAK 
DASAFNKENSISSVAPPASPPASPKTPIEKKHADEID 
KYIQGLDYNKNNVLVYHGDAVTNVP 
PRKGYKDGNEYIVVEKKKKSINQNNADIQVVN AISS 
LTYPGALVKANSELVENQPDVLPVKRD 
SLTLSIDLPGMTNQDNKIVVKNATKSNV 
NNAVNTLVERWNEKYAQAYSNVSAKIDY 
DDEMAYSESQLIAKFGTAFKAVNNSLNVN FGAISEG 
KMQEEVISFKQIYYNVNVNEPTRPSRFF 
GKAVTKEQLQALGVNAENPPAYISS 
VAYGRQVYLKLSTNSHSTKV 
KAAFDAAVSGKSVSGDVELTNIIKNSS 
FKAVIYGGSAKD EVOIIDGNLGDLRDILKKGATFN 
RETPGVPIAYTTNFLKDNELAVIKNNSEYIETTSKAYT 
D (SEQ ID NO: 13). In another embodiment, an LLO AA 
sequence of methods and compositions as provided herein 
comprises the sequence set forth in SEQ ID NO: 13. In 
another embodiment, the LLOAA sequence is a homologue 
of SEQ ID NO: 13. In another embodiment, the LLO AA 
sequence is a variant of SEQID NO: 13. In another embodi 
ment, the LLOAA sequence is a fragment of SEQID NO: 13. 
In another embodiment, the LLOAA sequence is an isoform 
of SEQ ID NO: 13. Each possibility represents a separate 
embodiment as provided herein. 
0081. In one embodiment, the amino acid sequence of the 
LLO polypeptide of the compositions and methods as pro 
vided herein is from the Listeria monocytogenes 10403S 
strain, as set forth in Genbank Accession No.: ZP 01942330, 
EBA21833, or is encoded by the nucleic acid sequence as set 
forth in Genbank Accession No.: NZ AARZO1000015 or 
AARZO1000015.1. In another embodiment, the LLO 
sequence for use in the compositions and methods as pro 
vided herein is from Listeria monocytogenes, which in one 
embodiment, is the 4b F23.65 strain (in one embodiment, 
Genbank accession number: YP 012823), the EGD-e strain 
(in one embodiment, Genbank accession number: 
NP 463733), or any other strain of Listeria monocytogenes 
known in the art. 

0082 In another embodiment, the LLO sequence for use 
in the compositions and methods as provided herein is from 
Flavobacteriales bacterium HTCC2170 (in one embodiment, 
Genbank accession number: ZP 01106747 or EAR01433; 
in one embodiment, encoded by Genbank accession number: 
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NZ AAOC01000003). In one embodiment, proteins that are 
homologous to LLO in other species, such as alveolysin, 
which in one embodiment, is found in Paenibacillus alvei (in 
one embodiment, Genbank accession number: P23564 or 
AAA22224; in one embodiment, encoded by Genbank acces 
sion number: M62709) may be used in the compositions and 
methods as provided herein. Other Such homologous proteins 
are known in the art. 

I0083. Each LLO protein and LLO fragment represents a 
separate embodiment of the methods and compositions as 
provided herein. 
I0084. In another embodiment, homologues of LLO from 
other species, including known lysins, or fragments thereof 
may be used to create a fusion protein of LLO with an antigen 
of the compositions and methods as provided herein, which in 
one embodiment, is HMW-MAA, and in another embodi 
ment is a fragment of HMW-MAA. 
I0085. In another embodiment, the LLO fragment of meth 
ods and compositions as provided herein, is a PEST-like 
domain. In another embodiment, an LLO fragment that com 
prises a PEST sequence is utilized as part of a composition or 
in the methods as provided herein. 
I0086. In another embodiment, the LLO fragment does not 
contain the activation domain at the carboxy terminus In 
another embodiment, the LLO fragment does not include 
cysteine 484. In another embodiment, the LLO fragment is a 
non-hemolytic fragment. In another embodiment, the LLO 
fragment is rendered non-hemolytic by deletion or mutation 
of the activation domain. In another embodiment, the LLO 
fragment is rendered non-hemolytic by deletion or mutation 
of cysteine 484. In another embodiment, an LLO sequence is 
rendered non-hemolytic by deletion or mutation at another 
location. 

I0087. In another embodiment, the LLO fragment consists 
of about the first 441 AA of the LLO protein. In another 
embodiment, the LLO fragment comprises about the first 
400-441 AA of the 529 AA full length LLO protein. In 
another embodiment, the LLO fragment corresponds to AA 
1-441 of an LLO protein disclosed herein. In another embodi 
ment, the LLO fragment consists of about the first 420 AA of 
LLO. In another embodiment, the LLO fragment corresponds 
to AA 1-420 of an LLO protein disclosed herein. In another 
embodiment, the LLO fragment consists of about AA 20-442 
of LLO. In another embodiment, the LLO fragment corre 
sponds to AA 20-442 of an LLO protein disclosed herein. In 
another embodiment, any ALLO without the activation 
domain comprising cysteine 484, and in particular without 
cysteine 484, are suitable for methods and compositions as 
provided herein. 
I0088. In another embodiment, the LLO fragment corre 
sponds to the first 400 AA of an LLO protein. In another 
embodiment, the LLO fragment corresponds to the first 300 
AA of an LLO protein. In another embodiment, the LLO 
fragment corresponds to the first 200 AA of an LLO protein. 
In another embodiment, the LLO fragment corresponds to the 
first 100 AA of an LLO protein. In another embodiment, the 
LLO fragment corresponds to the first 50 AA of an LLO 
protein, which in one embodiment, comprises one or more 
PEST-like sequences. 
I0089. In another embodiment, the LLO fragment contains 
residues of a homologous LLO protein that correspond to one 
of the above AA ranges. The residue numbers need not, in 
another embodiment, correspond exactly with the residue 
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numbers enumerated above; e.g. if the homologous LLO 
protein has an insertion or deletion, relative to an LLO protein 
utilized herein. 
0090. In another embodiment, a recombinant Listeria 
strain of the methods and compositions as provided herein 
comprise a nucleic acid molecule operably integrated into the 
Listeria genome as an open reading frame with an endog 
enous ActA sequence. In another embodiment, an episomal 
expression vector as provided herein comprises a fusion pro 
tein comprising an antigen fused to an Act A or a truncated 
Act A. In one embodiment, the antigen is HMW-MAA, while 
in another embodiment, it's an immunogenic fragement of 
HMW-MAA 

0091. In one embodiment, an antigen of the methods and 
compositions as provided herein is fused to an ActA protein, 
which in one embodiment, is an N-terminal fragment of an 
ActA protein, which in one embodiment, comprises or con 
sists of the first 390 AA of Act A, in another embodiment, the 
first 418 AA of ActA, in another embodiment, the first 50 AA 
of ActA, in another embodiment, the first 100 AA of ActA, 
which in one embodiment, comprise a PEST-like sequence 
such as that provided in SEQID NO: 2. In another embodi 
ment, an N-terminal fragment of an ActA protein utilized in 
methods and compositions as provided herein comprises or 
consists of the first 150 AA of ActA, in another embodiment, 
the first approximately 200 AA of ActA, which in one 
embodiment comprises 2 PEST-like sequences as described 
herein. In another embodiment, an N-terminal fragment of an 
ActA protein utilized in methods and compositions as pro 
vided herein comprises or consists of the first 250 AA of 
ActA, in another embodiment, the first 300 AA of ActA. In 
another embodiment, the ActA fragment contains residues of 
a homologous ActA protein that correspond to one of the 
above AA ranges. The residue numbers need not, in another 
embodiment, correspond exactly with the residue numbers 
enumerated above; e.g. if the homologous ActA protein has 
an insertion or deletion, relative to an ActA protein utilized 
herein, then the residue numbers can be adjusted accordingly, 
as would be routine to a skilled artisan using sequence align 
ment tools such as NCBI BLAST that are well-known in the 
art 

0092. In another embodiment, the N-terminal portion of 
the Act A protein comprises 1, 2, 3, or 4 PEST-like sequences, 
which in one embodiment are the PEST-like sequences spe 
cifically mentioned herein, or their homologs, as described 
herein or other PEST-like sequences as can be determined 
using the methods and algorithms described herein or by 
using alternative methods known in the art. 
0093. An N-terminal fragment of an Act A protein utilized 
in methods and compositions as provided herein has, in 
another embodiment, the sequence set forth in SEQID NO: 
14: 
MRAMMVVFITANCITINPDIIFAATD 
SEDSSLNTDEWEEEKTEEQPSEVNTGPRYETARE 
VSSRDIKELEKSNKVRNTNKADLIAM 
LKEKAEKGPNINNNNSEQTENAAINEEASGADR 
PAIOVERRHPGLPSDSAAEIKKRRKA 
IASSDSELESLTYPDKPTKVNKKKVAKESVADAS 
ESDLDSSMQSADESSPQPLKANQQPFFP 
KVFKKIKDAGKWVRDKIDENPEVKKAIVDKS 
AGLIDQLLTKKKSEEVNASDFPPPPT 
DEELRLALPETPMLLGFNAPATSEPSSFEFPPPPTD 
EELRLALPETPMLLGFNAPATSEPSS 
FEFPPPPTEDELEIIRETASSLDSSFTRGDLASLRNA 
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INRHSQNFSDFPPIPTEEELNGRGGRP (SEQID NO:14). 
In another embodiment, the ActA fragment comprises the 
sequence set forth in SEQID NO: 14. In another embodiment, 
the ActA fragment is any other ActA fragment known in the 
art. In another embodiment, the ActA protein is a homologue 
of SEQID NO: 14. In another embodiment, the Act A protein 
is a variant of SEQID NO: 14. In another embodiment, the 
Act A protein is an isoform of SEQ ID NO: 14. In another 
embodiment, the ActA protein is a fragment of SEQID NO: 
14. In another embodiment, the ActA protein is a fragment of 
a homologue of SEQID NO: 14. In another embodiment, the 
Act A protein is a fragment of a variant of SEQID NO: 14. In 
another embodiment, the ActA protein is a fragment of an 
isoform of SEQ ID NO: 14. Each possibility represents a 
separate embodiment as provided herein. Each possibility 
represents a separate embodiment as provided herein. 
0094. In another embodiment, the recombinant nucleotide 
encoding a fragment of an ActA protein comprises the 
sequence set forth in SEQ ID NO: 15: atgcgtgcgatgatggtg 
gttittcattactgccaattgcattac 
gattaacCCCgaCataatatttgcagcgacagatagcgaagattictagtCt aaaca 
CagatgaatgggaagaagaaaaaacagaagagcaacCaagCgaggtaaata 
CgggaCCaagatacgaaactgcacgtgaagt aagttcacgtgatattaaagaac 
tagaaaaatcgaataaagtgagaaatac 
gaacaaagCagacCtaatagcaatgttgaaagaaaaagc agaaaaaggto 
Caaataticaataataacaacagtgaacaaactgagaatgcggctataaatgaag 
aggCttCaggagccgaCCgacCag CtatacaagtggagcgtCgtCatcCag 
gattgCCatcggatagcgcagcggaaat 
taaaaaaagaaggaaag.cCatagcatcatcggata gtgagcttgaaagcct tact 
tatCCggataaacCaacaaaagtaaataagaaaaaagtggCgaaagagtCagt 
tgCggatgCttctgaaag tgaCttagattictagcatgcagtCagca 
gatgagticttcaccacaacctittaaaag 
caaaccaacaaccatttittCcctaaagtatttaaaaaa ataaaagatgcggg 
gaaatgggtacgtgataaaatcgacgaaaatCctgaagtaaagaaag.cgattgt 
tgataaaagtgCagggttaattg accaattattaaccaaaaagaaaagt 
gaagaggtaaatgctitcggaCttCCCC 
Caccaccitacggatgaagagttaagacittgctittgcca gagacaCCaatigCttct 
tggttittaatgctcctgctacatcagaaccgagcticatcgaattitccaccacca 
CCtacggatgaagagttaaga CttgCtttgccagagacgcCaatgct 
tettggttittaatgcticctgctacatcg 
gaacCgagctCgttcgaattitCCaCCgCCtcCaacagaag atgaactagaaat 
CatCCgggaaacagcatcCtcgctagattictagttittacaagaggggatttagcta 
gtttgagaaatgctattaatcgcCa tagtcaaaatttctictgattitcccac 
caatcccaacagaagaagagttgaacgggagaggeggtagacca (SEQ ID 
NO: 15). In another embodiment, the recombinant nucleotide 
has the sequence set forth in SEQ ID NO: 15. In another 
embodiment, the recombinant nucleotide comprises any 
other sequence that encodes a fragment of an ActA protein. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0.095 An N-terminal fragment of an Act A protein utilized 
in methods and compositions as provided herein has, in 
another embodiment, the sequence set forth in SEQID NO: 
16: MRAMMVVFITANCITINPDIIFAATD 
SEDSSLNTDEWEEEKTEEQPSEVNTGPRYETARE 
VSSRDIEELEKSNKVKNTNKADLIAM 
LKAKAEKGPNNNNNNGEQTGNVAINEEASGVD 
RPTLQVERRHPGLSSDSAAEIKKRRKA 
IASSDSELESLTYPDKPTKANKRKVAKESVVD ASES 
DLDSSMQSADESTPQPLKANQKPFFP 
KVFKKIKDAGKWVRDKIDENPEVKKAIVD 
KSAGLIDQLLTKKKSEEVNASDFPPPPT 
DEELRLALPETPMLLGFNAPTPSEPSSFEFPPPP 
TDEELRLALPETPMLLGFNAPATSEPSS 
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FEFPPPPTEDELEIMRETAPSLDSSFTSGDLASL 

RSAINRHSENFSDFPLIPTEEELNGRGGRP (SEQ ID 
NO: 16), which in one embodiment is the first 390 AA for 
ActA from Listeria monocytogenes, strain 10403S. In 
another embodiment, the ActA fragment comprises the 
sequence set forth in SEQID NO: 16. In another embodiment, 
the ActA fragment is any other ActA fragment known in the 
art. In another embodiment, the ActA protein is a homologue 
of SEQID NO: 16. In another embodiment, the Act A protein 
is a variant of SEQID NO: 16. In another embodiment, the 
Act A protein is an isoform of SEQ ID NO: 16. In another 
embodiment, the ActA protein is a fragment of SEQID NO: 
16. In another embodiment, the ActA protein is a fragment of 
a homologue of SEQID NO: 16. In another embodiment, the 
Act A protein is a fragment of a variant of SEQID NO: 16. In 
another embodiment, the ActA protein is a fragment of an 
isoform of SEQ ID NO: 16. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0096. In another embodiment, the recombinant nucleotide 
encoding a fragment of an ActA protein comprises the 
sequence set forth in SEQ ID NO: 17: atgcgtgcgatgatgg 
tagttttcattactgccaactgcattac 
gattaacCCCgaCataatatttgcagcgacagatagcgaagattCcagtCt aaaca 
CagatgaatgggaagaagaaaaaacagaagagCagcCaagCgaggtaaata 
CgggaCCaagatacgaaactgcacgtgaagt aagttcacgtgatattgaggaac 
tagaaaaatcgaataaagtgaaaaatac 
gaacaaagCagacCtaatagcaatgttgaaagcaaaag.ca gagaaaggto 
cgaataacaataataacaacggtgagcaaacaggaaatgtggctataaatgaag 
aggCttCaggagtCgacCgaCCaact CtgcaagtggagcgtCgtCatcCag 
gtCtgtcatCggatagcgcagcggaaat 
taaaaaaagaagaaaag.cCatagcgtCgtCggatagt gagCttgaaag.cCttact 
tatCcagataaacCaacaaaagcaaataagagaaaagtggCgaaagagtCagt 
tgtggatgCttctgaaagtga CttagattictagcatgcagtCagCagaC 
gag.tctacaccacaacctittaaaag 
caaatcaaaaaccatttittccctaaagtatttaaaaaaataa aagatgcggg 
gaaatgggtacgtgataaaatcgacgaaaatCctgaagtaaagaaag.cgattgtt 
gataaaagtgCagggittaattgacca attattaacCaaaaagaaaagtgaagag 
gtaaatgCttCggaCttCCC2CCaCCaC 
Ctacggatgaagagttaagacittgctittgccagaga CaccgatgCttctCggttt 
taatgctCCtactCcatcggaaccgagctCatticgaattitCcgCCgCCaCCtacg 
gatgaagagttaagacittgct ttgccagagacgcCaatigCttCttg 
gttittaatgctcctgctacatcggaac 
CgagctCatticgaattitcCaccgCCtcCaacagaagatgaac tagaaattatgcgg 
gaaacagcacCttcgctagattictagttittacaag.cggggatttagctagtttgaga 
agtgctattaatcgcCatagcgaa aatttctictgattitcccactaatcccaa 
cagaagaagagttgaacgggagaggcggtagacca (SEQ ID NO: 17). 
which in one embodiment, is the first 1170 nucleotides encod 
ing ActAin Listeria monocytogenes 10403S strain. In another 
embodiment, the recombinant nucleotide has the sequence 
set forth in SEQ ID NO: 17. In another embodiment, the 
recombinant nucleotide comprises any other sequence that 
encodes a fragment of an ActA protein. Each possibility 
represents a separate embodiment of the methods and com 
positions as provided herein. 
0097. In another embodiment, the ActA fragment is 
another ActA fragment known in the art, which in one 
embodiment, is any fragment comprising a PEST sequence. 
Thus, in one embodiment, the ActA fragment is amino acids 
1-100 of the Act A sequence. In another embodiment, the 
ActA fragment is amino acids 1-200 of the ActA sequence. In 
another embodiment, the ActA fragment is amino acids 200 
300 of the Act A sequence. In another embodiment, the ActA 
fragment is amino acids 300-400 of the Act A sequence. In 

Jun. 2, 2011 

another embodiment, the Act Afragment is amino acids 1-300 
of the ActA sequence. In another embodiment, a recombinant 
nucleotide as provided herein comprises any other sequence 
that encodes a fragment of an ActA protein. In another 
embodiment, the recombinant nucleotide comprises any 
other sequence that encodes an entire ActA protein. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0098. In one embodiment, the Act A sequence for use in 
the compositions and methods as provided herein is from 
Listeria monocytogenes, which in one embodiment, is the 
EGD strain, the 10403S strain (Genbank accession number: 
DQ054585) the NICPBP 54002 strain (Genbank accession 
number: EU394.959), the S3 strain (Genbank accession num 
ber: EU394960), the NCTC 5348 strain (Genbank accession 
number: EU394961), the NICPBP 54006 strain (Genbank 
accession number: EU394962), the M7 strain (Genbank 
accession number: EU394963), the S19 strain (Genbank 
accession number: EU394964), or any other strain of Listeria 
monocytogenes which is known in the art. 
0099. In one embodiment, the sequence of the deleted 
actA region in the Strain, LimddAactA is as follows: 
0100 gcgccaaatcattggttgattggtgag 
gatgtctgttgttgcgtgggtCgCgagatgggCgaataagaagCattaaagatcCtga 
caaatataatcaag.cggcticatatgaaa 
gattacgaatcgct tccacticacagag 
gaaggcgactgggg.cggagttcattataatagtggtat CCC2aataaagcagc 
ctataatactatoactaaacttggaaaagaaaaaacagaacagctittatttitcgcgc 
cittaaagtactatttaacgaaa aaatcCcagtttaccgatgc 
gaaaaaag.cgCttcaacaagCagCgaaa 
gatttatatggtgaagatgCttCtaaaaaagttgctgaagCttgg gaagcagt 
tggggttaactgattaacaaatgttagagaaaaattaattcticcaagtgatattotta 
aaataatticatgaatatttitttcttatattagct aattaagaagataactaactgctaatc 
caatttittaacggaacaaattagt 
gaaaatgaaggcCgaattittCCttgttctaaaaaggttgattagc gtatCacgag 
gagggagtataagtgggattaaacagattitatgcgtgCgatgatggtggttittCatt 
actgccaattgcattacgattaaccccg acgtcgacccatacgacgttaancttg 
caatgttagctattggcgtgttctictt 
tagggg.cgtttatcaaaattattoaattaagaaaaaataatta aaaacacagaac 
gaaagaaaaagtgaggtgaatgatatgaaattcaaaaaggtggttctagg tatg 
tgcttgatc.gcaagtgttctagtictttc CggtaacgataaaagcaaatgCCtgt 
tgtgatgaatact tacaaacacccg 
cagctccgcatgatattgacagcaaattaccacataaactta gttggtcc.gcg 
gataacCCgacaaatactgacgtaaatacgCactattggCtttittaaacaag.cgg 
aaaaaatactagctaaagatgtaaatc atatgcgagctaatttaatgaatgaact 
taaaaaatticgataaacaaatagct 
caaggaatatatgatgcggatcataaaaatccatattatgata ctagtacatttt 
taticteatttittataatcctgatagagataatact tatttgccgggttittgctaatgcga 
aaataacaggagcaaagtatttcaatC aatcggtgaCtgattaccgagaagggaa 
(SEQID NO: 18). In one embodiment, the underlined region 
contains actA sequence element that is present in the Limd 
dAactA strain. In one embodiment, the bold sequence gtcgac 
represent the site of junction of the N-T and C-T sequence. 
0101. In one embodiment, the recombinant Listeria strain 
of the compositions and methods as provided herein comprise 
a first or second nucleic acid molecule that encodes a High 
Molecular Weight-Melanoma Associated Antigen (HMW 
MAA), or, in another embodiment, a fragment of HMW 
MAA 

0102. In one embodiment, HMW-MAA is also known as 
the melanoma chondroitin sulfate proteoglycan (MCSP), and 
in another embodiment, is a membrane-bound protein of 
2322 residues. In one embodiment, HMW-MAA is expressed 
on over 90% of surgically removed benign nevi and mela 
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noma lesions, and is also expressed in basal cell carcinoma, 
tumors of neural crest origin (e.g. astrocytomas, gliomas, 
neuroblastomas and sarcomas), childhood leukemias, and 
lobular breast carcinoma lesions. In another embodiment, 
HMW-MAA is highly expressed on both activated pericytes 
and pericytes in tumor angiogeneic vasculature which, in 
another embodiment is associated with neovascularization in 
vivo. In another embodiment, immunization of mice with the 
recombinant Listeria, as provided herein, that expresses a 
fragment of HMW-MAA (residues 2160 to 2258), impairs the 
growth of tumors not engineered to express HMW-MAA 
(FIG. 9D). In another embodiment, immunization of mice 
with the recombinant Listeria expressing a fragment of 
HMW-MAA (residues 2160 to 2258) decreases the number 
of pericytes in the tumor vasculature. In another embodiment, 
immunization of mice with the recombinant Listeria express 
ing a fragment of HMW-MAA (residues 2160 to 2258) causes 
infiltration of CD8" T cells around blood vessels and into the 
tumor. 

0103) In one embodiment, a murine homolog of HMW 
MAA, known as NG2 or AN2, has 80% homology to HMW 
MAA, as well as similar expression pattern and function. In 
another embodiment, HMW-MAA is highly expressed on 
both activated pericytes and pericytes in tumor angiogenic 
vasculature. In one embodiment, activated pericytes are asso 
ciated with neovascularization in vivo. In one embodiment, 
activated pericytes are involved in angiogenesis. In another 
embodiment, angiogenesis is important for Survival of 
tumors. In another embodiment, pericytes in tumor angio 
genic vasculature are associated with neovascularization in 
vivo. In another embodiment, activated pericytes are impor 
tant cells in vascular development, stabilization, maturation 
and remodeling. Therefore, in one embodiment, besides its 
role as a tumor-associated antigen, HMW-MAA is also a 
potential universal target for anti-angiogenesis using an 
immunotherapeutic approach. As described herein (Example 
8), results obtained using an Lim-based vaccine against this 
antigen has Supported this possibility. 
0104. In another embodiment, one of the antigens of the 
methods and compositions provided herein is expressed in 
activated pericytes. In another embodiment, at least one of the 
antigens is expressed in activated pericytes. 
0105. The HMW-MAA protein from which HMW-MAA 
fragments as provided herein are derived is, in another 
embodiment, a human HMW-MAA protein. In another 
embodiment, the HMW-MAA protein is a mouse protein. In 
another embodiment, the HMW-MAA protein is a rat protein. 
In another embodiment, the HMW-MAA protein is a primate 
protein. In another embodiment, the HMW-MAA protein is 
from any other species known in the art. In another embodi 
ment, the HMW-MAA protein is melanoma chondroitinsul 
fate proteoglycan (MCSP). In another embodiment, an AN2 
protein is used in methods and compositions as provided 
herein. In another embodiment, an NG2 protein is used in 
methods and compositions as provided herein. 
0106. In another embodiment, the HMW-MAA protein of 
methods and compositions as provided herein has the 
Sequence: 

01.07 MQSGRGPPLPAPGLALALTLTMLARLA 
SAASFFGENHLEVPVATALTDIDLQL QFSTSQ 
PEALLLLAAGPADHLLLQLYSGRLQVR 
LVLGQEELRLQTPAETLLSDSIPHTVV 
LTVVEGWATLSVDGFLNASSAVPGA 
PLEVPYGLFVGGTGTLGLPYLRGTSRPLRGCLHA 
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ATLNGRSLLRPLTPDVHEGCAEEFSASD 

DVALGFSGPHSLAAFPAWGTQDEGTLEFTLT 
RQAPLAFQAGGRRGDFIYVDIFEGHL 
RAVVEKGQGTVLLHNSVPVADGQPHEVSV 
HINAHRLEISVDQYPTHTSNRGVL 
SYLEPRGSLLLGGLDAEASRHLQEHRLGLTPEATNA 
SLLGCMEDLSVNGQRRGLREALLTRN 
MAAGCRLEEEEYEDDAYGHYEAFSTLAPEAWP 
AMELPEPCVPEPGLPPVFAN 

FTQLLTISPLVVAEGGTAWLEWRH 
VQPTLDLMEAELRKS QVLFSVTRGARHGELELDIP 
GAQARKMFTLLDVVNRKARFIHDGSEDTSDQLVL 
EVSVT ARVPMPSCLRRGQTYLLPIQVNPVNDP 
PHIIFPHGSLMVILEHTQKPLGPEVFOAYDPDS 
ACEGLTFQVLGTSSGLPVERRDQPGE 
PATEFSCRELEAGSLVYVHRGGPAQDLTFRVSD 
GLQASPPATLKVVAIRPAIQIHRSTGLR 
LAQGSAMPILPANLSVETNAVGQDVSVLERVT 
GALQFGELQKQGAGGVEGAEWWATOAF 
HQRDVEQGRVRYLSTDPQHHAYDTVENLA 
LEVQVGQEILSNLSFPVTIQRATVWMLR 
LEPLHTQNTQQETLTTAHLEATLEEAGPSPPT FHYEV 
VQAPRKGNLQLQGTRLSDGQGFTQD 
DIQAGRVTYGATARASEAVEDTFRFRVT 
APPYFSPLYTFPIHIGGDPDAPVLTNV 
LLVVPEGGEGVLSADHLFVKSLNSASYLYEVME 
RPRHGRLAWRGTQDKTTMVTSFTNEDLL 
RGRLVYQHDDSETTEDDIPFVATRQGESSG 
DMAWEEVRGVFRVAIQPVNDHAPVQTIS 
RIFHVARGGRRLLTTDDVAFSDADSGFADA 
TRKDLLFGSIVAVDEPTRPIYRFTQEDL 
RKRRVLFVHSGADRGWIQLQVSDGQHQ 
ATALLEVQASEPYLRVANGSSLVVPQG 
GQGTIDTAVLHLDTNLDIRSGDEVHYHVTAGP 
RWGQLVRAGQPATAFSQQDLLDGAVLY 
SHNGSLSPRDTMAFSVEAGPVHTDATLQVTI 
PLAPLKLVRHKKIYVFQGEAAEIR 
RDQLEAAQEAVPPADIVFSVKSPPSAGYLVM 
VSRGALADEPPSLDPVOSFSQEAVDT. 
GRVLYLHSRPEAWSDAFSLDVASGLGAPLEGVL 
VELEVLPAAIPLEAQNFSVPEGGSLT 
LAPPLLRVSGPYFPTLLGLSLQVLEPPQHGALQKE 
DGPQARTLSAFSWRMVEEQLIRYVHDG 
SETLTDSFVLMANASEMDRQSHPVAFTVTVL 
PVNDQPPILTTNTGLQMWEGATAPIPAE 
ALRSTDGDSGSEDLVYTIEQPSNGRVVLRGAP 
GTEVRSFTQAQLDGGLVLFSHRGTLDGG 
FRFRLSDGEHTSPGHFFRVTAQKQVLLSLKG 
SQTLTVCPGSVQPLSSQTLRASSSAGTD 
PQLLLYRVVRGPQLGRLFHAQQDSTGEALVN 
FTQAEVYAGNILYEHEMPPEPFWEAH 
DTLELQLSSPPARDVAATLAVAVSFEAACPQRP SHL 
WKNKGLWVPEGQRARITVAALDASN 
LLASVPSPQRSEHDVLFQVTQFPSRGQLLVS 
EEPLHAGQPHFLQSQ 
LAAGQLVYAHGGGGTQQDGFHFRAHLQG 
PAGASVAGPQTSEAF AITVRDVNERPPQPQASVPLRL 
TRGSRAPISRAQLSVVDPDSAPGEIEYEVQRAPHN 
GFLS LVGGGLGPVTRFTQADVDSGRLAF 
VANGSSVAGIFQLSMSDGASPPLPMSLAVDILPSAI 
EVQLRAPLEVPQALGRSSLSQQQLRVVS 
DREEPEAAYRLIQGPQYGHLLVGGRPTSAFS 
QFQIDQGEVVFAFTNFSSSHDHFRVLA 
LARGVNASAVVNVTVRALLHVWAGGPWPQG ATL 

QLVL 

ALEG 
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CCC9gacaCttCttCCgagtgacggC 
CCagaagcaagtgctCctCtcgctgaagggCagCCaga CactgaCtgtctgC 
CCagggtocgtCcagccacticagcagtCagaCCCtCagggCCagctCcagcgC 
aggCactgaCCCCagctCCtg CtctaccgtgtggtgcggggC 
CCCCagctaggCCggCtgttcCacgC 
CcagcaggacagcaaggggaggcCCtggtgaactitcactica ggcagaggto 
tacgctgggaatattotgtatgagcatgagatgCCCCCCgagCCttittgggaggC 
CcatgataCCCtagagctCcagctgt CCtcgCCgCCtgCCCgggacgtggCCgC 
CaCCCttgCtgtggCtgtgtcttittgag 
gCtgCCtgtCCCagcgCCCagCCaCCtctggaa gaacaaaggtotCtgggto 
CCC2agggccagcgggcCaggatcaccgtggctgctctggatgcCtcCaat 
CtCttggCCagcgttcCatCa CCCCagcgcticagagCatgatgtgctCt 
toCaggtoacacagttcCCCagC 
CggggCCagCtgttggtgtcCgaggagcCCCtcCatgctgggCagCCCCaCttC 
CtgcagtcCcagctggctgcagggcagctagtgtatgccCacggcggtggggg 
CaccCagcaggatggCttCCaC tittCgtgCCCaCCtcCaggggCCag 
CaggggCCtCCgtggCtggaCCCCaaac 
CtcagaggCCtttgcCatCacggtgagggatgtaaat gagcggCCCCCtcagc 
CacaggCCtctgtcCCaCtCCggctCaCCCgaggctCtcgtgCCCCCatcto 
CCggg.cccagctgagtgtggtg gaCCCagacticagctCCtggggagat 
tgagtacgaggtocagcgggCaCCCCa 
CaacggCttcCtcagcCtggtgggggggcCtggg gCCCgtgacCCgct 
teacgcaagCCgatgtggattcaggg.cggctggCCttcgtggccaacgggag 
CagcgtggCaggCatCttCcagc tgagcatgtctgatggggcCagCCCaC 
CCCtgCCCatgtcCCtggCtgtgga 
CatCctacCatCcgcCatcgaggtgcagctg.cgggCaC CCCtggaggtgC 
CCCaagCtttgggg.cgctCctCactgagcCagCagCagctCcgggtggttca 
gatcgggaggagccagaggCagca taccgCCtcatcCagggacCCcag 
tatgggCatctoctggtgggcgggcggC 
CCaCCtcggCCttCagCCaattCcagatagacCagggC gaggggtCtttgCCt 
toacCaacttctCctCctCtCatgacCact tcagagtCCtggCactggCtaggggt 
gtCaatgcatcagcCgtagtga acgtCactgtgagggCtctgctgcatgt 
gtgggCaggtgggcCatggCCCCagggit 
gCCaCCCtgCgCCtggaCCCCaCCgtCCtagatg CtggCgagCtggCCaaccg 
Cacaggcagtgtgcc.gc.gctCCgCCtcCtggagggacCCCggCatggcc.gc 
gtggtecgcgtgCCCC9 agCCaggacggagcCCgggggCagc 
Cagctggtggagcagttcacticagcag 
gacCttgaggacgggaggctggggctggagggg gCaggCCagaggg 
gagggCCCCCggCCCCgcaggtgacagtCtcactctggagctgtgggCacag 
ggcgtcCCgCCtgctgtggCCtc cctggactittgccactgagccttacaat 
gCtgCCCggCCCtacagcgtggCCCt 
gcticagtgtcCCCgaggcc.gcCCggacggaagcagg gaagccagagagcag 
CaCCCCCaCaggCgagCCaggCCCCatggCatCcagcCCtgagcCCgCtgt 
ggcCaagggaggctitcCtgag CttCCttgaggCCaacatgttcagcgt 
catcatcccCatgtgcctggtactitct 
gCtCCtggCgCtcatCCtgCCCCtgctCttCtacctCCgaaa acgcaacaa 
gacgggCaagCatgacgtCcaggtoctgaCtgcCaagcCCCgcaacggCCt 
ggCtggtgacaccgagaCatticgcaag giggagcCaggCCaggCCatCCC2Ct 
CacagctgtgCCtggcCaggggc 
CCCCtcCaggaggCCagcCtgaccCagagctgCtgcagt totgCCggacac 
CCaacCCtgCCCttaagaatggCCagtactggggtgaggCCtggCCtgggCC 
cagatgctgatcgggccagggacaggc (SEQID No. 20). In another 
embodiment, the recombinant nucleotide has the sequence 
set forth in SEQ ID NO. 20. In another embodiment, an 
HMW-MAA-encoding nucleotide of methods and composi 
tions as provided herein comprises the sequence set forth in 
SEQ ID No. 20. In another embodiment, the HMW-MAA 
encoding nucleotide is a homologue of SEQ ID No. 20. In 
another embodiment, the HMW-MAA-encoding nucleotide 
is a variant of SEQ ID No. 20. In another embodiment, the 
HMW-MAA-encoding nucleotide is a fragment of SEQ ID 
No. 20. In another embodiment, the HMW-MAA-encoding 
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nucleotide is an isoform of SEQID No. 20. Each possibility 
represents a separate embodiment of the methods and com 
positions as provided herein. 
0110. In another embodiment, the HMW-MAA protein of 
methods and compositions as provided herein has an AA 
sequence set forth in a GenBank entry having an Accession 
Numbers selected from NM OO1897 and X96753. In 
another embodiment, the HMW-MAA protein is encoded by 
a nucleotide sequence set forth in one of the above GenBank 
entries. In another embodiment, the HMW-MAA protein 
comprises a sequence set forth in one of the above GenBank 
entries. In another embodiment, the HMW-MAA protein is a 
homologue of a sequence set forth in one of the above Gen 
Bank entries. In another embodiment, the HMW-MAA pro 
tein is a variant of a sequence set forth in one of the above 
GenBank entries. In another embodiment, the HMW-MAA 
protein is a fragment of a sequence set forth in one of the 
above GenBank entries. In another embodiment, the HMW 
MAA protein is an isoform of a sequence set forth in one of 
the above GenBank entries. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0111. The HMW-MAA fragment utilized in the present 
invention comprises, in another embodiment, AA 360-554. In 
another embodiment, the fragment consists essentially of AA 
360-554. In another embodiment, the fragment consists of 
AA 360-554. In another embodiment, the fragment com 
prises AA 701-1130. In another embodiment, the fragment 
consists essentially of AA 701-1130. In another embodiment, 
the fragment consists of AA 701-1130. In another embodi 
ment, the fragment comprises AA 2160-2258. In another 
embodiment, the fragment consists essentially of 2160-2258. 
In another embodiment, the fragment consists of 2160-2258. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0.112. In another embodiment, the recombinant Listeria of 
the compositions and methods as provided herein comprise a 
plasmid that encodes a recombinant polypeptide that is, in 
one embodiment, angiogenic, and in another embodiment, 
antigenic. In one embodiment, the polypeptide is HMW 
MAA, and in another embodiment, the polypeptide is a 
HMW-MAA fragment. In another embodiment, the plasmid 
further encodes a non-HMW-MAA peptide. In one embodi 
ment, the non-HMW-MAA peptide enhances the immunoge 
nicity of the polypeptide. In one embodiment, the HMW 
MAA fragment of methods and compositions as provided 
herein is fused to the non-HMW-MAA AA sequence. In 
another embodiment, the HMW-MAA fragment is embedded 
within the non-HMW-MAA AA sequence. In another 
embodiment, an HMW-MAA-derived peptide is incorpo 
rated into an LLO fragment, ActA protein or fragment, or 
PEST-like sequence. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0113. The non-HMW-MAA peptide is, in one embodi 
ment, a listeriolysin (LLO) oligopeptide. In another embodi 
ment, the non-HMW-MAA peptide is an Act A oligopeptide. 
In another embodiment, the non-HMW-MAA peptide is a 
PEST-like oligopeptide. In one embodiment, fusion to LLO, 
ActA, PEST-like sequences and fragments thereof enhances 
the cell-mediated immunogenicity of antigens. In one 
embodiment, fusion to LLO, ActA, PEST-like sequences and 
fragments thereof enhances the cell-mediated immunogenic 
ity of antigens in a variety of expression systems. In another 
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embodiment, the non-HMW-MAA peptide is any other 
immunogenic non-HMW-MAA peptide known in the art. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0114. In one embodiment, the recombinant Listeria strain 
of the compositions and methods as provided herein express 
a heterologous antigenic polypeptide that is expressed by a 
tumor cell. In one embodiment, the recombinant Listeria 
strain of the compositions and methods as provided herein 
comprise a first or second nucleic acid molecule that encodes 
a Prostate Specific Antigen (PSA), which in one embodiment, 
is a marker for prostate cancer that is highly expressed by 
prostate tumors, which in one embodiment is the most fre 
quent type of cancer in American men and, in another 
embodiment, is the second cause of cancer related death in 
American men. In one embodiment, PSA is a kallikrein serine 
protease (KLK3) secreted by prostatic epithelial cells, which 
in one embodiment, is widely used as a marker for prostate 
CaCC. 

0115. In one embodiment, the recombinant Listeria strain 
as provided herein comprises a nucleic acid molecule encod 
ing KLK3 protein. 
0116. In another embodiment, the KLK3 protein has the 
Sequence: 

0117 MWVPVVFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGG VLVHPQWVL 
TAAHCIRNKSVILLGRHSLFHPEDT 
GQVFQVSHSFPHPLYDMSLLKNRFL 
RPGDDSSHDLMLLRLSEPAELTDAVKVM 
DLPTOEPALGTTCYASGWGSIEPEEFLTPKK 
LQCVDLHVISNDVCAQVHPQKVTKFML 
CAGRWTGGKSTCSGDSGGPLVCNGVLQGITS 
WGSEPCALPERPSLYTKVVHYRKWIKDTIVANP (SEQ 
ID No: 21; GenBank Accession No. CAA32915). In another 
embodiment, the KLK3 protein is a homologue of SEQ ID 
No. 21. In another embodiment, the KLK3 protein is a variant 
of SEQID No. 21. In another embodiment, the KLK3 protein 
is an isomer of SEQID No. 21. In another embodiment, the 
KLK3 protein is a fragment of SEQID No. 21. Each possi 
bility represents a separate embodiment of the methods and 
compositions as provided herein. 
0118. In another embodiment, the KLK3 protein has the 
Sequence: 

0119) IVGGWECEKHSQPWQVLVASRGRAVCG 
GVLVHPQWVLTAAHCIRNKSVILLG RHSLFHPEDT 
GQVFQVSHSFPHPLYDMSLLKNRFLR 
PGDDSSHDLMLLRLSEPAELTDA 
VKVMDLPTOEPALGTTCYASGWGSIE 
PEEFLTPKKLQCVDLHVISNDVCAQVHPQKVTK 
FMLCAGRWTGGKSTCSGDSGGPLVCYGV 
LQGITSWGSEPCALPERPSLYTKVVHYRKW IKDTI 
VANP (SEQ ID No. 22). In another embodiment, the KLK3 
protein is a homologue of SEQID No. 22. In another embodi 
ment, the KLK3 protein is a variant of SEQ ID No. 22. In 
another embodiment, the KLK3 protein is an isomer of SEQ 
ID No. 22. In another embodiment, the KLK3 protein is a 
fragment of SEQ ID No. 22. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0120 In another embodiment, the KLK3 protein has the 
sequence: IVGGWECEKHSQPWQVLVASRGRAVCG 
GVLVHPQWVLTAAHCIRNKSVILLGRHSLFH PEDT 
GQVFQVSHSFPHPLYDMSLLKNRFLR 
PGDDSSHDLMLLRLSEPAELTDAVKVMDL 
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PTOEPALGTTCYASGWGSIEPEEFLTP 
KKLQCVDLHVISNDVCAQVHPQKVTKFMLCAG 
RWTGGKSTCSGDSGGPLVCNGV 

LQGITSWGSEPCALPERPSLYTKVVHYRKWIKDTIVA 
NP (SEQID No. 23: GenBankAccession No. AAA59995.1). 
In another embodiment, the KLK3 protein is a homologue of 
SEQID No. 23. In another embodiment, the KLK3 protein is 
a variant of SEQ ID No. 23. In another embodiment, the 
KLK3 protein is an isomer of SEQ ID No. 23. In another 
embodiment, the KLK3 protein is a fragment of SEQID No: 
23. Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
I0121. In another embodiment, the KLK3 protein is 
encoded by a nucleotide molecule having the sequence:ggt 
gtCttaggCacactggtCttggagtg 
CaaaggatCtaggCacgtgaggctittg 
tatgaagaatcggggatcgtacCCaCCCCCtgttct 
gttcatcctgggcatgtcticctctgc 
ctttgtcccctagatgaagtictocat 
gagctacaagggCCtggtgcatcCagggtgatCtagtaattg Cagaacag 
CaagtgctagctCtCCCtCCCCttCCaCagctCtgggtgtgggagggggttgtCC 
agCCtcCagcagcatggggagggCCtt ggteagcCtctggggccag 
CagggCagggg.cggagtcCtggggaat 
gaaggttittatagggctCCtgggggaggctCCCCagcCCCa agCttaccacctg 
CaCCCggagagctgttgtcaccatgttgggtocCggttgtcttCCtcacCCtgtcCg 
tgacgtggattggtgagaggggcc atggttggggggatgcaggagagggagc 
CagcCCtgaCtgtcaagCtgag 
gCtCtttCCCCCCCaaccCagCaCCCCagCCCagaCagggagctgggCtatttct 
gtctetcccagccccacttcaag.cccatacccccagtccccticcatattgcaac 
agtCctCactCCCaCacCaggit ccccgcticcCtcccacttacccca 
gaactittct tcccatttgcccagc 
CagctCCCtgctCCCagCtgCtttactaaaggggaagttcCtgggC atctoCgt 
gttctictttgtggggctcaaaacctccaaggacctictetcaatgccattggttcctt 
ggaCCgtatCactggtocatCtcCtgagcC cctcaatcctateacagtictact 
gacttittcccattcagctgtgagtgtc 
CaacCCtatCCCagagaCCttgatgCttggCCtCCCaatctgCCC taggatac 
CCagatgcCaaccagaCacctCCttattoctagcCaggctatotggCCtgagaC 
aacaaatgggtCCCtcagtctggcaatgg gactctgagaacticcticatccct 
gacticttagccccagactatoat 
toagtggCCCaCattacct taggaaaaacatgagcatcCCCagcca CaactgC 
cagctictetgagtccccaaatctgcatccattcaaaacctaaaaacaaaaagaaa 
aacaaataaaacaaaaccaacticagacca gaactgattcticaacctgggactitc 
ctaaactaccaaaaccacctatocag 
caactgaacctcgccataaggcacttatccCtggacctag caccccttatcccct 
cagaatccacaacttgtaccaagtaccatctoccagtccaagaccccaaatcacc 
acaaaggacCCaatCCCCaga CtCaagatatggtCtgggCgCtgtcagt 
gtCtCctacCCtgatCCCtgggt 
toaactCtgctCCCagagcatgaagcCtCtCCaCCagcacca gCCaCCaacCtg 
caaacCtagggaagattgacagaattCCCagCCatCCCagctCCCCCtgCCCa 
tgtCCCaggactCCCagCCaggttc totgcccccgtgtatttcaaaccca 
catcctaaatcCatctectatocyagtic 
CCCCagaCCCCCtgtcaacCCtgattCCCCtgatCtagCaC CCCCtctgcag 
gcgctg.cgcCCCtcatCctgtcticggattgttgggaggctgggagtgcgagaag 
CattcCCaacCCtggCaggtgCttgtggCCtCtcgtggCagggCagtCtgCggCg 
gtgaCtggtgCaCCCCCagtgggtoct 
CacagctgCCCaCtgcatcaggaagtgagtaggg gCCtggggtctggggag 
CaggtgttctgtgtCccagaggaataacagctgggCattacCCCaggataacCtC 
taaggccagcCagggact gggggagagagggaaagttctggttcag 
gtcacatggggaggcagggttggggctg 
gaCCaCCCtCCCCatggCtgCCtgggtotCcat CtgttgtCCCtCtatgtctictagt 
gtCgattCattatgtctCaggtaactggCttCggagtgtctCtCCgtgtgactattag 
actCtctCtCCCtctC actctgtcttcagtictocatatotic 
cccctictetctgtccactctggtc 
CCtctCtagcCagtgtgtcticaccCtgtatCtCtctgcCaggCtctgtC tctcg 
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gacCatgcCagcCCtgCCgatggtocticCatggctCCC tagtgCCCtggagag 
gaggtgtctagticagagagtagtcCtggaaggtggCCtctgtgaggagccacg 
gggacagcatcCtgcagatggt CCtggCCCttgtCCCaCCgaCCtgtcta 
CaaggactgtcCtcgtggaCCCtC 
CCCtctgcacaggagctggaCCCtgaagtCCCttCCCCaC CggCCaggactg 
gagCCCCtacCCCtctgttggaatCCCtgCCCaCCttCttctggaagtCggCtctg 
gagacatttctictettct tccaaagct gggaactgctatotgttatctgCCtgtc 
CaggtotgaaagataggattgCCCag 
gCagaaactgggaCtgacCtatictoactCtcticCCtgCttt tacCCttagggt 
gattctgggggCCCaCttgtctgtaatg 
gtgtgCttcaaggtatCacgtCatggggCagtgaacCatgtgCCCtgCCCgaa 
aggCCttcCCtgtacaCCaaggtggtg 
CattacCggaagtggatCaaggacac 
CatcgtggCCaacCCCtgagcacCCCtatCaacCCCCt attgtagtaaacttg 
gaacCttggaaatgacCaggCCaagactCaagCCtCCCCagttctactgacCttt 
gtCCttaggtgtgaggtocagggt tigCtaggaaaagaaatcagcagacacag 
gtgtagaccagagtgtttCttaaatggt 
gtaattittgtCctCtctgtgtcCtggggaatactggCC atgCCtggagaCatatica 
ctcaatttctictgaggacacagatag 
gatggggtgtctgtgttatttgttggggtacagagatgaaagagggggg gatcca 
Cactgagagagtggagagtgacatgt 
gCtggaCactgtcCatgaagCactgagcagaagctggaggCacaacgCacca 
gaca CtCacagcaaggatggagctgaaaacat 
aacCCaCtctgtcCtggaggCactgg 
gaagcCtagagaaggctgtgagccaaggagggag ggtctitcCtttggCatgg 
gatggggatgaagtaaggagagggactggaCCCCCtggaagctgattcacta 
tggggggaggtgtattgaagt cctccagacaacccticagatttgat 
gattitcctagtagaacticacagaaataaagagctgttatactgtg (SEQID No: 
26; GenBank Accession No. NM 001030047). In another 
embodiment, the KLK3 protein is encoded by residues 
42-758 of SEQID No. 26. In another embodiment, the KLK3 
protein is encoded by a homologue of SEQ ID No. 26. In 
another embodiment, the KLK3 protein is encoded by a vari 
ant of SEQ ID No. 26. In another embodiment, the KLK3 
protein is encoded by an isomer of SEQID No. 26. In another 
embodiment, the KLK3 protein is encoded by a fragment of 
SEQ ID No. 26. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0.124. In another embodiment, the KLK3 protein has the 
sequence: MWVPVVFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGGVLVHPQ WVL 
TAAHCIRK (SEQ ID No. 27: GenBank Accession No. 
NP 001025221). In another embodiment, the KLK3 protein 
is a homologue of SEQID No. 27. In another embodiment, 
the KLK3 protein is a variant of SEQID No. 27. In another 
embodiment, the sequence of the KLK3 protein comprises 
SEQID No. 27. In another embodiment, the KLK3 protein is 
an isomer of SEQ ID No. 27. In another embodiment, the 
KLK3 protein is a fragment of SEQID No. 27. Each possi 
bility represents a separate embodiment of the methods and 
compositions as provided herein. 
0.125. In another embodiment, the KLK3 protein is 
encoded by a nucleotide molecule having the sequence: agc 
CCCaagCttaccacctgCaCCCg 
gagagCtgtgtcacCatgtgggtocCg 
gttgttct tcctCaCCCttCCgtgacgtggattggtgCtgC 
acCCCtcatCctgtcticggattgtgg 
gaggctgggagtgcgagaagcatc 
CcaacCCtggCaggtgCttgtggCCtctcgtggCagggca gtctg.cggCggtgt 
totggtgCaCCCCCaggggtCctCacagctgCCCaCtgcatcaggaagtga 
gtaggggcCtggggtctggggagc aggtgtctgtgtcCcagaggaataa 
CagctgggCattittCCCCaggataac 
CtctaaggccagcCttgggactgggggagagagggaaagttctggttcaggtoa 
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CatggggaggcagggttggggctggaccaccCtcCCCatggctgCCtgggtet 
cCatctgtgttcctictatgtctictittg tgtcgctttcattatgtcticttgg 
taactggCttCggttgttgttctictoCgt 
gtgactattttgttctictetcticcctictettctictgtcttcagt (SEQ ID No. 28; 
GenBank Accession No. NM 001030050). In another 
embodiment, the KLK3 protein is encoded by residues 
42-758 of SEQID No. 28. In another embodiment, the KLK3 
protein is encoded by a homologue of SEQ ID No. 28. In 
another embodiment, the KLK3 protein is encoded by a vari 
ant of SEQ ID No. 28. In another embodiment, the KLK3 
protein is encoded by an isomer of SEQID No. 28. In another 
embodiment, the KLK3 protein is encoded by a fragment of 
SEQ ID No. 28. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0.126 Inanother embodiment, the KLK3 protein that is the 
source of the KLK3 peptide has the sequence: MWVPV 
VFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGGVLVHPQ WVL 
TAAHCIRNKSVILLGRHSLFHPEDTGQVFQVSHSFP 
HPLYDMSLLKNRFLRPGDDSS IEPEEFLTP 
KKLQCVDLHVISNDVCAQVHPQKVTKFM 
LCAGRWTGGKSTCSGDSGGPLV CNGVLQGITSWG 
SEPCALPERPSLYTKVVHYRKWIKDTIVANP (SEQ ID 
No: 29; GenBank Accession No. NP 001025220). In 
another embodiment, the KLK3 protein is a homologue of 
SEQID No. 29. In another embodiment, the KLK3 protein is 
a variant of SEQ ID No. 29. In another embodiment, the 
KLK3 protein is an isomer of SEQ ID No. 29. In another 
embodiment, the KLK3 protein is a fragment of SEQID No: 
29. Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
I0127. In another embodiment, the KLK3 protein is 
encoded by a nucleotide molecule having the sequence: agc 
CCCaagCttacCaCCtgCaCCCg 
gagagCtgtgtcaccatgtgggtocCg 
gttgtct tcctCaCCCtgtcCgtgacgtggattggtgctg 
CaCCCCtcatCCtgtCtcggattgttgg 
gaggctgggagtgcgagaagcattc 
CcaaccCtggCaggtgCttgtggCCtcticgtggCagggc agtctg.cggCggtgt 
totggtgCaCCCCCaggggtocticacagctgCCCaCtgcatcaggaacaaaa 
gCgtgatctgctgggtcggcac agCCtgttcatCctgaagacacaggC 
Cagg tatttCaggtoagCCaCagCttC 
CCaCaCCCgctCtacgatatgagcctCctgaagaatcg attCctCaggCCag 
gtgatgactCcagcattgaaccagag 
gagttctgaccccaaagaaactticagtgtgtggaccticcatgttatttccaat 
gacgtgttgtgcgcaagttcacCCtca 
gaaggtgaCCaagttcatgctgtgt 
gCtggacgctggacagggggcaaaag.cacctgctcgggt gattctgggggc 
CCaCttgttctgaatggtgtgCttcaaggtatCacgtCatggggCagtgaacCat 
gtgCCCtgCCCgaaaggcCttCCCtg tacaCCaaggtggtgcattacCg 
gaagtggatCaaggacaccatcgtggC 
caacccctgagcacccctatoaaccccctattgtagtaaact tggaacct 
tggaaatgacCaggcCaagactCaagc 
CtCCCCagttctactgacCtttgtcCttaggtgtgaggtocagggttgctaggaaaa 
gaaatcagcagacacaggtgtagacca 
gagtgtttCttaaatggtg 
taattittgtCctCtctgtgtcCtggggaatactggCCatgCCtggaga Cataticact 
CaattitCtctgaggacacagataggatggggtgtctgttgttatttgttgggg tacag 
agatgaaagagggggggatcCacactg agagagggagaglgacatgtgctg 
gacactgtcCatgaagCactgagca 
gaagctggaggCacaacgCaccagaCactCacagcaag gatggagctgaaaa 
CataacCCaCtctgtcCtggaggcactgggaagcCtagagaaggctgtgagcca 
aggagggagggtctitcCtttgg Catgggatggggatgaagtaaggagagg 
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gactggaCCCCCtggaagctgatticac 
tatggggggaggg tattgaagtCctCcagacaac CCtCagatttgatgattitC 
ctagtagaacticacagaaataaagagctgttatactgtg (SEQ ID No. 30; 
GenBank Accession No. NM 001030049). In another 
embodiment, the KLK3 protein is encoded by residues 
42-758 of SEQID No. 30. In another embodiment, the KLK3 
protein is encoded by a homologue of SEQ ID No. 30. In 
another embodiment, the KLK3 protein is encoded by a vari 
ant of SEQ ID No. 30. In another embodiment, the KLK3 
protein is encoded by an isomer of SEQID No. 30. In another 
embodiment, the KLK3 protein is encoded by a fragment of 
SEQ ID No. 30. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0128. In another embodiment, the KLK3 protein has the 
sequence: MWVPVVFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGGVLVHPQ WVL 
TAAHCIRKPGDDSSHDLMLLRLSEPA 
ELTDAVKVMDLPTOEPALGTTCYASGWGS 
IEPEEFLTPKKLQCVDLHVISNDV 
CAQVHPQKVTKFMLCAGRWTGGKSTCSGDSGGPLV 
CNGVLQGITSWGSEPCALPERPSLYTKV 
VHYRKWIKDTIVANP (SEQ ID No. 31; GenBank Acces 
sion No. NP 001025219). In another embodiment, the 
KLK3 protein is a homologue of SEQID No. 31. In another 
embodiment, the KLK3 protein is a variant of SEQID No. 31. 
In another embodiment, the KLK3 protein is an isomer of 
SEQID No. 31. In another embodiment, the KLK3 protein is 
a fragment of SEQID No. 31. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0129. In another embodiment, the KLK3 protein is 
encoded by a nucleotide molecule having the sequence: agc 
CCCaagCttaccacctgCaCCCg 
gagagCtgtgtcacCatgtgggtocCg 
gttgttct tcctCaCCCtgtcCgtgacgtggattggtgctg 
CaCCCCtcatCCtgtctCggattgttgg 
gaggctgggagtgcgagaagcatc 
CcaacCCtggCaggtgCttgtggCCtctcgtggCagggc agtctg.cggCggtgt 
totggtgCaCCCCCaggggtCctCacagctgCCCaCtgcatcaggaagcCag 
gtgatgactCcagcCacgacct CatgctgctCCgCCtgtcagagCCtgC 
CgagctCacggatgctgttgaaggtoatg 
gacCtgCCCaccCaggagccagcactggggacca CCtgctacgCCtcag 
gCtggggCagcattgaaccagaggagttctgaCCCCaaagaaactitCagtgttgt 
ggaccticcatgttatttccaatg acgtgttgttgcgcaagttcaccCtca 
gaaggtgaCCaagttcatgctgtgt 
gCtggacgctggacagggggcaaaag.cacctgctcgggg attctgggg 
gCCCaCttgtctgaatggtgtgct 
toaaggtatCacgtCatggggCagt 
gaacCatgtgCCCtgCCCgaaaggcCttCCCtgt acaccaaggtggtgcattac 
CCaaggacaCCatcgtggCCaacCCCtgagcacCCCtatCaacCCCCtattgt 
agtaaacttggaacCttgg aaatgacCaggCCaagactCaagCCtC 
cccagttctactgacctttgtccttag 
gtgtgaggtocagggttgctaggaaaagaaatcagcag acacaggtgtagacca 
gagtgatCttaaatggtgtaattingtoctictotgtgtcCtggggaatactggCCat 
gCCtggagaCatatoacticaat ttCtctgaggacacagataggatggggt 
gtCtgttgttatttgttgggg tacagagat 
gaaagagggggggatcCacactgagagagtggag agtgacatgtgctgga 
CactgtcCatgaagCactgagcagaagCtggaggcacaacgCaccagaCact 
Cacagcaaggatggagctgaa aacataacCCaCtctgtcCtggag 
gCactgggaagcCtagagaaggctgt 
gagccaaggagggagggtettCCtttggCatgggatgggg atgaagtaag 
gagagggactggacCCCCtggaagctgattcactatggggggaggtgtattga 
agtCcticcagacaacccticagatttgat gattitcctagtagaacticaca 
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gaaataaagagctgttatactgtg (SEQID No. 32; GenBank Acces 
sion No. NM 001030048). In another embodiment, the 
KLK3 protein is encoded by residues 42-758 of SEQID No: 
32. In another embodiment, the KLK3 protein is encoded by 
a homologue of SEQID No. 32. In another embodiment, the 
KLK3 protein is encoded by a variant of SEQID No. 32. In 
another embodiment, the KLK3 protein is encoded by an 
isomer of SEQID No. 32. In another embodiment, the KLK3 
protein is encoded by a fragment of SEQ ID No. 32. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0.130. In another embodiment, the KLK3 protein has the 
sequence: MWVPVVFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGGVLVHPQ WVL 
TAAHCIRNKSVILLGRHSLFHPEDT 
GQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSS 
HDLMLLRLSEPAELTDAVKVMDLPTOE 
PALGTTCYASGWGSIEPEEFLTPKKLQCVDLH VISND 
VCAQVHPQKVTKFMLCAGRWTGGKSTCS 
GDSGGPLVCNGVLQGITSWGSEPCA 
LPERPSLYTKVVHYRKWIKDTIVANP (SEQ ID No. 33: 
GenBank Accession No. NP 001639). In another embodi 
ment, the KLK3 protein is a homologue of SEQID No. 33. In 
another embodiment, the KLK3 protein is a variant of SEQID 
No. 33. In another embodiment, the KLK3 protein is an 
isomer of SEQID No. 33. In another embodiment, the KLK3 
protein is a fragment of SEQ ID No. 33. Each possibility 
represents a separate embodiment of the methods and com 
positions as provided herein. 
I0131. In another embodiment, the KLK3 protein is 
encoded by a nucleotide molecule having the sequence: agc 
CCCaagCttacCaCCtgCaCCCg 
gagagCtgtgtcaccatgtgggtocCg 
gttgtct tcctCaCCCtgtcCgtgacgtggattggtgctg 
CaCCCCtcatCCtgtCtcggattgttgg 
gaggctgggagtgcgagaagcattc 
CcaaccCtggCaggtgCttgtggCCtcticgtggCagggc agtctg.cggCggtgt 
totggtgCaCCCCCaggggtocticacagctgCCCaCtgcatcaggaacaaaa 
gCgtgatctgctgggtcggcac agCCtgttcatCctgaagacacaggC 
Cagg tatttCaggtoagCCaCagCttC 
CCaCaCCCgctCtacgatatgagcctCctgaagaatcg attCctCaggCCag 
gtgatgactCcagcCacgacCtCatgct 
gCtCCgCCtgtcagagcCtgCCgagctCacggatgctgttgaaggtoatg gacct 
gcccaccCaggagccagcactggggac 
CacctgctacgCCtCaggCtggggCagcattgaaccagaggagttctgaCCCC 
aaa gaaactitcagtgttgttggaCCtcCatgt 
tattitcCaatgacgtgtgtgcgcaagt 
toacCCtCagaaggtgaCCaagttcatgctgtgtgCtgga cgctgga 
CagggggcaaaagcacCtgCtcggggattctgggggCCCaCttgtctgtaatg 
gtgtgCttcaaggtatCacgtCatggggCagtgaacCatgtgCCCtgCCCgaaag 
gCCttCCCtgtacaCCaaggtggtgCat 
taccggaagtggatCaaggacaccatcgtggCCaacC CCtgagcacCCCtat 
CaacCCCCtattgtagtaaacttggaacCttggaaatgacCaggcCaagactCaa 
gccticcccagttctactgacctitt gtCCttaggtgtgaggtocagggit 
tgCtaggaaaagaaatcagcagacacag 
gtgtagaccagagtgtttCttaaatggtgtaattittgtcCtC totgtgtcCtggg 
gaatactggCCatgCCtggagaCatatoactCaattitCtctgaggacacagatag 
gatggggtgtctgtgttatttgttggg gtacagagatgaaagagggggggatc 
Cacactgagagagtggagagtgacatgt 
gCtggaCactgtcCatgaagCactgagcagaagc tiggaggcacaacgcacca 
gacactCacagcaaggatggagctgaaaacataacCCaCtctgtCCtggaggc 
actgggaagcctagaga aggctgtgagccaaggagggagggtct 
toCtttggCatgggatggggatgaag 
taaggagagggactggacCCCCtggaagctgattica Citatggggggaggtgtat 
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tgaagtCCtcCagaCaacCCtCagatttgatgattitCCtagtagaactCacagaaa 
taaagagctgttatactgtg (SEQ ID No. 34: GenBank Accession 
No. NM 001648). In another embodiment, the KLK3 pro 
tein is encoded by residues 42-827 of SEQ ID No. 34. In 
another embodiment, the KLK3 protein is encoded by a 
homologue of SEQID No. 34. In another embodiment, the 
KLK3 protein is encoded by a variant of SEQID No. 34. In 
another embodiment, the KLK3 protein is encoded by an 
isomer of SEQID No. 34. In another embodiment, the KLK3 
protein is encoded by a fragment of SEQ ID No. 34. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0.132. In another embodiment, the KLK3 protein has the 
sequence: MWVPVVFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGGVLVHPQ WVL 
TAAHCIRNKSVILLGRHSLFHPEDT 
GQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSS 
HDLMLLRLSEPAELTDAVKVMDLPTOE 
PALGTTCYASGWGSIEPEEFLTPKKLQCVDLH VISND 
VCAQVHPQKVTKFMLCAGRWTGGKSTCS 
GDSGGPLVCNGVLQGITSWGSEPCA 
LPERPSLYTKVVHYRKWIKDTIVANP (SEQ ID No. 35 
GenBank Accession No. AAX294.07.1). In another embodi 
ment, the KLK3 protein is a homologue of SEQID No. 35. In 
another embodiment, the KLK3 protein is a variant of SEQID 
No. 35. In another embodiment, the KLK3 protein is an 
isomer of SEQ ID No. 35. In another embodiment, the 
sequence of the KLK3 protein comprises SEQID No. 35. In 
another embodiment, the KLK3 protein is a fragment of SEQ 
ID No. 35. Each possibility represents a separate embodiment 
of the methods and compositions as provided herein. 
0133. In another embodiment, the KLK3 protein is 
encoded by a nucleotide molecule having the sequence: 
gggggagcCCCaagCttaccacctgcac 
CCggagagCtgtgtcaccatgtgggto 
CCggttgtCttCctCaCCCtgtcCgtgacgtggattig gtgCtgCaCCCCtcatCct 
gtcticggattgttgggaggctgggagtgcgagaagcattccCaaccCtggCagg 
tgCttgttggCCtCtcgtggC agggcagtctg.cggCggtgttctggtg 
CaCCCCCagtgggtCctCacagctgC 
CCaCtgcatcaggaacaaaag.cgtgatCttgCtgggtC ggCacagcCtgttcatC 
CtgaagacacaggCCagg tatttCaggtoagcCacagctitcCCaCaCCCgctCt 
acgatatgagcCtcCtgaag aatcgattcCtCaggCCaggtgat 
gactCcagcCacgacCtCatgctgctC 
CgCCtgtcagagcCtgCCgagcticacggatgctgttgaagg toatggacCtgC 
CcaccCaggagccagcactggggaccacctgctacgcCtcaggctggggcag 
CattgaaccagaggagttctgaCC CcaaagaaactitcagtgttgttggaCCtC 
CatgttattitcCaatgacgtgttgtgCg 
CaagttcacCCtCagaaggtgaCCaagttcatgctgtgtg Ctggacgctgga 
CagggggcaaaagCaCCtgCtcggggattctgggggCCCaCttgtctgaatg 
gtgtgCttcaaggtatCacgtCatgg ggCagtgaacCatgtgCCCtgC 
CCgaaaggcCttCCCtgtacacCaag 
gtggtgcattacCggaagtggatCaaggacaccatcgtggCC aaccCCtgag 
CaCCCCtatCaactCCCtattgtagtaaacttggaacCttggaaatgacCaggcca 
agacticaggCCtCCCCagttctactga CCtttgtcCttaggtgtgaggto 
Cagggttgctaggaaaagaaatcagca 
gacacaggtgtagaccagagtgttcttaaatggtgtaattittgt CCtCtctgtgtc 
CtggggaatactggCCatgCCtggagaCataticactCaattitCtctgaggacac 
agataggatggggtgtctgtgttatttgt ggggtacagagatgaaagagggggg 
gatCCaCactgagagagtggagagtga 
CatgtgctggaCactgtcCatgaagcactgagcag aagctggaggCacaacg 
CaccagaCactCacagcaaggatggagctgaaaacatalaccCactCtgtcCtgg 
aggcactgggaagcCta gagaaggctgtgagcCaaggagg 
gagggtcttcattggCatgggatggg 
gatgaagtagggagagggactggacCCCCtggaagctg attcactatggggg 
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gaggg tattgaagtCctCcagaCaacCCtCagatttgatgattitCctagtagaact 
CacagaaataaagagCtgttata CtgCgaaaaaaaaaaaaaaaaaaaaaaaaaa 
(SEQ ID No. 36: GenBank Accession No. BCO56665). In 
another embodiment, the KLK3 protein is encoded by resi 
dues 47-832 of SEQID No. 36. In another embodiment, the 
KLK3 protein is encoded by a homologue of SEQID No. 36. 
In another embodiment, the KLK3 protein is encoded by a 
variant of SEQID No. 36. In another embodiment, the KLK3 
protein is encoded by an isomer of SEQID No. 36. In another 
embodiment, the KLK3 protein is encoded by a fragment of 
SEQ ID No. 36. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 
I0134. In another embodiment, the KLK3 protein has the 
sequence: MWVPVVFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGGVLVHPQ WVL 
TAAHCIRNKSVILLGRHSLFHPEDT 
GQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSS 
IEPEEFLTPKKLQCVDLHVISNDV 
CAQVHPQKVTKFMLCAGRWTGGKSTCSGDSGGPLV 
CNGVLQGITSWGSEPCALPERPSLYTKV 
VHYRKWIKDTIVA (SEQID No. 37: GenBank Accession 
No. AJ459782). In another embodiment, the KLK3 protein is 
a homologue of SEQID No. 37. In another embodiment, the 
KLK3 protein is a variant of SEQ ID No. 37. In another 
embodiment, the KLK3 protein is an isomer of SEQID No: 
37. In another embodiment, the KLK3 protein is a fragment of 
SEQ ID No. 37. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 
I0135) In another embodiment, the KLK3 protein has the 
sequence: MWVPVVFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGGVLVHPQ WVL 
TAAHCIRNKSVILLGRHSLFHPEDT 
GQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSS 
HDLMLLRLSEPAELTDAVKVMDLPTOE 
PALGTTCYASGWGSIEPEEFLTPKKLQCVDLH VISND 
VCAQVHPQKVTKFMLCAGRWTGGKSTCS 
VSHPYSQDLEGKGEWGP (SEQ ID No. 38, GenBank 
Accession No. AJ512346). In another embodiment, the 
KLK3 protein is a homologue of SEQID No. 38. In another 
embodiment, the KLK3 protein is a variant of SEQID No. 38. 
In another embodiment, the KLK3 protein is an isomer of 
SEQID No. 38. In another embodiment, the sequence of the 
KLK3 protein comprises SEQID No. 38. In another embodi 
ment, the KLK3 protein is a fragment of SEQID No. 38. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0.136. In another embodiment, the KLK3 protein has the 
sequence: MWVPVVFLTLSVTWIGERGHGWGDAGE 
GASPDCQAEALSPPTQHPSPDRELGSFLSLPA 
PLOAHTPSPSILOQSSLPHQVPAP 
SHLPQNFLPIAQPAPCSQLLY (SEQ ID No. 39 GenBank 
Accession No. AJ459784). In another embodiment, the 
KLK3 protein is a homologue of SEQID No. 39. In another 
embodiment, the KLK3 protein is a variant of SEQID No. 39. 
In another embodiment, the sequence of the KLK3 protein 
comprises SEQID No. 39. In another embodiment, the KLK3 
protein is an isomer of SEQ ID No. 39. In another embodi 
ment, the KLK3 protein is a fragment of SEQID No. 39. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0.137 In another embodiment, the KLK3 protein has the 
sequence: MWVPVVFLTLSVTWIGAAPLILSRIVGG 
WECEKHSQPWQVLVASRGRAVCGGVLVHPQ WVL 
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TAAHCIRNKSVILLGRHSLFHPEDT 

GQVFQVSHSFPHPLYDMSLLKNRFLRPGDDSS 
HDLMLLRLSEPAELTDAVKVMDLPTOE 
PALGTTCYASGWGSIEPEEFLTPKKLQCVDLH VISND 
VCAQVHPQKVTKFMLCAGRWTGGKSTCS 
GDSGGPLVCNGVLQGITSWGSEPCA 
LPERPSLYTKVVHYRKWIKDTIVANP (SEQ ID No: 40 
GenBankAccession No. AJ459783). In another embodiment, 
the KLK3 protein is a homologue of SEQ ID No. 40. In 
another embodiment, the KLK3 protein is a variant of SEQID 
No. 40. In another embodiment, the KLK3 protein is an 
isomer of SEQID No. 40. In another embodiment, the KLK3 
protein is a fragment of SEQ ID No. 40. Each possibility 
represents a separate embodiment of the methods and com 
positions as provided herein. 
0.138. In another embodiment, the KLK3 protein is 
encoded by a nucleotide molecule having the sequence: 
aagttcccttcticccagtccaagac 
cccaaatcaccacaaaggacccaatc 
CCCagactCaagatatggtotgggCgCtgtcttgttgtcticct accctgatc 
CCtgggttcaactCtgctCCCagagCatgaagCCtCtcCaccagcaccagcCaC 
CaacCtgcaaacCtagggaagattgaca gaattCCCagCCtttCCCagctCCCCCt 
gCCCatgtcCCaggactCCCagcCttg 
gttctictg.cccccgtgtcttittcaaacccacatcctaaat coatctectatocyagtic 
CCCCagttcCtCCtgtcaacCCtgattcCCCtgatCtagCaCCCCCtctgcaggtgC 
tgcacccCtcatcctgtctic ggattgttgggaggctgggagtgC 
gagaagCattcCCaacCCtggCaggt 
gCttgtagcCtctcgtggCagggcagtctg.cggcggtgttct ggtgcac 
CCCCagtgggtCctCacagctacCCaCtgCatCaggaacaaaag.cgtgatcttg 
CtgggtCggCacagcCtgttcatCctgaa gacacaggcCagg tatttCaggt 
cagccacagct tcccacaccc.gctictac 
gatatgagcCtCctgaagaatcgattcCtCaggcCaggig atgactCcagcCaC 
gacCtCatgctgctCcgCCtgtcagagCCtgCCgagctCacggatgctatgaag 
gtCatggaCCtgCCCaCCCagg agCCagcactggggaCCaCCtgctacgC 
CtCaggCtggggCagcattgaaccagag 
gagttctgaCCCCaaagaaactitCagtgttgtgg acctccatgttatttccaat 
gacgtgttgtgcgcaagttcacCCtCagaaggtgacCaagttcatgctgtgtgCtg 
gacgctggacagggggca aaagCaCCtgctCgggtgat 
totgggggCCCaCttgtctgaatggt 
gtgCttcaaggtatCacgtCatggggCagtgaacCatgtgCCCtgC CCgaaag 
gCCttCCCtgtacacCaaggtggtgcattacCggaagtggatCaaggacaccat 
CgtggCCaacCCCtgagcacCCCtatCaa CtCCCtattgtagtaaacttggaacCt 
tggaaatgacCaggcCaagacticaggC 
CtCCCCagttctactgacCtttgtcCttaggtgtgagg to Cagggttgctaggaaaa 
gaaatcagcagacacaggtgtagaccagagtgttcttaaatggtgtaattittgtC 
CtCtctgttgtcCtggggaata CtggCCatgCCtggagaCataticact 
CaattitCtctgaggacacagatag 
gatggggtgtctgtgttatttgttggggtacagagatgaaagagggggggatcca 
CactgagagagtggagagtgacatgtgCtggaCactgtcCatgaagCactgag 
CagaagCtggaggCacaacgCaC CagacactCacagcaaggatggagct 
gaaaacataaccCactCtgtcCtggag 
gCactgggaagcCtagagaaggctgtgaacCaagga gggagggiatCCtttg 
gCatgggatggggatgaagtaaggagagggactgaCCCCCtggaagctgattic 
actatggggggaggtgtatt gaagtecticcagacaaccctica 
gatttgatgattitCctagtagaactCacagaaataaagagCtgttatactgtgaa 
(SEQ ID No.: 41; GenBank Accession No. X07730). In 
another embodiment, the KLK3 protein is encoded by resi 
dues 67-1088 of SEQID No.: 41. In another embodiment, the 
KLK3 protein is encoded by a homologue of SEQID No.: 41. 
In another embodiment, the KLK3 protein is encoded by a 
variant of SEQID No.: 41. In another embodiment, the KLK3 
protein is encoded by an isomer of SEQID No.: 41. In another 
embodiment, the KLK3 protein is encoded by a fragment of 
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SEQ ID No.: 41. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0.139. In another embodiment, the KLK3 protein is 
encoded by a sequence set forth in one of the following 
GenBank Accession Numbers: BC005307, AJ310938, 
AJ310937, AF335478, AF335477, M27274, and M26663. In 
another embodiment, the KLK3 protein is encoded by a 
sequence set forth in one of the above GenBank Accession 
Numbers. Each possibility represents a separate embodiment 
of the methods and compositions as provided herein. 
0140. In another embodiment, the KLK3 protein is 
encoded by a sequence set forth in one of the following 
GenBank Accession Numbers: NM 001030050, 
NM 001030049, NM 001030048, NM 001030047, 
NM 001648, AJ459782, AJ512346, or AJ459784. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. In one embodiment, the 
KLK3 protein is encoded by a variation of any of the 
sequences described herein wherein the sequence lacks 
MWVPVVFLTLSVTWIGAAPLILSR (SEQID NO: 42). 
0.141. In another embodiment, the KLK3 protein has the 
sequence that comprises a sequence set forth in one of the 
following GenBank Accession Numbers: X 13943, X 13942, 
X13940, X13941, and X13944. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0142. In another embodiment, the KLK3 protein is any 
other KLK3 protein known in the art. Each KLK3 protein 
represents a separate embodiment of the methods and com 
positions as provided herein. 
0143. In another embodiment, the KLK3 peptide is any 
other KLK3 peptide known in the art. In another embodiment, 
the KLK3 peptide is a fragment of any other KLK3 peptide 
known in the art. Each type of KLK3 peptide represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0144). “KLK3 peptide' refers, in another embodiment, to a 
full-length KLK3 protein. In another embodiment, the term 
refers to a fragment of a KLK3 protein. In another embodi 
ment, the term refers to a fragment of a KLK3 protein that is 
lacking the KLK3 signal peptide. In another embodiment, the 
term refers to a KLK3 protein that contains the entire KLK3 
sequence except the KLK3 signal peptide. "KLK3 signal 
sequence” refers, in another embodiment, to any signal 
sequence found in nature on a KLK3 protein. In another 
embodiment, a KLK3 protein of methods and compositions 
as provided herein does not contain any signal sequence. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0145. In another embodiment, the kallikrein-related pep 
tidase 3 (KLK3 protein) that is the source of a KLK3 peptide 
for use in the methods and compositions as provided herein is 
a PSA protein. In another embodiment, the KLK3 protein is a 
P-30 antigen protein. In another embodiment, the KLK3 pro 
tein is a gamma-seminoprotein protein. In another embodi 
ment, the KLK3 protein is a kallikrein 3 protein. In another 
embodiment, the KLK3 protein is a semenogelase protein. In 
another embodiment, the KLK3 protein is a seminin protein. 
In another embodiment, the KLK3 protein is any other type of 
KLK3 protein that is known in the art. Each possibility rep 
resents a separate embodiment of the methods and composi 
tions as provided herein. 
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0146 Inanother embodiment, the KLK3 protein is a splice 
variant 1 KLK3 protein. In another embodiment, the KLK3 
protein is a splice variant 2 KLK3 protein. In another embodi 
ment, the KLK3 protein is a splice variant 3 KLK3 protein. In 
another embodiment, the KLK3 protein is a transcript variant 
1 KLK3 protein. In another embodiment, the KLK3 protein is 
a transcript variant 2 KLK3 protein. In another embodiment, 
the KLK3 protein is a transcript variant 3 KLK3 protein. In 
another embodiment, the KLK3 protein is a transcript variant 
4 KLK3 protein. In another embodiment, the KLK3 protein is 
a transcript variant 5 KLK3 protein. In another embodiment, 
the KLK3 protein is a transcript variant 6 KLK3 protein. In 
another embodiment, the KLK3 protein is a splice variant 
RP5 KLK3 protein. In another embodiment, the KLK3 pro 
tein is any other splice variant KLK3 protein known in the art. 
In another embodiment, the KLK3 protein is any other tran 
script variant KLK3 protein known in the art. Each possibility 
represents a separate embodiment of the methods and com 
positions as provided herein. 
0147 In another embodiment, the KLK3 protein is a 
mature KLK3 protein. In another embodiment, the KLK3 
protein is a pro-KLK3 protein. In another embodiment, the 
leader sequence has been removed from a mature KLK3 
protein of methods and compositions as provided herein. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0148. In another embodiment, the KLK3 protein that is the 
Source of a KLK3 peptide of methods and compositions as 
provided herein is a human KLK3 protein. In another 
embodiment, the KLK3 protein is a primate KLK3 protein. In 
another embodiment, the KLK3 protein is a KLK3 protein of 
any other species known in the art. In another embodiment, 
one of the above KLK3 proteins is referred to in the art as a 
“KLK3 protein. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0149. In another embodiment, the antigen of interest is a 
KLK9 polypeptide. 
0150. In another embodiment, the antigen of interest is 
HPV-E7. In another embodiment, the antigen is HPV-E6. In 
another embodiment, the antigen is Her-2/neu. In another 
embodiment, the antigen is NY-ESO-1. In another embodi 
ment, the antigen is telomerase (TERT). In another embodi 
ment, the antigen is SCCE. In another embodiment, the anti 
genis CEA. In another embodiment, the antigen is LMP-1. In 
another embodiment, the antigen is p53. In another embodi 
ment, the antigen is carboxic anhydrase IX (CAIX). In 
another embodiment, the antigen is PSMA. In another 
embodiment, the antigen is prostate stem cell antigen 
(PSCA). In another embodiment, the antigen is HMW-MAA. 
In another embodiment, the antigen is WT-1. In another 
embodiment, the antigen is HIV-1 Gag. In another embodi 
ment, the antigenis Proteinase 3. In another embodiment, the 
antigen is Tyrosinase related protein 2. In another embodi 
ment, the antigen is PSA (prostate-specific antigen). In 
another embodiment, the antigen is selected from HPV-E7. 
HPV-E6, Her-2, NY-ESO-1, telomerase (TERT), SCCE, 
HMW-MAA, WT-1, HIV-1 Gag, CEA, LMP-1, p53, PSMA, 
PSCA, Proteinase 3, Tyrosinase related protein 2. Muc 1, 
PSA (prostate-specific antigen), or a combination thereof. 
0151. In another embodiment, the antigen is a tumor-as 
Sociated antigen, which in one embodiment, is one of the 
following tumor antigens: a MAGE (Melanoma-Associated 
Antigen E) protein, e.g. MAGE 1, MAGE 2, MAGE 3. 

Jun. 2, 2011 

MAGE 4, a tyrosinase; a mutant ras protein; a mutant p53 
protein; p97 melanoma antigen, a ras peptide or p53 peptide 
associated with advanced cancers; the HPV 16/18 antigens 
associated with cervical cancers, KLH antigen associated 
with breast carcinoma, CEA (carcinoembryonic antigen) 
associated with colorectal cancer, gp100, a MART1 antigen 
associated with melanoma, or the PSA antigen associated 
with prostate cancer. In another embodiment, the antigen for 
the compositions and methods as provided herein are mela 
noma-associated antigens, which in one embodiment are 
TRP-2, MAGE-1, MAGE-3, gp-100, tyrosinase, HSP-70, 
beta-HCG, or a combination thereof. 
0152. In one embodiment, the first and second nucleic 
acids may encode two separate antigens that serve as tumor 
targets, which in one embodiment are Prostate Specific Anti 
gen (PSA) and Prostate Cancer StemCell (PSCA) antigen. In 
one embodiment, the polypeptide encoded by the second 
nucleic acid may complement or synergize the immune 
response to the first nucleic acid encoding an antigenic 
polypeptide. In another embodiment, the polypeptide 
encoded by the second nucleic acid affects vascular growth. 
In one embodiment, the first and second nucleic acid may 
encode two polypeptides that affect vascular growth, which in 
one embodiment, work via distinct mechanisms to affect 
vascular growth. In one embodiment, Such polypeptides are 
EGFR-III, HMW-MAA, or a combination thereof. In one 
embodiment, a polypeptide may serve as both a tumorantigen 
an angiogenic factor. In one embodiment, the first nucleic 
acid may encode a tumor antigen, and the second nucleic acid 
may encode a polypeptide that is an inhibitor of the function 
or expression of ARG-1 or NOS or combination. In one 
embodiment, an inhibitor of NOS is N'-mono-methyl-L- 
arginine (L-NMMA), N-nitro-L-arginine methyl ester 
(L-NAME), 7-NI, L-NIL, or L-NIO. In one embodiment, 
N-omega-nitro-L-arginine a nitric oxide synthase inhibitor 
and L-arginine competitive inhibitor may be encoded by the 
nucleic acid. In one embodiment, the second nucleic acid may 
encode an mRNA that inhibits function or expression of 
ARG-1 or NOS. 
0153. In one embodiment, a polypeptide expressed by the 
Listeria of the present invention may be a neuropeptide 
growth factor antagonist, which in one embodiment is D-Arg 
1, D-Phes, D-Trp7.9, Leu11 substance P. Argé, D-Trp7.9, 
NmePhe8substance P(6-11). These and related embodi 
ments embodiments are understood by one of skill in the art. 
0154) In another embodiment, the antigen is an infectious 
disease antigen. In one embodiment, the antigen is an auto 
antigen or a self-antigen. 
0.155. In other embodiments, the antigen is derived from a 
fungal pathogen, bacteria, parasite, helminth, or viruses. In 
other embodiments, the antigen is selected from tetanus tox 
oid, hemagglutinin molecules from influenza virus, diphthe 
ria toxoid, HIV gp120, HIV gag protein, IgA protease, insulin 
peptide B, Spongospora subterranea antigen, vibriose anti 
gens, Salmonella antigens, pneumococcus antigens, respira 
tory syncytial virus antigens, Haemophilus influenza outer 
membrane proteins, Helicobacter pylori urease, Neisseria 
meningitidis pilins, N. gonorrhoeae pilins, human papilloma 
virus antigens E1 and E2 from type HPV-16, -18, -31, -33, -35 
or -45 human papilloma viruses, or a combination thereof. 
0156. In other embodiments, the antigen is associated with 
one of the following diseases; cholera, diphtheria, Haemo 
philus, hepatitis A, hepatitis B, influenza, measles, meningi 
tis, mumps, pertussis, Smallpox, pneumococcal pneumonia, 
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polio, rabies, rubella, tetanus, tuberculosis, typhoid, Vari 
cella-Zoster, whooping cough3 yellow fever, the immunogens 
and antigens from Addison's disease, allergies, anaphylaxis, 
Bruton's syndrome, cancer, including Solid and blood borne 
tumors, eczema, Hashimoto's thyroiditis, polymyositis, der 
matomyositis, type 1 diabetes mellitus, acquired immune 
deficiency syndrome, transplant rejection, Such as kidney, 
heart, pancreas, lung, bone, and liver transplants, Graves 
disease, polyendocrine autoimmune disease, hepatitis, 
microscopic polyarteritis, polyarteritis nodosa, pemphigus, 
primary biliary cirrhosis, pernicious anemia, coeliac disease, 
antibody-mediated nephritis, glomerulonephritis, rheumatic 
diseases, systemic lupus erthematosus, rheumatoid arthritis, 
seronegative spondylarthritides, rhinitis, sjogren's syndrome, 
systemic sclerosis, Sclerosing cholangitis, Wegener's granu 
lomatosis, dermatitis herpetiformis, psoriasis, vitiligo, mul 
tiple Sclerosis, encephalomyelitis, Guillain-Barre syndrome, 
myasthenia gravis, Lambert-Eaton syndrome, Sclera, epis 
clera, uveitis, chronic mucocutaneous candidiasis, urticaria, 
transient hypogammaglobulinemia of infancy, myeloma, 
X-linked hyper IgM syndrome, Wiskott-Aldrich syndrome, 
ataxia telangiectasia, autoimmune hemolytic anemia, 
autoimmune thrombocytopenia, autoimmune neutropenia, 
Waldenstrom's macroglobulinemia, amyloidosis, chronic 
lymphocytic leukemia, non-Hodgkin's lymphoma, malarial 
circumsporozite protein, microbial antigens, viral antigens, 
autoantigens, and lesteriosis. Each antigen represents a sepa 
rate embodiment of the methods and compositions as pro 
vided herein. 

0157. The immune response induced by methods and 
compositions as provided herein is, in another embodiment, a 
T cell response. In another embodiment, the immune 
response comprises a T cell response. In another embodi 
ment, the response is a CD8+ T cell response. In another 
embodiment, the response comprises a CD8" T cell response. 
Each possibility represents a separate embodiment as pro 
vided herein. 

0158. In one embodiment, a recombinant Listeria of the 
compositions and methods as provided herein comprise an 
angiogenic polypeptide. In another embodiment, anti-angio 
genic approaches to cancertherapy are very promising, and in 
one embodiment, one type of Such anti-angiogenic therapy 
targets pericytes. In another embodiment, molecular targets 
on vascular endothelial cells and pericytes are important tar 
gets for antitumor therapies. In another embodiment, the 
platelet-derived growth factor receptor (PDGF-B/PDGFR 
(3) signaling is important to recruit pericytes to newly formed 
blood vessels. Thus, in one embodiment, angiogenic 
polypeptides as provided herein inhibit molecules involved in 
pericyte signaling, which in one embodiment, is PDGFR-B. 
0159. In one embodiment, the compositions of the present 
invention comprise an angiogenic factor, or an immunogenic 
fragment thereof, where in one embodiment, the immuno 
genic fragment comprises one or more epitopes recognized 
by the host immune system. In one embodiment, an angio 
genic factor is a molecule involved in the formation of new 
blood vessels. In one embodiment, the angiogenic factor is 
VEGFR2. In another embodiment, an angiogenic factor of 
the present invention is Angiogenin; Angiopoietin-1, Del-1; 
Fibroblast growth factors: acidic (aFGF) and basic (bFGF); 
Follistatin: Granulocyte colony-stimulating factor (G-CSF); 
Hepatocyte growth factor (HGF)/scatter factor (SF); Interleu 
kin-8 (IL-8); Leptin; Midkine: Placental growth factor; Plate 
let-derived endothelial cell growth factor (PD-ECGF); Plate 
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let-derived growth factor-BB (PDGF-BB); Pleiotrophin 
(PTN); Progranulin; Proliferin; Transforming growth factor 
alpha (TGF-alpha); Transforming growth factor-beta (TGF 
beta); Tumor necrosis factor-alpha (TNF-alpha); Vascular 
endothelial growth factor (VEGF)/vascular permeability fac 
tor (VPF). In another embodiment, an angiogenic factor is an 
angiogenic protein. In one embodiment, a growth factor is an 
angiogenic protein. In one embodiment, an angiogenic pro 
tein for use in the compositions and methods of the present 
invention is Fibroblast growth factors (FGF); VEGF; VEGFR 
and Neuropilin 1 (NRP-1); Angiopoietin 1 (Ang1) and Tie2; 
Platelet-derived growth factor (PDGF; BB-homodimer) and 
PDGFR: Transforming growth factor-beta (TGF-B), endoglin 
and TGF-3 receptors; monocyte chemotactic protein-1 
(MCP-1); Integrins CVB3, C.VB5 and C.5 B1; VE-cadherin and 
CD31; ephrin; plasminogen activators; plasminogen activa 
tor inhibitor-1; Nitric oxide synthase (NOS) and COX-2; 
AC133; or Id 1/Id3. In one embodiment, an angiogenic pro 
tein for use in the compositions and methods of the present 
invention is an angiopoietin, which in one embodiment, is 
Angiopoietin 1, Angiopoietin 3, Angiopoietin 4 or Angiopoi 
etin 6. In one embodiment, endoglin is also known as CD105; 
EDG: HHT1: ORW: or ORW1. In one embodiment, endoglin 
is a TGFbeta co-receptor. 
0160. In one embodiment, cancer vaccines as provided 
herein generate effector T cells that are able to infiltrate the 
tumor, destroy tumor cells and eradicate the disease. In one 
embodiment, naturally occurring tumor infiltrating lympho 
cytes (TILS) are associated with better prognosis in several 
tumors, such as colon, ovarian and melanoma. In colon can 
cer, tumors without signs of micrometastasis have an 
increased infiltration of immune cells and a Th1 expression 
profile, which correlate with an improved survival of patients. 
Moreover, the infiltration of the tumor by T cells has been 
associated with Success of immunotherapeutic approaches in 
both pre-clinical and human trials. In one embodiment, the 
infiltration of lymphocytes into the tumor site is dependent on 
the up-regulation of adhesion molecules in the endothelial 
cells of the tumor vasculature, generally by proinflammatory 
cytokines, such as IFN-Y, TNF-C. and IL-1. Several adhesion 
molecules have been implicated in the process of lymphocyte 
infiltration into tumors, including intercellular adhesion mol 
ecule 1 (ICAM-1), vascular endothelial cell adhesion mol 
ecule 1 (V-CAM-1), vascular adhesion protein 1 (VAP-1) and 
E-selectin. However, these cell-adhesion molecules are com 
monly down-regulated in the tumor vasculature. Thus, in one 
embodiment, cancer vaccines as provided herein increase 
TILS, up-regulate adhesion molecules (in one embodiment, 
ICAM-1, V-CAM-1, VAP-1, E-selectin, or a combination 
thereof), up-regulate proinflammatory cytokines (in one 
embodiment, IFN-y, TNF-C., IL-1, or a combination thereof), 
or a combination thereof. 

0.161. In one embodiment, the compositions and methods 
as provided herein provide anti-angiogenesis therapy, which 
in one embodiment, may improve immunotherapy strategies. 
In one embodiment, the compositions and methods as pro 
vided herein circumvent endothelial cell anergy in vivo by 
up-regulating adhesion molecules in tumor vessels and 
enhancing leukocyte-vessel interactions, which increases the 
number of tumor infiltrating leukocytes, such as CD8" T 
cells. Interestingly, enhanced anti-tumor protection corre 
lates with an increased number of activated CD4 and CDS 
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tumor-infiltrating T cells and a pronounced decrease in the 
number of regulatory T cells in the tumor upon VEGF block 
ade. 

0162. In one embodiment, delivery of anti-angiogenic 
antigen simultaneously with a tumor-associated antigen to a 
host afflicted by a tumor as described herein, will have a 
synergistic effect in impacting tumor growth and a more 
potent therapeutic efficacy. 
0163. In another embodiment, targeting pericytes through 
vaccination will lead to cytotoxic T lymphocyte (CTL) infil 
tration, destruction of pericytes, blood vessel destabilization 
and vascular inflammation, which in another embodiment is 
associated with up-regulation of adhesion molecules in the 
endothelial cells that are important for lymphocyte adherence 
and transmigration, ultimately improving the ability of lym 
phocytes to infiltrate the tumor tissue. In another embodi 
ment, concomitant delivery of a tumor-specific antigen gen 
erate lymphocytes able to invade the tumor site and kill tumor 
cells. 

0164. In one embodiment, the platelet-derived growth fac 
tor receptor (PDGF-B/PDGFR-B) signaling is important to 
recruit pericytes to newly formed blood vessels. In another 
embodiment, inhibition of VEGFR-2 and PDGFR-?3 con 
comitantly induces endothelial cell apoptosis and regression 
of tumor blood vessels, in one embodiment, approximately 
40% of tumor blood vessels. 

0165. In another embodiment, said recombinant Listeria 
strain is an auxotrophic Listeria strain. In another embodi 
ment, said auxotrophic Listeria Strain is a dal/dat mutant. In 
another embodiment, the nucleic acid molecule is stably 
maintained in the recombinant bacterial strain in the absence 
of antibiotic selection. 

0166 In one embodiment, auxotrophic mutants useful as 
vaccine vectors may be generated in a number of ways. In 
another embodiment, D-alanine auxotrophic mutants can be 
generated, in one embodiment, via the disruption of both the 
dal gene and the dat gene to generate an attenuated aux 
otrophic strain of Listeria which requires exogenously added 
D-alanine for growth. 
0167. In one embodiment, the generation of AA strains of 
Listeria deficient in D-alanine, for example, may be accom 
plished in a number of ways that are well known to those of 
skill in the art, including deletion mutagenesis, insertion 
mutagenesis, and mutagenesis which results in the generation 
of frameshift mutations, mutations which cause premature 
termination of a protein, or mutation of regulatory sequences 
which affect gene expression. In another embodiment, 
mutagenesis can be accomplished using recombinant DNA 
techniques or using traditional mutagenesis technology using 
mutagenic chemicals or radiation and Subsequent selection of 
mutants. In another embodiment, deletion mutants are pre 
ferred because of the accompanying low probability of rever 
sion of the auxotrophic phenotype. In another embodiment, 
mutants of D-alanine which are generated according to the 
protocols presented herein may be tested for the ability to 
grow in the absence of D-alanine in a simple laboratory 
culture assay. In another embodiment, those mutants which 
are unable to grow in the absence of this compound are 
selected for further study. 
0168 Inanother embodiment, in addition to the aforemen 
tioned D-alanine associated genes, other genes involved in 
synthesis of a metabolic enzyme, as provided herein, may be 
used as targets for mutagenesis of Listeria. 
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0169. In one embodiment, said auxotrophic Listeria strain 
comprises an episomal expression vector comprising a meta 
bolic enzyme that complements the auxotrophy of said aux 
otrophic Listeria strain. In another embodiment, the construct 
is contained in the Listeria Strain in an episomal fashion. In 
another embodiment, the foreign antigen is expressed from a 
vector harbored by the recombinant Listeria strain. In another 
embodiment, said episomal expression vector lacks an anti 
biotic resistance marker. In one embodiment, an antigen of 
the methods and compositions as provided herein is geneti 
cally fused to an oligopeptide comprising a PEST sequence. 
In another embodiment, said endogenous polypeptide com 
prising a PEST sequence is LLO. In another embodiment, 
said endogenous polypeptide comprising a PEST sequence is 
ActA. Each possibility represents a separate embodiment of 
the methods and compositions as provided herein. 
0170 In another embodiment, the metabolic enzyme 
complements an endogenous metabolic gene that is lacking in 
the remainder of the chromosome of the recombinant bacte 
rial strain. In one embodiment, the endogenous metabolic 
gene is mutated in the chromosome. In another embodiment, 
the endogenous metabolic gene is deleted from the chromo 
some. In another embodiment, said metabolic enzyme is an 
amino acid metabolism enzyme. In another embodiment, said 
metabolic enzyme catalyzes a formation of an amino acid 
used for a cell wall synthesis in said recombinant Listeria 
strain. In another embodiment, said metabolic enzyme is an 
alanine racemase enzyme. In another embodiment, said meta 
bolic enzyme is a D-amino acid transferase enzyme. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0171 In another embodiment, the metabolic enzyme cata 
lyzes the formation of an amino acid (AA) used in cell wall 
synthesis. In another embodiment, the metabolic enzyme 
catalyzes synthesis of an AA used in cell wall synthesis. In 
another embodiment, the metabolic enzyme is involved in 
synthesis of an AA used in cell wall synthesis. In another 
embodiment, the AA is used in cell wall biogenesis. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0172. In another embodiment, the metabolic enzyme is a 
synthetic enzyme for D-glutamic acid, a cell wall component. 
0173. In another embodiment, the metabolic enzyme is 
encoded by an alanine racemase gene (dal) gene. In another 
embodiment, the dal gene encodes alanine racemase, which 
catalyzes the reaction L-alaninessD-alanine. 
0.174. The dal gene of methods and compositions of the 
methods and compositions as provided herein is encoded, in 
another embodiment, by the sequence: 
0.175 atggtgacaggctggcatcgtccaa 
CatggattgaaatagaCCgCgCagcaat 
togcgaaaatataaaaaatgaacaaaata aactCCC9gaaagtgtcgact 
tatgggCagtag ticaaagctaatgcatatggtCacggaattatcgaagttgctag 
gacggCgaaagaagct ggagcaaaaggttctg.cgtagCCattt 
tagatgaggCactggctCtta 
gagaagctggatttcaagatgactittattottgtgCttggtgcaac Cagaaaagaa 
gatgctaatctggCagcCaaaaacCacatttCact tactgtttittagagaagattgg 
Ctagagaatctaacgctagaagcaac actitcgaattcatttaaaagtagat 
agcggtatggggcgtcticggatticg 
tacgactgaagaagCacggCgaattgaagcaacCagtactaatgatCaccaatta 
Caactggaagg tatttacacgCattittgcaa.cagcCgacCagctagaaactagtt 
attittgaacaacaattagctaagttcc aaacgattittaacgagtttaaaaaaac 
gaccaact tatgttcatacagccaat 
teagctgcttcattgttacagccacaaatcgggtttgatgcg attcgctttgg tatttic 
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gatgtatggattaactCCCtcCacagaaatcaaaactagcttgCCgtttgagcttaa 
acctgcacttgcactictataccg agatggttcatgtgaaagaacttgCac 
CaggCgatagcgttagctacggag 
CaacttatacagcaacagagCgagaatgggttgCgacatt acCaattggCtat 
gCggatggattgatticgtcattacagtggttcCatgttittagtagacggtgaacC 
agcticcaatcattggtegagtttgtatg gatcaaaccatcataaaactaccacgt 
gaatttcaaactggttcaaaagtaac 
gataattggcaaagatcatggtaacacggtaacagcagat gatgcc.gctCaatatt 
tagatacaattaattatgaggtaacttgtttgttaaatgagcgcatacctagaaaata 
catccattag (SEQ ID No. 42; GenBank Accession No: 
AF038438). In another embodiment, the nucleotide encoding 
dal is homologous to SEQID No. 42. In another embodiment, 
the nucleotide encoding dal is a variant of SEQID No. 42. In 
another embodiment, the nucleotide encoding dal is a frag 
ment of SEQ ID No. 42. In another embodiment, the dal 
protein is encoded by any other dal gene known in the art. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0176). In another embodiment, the dal protein has the 
Sequence: 

0177 MVTGWHRPTWIEIDRAAIRENI 
KNEQNKLPESVDLWAVVKANAYGHGIIEVAR 
TAKEAGAKGFCVAILDEALALREAGFQD 
DFILVLGATRKEDANLAAKNHISLTVFREDW 
LTLEATLRIHLKVDSGMGRLGIRTTEE 
ARRIEATSTNDHQLQLEGIYTHFATADQLE 
TSYFEQQLAKFQTILTSLKKRP 
TYVHTANSAASLLQPQIGFDAIRF 
GISMYGLTPSTEIKTS LPFELKPALALYTEMVHVKE 
LAPGDSVSYGATYTATEREWVATLPIGYADGLIRHY 
SGF HVLVDGEPAPIIGRVCMDQTIIKL 
PREFQTGSKVTIIGKDHGNTVTADDAAQYLDTINYE 
VTCLLNERIPRKYIH (SEQ ID No. 43; GenBank Acces 
sion No: AF038428). In another embodiment, the dal protein 
is homologous to SEQID No. 43. In another embodiment, the 
dal protein is a variant of SEQID No. 43. In another embodi 
ment, the dal protein is an isomer of SEQ ID No. 43. In 
another embodiment, the dal protein is a fragment of SEQID 
No. 43. In another embodiment, the dal protein is a fragment 
of a homologue of SEQID No. 43. In another embodiment, 
the dal protein is a fragment of a variant of SEQID No. 43. In 
another embodiment, the dal protein is a fragment of an 
isomer of SEQID No. 43. 
0178. In another embodiment, the dal protein is any other 
Listeria dal protein known in the art. In another embodiment, 
the dal protein is any other gram-positive dal protein known in 
the art. In another embodiment, the dal protein is any other dal 
protein known in the art. Each possibility represents a sepa 
rate embodiment of the methods and compositions as pro 
vided herein. 

0179. In another embodiment, the dal protein of methods 
and compositions as provided herein retains its enzymatic 
activity. In another embodiment, the dal protein retains 90% 
of wild-type activity. In another embodiment, the dal protein 
retains 80% of wild-type activity. In another embodiment, the 
dal protein retains 70% of wild-type activity. In another 
embodiment, the dal protein retains 60% of wild-type activ 
ity. In another embodiment, the dal protein retains 50% of 
wild-type activity. In another embodiment, the dal protein 
retains 40% of wild-type activity. In another embodiment, the 
dal protein retains 30% of wild-type activity. In another 
embodiment, the dal protein retains 20% of wild-type activ 
ity. In another embodiment, the dal protein retains 10% of 
wild-type activity. In another embodiment, the dal protein 
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retains 5% of wild-type activity. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0180. In another embodiment, the metabolic enzyme is 
encoded by a D-amino acid aminotransferase gene (dat). 
D-glutamic acid synthesis is controlled in part by the dat 
gene, which is involved in the conversion of D-glu-pyr to 
alpha-ketoglutarate+D-ala, and the reverse reaction. 
0181. In another embodiment, a dat gene utilized in the 
present invention has the sequence set forth in GenBank 
Accession Number AF038439. In another embodiment, the 
dat gene is any another dat gene known in the art. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0182. The dat gene of methods and compositions of the 
methods and compositions as provided herein is encoded, in 
another embodiment, by the sequence: 
0183 atgaaagtattagtaaataaccatt 
tagttgaaagagaagatgCCaCagttga 
CattgaagacCgCggataticagtttggtgatg gtgtatatgaagtagttcgtC 
tatataatggaaaattctt tacttataatgaacacattgatcgcttatatgctagtgc 
agcaaaaattgacttagtta ttcct tattocaaagaagagctacgt 
gaattacttgaaaaattagttgc 
CgaaaataatlatcaatacagggaatgtctatttacaagtgactCgtg gtgt 
teaaaacccacgtaatcatgtaatccctgatgattitccctictagaaggcgttittaac 
agCagCagctCgtgaagtacctagaaacgagc gtCaattCgttgaaggtg 
gaacggCgattacagaagaagatgt 
gCgCtggttacgctgtgatattaagagataaacCttittaggaaatattota 
gcaaaaaataaagcacatcaacaaaat 
gattggaagctattittaCatcgcggg 
gaacaagtaacagaatgttctgatcaaacgttctattat taaagatggtgtattatg 
gacgCatgcggCagataacttaatcttaaatggtatCactCgtCaagttatCattg 
atgttgCgaaaaagaatggCa ttectgttaaagaageggattitcact 
taacagacCttCgtgaagCggatgaagt 
gttcatttcaagtacaactattgaaattacacctattacgc atattgacggagt 
toaagtagCtgacggaaaacgtggaCCaattacagcgcaactitcatCaatattitt 
gtagaagaaatcacticgtgcatgtgg cgaattagagtttgcaaaataa (SEQID 
No. 44; GenBank Accession No: AF038439). In another 
embodiment, the nucleotide encoding dat is homologous to 
SEQ ID No. 44. In another embodiment, the nucleotide 
encoding dat is a variant of SEQ ID No. 44. In another 
embodiment, the nucleotide encoding dat is a fragment of 
SEQ ID No. 44. In another embodiment, the dat protein is 
encoded by any other dat gene known in the art. Each possi 
bility represents a separate embodiment of the methods and 
compositions as provided herein. 
0184. In another embodiment, the dat protein has the 
Sequence: 

0185. MKVLVNNHLVEREDATVDIEDRGYQF 
GDGVYEVVRLYNGKFFTYNEHIDRLY 
IDLVIPYSKEELRELLEKLVAENNINT 
GNVYLQVTRGVQNPRNHVIPDDFPLEGV 
LTAAAREVPRNERQFVEGGTAITEEDVR 
WLRCDIKSLNLLGNILAKNKAHQQNALEAIL 
HRGEQVTECSASNVSIIKDGVL 
WTHAADNLILNGITRQVIIDVAKKN 
GIPVKEADFTLTD LREADEVFISSTTIEITPITHIDGVQ 
VADGKRGPITAQLHQYFVEEITRACGELEFAK (SEQID 
No.: 45; GenBank Accession No: AF038439). In another 
embodiment, the dat protein is homologous to SEQ ID No: 
45. In another embodiment, the dat protein is a variant of SEQ 
ID No.: 45. In another embodiment, the dat protein is an 
isomer of SEQ ID No.: 45. In another embodiment, the dat 
protein is a fragment of SEQID No.: 45. In another embodi 
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ment, the dat protein is a fragment of a homologue of SEQID 
No.: 45. In another embodiment, the dat protein is a fragment 
of a variant of SEQID No.: 45. In another embodiment, the dat 
protein is a fragment of an isomer of SEQID No.: 45. 
0186. In another embodiment, the dat protein is any other 
Listeria dat protein known in the art. In another embodiment, 
the dat protein is any other gram-positive dat protein known in 
the art. In another embodiment, the dat protein is any other dat 
protein known in the art. Each possibility represents a sepa 
rate embodiment of the methods and compositions as pro 
vided herein. 

0187. In another embodiment, the dat protein of methods 
and compositions of the methods and compositions as pro 
vided herein retains its enzymatic activity. In another embodi 
ment, the dat protein retains 90% of wild-type activity. In 
another embodiment, the dat protein retains 80% of wild-type 
activity. In another embodiment, the dat protein retains 70% 
of wild-type activity. In another embodiment, the dat protein 
retains 60% of wild-type activity. In another embodiment, the 
dat protein retains 50% of wild-type activity. In another 
embodiment, the dat protein retains 40% of wild-type activ 
ity. In another embodiment, the dat protein retains 30% of 
wild-type activity. In another embodiment, the dat protein 
retains 20% of wild-type activity. In another embodiment, the 
dat protein retains 10% of wild-type activity. In another 
embodiment, the dat protein retains 5% of wild-type activity. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0188 In another embodiment, the metabolic enzyme is 
encoded by dga. D-glutamic acid synthesis is also controlled 
in part by the dga gene, and an auxotrophic mutant for 
D-glutamic acid synthesis will not grow in the absence of 
D-glutamic acid (Pucci et al., 1995, J Bacteriol. 177: 336 
342). In another embodiment, the recombinant Listeria is 
auxotrophic for D-glutamic acid. A further example includes 
a gene involved in the synthesis of diaminopimelic acid. Such 
synthesis genes encode beta-semialdehyde dehydrogenase, 
and when inactivated, renders a mutant auxotrophic for this 
synthesis pathway (Sizemore et al., 1995, Science 270: 299 
302). In another embodiment, the dga protein is any other 
Listeria dgaprotein known in the art. In another embodiment, 
the dgaprotein is any other gram-positive dga protein known 
in the art. Each possibility represents a separate embodiment 
of the methods and compositions as provided herein. 
0189 In another embodiment, the metabolic enzyme is 
encoded by an alr (alanine racemase) gene. In another 
embodiment, the metabolic enzyme is any other enzyme 
known in the art that is involved in alanine synthesis. In 
another embodiment, the metabolic enzyme is any other 
enzyme known in the art that is involved in L-alanine synthe 
sis. In another embodiment, the metabolic enzyme is any 
other enzyme known in the art that is involved in D-alanine 
synthesis. In another rembodiment, the recombinant Listeria 
is auxotrophic for D-alanine. Bacteria auxotrophic for ala 
nine synthesis are well known in the art, and are described in, 
for example, E. coli (Strych et al., 2002, J. Bacteriol. 184: 
4321-4325), Corynebacterium glutamicum (Tauch et al. 
2002, J. Biotechnol 99:79-91), and Listeria monocytogenes 
(Frankel et al., U.S. Pat. No. 6,099.848)), Lactococcus spe 
cies, and Lactobacillus species, (Bronet al., 2002, Appl Envi 
ron Microbiol. 68: 5663-70). In another embodiment, any 
D-alanine synthesis gene known in the artis inactivated. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 

Jun. 2, 2011 

0190. In another embodiment, the metabolic enzyme is an 
amino acid aminotransferase. 

0191 In another embodiment, the metabolic enzyme is 
encoded by serC., a phosphoserine aminotransferase. In 
another embodiment, the metabolic enzyme is encoded by 
asd (aspartate beta-semialdehyde dehydrogenase), involved 
in synthesis of the cell wall constituent diaminopimelic acid. 
In another embodiment, the metabolic enzyme is encoded by 
gSaB-glutamate-1-semialdehyde aminotransferase, which 
catalyzes the formation of 5-aminolevulinate from (S)-4- 
amino-5-oxopentanoate. In another embodiment, the meta 
bolic enzyme is encoded by Heml, which catalyzes the for 
mation of 5-aminolevulinate from (S)-4-amino-5- 
oXopentanoate. In another embodiment, the metabolic 
enzyme is encoded by aspB, an aspartate aminotransferase 
that catalyzes the formation of oxaloZcetate and L-glutamate 
from L-aspartate and 2-oxoglutarate. In another embodiment, 
the metabolic enzyme is encoded by argF-1, involved in argi 
nine biosynthesis. In another embodiment, the metabolic 
enzyme is encoded by aroE, involved in amino acid biosyn 
thesis. In another embodiment, the metabolic enzyme is 
encoded by aroB, involved in 3-dehydroquinate biosynthesis. 
In another embodiment, the metabolic enzyme is encoded by 
aroD, involved in amino acid biosynthesis. In another 
embodiment, the metabolic enzyme is encoded by aroC, 
involved in amino acid biosynthesis. In another embodiment, 
the metabolic enzyme is encoded by hisB, involved in histi 
dine biosynthesis. In another embodiment, the metabolic 
enzyme is encoded by hisD, involved in histidine biosynthe 
sis. In another embodiment, the metabolic enzyme is encoded 
by hisG, involved in histidine biosynthesis. In another 
embodiment, the metabolic enzyme is encoded by metX. 
involved in methionine biosynthesis. In another embodiment, 
the metabolic enzyme is encoded by proB, involved in proline 
biosynthesis. In another embodiment, the metabolic enzyme 
is encoded by argR, involved in arginine biosynthesis. In 
another embodiment, the metabolic enzyme is encoded by 
arg.J. involved in arginine biosynthesis. In another embodi 
ment, the metabolic enzyme is encoded by thil, involved in 
thiamine biosynthesis. In another embodiment, the metabolic 
enzyme is encoded by LMOf2365. 1652, involved in tryp 
tophan biosynthesis. In another embodiment, the metabolic 
enzyme is encoded by aroA, involved in tryptophan biosyn 
thesis. In another embodiment, the metabolic enzyme is 
encoded by ilvD, involved in valine and isoleucine biosyn 
thesis. In another embodiment, the metabolic enzyme is 
encoded by ilvC, involved in valine and isoleucine biosyn 
thesis. In another embodiment, the metabolic enzyme is 
encoded by leu.A. involved in leucine biosynthesis. In another 
embodiment, the metabolic enzyme is encoded by dapF, 
involved in lysine biosynthesis. In another embodiment, the 
metabolic enzyme is encoded by thrB, involved in threonine 
biosynthesis (all GenBank Accession No. NC 002973). 
0.192 In another embodiment, the metabolic enzyme is a 
tRNA synthetase. In another embodiment, the metabolic 
enzyme is encoded by the trpS gene, encoding tryptophanyl 
tRNA synthetase. In another embodiment, the metabolic 
enzyme is any other tRNA synthetase known in the art. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0193 In another embodiment, a recombinant Listeria 
strain as provided herein has been passaged through an ani 
mal host. In another embodiment, the passaging maximizes 
efficacy of the strain as a vaccine vector. In another embodi 
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ment, the passaging stabilizes the immunogenicity of the 
Listeria Strain. In another embodiment, the passaging Stabi 
lizes the virulence of the Listeria strain. In another embodi 
ment, the passaging increases the immunogenicity of the 
Listeria Strain. In another embodiment, the passaging 
increases the virulence of the Listeria strain. In another 
embodiment, the passaging removes unstable Sub-strains of 
the Listeria Strain. In another embodiment, the passaging 
reduces the prevalence of unstable sub-strains of the Listeria 
strain. In another embodiment, the passaging attenuates the 
strain, or in another embodiment, makes the strain less viru 
lent. Methods for passaging a recombinant Listeria Strain 
through an animal host are well known in the art, and are 
described, for example, in U.S. patent application Ser. No. 
10/541.614. Each possibility represents a separate embodi 
ment of the methods and compositions as provided herein. 
0194 The recombinant Listeria strain of the methods and 
compositions as provided herein is, in another embodiment, a 
recombinant Listeria monocytogenes strain. In another 
embodiment, the Listeria strain is a recombinant Listeria 
seeligeri Strain. In another embodiment, the Listeria strain is 
a recombinant Listeria grayistrain. In another embodiment, 
the Listeria Strain is a recombinant Listeria ivanovii strain. In 
another embodiment, the Listeria strain is a recombinant 
Listeria murrayistrain. In another embodiment, the Listeria 
strain is a recombinant Listeria wellshimeri Strain. In another 
embodiment, the Listeria strain is a recombinant strain of any 
other Listeria species known in the art. Each possibility rep 
resents a separate embodiment as provided herein. In another 
embodiment, the sequences of Listeria proteins for use in the 
methods and compositions as provided herein are from any of 
the above-described strains. 
0.195. In one embodiment, a Listeria monocytogenes 
strain as provided herein is the EGD strain, the 10403S strain, 
the NICPBP 54002 strain, the S3 strain, the NCTC 5348 
strain, the NICPBP 54006 strain, the M7 strain, the S19 strain, 
or another strain of Listeria monocytogenes which is known 
in the art. 

0196. In another embodiment, the recombinant Listeria 
strain is a vaccine strain, which in one embodiment, is a 
bacterial vaccine strain. 

0197) In one embodiment, a vaccine is a composition 
which elicits an immune response to an antigen or polypep 
tide in the composition as a result of exposure to the compo 
sition. In another embodiment, the vaccine additionally com 
prises an adjuvant, cytokine, chemokine, or combination 
thereof. In another embodiment, the vaccine or composition 
additionally comprises antigen presenting cells (APCs), 
which in one embodiment are autologous, while in another 
embodiment, they are allogeneic to the Subject. 
0198 In one embodiment, a “vaccine” is a composition 
which elicits an immune response in a host to an antigen or 
polypeptide in the composition as a result of exposure to the 
composition. In one embodiment, the immune response is to 
a particular antigen or to aparticular epitope on the antigen. In 
one embodiment, the vaccine may be a peptide vaccine, in 
another embodiment, a DNA vaccine. In another embodi 
ment, the vaccine may be contained within and, in another 
embodiment, delivered by, a cell, which in one embodiment is 
a bacterial cell, which in one embodiment, is a Listeria. In one 
embodiment, a vaccine may prevent a subject from contract 
ing or developing a disease or condition, wherein in another 
embodiment, a vaccine may be therapeutic to a subject having 
a disease or condition. In one embodiment, a vaccine of the 
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present invention comprises a composition of the present 
invention and an adjuvant, cytokine, chemokine, or combina 
tion thereof. 
0199. In another embodiment, the present invention pro 
vides an immunogenic composition comprising a recombi 
nant Listeria of the present invention. In another embodi 
ment, the immunogenic composition of methods and 
compositions of the present invention comprises a recombi 
nant vaccine vector of the present invention. In another 
embodiment, the immunogenic composition comprises a 
plasmid of the present invention. In another embodiment, the 
immunogenic composition comprises an adjuvant. In one 
embodiment, a vector of the present invention may be admin 
istered as part of a vaccine composition. Each possibility 
represents a separate embodiment of the present invention. 
0200. In another embodiment, a vaccine of the present 
invention is delivered with an adjuvant. In one embodiment, 
the adjuvant favors a predominantly Th1-mediated immune 
response. In another embodiment, the adjuvant favors a Th1 - 
type immune response. In another embodiment, the adjuvant 
favors a Th1-mediated immune response. In another embodi 
ment, the adjuvant favors a cell-mediated immune response 
overan antibody-mediated response. In another embodiment, 
the adjuvant is any other type of adjuvant known in the art. In 
another embodiment, the immunogenic composition induces 
the formation of a T cell immune response against the target 
protein. 
0201 In another embodiment, the adjuvant is MPL. In 
another embodiment, the adjuvant is QS21. In another 
embodiment, the adjuvant is a TLR agonist. In another 
embodiment, the adjuvant is a TLR4 agonist. In another 
embodiment, the adjuvant is a TLR9 agonist. In another 
embodiment, the adjuvant is ResiduimodR). In another 
embodiment, the adjuvant is imiquimod. In another embodi 
ment, the adjuvant is a CpG oligonucleotide. In another 
embodiment, the adjuvant is a cytokine or a nucleic acid 
encoding same. In another embodiment, the adjuvant is a 
chemokine or a nucleic acid encoding same. In another 
embodiment, the adjuvant is IL-12 or a nucleic acid encoding 
same. In another embodiment, the adjuvant is IL-6 or a 
nucleic acid encoding same. In another embodiment, the 
adjuvant is a lipopolysaccharide. In another embodiment, the 
adjuvant is as described in Fundamental Immunology, 5th ed 
(August 2003): William E. Paul (Editor); Lippincott Williams 
& Wilkins Publishers; Chapter 43: Vaccines, G.JV Nossal, 
which is hereby incorporated by reference. In another 
embodiment, the adjuvant is any other adjuvant known in the 
art. Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. 
0202 In one embodiment, provided herein is a method of 
inducing an immune response to an antigen in a Subject com 
prising administering a recombinant Listeria strain to said 
subject. In one embodiment, provided herein is a method of 
inducing an anti-angiogenic immune response to an antigen 
in a Subject comprising administering a recombinant Listeria 
strain to said Subject. In another embodiment, said recombi 
nant Listeria strain comprises a first and second nucleic acid 
molecule. In another embodiment, each said nucleic acid 
molecule encodes a heterologous antigen. In yet another 
embodiment, said first nucleic acid molecule is operably inte 
grated into the Listeria genome as an open reading frame with 
an endogenous polypeptide comprising a PEST sequence. 
0203. In one embodiment, provided herein is a method of 
treating, Suppressing, or inhibiting at least one cancer in a 
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Subject comprising administering a recombinant Listeria 
strain to said Subject. In another embodiment, said recombi 
nant Listeria strain comprises a first and second nucleic acid 
molecule. In another embodiment, each said nucleic acid 
molecule encoding a heterologous antigen. In yet another 
embodiment, said first nucleic acid molecule is operably inte 
grated into the Listeria genome as an open reading frame with 
a nucleic acid sequence encoding an endogenous polypeptide 
comprising a PEST sequence. In another embodiment, at 
least one of said antigens is expressed by at least one cell of 
said cancer cells. 

0204. In one embodiment, provided herein is a method of 
delaying the onset to a cancer in a Subject comprising admin 
istering a recombinant Listeria Strain to said subject. In 
another embodiment, provided herein is a method of delaying 
the progression to a cancer in a Subject comprising adminis 
tering a recombinant Listeria Strain to said Subject. In another 
embodiment, provided herein is a method of extending the 
remission to a cancer in a Subject comprising administering a 
recombinant Listeria strain to said Subject. In another 
embodiment, provided herein is a method of decreasing the 
size of an existing tumor in a subject comprising administer 
ing a recombinant Listeria Strain to said Subject. In another 
embodiment, provided herein is a method of preventing the 
growth of an existing tumor in a subject comprising admin 
istering a recombinant Listeria Strain to said subject. In 
another embodiment, provided herein is a method of prevent 
ing the growth of new or additional tumors in a Subject com 
prising administering a recombinant Listeria strain to said 
Subject. 
0205. In one embodiment, cancer or tumors may be pre 
vented in specific populations known to be susceptible to a 
particular cancer or tumor. In one embodiment, such suscep 
tibility may be due to environmental factors, such as Smoking, 
which in one embodiment, may cause a population to be 
Subject to lung cancer, while in another embodiment, Such 
Susceptbility may be due to genetic factors, for example a 
population with BRCA1/2 mutations may be susceptible, in 
one embodiment, to breast cancer, and in another embodi 
ment, to ovarian cancer. In another embodiment, one or more 
mutations on chromosome 8q24, chromosome 17q12, and 
chromosome 17q24.3 may increase Susceptibility to prostate 
cancer, as is known in the art. Other genetic and environmen 
tal factors contributing to cancer Susceptibility are known in 
the art. 

0206. In another embodiment, a method of present inven 
tion further comprises the step of boosting the human Subject 
with a recombinant Listeria Strain as provided herein. In 
another embodiment, the recombinant Listeria Strain used in 
the booster inoculation is the same as the strain used in the 
initial “priming inoculation. In another embodiment, the 
booster strain is different from the priming strain. In another 
embodiment, the same doses are used in the priming and 
boosting inoculations. In another embodiment, a larger dose 
is used in the booster. In another embodiment, a smaller dose 
is used in the booster. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0207. In one embodiment, the first or second nucleic acid 
molecule encodes a prostate specific antigen (PSA) and the 
method is for treating, inhibiting or suppressing prostate can 
cer. In another embodiment, the first or second nucleic acid 
molecule encodes PSA and the method is for treating, inhib 
iting or Suppressing ovarian cancer. In another embodiment, 
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the first or second nucleic acid molecule encodes PSA and the 
method is treating, inhibiting, or Suppressing metastasis of 
prostate cancer, which in one embodiment, comprises 
metastasis to bone, and in another embodiment, comprises 
metastasis to other organs. In another embodiment, the first or 
second nucleic acid molecule encodes PSA and the method is 
for treating, inhibiting or Suppressing metastasis of prostate 
cancer to bones. In yet another embodiment the method is for 
treating, inhibiting, or Suppressing metastatis of prostate can 
certo other organs. In another embodiment, the first or second 
nucleic acid molecule encodes PSA and the method is for 
treating, inhibiting or Suppressing breast cancer. In another 
embodiment, the first or second nucleic acid molecule 
encodes PSA and the method is for treating, inhibiting or 
Suppressing both ovarian and breast cancer. 
0208. In one embodiment, the first or second nucleic acid 
molecule encodes a High Molecular Weight-Melanoma 
Associated Antigen (HMW-MAA) and the method is for 
treating, inhibiting or Suppressing melanoma. In another 
embodiment, the first or second nucleic acid molecule 
encodes HMW-MAA and the method is for treating, inhibit 
ing or Suppressing breast cancer. In another embodiment, the 
first or second nucleic acid molecule encodes HMW-MAA 
and the method is for treating, inhibiting or Suppressing ova 
rian cancer. In another embodiment, the first or second 
nucleic acid molecule encodes HMW-MAA and the method 
is for treating, inhibiting or suppressing benign nevilesions. 
In another embodiment, the first or second nucleic acid mol 
ecule encodes HMW-MAA and the method is for treating, 
inhibiting or Suppressing basal cell carcinoma. In another 
embodiment, the first or second nucleic acid molecule 
encodes HMW-MAA and the method is for treating, inhibit 
ing or Suppressing a tumor of neural crest origin, which in one 
embodiment, is an astrocytoma, glioma, neuroblastoma, Sar 
coma, or combination thereof. In another embodiment, the 
first or second nucleic acid molecule encodes HMW-MAA 
and the method is for treating, inhibiting or Suppressing a 
childhood leukemia, which in one embodiment, is Childhood 
Acute Lymphoblastic Leukemia, and in another embodiment, 
is Childhood Acute Myeloid Leukemia (which in one 
embodiment, is acute myelogenous leukemia, acute myeloid 
leukemia, acute myelocytic leukemia, or acute non-lympho 
cytic leukemia) and in another embodiment, is acute lympho 
cytic leukemia (which in one embodiment, is called acute 
lymphoblastic leukemia, and in another embodiment, is acute 
myelogenous leukemia (also called acute myeloid leukemia, 
acute myelocytic leukemia, or acute non-lymphocytic leuke 
mia) and in another embodiment, is Hybrid or mixed lineage 
leukemia. In another embodiment, the first or second nucleic 
acid molecule encodes HMW-MAA and the method is for 
treating, inhibiting or Suppressing Chronic myelogenous leu 
kemia or Juvenile Myelomonocytic Leukemia (JMML). In 
another embodiment, the first or second nucleic acid mol 
ecule encodes HMW-MAA and the method is for treating, 
inhibiting or Suppressing lobular breast carcinoma lesions. 
0209. The cancer that is the target of methods and compo 
sitions as provided herein is, in another embodiment, a mela 
noma. In another embodiment, the cancer is a sarcoma. In 
another embodiment, the cancer is a carcinoma. In another 
embodiment, the cancer is a mesothelioma (e.g. malignant 
mesothelioma). In another embodiment, the cancer is a 
glioma. In another embodiment, the cancer is a germ cell 
tumor. In another embodiment, the cancer is a choriocarci 
Oa. 
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0210. In another embodiment, the cancer is pancreatic 
cancer. In another embodiment, the cancer is ovarian cancer. 
In another embodiment, the cancer is gastric cancer. In 
another embodiment, the cancer is a carcinomatous lesion of 
the pancreas. In another embodiment, the cancer is pulmo 
nary adenocarcinoma. In another embodiment, the cancer is 
colorectal adenocarcinoma. In another embodiment, the can 
cer is pulmonary Squamous adenocarcinoma. In another 
embodiment, the cancer is gastric adenocarcinoma. In 
another embodiment, the cancer is an ovarian Surface epithe 
lial neoplasm (e.g. a benign, proliferative or malignant variety 
thereof). In another embodiment, the cancer is an oral squa 
mous cell carcinoma. In another embodiment, the cancer is 
non Small-cell lung carcinoma. In another embodiment, the 
cancer is an endometrial carcinoma. In another embodiment, 
the cancer is a bladder cancer. In another embodiment, the 
cancer is a head and neck cancer. In another embodiment, the 
cancer is a prostate carcinoma. 
0211. In another embodiment, the cancer is a non-small 
cell lung cancer (NSCLC). In another embodiment, the can 
cer is a colon cancer. In another embodiment, the cancer is a 
lung cancer. In another embodiment, the cancer is an ovarian 
cancer. In another embodiment, the cancer is a uterine cancer. 
In another embodiment, the cancer is a thyroid cancer. In 
another embodiment, the cancer is a hepatocellular carci 
noma. In another embodiment, the cancer is a thyroid cancer. 
In another embodiment, the cancer is a liver cancer. In another 
embodiment, the cancer is a renal cancer. In another embodi 
ment, the cancer is a kaposis. In another embodiment, the 
cancer is a sarcoma. In another embodiment, the cancer is 
another carcinoma or sarcoma. Each possibility represents a 
separate embodiment of the methods and compositions as 
provided herein. 
0212. In one embodiment, the compositions and methods 
as provided herein can be used to treat solid tumors related to 
orresulting from any of the cancers as described hereinabove. 
In another embodiment, the tumor is a Wilms tumor. In 
another embodiment, the tumor is a desmoplastic Small round 
cell tumor. 

0213. In another embodiment, the present invention pro 
vides a method of impeding angiogenesis of a Solid tumor in 
a Subject, comprising administering to the Subject a compo 
sition comprising a recombinant Listeria encoding a heter 
ologous antigen. In another embodiment, the antigen is 
HMW-MAA. In another embodiment, the antigen is fibro 
blast growth factor (FGF). In another embodiment, the anti 
gen is vascular endothelial growth factor (VEGF). In another 
embodiment, the antigen is any other antigen known in the art 
to be involved in angiogenesis. In another embodiment, the 
methods and compositions of impeding angiogenesis of a 
Solid tumor in a Subject, as provided herein, comprise admin 
istering to the Subject a composition comprising a recombi 
nant Listeria encoding two heterologous antigens. In another 
embodiment, one of the two heterologous antigens is HMW 
MAA. In another embodiment, the antigen is any other anti 
gen known in the art to be involved in angiogenesis. Each 
possibility represents a separate embodiment of the methods 
and compositions as provided herein. 
0214 Methods for assessing efficacy of prostate cancer 
vaccines are well known in the art, and are described, for 
example, in Dzoic H et al (Adenovirus-mediated CD40 
ligand therapy induces tumor cell apoptosis and systemic 
immunity in the TRAMP-C2 mouse prostate cancer model. 
Prostate. 2006 Jun. 1: 66(8):831-8), Naruishi Ketal (Aden 
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oviral vector-mediated RTVP-1 gene-modified tumor cell 
based vaccine Suppresses the development of experimental 
prostate cancer. Cancer Gene Ther. 2006 July; 13(7):658–63), 
Sehgal I et al (Cancer Cell Int. 2006 Aug. 23: 6:21), and 
Heinrich J E et al (Vaccination against prostate cancer using 
a live tissue factor deficient cell line in Lobund-Wistar rats. 
Cancer Immunol Immunother 2007: 56(5):725-30). Each 
possibility represents a separate embodiment as provided 
herein. 

0215. In another embodiment, the prostate cancer model 
used to test methods and compositions as provided herein is 
the TPSA23 (derived from TRAMP-C1 cell line stably 
expressing PSA) mouse model. In another embodiment, the 
prostate cancer model is a 178-2 BMA cell model. In another 
embodiment, the prostate cancer model is a PAIII adenocar 
cinoma cells model. In another embodiment, the prostate 
cancer model is a PC-3M model. In another embodiment, the 
prostate cancer model is any other prostate cancer model 
known in the art. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0216. In another embodiment, the vaccine is tested in 
human Subjects, and efficacy is monitored using methods 
well known in the art, e.g. directly measuring CD4 and CD8" 
T cell responses, or measuring disease progression, e.g. by 
determining the number or size of tumor metastases, or moni 
toring disease symptoms (cough, chest pain, weight loss, etc). 
Methods for assessing the efficacy of a prostate cancer vac 
cine in human subjects are well known in the art, and are 
described, for example, in Uenaka A et al (T cell immuno 
monitoring and tumor responses in patients immunized with 
a complex of cholesterol-bearing hydrophobized pullulan 
(CHP) and NY-ESO-1 protein. Cancer Immun. 2007 Apr. 19: 
7:9) and Thomas-Kaskel A Ketal (Vaccination of advanced 
prostate cancer patients with PSCA and PSA peptide-loaded 
dendritic cells induces DTH responses that correlate with 
superior overall survival. IntJCancer. 2006 Nov. 15: 119(10): 
2428-34). Each method represents a separate embodiment of 
the methods and compositions as provided herein. 
0217. In another embodiment, the present invention pro 
vides a method of treating benign prostate hyperplasia (BPH) 
in a Subject. In another embodiment, the present invention 
provides a method of treating Prostatic Intraepithelial Neo 
plasia (PIN) in a subject 
0218. In one embodiment, provided herein is a recombi 
nant Listeria Strain comprising a nucleic acid molecule oper 
ably integrated into the Listeria genome. In another embodi 
ment said nucleic acid molecule encodes (a) an endogenous 
polypeptide comprising a PEST sequence and (b) a polypep 
tide comprising an antigen in an open reading frame. 
0219. In one embodiment, provided herein is a method of 
treating, Suppressing, or inhibiting at least one tumor in a 
Subject, comprising administering a recombinant Listeria 
strain to said Subject. In another embodiment, said recombi 
nant Listeria strain comprises a first and second nucleic acid 
molecule. In another embodiment, each said nucleic acid 
molecule encodes a heterologous antigen. In another embodi 
ment, said first nucleic acid molecule is operably integrated 
into the Listeria genome as an open reading frame with a 
native polypeptide comprising a PEST sequence and wherein 
said antigen is expressed by at least one cell of said tumor. 
0220. In one embodiment, “antigen' is used hereinto refer 
to a Substance that when placed in contact with an organism, 
results in a detectable immune response from the organism. 
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An antigen may be a lipid, peptide, protein, carbohydrate, 
nucleic acid, or combinations and variations thereof. 
0221. In one embodiment, “variant” refers to an amino 
acid or nucleic acid sequence (or in other embodiments, an 
organism or tissue) that is different from the majority of the 
population but is still sufficiently similar to the common 
mode to be considered to be one of them, for example splice 
variants. 

0222. In one embodiment, “isoform” refers to a version of 
a molecule, for example, a protein, with only slight differ 
ences compared to another isoform, or version, of the same 
protein. In one embodiment, isoforms may be produced from 
different but related genes, or in another embodiment, may 
arise from the same gene by alternative splicing. In another 
embodiment, isoforms are caused by single nucleotide poly 
morphisms. 
0223) In one embodiment, “fragment” refers to a protein 
or polypeptide that is shorter or comprises fewer amino acids 
than the full length protein or polypeptide. In another embodi 
ment, fragment refers to a nucleic acid that is shorter or 
comprises fewer nucleotides than the full length nucleic acid. 
In another embodiment, the fragment is an N-terminal frag 
ment. In another embodiment, the fragment is a C-terminal 
fragment. In one embodiment, the fragment is an intrasequen 
tial section of the protein, peptide, or nucleic acid. In one 
embodiment, the fragment is a functional fragment. In 
another embodiment, the fragment is an immunogenic frag 
ment. In one embodiment, a fragment has 10-20 nucleic or 
amino acids, while in another embodiment, a fragment has 
more than 5 nucleic oramino acids, while in another embodi 
ment, a fragment has 100-200 nucleic oramino acids, while in 
another embodiment, a fragment has 100-500 nucleic or 
amino acids, while in another embodiment, a fragment has 
50-200 nucleic oramino acids, while in another embodiment, 
a fragment has 10-250 nucleic or amino acids. 
0224. In one embodiment, “immunogenicity' or “immu 
nogenic’ is used herein to refer to the innate ability of a 
protein, peptide, nucleic acid, antigen or organism to elicitan 
immune response in an animal when the protein, peptide, 
nucleic acid, antigen or organism is administered to the ani 
mal. Thus, "enhancing the immunogenicity' in one embodi 
ment, refers to increasing the ability of a protein, peptide, 
nucleic acid, antigen or organism to elicit an immune 
response in an animal when the protein, peptide, nucleic acid, 
antigen or organism is administered to an animal. The 
increased ability of a protein, peptide, nucleic acid, antigen or 
organism to elicitan immune response can be measured by, in 
one embodiment, a greater number of antibodies to a protein, 
peptide, nucleic acid, antigen or organism, a greater diversity 
of antibodies to an antigen or organism, a greater number of 
T-cells specific for a protein, peptide, nucleic acid, antigen or 
organism, a greater cytotoxic or helper T-cell response to a 
protein, peptide, nucleic acid, antigen or organism, and the 
like. 

0225. In one embodiment, a “homologue' refers to a 
nucleic acid or amino acid sequence which shares a certain 
percentage of sequence identity with a particular nucleic acid 
or amino acid sequence. In one embodiment, a sequence 
useful in the composition and methods as provided herein 
may be a homologue of a particular LLO sequence or N-ter 
minal fragment thereof. ActA sequence or N-terminal frag 
ment thereof, or PEST-like sequence described herein or 
known in the art. In one embodiment, Such a homolog main 
tains In another embodiment, a sequence useful in the com 
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position and methods as provided herein may be a homologue 
of an antigenic polypeptide, which in one embodiment, is 
KLK3 or HMW-MAA or a functional fragment thereof. In 
one embodiment, a homolog of a polypeptide and, in one 
embodiment, the nucleic acid encoding Such a homolog, of 
the present invention maintains the functional characteristics 
of the parent polypeptide. For example, in one embodiment, a 
homolog of an antigenic polypeptide of the present invention 
maintains the antigenic characteristic of the parent polypep 
tide. In another embodiment, a sequence useful in the com 
position and methods as provided herein may be a homologue 
of any sequence described herein. In one embodiment, a 
homologue shares at least 70% identity with a particular 
sequence. In another embodiment, a homologue shares at 
least 72% identity with a particular sequence. In another 
embodiment, a homologue shares at least 75% identity with a 
particular sequence. In another embodiment, a homologue 
shares at least 78% identity with a particular sequence. In 
another embodiment, a homologue shares at least 80% iden 
tity with a particular sequence. In another embodiment, a 
homologue shares at least 82% identity with a particular 
sequence. In another embodiment, a homologue shares at 
least 83% identity with a particular sequence. In another 
embodiment, a homologue shares at least 85% identity with a 
particular sequence. In another embodiment, a homologue 
shares at least 87% identity with a particular sequence. In 
another embodiment, a homologue shares at least 88% iden 
tity with a particular sequence. In another embodiment, a 
homologue shares at least 90% identity with a particular 
sequence. In another embodiment, a homologue shares at 
least 92% identity with a particular sequence. In another 
embodiment, a homologue shares at least 93% identity with a 
particular sequence. In another embodiment, a homologue 
shares at least 95% identity with a particular sequence. In 
another embodiment, a homologue shares at least 96% iden 
tity with a particular sequence. In another embodiment, a 
homologue shares at least 97% identity with a particular 
sequence. In another embodiment, a homologue shares at 
least 98% identity with a particular sequence. In another 
embodiment, a homologue shares at least 99% identity with a 
particular sequence. In another embodiment, a homologue 
shares 100% identity with a particular sequence. Each possi 
bility represents a separate embodiment as provided herein. 
0226. In one embodiment, it is to be understood that a 
homolog of any of the sequences as provided herein and/or as 
described herein is considered to be a part of the invention. 
0227. In one embodiment, “functional within the mean 
ing of the invention, is used herein to refer to the innate ability 
of a protein, peptide, nucleic acid, fragment or a variant 
thereof to exhibit a biological activity or function. In one 
embodiment, such a biological function is its binding prop 
erty to an interaction partner, e.g., a membrane-associated 
receptor, and in another embodiment, its trimerization prop 
erty. In the case of functional fragments and the functional 
variants of the invention, these biological functions may in 
fact be changed, e.g., with respect to their specificity or selec 
tivity, but with retention of the basic biological function. 
0228. In one embodiment, “treating refers to both thera 
peutic treatment and prophylactic or preventative measures, 
wherein the object is to prevent or lessen the targeted patho 
logic condition or disorder as described herein. Thus, in one 
embodiment, treating may include directly affecting or cur 
ing, Suppressing, inhibiting, preventing, reducing the severity 
of delaying the onset of reducing symptoms associated with 
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the disease, disorder or condition, or a combination thereof. 
Thus, in one embodiment, “treating refers interalia to delay 
ing progression, expediting remission, inducing remission, 
augmenting remission, speeding recovery, increasing effi 
cacy of or decreasing resistance to alternative therapeutics, or 
a combination thereof. In one embodiment, “preventing” or 
“impeding refers, inter alia, to delaying the onset of symp 
toms, preventing relapse to a disease, decreasing the number 
or frequency of relapse episodes, increasing latency between 
symptomatic episodes, or a combination thereof. In one 
embodiment, “suppressing” or “inhibiting, refers interalia 
to reducing the severity of symptoms, reducing the severity of 
an acute episode, reducing the number of symptoms, reduc 
ing the incidence of disease-related symptoms, reducing the 
latency of symptoms, ameliorating symptoms, reducing sec 
ondary symptoms, reducing secondary infections, prolong 
ing patient Survival, or a combination thereof. 
0229. In one embodiment, symptoms are primary, while in 
another embodiment, symptoms are secondary. In one 
embodiment, “primary” refers to a symptom that is a direct 
result of a particular disease or disorder, while in one embodi 
ment, “secondary” refers to a symptom that is derived from or 
consequent to a primary cause. In one embodiment, the com 
pounds for use in the present invention treat primary or sec 
ondary symptoms or secondary complications. In another 
embodiment, “symptoms” may be any manifestation of a 
disease or pathological condition. 
0230. In some embodiments, the term “comprising” refers 
to the inclusion of other recombinant polypeptides, amino 
acid sequences, or nucleic acid sequences, as well as inclu 
sion of other polypeptides, amino acid sequences, or nucleic 
acid sequences, that may be known in the art, which in one 
embodiment may comprise antigens or Listeria polypeptides, 
amino acid sequences, or nucleic acid sequences. In some 
embodiments, the term “consisting essentially of refers to a 
composition for use in the methods as provided herein, which 
has the specific recombinant polypeptide, amino acid 
sequence, or nucleic acid sequence, or fragment thereof. 
However, other polypeptides, amino acid sequences, or 
nucleic acid sequences may be included that are not involved 
directly in the utility of the recombinant polypeptide(s). In 
Some embodiments, the term "consisting refers to a compo 
sition for use in the methods as provided herein having a 
particular recombinant polypeptide, amino acid sequence, or 
nucleic acid sequence, or fragment or combination of recom 
binant polypeptides, amino acid sequences, or nucleic acid 
sequences or fragments as provided herein, in any form or 
embodiment as described herein. 

0231. In one embodiment, the compositions for use in the 
methods as provided herein are administered intravenously. 
In another embodiment, the vaccine is administered orally, 
whereas in another embodiment, the vaccine is administered 
parenterally (e.g., Subcutaneously, intramuscularly, and the 
like). 
0232 Further, in another embodiment, the compositions 
or vaccines are administered as a Suppository, for example a 
rectal Suppository or a urethral Suppository. Further, in 
another embodiment, the pharmaceutical compositions are 
administered by Subcutaneous implantation of a pellet. In a 
further embodiment, the pelletprovides for controlled release 
of an agent over a period of time. In yet another embodiment, 
the pharmaceutical compositions are administered in the 
form of a capsule. 
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0233. In one embodiment, the route of administration may 
be parenteral. In another embodiment, the route may be intra 
ocular, conjunctival, topical, transdermal, intradermal, Sub 
cutaneous, intraperitoneal, intravenous, intra-arterial, vagi 
nal, rectal, intratumoral, parcanceral, transmucosal, 
intramuscular, intravascular, intraventricular, intracranial, 
inhalation (aerosol), nasal aspiration (spray), intranasal 
(drops), Sublingual, oral, aerosol or Suppository or a combi 
nation thereof. For intranasal administration or application by 
inhalation, Solutions or Suspensions of the compounds mixed 
and aerosolized or nebulized in the presence of the appropri 
ate carrier Suitable. Such an aerosol may comprise any agent 
described herein. In one embodiment, the compositions as set 
forth herein may be in a form suitable for intracranial admin 
istration, which in one embodiment, is intrathecal and intrac 
erebroventricular administration. In one embodiment, the 
regimen of administration will be determined by skilled cli 
nicians, based on factors such as exact nature of the condition 
being treated, the severity of the condition, the age and gen 
eral physical condition of the patient, body weight, and 
response of the individual patient, etc. 
0234. In one embodiment, parenteral application, particu 
larly suitable are injectable, sterile solutions, preferably oily 
or aqueous Solutions, as well as Suspensions, emulsions, or 
implants, including Suppositories and enemas. Ampoules are 
convenient unit dosages. Such a Suppository may comprise 
any agent described herein. 
0235. In one embodiment, sustained or directed release 
compositions can be formulated, e.g., liposomes or those 
wherein the active compound is protected with differentially 
degradable coatings, e.g., by microencapsulation, multiple 
coatings, etc. Such compositions may be formulated for 
immediate or slow release. It is also possible to freeze-dry the 
new compounds and use the lyophilisates obtained, for 
example, for the preparation of products for injection. 
0236. In one embodiment, for liquid formulations, phar 
maceutically acceptable carriers may be acqueous or non 
aqueous Solutions, Suspensions, emulsions or oils. Examples 
of non-aqueous solvents are propylene glycol, polyethylene 
glycol, and injectable organic esters such as ethyl oleate. 
Aqueous carriers include water, alcoholic/aqueous Solutions, 
emulsions or Suspensions, including saline and buffered 
media. Examples of oils are those of petroleum, animal, Veg 
etable, or synthetic origin, for example, peanut oil, soybean 
oil, mineral oil, olive oil, sunflower oil, and fish-liver oil. 
0237. In one embodiment, compositions of this invention 
are pharmaceutically acceptable. In one embodiment, the 
term “pharmaceutically acceptable' refers to any formulation 
which is safe, and provides the appropriate delivery for the 
desired route of administration of an effective amount of at 
least one compound for use in the present invention. This term 
refers to the use of buffered formulations as well, wherein the 
pH is maintained at a particular desired value, ranging from 
pH 4.0 to pH 9.0, in accordance with the stability of the 
compounds and route of administration. 
0238. In one embodiment, a composition of or used in the 
methods of this invention may be administered alone or 
within a composition. In another embodiment, compositions 
of this invention admixture with conventional excipients, i.e., 
pharmaceutically acceptable organic or inorganic carrier Sub 
stances suitable for parenteral, enteral (e.g., oral) or topical 
application which do not deleteriously react with the active 
compounds may be used. In one embodiment, Suitable phar 
maceutically acceptable carriers include but are not limited to 
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water, salt solutions, alcohols, gum arabic, vegetable oils, 
benzyl alcohols, polyethylene glycols, gelatine, carbohy 
drates such as lactose, amylose or starch, magnesium Stearate, 
talc, silicic acid, Viscous paraffin, white paraffin, glycerol, 
alginates, hyaluronic acid, collagen, perfume oil, fatty acid 
monoglycerides and diglycerides, pentaerythritol fatty acid 
esters, hydroxy methylcellulose, polyvinyl pyrrolidone, etc. 
In another embodiment, the pharmaceutical preparations can 
be sterilized and if desired mixed with auxiliary agents, e.g., 
lubricants, preservatives, stabilizers, wetting agents, emulsi 
fiers, salts for influencing osmotic pressure, buffers, coloring, 
flavoring and/or aromatic Substances and the like which do 
not deleteriously react with the active compounds. In another 
embodiment, they can also be combined where desired with 
other active agents, e.g., Vitamins. 
0239. In one embodiment, the compositions for use of the 
methods and compositions as provided herein may be admin 
istered with a carrier? diluent. Solid carriers/diluents include, 
but are not limited to, a gum, a starch (e.g., corn starch, 
pregeletanized Starch), a Sugar (e.g., lactose, mannitol, 
Sucrose, dextrose), a cellulosic material (e.g., microcrystal 
line cellulose), an acrylate (e.g., polymethylacrylate), cal 
cium carbonate, magnesium oxide, talc, or mixtures thereof. 
0240. In one embodiment, the compositions of the meth 
ods and compositions as provided herein may comprise the 
composition of this invention and one or more additional 
compounds effective in preventing or treating cancer. In some 
embodiments, the additional compound may comprise a 
compound useful in chemotherapy, which in one embodi 
ment, is Cisplatin. In another embodiment, Ifosfamide, Fluo 
rouracilorS-FU, Irinotecan, Paclitaxel (Taxol), Docetaxel, 
Gemcitabine, Topotecan or a combination thereof, may be 
administered with a composition as provided herein for use in 
the methods as provided herein. In another embodiment, 
Amsacrine, Bleomycin, BuSulfan, Capecitabine, Carbopl 
atin, Carmustine, Chlorambucil, Cisplatin, Cladribine, Clo 
farabine, Crisantaspase, Cyclophosphamide, Cytarabine, 
Dacarbazine, Dactinomycin, Daunorubicin, Docetaxel, 
Doxorubicin, Epirubicin, Etoposide, Fludarabine, Fluorou 
racil, Gemcitabine, Gliadelimplants, Hydroxycarbamide, 
Idarubicin, Ifosfamide, Irinotecan, Leucovorin, Liposomal 
doxorubicin, Liposomaldaunorubicin, Lomustine, Mel 
phalan, Mercaptopurine, Mesna, Methotrexate, Mitomycin, 
Mitoxantrone, Oxaliplatin, Paclitaxel, Pemetrexed, Pentosta 
tin, Procarbazine, Raltitrexed, Satraplatin, Streptozocin, 
Tegafur-uracil, Temozolomide, Teniposide. Thiotepa, 
Tioguanine, Topotecan, Treosulfan, Vinblastine, Vincristine, 
Vindesine, Vinorelbine, or a combination thereof, may be 
administered with a composition as provided herein for use in 
the methods as provided herein. 
0241. In another embodiment, fusion proteins as provided 
herein are prepared by a process comprising Subcloning of 
appropriate sequences, followed by expression of the result 
ing nucleotide. In another embodiment, Subsequences are 
cloned and the appropriate Subsequences cleaved using 
appropriate restriction enzymes. The fragments are then 
ligated, in another embodiment, to produce the desired DNA 
sequence. In another embodiment, DNA encoding the fusion 
protein is produced using DNA amplification methods, for 
example polymerase chain reaction (PCR). First, the seg 
ments of the native DNA on either side of the new terminus 
are amplified separately. The 5' end of the one amplified 
sequence encodes the peptide linker, while the 3' end of the 
other amplified sequence also encodes the peptide linker. 
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Since the 5' end of the first fragment is complementary to the 
3' end of the second fragment, the two fragments (after partial 
purification, e.g. on LMPagarose) can be used as an overlap 
ping template in a third PCR reaction. The amplified 
sequence will contain codons, the segment on the carboxy 
side of the opening site (now forming the amino sequence), 
the linker, and the sequence on the amino side of the opening 
site (now forming the carboxyl sequence). The insert is then 
ligated into a plasmid. In another embodiment, a similar 
strategy is used to produce a protein wherein an HMW-MAA 
fragment is embedded within a heterologous peptide. 
0242. In one embodiment, the present invention also pro 
vides a recombinant Listeria comprising a nucleic acid mol 
ecule encoding a heterologous antigenic polypeptide or frag 
ment thereof, wherein said nucleic acid molecule is operably 
integrated into the Listeria genome as an open reading frame 
with an endogenous polypeptide comprising a PEST 
Sequence. 

0243 In one embodiment, provided herein is a recombi 
nant Listeria capable of expressing and secreting two distinct 
heterologous antigens comprising a first antigen that is oper 
ably integrated in the genome as an open reading frame with 
a first polypeptide or fragment thereof comprising a PEST 
sequence and a second antigen that is operably integrated in 
the genome as an open reading frame with a second polypep 
tide or fragment thereof comprising a PEST sequence. In 
another embodiment, said first or second polypeptide or frag 
ment thereof is ActA, or LLO. In another embodiment, said 
first or second antigen is prostate tumor-associated antigen 
(PSA), or High Molecular Weight-Melanoma Associated 
Antigen (HMWMAA). In another embodiment, said frag 
ment is an immunogenic fragment. In yet another embodi 
ment, said episomal expression vector lacks an antibiotic 
resistance marker. 

0244. In another embodiment, the first and second antigen 
are distinct. In another embodiment, said first and second 
antigens are concomitantly expressed. In another embodi 
ment, said first or second antigen are expressed at the same 
level. In another embodiment, said first or second antigen are 
differentially expressed. In another embodiment, gene or pro 
tein expression is determined by methods that are well known 
in the art which in another embodiment comprise real-time 
PCR, northern blotting, immunoblotting, etc. In another 
embodiment, said first or second antigen's expression is con 
trolled by an inducible system, while in another embodiment, 
said first or second antigen's expression is controlled by a 
constitutive promoter. In another embodiment, inducible 
expression systems are well known in the art. 
0245. In one embodiment, provided herein is a method of 
preparing a recombinant Listeria capable of expressing and 
secreting two distinct heterologous antigens that target tumor 
cells and angiogenesis concomitantly. In another embodi 
ment, said method of preparing said recombinant Listeria 
comprises the steps of genetically fusing a first antigen into 
the genome that is operably linked to an open reading frame 
encoding a first polypeptide or fragment thereof comprising a 
PEST sequence and transforming said recombinant Listeria 
with an episomal expression vector encoding a second anti 
gen that is operably linked to an open reading frame encoding 
a second polypeptide or fragment thereof comprising a PEST 
sequence. In another embodiment, said method of preparing 
said recombinant Listeria comprises the steps of genetically 
fusing a first antigen into the genome that is operably linked 
to an open reading frame encoding a first polypeptide or 
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fragment thereof comprising a PEST sequence and geneti 
cally fusing a second antigen that is operably linked to an 
open reading frame encoding a second polypeptide or frag 
ment thereof comprising a PEST sequence. 
0246 Methods for transforming bacteria are well known 
in the art, and include calcium-chloride competent cell-based 
methods, electroporation methods, bacteriophage-mediated 
transduction, chemical, and physical transformation tech 
niques (de Boer et al., 1989, Cell 56:641-649; Miller et al. 
1995, FASEB.J., 9:190-199: Sambrooketal. 1989, Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labora 
tory, New York; Ausubel et al., 1997, Current Protocols in 
Molecular Biology, John Wiley & Sons, New York; Gerhardt 
et al., eds., 1994, Methods for General and Molecular Bacte 
riology, American Society for Microbiology, Washington, 
D.C.; Miller, 1992, A Short Course in Bacterial Genetics, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
N.Y.) In another embodiment, the Listeria vaccine strain as 
provided herein is transformed by electroporation. Each 
method represents a separate embodiment of the methods and 
compositions as provided herein. 
0247. In one embodiment, provided herein is a method of 
inducing an immune response to an antigen in a Subject com 
prising administering a recombinant Listeria strain to said 
Subject, wherein said recombinant Listeria Strain comprises a 
first and second nucleic acid molecule, each said nucleic acid 
molecule encoding a heterologous antigenic polypeptide or 
fragment thereof, wherein said first nucleic acid molecule is 
operably integrated into the Listeria genome as an open read 
ing frame with a nucleic acid encoding an endogenous 
polypeptide comprising a PEST sequence. 
0248. In another embodiment, provided herein is a method 
of inhibiting the onset of cancer, said method comprising the 
step of administering a recombinant Listeria composition that 
expresses two distinct heterologous antigens specifically 
expressed in said cancer. 
0249. In one embodiment, provided herein is a method of 
treating a first and a second tumor in a subject, said method 
comprising the step of administering a recombinant Listeria 
composition that expresses two distinct heterologous anti 
gens specifically expressed on said first and second tumor. 
0250 In another embodiment, provided herein is a method 
of ameliorating symptoms that are associated with a cancer in 
a subject, said method comprising the step of administering a 
recombinant Listeria composition that expresses two distinct 
heterologous antigens specifically expressed in said cancer. 
0251. In one embodiment, provided herein is a method of 
protecting a subject from cancer, said method comprising the 
step of administering a recombinant Listeria composition that 
expresses two distinct heterologous antigens specifically 
expressed in said cancer 
0252. In another embodiment, provided herein is a method 
of delaying onset of cancer, said method comprising the step 
of administering a recombinant Listeria composition that 
expresses two distinct heterologous antigens specifically 
expressed in said cancer. In another embodiment, provided 
herein is a method of treating metastatic cancer, said method 
comprising the step of administering a recombinant Listeria 
composition that expresses two distinct heterologous anti 
gens specifically expressed in said cancer. In another embodi 
ment, provided herein is a method of preventing metastatic 
canceror micrometastatis, said method comprising the step of 
administering a recombinant Listeria composition that 
expresses two distinct heterologous antigens specifically 

32 
Jun. 2, 2011 

expressed in said cancer. In another embodiment, the recom 
binant Listeria composition is administered orally or 
parenterally. 
0253) In one embodiment, the present invention provides a 
method of producing a recombinant Listeria Strain expressing 
two antigens, the method comprising: (a) genetically fusing a 
first nucleic acid encoding a first antigen into the Listeria 
genome in an open reading frame with an endogenous PEST 
containing gene; (b) transforming said recombinant Listeria 
with an episomal expression vector comprising a second 
nucleic acid encoding a second antigen; and (c) expressing 
said first and second antigens under conditions conducive to 
antigenic expression in said recombinant Listeria Strain. In 
another embodiment, the present invention provides a method 
of producing a recombinant Listeria Strain expressing two 
antigens, the method comprising: (a) genetically fusing a first 
nucleic acid encoding a first antigen and a second nucleic acid 
encoding a second antigen into the Listeria genome in an 
open reading frame with an endogenous PEST-containing 
gene; and (b) expressing said first and second antigens under 
conditions conducive to antigenic expression in said recom 
binant Listeria strain. In one embodiment, genetic fusion is 
via homologous recombination, as described herein. In one 
embodiment, conditions conducive to antigenic expression 
are known in the art. 

0254. In another embodiment of the methods and compo 
sitions as provided herein, “nucleic acids” or “nucleotide' 
refers to a string of at least two base-sugar-phosphate combi 
nations. The term includes, in one embodiment, DNA and 
RNA. "Nucleotides’ refers, in one embodiment, to the mono 
meric units of nucleic acid polymers. RNA may be, in one 
embodiment, in the form of a tRNA (transfer RNA), snRNA 
(small nuclear RNA), rRNA (ribosomal RNA), mRNA (mes 
senger RNA), anti-sense RNA, small inhibitory RNA 
(siRNA), micro RNA (miRNA) and ribozymes. The use of 
siRNA and miRNA has been described (Caudy A A et al. 
Genes & Devel 16: 2491-96 and references cited therein). 
DNA may be in form of plasmid DNA, viral DNA, linear 
DNA, or chromosomal DNA orderivatives of these groups. In 
addition, these forms of DNA and RNA may be single, 
double, triple, or quadruple Stranded. The term also includes, 
in another embodiment, artificial nucleic acids that may con 
tain other types of backbones but the same bases. In one 
embodiment, the artificial nucleic acid is a PNA (peptide 
nucleic acid). PNA contain peptide backbones and nucleotide 
bases and are able to bind, in one embodiment, to both DNA 
and RNA molecules. In another embodiment, the nucleotide 
is oxetane modified. In another embodiment, the nucleotide is 
modified by replacement of one or more phosphodiester 
bonds with a phosphorothioate bond. In another embodiment, 
the artificial nucleic acid contains any other variant of the 
phosphate backbone of native nucleic acids known in the art. 
The use of phosphothiorate nucleic acids and PNA are known 
to those skilled in the art, and are described in, for example, 
Neilsen PE, Curr Opin Struct Biol 9:353-57; and Raz N Ket 
al Biochem Biophys Res Commun. 297: 1075-84. The pro 
duction and use of nucleic acids is known to those skilled in 
art and is described, for example, in Molecular Cloning, 
(2001), Sambrook and Russell, eds. and Methods in Enzy 
mology: Methods for molecular cloning in eukaryotic cells 
(2003) Purchio and G. C. Fareed. Each nucleic acid derivative 
represents a separate embodiment as provided herein. 
(0255. The terms “polypeptide,” “peptide' and “recombi 
nant peptide' refer, in another embodiment, to a peptide or 
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polypeptide of any length. In another embodiment, a peptide 
or recombinant peptide as provided herein has one of the 
lengths enumerated above for an HMW-MAA fragment. 
Each possibility represents a separate embodiment of the 
methods and compositions as provided herein. In one 
embodiment, the term "peptide' refers to native peptides 
(either degradation products, synthetically synthesized pep 
tides or recombinant peptides) and/or peptidomimetics (typi 
cally, synthetically synthesized peptides). Such as peptoids 
and semipeptoids which are peptide analogs, which may 
have, for example, modifications rendering the peptides more 
stable while in a body or more capable of penetrating into 
cells. Such modifications include, but are not limited to N 
terminus modification, C terminus modification, peptide 
bond modification, including, but not limited to, CH2-NH. 
CH2-S, CH2-S-O, O–C NH, CH2-O, CH2-CH2, 
S—C NH, CH=CH or CF=CH, backbone modifications, 
and residue modification. Methods for preparing peptidomi 
metic compounds are well known in the art and are specified, 
for example, in Quantitative Drug Design, C. A. Ramsden 
Gd., Chapter 17.2, F. Choplin Pergamon Press (1992), which 
is incorporated by reference as if fully set forth herein. Fur 
ther details in this respect are provided hereinunder. 
0256 In one embodiment, “antigenic polypeptide' is used 
herein to refer to a polypeptide, peptide or recombinant pep 
tide as described hereinabove that is foreign to a host and 
leads to the mounting of an immune response when present 
in, or, in another embodiment, detected by, the host. 
0257 Peptide bonds (-CO. NH ) within the peptide 
may be substituted, for example, by N-methylated bonds 
( N(CH3)-CO ), ester bonds ( C(R)H C O-O C 
(R) N—), ketomethylen bonds ( CO-CH2-), *-aza 
bonds ( NH N(R)—CO ), wherein R is any alkyl, e.g., 
methyl, carba bonds ( CH2-NH ), hydroxyethylene 
bonds (—CH(OH)—CH2-), thioamide bonds ( CS 
NH ), olefinic double bonds (—CH=CH ), retro amide 
bonds ( NH CO ), peptide derivatives ( N(R)—CH2 
CO ), wherein R is the “normal side chain, naturally pre 
sented on the carbon atom. 
0258. These modifications can occur at any of the bonds 
along the peptide chain and even at several (2-3) at the same 
time. Natural aromatic amino acids, Trp, Tyrand Phe, may be 
Substituted for synthetic non-natural acid Such as TIC, naph 
thylelanine (Nol), ring-methylated derivatives of Phe, halo 
genated derivatives of Phe or o-methyl-Tyr. 
0259. In addition to the above, the peptides as provided 
herein may also include one or more modified amino acids or 
one or more non-amino acid monomers (e.g. fatty acids, 
complex carbohydrates etc). 
0260. In one embodiment, the term "oligonucleotide' is 
interchangeable with the term “nucleic acid', and may refer 
to a molecule, which may include, but is not limited to, 
prokaryotic sequences, eukaryotic mRNA, cDNA from 
eukaryotic mRNA, genomic DNA sequences from eukary 
otic (e.g., mammalian) DNA, and even synthetic DNA 
sequences. The term also refers to sequences that include any 
of the known base analogs of DNA and RNA. 
0261 "Stably maintained’ refers, in another embodiment, 
to maintenance of a nucleic acid molecule or plasmid in the 
absence of selection (e.g. antibiotic selection) for 10 genera 
tions, without detectable loss. In another embodiment, the 
period is 15 generations. In another embodiment, the period is 
20 generations. In another embodiment, the period is 25 gen 
erations. In another embodiment, the period is 30 generations. 
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In another embodiment, the period is 40 generations. In 
another embodiment, the period is 50 generations. In another 
embodiment, the period is 60 generations. In another embodi 
ment, the period is 80 generations. In another embodiment, 
the period is 100 generations. In another embodiment, the 
period is 150 generations. In another embodiment, the period 
is 200 generations. In another embodiment, the period is 300 
generations. In another embodiment, the period is 500 gen 
erations. In another embodiment, the period is more than 500 
generations. In another embodiment, the nucleic acid mol 
ecule or plasmid is maintained stably in vitro (e.g. in culture). 
In another embodiment, the nucleic acid molecule or plasmid 
is maintained stably in vivo. In another embodiment, the 
nucleic acid molecule or plasmid is maintained stably both in 
vitro and in vitro. Each possibility represents a separate 
embodiment of the methods and compositions as provided 
herein. 

0262. In one embodiment, the term “amino acid” or 
“amino acids” is understood to include the 20 naturally occur 
ring amino acids; those amino acids often modified post 
translationally in vivo, including, for example, hydroxypro 
line, phosphoserine and phosphothreonine; and other unusual 
amino acids including, but not limited to, 2-aminoadipic acid, 
hydroxylysine, isodesmosine, nor-valine, nor-leucine and 
ornithine. Furthermore, the term “amino acid may include 
both D- and L-amino acids. 

0263. The term “nucleic acid' or “nucleic acid sequence' 
refers to a deoxyribonucleotide or ribonucleotide oligonucle 
otide in either single- or double-stranded form. The term 
encompasses nucleic acids, i.e., oligonucleotides, containing 
known analogues of natural nucleotides which have similar or 
improved binding properties, for the purposes desired, as the 
reference nucleic acid. The term also includes nucleic acids 
which are metabolized in a manner similar to naturally occur 
ring nucleotides or at rates that are improved thereover for the 
purposes desired. The term also encompasses nucleic-acid 
like structures with synthetic backbones. DNA backbone ana 
logues provided by the invention include phosphodiester, 
phosphorothioate, phosphorodithioate, methylphosphonate, 
phosphoramidate, alkyl phosphotriester, Sulfamate, 3'-thio 
acetal, methylene(methylimino), 3'-N-carbamate, mor 
pholino carbamate, and peptide nucleic acids (PNAS); see, 
e.g., Oligonucleotides and Analogues, a Practical Approach, 
edited by F. Eckstein, IRL Press at Oxford University Press 
(1991); Antisense Strategies, Annals of the New York Acad 
emy of Sciences, Volume 600, Eds. Baserga and Denhardt 
(NYAS 1992); Mulligan (1993) J. Med. Chem. 36:1923 
1937; Antisense Research and Applications (1993, CRC 
Press). PNAS contain non-ionic backbones, such as N-(2- 
aminoethyl)glycine units. Phosphorothioate linkages are 
described, e.g., in WO 97/03211; WO 96/3915.4; Mata (1997) 
Toxicol. Appi. Pharmacol. 144:189-197. Other synthetic 
backbones encompasses by the term include methyl-phos 
phonate linkages or alternating methyiphosphonate and phos 
phodiester linkages (Strauss-Soukup (1997) Biochemistry 
36:8692-8698), and benzylphosphonate linkages (Samstag 
(1996) Antisense Nucleic Acid Drug Dev. 6:153-156). The 
term nucleic acid is used interchangeably with gene, cDNA, 
mRNA, oligonucleotide primer, probe and amplification 
product. 
0264. In one embodiment of the methods and composi 
tions as provided herein, the term “recombination site' or 
“site-specific recombination site' refers to a sequence of 
bases in a nucleic acid molecule that is recognized by a 
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recombinase (along with associated proteins, in Some cases) 
that mediates exchange or excision of the nucleic acid seg 
ments flanking the recombination sites. The recombinases 
and associated proteins are collectively referred to as “recom 
bination proteins' see, e.g., Landy, A., (Current Opinion in 
Genetics & Development) 3:699-707: 1993). 
0265 A "phage expression vector” or “phagemid’ refers 
to any phage-based recombinant expression system for the 
purpose of expressing a nucleic acid sequence of the methods 
and compositions as provided herein in vitro or in Vivo, con 
stitutively or inducibly, in any cell, including prokaryotic, 
yeast, fungal, plant, insect or mammalian cell. A phage 
expression vector typically can both reproduce in a bacterial 
cell and, under proper conditions, produce phage particles. 
The term includes linear or circular expression systems and 
encompasses both phage-based expression vectors that 
remain episomal or integrate into the host cell genome. 
0266. In one embodiment, the term “operably linked as 
used herein means that the transcriptional and translational 
regulatory nucleic acid, is positioned relative to any coding 
sequences in Such a manner that transcription is initiated. 
Generally, this will mean that the promoter and transcrip 
tional initiation or start sequences are positioned 5' to the 
coding region. 
0267 In one embodiment, an “open reading frame” or 
“ORF is a portion of an organism's genome which contains 
a sequence of bases that could potentially encode a protein. In 
another embodiment, the start and stop ends of the ORF are 
not equivalent to the ends of the mRNA, but they are usually 
contained within the mRNA. In one embodiment, ORFs are 
located between the start-code sequence (initiation codon) 
and the stop-codon sequence (termination codon) of a gene. 
Thus, in one embodiment, a nucleic acid molecule operably 
integrated into a genome as an open reading frame with an 
endogenous polypeptide is a nucleic acid molecule that has 
integrated into a genome in the same open reading frame as an 
endogenous polypeptide. 
0268. In one embodiment, the present invention provides a 
fusion polypeptide comprising a linker sequence. In one 
embodiment, a “linker sequence” refers to an amino acid 
sequence that joins two heterologous polypeptides, or frag 
ments or domains thereof. In general, as used herein, a linker 
is an amino acid sequence that covalently links the polypep 
tides to form a fusion polypeptide. A linker typically includes 
the amino acids translated from the remaining recombination 
signal after removal of a reporter gene from a display vector 
to create a fusion protein comprising an amino acid sequence 
encoded by an open reading frame and the display protein. As 
appreciated by one of skill in the art, the linker can comprise 
additional amino acids, such as glycine and other Small neu 
tral amino acids. 
0269. In one embodiment, “endogenous” as used herein 
describes an item that has developed or originated within the 
reference organism or arisen from causes within the reference 
organism. In another embodiment, endogenous refers to 
native. 
0270. In one embodiment, “heterologous” as used herein 
describes a nucleic acid, amino acid, peptide, polypeptide, or 
protein derived from a different species than the reference 
species. Thus, for example, a Listeria strain expressing a 
heterologous polypeptide, in one embodiment, would express 
a polypeptide that is not native or endogenous to the Listeria 
strain, or in another embodiment, a polypeptide that is not 
normally expressed by the Listeria strain, or in another 
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embodiment, a polypeptide from a source other than the 
Listeria Strain. In another embodiment, heterologous may be 
used to describe something derived from a different organism 
within the same species. In another embodiment, the heter 
ologous antigen is expressed by a recombinant strain of List 
eria, and is processed and presented to cytotoxic T-cells upon 
infection of mammalian cells by the recombinant Strain. In 
another embodiment, the heterologous antigen expressed by 
Listeria species need not precisely match the corresponding 
unmodified antigen or protein in the tumor cell or infectious 
agent so long as it results in a T-cell response that recognizes 
the unmodified antigen or protein which is naturally 
expressed in the mammal. 
0271 In one embodiment, an “episomal expression vec 
tor” as described herein refers to a nucleic acid vector which 
may be linear or circular, and which is usually double 
Stranded inform. In one embodiemnt, an episomal expression 
vector comprises a gene of interest. In another embodiment, 
the inserted gene of interest is not interrupted or subjected to 
regulatory constraints which often occur from integration 
into cellular DNA. In another embodiment, the presence of 
the inserted heterologous gene does not lead to rearrangement 
or interruption of the cell's own important regions. In another 
embodiment, episomal vectors persist in multiple copies in 
the bacterial cytoplasm, resulting in amplification of the gene 
of interest, and, in another embodiment, viral trans-acting 
factors are Supplied when necessary. In another embodiment, 
in stable transfection procedures, the use of episomal vectors 
often results in higher transfection efficiency than the use of 
chromosome-integrating plasmids (Belt, P. B. G. M., et al 
(1991) Efficient cDNA cloning by direct phenotypic correc 
tion of a mutant human cell line (HPRT2) using an Epstein 
Barr virus-derived cDNA expression vector. Nucleic Acids 
Res. 19, 4861-4866; Mazda, O., et al. (1997) Extremely effi 
cient gene transfection into lympho-hematopoietic cell lines 
by Epstein-Barr virus-based vectors. J. Immunol. Methods 
204, 143-151). In one embodiment, the episomal expression 
vectors of the methods and compositions as provided herein 
may be delivered to cells in vivo, ex vivo, or in vitro by any of 
a variety of the methods employed to deliver DNA molecules 
to cells. The vectors may also be delivered alone or in the form 
of a pharmaceutical composition that enhances delivery to 
cells of a subject. 
0272. In one embodiment, “fused refers to linkage by 
covalent bonding. 
0273. “Transforming.” in one embodiment, refers to engi 
neering a bacterial cell to take up a plasmid or other heterolo 
gous DNA molecule. In another embodiment, “transforming 
refers to engineering a bacterial cell to express a gene of a 
plasmidor other heterologous DNA molecule. Each possibil 
ity represents a separate embodiment of the methods and 
compositions as provided herein. 
0274. In another embodiment, conjugation is used to 
introduce genetic material and/or plasmids into bacteria. 
Methods for conjugation are well known in the art, and are 
described, for example, in Nikodinovic J et al (A second 
generation Smp-derived Escherichia coli-Streptomyces 
shuttle expression vector that is generally transferable by 
conjugation. Plasmid. 2006 November; 56(3):223-7) and 
Auchtung J Metal (Regulation of a Bacillus subtilis mobile 
genetic element by intercellular signaling and the global 
DNA damage response. Proc Natl AcadSci USA. 2005 Aug. 
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30; 102(35): 12554-9). Each method represents a separate 
embodiment of the methods and compositions as provided 
herein. 
(0275 “Metabolic enzyme” refers, in another embodi 
ment, to an enzyme involved in synthesis of a nutrient 
required by the host bacteria. In another embodiment, the 
term refers to an enzyme required for synthesis of a nutrient 
required by the host bacteria. In another embodiment, the 
term refers to an enzyme involved in synthesis of a nutrient 
utilized by the host bacteria. In another embodiment, the term 
refers to an enzyme involved in synthesis of a nutrient 
required for sustained growth of the host bacteria. In another 
embodiment, the enzyme is required for synthesis of the 
nutrient. Each possibility represents a separate embodiment 
of the methods and compositions as provided herein. 
0276. In one embodiment, the term “attenuation,” as used 
herein, is meant a diminution in the ability of the bacterium to 
cause disease in an animal. In other words, the pathogenic 
characteristics of the attenuated Listeria strain have been 
lessened compared with wild-type Listeria, although the 
attenuated Listeria is capable of growth and maintenance in 
culture. Using as an example the intravenous inoculation of 
Balbic mice with an attenuated Listeria, the lethal dose at 
which 50% of inoculated animals survive (LD.sub.50) is pref 
erably increased above the LD. Sub.50 of wild-type Listeria 
by at least about 10-fold, more preferably by at least about 
100-fold, more preferably at least about 1,000 fold, even more 
preferably at least about 10,000 fold, and most preferably at 
least about 100,000-fold. An attenuated strain of Listeria is 
thus one which does not kill an animal to which it is admin 
istered, or is one which kills the animal only when the number 
of bacteria administered is vastly greater than the number of 
wildtype non-attenuated bacteria which would be required to 
kill the same animal. An attenuated bacterium should also be 
construed to mean one which is incapable of replication in the 
general environment because the nutrient required for its 
growth is not present therein. Thus, the bacterium is limited to 
replication in a controlled environment wherein the required 
nutrient is provided. The attenuated strains of the present 
invention are therefore environmentally safe in that they are 
incapable of uncontrolled replication. 
0277. The term “about as used herein means in quantita 

tive terms plus or minus 5%, or in another embodiment plus or 
minus 10%, or in another embodiment plus or minus 15%, or 
in another embodiment plus or minus 20%. 
0278. The term “subject” refers in one embodiment to a 
mammal including a human in need of therapy for, or Suscep 
tible to, a condition or its sequelae. The Subject may include 
dogs, cats, pigs, cows, sheep,goats, horses, rats, and mice and 
humans. In one embodiment, the term “subject” does not 
exclude an individual that is healthy in all respects and does 
not have or show signs of disease or disorder. 
0279. In one embodiment, the Listeria as provided herein 
expresses a heterologous polypeptide, as described herein, in 
another embodiment, the Listeria as provided herein secretes 
a heterologous polypeptide, as described herein, and in 
another embodiment, the Listeria as provided herein 
expresses and secretes a heterologous polypeptide, as 
described herein. In another embodiment, the Listeria as pro 
vided herein comprises a heterologous polypeptide, and in 
another embodiment, comprises a nucleic acid that encodes a 
heterologous polypeptide. 
0280. In one embodiment, Listeria strains as provided 
herein may be used in the preparation of vaccines. In one 
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embodiment, Listeria Strains as provided herein may be used 
in the preparation of peptide vaccines. Methods for preparing 
peptide vaccines are well known in the art and are described, 
for example, in EP1408048, United States Patent Application 
Number 20070154953, and OGASAWARAetal (Proc. Nati. 
Acad. Sci. USA Vol. 89, pp. 8995-8999, October 1992). In 
one embodiment, peptide evolution techniques are used to 
create an antigen with higher immunogenicity. Techniques 
for peptide evolution are well known in the art and are 
described, for example in U.S. Pat. No. 6,773.900. 
0281. In one embodiment, the vaccines of the methods and 
compositions as provided herein may be administered to a 
host vertebrate animal, preferably a mammal, and more pref 
erably a human, either alone or in combination with a phar 
maceutically acceptable carrier. In another embodiment, the 
vaccine is administered in an amount effective to induce an 
immune response to the Listeria strain itself or to a heterolo 
gous antigen which the Listeria species has been modified to 
express. In another embodiment, the amount of vaccine to be 
administered may be routinely determined by one of skill in 
the art when in possession of the present disclosure. In 
another embodiment, a pharmaceutically acceptable carrier 
may include, but is not limited to, sterile distilled water, 
saline, phosphate buffered solutions or bicarbonate buffered 
Solutions. In another embodiment, the pharmaceutically 
acceptable carrier selected and the amount of carrier to be 
used will depend upon several factors including the mode of 
administration, the Strain of Listeria and the age and disease 
state of the vaccinee. In another embodiment, administration 
of the vaccine may be by an oral route, or it may be parenteral, 
intranasal, intramuscular, intravascular, intrarectal, intraperi 
toneal, or any one of a variety of well-known routes of admin 
istration. In another embodiment, the route of administration 
may be selected in accordance with the type of infectious 
agent or tumor to be treated. 
0282. In one embodiment, the present invention provides a 
recombinant Listeria strain comprising a nucleic acid mol 
ecule encoding a heterologous antigenic polypeptide or frag 
ment thereof, wherein said nucleic acid molecule is operably 
integrated into the Listeria genome in an open reading frame 
with an endogenous PEST-containing gene. 
0283. In another embodiment, the present invention pro 
vides a method of inducing an immune response to an antigen 
in a Subject comprising administering a recombinant Listeria 
strain comprising a nucleic acid molecule encoding a heter 
ologous antigenic polypeptide or fragment thereof, wherein 
said nucleic acid molecule is operably integrated into the 
Listeria genome in an open reading frame with an endog 
enous PEST-containing gene. 
0284. In another embodiment, the present invention pro 
vides a method of treating, Suppressing, or inhibiting a cancer 
in a Subject comprising administering a recombinant Listeria 
strain comprising a nucleic acid molecule encoding a heter 
ologous antigenic polypeptide or fragment thereof, wherein 
said nucleic acid molecule is operably integrated into the 
Listeria genome in an open reading frame with an endog 
enous PEST-containing gene. 
0285. In another embodiment, the present invention pro 
vides a method of treating, Suppressing, or inhibiting at least 
one tumor in a Subject comprising administering a recombi 
nant Listeria Strain comprising a nucleic acid molecule 
encoding a heterologous antigenic polypeptide or fragment 
thereof, wherein said nucleic acid molecule is operably inte 
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grated into the Listeria genome in an open reading frame with 
an endogenous PEST-containing gene. 
0286. In another embodiment, the present invention pro 
vides a method of producing a recombinant Listeria Strain 
expressing an antigen, the method comprising genetically 
fusing a first nucleic acid encoding an antigen into the Listeria 
genome in an open reading frame with an endogenous PEST 
containing gene; and expressing said antigen under condi 
tions conducive to antigenic expression in said recombinant 
Listeria Strain. 
0287. In another embodiment, the present invention pro 
vides any of the methods described hereinabove using a 
recombinant Listeria Strain comprising a nucleic acid mol 
ecule encoding a heterologous antigenic polypeptide or frag 
ment thereof, wherein said nucleic acid molecule is operably 
integrated into the Listeria genome in an open reading frame 
with an endogenous PEST-containing gene. 
0288. In another embodiment, the present invention pro 
vides a kit for conveniently practicing the methods as pro 
vided herein comprising one or more Listeria Strains as pro 
vided herein, an applicator, and instructional material that 
describes how to use the kit components in practicing the 
methods as provided herein. 
0289. The following examples are presented in order to 
more fully illustrate the preferred embodiments of the inven 
tion. They should in no way be construed, however, as limit 
ing the broad scope of the invention. 

EXAMPLES 

0290 We developed a recombinant Lm that secretes PSA 
fused to tLLO (Lm-LLO-PSA), which elicits a potent PSA 
specific immune response associated with regression of 
tumors in a mouse model for prostate cancer, wherein the 
expression of tLLO-PSA is derived from a plasmid based on 
pGG55 (Table 1), which confers antibiotic resistance to the 
vector. We recently developed a new strain for the PSA vac 
cine based on the pADV 142 plasmid, which has no antibiotic 
resistance markers, and referred as LimddA-142 (Table 1). 
This new strain is 10 times more attenuated than Lim-LLO 
PSA. In addition, LimddA-142 was slightly more immuno 
genic and significantly more efficacious in regressing PSA 
expressing tumors than the Lim-LLO-PSA. 

TABLE 1. 

Plasmids and strains 

Plasmids Features 

pGG55 pAM401/pGB354 shuttle plasmid with gram(-) and 
gram (+) cm resistance, LLO-E7 expression 
cassette and a copy of Lim prfA gene 

pTV3 Derived from pGG55 by deleting cm genes and 
inserting the Lim dal gene 

pADV119 Derived from pTV3 by deleting the prfA gene 
pADV134 Derived from pADV119 by replacing the Lim dal gene 

by the Bacillus dal gene 
pADV142 Derived from pADV134 by replacing HPV 16 e7 

with klk3 
pADV168 Derived from pADV134 by replacing HPV 16 e7 

With hmw-maa2160-22ss 

Strains Genotype 

10403S Wild-type Listeria monocytogenes: str 
XFL-7 10403S prfA) 
Lmdd 10403S dal date 
LmddA 10403S dal) dat() actAG) 
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TABLE 1-continued 

Plasmids and strains 

LmddA-134 10403S dal date actApADV134 
LmddA-142 10403S dal date actApADV142 
Lmdd-143 10403S dal' dat' with klk3 fused to the hly gene in the 

chromosome 
LmddA-143 10403S dal date actA) with klk3 fused to the hly 

gene in the chromosome 
LmddA-168 10403S dal date actApADV168 
Lmdd-143,134 Limdd-143 pADV134 
LmddA- LmddA-143 pADV134 
143,134 
Limdd-143/168 Limdd-143 p.ADV168 
LmddA- LmddA-143 pADV168 
143,168 

0291. The sequence of the plasmid padv142 (6523 bp) 
was as follows: 
0292 cggagtgtatactggct tactatgag 
gCactgatgagggtgtcagtgaagtgct 
toatgtggCaggagaaaaaaggctgCaC CggtgCgtCagCagaatatgtgata 
CaggatatattocgatCCtcgctCactgacticgctacgctCggtCgttcgactgC 
ggCgagCggaa atggCttacgaacgggg.cggagattitC 
CtggaagatgcCaggaagataCttaa 
CagggaagtgagagggCCgCggcaaagCCgtttittCC ataggctCCgCCCCCCt 
gacaagCatCacgaaatctgacgCtcaaatcagtggtggCgaaacCCgaCagg 
actataaagatacCaggCgt ttCCCCCtggCggctCCCtcgt 
gcgctictectgttcctgcctttcggtt 
taccggtgtcatcc.gctgttatggcc.gcgtttgtcteatticcacgcc tgacact 
CagttcCggg taggcagttcgctCCaagctggaCtgtatgcacgaacCCCCCgt 
toagtCCgaccgctg.cgCCttatcCggtaac tatCgtCttgagtCcaacCCggaaa 
gacatgcaaaagCaCCaCtggCagCagC 
CactggtaattgatttagaggagttagtctgaagtCatg CgCCggttaag 
gCtaaactgaaaggacaagttittggtgactg.cgctCctCCaagCCagttacctCg 
gttcaaagagttggtagcticagagaa CCttCgaaaaacCgCCCtgcaaggcg 
gtttitttcgttittcagagcaagagat 
tacgcgcagaccaaaacgatcteaagaagatcatct tattaa tCa 
gataaaatatttctagccctcctttgattagtatattoctatottaaagttacttittatgt 
ggaggcattaacatttgttaatgacgtcaaaaggat agcaagacitagaataaagC 
tataaagcaagcatataatat 
tgcgttcatctittagaag.cgaattitcgccaatattataattatcaaaagagagg 
ggtggcaaacgg tatttggCattattag 
gttaaaaaatgtagaaggagagtgaaac 
cCatgaaaaaaataatgctagtttittattacacttatatt agttagtictaccaattgcg 
caacaaactgaagcaaaggatgcatctgcattcaataaagaaaattcaattitcatc 
CatggCaccaccagcatct CCgCCtgcaagtCctaagacgcCaatc 
gaaaagaaacacgcggatgaaatc 
gataagtatatacaaggattggattacaataaaaacaatg tattagtataccacg 
gagatgcagtgacaaatgttgCCgcCaagaaaaggttacaaagatggaaatgaa 
tatattgttgtggagaaaaagaag aaatcCatcaatcaaaataatgcaga 
Cattcaagagtgaatgcaattitcgagc 
CtaacCtatcCaggtgctCtcgtaaaag.cgaattCggaatt agtagaaaatcaac 
cagatgttcticcctgtaaaacgtgattcattaacacticagcattgatttgcCaggtat 
gactaatcaagacaataaaatag ttgtaaaaaatgccactaaatcaaacgt 
taacaacgcagtaaatacattagtg 
gaaagatggaatgaaaaatatgctCaagCttatcCaaatgt aagtgcaaaaat 
tgattatgatgacgaaatggCttacagtgaatcacaattaattgCgaaatttggtac 
agcatttaaagctgtaaataatagctt gaatgtaaactitcggCgcaatcagt 
gaagggaaaatgcaagaagaagtCatt 
agttittaaacaaatttactataacgtgaatgttaatgaacct acaagacct tcca 
gatttittcggcaaagctgttactaaagagCagttgcaag.cgCttggagtgaatgC 
agaaaatcctcctgcatatatcteaa gtgtggCgtatggCCgtCaagtt 
tatttgaaattatcaactaatticccat 
agtactaaagtaaaagctgCttittgatgctg.ccgtaagcggaaaat CtgtctCaggt 
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gatgtagaactaacaaatatoatcaaaaattct tccttcaaag.ccgtaatttacgga 
ggttcCgcaaaagatgaagttcaaatC atcgacggcaacCtcggagaCttacgC 
gatattittgaaaaaaggcgctactitt 
taatcgagaaacaccaggagttcccattgcttatacaaca aact tcctaaaaga 
caatgaattagctgttattaaaaacaacticagaatatattgaaacaacttcaaaagc 
ttatacagatggaaaaattaacat CgatCactCtggaggatacgttgct 
caattcaacatttctgggatgaag 
taaattatgatCtcgagattgttgggaggctgggagtgCgagaa gCatticcCaac 
CCtggCaggtgCttgtggCCtcticgtggCagggcagtctg.cggcggtgttctggt 
gCacCCCagtgggtCctCacagct gCCCaCtgCatCaggaacaaaag.cgt 
gatCttgCtgggtoggCacagcCt 
gttcatCctgaagacacaggcCagg tatttCaggtoagcc acagcttCCCaCaC 
CCgctCtacgatatgagcCtCctgaagaatcgattcCtCaggCCaggtgatgact 
CcagcCacgacCtCatgctgctC CgCCtgtcagagCCtgCCgagcticacg 
gatgctgtgaaggtoatggaCCtgC 
CcaccCaggagccagcactggggaccacctgctacgc Ctcaggctggggcag 
CattgaaccagaggagttctgaCCCCaaagaaactitCagtgtgtggaCCtcCat 
gttattitcCaatgacgtgtgtgC gCaagttcacCCtCagaaggtgac 
Caagttcatgctgtgtgctggacgctg 
gacagggggcaaaagCaCCtgctCggggattctggggg CCCaCttgttctgt 
tatggtgtgCttcaaggtatCacgtCatggggCagtgaacCatgtgCCCtgCCCg 
aaaggcCttCCCtgtacaCCaaggt ggtgcattacCggaagtggatCaagga 
caccatcgtggccaaccccTAAC 
CCgggCCactaactCaacgctagtagtggatttaatCCC aaatgagcCaaca 
gaacCagaaccagaaacagaacaagtaacattggagttagaaatggaagaaga 
aaaaagcaatgattitcgtgttgaat aatgcacgaaatcattgct tatttittt 
taaaaag.cgatatactagatataac 
gaaacaacgaactgaataaagaatacaaaaaaagagcCacga CCagttaaagc 
ctgagaaactittaactg.cgagccttaattgattaccaccaatcaattaaagaagtc 
gagacccaaaatttggtaaagtatttaa ttactittattaatcagatact 
taaatatctgtaaacccat 
tataticgggtttittgaggggatttcaagtCtttaagaagatacCaggcaatcaattaa 
gaaaaact tagttgattgcctttitttgt 
tgtgattcaactittgatcgtagct 
totaactaattaattittcgtaagaaaggagaacagctgaatgaatat coctitttgttg 
tagaaactgtgcttcatgacggcttgttaaagtacaaatttaaaaatagtaaaattic 
gCtcaatCactacCaagCCaggtaaaag taaaggggctatttittgcgitatcgct 
CaaaaaaaagcatgattggCggacgtg 
gCgttgttctgaCttCCgaagaag.cgatticacgaaaatca agatacatttacgCat 
tggacaccaaacgtttatcgttatgg tacgtatgcagacgaaaaccgttcatacac 
taaaggacattctgaaaacaatt taagacaaatcaatacct tctittat 
tgattittgatattoacacggaaaaa 
gaaactatttcagcaag.cgatattittaacaacagctattgatttaggt tittatgc 
ctacgttaattatcaaatctgataaaggttatcaagcatattttgttittagaaacgcc 
agtictatgtgacttcaaaatcagaatttaaatct gtcaaagcagc 
caaaataatctogcaaaatato 
CgagaatattittggaaagtCttgCCagt 
tgatCtaacgtgcaatCattittgggattgctCgt 
ataCCaagaacggacaatgta 
gaatttitttgatcccaattaccgttat 
tetttcaaagaatggcaagattggtetttcaaacaaacagataataag ggCtt 
tactCgttcaagtCtaacggttittaagcggtacagaaggcaaaaaacaagtagat 
gaacCCtggtttaatctottattgCacgaaacga aattittCaggagaaaagggtt 
tag taggg.cgcaatagcgttatgtttac 
cctictetttagcctactittagttcaggctattoaatcgaaacgtgcg aatataatat 
gtttgagtttaataatcgattagatcaaccCttagaagaaaaagaagtaatcaaaat 
tgttagaagtgCCtattoagaaaactatic aaggggctaatagggaatacattacCat 
totttgcaaagCttgggtatCaagt 
gatttaaccagtaaagatttatttgtccgtcaagggtggttta aattcaagaaaaaaa 
gaagCgaacgtCaacgtgttcatttgtcagaatggaaagaagatttaatggCttat 
attagcgaaaaaag.cgatgtat acaagCCttatttagcgacgac 
Caaaaaagagattagagaagtgctag 
gCattcCtgaacggaCattagataaattgctgaaggtactgaag gCgaatcag 
gaaattittCtttaagattaaacCaggaagaaatggtggCattcaacttgctagtgtta 
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aatcattgttgctatogatcattaaattaa 
tatataaaggcgctgacagcttCgtt 
taatttagaacgtacatttattoaagaaactictaaacaaattggcag aacgC 
CCCaaaacggaCCCaCaactCgatttgtttagctacgatacaggctgaaaataaa 
acccgcactatgccattacatttatatctatgat acgtgtttgtttittctttgctg 
gctagcttaattgcttatatttacctg 
caataaaggatttct tact tccattatactCccatttitccaaaaacatacgg ggaa 
Cacgggaact tattgtacaggccacctCatagttaatggttcgagCCttCCtgcaa 
tetcatcCatggaaatatattoatccccctg.ccg gcctattaatgtgactitttgtgc 
CCggCggatattoctgatcCagctCCaC 
CataaattggtocatgcaaattCggCCggcaattittCaggCgttt tocct tcacaag 
gatgtcggtocCtttcaattittCggagcCagcc.gtCCgCatagcCtacaggCaCC 
gtcccgatccatgtgtctttittcc.gctg tgtacticggctCCgtagct 
gacgctictegccttittctgat 
CagtttgacatgtgacagtgtcgaatgcagggtaaatgCCggacgcagctgaa 
acggtatCtcgtCCgacatgtcagca 
gacgggcgaaggccatacatgcCgatgc 
CgaatctgactgcattaaaaaagCCtttitttcagcCgg agtCcagcggCgCtgt 
togCgCagtggaCCattagattctittaacggCagcggagcaatcagctCtttaaa 
gCgCtcaaactgcattaagaa atagcctictttctttittcatcc.gct 
gtCgcaaaatgggtaaatacCCCtttg 
cactittaaacgagggttgcggtcaagaattgccatcacgttctga acttct tcctict 
gtttittacaCCaagtCtgttcatCCCCgtatCgacCttCagatgaaaatgaagaga 
acCtttittitcgtgtggCgggCtgCCtCct gaagccattcaacagaataacctgt 
taaggtoacgtCatacticagcagcgat 
tgCCaCatactCcgggggaaccgc.gcCaagcaccaatat aggCgCCttcaatc 
CCtttittgcgcagtgaaatcgCttCatcCaaaatggCCaCggCCaagcatgaag 
CaCCtgcgtcaagagcagcCtttg CtgttctgcatcaccatgcCcgtag 
gcgtttgctttcacaactgccat 
caagtggacatgttcaccgatatgttttittcatattgctgacatttitcct ttatcgcgga 
caagtcaattitccgcccacgtatictetgtaaaaaggttttgtgcticatggaaaactic 
ctictetttitttcagaaaatcccagtacgta attaagtatttgagaattaattittatat 
tgattaatactaagtttac 
CcagttittcacctaaaaaacaaatgatgagataatagctCcaaaggctaaa gag 
gactataccaactatttgttaattaa (SEQ ID NO: 46). This plasmid 
was sequenced at GenewiZ facility from the E. coli strain on 
Feb. 20, 2008. 

aaaaagaagaacgagaaagC 

Example 1 

Construction of Attenuated Listeria Strain-Limd 
dAactA and Insertion of the Humanklk3 Gene in 
Frame to the hly Gene in the Limdd and Limdda 

Strains 

0293. The strain Limdal dat (Lmdd) was attenuated by the 
irreversible deletion of the virulence factor, Act A. An in 
frame deletion of actA in the Limdaldat (Lmdd) background 
was constructed to avoid any polar effects on the expression 
of downstream genes. The Limdal dat AactA contains the first 
19 amino acids at the N-terminal and 28 amino acid residues 
of the C-terminal with a deletion of 591 amino acids of Act A. 

0294 The actA deletion mutant was produced by ampli 
fying the chromosomal region corresponding to the upstream 
(657 bp-oligo's Adv 27 1/272) and downstream (625 bp- oli 
go's Adv 273/274) portions of actA and joining by PCR. The 
sequence of the primers used for this amplification is given in 
the Table 2. The upstream and downstream DNA regions of 
actA were cloned in the pNEB 193 at the EcoRI/PstI restric 
tion site and from this plasmid, the EcoRI/PstI was further 
cloned in the temperature sensitive plasmid pKSV7, resulting 
in AactA?pKSV7 (pAdv120). 
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TABLE 2 

Sequence of primers that was 
used for the amplification 
of DNA sequences upstream 
and downstream of actA 

SEQ ID 
Primer Sequence NO: 

Adv271- cg GAATTCGGATCCdcgc 47 
actAF1 caaatcattggttgattg 

Adv272- gccaGTCGACdtcggggitt 48 
actAR1 aatcgtaatgcaattggc 

Adv273 - gccaGTCGACccatacga 49 
actAF2 cgittaattcttgcaatg 

Adv274 - gataCTGCAGGGATCCttcc SO 
actAR2 cittct cqgtaat cagt cac 

0295 The deletion of the gene from its chromosomal loca 
tion was verified using primers that bind externally to the 
actAdeletion region, which are shown in FIG. 1 as primer 3 
(Adv 305-tgggatggccaagaaattic, SEQID NO. 51) and primer 
4 (Adv304-ctaccatgtct tccgttgcttg; SEQID NO:52). The PCR 
analysis was performed on the chromosomal DNA isolated 
from Limdd and LimddAactA. The sizes of the DNA fragments 
after amplification with two different sets of primer pairs 1/2 
and 3/4 in Limdd chromosomal DNA was expected to be 3.0 
Kb and 3.4 Kb. On the other hand, the expected sizes of PCR 
using the primer pairs 1/2 and 3/4 for the LimddAactA was 1.2 
Kb and 1.6 Kb. Thus, PCR analysis in FIG.1 confirms that the 
1.8 kb region of actA was deleted in the LimddAactA strain. 
DNA sequencing was also performed on PCR products to 
confirm the deletion of actA containing region in the strain, 
LimddAactA. 

Example 2 

Construction of the Antibiotic-Independent Episomal 
Expression System for Antigen Delivery by Lim Vec 

tOrs 

0296. The antibiotic-independent episomal expression 
system for antigen delivery by Lim vectors (pAdv142) is the 
next generation of the antibiotic-free plasmid pTV3 (Verchet 
al., Infect Immun, 2004. 72011):6418-25, incorporated herein 
by reference). The gene for virulence gene transcription acti 
vator, prfA was deleted from pTV3 since Listeria strain Limdd 
contains a copy of prfA gene in the chromosome. Addition 
ally, the cassette for pG0-Listeria dal at the Nhel/PacI restric 
tion site was replaced by p60-Bacillus subtilis dal resulting in 
plasmid pAdv134 (FIG. 2A). The similarity of the Listeria 
and Bacillus dal genes is ~30%, virtually eliminating the 
chance of recombination between the plasmid and the 
remaining fragment of the dal gene in the Limdd chromosome. 
The plasmid pAdv134 contained the antigen expression cas 
sette tLLO-E7. The LimddA strain was transformed with the 
pADV 134 plasmid and expression of the LLO-E7 protein 
from selected clones confirmed by Western blot (FIG. 2B). 
The Limdd system derived from the 10403S wild-type strain 
lacks antibiotic resistance markers, except for the Limdd 
streptomycin resistance. 
0297 Further, padv134 was restricted with XhoI/Xmal to 
clone human PSA, klk3 resulting in the plasmid, padv142. 
The new plasmid, p Adv142 (FIG. 2C, Table 1) contains 

38 
Jun. 2, 2011 

Bacillus dal (B-Dal) under the control of Listeria p60 pro 
moter. The shuttle plasmid, pAdv142 complemented the 
growth of both E. coli ala drx MB2159 as well as Listeria 
monocytogenes strain Limdd in the absence of exogenous 
D-alanine. The antigen expression cassette in the plasmid 
pAdv142 consists of hly promoter and LLO-PSA fusion pro 
tein (FIG. 2C). 
0298. The plasmid padv142 was transformed to the List 
eria background strains, LimddactA strain resulting in Lim 
ddA-LLO-PSA. The expression and secretion of LLO-PSA 
fusion protein by the strain, Lim-ddA-LLO-PSA was con 
firmed by Western Blot using anti-LLO and anti-PSA anti 
body (FIG. 2D). There was stable expression and secretion of 
LLO-PSA fusion protein by the strain, Lim-ddA-LLO-PSA 
after two in Vivo passages. 

Example 3 

In Vitro and In Vivo Stability of the Strain LimddA 
LLO-PSA 

0299 The in vitro stability of the plasmid was examined 
by culturing the LimddA-LLO-PSA Listeria strain in the pres 
ence or absence of selective pressure for eight days. The 
selective pressure for the strain LimddA-LLO-PSA is D-ala 
nine. Therefore, the strain LimddA-LLO-PSA was passaged 
in Brain-Heart Infusion (BHI) and BHI+100 lug/ml D-ala 
nine. CFUs were determined for each day after plating on 
selective (BHI) and non-selective (BHI+D-alanine) medium. 
It was expected that a loss of plasmid will result in higher 
CFU after plating on non-selective medium (BHI+D-ala 
nine). As depicted in FIG. 3A, there was no difference 
between the number of CFU in selective and non-selective 
medium. This suggests that the plasmid pAdv142 was stable 
for at least 50 generations, when the experiment was termi 
nated. 
0300 Plasmid maintenance in vivo was determined by 
intravenous injection of 5x107 CFU LimddA-LLO-PSA, in 
C57BL/6 mice. Viable bacteria were isolated from spleens 
homogenized in PBS at 24 hand 48 h. CFUs for each sample 
were determined at each time point on BHI plates and BHI+ 
100 g/ml D-alanine. After plating the splenocytes on selec 
tive and non-selective medium, the colonies were recovered 
after 24 h. Since this strain is highly attenuated, the bacterial 
load is cleared in vivo in 24 h. No significant differences of 
CFUs were detected on selective and non-selective plates, 
indicating the stable presence of the recombinant plasmid in 
all isolated bacteria (FIG. 3B). 

Example 4 

In Vivo Passaging, Virulence and Clearance of the 
Strain LimddA-142 (LmddA-LLO-PSA) 

0301 LimddA-142 is a recombinant Listeria strain that 
secretes the episomally expressed tLLO-PSA fusion protein. 
To determine a safe dose, mice were immunized with 
LmddA-LLO-PSA at various doses and toxic effects were 
determined. LimddA-LLO-PSA caused minimum toxic 
effects (data not shown). The results suggested that a dose of 
10 CFU of LimddA-LLO-PSA was well tolerated by mice. 
Virulence studies indicate that the strain LimddA-LLO-PSA 
was highly attenuated. 
0302. The in vivo clearance of LimddA-LLO-PSA after 
administration of the safe dose, 10 CFU intraperitoneally in 
C57BL/6 mice, was determined There were no detectable 
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colonies in the liver and spleen of mice immunized with 
LmddA-LLO-PSA after day 2. Since this strain is highly 
attenuated, it was completely cleared in vivo at 48 h (FIG. 
4A). 
0303 To determine if the attenuation of LimddA-LLO 
PSA attenuated the ability of the strain LimddA-LLO-PSA to 
infect macrophages and grow intracellularly, we performed a 
cell infection assay. Mouse macrophage-like cell line Such as 
J774A.1 were infected in vitro with Listeria constructs and 
intracellular growth was quantified. The positive control 
strain, wild type Listeria strain 10403S grows intracellularly, 
and the negative control XFL7, a prfA mutant, cannot escape 
the phagolysosome and thus does not grow in J774 cells. The 
intracytoplasmic growth of LimddA-LLO-PSA was slower 
than 10403S due to the loss of the ability of this strain to 
spread from cell to cell (FIG. 4B). The results indicate that 
LmddA-LLO-PSA has the ability to infect macrophages and 
grow intracytoplasmically. 

Example 5 

Immunogenicity of the Strain-LimddA-LLO-PSA in 
C57BL/6 Mice 

0304. The PSA-specific immune responses elicited by the 
construct LimddA-LLO-PSA in C57BL/6 mice were deter 
mined using PSA tetramer staining. Mice were immunized 
twice with LimddA-LLO-PSA at one week intervals and the 
splenocytes were stained for PSA tetramer on day 6 after the 
boost. Staining of splenocytes with the PSA-specific tetramer 
showed that LimddA-LLO-PSA elicited 23% of PSA tet 
ramer"CD8"CD62L'" cells (FIG.5A). 
0305. The functional ability of the PSA-specific T cells to 
secrete IFN-y after stimulation with PSA peptide for 5 h was 
examined using intracellular cytokine staining. There was a 
200-fold increase in the percentage of CD8"CD62L'IFN-y 
secreting cells stimulated with PSA peptide in the LimddA 
LLO-PSA group compared to the naive mice (FIG. 5B), 
indicating that the LimddA-LLO-PSA strain is very immuno 
genic and primes high levels of functionally active PSACD8" 
T cell responses against PSA in the spleen. 
0306 To determine the functional activity of cytotoxic T 
cells generated against PSA after immunizing mice with 
LmddA-LLO-PSA, we tested the ability of PSA-specific 
CTLs to lyse cells EL4 cells pulsed with H-2D' peptide in an 
in vitro assay. A FACS-based caspase assay (FIG. 5C) and 
Europium release (FIG. 5D) were used to measure cell lysis. 
Splenocytes of mice immunized with LimddA-LLO-PSA 
contained CTLs with high cytolytic activity for the cells that 
display PSA peptide as a target antigen. 
0307 Elispot was performed to determine the functional 
ability of effector T cells to secrete IFN-y after 24h stimula 
tion with antigen. Using ELISpot, we observed there was a 
20-fold increase in the number of spots for IFN-Y in spleno 
cytes from mice immunized with LimddA-LLO-PSA stimu 
lated with specific peptide when compared to the splenocytes 
of the naive mice (FIG. 5E). 

Example 6 
Immunization with the LimddA-142 Strains Induces 
Regression of a Tumor Expressing PSA and Infiltra 

tion of the Tumor by PSA-Specific CTLs 

0308 The therapeutic efficacy of the construct LimddA 
142 (LmddA-LLO-PSA) was determined using a prostrate 
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adenocarcinoma cell line engineered to express PSA (Tramp 
C1-PSA (TPSA); Shahabi et al., 2008). Mice were subcuta 
neously implanted with 2x10' TPSA cells. When tumors 
reached the palpable size of 4-6 mm, on day 6 after tumor 
inoculation, mice were immunized three times at one week 
intervals with 10 CFU LimddA-142, 107 CFU Lim-LLO-PSA 
(positive control) or left untreated. The naive mice developed 
tumors gradually (FIG. 6A). The mice immunized with 
LmddA-142 were all tumor-free until day 35 and gradually 3 
out of 8 mice developed tumors, which grew at a much slower 
rate as compared to the naive mice (FIG. 6B). Five out of eight 
mice remained tumor free through day 70. As expected, Lim 
LLO-PSA-vaccinated mice had fewer tumors than naive con 
trols and tumors developed more slowly than in controls 
(FIG. 6C). Thus, the construct LimddA-LLO-PSA could 
regress 60% of the tumors established by TPSA cell line and 
slow the growth of tumors in other mice. Cured mice that 
remained tumor free were rechallenged with TPSA tumors on 
day 68. 
0309 Immunization of mice with the LimddA-142 can 
control the growth and induce regression of 7-day established 
Tramp-C1 tumors that were engineered to express PSA in 
more than 60% of the experimental animals (FIG. 6B), com 
pared to none in the untreated group (FIG. 6A). The LimddA 
142 was constructed using a highly attenuated vector (Lm 
ddA) and the plasmid pADV 142 (Table 1). 
0310. Further, the ability of PSA-specific CD8 lympho 
cytes generated by the LimddA-LLO-PSA construct to infil 
trate tumors was investigated. Mice were subcutaneously 
implanted with a mixture of tumors and matrigel followed by 
two immunizations at seven day intervals with naive or con 
trol (Lm-LLO-E7) Listeria, or with LimddA-LLO-PSA. 
Tumors were excised on day 21 and were analyzed for the 
population of CD8"CD62L'" PSA'"er" and CD4+CD25* 
FoxP3 regulatory T cells infiltrating in the tumors. 
0311) A very low number of CD8+CD62L'" PSA'" 
tumor infiltrating lymphocytes (TILs) specific for PSA that 
were present in the both naive and Lim-LLO-E7 control 
immunized mice was observed. However, there was a 10-30 
fold increase in the percentage of PSA-specific CD8" 
CD62L'" PSA'" TILs in the mice immunized with 
LmddA-LLO-PSA (FIG. 7A). Interestingly, the population 
of CD8"CD62L'" PSA'" cells in spleen was 7.5 fold 
less than in tumor (FIG. 7A). 
0312. In addition, the presence of CD4"/CD25"/Foxp3"T 
regulatory cells (regs) in the tumors of untreated mice and 
Listeria immunized mice was determined Interestingly, 
immunization with Listeria resulted in a considerable 
decrease in the number of CD4" CD25"FoxP3." T-regs in 
tumor but not in spleen (FIG. 7B). However, the construct 
LimddA-LLO-PSA had a stronger impact in decreasing the 
frequency of CD4" CD25"FoxP3." Tregs in tumors when 
compared to the naive and Lim-LLO-E7 immunized group 
(FIG.7B). 
0313 Thus, the LimddA-142 vaccine can induce PSA 
specific CD8" T cells that are able to infiltrate the tumor site 
(FIG. 7A). Interestingly, Immunization with LimddA-142 
was associated with a decreased number of regulatory T cells 
in the tumor (FIG. 7B), probably creating a more favorable 
environment for an efficient anti-tumor CTL activity. 

Example 7 
Lmdd-143 and LimddA-143 Secretes a Functional 

LLO Despite the PSA Fusion 
0314. The Limdd-143 and LimddA-143 contain the full 
length human klk3 gene, which encodes the PSA protein, 
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inserted by homologous recombination downstream and in 
frame with the hly gene in the chromosome. These constructs 
were made by homologous recombination using the pKSV7 
plasmid (Smith and Youngman, Biochimie 1992; 74 (7-8) 
p705-711), which has a temperature-sensitive replicon, car 
rying the hly-klk3-mpl recombination cassette. Because of 
the plasmid excision after the second recombination event, 
the antibiotic resistance marker used for integration selection 
is lost. Additionally, the actA gene is deleted in the LimddA 
143 strain (FIG. 8A). The insertion of klk3 in frame with hly 
into the chromosome was verified by PCR (FIG. 8B) and 
sequencing (data not shown) in both constructs. 
0315 One important aspect of these chromosomal con 
structs is that the production of LLO-PSA would not com 
pletely abolish the function of LLO, which is required for 
escape of Listeria from the phagosome, cytosol invasion and 
efficient immunity generated by L. monocytogenes. Western 
blot analysis of secreted proteins from Limdd-143 and 
LmddA-143 culture supernatants revealed an ~81 kDa band 
corresponding to the LLO-PSA fusion protein and an ~60 
kDa band, which is the expected size of LLO (FIG. 9A), 
indicating that LLO is either cleaved from the LLO-PSA 
fusion or still produced as a single protein by L. monocyto 
genes, despite the fusion gene in the chromosome. The LLO 
secreted by Limdd-143 and LimddA-143 retained 50% of the 
hemolytic activity, as compared to the wild-type L. monocy 
togenes 10403S (FIG. 9B). In agreement with these results, 
both Limdd-143 and LimddA-143 were able to replicate intra 
cellularly in the macrophage-like J774 cell line (FIG.9C). 

Example 8 
Both Limdd-143 and LimddA-143 Elicit Cell-Medi 
ated Immune Responses Against the PSA Antigen 

0316. After showing that both Limdd-143 and LimddA-143 
are able to secrete PSA fused to LLO, we investigated if these 
strains could elicit PSA-specific immune responses in vivo. 
C57Bl/6 mice were either left untreated or immunized twice 
with the Limdd-143, LimddA-143 or LmddA-142. PSA-spe 
cific CD8" T cell responses were measured by stimulating 
splenocytes with the PSAs a peptide and intracellular stain 
ing for IFN-y. As shown in FIG. 10, the immune response 
induced by the chromosomal and the plasmid-based vectors 
is similar. 

Example 9 

A Recombinant Lim Strain Secreting a LLO-HMW 
MAA Fusion Protein Results in a Broad Antitumor 

Response 

0317. Three Lim-based vaccines expressing distinct 
HMW-MAA fragments based on the position of previously 
mapped and predicted HLA-A2 epitopes were designed 
(FIG. 11A). The Lin-tLLO-HMW-MMAoss (also 
referred as Lim-LLO-HMW-MAA-C) is based on the aviru 
lent Lm XFL-7 strain and a pGG55-based plasmid. This 
strain secretes a ~62 kDa band corresponding to the tLLO 
HMW-MAAoss fusion protein (FIG. 11B). The secre 
tion of tLLO-HMW-MAAoss is relatively weak likely 
due to the high hydrophobicity of this fragment, which cor 
responds to the HMW-MAA transmembrane domain. Using 
B 16F10 melanoma cells transfected with the full-length 
HMW-MAA gene, we observed that up to 62.5% of the mice 
immunized with the Lim-LLO-HMW-MAA-C could impede 
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the growth of established tumors (FIG. 11C). This result 
shows that HMW-MAA can be used as a target antigen in 
vaccination strategies. Interestingly, we also observed that 
immunization of mice with Lim-LLO-HMW-MAA-C signifi 
cantly impaired the growth of tumors not engineered to 
express HMW-MAA, such as B16F10, RENCA and NT-2 
(FIG. 11D), which were derived from distinct mouse strains. 
In the NT-2 tumor model, which is a mammary carcinoma cell 
line expressing the rat HER-2/neu protein and is derived from 
the FVB/N transgenic mice, immunization with Lim-LLO 
HMW-MAA-C 7 days after tumor inoculation not only 
impaired tumor growth but also induced regression of the 
tumor in 1 out of 5 mice (FIG. 11D). 

Example 10 
Immunization of Mice with Lim-LLO-HMW 

MAA-C Induces Infiltration of the Tumor Stroma by 
CD8 T Cells and a Significant Reduction in the 

Pericyte Coverage in the Tumor Vasculature 
0318. Although NT-2 cells do not express the HMW 
MAA homolog NG2, immunization of FVB/N mice with 
Lim-LLO-HMW-MAA-C significantly impaired the growth 
of NT-2 tumors and eventually led to tumor regression (FIG. 
11D). This tumor model was used to evaluate CD8" T cells 
and pericytes in the tumor site by immunofluorescence. Stain 
ing of NT-2 tumor sections for CD8 showed infiltration of 
CD8" T cells into the tumors and around blood vessels in mice 
immunized with the Lim-LLO-HMW-MAA-C vaccine, but 
not in mice immunized with the control vaccine (FIG. 12A). 
Pericytes in NT-2 tumors were also analyzed by double stain 
ing with C.SMA and NG2 (murine homolog of HMW-MAA) 
antibodies. Data analysis from three independent NT-2 
tumors showed a significant decrease in the number of peri 
cytes in mice immunized with Lim-LLO-HMW-MAA-C, as 
compared to control (Ps0.05) (FIG. 12B). Similar results 
were obtained when the analysis was restricted to cells 
stained for C.SMA, which is not targeted by the vaccine (data 
not shown). Thus, Lim-LLO-HMW-MAA-C vaccination 
impacts blood vessel formation in the tumor site by targeting 
pericytes. 

Example 11 
Development of a Recombinant L. Monocytogenes 
Vector with Enhanced Anti-Tumor Activity by Con 
comitant Expression and Secretion of LLO-PSA and 
tLLO-HMW-MAAoss Fusion Proteins, Elicit 
ing Immune Responses to Both Heterologous Anti 

genS 

Materials and Methods: 

0319 Construction of the pADV168 plasmid. The HMW 
MAA-C fragment is excised from a pCR2.1-HMW 
MAAoss plasmid by double digestion with XhoI and 
Xmal restriction endonucleases. This fragment is cloned in 
the p ADV 134 plasmid already digested with XhoI and Xmal 
to excise the E7 gene. The pADV168 plasmid is electropo 
rated into electrocompetent the dal dat' E. coli strain 
MB2159 and positive clones screened for RFLP and 
sequence analysis. 
0320 Construction of Limdd-143/168, LimddA-143/168 
and the control strains LimddA-168, Limdd-143/134 and 
LmddA-143/134. Limdd, Limdd-143 and LimddA-143 is 
transformed with either pADV168 or pADV 134 plasmid. 
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Transformants are selected on Brain-Heart Infusion-agar 
plates Supplemented with Streptomycin (250 ug/ml) and with 
out D-alanine (BHIs medium). Individual clones are screened 
for LLO-PSA, tLLO-HMW-MAAoss and tLLO-E7 
secretion in bacterial culture supernatants by Western-blot 
using an anti-LLO, anti-PSA or anti-E7 antibody. A selected 
clone from each strain will be evaluated for in vitro and in 
Vivo virulence. Each strain is passaged twice in vivo to select 
the most stable recombinant clones. Briefly, a selected clone 
from each construct is grown and injected ip to a group of 4 
mice at 1x10 CFU/mouse. Spleens are harvested on days 1 
and 3, homogenized and plated on BHIS-agarplates. After the 
first passage, one colony from each strain is selected and 
passaged in Vivo for a second time. To prevent further attenu 
ation of the vector, to a level impairing its viability, constructs 
in two vectors with distinct attenuation levels (Lmdd-143/ 
168, LimddA-143/168) are generated. 
0321) Invitro virulence determination by intracellular rep 
lication in J774 cells. Uptake of Lim by macrophages, fol 
lowed by cytosolic invasion and intracellular proliferation are 
required for Successful antigen delivery and presentation by 
Lim-based vaccines. An in vitro invasion assay, using a mac 
rophage-like J774 cell line is used to test these properties in 
new recombinant Lim strains. Briefly, J774 cells are infected 
for 1 hour in medium without antibiotics at MOI of 1:1 with 
either the control wild-type Lim strain 10403S or the new Lim 
strains to be tested. Extracellular bacteria are killed by 1 hour 
incubation in medium 10 ug/ml of gentamicin. Samples are 
harvested at regular intervals and cells lysed with water. Ten 
fold serial dilutions of the lysates are plated in duplicates on 
BHIs plates and colony-forming units (CFU) counted in each 
sample. 
0322. In vivo virulence studies. Groups of four C57BL/6 
mice (7 weeks old) are injected i.p. with two different doses 
(1x10 and 1x10 CFUs/dose) of Limdd-143/168, LimddA 
143/168, LimddA-168, Limdd-143/134 or LmddA-143/134 
strains. Mice are followed-up for 2 weeks for survival and 
LDso estimation. An LDso of >1x10 constitutes an accept 
able value based on previous experience with other Lm-based 
vaccines. 

Results 

0323. Once the pADV168 plasmid is successfully con 
structed, it is sequenced for the presence of the correct HMW 
MAA sequence. This plasmid in these new strains express 
and secrete the LLO fusion proteins specific for each con 
struct. These strains are highly attenuated, with an LD50 of at 
least 1x10 CFU and likely higher than 1x10 CFU for the 
actA-deficient (LmddA) strains, which lack the actA gene 
and consequently the ability of cell-to-cell spread. The con 
struct is tested and the one that has a better balance between 
attenuation and therapeutic efficacy is selected. 

Example 12 

Detection of Immune Responses and Anti-Tumor 
Effects Elicited Upon Immunization with Limdd-143/ 

168 and LimddA-143/168 

0324 Immune responses to PSA and HMW-MAA are 
studied in mice upon immunization with Limdd-143/168 and 
LimddA-143/168 strains using standard methods, such as 
detection of IFN-Y production and specific CTL activity 
against these antigens. The therapeutic efficacy of dual-ex 
pression vectors are tested in the TPSA23 tumor model. 
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0325 Intracellular cytokine staining for IFN-y. C57BL/6 
mice (3 mice per treatment group) are immunized twice at 
1-week intervals with the Limdd-143/168 and LimddA-143/ 
168 strains. As controls for this experiment, mice are immu 
nized with Limdd-143, LimddA-143, LimddA-142, LimddA 
168, Limdd-143/134, LimddA-143/134 or left untreated (naive 
group). Spleens are harvested after 7 days and a single cell 
Suspension of splenocytes are prepared. These splenocytes 
are plated at 2x10 cells/wellinaround bottom 96-well plate, 
in freshly prepared complete RPMI medium with IL-2 (50 
U/ml) and stimulated with either the PSA H-2Db peptide, 
HCIRNKSVIL, (SEQID NO:53), or the HPV 16 E7 H-2Db 
control peptide RAHYNIVTF (SEQ ID NO: 54) at a final 
concentration of 1 uM. Since HMW-MAA-epitopes have not 
been mapped in the C57BL/6 mouse, HMW-MAA-specific 
immune responses are detected by incubating 2x10° spleno 
cytes with 2x10 EL4-HMW-MAA cells. The cells are incu 
bated for 5 hours in the presence of monensin to retain the 
intracellular IFN-Y in the cells. After incubation, cells are 
stained with anti-mouse CD8-FITC, CD3-PerCP, CD62L 
APC antibodies. They are then permeabilized and stained for 
IFNY-PE and analyzed in a four-color FACS Calibur (BD 
Biosciences). 
0326 Cytotoxicity assay. To investigate the effector activ 
ity of the PSA and HMW-MAA specific T cells generated 
upon vaccinations, isolated splenocytes are incubated for 5 
days in complete RPMI medium containing 20 U/ml of 
mouse IL-2 (Sigma), in the presence of stimulator cells (mito 
mycin C treated MC57G cells infected with either PSA or 
HMW-MAA vaccinia). For the cytotoxicity assay, EL4 target 
cells are labeled for 15 minutes with DDAO-SE (0.6 uM) 
(Molecular Probes) and washed twice with complete 
medium. The labeled target cells are pulsed for 1 hour with 
either the PSA H-2Db peptide, or the HPV 16 E7 H-2Db 
control peptide, at a final concentration of 5 uM. For HMW 
MAA-specific cytotoxic responses, the EL4-HMW-MAA 
cells are used as targets. The cytotoxicity assay is performed 
for 2 hours by incubating the target cells (T) with effector 
cells (E) at different E:T ratios for 2-3 hours. Cells are fixed 
with formalin, permeabilized and stained for cleaved 
caspase-3 to detect induction of apoptosis in the target cells. 
0327 Anti-tumor efficacy. The anti-tumor efficacy of the 
Lmdd-143/168 and LimddA-143/168 strains are compared to 
that of LimddA-142 and LimddA-168, using the T-PSA23 
tumor model (TrampC-1/PSA). Groups of 8 male C57BL/6 
mice (6-8 weeks old) are inoculated s.c. with 2x10T-PSA23 
cells and 7 days later immunized i.p. with 0.1xLD50 dose of 
Lmdd-143/168, LimddA-143/168, LimddA-142 and LimddA 
168. As controls, mice are either left untreated or immunized 
with an Lim control strain (LmddA-134). Each group receives 
two additional doses of the vaccines with 7 day intervals. 
Tumors are monitored for 60 days or until they reach a size of 
2 cm, at which point mice are sacrificed. 

Results 

0328. Immunization of mice with LimddA-168 results in 
the induction of specific responses against HMW-MAA. 
Similarly, Limdd-143/168 and LimddA-143/168 elicits an 
immune response against PSA and HMW-MAA that is com 
parable to the immune responses generated by L. monocyto 
genes vectors expressing each antigen individually Immuni 
zation of T-PSA-23-bearing mice with the Limdd-143/168 
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and LimddA-143/168 results in a betteranti-tumor therapeutic 
efficacy than the immunization with either LmddA-142 or 
LmddA-168. 

Example 13 
Immunization with Either Lmdd-143/168 or 

LmddA-143/168 Results in Pericyte Destruction, 
Up-Regulation of Adhesion Molecules in Endothe 
lial Cells and Enhanced Infiltration of TILs Specific 

for PSA 

0329 Characterization of tumor infiltrating lymphocytes 
and endothelial cell-adhesion molecules induced upon 
immunization with Limdd-143/168 or LmddA-143/168. The 
tumors from mice immunized with either Lmdd-143/168 or 
LmddA-143/168 are analyzed by immunofluorescence to 
study expression of adhesion molecules by endothelial cells, 
blood vessel density and pericyte coverage in the tumor vas 
culature, as well as infiltration of the tumor by immune cells, 
including CD8 and CD4 T cells. TILs specific for the PSA 
antigen are characterized by tetramer analysis and functional 
testS. 
0330 Analysis of tumor infiltrating lymphocytes (TILs). 
TPSA23 cells embedded in matrigel are inoculated s.c in 
mice (n-3 per group), which are immunized on days 7 and 14 
with either Lmdd-143/168 or LmddA-143/168, depending on 
which one is the more effective according to results obtained 
in anti-tumor studies. For comparison, mice are immunized 
with LimddA-142, LimddA-168, a control Lim vaccine or left 
untreated. On day 21, the tumors are Surgically excised, 
washed in ice-cold PBS and minced with a scalpel. The 
tumors are treated with dispase to solubilize the Matrigel and 
release single cells for analysis. PSA-specific CD8" T cells 
are stained with a PSA65-74 H-2Db tetramer-PE and anti 
mouse CD8-FITC, CD3-PerCP-Cy5.5 and CD62L-APC 
antibodies. To analyze regulatory T cell in the tumor, TILs are 
stained with CD4-FITC, CD3-PerCP-Cy5.5 and CD25-APC 
and subsequently permeabilized for FoxP3 staining (anti 
FoxP3-PE, Milteny Biotec). Cells are analyzed by a FACS 
Calibur cytometer and CellOuestPro software (BD Bio 
Sciences). 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 55 

<21 Os SEQ ID NO 1 
&211s LENGTH: 32 
212s. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs SEQUENCE: 1 
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0331 Immunofluorescence. On day 21 post tumor inocu 
lation, the TPSA23 tumors embedded in matrigel are surgi 
cally excised and a fragment immediately cryopreserved in 
OCT freezing medium. The tumor fragments are cryosec 
tioned for 8-10 um thick sections. For immunofluorescence, 
samples are thawed and fixed using 4% formalin. After block 
ing, sections are stained with antibodies in blocking Solution 
in a humidified chamber at 37° C. for 1 hour. DAPI (Invitro 
gen) staining are performed according to manufacturer 
instructions. For intracellular stains (CSMA), incubation is 
performed in PBS/0.1% Tween/1% BSA solution. Slides are 
cover-slipped using a mounting solution (Biomeda) with anti 
fading agents, set for 24 hours and kept at 4°C. until imaging 
using Spot Image Software (2006) and BX51 series Olympus 
fluorescent microscope. CD8, CD4, FoxP3, O.SMA, NG2. 
CD31, ICAM-1, VCAM-1 and VAP-1 are evaluated by 
immunofluorescence. 

0332 Statistical analysis: Non-parametric Mann-Whitney 
and Kruskal-Wallis tests are applied to compare tumor sizes 
among different treatment groups. Tumor sizes are compared 
at the latest time-point with the highest number of mice in 
each group (8 mice). A p-value of less than 0.05 is considered 
statistically significant in these analyses. 

Results 

0333. Immunization of TPSA23-bearing mice with the 
Lmdd-143/168 and LimddA-143/168 results in higher num 
bers of effector TILs specific to PSA and also decreases 
pericyte coverage of the tumor vasculature. Further, cell 
adhesion markers are significantly up-regulated in immu 
nized mice. 

0334 Having described preferred embodiments of the 
invention with reference to the accompanying drawings, it is 
to be understood that the invention is not limited to the precise 
embodiments, and that various changes and modifications 
may be effected therein by those skilled in the art without 
departing from the scope or spirit of the invention as defined 
in the appended claims. 

Lys Glu Asn Ser Ile Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala 
1. 5 1O 15 

Ser Pro Llys Thr Pro Ile Glu Lys Llys His Ala Asp Glu Ile Asp Llys 
2O 25 

<21 Os SEQ ID NO 2 
&211s LENGTH: 19 
212s. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

3 O 
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- Continued 

<4 OOs, SEQUENCE: 2 

Lys Glu Asn Ser Ile Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala 
1. 5 1O 15 

Ser Pro Llys 

<210s, SEQ ID NO 3 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 3 

Lys Thr Glu Glu Gln Pro Ser Glu Val Asn Thr Gly Pro Arg 
1. 5 1O 

<210s, SEQ ID NO 4 
&211s LENGTH: 28 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 4 

Lys Ala Ser Val Thr Asp Thir Ser Glu Gly Asp Lieu. Asp Ser Ser Met 
1. 5 1O 15 

Gln Ser Ala Asp Glu Ser Thr Pro Gln Pro Leu Lys 
2O 25 

<210s, SEQ ID NO 5 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 5 

Lys Asn Glu Glu Val Asn Ala Ser Asp Phe Pro Pro Pro Pro Thr Asp 
1. 5 1O 15 

Glu Glu Lieu. Arg 
2O 

<210s, SEQ ID NO 6 
&211s LENGTH: 33 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 6 

Arg Gly Gly Ile Pro Thr Ser Glu Glu Phe Ser Ser Lieu. Asn Ser Gly 
1. 5 1O 15 

Asp Phe Thir Asp Asp Glu Asn. Ser Glu Thir Thr Glu Glu Glu Ile Asp 
2O 25 3O 

Arg 

<210s, SEQ ID NO 7 
&211s LENGTH: 19 
212. TYPE: PRT 

<213> ORGANISM: Listeria seeligeri 

<4 OO > SEQUENCE: 7 

Arg Ser Glu Val Thr Ile Ser Pro Ala Glu Thr Pro Glu Ser Pro Pro 
1. 5 1O 15 

Ala Thr Pro 

Jun. 2, 2011 
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<210s, SEQ ID NO 8 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus pyogenes 

<4 OOs, SEQUENCE: 8 

Lys Glin Asn Thr Ala Ser Thr Glu Thir Thr Thr Thr Asn Glu Gln Pro 
1. 5 1O 15 

Lys 

<210s, SEQ ID NO 9 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Streptococcus equisimilis 

<4 OOs, SEQUENCE: 9 

Lys Glin Asn Thr Ala Asn Thr Glu Thir Thr Thr Thr Asn Glu Gln Pro 
1. 5 1O 15 

Lys 

<210s, SEQ ID NO 10 
&211s LENGTH: 441 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 10 

Met Lys Lys Ile Met Leu Val Phe Ile Thr Lieu. Ile Leu Val Ser Lieu. 
1. 5 1O 15 

Pro Ile Ala Glin Glin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
2O 25 3O 

Glu Asn. Ser Ile Ser Ser Wall Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 4 O 45 

Pro Llys Thr Pro Ile Glu Lys Llys His Ala Asp Glu Ile Asp Llys Tyr 
SO 55 6 O 

Ile Glin Gly Lieu. Asp Tyr Asn Lys Asn. Asn Val Lieu Val Tyr His Gly 
65 70 7s 8O 

Asp Ala Val Thr Asn Val Pro Pro Arg Lys Gly Tyr Lys Asp Gly Asn 
85 90 95 

Glu Tyr Ile Val Val Glu Lys Llys Llys Llys Ser Ile Asn Glin Asn. Asn 
1OO 105 11 O 

Ala Asp Ile Glin Val Val Asn Ala Ile Ser Ser Lieu. Thir Tyr Pro Gly 
115 12 O 125 

Ala Lieu Val Lys Ala Asn. Ser Glu Lieu Val Glu Asn Gln Pro Asp Wall 
13 O 135 14 O 

Lieu Pro Wall Lys Arg Asp Ser Lieu. Thir Lieu. Ser Ile Asp Lieu Pro Gly 
145 150 155 160 

Met Thr Asn Glin Asp Asn Lys Ile Val Val Lys Asn Ala Thir Lys Ser 
1.65 17O 17s 

Asn Val Asn. Asn Ala Val Asn. Thir Lieu Val Glu Arg Trp Asn. Glu Lys 
18O 185 19 O 

Tyr Ala Glin Ala Tyr Ser Asn Val Ser Ala Lys Ile Asp Tyr Asp Asp 
195 2OO 2O5 

Glu Met Ala Tyr Ser Glu Ser Glin Lieu. Ile Ala Lys Phe Gly Thr Ala 
21 O 215 22O 

Phe Lys Ala Val Asn. Asn. Ser Lieu. Asn Val Asn. Phe Gly Ala Ile Ser 
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225 23 O 235 24 O 

Glu Gly Lys Met Glin Glu Glu Val Ile Ser Phe Lys Glin Ile Tyr Tyr 
245 250 255 

Asn Val Asn Val Asn Glu Pro Thr Arg Pro Ser Arg Phe Phe Gly Lys 
26 O 265 27 O 

Ala Val Thir Lys Glu Gln Lieu. Glin Ala Lieu. Gly Val Asn Ala Glu Asn 
27s 28O 285 

Pro Pro Ala Tyr Ile Ser Ser Val Ala Tyr Gly Arg Glin Val Tyr Lieu. 
29 O 295 3 OO 

Llys Lieu. Ser Thir Asn. Ser His Ser Thr Llys Val Lys Ala Ala Phe Asp 
3. OS 310 315 32O 

Ala Ala Val Ser Gly Llys Ser Val Ser Gly Asp Val Glu Lieu. Thir Asn 
3.25 330 335 

Ile Ile Lys Asn. Ser Ser Phe Lys Ala Val Ile Tyr Gly Gly Ser Ala 
34 O 345 35. O 

Lys Asp Glu Val Glin Ile Ile Asp Gly Asn Lieu. Gly Asp Lieu. Arg Asp 
355 360 365 

Ile Leu Lys Lys Gly Ala Thr Phe Asn Arg Glu Thr Pro Gly Val Pro 
37 O 375 38O 

Ile Ala Tyr Thir Thr Asn. Phe Lieu Lys Asp Asn. Glu Lieu Ala Val Ile 
385 390 395 4 OO 

Lys Asn Asn Ser Glu Tyr Ile Glu Thir Thr Ser Lys Ala Tyr Thr Asp 
4 OS 41O 415 

Gly Lys Ile Asn. Ile Asp His Ser Gly Gly Tyr Val Ala Glin Phe Asn 
42O 425 43 O 

Ile Ser Trp Asp Glu Val Asn Tyr Asp 
435 44 O 

<210s, SEQ ID NO 11 
&211s LENGTH: 416 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 11 

Met Lys Lys Ile Met Leu Val Phe Ile Thr Lieu. Ile Leu Val Ser Lieu. 
1. 5 1O 15 

Pro Ile Ala Glin Glin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
2O 25 3O 

Glu Asn. Ser Ile Ser Ser Wall Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 4 O 45 

Pro Llys Thr Pro Ile Glu Lys Llys His Ala Asp Glu Ile Asp Llys Tyr 
SO 55 6 O 

Ile Glin Gly Lieu. Asp Tyr Asn Lys Asn. Asn Val Lieu Val Tyr His Gly 
65 70 7s 8O 

Asp Ala Val Thr Asn Val Pro Pro Arg Lys Gly Tyr Lys Asp Gly Asn 
85 90 95 

Glu Tyr Ile Val Val Glu Lys Llys Llys Llys Ser Ile Asn Glin Asn. Asn 
1OO 105 11 O 

Ala Asp Ile Glin Val Val Asn Ala Ile Ser Ser Lieu. Thir Tyr Pro Gly 
115 12 O 125 

Ala Lieu Val Lys Ala Asn. Ser Glu Lieu Val Glu Asn Gln Pro Asp Wall 
13 O 135 14 O 
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Lieu Pro Wall Lys Arg Asp Ser Lieu. Thir Lieu. Ser Ile Asp Lieu Pro Gly 
145 150 155 160 

Met Thr Asn Glin Asp Asn Lys Ile Val Val Lys Asn Ala Thir Lys Ser 
1.65 17O 17s 

Asn Val Asn. Asn Ala Val Asn. Thir Lieu Val Glu Arg Trp Asn. Glu Lys 
18O 185 19 O 

Tyr Ala Glin Ala Tyr Ser Asn Val Ser Ala Lys Ile Asp Tyr Asp Asp 
195 2OO 2O5 

Glu Met Ala Tyr Ser Glu Ser Glin Lieu. Ile Ala Lys Phe Gly Thr Ala 
21 O 215 22O 

Phe Lys Ala Val Asn. Asn. Ser Lieu. Asn Val Asn. Phe Gly Ala Ile Ser 
225 23 O 235 24 O 

Glu Gly Lys Met Glin Glu Glu Val Ile Ser Phe Lys Glin Ile Tyr Tyr 
245 250 255 

Asn Val Asn Val Asn Glu Pro Thr Arg Pro Ser Arg Phe Phe Gly Lys 
26 O 265 27 O 

Ala Val Thir Lys Glu Gln Lieu. Glin Ala Lieu. Gly Val Asn Ala Glu Asn 
27s 28O 285 

Pro Pro Ala Tyr Ile Ser Ser Val Ala Tyr Gly Arg Glin Val Tyr Lieu. 
29 O 295 3 OO 

Llys Lieu. Ser Thir Asn. Ser His Ser Thr Llys Val Lys Ala Ala Phe Asp 
3. OS 310 315 32O 

Ala Ala Val Ser Gly Llys Ser Val Ser Gly Asp Val Glu Lieu. Thir Asn 
3.25 330 335 

Ile Ile Lys Asn. Ser Ser Phe Lys Ala Val Ile Tyr Gly Gly Ser Ala 
34 O 345 35. O 

Lys Asp Glu Val Glin Ile Ile Asp Gly Asn Lieu. Gly Asp Lieu. Arg Asp 
355 360 365 

Ile Leu Lys Lys Gly Ala Thr Phe Asn Arg Glu Thr Pro Gly Val Pro 
37 O 375 38O 

Ile Ala Tyr Thir Thr Asn. Phe Lieu Lys Asp Asn. Glu Lieu Ala Val Ile 
385 390 395 4 OO 

Lys Asn Asn Ser Glu Tyr Ile Glu Thir Thr Ser Lys Ala Tyr Thr Asp 
4 OS 41O 415 

<210s, SEQ ID NO 12 
&211s LENGTH: 529 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 12 

Met Lys Lys Ile Met Leu Val Phe Ile Thr Lieu. Ile Leu Val Ser Lieu. 
1. 5 1O 15 

Pro Ile Ala Glin Glin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
2O 25 3O 

Glu Asn. Ser Ile Ser Ser Met Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 4 O 45 

Pro Llys Thr Pro Ile Glu Lys Llys His Ala Asp Glu Ile Asp Llys Tyr 
SO 55 6 O 

Ile Glin Gly Lieu. Asp Tyr Asn Lys Asn. Asn Val Lieu Val Tyr His Gly 
65 70 7s 8O 

Asp Ala Val Thr Asn Val Pro Pro Arg Lys Gly Tyr Lys Asp Gly Asn 
85 90 95 
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Glu Tyr Ile Val Val Glu Lys Llys Llys Llys Ser Ile Asn Glin Asn. Asn 
1OO 105 11 O 

Ala Asp Ile Glin Val Val Asn Ala Ile Ser Ser Lieu. Thir Tyr Pro Gly 
115 12 O 125 

Ala Lieu Val Lys Ala Asn. Ser Glu Lieu Val Glu Asn Gln Pro Asp Wall 
13 O 135 14 O 

Lieu Pro Wall Lys Arg Asp Ser Lieu. Thir Lieu. Ser Ile Asp Lieu Pro Gly 
145 150 155 160 

Met Thr Asn Glin Asp Asn Lys Ile Val Val Lys Asn Ala Thir Lys Ser 
1.65 17O 17s 

Asn Val Asn. Asn Ala Val Asn. Thir Lieu Val Glu Arg Trp Asn. Glu Lys 
18O 185 19 O 

Tyr Ala Glin Ala Tyr Pro Asn Val Ser Ala Lys Ile Asp Tyr Asp Asp 
195 2OO 2O5 

Glu Met Ala Tyr Ser Glu Ser Glin Lieu. Ile Ala Lys Phe Gly Thr Ala 
21 O 215 22O 

Phe Lys Ala Val Asn. Asn. Ser Lieu. Asn Val Asn. Phe Gly Ala Ile Ser 
225 23 O 235 24 O 

Glu Gly Lys Met Glin Glu Glu Val Ile Ser Phe Lys Glin Ile Tyr Tyr 
245 250 255 

Asn Val Asn Val Asn Glu Pro Thr Arg Pro Ser Arg Phe Phe Gly Lys 
26 O 265 27 O 

Ala Val Thir Lys Glu Gln Lieu. Glin Ala Lieu. Gly Val Asn Ala Glu Asn 
27s 28O 285 

Pro Pro Ala Tyr Ile Ser Ser Val Ala Tyr Gly Arg Glin Val Tyr Lieu. 
29 O 295 3 OO 

Llys Lieu. Ser Thir Asn. Ser His Ser Thr Llys Val Lys Ala Ala Phe Asp 
3. OS 310 315 32O 

Ala Ala Val Ser Gly Llys Ser Val Ser Gly Asp Val Glu Lieu. Thir Asn 
3.25 330 335 

Ile Ile Lys Asn. Ser Ser Phe Lys Ala Val Ile Tyr Gly Gly Ser Ala 
34 O 345 35. O 

Lys Asp Glu Val Glin Ile Ile Asp Gly Asn Lieu. Gly Asp Lieu. Arg Asp 
355 360 365 

Ile Leu Lys Lys Gly Ala Thr Phe Asn Arg Glu Thr Pro Gly Val Pro 
37 O 375 38O 

Ile Ala Tyr Thir Thr Asn. Phe Lieu Lys Asp Asn. Glu Lieu Ala Val Ile 
385 390 395 4 OO 

Lys Asn Asn Ser Glu Tyr Ile Glu Thir Thr Ser Lys Ala Tyr Thr Asp 
4 OS 41O 415 

Gly Lys Ile Asn. Ile Asp His Ser Gly Gly Tyr Val Ala Glin Phe Asn 
42O 425 43 O 

Ile Ser Trp Asp Glu Val Asn Tyr Asp Pro Glu Gly Asn. Glu Ile Val 
435 44 O 445 

Glin His Lys Asn Trp Ser Glu Asn. Asn Llys Ser Llys Lieu Ala His Phe 
450 45.5 460 

Thir Ser Ser Ile Tyr Lieu Pro Gly Asn Ala Arg Asn Ile Asin Val Tyr 
465 470 47s 48O 

Ala Lys Glu. Cys Thr Gly Lieu Ala Trp Glu Trp Trp Arg Thr Val Ile 
485 490 495 
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Asp Asp Arg Asn Lieu Pro Lieu Val Lys Asn Arg Asn. Ile Ser Ile Trp 
SOO 505 51O 

Gly. Thir Thr Lieu. Tyr Pro Llys Tyr Ser Asn Llys Val Asp Asn Pro Ile 
515 52O 525 

Glu 

<210s, SEQ ID NO 13 
&211s LENGTH: 416 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 13 

Met Lys Lys Ile Met Leu Val Phe Ile Thr Lieu. Ile Leu Val Ser Lieu. 
1. 5 1O 15 

Pro Ile Ala Glin Glin Thr Glu Ala Lys Asp Ala Ser Ala Phe Asn Lys 
2O 25 3O 

Glu Asn. Ser Ile Ser Ser Wall Ala Pro Pro Ala Ser Pro Pro Ala Ser 
35 4 O 45 

Pro Llys Thr Pro Ile Glu Lys Llys His Ala Asp Glu Ile Asp Llys Tyr 
SO 55 6 O 

Ile Glin Gly Lieu. Asp Tyr Asn Lys Asn. Asn Val Lieu Val Tyr His Gly 
65 70 7s 8O 

Asp Ala Val Thr Asn Val Pro Pro Arg Lys Gly Tyr Lys Asp Gly Asn 
85 90 95 

Glu Tyr Ile Val Val Glu Lys Llys Llys Llys Ser Ile Asn Glin Asn. Asn 
1OO 105 11 O 

Ala Asp Ile Glin Val Val Asn Ala Ile Ser Ser Lieu. Thir Tyr Pro Gly 
115 12 O 125 

Ala Lieu Val Lys Ala Asn. Ser Glu Lieu Val Glu Asn Gln Pro Asp Wall 
13 O 135 14 O 

Lieu Pro Wall Lys Arg Asp Ser Lieu. Thir Lieu. Ser Ile Asp Lieu Pro Gly 
145 150 155 160 

Met Thr Asn Glin Asp Asn Lys Ile Val Val Lys Asn Ala Thir Lys Ser 
1.65 17O 17s 

Asn Val Asn. Asn Ala Val Asn. Thir Lieu Val Glu Arg Trp Asn. Glu Lys 
18O 185 19 O 

Tyr Ala Glin Ala Tyr Ser Asn Val Ser Ala Lys Ile Asp Tyr Asp Asp 
195 2OO 2O5 

Glu Met Ala Tyr Ser Glu Ser Glin Lieu. Ile Ala Lys Phe Gly Thr Ala 
21 O 215 22O 

Phe Lys Ala Val Asn. Asn. Ser Lieu. Asn Val Asn. Phe Gly Ala Ile Ser 
225 23 O 235 24 O 

Glu Gly Lys Met Glin Glu Glu Val Ile Ser Phe Lys Glin Ile Tyr Tyr 
245 250 255 

Asn Val Asn Val Asn Glu Pro Thr Arg Pro Ser Arg Phe Phe Gly Lys 
26 O 265 27 O 

Ala Val Thir Lys Glu Gln Lieu. Glin Ala Lieu. Gly Val Asn Ala Glu Asn 
27s 28O 285 

Pro Pro Ala Tyr Ile Ser Ser Val Ala Tyr Gly Arg Glin Val Tyr Lieu. 
29 O 295 3 OO 

Llys Lieu. Ser Thir Asn. Ser His Ser Thr Llys Val Lys Ala Ala Phe Asp 
3. OS 310 315 32O 



US 2011/0129.499 A1 Jun. 2, 2011 
49 

- Continued 

Ala Ala Val Ser Gly Llys Ser Val Ser Gly Asp Val Glu Lieu. Thir Asn 
3.25 330 335 

Ile Ile Lys Asn. Ser Ser Phe Lys Ala Val Ile Tyr Gly Gly Ser Ala 
34 O 345 35. O 

Lys Asp Glu Val Glin Ile Ile Asp Gly Asn Lieu. Gly Asp Lieu. Arg Asp 
355 360 365 

Ile Leu Lys Lys Gly Ala Thr Phe Asn Arg Glu Thr Pro Gly Val Pro 
37 O 375 38O 

Ile Ala Tyr Thir Thr Asn. Phe Lieu Lys Asp Asn. Glu Lieu Ala Val Ile 
385 390 395 4 OO 

Lys Asn Asn Ser Glu Tyr Ile Glu Thir Thr Ser Lys Ala Tyr Thr Asp 
4 OS 41O 415 

<210s, SEQ ID NO 14 
&211s LENGTH: 390 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 14 

Met Arg Ala Met Met Val Val Phe Ile Thr Ala Asn Cys Ile Thr Ile 
1. 5 1O 15 

Asn Pro Asp Ile Ile Phe Ala Ala Thr Asp Ser Glu Asp Ser Ser Lieu 
2O 25 3O 

Asn Thr Asp Glu Trp Glu Glu Glu Lys Thr Glu Glu Gln Pro Ser Glu 
35 4 O 45 

Val Asn Thr Gly Pro Arg Tyr Glu Thir Ala Arg Glu Val Ser Ser Arg 
SO 55 6 O 

Asp Ile Lys Glu Lieu. Glu Lys Ser Asn Llys Val Arg Asn. Thir Asn Lys 
65 70 7s 8O 

Ala Asp Lieu. Ile Ala Met Lieu Lys Glu Lys Ala Glu Lys Gly Pro Asn 
85 90 95 

Ile Asn. Asn. Asn. Asn. Ser Glu Glin Thr Glu Asn Ala Ala Ile Asn. Glu 
1OO 105 11 O 

Glu Ala Ser Gly Ala Asp Arg Pro Ala Ile Glin Val Glu Arg Arg His 
115 12 O 125 

Pro Gly Lieu Pro Ser Asp Ser Ala Ala Glu Ile Llys Lys Arg Arg Llys 
13 O 135 14 O 

Ala Ile Ala Ser Ser Asp Ser Glu Lieu. Glu Ser Lieu. Thir Tyr Pro Asp 
145 150 155 160 

Llys Pro Thr Llys Val Asn Llys Llys Llys Val Ala Lys Glu Ser Val Ala 
1.65 17O 17s 

Asp Ala Ser Glu Ser Asp Lieu. Asp Ser Ser Met Glin Ser Ala Asp Glu 
18O 185 19 O 

Ser Ser Pro Gln Pro Leu Lys Ala Asn Glin Gln Pro Phe Phe Pro Llys 
195 2OO 2O5 

Val Phe Llys Lys Ile Lys Asp Ala Gly Lys Trp Val Arg Asp Llys Ile 
21 O 215 22O 

Asp Glu Asn. Pro Glu Val Llys Lys Ala Ile Val Asp Llys Ser Ala Gly 
225 23 O 235 24 O 

Lieu. Ile Asp Gln Lieu. Lieu. Thir Lys Llys Llys Ser Glu Glu Val Asn Ala 
245 250 255 

Ser Asp Phe Pro Pro Pro Pro Thr Asp Glu Glu Lieu. Arg Lieu Ala Lieu. 
26 O 265 27 O 
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Pro Glu Thr Pro Met Lieu. Leu Gly Phe Asn Ala Pro Ala Thr Ser Glu 
27s 28O 285 

Pro Ser Ser Phe Glu Phe Pro Pro Pro Pro Thr Asp Glu Glu Lieu. Arg 
29 O 295 3 OO 

Lieu Ala Lieu Pro Glu Thr Pro Met Lieu. Lieu. Gly Phe Asn Ala Pro Ala 
3. OS 310 315 32O 

Thir Ser Glu Pro Ser Ser Phe Glu Phe Pro Pro Pro Pro Thr Glu Asp 
3.25 330 335 

Glu Lieu. Glu Ile Ile Arg Glu Thir Ala Ser Ser Lieu. Asp Ser Ser Phe 
34 O 345 35. O 

Thir Arg Gly Asp Lieu Ala Ser Lieu. Arg Asn Ala Ile Asn Arg His Ser 
355 360 365 

Gln Asin Phe Ser Asp Phe Pro Pro Ile Pro Thr Glu Glu Glu Lieu. Asn 
37 O 375 38O 

Gly Arg Gly Gly Arg Pro 
385 390 

<210s, SEQ ID NO 15 
&211s LENGTH: 12 OO 
&212s. TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 15 

atgcgtgcga tigatggtggt titt cattact gccaattgca ttacgattaa ccc.cgacata 6 O 

at atttgcag cacagatag caagatt ct agt ctaalaca Cagatgaatg ggaagaagaa 12 O 

aaaacagaag agcaac Caag Cagg taaat acgggaccala gatacgaaac to acgtgaa 18O 

gtaagttcac gtgat attaa agaactagaa aaatcgaata aagtgagaaa tacgaacaaa 24 O 

gcagacctaa tag caatgtt gaaagaaaaa goagaaaaag gtccaaatat caataataac 3OO 

alacagtgaac aaactgagaa toggctata aatgaagagg Ctt Caggagc Caccgacca 360 

gctatacaag tagdgtcg tcatcCagga ttgc.cat cqg at agcgcagc ggaaattaaa 42O 

aaaagaagga aagccatagc atcatcggat agtgagcttgaaagcct tac ttatc.cggat 48O 

aalaccaacaa aagtaaataa gaaaaaagtg gcgaaagagt cagttgcgga tigCttctgaa 54 O 

agtgact tag attctagoat gcagt cagca gatgagt citt caccaca acc tittaaaag.ca 6OO 

aaccaacaac catttitt.ccc taaagtattt aaaaaaataa aagatgcggg gaaatgggta 660 

cgtgataaaa ticgacgaaaa t cctgaagta aagaaag.cga ttgttgataa aagtgcaggg 72 O 

ttaattgacc aattattaac caaaaagaaa agtgaagagg taaatgcttic ggact tcc.cg 78O 

ccaccaccita cqgatgaaga gttaagacitt gctittgc.cag agacaccaat gottcttggit 84 O 

tittaatgctic ctdctacatc agaac cqagc ticatt cqaat titccaccacc accitacggat 9 OO 

gaagagittaa gacttgctitt gccagagacg ccaatgcttic ttggttittaa togctic ct gct 96.O 

a catcggaac cqagct cott cqaattitcca cc.gc.ctic caa cagaagatga act agaaatc 1 O2O 

atc.cgggalaa CagcatcCtc gctagatt ct agttt tacaa gaggggattt agctagtttg 108 O 

agaaatgcta ttaatcgc.ca tagt caaaat ttct ctoatt toccaccaat cocaiacagaa 114 O 

gaagagttga acgggagagg cigtagacca gaagagttga acgggagagg cqgtagacca 12 OO 

<210s, SEQ ID NO 16 
&211s LENGTH: 390 



US 2011/0129.499 A1 Jun. 2, 2011 
51 

- Continued 

212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 16 

Met Arg Ala Met Met Val Val Phe Ile Thr Ala Asn Cys Ile Thr Ile 
1. 5 1O 15 

Asn Pro Asp Ile Ile Phe Ala Ala Thr Asp Ser Glu Asp Ser Ser Lieu 
2O 25 3O 

Asn Thr Asp Glu Trp Glu Glu Glu Lys Thr Glu Glu Gln Pro Ser Glu 
35 4 O 45 

Val Asn Thr Gly Pro Arg Tyr Glu Thir Ala Arg Glu Val Ser Ser Arg 
SO 55 6 O 

Asp Ile Glu Glu Lieu. Glu Lys Ser Asn Llys Val Lys Asn. Thir Asn Lys 
65 70 7s 8O 

Ala Asp Lieu. Ile Ala Met Lieu Lys Ala Lys Ala Glu Lys Gly Pro Asn 
85 90 95 

Asn Asn. Asn. Asn. Asn Gly Glu Glin Thr Gly Asn. Wall Ala Ile Asn. Glu 
1OO 105 11 O 

Glu Ala Ser Gly Val Asp Arg Pro Thir Lieu. Glin Val Glu Arg Arg His 
115 12 O 125 

Pro Gly Lieu. Ser Ser Asp Ser Ala Ala Glu Ile Llys Lys Arg Arg Llys 
13 O 135 14 O 

Ala Ile Ala Ser Ser Asp Ser Glu Lieu. Glu Ser Lieu. Thr Tyr Pro Asp 
145 150 155 160 

Llys Pro Thir Lys Ala Asn Lys Arg Llys Val Ala Lys Glu Ser Val Val 
1.65 17O 17s 

Asp Ala Ser Glu Ser Asp Lieu. Asp Ser Ser Met Glin Ser Ala Asp Glu 
18O 185 19 O 

Ser Thr Pro Gln Pro Leu Lys Ala Asn Glin Llys Pro Phe Phe Pro Llys 
195 2OO 2O5 

Val Phe Llys Lys Ile Lys Asp Ala Gly Lys Trp Val Arg Asp Llys Ile 
21 O 215 22O 

Asp Glu Asn. Pro Glu Val Llys Lys Ala Ile Val Asp Llys Ser Ala Gly 
225 23 O 235 24 O 

Lieu. Ile Asp Gln Lieu. Lieu. Thir Lys Llys Llys Ser Glu Glu Val Asn Ala 
245 250 255 

Ser Asp Phe Pro Pro Pro Pro Thr Asp Glu Glu Lieu. Arg Lieu Ala Lieu. 
26 O 265 27 O 

Pro Glu Thr Pro Met Lieu. Leu Gly Phe Asn Ala Pro Thr Pro Ser Glu 
27s 28O 285 

Pro Ser Ser Phe Glu Phe Pro Pro Pro Pro Thr Asp Glu Glu Lieu. Arg 
29 O 295 3 OO 

Lieu Ala Lieu Pro Glu Thr Pro Met Lieu. Lieu. Gly Phe Asn Ala Pro Ala 
3. OS 310 315 32O 

Thir Ser Glu Pro Ser Ser Phe Glu Phe Pro Pro Pro Pro Thr Glu Asp 
3.25 330 335 

Glu Lieu. Glu Ile Met Arg Glu Thir Ala Pro Ser Lieu. Asp Ser Ser Phe 
34 O 345 35. O 

Thir Ser Gly Asp Lieu Ala Ser Lieu. Arg Ser Ala Ile Asn Arg His Ser 
355 360 365 

Glu Asin Phe Ser Asp Phe Pro Leu. Ile Pro Thr Glu Glu Glu Lieu. Asn 
37 O 375 38O 
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actgctaatc caatttittaa cqgaacaa at tagtgaaaat gaaggc.cgaa ttitt.ccttgt 54 O 

tctaaaaagg ttgtattagc gitat cacgag gagggagtat aagtgggatt aaacagattt 6OO 

atgcgtgcga tigatggtggt titt cattact gccaattgca ttacgattaa ccc.cgacgt.c 660 

gacc catacg acgittaattic ttgcaatgtt agctattggc gtgttct citt taggggggitt 72 O 

tat caaaatt attcaattaa gaaaaaataa ttaaaaacac agaacgaaag aaaaagtgag 78O 

gtgaatgata taaattcaa aaaggtggitt Ctagg tatgt gcttgat cqc aagtgttcta 84 O 

gtctitt cogg taacgataaa agcaaatgcc tdttgttgatgaat acttaca aac accc.gca 9 OO 

gctic cqcatg at attgacag caaattacca cataaactta gttgg to cqc ggata accc.g 96.O 

acaaatactg acgtaaatac goactattgg citttittaaac aagcqgaaaa aatactagot 1 O2O 

aaagatgtaa at catatgcg agctaattta atgaatgaac ttaaaaaatt cqataaacaa 108 O 

atagotcaag gaatatatga tigcggat cat aaaaatc cat attatgatac tag tacattt 114 O 

titat ct catt tittataatcc tdatagagat aatact tatt togc.cgggittt togctaatgcg 12 OO 

aaaataacag gagcaaagta tttcaatcaa ticggtgactg attaccgaga agggaa 1256 

<210s, SEQ ID NO 19 
&211s LENGTH: 2322 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

< 4 OO > SEQUENCE: 19 

Met Glin Ser Gly Arg Gly Pro Pro Lieu Pro Ala Pro Gly Lieu Ala Lieu. 
1. 5 1O 15 

Ala Lieu. Thir Lieu. Thir Met Lieu Ala Arg Lieu Ala Ser Ala Ala Ser Phe 
2O 25 3O 

Phe Gly Glu Asn His Lieu. Glu Val Pro Val Ala Thr Ala Lieu. Thir Asp 
35 4 O 45 

Ile Asp Lieu. Glin Lieu. Glin Phe Ser Thir Ser Glin Pro Glu Ala Lieu. Lieu. 
SO 55 6 O 

Lieu. Lieu Ala Ala Gly Pro Ala Asp His Lieu. Lieu. Lieu Gln Lieu. Tyr Ser 
65 70 7s 8O 

Gly Arg Lieu. Glin Val Arg Lieu Val Lieu. Gly Glin Glu Glu Lieu. Arg Lieu. 
85 90 95 

Gln Thr Pro Ala Glu Thir Lieu. Leu Ser Asp Ser Ile Pro His Thr Val 
1OO 105 11 O 

Val Lieu. Thr Val Val Glu Gly Trp Ala Thr Lieu Ser Val Asp Gly Phe 
115 12 O 125 

Lieu. Asn Ala Ser Ser Ala Val Pro Gly Ala Pro Lieu. Glu Val Pro Tyr 
13 O 135 14 O 

Gly Leu Phe Val Gly Gly Thr Gly Thr Lieu. Gly Lieu Pro Tyr Lieu. Arg 
145 150 155 160 

Gly. Thir Ser Arg Pro Lieu. Arg Gly Cys Lieu. His Ala Ala Thr Lieu. Asn 
1.65 17O 17s 

Gly Arg Ser Lieu. Lieu. Arg Pro Lieu. Thr Pro Asp Val His Glu Gly Cys 
18O 185 19 O 

Ala Glu Glu Phe Ser Ala Ser Asp Asp Wall Ala Lieu. Gly Phe Ser Gly 
195 2OO 2O5 

Pro His Ser Leu Ala Ala Phe Pro Ala Trp Gly Thr Glin Asp Glu Gly 
21 O 215 22O 
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Thr Lieu. Glu Phe Thr Lieu. Thir Thr Glin Ser Arg Glin Ala Pro Leu Ala 
225 23 O 235 24 O 

Phe Glin Ala Gly Gly Arg Arg Gly Asp Phe Ile Tyr Val Asp Ile Phe 
245 250 255 

Glu Gly. His Lieu. Arg Ala Val Val Glu Lys Gly Glin Gly Thr Val Lieu. 
26 O 265 27 O 

Lieu. His Asn Ser Val Pro Val Ala Asp Gly Glin Pro His Glu Val Ser 
27s 28O 285 

Val His Ile Asn Ala His Arg Lieu. Glu Ile Ser Val Asp Glin Tyr Pro 
29 O 295 3 OO 

Thr His Thr Ser Asn Arg Gly Val Lieu Ser Tyr Lieu. Glu Pro Arg Gly 
3. OS 310 315 32O 

Ser Lieu. Lieu. Lieu. Gly Gly Lieu. Asp Ala Glu Ala Ser Arg His Lieu. Glin 
3.25 330 335 

Glu. His Arg Lieu. Gly Lieu. Thr Pro Glu Ala Thr Asn Ala Ser Lieu. Lieu. 
34 O 345 35. O 

Gly Cys Met Glu Asp Lieu. Ser Val Asn Gly Glin Arg Arg Gly Lieu. Arg 
355 360 365 

Glu Ala Lieu. Lieu. Thir Arg Asn Met Ala Ala Gly Cys Arg Lieu. Glu Glu 
37 O 375 38O 

Glu Glu Tyr Glu Asp Asp Ala Tyr Gly His Tyr Glu Ala Phe Ser Thr 
385 390 395 4 OO 

Lieu Ala Pro Glu Ala Trp Pro Ala Met Glu Lieu Pro Glu Pro Cys Val 
4 OS 41O 415 

Pro Glu Pro Gly Lieu Pro Pro Val Phe Ala Asn Phe Thr Glin Leu Lieu. 
42O 425 43 O 

Thir Ile Ser Pro Leu Val Val Ala Glu Gly Gly Thr Ala Trp Lieu. Glu 
435 44 O 445 

Trp Arg His Val Glin Pro Thr Lieu. Asp Lieu Met Glu Ala Glu Lieu. Arg 
450 45.5 460 

Llys Ser Glin Val Lieu. Phe Ser Val Thr Arg Gly Ala Arg His Gly Glu 
465 470 47s 48O 

Lieu. Glu Lieu. Asp Ile Pro Gly Ala Glin Ala Arg Llys Met Phe Thr Lieu. 
485 490 495 

Lieu. Asp Val Val Asn Arg Lys Ala Arg Phe Ile His Asp Gly Ser Glu 
SOO 505 51O 

Asp Thir Ser Asp Gln Lieu Val Lieu. Glu Val Ser Val Thr Ala Arg Val 
515 52O 525 

Pro Met Pro Ser Cys Lieu. Arg Arg Gly Glin Thr Tyr Lieu. Leu Pro Ile 
53 O 535 54 O 

Glin Val Asn Pro Val Asn Asp Pro Pro His Ile Ile Phe Pro His Gly 
5.45 550 555 560 

Ser Leu Met Val Ile Lieu. Glu. His Thr Glin Llys Pro Leu Gly Pro Glu 
565 st O sts 

Val Phe Glin Ala Tyr Asp Pro Asp Ser Ala Cys Glu Gly Lieu. Thr Phe 
58O 585 59 O 

Glin Val Lieu. Gly. Thir Ser Ser Gly Lieu Pro Val Glu Arg Arg Asp Glin 
595 6OO 605 

Pro Gly Glu Pro Ala Thr Glu Phe Ser Cys Arg Glu Lieu. Glu Ala Gly 
610 615 62O 

Ser Leu Val Tyr Val His Arg Gly Gly Pro Ala Glin Asp Lieu. Thir Phe 
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625 630 635 64 O 

Arg Val Ser Asp Gly Lieu. Glin Ala Ser Pro Pro Ala Thr Lieu Lys Val 
645 650 655 

Val Ala Ile Arg Pro Ala Ile Glin Ile His Arg Ser Thr Gly Lieu. Arg 
660 665 67 O 

Lieu Ala Glin Gly Ser Ala Met Pro Ile Lieu Pro Ala Asn Lieu. Ser Val 
675 68O 685 

Glu Thir Asn Ala Val Gly Glin Asp Wal Ser Val Lieu. Phe Arg Val Thr 
69 O. 695 7 OO 

Gly Ala Lieu. Glin Phe Gly Glu Lieu Gln Lys Glin Gly Ala Gly Gly Val 
7 Os 71O 71s 72O 

Glu Gly Ala Glu Trp Trp Ala Thr Glin Ala Phe His Glin Arg Asp Wall 
72 73 O 73 

Glu Glin Gly Arg Val Arg Tyr Lieu. Ser Thir Asp Pro Gln His His Ala 
740 74. 7 O 

Tyr Asp Thr Val Glu Asn Lieu Ala Lieu. Glu Val Glin Val Gly Glin Glu 
7ss 760 765 

Ile Leu Ser Asn Lieu Ser Phe Pro Val Thir Ile Glin Arg Ala Thr Val 
770 775 78O 

Trp Met Leu Arg Lieu. Glu Pro Leu. His Thr Glin Asn Thr Glin Glin Glu 
78s 79 O 79. 8OO 

Thr Lieu. Thir Thr Ala His Lieu. Glu Ala Thr Lieu. Glu Glu Ala Gly Pro 
805 810 815 

Ser Pro Pro Thr Phe His Tyr Glu Val Val Glin Ala Pro Arg Lys Gly 
82O 825 83 O 

Asn Lieu. Glin Lieu. Glin Gly Thr Arg Lieu. Ser Asp Gly Glin Gly Phe Thr 
835 84 O 845 

Glin Asp Asp Ile Glin Ala Gly Arg Val Thir Tyr Gly Ala Thr Ala Arg 
850 855 860 

Ala Ser Glu Ala Val Glu Asp Thr Phe Arg Phe Arg Val Thir Ala Pro 
865 87O 87s 88O 

Pro Tyr Phe Ser Pro Leu Tyr Thr Phe Pro Ile His Ile Gly Gly Asp 
885 890 895 

Pro Asp Ala Pro Val Lieu. Thir Asn Val Lieu. Lieu Val Val Pro Glu Gly 
9 OO 905 91 O 

Gly Glu Gly Val Lieu. Ser Ala Asp His Lieu. Phe Val Llys Ser Lieu. Asn 
915 92 O 925 

Ser Ala Ser Tyr Lieu. Tyr Glu Val Met Glu Arg Pro Arg His Gly Arg 
93 O 935 94 O 

Lieu Ala Trp Arg Gly Thr Glin Asp Llys Thr Thr Met Val Thr Ser Phe 
945 950 955 96.O 

Thir Asn. Glu Asp Lieu. Lieu. Arg Gly Arg Lieu Val Tyr Gln His Asp Asp 
965 97O 97. 

Ser Glu Thir Thr Glu Asp Asp Ile Pro Phe Val Ala Thr Arg Glin Gly 
98O 985 99 O 

Glu Ser Ser Gly Asp Met Ala Trp Glu Glu Val Arg Gly Wall Phe Arg 
995 1OOO 1005 

Val Ala Ile Gln Pro Val Asn Asp His Ala Pro Val Glin Thr Ile 
1010 1015 1 O2O 

Ser Arg Ile Phe His Val Ala Arg Gly Gly Arg Arg Lieu. Lieu. Thr 
1025 1O3 O 1035 
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Thir Asp Asp Wall Ala Phe Ser Asp Ala Asp Ser Gly Phe Ala Asp 
O4 O O45 OSO 

Ala Glin Lieu Val Lieu. Thir Arg Lys Asp Lieu. Lieu. Phe Gly Ser Ile 
O55 O6 O O65 

Val Ala Val Asp Glu Pro Thr Arg Pro Ile Tyr Arg Phe Thr Glin 
Of O O7 O8O 

Glu Asp Lieu. Arg Lys Arg Arg Val Lieu. Phe Wal His Ser Gly Ala 
O85 O9 O O95 

Asp Arg Gly Trp Ile Glin Lieu. Glin Val Ser Asp Gly Gln His Glin 
OO O5 10 

Ala Thr Ala Lieu. Lieu. Glu Val Glin Ala Ser Glu Pro Tyr Lieu. Arg 

Val Ala Asn Gly Ser Ser Lieu Val Val Pro Glin Gly Gly Glin Gly 

Thir e Asp Thr Ala Val Lieu. His Lieu. Asp Thr Asn Lieu. Asp Ile 

Arg Ser Gly Asp Glu Val His Tyr His Val Thr Ala Gly Pro Arg 

Trp Gly Glin Lieu Val Arg Ala Gly Glin Pro Ala Thr Ala Phe Ser 

Glin Glin Asp Lieu. Lieu. Asp Gly Ala Val Lieu. Tyr Ser His Asn Gly 

Ser Leu Ser Pro Arg Asp Thr Met Ala Phe Ser Val Glu Ala Gly 
2O5 21 O 215 

Pro Val His Thr Asp Ala Thr Lieu. Glin Val Thr Ile Ala Lieu. Glu 

Gly Pro Lieu Ala Pro Lieu Lys Lieu Val Arg His Llys Lys Ile Tyr 
235 24 O 245 

Val Phe Glin Gly Glu Ala Ala Glu Ile Arg Arg Asp Gln Lieu. Glu 
250 255 26 O 

Ala Ala Glin Glu Ala Val Pro Pro Ala Asp Ile Val Phe Ser Val 
265 27 O 27s 

Lys Ser Pro Pro Ser Ala Gly Tyr Lieu Val Met Val Ser Arg Gly 
28O 285 29 O 

Ala Lieu Ala Asp Glu Pro Pro Ser Lieu. Asp Pro Val Glin Ser Phe 
295 3OO 305 

Ser Glin Glu Ala Val Asp Thr Gly Arg Val Lieu. Tyr Lieu. His Ser 
310 315 32O 

Arg Pro Glu Ala Trp Ser Asp Ala Phe Ser Lieu. Asp Val Ala Ser 
3.25 33 O 335 

Gly Lieu. Gly Ala Pro Lieu. Glu Gly Val Lieu Val Glu Lieu. Glu Val 
34 O 345 350 

Lieu Pro Ala Ala Ile Pro Lieu. Glu Ala Glin Asn. Phe Ser Wall Pro 
355 360 365 

Glu Gly Gly Ser Lieu. Thir Lieu Ala Pro Pro Lieu. Lieu. Arg Val Ser 
37O 375 38O 

Gly Pro Tyr Phe Pro Thr Lieu. Leu Gly Leu Ser Lieu. Glin Val Lieu. 
385 390 395 

Glu Pro Pro Gln His Gly Ala Lieu. Glin Lys Glu Asp Gly Pro Glin 
4 OO 405 41 O 
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Ala Arg Thr Lieu. Ser Ala Phe Ser Trp Arg Met Val Glu Glu Glin 
415 42O 425 

Lieu. Ile Arg Tyr Val His Asp Gly Ser Glu Thir Lieu. Thir Asp Ser 
43 O 435 44 O 

Phe Val Lieu Met Ala Asn Ala Ser Glu Met Asp Arg Glin Ser His 
445 450 45.5 

Pro Val Ala Phe Thr Val Thr Val Lieu Pro Val Asn Asp Gln Pro 
460 465 47 O 

Pro Ile Lieu. Thir Thr Asn Thr Gly Lieu Gln Met Trp Glu Gly Ala 
47s 48O 485 

Thir Ala Pro Ile Pro Ala Glu Ala Lieu. Arg Ser Thr Asp Gly Asp 
490 495 SOO 

Ser Gly Ser Glu Asp Leu Val Tyr Thr Ile Glu Gln Pro Ser Asn 
5 OS 510 515 

Gly Arg Val Val Lieu. Arg Gly Ala Pro Gly Thr Glu Val Arg Ser 
52O 525 53 O 

Phe Thr Glin Ala Glin Lieu. Asp Gly Gly Lieu Val Lieu. Phe Ser His 
535 54 O 545 

Arg Gly Thr Lieu. Asp Gly Gly Phe Arg Phe Arg Lieu. Ser Asp Gly 
550 555 560 

Glu. His Thr Ser Pro Gly His Phe Phe Arg Val Thr Ala Glin Lys 
565 st O sts 

Glin Val Lieu Lleu Ser Lieu Lys Gly Ser Glin Thr Lieu. Thr Val Cys 
58O 585 590 

Pro Gly Ser Val Glin Pro Leu Ser Ser Glin Thr Lieu. Arg Ala Ser 
595 6OO 605 

Ser Ser Ala Gly Thr Asp Pro Glin Lieu. Lieu. Lieu. Tyr Arg Val Val 
610 615 62O 

Arg Gly Pro Gln Lieu. Gly Arg Lieu. Phe His Ala Glin Glin Asp Ser 
625 63 O 635 

Thr Gly Glu Ala Leu Val Asin Phe Thr Glin Ala Glu Val Tyr Ala 
64 O 645 650 

Gly Asin Ile Leu Tyr Glu. His Glu Met Pro Pro Glu Pro Phe Trp 
655 660 665 

Glu Ala His Asp Thir Lieu. Glu Lieu. Glin Lieu. Ser Ser Pro Pro Ala 
670 675 68O 

Arg Asp Val Ala Ala Thr Lieu Ala Val Ala Val Ser Phe Glu Ala 
685 69 O. 695 

Ala Cys Pro Glin Arg Pro Ser His Lieu. Trp Lys Asn Lys Gly Lieu. 
7 OO 7Os 71O 

Trp Val Pro Glu Gly Glin Arg Ala Arg Ile Thr Val Ala Ala Lieu. 
71s 72 O 72 

Asp Ala Ser Asn Lieu. Lieu Ala Ser Val Pro Ser Pro Glin Arg Ser 
73 O 73 74 O 

Glu. His Asp Val Lieu Phe Glin Val Thr Glin Phe Pro Ser Arg Gly 
74. 7 O 7ss 

Glin Lieu. Lieu Val Ser Glu Glu Pro Lieu. His Ala Gly Glin Pro His 
760 765 770 

Phe Lieu. Glin Ser Glin Lieu Ala Ala Gly Glin Lieu Val Tyr Ala His 
775 78O 78s 

Gly Gly Gly Gly Thr Glin Glin Asp Gly Phe His Phe Arg Ala His 
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79 O 79. 8OO 

Lieu. Glin Gly Pro Ala Gly Ala Ser Val Ala Gly Pro Glin Thir Ser 
805 810 815 

Glu Ala Phe Ala Ile Thr Val Arg Asp Wall Asn. Glu Arg Pro Pro 
82O 825 83 O 

Glin Pro Glin Ala Ser Val Pro Lieu. Arg Lieu. Thir Arg Gly Ser Arg 
835 84 O 845 

Ala Pro Ile Ser Arg Ala Glin Lieu. Ser Val Val Asp Pro Asp Ser 
850 855 86 O 

Ala Pro Gly Glu Ile Glu Tyr Glu Val Glin Arg Ala Pro His Asn 
865 87 O 87s 

Gly Phe Leu Ser Leu Val Gly Gly Gly Lieu. Gly Pro Val Thr Arg 
88O 885 890 

Phe Thr Glin Ala Asp Wall Asp Ser Gly Arg Lieu Ala Phe Val Ala 
895 9 OO 905 

Asn Gly Ser Ser Val Ala Gly Ile Phe Glin Leu Ser Met Ser Asp 
910 915 92 O 

Gly Ala Ser Pro Pro Lieu Pro Met Ser Lieu Ala Val Asp Ile Lieu. 
925 93 O 935 

Pro Ser Ala Ile Glu Val Glin Lieu. Arg Ala Pro Lieu. Glu Val Pro 
94 O 945 950 

Gln Ala Lieu. Gly Arg Ser Ser Lieu. Ser Glin Gln Gln Lieu. Arg Val 
955 96.O 965 

Val Ser Asp Arg Glu Glu Pro Glu Ala Ala Tyr Arg Lieu. Ile Glin 
97O 97. 98 O 

Gly Pro Glin Tyr Gly His Lieu. Leu Val Gly Gly Arg Pro Thr Ser 
985 990 995 

Ala Phe Ser Glin Phe Glin Ile Asp Glin Gly Glu Val Val Phe Ala 
2OOO 2005 2010 

Phe Thr Asn Phe Ser Ser Ser His Asp His Phe Arg Val Lieu Ala 
2015 2O2O 2O25 

Lieu Ala Arg Gly Val Asn Ala Ser Ala Val Val Asn Val Thr Val 
2O3O 2O35 2O4. O 

Arg Ala Lieu. Lieu. His Val Trp Ala Gly Gly Pro Trp Pro Glin Gly 
2O45 2OSO 2O55 

Ala Thr Lieu. Arg Lieu. Asp Pro Thr Val Lieu. Asp Ala Gly Glu Lieu. 
2O60 2O65 2. Of O 

Ala Asn Arg Thr Gly Ser Val Pro Arg Phe Arg Lieu. Lieu. Glu Gly 
2O75 2O8 O 2O85 

Pro Arg His Gly Arg Val Val Arg Val Pro Arg Ala Arg Thr Glu 
2O90 2095 2 O O 

Pro Gly Gly Ser Glin Leu Val Glu Glin Phe Thr Glin Glin Asp Leu 
2105 211 O 2115 

Glu Asp Gly Arg Lieu. Gly Lieu. Glu Val Gly Arg Pro Glu Gly Arg 
212O 2125 213 O 

Ala Pro Gly Pro Ala Gly Asp Ser Lieu. Thir Lieu. Glu Lieu. Trp Ala 
2135 214 O 2145 

Gln Gly Val Pro Pro Ala Val Ala Ser Lieu. Asp Phe Ala Thr Glu 
2150 215.5 216 O 

Pro Tyr Asn Ala Ala Arg Pro Tyr Ser Val Ala Lieu. Lieu. Ser Val 
21 65 217 O 21.75 
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Pro Ala Glu Lieu. Thir Asp Ala Wall Lys Wal Met Asp Lieu Pro Thr Glin 
13 O 135 14 O 

Glu Pro Ala Leu Gly Thr Thr Cys Tyr Ala Ser Gly Trp Gly Ser Ile 
145 150 155 160 

Glu Pro Glu Glu Phe Lieu. Thr Pro Llys Llys Lieu. Glin Cys Val Asp Lieu. 
1.65 17O 17s 

His Val Ile Ser Asn Asp Val Cys Ala Glin Val His Pro Glin Llys Val 
18O 185 19 O 

Thr Llys Phe Met Lieu. Cys Ala Gly Arg Trp Thr Gly Gly Lys Ser Thr 
195 2OO 2O5 

Cys Ser Gly Asp Ser Gly Gly Pro Lieu Val Cys Asn Gly Val Lieu. Glin 
21 O 215 22O 

Gly Ile Thr Ser Trp Gly Ser Glu Pro Cys Ala Leu Pro Glu Arg Pro 
225 23 O 235 24 O 

Ser Lieu. Tyr Thr Llys Val Val His Tyr Arg Llys Trp Ile Lys Asp Thr 
245 250 255 

Ile Wall Ala Asn. Pro 
26 O 

<210s, SEQ ID NO 22 
&211s LENGTH: 237 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 22 

Ile Val Gly Gly Trp Glu. Cys Glu Lys His Ser Gln Pro Trp Glin Val 
1. 5 1O 15 

Lieu Val Ala Ser Arg Gly Arg Ala Val Cys Gly Gly Val Lieu Val His 
2O 25 3O 

Pro Glin Trp Val Lieu. Thir Ala Ala His Cys Ile Arg Asn Llys Ser Val 
35 4 O 45 

Ile Lieu. Lieu. Gly Arg His Ser Lieu. Phe His Pro Glu Asp Thr Gly Glin 
SO 55 6 O 

Val Phe Glin Val Ser His Ser Phe Pro His Pro Leu Tyr Asp Met Ser 
65 70 7s 8O 

Lieu. Lieu Lys Asn Arg Phe Lieu. Arg Pro Gly Asp Asp Ser Ser His Asp 
85 90 95 

Lieu Met Lieu. Lieu. Arg Lieu. Ser Glu Pro Ala Glu Lieu. Thir Asp Ala Val 
1OO 105 11 O 

Llys Val Met Asp Leu Pro Thr Glin Glu Pro Ala Lieu. Gly Thr Thr Cys 
115 12 O 125 

Tyr Ala Ser Gly Trp Gly Ser Ile Glu Pro Glu Glu Phe Lieu. Thr Pro 
13 O 135 14 O 

Llys Llys Lieu. Glin Cys Val Asp Lieu. His Val Ile Ser Asn Asp Val Cys 
145 150 155 160 

Ala Glin Val His Pro Gln Lys Val Thr Llys Phe Met Lieu. Cys Ala Gly 
1.65 17O 17s 

Arg Trp Thr Gly Gly Lys Ser Thr Cys Ser Gly Asp Ser Gly Gly Pro 
18O 185 19 O 

Lieu Val Cys Tyr Gly Val Lieu. Glin Gly Ile Thr Ser Trp Gly Ser Glu 
195 2OO 2O5 

Pro Cys Ala Leu Pro Glu Arg Pro Ser Leu Tyr Thr Lys Val Val His 
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21 O 215 22O 

Tyr Arg Llys Trp Ile Lys Asp Thir Ile Val Ala Asn Pro 
225 23 O 235 

<210s, SEQ ID NO 23 
&211s LENGTH: 237 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 23 

Ile Val Gly Gly Trp Glu. Cys Glu Lys His Ser Gln Pro Trp Glin Val 
1. 5 1O 15 

Lieu Val Ala Ser Arg Gly Arg Ala Val Cys Gly Gly Val Lieu Val His 
2O 25 3O 

Pro Glin Trp Val Lieu. Thir Ala Ala His Cys Ile Arg Asn Llys Ser Val 
35 4 O 45 

Ile Lieu. Lieu. Gly Arg His Ser Lieu. Phe His Pro Glu Asp Thr Gly Glin 
SO 55 6 O 

Val Phe Glin Val Ser His Ser Phe Pro His Pro Leu Tyr Asp Met Ser 
65 70 7s 8O 

Lieu. Lieu Lys Asn Arg Phe Lieu. Arg Pro Gly Asp Asp Ser Ser His Asp 
85 90 95 

Lieu Met Lieu. Lieu. Arg Lieu. Ser Glu Pro Ala Glu Lieu. Thir Asp Ala Val 
1OO 105 11 O 

Llys Val Met Asp Leu Pro Thr Glin Glu Pro Ala Lieu. Gly Thr Thr Cys 
115 12 O 125 

Tyr Ala Ser Gly Trp Gly Ser Ile Glu Pro Glu Glu Phe Lieu. Thr Pro 
13 O 135 14 O 

Llys Llys Lieu. Glin Cys Val Asp Lieu. His Val Ile Ser Asn Asp Val Cys 
145 150 155 160 

Ala Glin Val His Pro Gln Lys Val Thr Llys Phe Met Lieu. Cys Ala Gly 
1.65 17O 17s 

Arg Trp Thr Gly Gly Lys Ser Thr Cys Ser Gly Asp Ser Gly Gly Pro 
18O 185 19 O 

Lieu Val Cys Asn Gly Val Lieu. Glin Gly Ile Thr Ser Trp Gly Ser Glu 
195 2OO 2O5 

Pro Cys Ala Leu Pro Glu Arg Pro Ser Leu Tyr Thr Lys Val Val His 
21 O 215 22O 

Tyr Arg Llys Trp Ile Lys Asp Thir Ile Val Ala Asn Pro 
225 23 O 235 

<210s, SEQ ID NO 24 
&211s LENGTH: 5873 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 24 

ggtgtcttag gcacactggit Cttggagtgc aaaggat.cta ggcacgtgag gctttgt atg 6 O 

aagaatcggg gatcqtaccc accc.cctgtt totgttt cat cct gggcatgtct cotctgc 12 O 

Ctttgtcc cc tagatgaagt ct c catgagc tacaagggcc tigtgcatcc agggtgatct 18O 

agtaattgca galacagcaag tectagotct C cct CCC ctt C cacagctct gggtgtggga 24 O 

gggggttgtc. cagcct coag cagcatgggg agggccttgg to agcct ctg ggtgc.ca.gca 3OO 
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gacctggggg totcCagg cattgtcCCC acctgggc.cc ttaccCagg c tocct cacag 492 O 

gctic ct ggcc ct cagt ct ct c cc ct coact c cattct coa cct accolaca gtgggtcatt 498O 

citgat caccg aactgaccat gcc agcc.ctg ccdatggtcc ticcatggctic cct agtgcc c 5040 

tggagaggag gtgtctagt c agagagtagt cctggaaggt ggcct ctgtg aggagcc acg 51OO 

ggga cagcat cctgcagatg gtc.ctggCCC ttgtc.ccacc gacctgtct a caaggactgt 516 O 

Cctcgtggac cct cocct ct gcacaggagc tiggaccctga agt cc ct tcc taccggc.ca.g 522 O 

gactggagcc cct acc cct c togttggaatc cctdcc.cacc ttcttctgga agt cqgctict 528 O 

ggagacattt ct citcttctt ccaaagctgg gaactgctat citgttatctg. cct gtc.cagg 534 O 

tctgaaagat aggattgc cc aggcagaaac tdggactgac citat citcact citctic cctogc 54 OO 

ttitt accctt agggtgattic tigggggcca Cttgtctgta atggtgtgct tca aggt at C 546 O 

acgt catggg gcagtgaacc atgtgcc.ctg. ccc.gaaaggc Ctt Coctgta Caccalaggtg 552O 

gtgcattacc ggaagtggat Caaggacacic atcgtggcca acc cctgagc acc cct atca 558 O 

agtic cc tatt gtagtaaact toggaaccttg gaaatgacca ggccaag act caa.gc.ct coc 564 O 

Cagttctact gacctttgtc. Cttaggtgtg agg to caggg ttgctaggala aagaaat cag st OO 

cagacacagg togtagaccag agtgtttctt aaatggtgta attttgtcct citctgtgtc.c 576. O 

tggggaatac teccatgcc tigagacata t cact caatt totctgagga cacagttagg 582O 

atggggtgtc. tdtgtt attt gtgggataca gagatgaaag aggggtggga t c c 5873 

<210s, SEQ ID NO 25 
&211s LENGTH: 238 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 25 

Met Trp Val Pro Val Val Phe Lieu. Thir Lieu. Ser Val Thir Trp Ile Gly 
1. 5 1O 15 

Ala Ala Pro Lieu. Ile Lieu. Ser Arg Ile Val Gly Gly Trp Glu. Cys Glu 
2O 25 3O 

Llys His Ser Glin Pro Trp Glin Val Lieu Val Ala Ser Arg Gly Arg Ala 
35 4 O 45 

Val Cys Gly Gly Val Lieu Val His Pro Gln Trp Val Lieu. Thir Ala Ala 
SO 55 6 O 

His Cys Ile Arg Asn Llys Ser Val Ile Lieu. Lieu. Gly Arg His Ser Lieu. 
65 70 7s 8O 

Phe His Pro Glu Asp Thr Gly Glin Val Phe Glin Val Ser His Ser Phe 
85 90 95 

Pro His Pro Lieu. Tyr Asp Met Ser Lieu. Lieu Lys Asn Arg Phe Lieu. Arg 
1OO 105 11 O 

Pro Gly Asp Asp Ser Ser His Asp Lieu Met Lieu. Lieu. Arg Lieu. Ser Glu 
115 12 O 125 

Pro Ala Glu Lieu. Thir Asp Ala Wall Lys Wal Met Asp Lieu Pro Thr Glin 
13 O 135 14 O 

Glu Pro Ala Leu Gly Thr Thr Cys Tyr Ala Ser Gly Trp Gly Ser Ile 
145 150 155 160 

Glu Pro Glu Glu Phe Lieu. Thr Pro Llys Llys Lieu. Glin Cys Val Asp Lieu. 
1.65 17O 17s 

His Val Ile Ser Asn Asp Val Cys Ala Glin Val His Pro Glin Llys Val 
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acgcaccaga cacticacagc aaggatggag ctgaaaa.cat aacccactict gtc.ctggagg 114 O 

Cactgggaag cct agagaag gctgtgagcc aaggagggag ggit ct tcctt tdgcatggga 12 OO 

tggggatgaa gtaaggagag ggactggacc C cctggaagc tigatt cact a tiggggggagg 126 O 

tg tattgaag to citccagac aaccotcaga tittgatgatt toctagtaga act cacagaa 132O 

ataaagagct gttatact.gt g 1341 

<210s, SEQ ID NO 31 
&211s LENGTH: 218 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 31 

Met Trp Val Pro Val Val Phe Lieu. Thir Lieu. Ser Val Thir Trp Ile Gly 
1. 5 1O 15 

Ala Ala Pro Lieu. Ile Lieu. Ser Arg Ile Val Gly Gly Trp Glu. Cys Glu 
2O 25 3O 

Llys His Ser Glin Pro Trp Glin Val Lieu Val Ala Ser Arg Gly Arg Ala 
35 4 O 45 

Val Cys Gly Gly Val Lieu Val His Pro Gln Trp Val Lieu. Thir Ala Ala 
SO 55 6 O 

His Cys Ile Arg Llys Pro Gly Asp Asp Ser Ser His Asp Lieu Met Lieu. 
65 70 7s 8O 

Lieu. Arg Lieu. Ser Glu Pro Ala Glu Lieu. Thir Asp Ala Val Llys Val Met 
85 90 95 

Asp Leu Pro Thr Glin Glu Pro Ala Leu Gly. Thir Thr Cys Tyr Ala Ser 
1OO 105 11 O 

Gly Trp Gly Ser Ile Glu Pro Glu Glu Phe Lieu. Thr Pro Llys Llys Lieu. 
115 12 O 125 

Glin Cys Val Asp Lieu. His Val Ile Ser Asn Asp Val Cys Ala Glin Val 
13 O 135 14 O 

His Pro Gln Llys Val Thr Lys Phe Met Lieu. Cys Ala Gly Arg Trp Thr 
145 150 155 160 

Gly Gly Lys Ser Thr Cys Ser Gly Asp Ser Gly Gly Pro Leu Val Cys 
1.65 17O 17s 

Asn Gly Val Lieu Gln Gly Ile Thr Ser Trp Gly Ser Glu Pro Cys Ala 
18O 185 19 O 

Lieu Pro Glu Arg Pro Ser Lieu. Tyr Thr Llys Val Val His Tyr Arg Lys 
195 2OO 2O5 

Trp Ile Lys Asp Thir Ile Val Ala Asn Pro 
21 O 215 

<210s, SEQ ID NO 32 
&211s LENGTH: 1325 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 32 

agc.cccaa.gc titaccacctg. Caccc.ggaga gctgttgtcac catgtgggt C cc.ggttgtct 6 O 

t cct caccct gtc.cgtgacg tdgattggtg Ctgcacc cct catcCt9tct cqgattgttgg 12 O 

gaggctggga gtgcgagaag catt.cccaac Cctggcaggit gcttgttggcc tict cqtggca 18O 

gggcagtctg cggcggtgtt Ctggtgcacc cccagtgggit cct cacagct gcc cactgca 24 O 
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t caggaagcc aggtgatgac to cagccacg acct catgct gct cogcctg. t cagagcctg 3OO 

cc.gagct cac ggatgctgtg aaggt catgg acctg.cccac ccaggagcca gcactgggga 360 

ccacctgcta CCCtcaggc tiggggcagca ttgaaccaga ggagttcttg accc.caaaga 42O 

aact tcagtg tdtggacctic catgttattt coaatgacgt gtgtgcgcaa gttcaccctic 48O 

agaaggtgac Caagttcatg Ctgtgtgctg gacgctggac aggggggaala agcacctgct 54 O 

cgggtgattic tigggg.ccca Cttgttctgta atggtgtgct tca aggtatic acgt.catggg 6OO 

gcagtgalacc atgtgccCt9 ccc.gaaaggc Ctt CCCtgta Caccalaggtg gtgcatt acc 660 

caaggacacic atcgtggcca accc.ctgagc accccitatca accc.cctatt gtagtaaact 72 O 

tggaac ctitg gaaatgacca ggccalagact caa.gc.ct coc cagttctact gacctttgtc 78O 

Cttaggtgtg aggtoc aggg ttgctaggaa aagaaat cag Cagacac agg ttagaccag 84 O 

agtgtttctt aaatggtgta attttgtc.ct citctgtgtcc toggggaatac tdgc.catgcc 9 OO 

tggaga cata t cacticaatt t citctgagga cacagatagg atggggtgtc. ttgttattt 96.O 

gtgggg taca gagatgaaag aggggtggga t cc acactga gagagtggag agtgacatgt 1 O2O 

gctgga cact gtc catgaag cactgagcag aagctggagg cacaacgcac Cagacactica 108 O 

Cagcaaggat ggagctgaaa acatalacc.ca citctgtc.ctg gaggc actgg gaa.gc.ct aga 114 O 

gaaggctgtg agccaaggag ggagggtctt CCtttgg cat gggatgggga tigaagitalagg 12 OO 

agaggg actg gaccCC ctgg aagctgattic act atggggg gaggtgtatt gaagt cct c C 126 O 

agacaa.ccct cagatttgat gattt cotag tagaact cac agaaataaag agctgttata 132O 

Ctgtg 1325 

<210s, SEQ ID NO 33 
&211s LENGTH: 261 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 33 

Met Trp Val Pro Val Val Phe Lieu. Thir Lieu. Ser Val Thir Trp Ile Gly 
1. 5 1O 15 

Ala Ala Pro Lieu. Ile Lieu. Ser Arg Ile Val Gly Gly Trp Glu. Cys Glu 
2O 25 3O 

Llys His Ser Glin Pro Trp Glin Val Lieu Val Ala Ser Arg Gly Arg Ala 
35 4 O 45 

Val Cys Gly Gly Val Lieu Val His Pro Gln Trp Val Lieu. Thir Ala Ala 
SO 55 6 O 

His Cys Ile Arg Asn Llys Ser Val Ile Lieu. Lieu. Gly Arg His Ser Lieu. 
65 70 7s 8O 

Phe His Pro Glu Asp Thr Gly Glin Val Phe Glin Val Ser His Ser Phe 
85 90 95 

Pro His Pro Lieu. Tyr Asp Met Ser Lieu. Lieu Lys Asn Arg Phe Lieu. Arg 
1OO 105 11 O 

Pro Gly Asp Asp Ser Ser His Asp Lieu Met Lieu. Lieu. Arg Lieu. Ser Glu 
115 12 O 125 

Pro Ala Glu Lieu. Thir Asp Ala Wall Lys Wal Met Asp Lieu Pro Thr Glin 
13 O 135 14 O 

Glu Pro Ala Leu Gly Thr Thr Cys Tyr Ala Ser Gly Trp Gly Ser Ile 
145 150 155 160 
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gaaataaaga gctgttatac ttg 1464 

<210s, SEQ ID NO 35 
&211s LENGTH: 261 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 35 

Met Trp Val Pro Val Val Phe Lieu. Thir Lieu. Ser Val Thir Trp Ile Gly 
1. 5 1O 15 

Ala Ala Pro Lieu. Ile Lieu. Ser Arg Ile Val Gly Gly Trp Glu. Cys Glu 
2O 25 3O 

Llys His Ser Glin Pro Trp Glin Val Lieu Val Ala Ser Arg Gly Arg Ala 
35 4 O 45 

Val Cys Gly Gly Val Lieu Val His Pro Gln Trp Val Lieu. Thir Ala Ala 
SO 55 6 O 

His Cys Ile Arg Asn Llys Ser Val Ile Lieu. Lieu. Gly Arg His Ser Lieu. 
65 70 7s 8O 

Phe His Pro Glu Asp Thr Gly Glin Val Phe Glin Val Ser His Ser Phe 
85 90 95 

Pro His Pro Lieu. Tyr Asp Met Ser Lieu. Lieu Lys Asn Arg Phe Lieu. Arg 
1OO 105 11 O 

Pro Gly Asp Asp Ser Ser His Asp Lieu Met Lieu. Lieu. Arg Lieu. Ser Glu. 
115 12 O 125 

Pro Ala Glu Lieu. Thir Asp Ala Wall Lys Wal Met Asp Lieu Pro Thr Glin 
13 O 135 14 O 

Glu Pro Ala Leu Gly Thr Thr Cys Tyr Ala Ser Gly Trp Gly Ser Ile 
145 150 155 160 

Glu Pro Glu Glu Phe Lieu. Thr Pro Llys Llys Lieu. Glin Cys Val Asp Lieu. 
1.65 17O 17s 

His Val Ile Ser Asn Asp Val Cys Ala Glin Val His Pro Glin Llys Val 
18O 185 19 O 

Thr Llys Phe Met Lieu. Cys Ala Gly Arg Trp Thr Gly Gly Lys Ser Thr 
195 2OO 2O5 

Cys Ser Gly Asp Ser Gly Gly Pro Lieu Val Cys Asn Gly Val Lieu. Glin 
21 O 215 22O 

Gly Ile Thr Ser Trp Gly Ser Glu Pro Cys Ala Leu Pro Glu Arg Pro 
225 23 O 235 24 O 

Ser Lieu. Tyr Thr Llys Val Val His Tyr Arg Llys Trp Ile Lys Asp Thr 
245 250 255 

Ile Wall Ala Asn. Pro 
26 O 

<210s, SEQ ID NO 36 
&211s LENGTH: 1495 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 36 

gggggagc cc caa.gct tacc acctgcaccc ggaga.gctgt gtcac catgt gggtc.ccggit 6 O 

tgtc.tt cotc accctgtc.cg togacgtggat tdgtgctgca ccc ct catcc tdt ct cqgat 12 O 

tgtgggaggc tigggagtgcg agaag catt C C Caac cctgg Caggtgcttg tdgcct citcg 18O 
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Llys Lieu. Glin Cys Val Asp Lieu. His Val Ile Ser Asn Asp Val Cys Ala 
13 O 135 14 O 

Glin Val His Pro Gln Lys Val Thr Llys Phe Met Lieu. Cys Ala Gly Arg 
145 150 155 160 

Trp Thr Gly Gly Lys Ser Thr Cys Ser Gly Asp Ser Gly Gly Pro Leu 
1.65 17O 17s 

Val Cys Asn Gly Val Lieu. Glin Gly Ile Thr Ser Trp Gly Ser Glu Pro 
18O 185 19 O 

Cys Ala Leu Pro Glu Arg Pro Ser Leu Tyr Thr Lys Val Val His Tyr 
195 2OO 2O5 

Arg Llys Trp Ile Lys Asp Thir Ile Val Ala 
21 O 215 

<210s, SEQ ID NO 38 
&211s LENGTH: 227 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 38 

Met Trp Val Pro Val Val Phe Lieu. Thir Lieu. Ser Val Thir Trp Ile Gly 
1. 5 1O 15 

Ala Ala Pro Lieu. Ile Lieu. Ser Arg Ile Val Gly Gly Trp Glu. Cys Glu 
2O 25 3O 

Llys His Ser Gln Pro Trp Glin Val Lieu Val Ala Ser Arg Gly Arg Ala 
35 4 O 45 

Val Cys Gly Gly Val Lieu Val His Pro Gln Trp Val Lieu. Thir Ala Ala 
SO 55 6 O 

His Cys Ile Arg Asn Llys Ser Val Ile Lieu. Lieu. Gly Arg His Ser Lieu. 
65 70 7s 8O 

Phe His Pro Glu Asp Thr Gly Glin Val Phe Glin Val Ser His Ser Phe 
85 90 95 

Pro His Pro Lieu. Tyr Asp Met Ser Lieu. Lieu Lys Asn Arg Phe Lieu. Arg 
1OO 105 11 O 

Pro Gly Asp Asp Ser Ser His Asp Lieu Met Lieu. Lieu. Arg Lieu. Ser Glu 
115 12 O 125 

Pro Ala Glu Lieu. Thir Asp Ala Wall Lys Wal Met Asp Lieu Pro Thr Glin 
13 O 135 14 O 

Glu Pro Ala Leu Gly Thr Thr Cys Tyr Ala Ser Gly Trp Gly Ser Ile 
145 150 155 160 

Glu Pro Glu Glu Phe Lieu. Thr Pro Llys Llys Lieu. Glin Cys Val Asp Lieu. 
1.65 17O 17s 

His Val Ile Ser Asn Asp Val Cys Ala Glin Val His Pro Glin Llys Val 
18O 185 19 O 

Thr Llys Phe Met Lieu. Cys Ala Gly Arg Trp Thr Gly Gly Lys Ser Thr 
195 2OO 2O5 

Cys Ser Val Ser His Pro Tyr Ser Glin Asp Leu Glu Gly Lys Gly Glu 
21 O 215 22O 

Trp Gly Pro 
225 

<210s, SEQ ID NO 39 
&211s LENGTH: 104 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
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<4 OOs, SEQUENCE: 39 

Met Trp Val Pro Val Val Phe Lieu. Thir Lieu. Ser Val Thir Trp Ile Gly 
1. 5 1O 15 

Glu Arg Gly His Gly Trp Gly Asp Ala Gly Glu Gly Ala Ser Pro Asp 
2O 25 3O 

Cys Glin Ala Glu Ala Leu Ser Pro Pro Thr Gln His Pro Ser Pro Asp 
35 4 O 45 

Arg Glu Lieu. Gly Ser Phe Lieu. Ser Lieu Pro Ala Pro Lieu. Glin Ala His 
SO 55 6 O 

Thr Pro Ser Pro Ser Ile Lieu. Glin Glin Ser Ser Lieu. Pro His Glin Wall 
65 70 7s 8O 

Pro Ala Pro Ser His Lieu. Pro Glin Asn. Phe Lieu. Pro Ile Ala Glin Pro 
85 90 95 

Ala Pro Cys Ser Glin Lieu. Lieu. Tyr 
1OO 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 261 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 4 O 

Met Trp Val Pro Val Val Phe Lieu. Thr Lieu Ser Val Thr Trp Ile Gly 
1. 5 1O 15 

Ala Ala Pro Lieu. Ile Lieu. Ser Arg Ile Val Gly Gly Trp Glu. Cys Glu 
2O 25 3O 

Llys His Ser Glin Pro Trp Glin Val Lieu Val Ala Ser Arg Gly Arg Ala 
35 4 O 45 

Val Cys Gly Gly Val Lieu Val His Pro Gln Trp Val Lieu. Thir Ala Ala 
SO 55 6 O 

His Cys Ile Arg Asn Llys Ser Val Ile Lieu. Lieu. Gly Arg His Ser Lieu. 
65 70 7s 8O 

Phe His Pro Glu Asp Thr Gly Glin Val Phe Glin Val Ser His Ser Phe 
85 90 95 

Pro His Pro Lieu. Tyr Asp Met Ser Lieu. Lieu Lys Asn Arg Phe Lieu. Arg 
1OO 105 11 O 

Pro Gly Asp Asp Ser Ser His Asp Lieu Met Lieu. Lieu. Arg Lieu. Ser Glu 
115 12 O 125 

Pro Ala Glu Lieu. Thir Asp Ala Wall Lys Wal Met Asp Lieu Pro Thr Glin 
13 O 135 14 O 

Glu Pro Ala Leu Gly Thr Thr Cys Tyr Ala Ser Gly Trp Gly Ser Ile 
145 150 155 160 

Glu Pro Glu Glu Phe Lieu. Thr Pro Llys Llys Lieu. Glin Cys Val Asp Lieu. 
1.65 17O 17s 

His Val Ile Ser Asn Asp Val Cys Ala Glin Val His Pro Glin Llys Val 
18O 185 19 O 

Thr Llys Phe Met Lieu. Cys Ala Gly Arg Trp Thr Gly Gly Lys Ser Thr 
195 2OO 2O5 

Cys Ser Gly Asp Ser Gly Gly Pro Lieu Val Cys Asn Gly Val Lieu. Glin 
21 O 215 22O 

Gly Ile Thr Ser Trp Gly Ser Glu Pro Cys Ala Leu Pro Glu Arg Pro 
225 23 O 235 24 O 
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<210s, SEQ ID NO 42 
&211s LENGTH: 1134 
&212s. TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 42 

atggtgacag gctggcatcg tccaa.catgg attgaaatag accgc.gcagc aatticgcgaa 6 O 

aatataaaaa atgaacaaaa taalacticccg gaaagtgtcg act tatgggc agtag to aaa 12 O 

gctaatgcat atggtcacgg aattatcgala gttgctagga C9gcgaaaga agctggagca 18O 

aaaggtttct gcgtagcc at tittagatgag gcactggctic ttagaga agc tiggatttcaa 24 O 

gatgactitta ttcttgttgct ttgcaa.cc agaaaagaag atgctaatct ggcagccaaa 3OO 

aaccacattt cactitact.gt ttittagagaa gattggctag agaatctaac got agaa.gca 360 

acactt.cgaa tt catttalaa agtagatagc gg tatggggc gtctcggitat it cqtacgact 42O 

gaagaa.gcac ggc gaattga agcaaccagt actaatgatc accaattaca actggaaggit 48O 

atttacacgc attittgcaac agc.cgaccag ctagaaacta gttattittga acaacaatta 54 O 

gctaagttcc aaacgattitt aacgagttta aaaaaacgac caact tatgt toatacago c 6OO 

aatticagotg citt cattgtt acago cacaa atcgggitttg atgcq attcg ctittgg tatt 660 

tcqatig tatg gattaact co citccacagaa atcaaaacta gcttgcc.gtt tdagcttaaa 72 O 

Cctgcacttg cactictatac Cagatggitt catgtgaaag aacttgcacc aggcgatagc 78O 

gttagctacg gagcaactta tacagcaa.ca gagcgagaat gggttgcgac attaccalatt 84 O 

ggctatgcgg atggattgat t cqt cattac agtggtttcc atgttittagt agacggtgaa 9 OO 

c cagct coaa to attggit cq agtttgtatg gatcaaacca toataaaact accacgtgaa 96.O 

tittcaaactg gttcaaaagt aacgataatt ggcaaagatc atggtaacac ggtaa.ca.gca 1 O2O 

gatgatgc.cg ct caat attt agatacaatt aattatgagg taacttgttt gttaaatgag 108 O 

cgcataccta gaaaatacat coattagcgc atacctagaa aatacat coa ttag 1134 

<210s, SEQ ID NO 43 
&211s LENGTH: 368 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 43 

Met Val Thr Gly Trp His Arg Pro Thir Trp Ile Glu Ile Asp Arg Ala 
1. 5 1O 15 

Ala Ile Arg Glu Asn. Ile Lys Asn. Glu Glin Asn Llys Lieu Pro Glu Ser 
2O 25 3O 

Val Asp Lieu. Trp Ala Val Val Lys Ala Asn Ala Tyr Gly His Gly Ile 
35 4 O 45 

Ile Glu Val Ala Arg Thr Ala Lys Glu Ala Gly Ala Lys Gly Phe Cys 
SO 55 6 O 

Val Ala Ile Lieu. Asp Glu Ala Lieu Ala Lieu. Arg Glu Ala Gly Phe Glin 
65 70 7s 8O 

Asp Asp Phe Ile Lieu Val Lieu. Gly Ala Thr Arg Lys Glu Asp Ala Asn 
85 90 95 

Lieu Ala Ala Lys Asn His Ile Ser Lieu. Thr Val Phe Arg Glu Asp Trp 
1OO 105 11 O 

Lieu. Glu Asn Lieu. Thir Lieu. Glu Ala Thr Lieu. Arg Ile His Lieu Lys Val 
115 12 O 125 
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Asp Ser Gly Met Gly Arg Lieu. Gly Ile Arg Thir Thr Glu Glu Ala Arg 
13 O 135 14 O 

Arg Ile Glu Ala Thir Ser Thr Asn Asp His Glin Lieu Gln Lieu. Glu Gly 
145 150 155 160 

Ile Tyr Thr His Phe Ala Thr Ala Asp Gln Leu Glu Thir Ser Tyr Phe 
1.65 17O 17s 

Glu Glin Glin Lieu Ala Llys Phe Glin Thir Ile Lieu. Thir Ser Lieu Lys Llys 
18O 185 19 O 

Arg Pro Thir Tyr Val His Thr Ala Asn. Ser Ala Ala Ser Lieu. Lieu. Glin 
195 2OO 2O5 

Pro Glin Ile Gly Phe Asp Ala Ile Arg Phe Gly Ile Ser Met Tyr Gly 
21 O 215 22O 

Lieu. Thr Pro Ser Thr Glu Ile Llys Thr Ser Leu Pro Phe Glu Lieu Lys 
225 23 O 235 24 O 

Pro Ala Lieu Ala Lieu. Tyr Thr Glu Met Val His Val Lys Glu Lieu Ala 
245 250 255 

Pro Gly Asp Ser Val Ser Tyr Gly Ala Thr Tyr Thr Ala Thr Glu Arg 
26 O 265 27 O 

Glu Trp Val Ala Thr Lieu Pro Ile Gly Tyr Ala Asp Gly Lieu. Ile Arg 
27s 28O 285 

His Tyr Ser Gly Phe His Val Lieu Val Asp Gly Glu Pro Ala Pro Ile 
29 O 295 3 OO 

Ile Gly Arg Val Cys Met Asp Glin Thir Ile Ile Llys Lieu Pro Arg Glu 
3. OS 310 315 32O 

Phe Glin Thr Gly Ser Lys Val Thir Ile Ile Gly Lys Asp His Gly Asn 
3.25 330 335 

Thr Val Thir Ala Asp Asp Ala Ala Glin Tyr Lieu. Asp Thir Ile Asn Tyr 
34 O 345 35. O 

Glu Val Thir Cys Lieu. Lieu. Asn. Glu Arg Ile Pro Arg Llys Tyr Ile His 
355 360 365 

<210s, SEQ ID NO 44 
&211s LENGTH: 870 
&212s. TYPE: DNA 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 44 

atgaaagtat tagtaaataa ccatttagtt gaaagagaag atgccacagt tdacattgaa 6 O 

gaccgcggat at Cagtttgg tatggtgta tatgaagtag titcgt.ctata taatggaaaa 12 O 

ttctitt actt ataatgaaca cattgatcgc titatatgcta gtgcagdaaa aattgacitta 18O 

gttatt cott attccaaaga agagctacgt gaattacttgaaaaattagt togc.cgaaaat 24 O 

aatat caata cagggaatgt c tatttacaa gtgacticgtg gtgttcaaaa cccacgtaat 3OO 

catgtaatcc ctdatgattt coct citagaa gcc.gttittaa cagcago agc ticgtgaagta 360 

Cctagaaacg agcgtcaatt C9ttgaaggt ggaacggcga ttacagaaga agatgtgcgc 42O 

tggittacgct gtgat attaa gagcttaaac Cttittaggaa at attctago: aaaaaataaa 48O 

gCacat Caac aaaatgctitt ggaagctatt ttacatcgcg gggaacaagt aac agaatgt 54 O 

tctgcttcaa acgtttct at tattaaagat gigtigt attat gigacgcatgc ggcagataac 6OO 

ttaatc.ttaa atggitat cact cqtcaagtt at cattgatgttgcgaaaaa gaatggcatt 660 
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Cctgttaaag aag.cggattt cactittaa.ca gacct tcgtg aag.cggatga agtgttcatt 72 O 

t caagtacaa citattgaaat tacaccitatt acgcatattg acggagttca agtagctgac 78O 

ggaaaacgtg gaccaattac agcgcaactt catcaatatt ttgtagaaga aat cact cqt 84 O 

gcatgtggcg aattagagtt to aaaataa 87 O 

<210s, SEQ ID NO 45 
&211s LENGTH: 289 
212. TYPE: PRT 

<213> ORGANISM: Listeria monocytogenes 

<4 OOs, SEQUENCE: 45 

Met Llys Val Lieu Val Asn. Asn His Lieu Val Glu Arg Glu Asp Ala Thr 
1. 5 1O 15 

Val Asp Ile Glu Asp Arg Gly Tyr Glin Phe Gly Asp Gly Val Tyr Glu 
2O 25 3O 

Val Val Arg Lieu. Tyr Asn Gly Llys Phe Phe Thr Tyr Asn Glu. His Ile 
35 4 O 45 

Asp Arg Lieu. Tyr Ala Ser Ala Ala Lys Ile Asp Lieu Val Ile Pro Tyr 
SO 55 6 O 

Ser Lys Glu Glu Lieu. Arg Glu Lieu. Lieu. Glu Lys Lieu Val Ala Glu Asn 
65 70 7s 8O 

Asn Ile Asn Thr Gly Asn Val Tyr Lieu. Glin Val Thr Arg Gly Val Glin 
85 90 95 

Asn Pro Arg Asn His Val Ile Pro Asp Asp Phe Pro Lieu G 
1OO 105 1. 

Gly Val 

Lieu. Thir Ala Ala Ala Arg Glu Val Pro Arg Asn. Glu Arg Glin Phe Val 
115 12 O 125 

Glu Gly Gly Thr Ala Ile Thr Glu Glu Asp Val Arg Trp Lieu. Arg Cys 
13 O 135 14 O 

Asp Ile Llys Ser Lieu. Asn Lieu. Lieu. Gly Asn. Ile Lieu Ala Lys Asn Lys 
145 150 155 160 

Ala His Glin Glin Asn Ala Lieu. Glu Ala Ile Lieu. His Arg Gly Glu Glin 
1.65 17O 17s 

Val Thr Glu. Cys Ser Ala Ser Asn Val Ser Ile Ile Lys Asp Gly Val 
18O 185 19 O 

Lieu. Trp Thr His Ala Ala Asp Asn Lieu. Ile Lieu. Asn Gly Ile Thr Arg 
195 2OO 2O5 

Glin Val Ile Ile Asp Wall Ala Lys Lys Asn Gly Ile Pro Wall Lys Glu 
21 O 215 22O 

Ala Asp Phe Thr Lieu. Thir Asp Lieu. Arg Glu Ala Asp Glu Val Phe Ile 
225 23 O 235 24 O 

Ser Ser Thr Thr Ile Glu Ile Thr Pro Ile Thr His Ile Asp Gly Val 
245 250 255 

Glin Val Ala Asp Gly Lys Arg Gly Pro Ile Thr Ala Glin Lieu. His Glin 
26 O 265 27 O 

Tyr Phe Val Glu Glu Ile Thr Arg Ala Cys Gly Glu Lieu. Glu Phe Ala 
27s 28O 285 

Lys 

<210s, SEQ ID NO 46 
&211s LENGTH: 6523 
&212s. TYPE: DNA 
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ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Adv271-actAF1 primer 

SEQUENCE: 47 

cggaatt.cgg atcc.gc.gc.ca aat cattggit tattg 36 

SEQ ID NO 48 
LENGTH: 37 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Adv272-actAR1 primer 

SEQUENCE: 48 

gcgagt cac gtcggggitta atcgtaatgc aattggc 37 

SEQ ID NO 49 
LENGTH: 35 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Adv273-actAF2 primer 

SEQUENCE: 49 

gcgagt cac ccatacgacg tta attcttg caatg 35 

SEO ID NO 5 O 
LENGTH: 39 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Adv274-actAR2 primer 

SEQUENCE: 5 O 

gatactgcag gigatcct tcc cittct cqgta at cagt cac 39 

SEO ID NO 51 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primer 3 which binds externally to actA region 

SEQUENCE: 51 

tgggatggcc aagaaattic 19 

SEO ID NO 52 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primer 4 which binds externally to actA region 

SEQUENCE: 52 

ctaccatgtc titc.cgttgct td 22 

< 4 OOs 

SEO ID NO 53 
LENGTH: 10 
TYPE PRT 

ORGANISM: Homo sapiens 

SEQUENCE: 53 
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His Cys Ile Arg Asn Llys Ser Val Ile Lieu. 
1. 5 1O 

<210s, SEQ ID NO 54 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Human papilloma virus type 16 

<4 OOs, SEQUENCE: 54 

Arg Ala His Tyr Asn Ile Val Thr Phe 
1. 5 

<210s, SEQ ID NO 55 
&211s LENGTH: 24 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OO > SEQUENCE: 55 

Met Trp Val Pro Val Val Phe Lieu. Thir Lieu. Ser Val Thir Trp Ile Gly 
1. 5 1O 

Ala Ala Pro Lieu. Ile Lieu. Ser Arg 
2O 

1. A recombinant Listeria strain comprising a first and 
second nucleic acid molecule, each said nucleic acid mol 
ecule encoding a heterologous antigenic polypeptide or an 
immunogenic fragment thereof, wherein said first nucleic 
acid molecule is integrated into the Listeria genome in an 
open reading frame with an endogenous PEST-containing 
gene, and wherein said recombinant Listeria Strain comprises 
an episomal expression vector comprising said second 
nucleic acid molecule encoding a heterologous antigen. 

2. (canceled) 
3. (canceled) 
4. (canceled) 
5. The recombinant Listeria strain of claim 1, wherein said 

second nucleic acid molecule encoding a heterologous anti 
gen is present in said episomal expression vector in an open 
reading frame with a nucleic acid sequence encoding a PEST 
containing polypeptide. 

6. The recombinant Listeria strain of claim 1, wherein said 
PEST-containing gene is LLO or Act.A. 

7. (canceled) 
8. The recombinant Listeria strain of claim 1, wherein said 

first or second nucleic acid molecule encodes a angiogenic 
polypeptide expressed by a tumor cell. 

9. (canceled) 
10. The recombinant Listeria strain of claim 1, wherein 

said first or second nucleic acid molecule encodes a prostate 
specific antigen (PSA) or a High Molecular Weight-Mela 
noma Associated Antigen (HMW-MAA). 

11. (canceled) 
12. The recombinant Listeria strain of claim 1, wherein 

said first nucleic acid molecule is a vector designed for site 
specific homologous recombination into the Listeria genome. 

13. (canceled) 
14. The recombinant Listeria strain of claim 1, wherein 

said recombinant Listeria strain is an auxotrophic Listeria 
strain. 

15 

15. The recombinant Listeria strain of claim 14, wherein 
said auxotrophic Listeria Strain is a dal/dat mutant. 

16. (canceled) 
17. (canceled) 
18. (canceled) 
19. (canceled) 
20. (canceled) 
21. The recombinant Listeria strain of claim 1, wherein 

said recombinant Listeria Strain has been passaged through 
an animal host. 

22. The recombinant Listeria strain of claim 1, wherein 
said recombinant Listeria Strain is a recombinant Listeria 
monocytogenes strain. 

23. (canceled) 
24. A method of inducing an immune response to an anti 

gen in a Subject comprising administering a recombinant 
Listeria strain to said Subject, wherein said recombinant List 
eria strain comprises a first and second nucleic acid molecule, 
each said nucleic acid molecule encoding a heterologous 
antigenic polypeptide or an immunogenic fragment thereof, 
wherein said first nucleic acid molecule is operably integrated 
into the Listeria genome in an open reading frame with an 
endogenous PEST-containing gene, and wherein said recom 
binant Listeria strain comprises an episomal expression vec 
tor comprising said second nucleic acid molecule encoding a 
heterologous antigen. 

25. (canceled) 
26. (canceled) 
27. (canceled) 
28. The method of claim 24, wherein said second nucleic 

acid molecule encoding a heterologous antigen is present in 
said episomal expression vector in an open reading frame 
with a nucleic acid sequence encoding a PEST-containing 
polypeptide. 

29. The method of claim 24, wherein said PEST-containing 
gene is LLO or ActA. 

30. (canceled) 
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31. The method of claim 24, wherein said first or second 
nucleic acid molecule encodes a angiogenic polypeptide 
expressed by a tumor cell. 

32. (canceled) 
33. The method of claim 24, wherein said first or second 

nucleic acid molecule encodes a prostate specific antigen 
(PSA) or a High Molecular Weight-Melanoma Associated 
Antigen (HMW-MAA). 

34. (canceled) 
35. The method of claim 24, wherein said first nucleic acid 

molecule is a vector designed for site-specific homologous 
recombination into the Listeria genome. 

36. (canceled) 
37. The method of claim 24, wherein said recombinant 

Listeria Strain is an auxotrophic Listeria Strain. 
38. The method of claim 37, wherein said auxotrophic 

Listeria Strain is a dal/dat mutant. 
39. (canceled) 
40. (canceled) 
41. (canceled) 
42. (canceled) 
43. (canceled) 
44. The method of claim 24, wherein said recombinant 

Listeria Strain has been passaged through an animal host. 
45. The method of claim 24, wherein said recombinant 

Listeria Strain is a recombinant Listeria monocytogenes 
strain. 

46. (canceled) 
47. The method of claim 24, wherein said recombinant 

Listeria Strain is administered orally or parenterally. 
48. A method of treating, Suppressing, or inhibiting a can 

cer in a Subject comprising administering a recombinant List 
eria Strain of claim 1 to said subject. 

49. The method of claim 48, wherein said first or second 
nucleic acid molecule encodes a prostate specific antigen 
(PSA) or a High Molecular Weight-Melanoma Associated 
Antigen (HMW-MAA). 

50. (canceled) 
51. The method of claim 49, wherein said cancer is prostate 

cancer, ovarian cancer, breast cancer, brain cancer, lung can 
cer, gastrointestinal cancer, melanoma, pancreatic cancer, 
sarcoma, or a combination thereof. 

52. (canceled) 
53. (canceled) 
54. (canceled) 
55. A method of treating, Suppressing, or inhibiting at least 

one tumor in a Subject, comprising administering a recombi 
nant Listeria strain of claim 1 to said subject. 

56. The method of claim 55, wherein said first or second 
nucleic acid molecule encodes a prostate specific antigen 
(PSA) or a High Molecular Weight-Melanoma Associated 
Antigen (HMW-MAA). 

57. (canceled) 
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58. The method of claim 56, wherein said tumor is an 
ovarian tumor, prostate tumor, brain tumor, lung tumor, gas 
trointestinal tumor, pancreatic tumor, breast tumor, or a com 
bination thereof. 

59. (canceled) 
60. (canceled) 
61. (canceled) 
62. (canceled) 
63. (canceled) 
64. (canceled) 
65. (canceled) 
66. (canceled) 
67. (canceled) 
68. (canceled) 
69. (canceled) 
70. (canceled) 
71. (canceled) 
72. (canceled) 
73. (canceled) 
74. (canceled) 
75. (canceled) 
76. (canceled) 
77. (canceled) 
78. (canceled) 
79. (canceled) 
80. (canceled) 
81. A method of producing a recombinant Listeria Strain 

expressing two antigens, the method comprising: 
(a) Genetically fusing a first nucleic acid encoding a first 

antigen into the Listeria genome in an open reading 
frame with an endogenous PEST-containing gene; 

(b) Transforming said recombinant Listeria with an episo 
mal expression vector comprising a second nucleic acid 
encoding a second antigen; and 

(c) Expressing said first and second antigens under condi 
tions conducive to antigenic expression in said recom 
binant Listeria strain. 

82. (canceled) 
83. The recombinant Listeria of claim 12, wherein said first 

integrated nucleic acid molecule comprises a site-specific 
integrase gene. 

84. The recombinant Listeria of claim 83, wherein said 
site-specific integrase gene is A118 or U153. 

85. The recombinant Listeria of claim 12, wherein said 
vector is a phage integration vector. 

86. The method of claim 35, wherein said first integrated 
nucleic acid molecule comprises a site-specific integrase 
gene. 

87. The method of claim 86, wherein said site-specific 
integrase gene is A118 or U153. 

88. The recombinant Listeria of claim 35, wherein said 
vector is a phage integration vector. 

c c c c c 


