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BIOMARKER DIRECTED MULTI-TARGET IMMUNOTHERAPY

FIELD OF INVENTION

[001]  This invention provides methods and compositions for evaluating biomarker expression

in a disease and providing a multi-targeted Listeria-based immunotherapeutic approach against
said disease.
BACKGROUND OF THE INVENTION

[002] A biomarker is a measurable characteristic that reflects the severity or presence of or is

associated with some disease state and that can be used as an indicator of a particular disease
state or some other physiological state of an organism. Biomarkers can be specific cells,
molecules, genes, gene products, enzymes, receptors, mutated versions of any of these cellular
elements or hormones that can be used to identify and/or measure the presence or progress of
disease state, such as a particular cancer or tumor. Further, it is well known that tumors and
cancers can express a set of tumor biomarkers that can be used to identify the presence of or
measure the progress of or the effects of treatment on the tumor or cancer.

[003] Despite the abundant use of biomarkers for diagnosing disease and monitoring
progression of the same, there remains a need for developing therapeutic approaches that make
use of this information to specifically target biomarkers expressed by the disease that are directly
associated with the proliferation or existence of the diseased state and subsequent deterioration of
a subject’s overall health

[004] Listeria monocytogenes (Lm) is an intracellular pathogen that primarily infects antigen
presenting cells and has adapted for life in the cytoplasm of these cells. Listeria monocytogenes
and a protein it produces named listeriolysin O (LLO) have strong adjuvant properties that unlike
the majority of adjuvants used for cellular based immunotherapies, can be administered after
providing an antigen specific treatment or can be used to itself provide antigen-specific treatment
when fusing an antigen of interest to an adjuvant protein expressed by the Listeria, such as LLO
or an ActA protein.

[005] The present invention addresses this need by providing a combinatorial, multi-target
immunotherapeutic approach wherein individual compositions each comprising a recombinant
Listeria-strain expressing a different disease-associated antigen than a counterpart Listeria

present in a separate composition, are administered separately to a subject having a disease, or
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the compositions are administered in combination as single bolus administration. The present
invention further addresses this need by providing a predetermined number disease-associated
antigens or fragments thereof by using a recombinant Listeria expressing at least one fusion
protein comprising the antigen fused to an immunogenic Listeria peptide such as an N-terminal
LLO, truncated LLO, an ActA protein fragment, or a PEST peptide. Use of such compositions
will allow diseases, including tumors, cancers, or others having sub-populations of diseased cells

expressing more than one biomarker to be successfully treated.

SUMMARY OF THE INVENTION

[006] In one aspect, the invention relates to a method of inducing an immune response against

a disease in a subject having said disease, the method comprising the steps of: a. obtaining a
biological sample from said subject; b. evaluating the expression of a predetermined number of
biomarkers in said biological sample; c. administering to said subject a composition comprising
a recombinant Listeria strain, said strain comprising a nucleic acid sequence encoding at least
one fusion protein, wherein said fusion protein comprises a biomarker identified in said
biological sample, wherein said biomarker is associated with said disease, wherein said
biomarker is fused to a PEST-containing polypeptide, and wherein each fusion protein within
said Listeria comprises a different biomarker, thereby inducing a multi-target anti-disease
immune response in said subject.

[007] In one aspect, the invention relates to a method of inducing an immune response against
a disease in a subject having said disease, the method comprising the steps of: a. obtaining a
biological sample from said subject; b. evaluating the expression of a predetermined number of
biomarkers in said biological sample; c¢. administering to said subject a mixture of compositions
each comprising a recombinant Listeria strain, said strain comprising a nucleic acid sequence
encoding fusion protein, wherein said fusion protein comprises a biomarker identified in said
biological sample, wherein said biomarker is associated with said disease, wherein said
biomarker is fused to a PEST-containing polypeptide, and wherein each Listeria strain within
each composition comprises a different biomarker in said fusion protein, thereby inducing a
multi-target anti-disease immune response in said subject.

[008] In arelated aspect, the invention relates to a method of treating a disease in a subject, the

method comprising the steps of: a. obtaining a biological sample from said subject; b. evaluating
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the expression of a predetermined number of biomarkers in said biological sample; c.
administering to said subject a composition comprising a recombinant Listeria strain, said strain
comprising a nucleic acid sequence encoding at least one fusion protein, wherein said fusion
protein comprises a biomarker identified in said biological sample, wherein said biomarker is
associated with said disease, wherein said biomarker is fused to a PEST-containing polypeptide,
and wherein each fusion protein within said Listeria comprises a different biomarker, thereby
treating said disease in said subject..

[009] In a related aspect, the invention relates to a method of treating a disease in a subject,
the method comprising the steps of: a. obtaining a biological sample from said subject; b.
evaluating the expression of a predetermined number of biomarkers in said biological sample; c.
administering to said subject a mixture of compositions each comprising a recombinant Listeria
strain, said strain comprising a nucleic acid sequence encoding fusion protein, wherein said
fusion protein comprises a biomarker identified in said biological sample, wherein said
biomarker is associated with said disease, wherein said biomarker is fused to a PEST-containing
polypeptide, and wherein each Listeria strain within each composition comprises a different
biomarker, thereby treating said disease in said subject.

[010] In another aspect, the invention relates to a method of preventing a recurrence of a
disease in a subject, the method comprising the steps of: a. obtaining a biological sample from
said subject; b. evaluating the expression of a predetermined number of biomarkers in said
biological sample; c. administering to said subject a composition comprising a recombinant
Listeria strain, said strain comprising a nucleic acid sequence encoding at least one fusion
protein, wherein said fusion protein comprises a biomarker identified in said biological sample,
wherein said biomarker is associated with said disease, wherein said biomarker is fused to a
PEST-containing polypeptide, and wherein each fusion protein within said Listeria comprises a
different biomarker, thereby preventing a recurrence of said disease in said subject.

[011] In another aspect, the invention relates to a method of preventing a recurrence of a
disease in a subject, the method comprising the steps of: a. obtaining a biological sample from
said subject; b. evaluating the expression of a predetermined number of biomarkers in said
biological sample; c. administering to said subject a mixture of compositions each comprising a
recombinant Listeria strain, said strain comprising nucleic acid sequence encoding a fusion

protein, wherein said fusion protein comprises a biomarker identified in said biological sample,
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wherein said biomarker is associated with said disease, wherein said biomarker is fused to a
PEST-containing polypeptide, and wherein each Listeria strain within each composition
comprises a different biomarker, thereby preventing a recurrence of said disease in said subject.

[012] Other features and advantages of the present invention will become apparent from the
following detailed description examples and figures. It should be understood, however, that the
detailed description and the specific examples while indicating preferred embodiments of the
invention are given by way of illustration only, since various changes and modifications within
the spirit and scope of the invention will become apparent to those skilled in the art from this

detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[013] The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present disclosure, the inventions of which can be better
understood by reference to one or more of these drawings in combination with the detailed
description of specific embodiments presented herein. The patent or application file contains at
least one drawing executed in color. Copies of this patent or patent application publication with
color drawing(s) will be provided by the Office upon request and payment of the necessary fee.
[014] Figure 1 shows that Lm-E7 and Lm-LLO-E7 use different expression systems to express
and secrete E7. Lm-E7 was generated by introducing a gene cassette into the orfZ domain of the
L. monocytogenes genome (A). The hly promoter drives expression of the hly signal sequence
and the first five amino acids (AA) of LLO followed by HPV-16 E7. B), Lm-LLO-E7 was
generated by transforming the prfA- strain XFL-7 with the plasmid pGG-55. pGG-55 has the hly
promoter driving expression of a non-hemolytic fusion of LLO-E7. pGG-55 also contains the
prfA gene to select for retention of the plasmid by XFL-7 in vivo.

[015] Figure 2 shows that Lm-E7 and Lm-LLO-E7 secrete E7. Lm-Gag (lane 1), Lm-E7 (lane
2), Lm-LLO-NP (lane 3), Lm-LLO-E7 (lane 4), XFL-7 (lane 5), and 10403S (lane 6) were grown
overnight at 37°C in Luria-Bertoni broth. Equivalent numbers of bacteria, as determined by OD
at 600 nm absorbance, were pelleted and 18 ml of each supernatant was TCA precipitated. E7
expression was analyzed by Western blot. The blot was probed with an anti-E7 mAb, followed
by HRP-conjugated anti-mouse (Amersham), and then developed using ECL detection reagents.

[016] Figure 3 shows that tumor immunotherapeutic efficacy of LLO-E7 fusions. Tumor size
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in millimeters in mice is shown at 7, 14, 21, 28 and 56 days post tumor-inoculation. Naive mice:
open-circles; Lm-LLO-E7: filled circles; Lm-E7: squares; Lm-Gag: open diamonds; and Lm-
LLO-NP: filled triangles.

[017] Figure 4 shows that splenocytes from Lm-LLO-E7-immunized mice proliferate when
exposed to TC-1 cells. C57BL/6 mice were immunized and boosted with Lm-LLO-E7, Lm-E7,
or control rLm strains. Splenocytes were harvested 6 days after the boost and plated with
irradiated TC-1 cells at the ratios shown. The cells were pulsed with *H thymidine and harvested.
Cpm is defined as (experimental cpm) - (no-TC-1 control).

[018] Figure SA shows (A) Western blot demonstrating that Lm-ActA-E7 secretes E7. Lane 1:
Lm-LLO-E7; lane 2: Lm-ActA-E7.001; lane 3; Lm-ActA-E7-2.5.3; lane 4: Lm-ActA-E7-2.5.4.
[019] Figure 5B shows Tumor size in mice administered Lm-ActA-E7 (rectangles), Lm-E7
(ovals), Lm-LLO-E7 (X), and naive mice (non-vaccinated; solid triangles).

[020] Figure 6A shows schematic representation of the plasmid inserts used to create 4 LM
vaccines. Lm-LLO-E7 insert contains all of the Listeria genes used. It contains the hly promoter,
the first 1.3 kb of the hly gene (which encodes the protein LLO), and the HPV-16 E7 gene. The
first 1.3 kb of hly includes the signal sequence (ss) and the PEST region. Lm-PEST-E7 includes
the hly promoter, the signal sequence, and PEST and E7 sequences but excludes the remainder of
the truncated LLO gene. Lm-APEST-E7 excludes the PEST region, but contains the hly
promoter, the signal sequence, E7, and the remainder of the truncated LLO. Lm-E7epi has only
the hly promoter, the signal sequence, and E7.

[021] Figure 6B Top panel: Listeria constructs containing PEST regions induce tumor
regression. Bottom panel: Average tumor sizes at day 28 post-tumor challenge in 2 separate
experiments.

[022] Figure 6C shows Listeria constructs containing PEST regions induce a higher percentage
of E7-specific lymphocytes in the spleen. Average and SE of data from 3 experiments are
depicted.

[023] Figure 7A shows Induction of E7-specific IFN-gamma-secreting CD8" T cells in the
spleens and the numbers penetrating the tumors, in mice administered TC-1 tumor cells and
subsequently administered Lm-E7, Lm-LLO-E7, Lm-ActA-E7, or no vaccine (naive).

[024] Figure 7B shows induction and penetration of E7 specific CD8" cells in the spleens and

tumors of the mice described for (A).
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[025] Figure 8 shows Listeria constructs containing PEST regions induce a higher percentage
of E7-specific lymphocytes within the tumor. (A) representative data from 1 experiment. (B)
average and SE of data from all 3 experiments.

[026] Figure 9A shows a schematic map of E. coli-Listeria shuttle plasmid pGGS55. CAT(-): E.
coli chloramphenicol transferase; CAT(+): Listeria chloramphenicol transferase; Ori Lm:
replication origin for Listeria; Ori Ec: pl5 origin of replication for E. coli; prfA: Listeria
pathogenicity regulating factor A; LLO: C-terminally truncated listeriolysin O, including its
promoter; E7: HPV E7. Selected restriction sites are also depicted.

[027] Figure 9B shows a schematic map of E. coli-Listeria shuttle plasmid pTV3 (below).
CAT(-): E. coli chloramphenicol transferase; CAT(+): Listeria chloramphenicol transferase; Ori
Lm: replication origin for Listeria; Ori Ec: p15 origin of replication for E. coli; prfA: Listeria
pathogenicity regulating factor A; LLO: C-terminally truncated listeriolysin O, including its
promoter; E7: HPV E7; p60-dal; expression cassette of p60 promoter and Listeria dal gene.
Selected restriction sites are also depicted.

[028] Figure 10 shows the DNA sequence (SEQ ID NO: 81) present upstream and downstream
of the inlC region on the genome of Listeria strain EGD. DNA-up (red), in/C gene (blue) and
DNA-down (black).

[029] Figure 11 shows the sequence of DNA (SEQ ID NO: 82) that is cloned in the temperature
sensitive plasmid, pKSV7 to create in/ C deletion mutant. The restriction enzyme sites used for
cloning of these regions are indicated in caps and underlined. GAATTC- EcoRI, GGATCC-
BamHI and CTGCAg-Pstl. The EcoRI-Pstl insert is cloned in the vector, pKSV7.

[030] Figure 12 shows a Schematic representation of the Lm-dd and Lm-ddD actA strains. The
gel showing the size of PCR products using oligo’s 1/2 and oligo’s 3/4 obtained using e
chromosomal DNA of the strains, Lm-dd and Lm-ddAactA as template.

[031] Figure 13 shows the DNA sequence (SEQ ID NO: 60) present upstream and downstream
of the actA gene in the Listeria chromosome. The region in italics contains the residual actA
sequence element that is present in the LmddAactA strain. The underlined sequence gtcgac
represent the restriction site of Xhol, which is the junction between the N-T and C-T region of
actA.

[032] Figure 14 depicts tumor regression in response to administration of LM vaccine strains

(A). Circles represent naive mice, inverted triangles represent mice administered Lmdd-TV3, and
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crosses represent mice administered Lm-LLOE7.

[033] Figure 15 shows (A) Plasmid map of pAdv164, which harbors bacillus subtilis dal gene
under the control of constitutive Listeria p60 promoter for complementation of the chromosomal
dal-dat deletion in LmddA strain. It also contains the fusion of truncated LLOj-441) to the chimeric
human Her2/neu gene, which was constructed by the direct fusion of 3 fragments the Her2/neu:
EC1 (aa 40-170), EC2 (aa 359-518) and ICI (aa 679-808). (B) Expression and secretion of tLLO-
ChHer2 was detected in Lm-LLO-ChHer2 (Lm-LLO-138) and LmddA-LLO-ChHer2 (ADXS31-
164) by western blot analysis of the TCA precipitated cell culture supernatants blotted with anti-
LLO antibody. A differential band of ~104 KD corresponds to tLLO-ChHer2. The endogenous
LLO is detected as a 58 KD band. Listeria control lacked ChHer2 expression.

[034] Figure 16 (A) Cytotoxic T cell responses elicited by Her2/neu Listeria-based vaccines in
splenocytes from immunized mice were tested using NT-2 cells as stimulators and 3T3/neu cells
as targets. Lm-control was based on the LmddA background that was identical in all ways but
expressed an irrelevant antigen (HPV16-E7). (B) IFN-y secreted by the splenocytes from
immunized FVB/N mice into the cell culture medium, measured by ELISA, after 24 hours of in
vitro stimulation with mitomycin C treated NT-2 cells. (C) IFN-y secretion by splenocytes from
HLA-AZ2 transgenic mice immunized with the chimeric vaccine, in response to in vifro incubation
with peptides from different regions of the protein. A recombinant ChHer2 protein was used as
positive control and an irrelevant peptide or no peptide groups constituted the negative controls as
listed in the figure legend. IFN-y secretion was detected by an ELISA assay using cell culture
supernatants harvested after 72 hours of co-incubation. Each data point was an average of
triplicate data +/- standard error. * P value < 0.001.

[035] Figure 17 represents results from Her2/neu transgenic mice that were injected six times
with each recombinant Listeria-ChHer2 or a control Listeria vaccine. Immunizations started at 6
weeks of age and continued every three weeks until week 21. Appearance of tumors was
monitored on a weekly basis and expressed as percentage of tumor free mice. *p<0.05, N =9 per
group.

[036] Figure 18 shows FVB/N mice were inoculated s.c. with 1 x 10° NT-2 cells and
immunized three times with each vaccine at one week intervals. Spleens were harvested 7 days
after the second immunization. After isolation of the immune cells, they were stained for

detection of Tregs by anti CD3, CD4, CD25 and FoxP3 antibodies. dot-plots of the Tregs from a
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representative experiment showing the frequency of CD25'/FoxP3" T cells, expressed as
percentages of the total CD3" or CD3"CD4" T cells across the different treatment groups.

[037] Figure 19 shows FVB/N mice were inoculated s.c. with 1 x 10° NT-2 cells and
immunized three times with each vaccine at one week intervals. Tumors were harvested 7 days
after the second immunization. After isolation of the immune cells, they were stained for
detection of Tregs by anti CD3, CD4, CD25 and FoxP3 antibodies. (A). dot-plots of the Tregs
from a representative experiment. (B). Frequency of CD25"/FoxP3" T cells, expressed as
percentages of the total CD3" or CD3"CD4" T cells (left panel) and intratumoral CD8/Tregs ratio
(right panel) across the different treatment groups. Data is shown as mean+SEM obtained from 2
independent experiments.

[038] Figure 20 shows a schematic representation of pAdv134 plasmid and dual plasmid. The
restriction sites that will be used for cloning of antigen 1 (Xho I and Spel) and antigen 2 (Xbal
and Sacl or BglIl) genes are indicated. The black arrow represents the direction of transcription.
pl5 ori and RepR refer to Listeria and E. coli origin of replication. tLLO is truncated
Listeriolysin O protein (1-441 aa) and tActA is truncated ActA (1-233 aa) protein. Bacillus-dal
gene codes for D-alanine racemase which complements for the synthesis of D-alanine in LmAdal
dat strain.

[039] Figure 21 shows a decrease in MDSCs and Tregs in tumors. The number of MDSCs on
right-hand panel (B) and Tregs on left-hand panel (A) following Lm vaccination (LmddAPSA
and LmddAE7).

[040] Figures 22A-22D show suppressor assay data demonstrating that monocytic MDSCs
from TPSA23 tumors (PSA expressing tumor) are less suppressive after Listeria vaccination. This
change in the suppressive ability of the MDSCs is not antigen specific as the same decrease in
suppression is seen with PSA-antigen specific T cells and also with non-specifically stimulated T
cells. In Figures 22A and 22B Phorbol-Myristate-Acetate and Ionomycin (PMA/I) represents non-
specific stimulation. In Figures 22C and 22D the term “peptide” represents specific antigen
stimulation. Percent (%) CD3+CD22+ represents % effector (responder) T cells. The No MDSC
group shows the lack of division of the responder T cells when they are left unstimulated and the last
group (PMA/I or peptide added) shows the division of stimulated cells in the absence of MDSCs.
Figures 22A and 22C show individual cell division cycles for each group. Figures 22B and 22D

show pooled division cycles.
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[041] Figures 23A-23D show suppressor assay data demonstrating that Listeria has no effect
on splenic monocytic MDSCs and they are only suppressive in an antigen-specific manner. In
Figures 23A and 23B PMA/I represents non-specific stimulation. In Figures 23C and 23D the
term “peptide” represents specific antigen stimulation. Percent (%) CD3+CDS8+ represents %
effector (responder) T cells. The No MDSC group shows the lack of division of the responder T
cells when they are left unstimulated and the last group (PMA/I or peptide added) shows the
division of stimulated cells in the absence of MDSCs. Figures 23A and 23C show individual cell
division cycles for each group. Figures 23B and 23D show pooled division cycles.

[042] Figures 24A-24D show suppressor assay data demonstrating that granulocytic MDSCs
from tumors have a reduced ability to suppress T cells after Listeria vaccination. This change in the
suppressive ability of the MDSCs is not antigen specific as the same decrease in suppression is seen
with PSA-antigen specific T cells and also with non-specifically stimulated T cells. In Figures 24A
and 24B PMA/I represents non-specific stimulation. In Figures 24C and 24D the term “peptide”
represents specific antigen stimulation. Percent (%) CD3+CD8+ represents % effector (responder) T
cells. The No MDSC group shows the lack of division of the responder T cells when they are left
unstimulated and the last group (PMA/I or peptide added) shows the division of stimulated cells in
the absence of MDSCs. Figures 24A and 24C show individual cell division cycles for each group.
Figures 24B and 24D show pooled percentage division.

[043] Figures 25A -25D show suppressor assay data demonstrating that Listeria has no effect
on splenic granulocytic MDSCs and they are only suppressive in an antigen-specific manner. In
Figures 25A and 25B PMA/I represents non-specific stimulation. In Figures 25C and 25D the
term “peptide” represents specific antigen stimulation. Percent (%) CD3+CDS8+ represents %
effector (responder) T cells. The No MDSC group shows the lack of division of the responder T
cells when they are left unstimulated and the last group (PMA/I or peptide added) shows the
division of stimulated cells in the absence of MDSCs. Figures 25A and 25C show individual cell
division cycles for each group. Figures 25B and 25D show pooled percentage division.

[044] Figures 26A-26D show suppressor assay data demonstrating that Tregs from tumors are
still suppressive. There is a slight decrease in the suppressive ability of Tregs in a non-antigen
specific manner, in this tumor model. In Figures 26A and 26B PMA/I represents non-specific
stimulation. In Figures 26C and 26D the term “peptide” represents specific antigen stimulation.

Percent (%) CD3+CD8+ represents % effector (responder) T cells. The No Treg group shows the
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lack of division of the responder T cells when they are left unstimulated and the last group (PMA/I
or peptide added) shows the division of stimulated cells in the absence of Tregs. Figures 26A and
26C show individual cell division cycles for each group. Figures 26B and 26D show pooled
percentage division.

[045] Figures 27A-27D shows suppressor assay data demonstrating that splenic Tregs are still
suppressive. In Figures 27A and 27B PMA/I represents non-specific stimulation. In Figures 27C
and 27D the term “peptide” represents specific antigen stimulation. Percent (%) CD3+CD8+
represents % effector (responder) T cells. The No Treg group shows the lack of division of the
responder T cells when they are left unstimulated and the last group (PMA/I or peptide added)
shows the division of stimulated cells in the absence of Tregs. Figures 27A and 27C show
individual cell division cycles for each group. Figures 27B and 27D show pooled percentage
division.

[046] Figures 28A-28D show suppressor assay data demonstrating that conventional CD4+ T
cells have no effect on cell division regardless whether they are found in the tumors or spleens of
mice. In Figures 28A and 28B PMA/I represents non-specific stimulation. In Figures 28C and
28D the term “peptide” represents specific antigen stimulation. Percent (%) CD3+CDS8+ represents
% effector (responder) T cells. The No Treg group shows the lack of division of the responder
T cells when they are left unstimulated and the last group (PMA/I or peptide added) shows
the division of stimulated cells in the absence of Tregs. Figures 28C-28D show data from
pooled percentage division.

[047] Figures 29A-29D show suppressor assay data demonstrating that monocytic MDSCs
from 4T1 tumors (Her2 expressing tumors) have decreased suppressive ability after Listeria
vaccination. This change in the suppressive ability of the MDSCs is not antigen specific as the same
decrease in suppression is seen with Her2/neu-antigen specific T cells and also with non-specifically
stimulated T cells. In Figures 29A and 29B PMA/I represents non-specific stimulation. In Figures
29C and 29D the term “peptide” represents specific antigen stimulation. Percent (%) CDS8+
represents % effector (responder) T cells. The No MDSC group shows the lack of division of the
responder T cells when they are left unstimulated and the last group (PMA/I or peptide added)
shows the division of stimulated cells in the absence of MDSCs. Figures 29A and 29C show
individual cell division cycles for each group. Figures 29B and 29D show pooled percentage
division.
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[048] Figures 30A-30D show suppressor assay data demonstrating that there is no Listeria-
specific effect on splenic monocytic MDSCs. In Figures 30A and 30B PMA/I represents non-
specific stimulation. In Figures 30C and 30D the term “peptide” represents specific antigen
stimulation. Percent (%) CD8+ represents % effector (responder) T cells. The No MDSC group
shows the lack of division of the responder T cells when they are left unstimulated and the last group
(PMA/I or peptide added) shows the division of stimulated cells in the absence of MDSC.
Figures 30A and 30C show individual cell division cycles for each group. Figures 30B and 30D
show pooled percentage division.

[049] Figures 31A-31D show suppressor assay data demonstrating that granulocytic MDSCs
from 4T1 tumors (Her2 expressing tumors) have decreased suppressive ability after Listeria
vaccination. This change in the suppressive ability of the MDSCs is not antigen specific as the same
decrease in suppression is seen with Her2/neu-antigen specific T cells and also with non-specifically
stimulated T cells. In Figures 31A and 31B PMA/I represents non-specific stimulation. In Figures
31C and 31D the term “peptide” represents specific antigen stimulation. Percent (%) CDS8+
represents % effector (responder) T cells. The No MDSC group shows the lack of division of the
responder T cells when they are left unstimulated and the last group (PMA/I or peptide added)
shows the division of stimulated cells in the absence of MDSCs. Figures 31A and 31C show
individual cell division cycles for each group. Figures 31B and 31D shows pooled percentage
division.

[050] Figures 32A-32D showed suppressor assay data demonstrating that there is no Listeria-
specific effect on splenic granulocytic MDSCs. In Figures 32A and 32B PMA/I represents non-
specific stimulation. In Figures 32C and 32D the term “peptide” represents specific antigen
stimulation. Percent (%) CD8+ represents % effector (responder) T cells. The No MDSC group
shows the lack of division of the responder T cells when they are left unstimulated and the last group
(PMA/I or peptide added) shows the division of stimulated cells in the absence of MDSCs.
Figures 32A and 32C show individual cell division cycles for each group. Figures 32B and 32D
show pooled percentage division.

[051] Figures 33A-33D show suppressor assay data demonstrating that decrease in the
suppressive ability of Tregs from 4T1 tumors (Her2 expressing tumors) after Listeria vaccination. .
In Figures 33A and 33B PMA/I represents non-specific stimulation. In Figures 33C and 33D the

term “peptide” represents specific antigen stimulation. Percent (%) CDS8+ represents % effector
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(responder) T cells. This decrease is not antigen specific, as the change in Treg suppressive ability is
seen with both Her2/neu-specific and non-specific responder T cells. Figures 33A and 33C show
individual cell division cycles for each group. Figures 33B and 33D show pooled percentage
division.

[052] Figures 34A-34D show suppressor assay data demonstrating that there is no Listeria-
specific effect on splenic Tregs. The responder T cells are all capable of dividing, regardless of the
whether or not they are antigen specific. In Figures 34A and 34B PMA/I represents non-specific
stimulation. In Figures 34C and 34D the term “peptide” represents specific antigen stimulation.
Percent (%) CD8+ represents % effector (responder) T cells. Figures 34A and 34C show
individual cell division cycles for each group. Figures 34B and 34D show pooled percentage
division.

[053] Figures 35A-35D show suppressor assay data demonstrating that suppressive ability of
the granulocytic MDSC is due to the overexpression of tLLO and is independent of the partnering
fusion antigen. Left-hand panels (Figures 35A and 35C) show individual cell division cycles for
each group. Right-hand panels (Figures 35B and 35D) show pooled percentage division.

[054] Figures 36A-36D show suppressor assay data also demonstrating that suppressive ability
of the monocytic MDSC is due to the overexpression of tLLO and is independent of the partnering
fusion antigen. Left-hand panels (Figures 36A and 36C) show individual cell division cycles for
each group. Right-hand panels (Figures 36B and 36D) show pooled percentage division.

[055] Figures 37A-37D show suppressor assay data demonstrating that granulocytic MDSC
purified from the spleen retain their ability to suppress the division of the antigen-specific responder
T cells after Lm vaccination (Figure 37A and 37B). However, after non-specific stimulation,
activated T cells (with PMA/ionomycin) are still capable of dividing (Figures 37C and 37D). Left-
hand panels show individual cell division cycles for each group. Right-hand panels show pooled
percentage division.

[056] Figures 38A-38D show suppressor assay data demonstrating that monocytic MDSC
purified from the spleen retain their ability to suppress the division of the antigen-specific responder
T cells after Lm vaccination (Figures 38A and 38B). However, after non-specific activation
(stimulated by PMA/ionomycin), T cells are still capable of dividing (Figures 38C and 38D). Left-
hand panels show individual cell division cycles for each group. Right-hand panels show pooled

percentage division.

12



WO 2015/126921 PCT/US2015/016348

[057] Figures 39A-39D show suppressor assay data demonstrating that Tregs purified from the
tumors of any of the Lm-treated groups have a slightly diminished ability to suppress the division of
the responder T cells, regardless of whether the responder cells are antigen specific (Figures 39A
and 39B) or non-specifically (Figures 39C and 39D) activated. Left-hand panels show individual
cell division cycles for each group. Right-hand panels show pooled percentage division.

[058] Figures 40A-40D show suppressor assay data demonstrating that Tregs purified from the
spleen are still capable of suppressing the division of both antigen specific (Figures 40A-40B) and
non-specifically (Figures 40C and 40D) activated responder T cells.

[059] Figures 41A-41D show suppressor assay data demonstrating that tumor Tcon cells are
not capable of suppressing the division of T cells regardless of whether the responder cells are
antigens specific (Figures 41A and 41B) or non-specifically activated (Figures 41C and 41D).
[060] Figures 42A-42D show suppressor assay data demonstrating that spleen Tcon cells are
not capable of suppressing the division of T cells regardless of whether the responder cells are
antigens specific (Figures 42A and 42B) or non-specifically activated (Figures 42C and 42D).
[061] Figure 43. Elevated expression of ISG15 in mouse mammary tumors. (A) mRNA was
extracted from autochthonous mouse mammary tumors (n=9) from FVB/N HER2/neu transgenic
mice and normal mammary tissues (n=4) from FVB/N mice. After cDNA conversion, qPCR
analysis was performed to determine relative ISG15 mRNA expression. (B) Western blot
analysis of tissue lysates from normal mammary tissue and HER2/neu mammary tumor tissues
with anti-ISG15 antibody, top panel, and anti-GAPDH antibody to demonstrate equivalent protein
loading, bottom panel. (C) qPCR of cDNA from mammary tumor cell lines NT2 and 4T1-Luc
were compared against normal mammary tissue and non-transformed cell line NIH-3T3 for
expression of ISG15 mRNA (n=3). (D) qPCR analysis of ISG15 expression in a panel of normal
tissues (n=3) compared to autochthonous mammary tumors from HER2/neu transgenic mice
(n=7).

[062] Figure 44. Construction of a Listeria-based CTL vaccine against ISG15. (A) Illustration
depicting the Listeria expression vector, pGG34-LLO-ISG1S5, that was electroporated into the
prfA” XFL7 Listeria strain to construct the attenuated Listeria vaccine, Lm-LLO-ISG15. (B)
Western blot analysis of TCA-precipitated proteins from the media of Lm-LLO-ISGIS5 and
control Lm vaccine, Lm-LLO-OVA, cultures. Precipitated proteins were subjected to SDS-PAGE

and western blot analysis with antibodies against mouse ISG15 (top panel), chicken ovalbumin
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(middle panel), and Listeriolysin O (bottom panel). (C) ELISpot analysis of ISG15-specific IFNYy
responses from splenocytes of 8-week old Balb/c mice that were vaccinated 1.p. twice with either
Lm-LLO-ISG15 or control Lm. Results are depicted as IFNYy-secreting SFCs per 2 x 10°
splenocytes. (D) Number of pups per litter for female mice vaccinated with either a control Lm
vaccine (2x10® CFU) or Lm-LLO-ISG15 (2x10° CFU). (E) Mean pup weight of littermates from
each vaccinated group of females on day one post-birth depicted in grams.

[063] Figure 45. Therapeutic impact on mouse mammary tumors after Lm-LLO-ISG15
vaccination. (A) Tumor load study to determine the effectiveness of Lm-LLO-ISG15 against
implanted NT2 mammary tumors. NT2 tumor cells were implanted s.c. in the hind flank of
FVB/N mice and subsequently vaccinated with Lm-LLO-ISG15 or control Lm. Tumor size was
monitored with calipers until experiment end and tumor volume calculated. (B) Tumor load
study to determine the ability of Lm-LLO-ISG15 vaccination to control the growth of implanted
primary 4T1-Luc mammary tumors. 4T1-Luc tumor cells were implanted in the mammary tissue
of Balb/c mice and mice were subsequently vaccinated with Lm-LLO-ISG15 or control Lm. (C)
Metastatic tumor study to determine the ability of Lm-LLO-ISG15 vaccination to control
metastatic spread of 4T1-Luc after implantation in the mammary gland. Briefly, 4T1-Luc cells
are implanted into the mammary tissue of Balb/c mice and mice are subsequently vaccinated with
Lm-LLO-ISG15 or control Lm. After 32 days post implantation, lungs from vaccinated tumor-
bearing mice are removed and perfused with PBS. Lung surface metastatic nodules were then
counted with a light microscope.

[064] Figure 46. Delayed progression of HER2/neu+ autochthonous mammary tumors and
epitope spreading by Lm-LLO-ISG15. (A) The FVB/N Her2/neu transgenic mouse model was
used to determine if Lm-LLO-ISG1S vaccination can delay autochthonous mammary tumor
progression in comparison to control Lm vaccination. FVB/N HER2/neu transgenic mice were
injected six times with either Lm-LLO-ISG15 (2 x 10® CFU) or the control Lm vaccine, Lm-
LLO-OVA (2 x 10° CFU), starting at 6 wk of age and continued every 3 weeks until week 21.
Tumor incidence was monitored on a weekly basis. (B) ELISpot analysis of ISG15-specific IFN-y
responses in the spontaneous breast tumors from naive mice. After allowing for tumor formation,
tumor-bearing mice were vaccinated twice (day 0 and 7) with Control Lm and Lm-LLO-ISG15
followed by removal of tumors and ELISpot analysis on day 14. (C) ELISpot analysis
demonstrating epitope spreading to HER2/neu in splenocytes of Lm-LLO-ISG15 vaccinated NT2
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tumor-bearing FVB/N HER2/neu transgenic mice at the completion of the experiment. (D) TIL
tetramer analysis demonstrating an increased percentage of HER2/neu-specific CD8+62L- in the
tumors of Lm-LLO-ISG1S5 vaccinated 4T1-Luc tumor bearing mice in comparison to control Lm
vaccinated mice.

[065] Figure 47. Therapeutic impact of ISG15 vaccination is CDS8-dependent. (A) CDS8
depletion experiment of 4T1-Luc tumor-bearing mice. Briefly, Balb/c mice were implanted with
4T1-Luc tumor cells and depleted of CD8" cells or mock depleted in addition to vaccination with
Lm-LLO-ISGIS5 or control Lm. (B) Winn assay performed to measure direct cytolytic activity of
Lm-LLO-ISG15 CDS8-enriched splenocytes. CD4-depleted splenocytes from Lm-LLO-ISG15 or
control Lm vaccinated mice were mixed with 4T1-Luc cells and implanted in naive Balb/c mice.
(C) Graph depicting percent tumor-free survival of Balb/c mice from the experiment depicted in
Figure 47B.

[066] Figure 48. Expansion of ISGI15-specific CTL clones in vivo results in anti-tumor
responses. After implantation of 4T1-Luc tumor cells in the mammary tissue of female Balb/c
mice, mice were subsequently vaccinated with PBS or CpG along with either a control or an
ISG15 epitope peptide. (A) Tumor volume for each group was measured throughout the course
of the experiment. (B) At the conclusion of the experiment, primary tumors were removed and
mean tumor mass for each vaccinated group was calculated. (C) Additionally, lungs from mice of
each vaccinated group were also removed at the conclusion of the experiment for inspection of
surface metastases. Mean number of lung surface metastases was calculated for vaccinated group.
(D) ELISpot analysis of ISG15 dI-specific IFN-y responses by tumor-infiltrating lymphocytes
(TILs) from PBS and pISG15 d1/CPG vaccinated mice. (E) ELISpot analysis of ISG15 d2-
specific IFN-y responses by TILs from PBS and pISG15 d2/CPG vaccinated mice.

[067] Figure 49A shows the design of the Flk-1/VEGFR2 expressing Lm-based constructs.
Each gene fragment was cloned into the expression vector pGG34 fused to LLO and placed under
the control of the ily promoter.

[068] Figure 49B shows the design of the Flk-1/VEGFR2 expressing Lm-based constructs.
Western blot from culture supernatants showing expression of each fusion protein from the
constructs listed. Polyclonal, rabbit, anti-PEST antibody was used for fusion protein detection
(bottom), and mouse anti-LLO antibody was used for confirmation (top). Note that all lanes were

taken from the same Western blot.
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[069] Figure 49C shows the design of the Flk-1/VEGFR2 expressing Lm-based constructs.
IFN-g ELISpot showing CD8" T cell restricted responses ex vivo after immunization with each
construct. The naive group was injected with PBS alone; all groups contained a control Lm group.
Responses are to the corresponding mapped epitopes for each Flk fragment. N=5 per group.
Graphs show MeantSEM; *p<0.05, Mann-Whitney statistical test, experiment repeated once.
[070] Figure 50A shows the design of the Flk-1/VEGFR2 expressing Lm-based constructs.
Cloned regions boxed for each construct built, highlighted/bold amino acids show mapped CTL
epitopes for H2Y MHC 1 haplotype.

[071] Figure 50B shows the Map of the flk gene showing one embodiment of the fragments
used in the present invention.

[072] Figure S0C shows a cartoon showing how the flk fragments used in one embodiment of
the present invention related to the various domains of the flk gene.

[073] Figure 50D shows a macrophage infection assay was performed as described in the
methods. J774A.1 cells were incubated with Listeria constructs, washed, then incubated with
Gentimycin, bacteria that were able to infect the macrophage and escape into the cytoplasm are
shown in Alexa-488 (green), the PE CD11b" halo (red) demarks the cell shape and size.

[074] Figure 51A shows Lm-LLO-Flk-1 vaccines can induce regression of established Her-
2/neu+ tumors in vivo. NT-2 tumor volume (mm®) from mice treated with each construct. Graph
shows MeantSEM; *p<0.05, Mann-Whitney statistical test, N=8 mice per group, experiment
repeated twice.

[075] Figure 51B shows IFN-g ELISpots showing epitope spreading to various Her-2/neu
regions. Splenocytes from the 64-day time point were restimulated ex vivo with Her-2/neu peptide
epitopes. Graph shows MeantSEM; *p<0.05, Mann-Whitney statistical test, N=5 mice per group,
experiment repeated once.

[076] Figure 51C Shows mice were immunized thrice over the course of three weeks after the
initial establishment of NT-2 tumors. In this figure we show staining for the pan-endothelial
marker CD31-PE and nucleus using DAPI. Isotype controls were used on sequential sections as
shown to the right. Quantitation of vessel density performed by Image Pro software. Graph shows
MeantSEM, *p<0.05, Mann-Whitney test, ns = not significant.

[077] Figure 51D Shows staining for the pan-endothelial marker CD31-PE, the nucleus using
DAPI, and the nuclear hypoxic marker Hypoxia Inducible Factor-1o (HIF-1q).
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[078] Figure 52A shows mice with fully regressed tumors show long-term memory to tumor re-
challenge. Mice that had fully regressed tumors were re-challenged with NT-2 in the contra-
lateral flank on day 100. A saline treated group was used as our negative control for tumor
growth.

[079] Figure 52B shows tumor volume for mice that grew tumors after re-challenge on day 100
of tumor free mice. Both graphs refer to a single experiment. Number of tumor free mice was 2/8
for Flk-E1 and Flk-I1 groups, the saline group had 5 mice.

[080] Figure S3A shows anti-angiogenesis vaccines are not effective in mice tolerant to HER-
2/neu. A. FVB/N wild-type (WT) or FVB/N transgenic (Tg) mice were injected with 1x10° NT-2
cells s.c., tumors were allowed to grow until palpable before treatment started. Mice were
immunized a total of three times, mean tumor sizes are shown here for up to 69 days post tumor
inoculation. Graphs show MeantSEM; #*p<0.05, Mann-Whitney test, experiment repeated twice.
[081] Figure 53B shows spleens were processed for IFN-g ELISpots, stimulated with various
Her-2/neu peptides ex vivo, or a third party peptide as a negative control (pGag). Graphs show
MeantSEM; #*p<0.05, Mann-Whitney test, experiment repeated once.

[082] Figure 5S3C shows tumors from each group were pooled and digested for TILs; here we
show Her-2/neu specific T cells staining for CD8o and EC1 or ICI1 specific tetramers.
Significantly more Her-2/neu specific T cells are found in the wild type (WT) but not transgenic
(Tg) mice; control Lm group shows low background. Experiment repeated once giving similar
results.

[083] Figure 54A shows mice protected with anti-Flk-1 Lm-vaccines show reduced primary
tumor growth, tumor burden, and reduced morbidity and mortality when challenged with 4T1
experimental metastases. A. Primary subcutaneous 4T1 tumors grow slower in Lm-LLO-Flk-1
protected animals. Mice were immunized thrice with each vaccine then injected with s.c. and i.v.
with 50,000 4T1 cells. Graph shows MeantSEM for tumor volume.

[084] Figure 54B shows tumor burden shown as percent of tumor free mice after challenge with
4T1 cells s.c. Graph shows mean of 8 mice per treated group.

[085] Figure 54C displays a graph that shows percentage of well/healthy mice based on visual
inspection and observation. N=8 mice per group.

[086] Figure 55A shows that Flk-1 vaccines can protect mice from experimental metastases and

induce weak Her-2/neu epitope spreading in a more aggressive tumor model for breast cancer. A.
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Mice were immunized thrice with each vaccine then injected with 50,000 4T1 cells i.v., tumors
were allowed to grow for 25 days then mice were sacrificed. H+E stained sections were
performed on lung tissues, tumor nodes were counted by hand. Graph shows the number of lung
metastases per lobe per animal, MeantSEM; *p<0.05, Mann-Whitney test, experiment repeated
once, N=5 mice shown.

[087] Figure 55B shows that spleens from these animals were processed and re-challenged ex
vivo in IFN-g ELISpot assays for Her-2/neu epitope spreading. The 4T1 cell line does express
low levels of mouse Her-2/neu. Spreading is seen only in the Flk-1-E1 immunized mice. Graph
shows MeantSEM for spot number per well as compared to control Lm group; *p<0.05, Mann-
Whitney test, experiment repeated once, N=5 per group.

[088] Figure 55C. Shows an experiment where mice were protected via immunization with
each vaccine for a series of three weeks then injected with 50,000 4T1-Luc cells i.v., mice were
imaged longitudinally over the course of four weeks looking for the incidence of lung seeding and
rate of metastasis.

[089] Figure 55D shows that average radiance in photons (p) captured per second (s) per cm®
for the surface area (sr) gated in the ROI. Graph shows MeantSEM; *p<0.05, Mann-Whitney
test. Significance for mice as follows: Day 18, only FlIk-E1 significant; Day 25, both Flk-E1 and
Flk-11 significantly different when compared to control Lm.

[090] Figure S6A shows safety studies using the anti-angiogenesis Flk-1 vaccines. Mice were
immunized thrice as performed in all previous experiments then were allowed to either mate or
entered into wound-healing studies. Mice (n=5/group) were mated with syngeneic FVB/N males,
gestation was confirmed upon the observance of a vaginal plug following coitus. This was
considered as day 0.5dpc. Total gestation length, pup mass at term, and total litter size was
measured, graphs show MeantSEM; *p<0.05.

[091] Figure 56B. A pair of sterile skin biopsies were produced on the back of each vaccinated
mouse (N=5/group). Healing was observed on a daily basis. On day 14 healing was complete for
all groups tested, near identical healing was observed for all groups. Graph shows the number of
days until wound closure, MeantSEM; #*p<0.05, Mann-Whitney test.

[092] Figure 57. Flk-1 vaccine induced epitope spreading may not be due to cross reactivity
between Flk-1 and Her-2/neu shared domains. Mice were immunized thrice with either control
Lm or FIk-I1 vaccine. Splenocytes were processed and re-challenged ex vivo for the secretion of
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IFN-g in response to peptide challenge. Peptides included were the previously mapped pFlk-11
epitope  (PGGPLMVIV; SEQ ID NO: 102), a putative pIC1 epitope for Her-2/neu
(GSGAFGTVYK; SEQ ID NO: 99) or the epitope in question, a putative shared epitope between
the Her-2/neu and Flk-1 kinase domains (GRGAFGQVI; SEQ ID NO: 103), and a third party
epitope used as a negative control (pGag). Graph shows MeantSEM, N=3/group.

[093] Figure 58A. Flk-1 vaccines can significantly delay tumor outgrowth in spontaneous,
orthotopic models for Her-2/neu breast cancer. Transgenic FVB-rHer-2/neu mice were
immunized thrice with each Flk vaccine or control Lm alone. Tumors from each mouse were
examined for mutated Her-2/neu message. Message RNA was collected, cDNA synthesized and
sequenced. The resulting sequence was paired alongside the wild-type sequence to determine
mutated residues. Only mutations that arose 4 times or more were considered true mutations. A
summary of all mutations is found on the left, this shows an N of at least 3, but not more than 5
mice, per group. All mutational data is combined and overlayed onto the rat Her-2/neu wild-type
sequence. The bold aa residues are mutations that arise when vaccines are against Her-2/neu
domains. The red-highlighted aa residues are mutations that arise when Flk-1 vaccines are used.
The blue-highlighted region shows the Her-2/neu kinase domain. The green-highlighted region
shows the ATP-binding domain.

[094] Figure 58B. Tumor outgrowth is due to mutations arising in key CTL epitopes
responsible keeping the tumor in check. Looking closer at “hot-spots” or strings of mutated
residues, we found that several mutated residues are found within previously mapped CTL
epitopes. One such epitope shows mutations in key amino acids responsible for anchoring the
epitope to the H2Dq MHC I molecule. Other “hot-spots™ are being investigated for new CTL
epitopes.

[095] Figure S9A. Anti-Her-2/neu human chimeric vaccine can delay the growth of a metastatic
breast cancer line in the brain of protected mice. Balb/c mice were immunized thrice with each
vaccine, either anti-human Her-2/neu or control vaccination NYESO1. EMT6-Luc cells were
grown in vitro then injected into the brain of anesthetized mice at 5,000 cell per mouse. EMT6-
Luc cells express low levels of mouse Her-2/neu (data not shown) Cells were allowed to grow
before being imaged on the indicated days. EMT6-Luc cells produce the enzyme luciferase and
when they metabolize D-Luciferin in vivo the by-product are photons that are captured ex vivo

using a Xenogen X-100 camera and displayed using a heat map. Pixel intensity is graphed as
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number of photons per second per cm”2 per cm of surface area, presented as average radiance.
[096] Figure 59B. Anti-HMWMAA human vaccine can delay the growth of a metastatic
melanoma line in the brain of protected mice. C57B1/6 mice were immunized thrice with each
vaccine, either anti-human HMWMAA-C or control vaccination NYESO1. B16F10-Luc cells
were grown in vitro then injected into the brain of anesthetized mice at 5,000 cells per mouse.
B16F10 parental line do not express HMWMAA, thus the only source of HMWMAA is on
pericytes and glial cells. Luciferase mechanism and image capture the same as in Figure 59A.
[097] Figure 60. Sequence of endoglin (CD105). The original fragment, based on the sequence
cloned by Reisfeld’s group, which was cloned into Lm-LLO-CDS is in bold and underlined. Note
that Rankpep and other MHC epitope predicting program have shown that there are several
alternative, putative CTL epitopes (highlighted in red) for the b, d, and k H-2 haplotypes, that lie
outside this region.

[098] Figure 61. The design of the novel CD105A and CD105B-expressing Listeria constructs.
A. Cloned regions for each construct are in bold and two putative epitopes are underlined; Lm-
LLO-CD105A and Lm-LLOCDI105B together span nearly the entire endoglin gene and
encompass more potential CTL epitopes. B. Each underlined fragment was cloned into the
expression vector pGG34 fused to adjuvant LLO.

[099] Figure 62. Lm-LLO-CD105A expresses and secretes a protein of appropriate size (~80
kD) detected by an anti-LLO antibody and Western blotting: The XFL7 strains were transformed
with CD105A plasmid using electroporation. The transformed XFL7 cells were plated on
37ug/mL and 250ug/uL. of chloramphenicol and streptomycin. The colonies that formed during
the two day incubation period were grown in LB media, spun down and the supernatant and cell
lysate were subjected to Western blotting to detect the fusion protein either as a secreted protein
in the supernatant or n endogenous protein trapped within the bacterial cell.

[0100] Figure 63. Lm-LLO-CDI105B expresses and secretes a protein of appropriate size
(~74kD) detected by an anti-LLO antibody and Western blotting: The XFL7 strains were
transformed with CD105A plasmid using electroporation. The transformed XFL7 cells were
plated on 37ug/mL and 250ug/uL. of chloraphenicol and streptomycine. The colonies that formed
during the two day incubation period were grown in LB media, spun down and the supernatant
and cell lysate were subjected to Western blotting to detect the fusion protein either as a secreted

protein in the supernatant or n endogenous protein trapped within the bacterial cell.
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[0101] Figure 64. Growth of 4T1 tumors (2 x 10° cells implanted in the mammary fat pad) in
Balb/c mice immunized with Lm-LLO-CD105 A and B compared to a control vaccine Lm-LLO-
NY-ESO-1. Mice were vaccinated with 2 x 10® cfu of each vaccine on the days indicated.

[0102] Figure 65. Mice from the experiment shown in Figure 53B were sacrificed on day 32 and
lungs were removed and inflated with PBS. The visible surface metastases were counted under a
dissecting microscope. A significant decrease was observed only for Lm-LLO-CDI105B
compared to naive (p<0.01) or Lm-LLO-NY-ESO1 (p<0.05).

[0103] Figure 66. Immunization with Lm-LLO-CD105A and B induces epitope spreading to
endogenous antigens HER-2/neu and gp70 and the induction of antigen-specific T cells in the
spleen. On day 22 post tumor implantation in the experiment shown in Figure 53B, spleens were
removed from 3 mice, pooled, and a single cell suspension was analyzed by ELISpot after
stimulation with the peptides shown. Note that Kd and Dd are two peptides from the endoglin
sequence that were predicted to bind to these MHC class I molecules. They reside in CD105A:
AGPRTVTVM (Dd) (SEQ ID NO: 120) and in CD105B AYSSCGMKYV (Kd) (SEQ ID NO:
121).

[0104] Figure 67. Immunization with Lm-LLO-CD105A and B induces epitope spreading to
endogenous antigens HER-2/neu and gp70 and the induction of antigen-specific T cells that
infiltrate the tumor. On day 22 post tumor implantation in the experiment shown in Figure 53B,
tumors were removed from 3 mice, pooled and processed for FACS analysis and stained with
EC1, EC2, IC1 and AHI tetramers, anti CD8 and CD62L, CD11B. The CD11B- population was
gated on CD8+, CD62L low and analyzed for antigen specificity using the tetramers shown.
[0105] Figure 68. Growth of NT-2 (1 x 10° cells) tumors implanted sub-cutaneously in FVB
mice, which were subsequently immunized with Lm-LLO-CDI105 A and B or a control vaccine
Lm-LLO-NY-ESO-1 on days 4, 11 and 18, with 2 x 10® cfu of each vaccine.

[0106] Figure 69A-B. SOE mutagenesis strategy. Decreasing/lowering the virulence of LLO
was achieved by mutating the 4th domain of LLO. This domain contains a cholesterol binding
site allowing it to bind to membranes where it oligomerizes to form pores.

[0107] Figure 70. Graph showing the individual mice and the tumor sizes on the days of tumor
measurement: days 11, 18, and 2l1following administration of various Listeria-based
constructs.Figure 71. A Construction of Listeria strain engineered to express and secrete two

antigens as fusion protein, LmddA244G. The antigen Her2 chimera was genetically fused to the
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genomic Listeriolysin O and the second antigen HMW-MAA-C (HMC) was fused to truncated
Listeriolysin O in the plasmid. B. The secretion of fusion proteins LLO-ChHer2 and tLLO-
HMC was detected by western blot using anti-LLO and anti-FLAG antibodies respectively.
[0108] Figure 72. Hemolytic activity of LmddA244G-168 was quantified using Sheep Red
Blood cells. A 1.5 fold reduction in the hemolytic activity of bivalent immunotherapy
LmddA244G-168 was observed when compared to 10403S. B. Intracellular growth of both
bivalent and monovalent immunotherapies in J774 cell line. The intracellular growth of
LmddA244G-168 was similar to monovalent immunotherapies LmddA164 and LmddA168.
[0109] Figure 73. A. Established NT2 tumors were implanted with treated with mono therapies
and bivalent therapy on days 6, 13 and 20. The naive group is untreated mice. B. The percent
tumor free mice in different treatment and untreated naive group. C. The volume of established
NT2 tumors after of LmddA244G-168 treatment.

[0110] Figure 74. A. Generation of Her2 specific immune responses in mice after administration
of monovalent (LmddA164) as well as bivalent immunotherapy (LmddA244G-168) expressing
chimera Her2. The Her2 specific immune responses were evaluated in an ELIspot based assay
using FvB IC1 peptide epitope -RLLQETELV (Seavey et al 2009, Clin Cancer Res. 2009 Feb
1;15(3):924-32. B. Generation of HMW-MAA-C specific immune responses in mice after
administration of monovalent (LmddA168) as well as bivalent immunotherapy (LmddA244G-
168) expressing HMW-MAA-C. The Her2 specific immune responses were evaluated in an
ELISA based assay using affinity purified HMA-MAA-C protein fragment.

[0111] Figure 75. Established 4T1 tumors were treated with mono therapies and bivalent therapy
on days 1, 8, and 15. The naive group is untreated mice.

[0112] Figure 76. Established NT2 tumors were treated with mono therapies, bivalent therapy,
or sequential mono therapies. The naive group is untreated mice.

[0113] It will be appreciated that for simplicity and clarity of illustration, elements shown in the
figures have not necessarily been drawn to scale. For example, the dimensions of some of the
elements may be exaggerated relative to other elements for clarity. Further, where considered
appropriate, reference numerals may be repeated among the figures to indicate corresponding or

analogous elements.

DETAILED DESCRIPTION OF THE INVENTION
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[0114] In one embodiment, the invention provided herein aims to evaluate the expression of
or presence of biomarkers associated with a disease in a subject and that are expressed in a
biological sample obtained from the subject in order to identify and target biomarkers that are
associated with the disease, and consequently treat the disease in the subject. In another
embodiment, the method of treating the subject comprises administering a composition or a
mixture of compositions that target two or more biomarkers expressed by a disease in a subject.
[0115] In one embodiment, a composition provided herein comprises a recombinant Listeria
strain, said strain comprising a nucleic acid sequence encoding a fusion protein, wherein said
fusion protein comprises a biomarker identified in a biological sample obtained from a subject
having a disease, wherein said biomarker is associated with said disease, and wherein said
biomarker is fused to a PEST-containing polypeptide. In another embodiment, the recombinant
Listeria comprises a nucleic acid encoding a recombinant polypeptide comprising a fusion
protein. In another embodiment, the recombinant polypeptide is a fusion protein.

[0116] In one embodiment, when a single composition (as opposed to a mixture of
compositions — i.e., independent of being administered as part of a mixture regiment) is being
administered to a subject having a disease, the composition comprises a recombinant Listeria
comprising a nucleic acid sequence encoding at least one fusion protein comprising a biomarker
identified in a biological sample obtained from the subject, wherein said biomarker is associated
with said disease, wherein said biomarker is fused to a PEST-containing polypeptide. In another
embodiment, the Listeria comprises a nucleic acid sequence encoding one to three, one to four,
or one to six fusion proteins each comprising a different biomarker associated with a disease. In
another embodiment, the Listeria comprises a nucleic acid sequence comprising one to three, one
to four, or one to six open reading frames (ORFs) each encoding a fusion protein comprising a
biomarker that is associated with a disease. In another embodiment, each biomarker in each of
said at least one fusion protein is different than another biomarker present in another fusion
protein expressed from a different open reading frame within the nucleic acid sequence.

[0117] In another embodiment, when a composition is being administered to a subject as part
of a mixture, each composition in the mixture comprises a recombinant Listeria strain, said strain
comprising a nucleic acid sequence encoding a fusion protein, wherein said fusion protein
comprises a biomarker identified in a biological sample obtained from the subject, wherein said

biomarker is associated with said disease, wherein said biomarker is fused to a PEST-containing
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polypeptide, and wherein each recombinant Listeria strain within each composition comprises a
different biomarker from the rest. In one embodiment, a mixture is a vaccine mixture. In another
embodiment, a mixture comprises a predetermined number of compositions each comprising a
recombinant Listeria expressing a fusion protein of a biomarker expressed in said disease and a
PEST-containing polypeptide. In another embodiment, a mixture of compositions is a
combination of compositions.

[0118] It will be appreciated by a skilled artisan that each composition in a mixture of
compositions may all be administered concurrently in a single bolus dose or separately over time
and would target more than one biomarker expressed by a disease. In another embodiment, each
composition in a mixture of compositions may all be administered concurrently in a single bolus
dose and would target more than one biomarker expressed by a disease at the same time. In
another embodiment, a composition comprising a recombinant Listeria expressing at least one
fusion protein targets more than one biomarker expressed by a disease at the same time. In one
embodiment, a predetermined number of compositions in a mixture of compositions comprising
a recombinant Listeria expressing at least one fusion protein are administered to a subject
concurrently or separately over time.

[0119] In one embodiment, when a mixture of compositions is being administered to a subject
having a disease, each composition in the mixture may be administered one to two days apart,
one to three days apart, one to five days apart, one to ten days apart, or one to fourteen days
apart.

[0120] In one embodiment, when a mixture of compositions is being administered to a subject
having a disease, each composition may be administered at a predetermined dose that has been
previously determined to been an optimal for the subject receiving the administration. Such an
optimal dose may be experimentally determined by a clinician or skilled artisan prior to
administering the mixture. In another embodiment, a mixture comprises a predetermined number
of compositions each comprising a recombinant Listeria expressing a fusion protein of a
biomarker and a PEST-containing polypeptide. In another embodiment, a mixture of
compositions is a combination of compositions each comprising a recombinant Listeria strain
expressing a single fusion protein of a biomarker fused to a PEST-containing polypeptide.

[0121] In one aspect, the invention relates to a method of inducing an immune response against

a disease in a subject having said disease, the method comprising the steps of: a. obtaining a
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biological sample from said subject; b. evaluating the expression of a predetermined number of
biomarkers in said biological sample; c. administering to said subject a composition comprising
a recombinant Listeria strain, said strain comprising a nucleic acid sequence encoding at least
one fusion protein, wherein said fusion protein comprises a biomarker identified in said
biological sample obtained from said subject, wherein said biomarker is associated with said
disease, wherein said biomarker is fused to a PEST-containing polypeptide, and wherein each
fusion protein within said Listeria comprises a different biomarker, thereby inducing a multi-
target anti-disease immune response in said subject.

[0122] In one embodiment, a Listeria strain comprising a nucleic acid sequence encoding a at
least one fusion protein, encodes one to two fusion proteins. In another embodiment, the nucleic
acid sequence encodes one to three fusion proteins, one to four fusion proteins, one to five fusion
proteins, one to ten fusion proteins, two to three fusion proteins, two to four fusion proteins, two
to five fusion proteins, or two to ten fusion proteins.

[0123] In one aspect, the invention relates to a method of inducing an immune response against
a disease in a subject having said disease, the method comprising the steps of: a. obtaining a
biological sample from said subject; b. evaluating the expression of a predetermined number of
biomarkers in said biological sample; c. administering to said subject a predetermined number of
compositions each comprising a recombinant Listeria strain, said strain comprising a nucleic acid
sequence encoding fusion protein, wherein said fusion protein comprises a biomarker identified
in said biological sample obtained from said subject, wherein said biomarker is associated with
said disease, wherein said biomarker is fused to a PEST-containing polypeptide, and wherein
each Listeria strain within each composition comprises a different biomarker in said fusion
protein, thereby inducing a multi-target anti-disease immune response in said subject.

[0124] In one embodiment, the invention relates to a method of treating a disease in a subject,
the method comprising the steps of: a. obtaining a biological sample from said subject; b.
evaluating the expression of a predetermined number of biomarkers in said biological sample; c.
administering to said subject a composition comprising a recombinant Listeria strain, said strain
comprising a nucleic acid sequence encoding at least one fusion protein, wherein said fusion
protein comprises a biomarker identified in said biological sample obtained from said subject,

wherein said biomarker is associated with said disease, wherein said biomarker is fused to a
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PEST-containing polypeptide, and wherein each fusion protein within said Listeria comprises a
different biomarker, thereby treating said disease in said subject.

[0125] In another embodiment, the invention relates to a method of treating a disease in a
subject, the method comprising the steps of: a. obtaining a biological sample from said subject; b.
evaluating the expression of a predetermined number of biomarkers in said biological sample; c.
administering to said subject a predetermined number of compositions each comprising a
recombinant Listeria strain, said strain comprising a nucleic acid sequence encoding fusion
protein, wherein said fusion protein comprises a biomarker identified in said biological sample,
wherein said biomarker is associated with said disease, wherein said biomarker is fused to a
PEST-containing polypeptide, and wherein each Listeria strain within each composition
comprises a different biomarker, thereby treating said disease in said subject.

[0126] In another embodiment, the invention relates to a method of preventing a recurrence of a
disease in a subject, the method comprising the steps of: a. obtaining a biological sample from
said subject; b. evaluating the expression of a predetermined number of biomarkers in said
biological sample; c. administering to said subject a composition comprising a recombinant
Listeria strain, said strain comprising a nucleic acid sequence encoding at least one fusion
protein, wherein said fusion protein comprises a biomarker identified in said biological sample,
wherein said biomarker is associated with said disease, wherein said biomarker is fused to a
PEST-containing polypeptide, and wherein each fusion protein within said Listeria comprises a
different biomarker, thereby preventing a recurrence of said disease in said subject.

[0127] In one embodiment, a disease provided herein is cancer or a tumor growth. In another
embodiment, a disease provided herein is an infectious disease, a respiratory disease, an
inflammatory disease, or a disease where the subject has a Th2 persistent profile. In another
embodiment, the disease is a localized disease, i.e., to a specific disease site or is a systemic
disease.

[0128] In one embodiment, the fusion protein is a transcribed fusion protein. In another
embodiment, the Listeria provided herein expresses the fusion protein comprising the biomarker
fused to a PEST-containing peptide provided herein. In another embodiment, the fusion protein
expresses the biomarker provided herein.

[0129] In one embodiment, the Listeria of methods and compositions of the present invention

is Listeria monocytogenes. In another embodiment, the Listeria is Listeria ivanovii. In another
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embodiment, the Listeria is Listeria welshimeri. In another embodiment, the Listeria is Listeria
seeligeri. Each type of Listeria represents a separate embodiment of the present invention.

[0130] In one embodiment, provided herein are mixtures of compositions wherein each
composition comprises a recombinant Listeria strain expressing an biomarker that targets an
immunologic response to each individual biomarker present in a disease. In another embodiment,
the biomarker is present on the surface of a tissue that is associated with said disease. In another
embodiment, a disease provided herein is a tumor or cancer. In another embodiment, a biomarker
is a surface biomarker. In another embodiment, a biomarker is an intracellular biomarker. In
another embodiment, where a disease is a tumor or cancer, the biomarker is an angioneic
biomarker that is associated with a tumor or cancer vasculature.

[0131] In one embodiment, a predetermined number of compositions each comprising a
Listeria strain is at least 1 to about 10 compositions. In another embodiment, a predetermined
number of compositions is at least 1 to about 20 compositions. In another embodiment, a
predetermined number of compositions is 2 to 5 compositions, 3-6 compositions, 4-7
compositions 5-10 compositions, 6-11 compositions or 7-12 compositions.

[0132] In one embodiment, a predetermined number of biomarkers is at least 1 to about 10
biomarkers. In another embodiment, a predetermined number of biomarkers is at least 1 to about
20 biomarkers, at least 1 to about 30 biomarkers, at least 1 to about 40 biomarkers, at least 1 to
about 50 biomarkers, at least 51 to about 60 biomarkers, at least 71 to about 80 biomarkers, at
least 81 to about 90 biomarkers, or at least 1 to about 100 biomarkers.

[0133] It will be appreciated by a skilled artisan that the term “biomarker” may encompass
antigens, including heterologous antigens, tumor antigens, angiogenic antigens, and the like. The
term may also encompass proteins, DNA, RNA, peptides, that are associated with or are
expressed by a disease, including, but not limited to, cancers, tumors, infectious diseases,
autoimmune diseases, congenital diseases, and the like. It will also be appreciated that such
biomarkers may be overexpressed in subjects having a disease as compared to normal levels of
expression of the biomarker in healthy hosts. In another embodiment, a subject is tolerant to a
biomarker such that a disease expressing the biomarker can freely progress without a proper
immune response being mounted against it. In another embodiment, the term “biomarker” refers
to an antigen expressed by a disease. In another embodiment, the biomarker is a heterologous

antigen or a fragment thereof. In one embodiment, the biomarker is a tumor antigen or a
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fragment thereof. In another embodiment, the biomarker provided herein is an allergen that
causes an allergic or inflammatory reaction in a host.

[0134] In one embodiment, the term “tumor marker,” and “tumor antigen” are used
interchangeably herein and refer to an antigen expressed by a tumor. In another embodiment, a
tumor marker is a heterologous tumor antigen or a fragment thereof. In one embodiment, a tumor
marker is associated with a formation of or proliferation of said tumor. In another embodiment, a
tumor marker is expressed by said tumor or by a vasculature of said tumor. In another
embodiment, a tumor marker is secreted by a tumor. In another embodiment, a tumor maker
provided herein is associated with a local tissue environment that is further associated with a
development of or metastasis of cancer. In another embodiment, a tumor marker is associated
with tumor evasion or resistance to cancer, or is an angiogenic antigen. In another embodiment, a
tumor marker is expressed by a tumor on the surface of a tumor. In another embodiment, a tumor
marker is present inside a tumor and is released to the extracellular milieu upon lysis of a tumor
cell.

[0135] In one embodiment, evaluation of a biomarker profile or biomarker expression level
comprises obtaining a biological sample from a subject having a disease and detecting an
expression level of the biomarker in said sample. In one embodiment, the biomarker profile
provided herein is a tumor marker profile. In another embodiment, evaluation of a tumor marker
profile or tumor marker expression level comprises obtaining a biological sample from a subject
having a tumor and obtaining the expression level of the tumor markers in said sample.

[0136] It will be well appreciated by a skilled artisan that a biomarker expression profile may
be measured by using any assay known in the art to be useful for measuring expression levels of
a biomarker. Such assays include but are not limited to, immunoassays (e.g. ELISAs), FACS,
immunohistochemical assays, fluorescence-based assays, PCR, quantitative HPLC alone or in
combination with mass spectrometry, or any other assay known in the art. The measured
expression profile can then be compared with a control profile such as one from a healthy subject
to effectively diagnose a disease (e.g., a tumor or cancer) in a subject. In another embodiment,
the biomarker is detectable in a biological sample obtained from a subject having a disease prior
to administering a composition comprising a recombinant Listeria strain.

[0137] In another embodiment, provided herein is a method of monitoring disease progression

in a subject in order to determine an optimal time to administer a composition or mixture of

28



WO 2015/126921 PCT/US2015/016348

compositions of the present invention, the method comprising the step of obtaining a biological
sample from the subject and measuring the expression profile of a biomarker in the biological
sample, wherein measuring a biomarker expression level in the subject over the levels observed
in that of a control sample enables the monitoring the progress of the disease in the subject, and
wherein a composition or mixture of compositions of the present invention is administered at
predetermined time that will maximize therapeutic efficacy. Diseases encompassed by the
present invention include, but are not limited to, cancer, a tumor growth, an infectious disease, or
a disease where the subject has a Th2-skewed profile. These diseases are further characterized or
staged according to the progression of the disease in a subject. Such information can be used to
determine an optimal period for administering a composition or compositions of the present
invention.

[0138] It is to be understood by a skilled artisan that the biological sample may include, but is
not limited to, tissue, blood, serum, DNA, RNA, urine, semen, synovial fluid, sputa, or
cerebrospinal fluid (CSF).

[0139] In one embodiment, a “Th2-skewed subject,” also known as, a subject having a Th2
phenotypic profile, is one in which the Thl immune response is defective, lacking, or repressed a
result of an infectious disease, including but not limited to parasitic infections, or a cancer in the
subject. In another embodiment, a Th2-skewed subject refers to a subject wherein a Th2 response
is not exclusively present in the subject, but predominates over the Thl response in the subject. In
another embodiment, a Th2-skewed subject refer to a subject wherein a Th2 response is
exclusively present in the subject and there are minimal or insignificant levels of indicators (i.e.
cytokines, chemokines or other known markers) of a Thl response.

[0140] In one embodiment, a mixture of compositions comprising each comprises 1-5
compositions each comprising a recombinant Listeria strain expressing a single fusion protein. In
another embodiment, the mixture comprises, 1-10 compositions, 1-15 compositions, 5-10
compositions, 5-15 compositions or 5-20 compositions, each comprising a recombinant Listeria
strain expressing a single fusion protein of a PEST-containing polypeptide and a biomarker. In
another embodiment, each composition in the mixture comprises a Listeria expressing a different
biomarker.

[0141] In another embodiment, a composition or mixture of compositions provided herein is

administered concurrently with the administration of an alternate form of a vaccine or
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composition different from the original composition or mixture of compositions. In another
embodiment, the alternate form of a vaccine is administered separately from an administration of
a composition or mixture of compositions provided herein. It will be appreciated by a skilled
artisan that the alternate forms of a vaccine or composition may include, but are not limited to, a
DNA vaccine encoding a fusion protein comprising a biomarker and a PEST-containing peptide
or a fragment thereof, a viral vector comprising said fusion protein, a viral vector comprising a
biomarker provided herein, a virus-like particle comprising said fusion protein, a virus-like
particle comprising a biomarker provided herein, a recombinant peptide or a recombinant
polypeptide comprising said fusion protein, a cell-based vaccine expressing a biomarker
provided herein, or a live recombinant non-Listeria bacterial vector comprising a biomarker
provided herein alone or in fusion protein form as further provided herein. It will also be
appreciated by the skilled artisan that such alternate forms may not only be used in combination
with a composition or mixture of compositions provided herein, but may be administered prior
to, or following a dose of the same.

[0142] In one embodiment, a recombinant polypeptide provided herein comprises a fusion
protein provided herein. In another embodiment, a recombinant polypeptide provided herein is a
fusion protein provided herein.

[0143] In another embodiment, a composition or combination of compositions utilized in any
of the methods described above have any of the characteristics of vaccines and compositions of
the present invention.

[0144] The terms “immunogenic composition,” ‘“composition” and “pharmaceutical
composition” may be used interchangeably. For example, in one embodiment, a composition of
this invention may encompass a recombinant Listeria described herein, and an adjuvant. In
another embodiment, an immunogenic composition comprises a recombinant Listeria provided
herein. In another embodiment, an immunogenic composition comprises an adjuvant known in
the art or as provided herein. It is also to be understood that administration of such compositions
enhance an immune response, or increase a T effector cell to regulatory T cell ratio or elicit an

anti-tumor immune response, as further provided herein.
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[0145] The term "pharmaceutical composition" may encompass a therapeutically effective
amount of the active ingredient or ingredients including a composition comprising a Listeria
strain together with a pharmaceutically acceptable carrier or diluent.

[0146] It will be understood by the skilled artisan that the term “administering” may
encompass bringing a subject in contact with a composition of the present invention. In one
embodiment, administration can be accomplished in vitro, i.e. in a test tube, or in vivo, i.e. in
cells or tissues of living organisms, for example humans. In one embodiment, the present
invention encompasses administering the Listeria strains and compositions thereof of the present
invention to a subject.

[0147] In one embodiment, a bacterial vector is an intracellular pathogen. In another
embodiment, a vector is derived from a cytosolic pathogen. In another embodiment, a vector is
derived from an intracellular pathogen. In another embodiment, an intracellular pathogen induces
a predominantly cell-mediated immune response. In another embodiment, the vector is a
Salmonella strain. In another embodiment, the vector is a BCG strain. In another embodiment,
the vector is a bacterial vector. In another embodiment, dendritic cells transduced with a vector
of the present invention may be administered to the subject to upregulate the subject’s immune
response, which in one embodiment is accomplished by upregulating CTL activity.

[0148] In another embodiment, a recombinant vaccine vector induces a predominantly Thl-
type immune response.

[0149] In another embodiment, a vector is selected from Salmonella sp., Shigella sp., BCG, L.
monocytogenes, E. coli, and S. gordonii. In another embodiment, fusion proteins are delivered by
recombinant bacterial vectors modified to escape phagolysosomal fusion and live in the
cytoplasm of the cell. In another embodiment, a vector is a viral vector. In other embodiments, a
vector is selected from Vaccinia, Avipox, Adenovirus, AAV, Vaccinia virus NYVAC, Modified
vaccinia strain Ankara (MVA), Semliki Forest virus, Venezuelan equine encephalitis virus,
herpes viruses, and retroviruses. In another embodiment, a vector is a naked DNA vector. In
another embodiment, a vector is any other vector known in the art. Each possibility represents a
separate embodiment of the present invention.

[0150] In one embodiment, a viral vector is an adenoviral vector, a retroviral vector, a

lentiviral vector, a poxviral vector, a baculoviral vector, a herpes simplex viral vector, an adeno-
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associated viral vector, a nano-engineered virus-like substance or any viral vector known in the
art for use in vaccines. In another embodiment, the viral vector is a vaccinia virus vector.

[0151] It will be appreciated by the skilled artisan that a cell-based vaccine may include live
cells or dead cells and may also include tumor cells of autologous or heterologous origin.

[0152] In one embodiment, a biomarker expression profile is obtained prior to the
administration of any of the vaccines provided herein.

[0153] In one embodiment, a peptide-based vaccine comprises a detox LLO having a mutated
or deleted cholesterol binding domain (see Examples 38-39) fused to a tumor marker or antigen
provided herein. In another embodiment, a peptide-based vaccine is combined with a
composition comprising a recombinant Listeria strain provided herein for use in providing multi-
targeted immunotherapy of a disease, including cancer.

[0154] In another embodiment, the methods of the present invention further comprise the step
of administering a booster dose to a subject receiving an immunotherapy provided herein. In
another embodiment, the booster dose is administered following initial administration of a
composition or mixture of compositions provided herein. In another embodiment, the method
further comprises the step of obtaining a biomarker profile from said subject subsequent to the
first administration of a composition or mixture of compositions provided herein, and
administering a booster dose. In another embodiment, the booster dose that is administered
comprises a composition provided herein and an alternate form of a vaccine as further provided
herein. In another embodiment, the method further comprises obtaining a second, third, fourth,
fifth, etc., biomarker profile following a previous administration of a composition or mixture of
compositions provided herein and administering a booster dose or in combination with an
alternate form of a vaccine or composition following obtaining said third, fourth, fifth, etc.,
biomarker profile. In another embodiment, the biomarker is a tumor marker and the biomarker
profile is a tumor marker profile. In another embodiment, the booster dose is the same or
different as the initial dose of a composition or any one of the compositions in the mixture of
compositions provided herein.

[0155] In one embodiment, a booster vaccination follows a single priming vaccination or
administration. In another embodiment, a single booster vaccination is administered after a
priming vaccination. In another embodiment, two booster vaccinations are administered after the

priming vaccination. In another embodiment, three booster vaccinations are administered after
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the priming vaccination. In one embodiment, the period between a prime and a boost vaccine is
experimentally determined by a skilled artisan. In another embodiment, the period between a
prime and a boost vaccine is 1 week, in another embodiment it is 2 weeks, in another
embodiment, it is 3 weeks, in another embodiment, it is 4 weeks, in another embodiment, it is 5
weeks, in another embodiment it is 6-8 weeks, in yet another embodiment, the boost vaccine is
administered 8-10 weeks after the prime vaccine.

[0156] Heterologous "prime boost" strategies have been effective for enhancing immune
responses and protection against numerous pathogens. Schneider et al., Immunol. Rev. 170:29-38
(1999); Robinson, H. L., Nat. Rev, Immunol. 2:239-50 (2002); Gonzalo, R. M. et al., Vaccine
20:1226-31 (2002); Tanghe, A., Infect. Immun. 69:3041-7 (2001). Providing antigen in different
forms in the prime and the boost injections appears to maximize the immune response to the
antigen. DNA vaccine priming followed by boosting with protein in adjuvant or by viral vector
delivery of DNA encoding antigen appears to be the most effective way of improving antigen
specific antibody and CD4+ T-cell responses or CD8+ T-cell responses respectively. Shiver J.
W. et al., Nature 415: 331-5 (2002); Gilbert, S. C. et al., Vaccine 20:1039-45 (2002); Billaut-
Mulot, O. et al., Vaccine 19:95-102 (2000); Sin, J. L. et al., DNA Cell Biol. 18:771-9 (1999).
Recent data from monkey vaccination studies suggests that adding CRL1005 poloxamer (12 kDa,
5% POE), to DNA encoding the HIV gag antigen enhances T-cell responses when monkeys are
vaccinated with an HIV gag DNA prime followed by a boost with an adenoviral vector
expressing HIV gag (AdS5-gag). The cellular immune responses for a DNA/poloxamer prime
followed by an Ad5-gag boost were greater than the responses induced with a DNA (without
poloxamer) prime followed by Ad5-gag boost or for Ad5-gag only. Shiver, J. W. et al. Nature
415:331-5 (2002). U.S. Patent Appl. Publication No. US 2002/0165172 Al describes
simultaneous administration of a vector construct encoding an immunogenic portion of an
antigen and a protein comprising the immunogenic portion of an antigen such that an immune
response is generated. The document is limited to hepatitis B antigens and HIV antigens.
Moreover, U.S. Pat. No. 6,500,432 is directed to methods of enhancing an immune response of
nucleic acid vaccination by simultaneous administration of a polynucleotide and polypeptide of
interest. According to the patent, simultaneous administration means administration of the
polynucleotide and the polypeptide during the same immune response, preferably within 0-10 or

3-7 days of each other. The antigens contemplated by the patent include, among others, those of
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Hepatitis (all forms), HSV, HIV, CMV, EBV, RSV, VZV, HPV, polio, influenza, parasites (e.g.,
from the genus Plasmodium), and pathogenic bacteria (including but not limited to M.
tuberculosis, M. leprae, Chlamydia, Shigella, B. burgdorferi, enterotoxigenic E. coli, S. typhosa,
H. pylori, V. cholerae, B. pertussis, etc.). All of the above references are herein incorporated by
reference in their entireties.

[0157] In one embodiment, the composition provided herein may be referred to as a vaccine
and the mixture of compositions or combination of compositions provided herein may be referred
to as a vaccine combination. In other embodiments, a vaccine combination may comprise an
alternate form of a vaccine in addition to a composition or combination of compositions provided
herein.

[0158] It will be well appreciated by a skilled artisan that a vaccine combination or
administration may adjusted (to target additional or new tumor markers) based on the changes
detected in resistant tumor or recurrent tumor or data gathered at a time point subsequent to the
original treatment or administration. For example, if a tumor expresses markers A, B, C, and D,
then the total dose of an immunotherapy given would be comprised of composition or a mixture
of compositions comprising a recombinant Listeria strain as provided herein that target an
immunologic response to each individual marker. In one embodiment, where a mixture of
compositions is administered, a single bolus is administered at the same time, at least one
composition in a mixture of compositions is administered at different times, that is, where one
composition from the mixture comprising a specific Listeria strain targets biomarkers A and B
and at a different time another composition from the mixture comprising another recombinant
Listeria-strains targets biomarkers C and D.

[0159] In another embodiment, 2-4 compositions of a 10 composition mixture are administered
before the rest of the compositions in the mixture. In another embodiment, 2-6 compositions of a
10 composition mixture are administered before the rest of the compositions in the mixture. In
another embodiment, 5-8 compositions of a 10 composition mixture are administered before the
rest of the compositions in the mixture. In another embodiment, all compositions of a 10
composition mixture are administered at different time points. In another embodiment, all
compositions of a 10 composition mixture are administered concomitantly. In another
embodiment, the mixture comprises 5-10 compositions, 11-15 compositions, or 16-20

compositions.
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[0160] In one embodiment, the methods provided herein increase the infiltrating T
lymphocytes/suppressor cells ratio in a subject having a disease or in a disease site within the
subject. In another embodiment, the methods provided herein increasing the ratio of CD8+ T
cells/suppressor cells in a subject having a disease or in a disease site within the subject. In
another embodiment, the methods provided herein increasing the infiltrating T lymphocyte
/suppressor cells or CD8+ T cells/ suppressor cells ratio comprises the step of administering to
the subject a composition comprising the vaccine or composition provided herein.

[0161] In one embodiment, the methods provided herein increase the infiltrating T
lymphocyte/Myeloid-derived suppressor cell (MDSC) ratio in a subject having a disease or in a
disease site within the subject. In another embodiment, the methods provided herein increase the
ratio of CD8+ T cells/Myeloid-derived suppressor cells (MDSC) in a subject having a disease or
in a disease site within the subject. In another embodiment, the method of increasing the
infiltrating T lymphocyte/Myeloid-derived suppressor cells (MDSC) or CD8+ T cell/ Myeloid-
derived suppressor cell (MDSC) ratio comprises the step of administering to the subject a
composition comprising the vaccine or composition provided herein.

[0162] In one embodiment, the infiltrating T lymphocyte is a Tumor infiltrating T lymphocyte
(TIL). In one embodiment, the suppressor cells provided herein are T regulatory cells (Tregs). In
another embodiment, the suppressor cells are myeloid-derived suppressor cells (MDSCs).

[0163] In one embodiment, the methods provided herein reduce the amount of cells that
suppress an immune response against a disease. In another embodiment, the cells that suppress
the immune response are suppressive cells. In another embodiment, the suppressive cells are
myeloid-derived suppressor cells (MDSC). In another embodiment, the suppressive cells are T
regulatory cells (Tregs).

[0164] In one embodiment, tumor MDSCs can unexpectedly inhibit both, the function of
antigen-specific and non-specific T cell function, while spleen MDSCs can only inhibit the
function of antigen-specific T cells. As demonstrated in the Examples below (see Examples 17-
20), the live attenuated Listeria provided herein reduces the percent of suppressor cells in a
disease compared to the population of TILs at the disease site, for example, a tumor site.

[0165] In one embodiment, the recombinant Listeria strains comprised by the Listeria
monocytogenes (Lm)-based vaccines provided herein reduce the percentage of Tregs and

MDSC:s at sites of disease, with a corresponding shift in the ratio of effector to suppressor cells at
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sites of disease. In another embodiment, Lm-based vaccines provided herein are useful for
improving immune responses by reducing the percentage of Tregs and MDSCs and the absolute
number of MDSC at a specific site of disease in a subject. Such a site can be an inflammation site
due to allergy, trauma, infection, disease or the site can be a tumor site.

[0166] In another embodiment, both monocytic and granulocytic MDSCs purified from the
tumors of Listeria-treated mice are less able to suppress the division of CD8+ T cells than
MDSCs purified from the tumors of untreated mice, whereas monocytic and granulocytic
MDSC:s purified from the spleens of these same tumor-bearing mice show no change in their
function after vaccination with Listeria (See Examples 17-20 herein). In one embodiment, this
effect is seen because splenic MDSCs are suppressive in an antigen-specific manner. Hence,
treatment with Listeria has the distinct advantage that it allows for tumor-specific inhibition of
tumor suppressive cells such as Tregs and MDSCs. Another unexpected advantage provided by
the live attenuated Listeria strains of the methods and compositions provided herein is that there
are lower amount of Tregs in the tumor, and the ones that persist lose the ability to suppress T
cell replication.

[0167] In another embodiment, both monocytic and granulocytic MDSCs purified from the
tumors of truncated LLO-expressing Listeria-treated mice are less able to suppress the division
of CD8&+ T cells than MDSCs purified from the tumors of untreated mice, whereas monocytic
and granulocytic MDSCs purified from the spleens of these same tumor-bearing mice show no
change in their function after vaccination with truncated LLO-expressing Listeria (See Example
21 herein). In one embodiment, this effect is seen because splenic MDSCs are only suppressive
in an antigen-specific manner. Hence, treatment with truncated LLO-expressing Listeria has the
distinct advantage that it allows for tumor-specific inhibition of tumor suppressive cells such as
Tregs and MDSCs. Another unexpected advantage provided by the truncated LLO-expressing
live attenuated Listeria of the methods and compositions provided herein is that there are lower
amount of Tregs and MDSCs in the tumor, and the ones that persist lose the ability to suppress T
cell replication, and this effect is observed even in the absence of an LLO fusion partner, such as
a heterologous antigen.

[0168] In another embodiment, administering a truncated LLO-expressing live attenuated
Listeria strain enhances an anti-tumor T cell response by suppressing Treg- and MDSC-mediated

T cell suppression (see Example 21 herein).
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[0169] In one embodiment, provided herein is a method of reducing the percentage of
suppressor cells in a disease site in a subject, the method comprising the step of administering a
composition comprising a live attenuated Listeria strain or mixture of compositions comprising
live attenuated Listeria vaccine strains provided herein to the subject.

[0170] In another embodiment, provided herein is a method of reducing suppressor cells’
ability to suppress T cell replication in a disease site in a subject, the method comprising the step
of administering a composition comprising a live attenuated Listeria strain or mixture of
compositions comprising live attenuated Listeria vaccine strains provided herein to the subject.
[0171] In one embodiment, reducing the number of suppressor cells at a disease site effectively
treats a disease. In another embodiment, reducing the number of the suppressor cells at the
disease site enhances an anti-disease immune response in the subject having the disease at the
disease site. In another embodiment, an immune response is a cell-mediated immune response. In
another embodiment, an immune response is a tumor infiltrating T-lymphocytes (TILs) immune
response.

[0172] In one embodiment, the methods provided herein reduce a percentage of suppressor
cells in a disease in a subject and enhances a therapeutic response against a disease in the subject.
[0173] In another embodiment, the methods provided herein reduce suppressor cells’ ability to
suppress replication of T cells in a disease in a subject and enhancing a therapeutic response
against a disease in the subject.

[0174] In one embodiment, the term “reducing the percentage of” is representative of the
amount suppressor cells, either Tregs or MDSCs whose presence at a disease site is diminished
or reduced in relation to the presence of T infiltrating cells as measured in an assay or in an
immune response.

[0175] In another embodiment, the term ‘“reducing the number of” refers to the absolute
number of suppressor cells, either Tregs, or MDSCs that been diminished or reduced as a result
of administration of the live attenuated Listeria strain comprised by the Listeria-based vaccines
provided herein or an alternate form of this vaccine that achieve a similar effect, also described
elsewhere herein.

[0176] In one embodiment, provided herein is a PEST-containing polypeptide to which the

biomarker or tumor marker is fused to. In another embodiment, the PEST-containing polypeptide

37



WO 2015/126921 PCT/US2015/016348

is an N-terminal Listeriolysin O (LLO) or truncated LLO, a PEST amino acid sequence or PEST-
sequence, or an N-terminal ActA sequence or truncated ActA.

[0177] In another, the invention includes an isolated nucleic acid encoding a truncated ActA, a
truncated LLO, or a PEST amino acid sequence and an isolated nucleic acid encoding a tumor
marker or an immunogenic fragment thereof operably linked to a nucleic acid comprising a
promoter/regulatory sequence such that the nucleic acid is preferably capable of directing
expression of the protein encoded by the nucleic acid. The invention also includes a vector
comprising an isolated nucleic acid of the present invention. Thus, the invention encompasses
expression vectors and methods for the introduction of exogenous DNA into cells with
concomitant expression of the exogenous DNA in the cells such as those described, for example,
in Sambrook et al. (1989, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York), and in Ausubel et al. (1997, Current Protocols in Molecular Biology,
John Wiley & Sons, New York).

[0178] In another embodiment, the term “nucleic acids” or “nucleotide” refers to a string of at
least two base-sugar-phosphate combinations. The term includes, in one embodiment, DNA and
RNA. “Nucleotides” refers, in one embodiment, to the monomeric units of nucleic acid
polymers. RNA is, in one embodiment, in the form of a tRNA (transfer RNA), snRNA (small
nuclear RNA), rRNA (ribosomal RNA), mRNA (messenger RNA), anti-sense RNA, small
inhibitory RNA (siRNA), micro RNA (miRNA) and ribozymes. The use of siRNA and miRNA
has been described (Caudy AA et al, Genes & Devel 16: 2491-96 and references cited therein).
DNA can be, in other embodiments, in form of plasmid DNA, viral DNA, linear DNA, or
chromosomal DNA or derivatives of these groups. In addition, these forms of DNA and RNA
can be single, double, triple, or quadruple stranded. The term also includes, in another
embodiment, artificial nucleic acids that contain 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
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in, for example, Neilsen PE, Curr Opin Struct Biol 9:353-57; and Raz NK et al Biochem Biophys
Res Commun. 297:1075-84. The production 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 Enzymology: Methods for molecular cloning in eukaryotic cells (2003) Purchio and
G. C. Fareed. Each nucleic acid derivative represents a separate embodiment of the present
invention.

[0179] It will be appreciated by the skilled artisan that the term "isolated nucleic acid" may
encompass a nucleic acid segment or fragment which has been separated from sequences which
flank it in a naturally occurring state, e.g., a DNA fragment which has been removed from the
sequences which are normally adjacent to the fragment, e.g., the sequences adjacent to the
fragment in a genome in which it naturally occurs. The term also applies to nucleic acids which
have been substantially purified from other components which naturally accompany the nucleic
acid, e.g., RNA or DNA or proteins, which naturally accompany it in the cell. The term therefore
includes, for example, a recombinant DNA which is incorporated into a vector, into an
autonomously replicating plasmid or virus, or into the genomic DNA of a prokaryote or
eukaryote, or which exists as a separate molecule (e.g., as a cDNA or a genomic or cDNA
fragment produced by PCR or restriction enzyme digestion) independent of other sequences. It
also includes a recombinant DNA which is part of a hybrid gene encoding additional polypeptide
sequence.

[0180] In one embodiment, nucleic acids encoding the recombinant polypeptides or fusion
proteins provided herein also comprise a signal peptide or sequence. In one embodiment, a
heterologous antigen may be expressed through the use of a signal sequence, such as a Listerial
signal sequence, for example, the hemolysin signal sequence or the actA signal sequence.
Alternatively, for example, foreign genes can be expressed downstream from a L. monocytogenes
promoter without creating a fusion protein. In another embodiment, the signal peptide is bacterial
(Listerial or non-Listerial). In one embodiment, the signal peptide is native to the bacterium. In
another embodiment, the signal peptide is foreign to the bacterium. In another embodiment, the
signal peptide is a signal peptide from Listeria monocytogenes, such as a secAl signal peptide. In
another embodiment, the signal peptide is a Usp45 signal peptide from Lactococcus lactis, or a
Protective Antigen signal peptide from Bacillus anthracis. In another embodiment, the signal

peptide is a secA2 signal peptide, such the p60 signal peptide from Listeria monocytogenes. In

39



WO 2015/126921 PCT/US2015/016348

addition, the recombinant nucleic acid molecule optionally comprises a third polynucleotide
sequence encoding p60, or a fragment thereof. In another embodiment, the signal peptide is a Tat
signal peptide, such as a B. subtilis Tat signal peptide (e.g., PhoD). In one embodiment, the
signal peptide is in the same translational reading frame encoding the recombinant polypeptide.
[0181] In another embodiment, the present invention provides an isolated nucleic acid
encoding a signal peptide or a recombinant polypeptide of the present invention. In one
embodiment, the isolated nucleic acid comprises a sequence sharing at least 65% homology with
a nucleic acid encoding the signal peptide or the recombinant polypeptide of the present
invention. In another embodiment, the isolated nucleic acid comprises a sequence sharing at least
75% homology with a nucleic acid encoding the signal peptide or the recombinant polypeptide of
the present invention. In another embodiment, the isolated nucleic acid comprises a sequence
sharing at least 85% homology with a nucleic acid encoding the signal peptide or the
recombinant polypeptide of the present invention. In another embodiment, the isolated nucleic
acid comprises a sequence sharing at least 90% homology with a nucleic acid encoding the signal
peptide or the recombinant polypeptide of the present invention. In another embodiment, the
isolated nucleic acid comprises a sequence sharing at least 95% homology with a nucleic acid
encoding the signal peptide or the recombinant polypeptide of the present invention. In another
embodiment, the isolated nucleic acid comprises a sequence sharing at least 97% homology with
a nucleic acid encoding the signal peptide or the recombinant polypeptide of the present
invention. In another embodiment, the isolated nucleic acid comprises a sequence sharing at least
99% homology with a nucleic acid encoding the signal peptide or the recombinant polypeptide of
the present invention.

[0182] In one embodiment, the present invention provides a vector comprising an
oligonucleotide encoding a polypeptide of the present invention. In one embodiment, the term
“oligonucleotide” refers to a short nucleic acid polymer, typically with twenty or fewer bases. In
one embodiment, the present invention provides a vector comprising an polynucleotide encoding
a polypeptide of the present invention. In one embodiment, the term “polynucleotide” refers to a
chain of many nucleotides, which in one embodiment, is more than 5, in another embodiment,
more than 10, in another embodiment, more than 20, in another embodiment, more than 50. In
one embodiment, an oligonucleotide or polynucleotide or nucleic acid may refer to prokaryotic

sequences, eukaryotic mRNA, cDNA from eukaryotic mRNA, genomic DNA sequences from
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eukaryotic (e.g., mammalian) DNA, or synthetic DNA sequences. The term also refers to
sequences that include any of the known base analogs of DNA and RNA.

[0183] In one embodiment, the present invention provides a Listeria, which in one
embodiment, is a Listeria vaccine strain comprising an isolated nucleic acid or vector of the
present invention.

[0184] In one embodiment, a recombinant polypeptide or fusion protein provided herein is
expressed by a Listeria strain provided herein. In another embodiment, a recombinant
polypeptide or fusion protein is expressed from a plasmid present within said Listeria strain. In
another embodiment, the recombinant polypeptide is expressed from the chromosome of said
Listeria. In one embodiment, the recombinant polypeptide comprises a fusion protein provided
herein. In another embodiment, the recombinant polypeptide is a fusion protein provided herein.
[0185] In another embodiment, z live attenuated Listeria strains comprised by the compositions
provided herein comprise a recombinant nucleic acid sequence comprising a first and a second
open reading frame each encoding a first and a second polypeptide, wherein the first and the
second polypeptide each comprise a heterologous antigen or a fragment thereof fused to an
PEST-containing polypeptide.

[0186] In one embodiment, provided herein is a recombinant Listeria strain comprising an
episomal recombinant nucleic acid molecule, the nucleic acid molecule comprising a first and a
second open reading frame each encoding a first and a second polypeptide, wherein the first and
the second polypeptide each comprise a heterologous antigen or a fragment thereof fused to an
PEST-containing polypeptide, and wherein the nucleic acid further comprises an open reading
frame encoding a metabolic enzyme. In one embodiment, the term “episomal” or “episome”
refers to a plasmid that is present within a host cell such as a Listeria.

[0187] In another embodiment, the Listeria strains comprise a recombinant nucleotide
comprising one to five open reading frames each encoding a heterologous antigen or a fragment
thereof, fused to PEST-containing polypeptide. In one embodiment, the heterologous antigen or
fragments thereof and the PEST-containing polypeptides provided herein are translated in a
single open reading frame. In another embodiment each heterologous antigenic polypeptides and

the PEST-containing polypeptide provided herein are fused after being translated separately.
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[0188] In one embodiment, a composition comprising a recombinant Listeria strain comprise
one to five recombinant nucleic acids each encoding a heterologous antigen or a fragment
thereof, fused to a PEST-containing polypeptide.

[0189] In another embodiment, a PEST-containing polypeptide is an N-terminal truncated LLO
polypeptide, an N-terminal ActA polypeptide, or PEST-peptide, or a fragment thereof. In another
embodiment, the fragment is a functional fragment. In another embodiment, the fragment is an
immunogenic fragment.

[0190] In one embodiment, a nucleic acid molecule provided herein comprises a first open
reading frame encoding a heterologous antigen. In another embodiment, the nucleic acid
molecule provided herein further comprises a second open reading frame encoding a metabolic
enzyme. In another embodiment, the metabolic enzyme complements an endogenous gene that is
lacking in the chromosome of the recombinant Listeria strain. In another embodiment, the
metabolic enzyme encoded by the second open reading frame is an alanine racemase enzyme
(dal). In another embodiment, the metabolic enzyme encoded by the second open reading frame
is a D-amino acid transferase enzyme (dat). In one embodiment, the Listeria further comprises a
third open reading frame encoding an additional metabolic enzyme. In another embodiment, the
metabolic enzyme encoded by the third open reading frame is a D-amino acid transferase
enzyme. In another embodiment, the nucleic acid molecule comprises a fourth reading frame
encoding a heterologous antigen or fragment thereof. In another embodiment, a recombinant
Listeria strain provided herein comprise a mutation or a deletion in the genomic dal/dat genes. In
another embodiment, a recombinant Listeria strain lack dal/dat genes. In another embodiment,
the dal/dat genes are inactivated in the recombinant Listeria provided herein. In one
embodiment, the term “lack(s)” when in reference to a genomic virulence gene means that the
virulence gene is either mutated, or is otherwise not functionally expressed from the
chromosome. Such a term may also encompass a partial deletion or a whole gene deletion of the
virulence gene in the chromosome.

[0191] In another embodiment, a nucleic acid molecule of the methods and compositions of the
present invention is operably linked to a promoter/regulatory sequence. In another embodiment,
the first open reading frame of methods and compositions of the present invention is operably
linked to a promoter/regulatory sequence. In another embodiment, the second open reading frame

of methods and compositions of the present invention is operably linked to a promoter/regulatory
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sequence. In another embodiment, each of the open reading frames are operably linked to a
promoter/regulatory sequence. Each possibility represents a separate embodiment of the present
invention.

[0192] “Metabolic enzyme” refers, in another embodiment, 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 present
invention.

[0193] In another embodiment, the recombinant Listeria is an attenuated auxotrophic strain.
[0194] In one embodiment an attenuated Listeria strain is Lm dal(-)dat(-) (Lmdd). In another
embodiment, the attenuated strains is Lm dal(-)dat(-)AactA (LmddA). LmddA is based on a
Listeria vaccine vector which is attenuated due to the deletion of virulence gene actA and retains
the plasmid for a desired heterologous antigen or truncated LLO expression in vivo and in vitro
by complementation of dal gene. In another embodiment, the attenuated strain is LmAactA. In
another embodiment, the attenuated strain is LmAPrfA. In another embodiment, the attenuated
strain is LmAPIcB. In another embodiment, the attenuated strain is LmAPIcA. In another
embodiment, the strain is the double mutant or triple mutant of any of the above-mentioned
strains. In another embodiment, this strain exerts a strong adjuvant effect which is an inherent
property of Listeria-based vaccines. In another embodiment, this strain is constructed from the
EGD Listeria backbone. In another embodiment, the strain used in the invention is a Listeria
strain that expresses a non-hemolytic LLO.

[0195] In another embodiment, a Listeria strain provided herein is an auxotrophic mutant. In
another embodiment, the Listeria strain is deficient in a gene encoding a vitamin synthesis gene.
In another embodiment, the Listeria strain is deficient in a gene encoding pantothenic acid
synthase.

[0196] In another embodiment, a Listeria strain provided herein is deficient in an AA
metabolism enzyme. In another embodiment, the Listeria strain is deficient in a D-glutamic acid

synthase gene. In another embodiment, the Listeria strain is deficient in the dat gene. In another
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embodiment, the Listeria strain is deficient in the dal gene. In another embodiment, the Listeria
strain is deficient in the dga gene. In another embodiment, the Listeria strain is deficient in a gene
involved in the synthesis of diaminopimelic acid. CysK. In another embodiment, the gene is
vitamin-B12 independent methionine synthase. In another embodiment, the gene is trpA. In
another embodiment, the gene is frpB. In another embodiment, the gene is trpE. In another
embodiment, the gene is asnB. In another embodiment, the gene is gltD. In another embodiment,
the gene is gltB. In another embodiment, the gene is leuA. In another embodiment, the gene is
argG. In another embodiment, the gene is thrC. In another embodiment, the Listeria strain is
deficient in one or more of the genes described hereinabove.

[0197] In another embodiment, a Listeria strain provided herein is deficient in a synthase gene.
In another embodiment, the gene is an AA synthesis gene. In another embodiment, the gene is
folP. In another embodiment, the gene is dihydrouridine synthase family protein. In another
embodiment, the gene is ispD. In another embodiment, the gene is ispF. In another embodiment,
the gene is phosphoenolpyruvate synthase. In another embodiment, the gene is hisF. In another
embodiment, the gene is hisH. In another embodiment, the gene is flil. In another embodiment,
the gene is ribosomal large subunit pseudouridine synthase. In another embodiment, the gene is
ispD. In another embodiment, the gene is bifunctional GMP synthase/glutamine amidotransferase
protein. In another embodiment, the gene is cobS. In another embodiment, the gene is cobB. In
another embodiment, the gene is cbiD. In another embodiment, the gene is uroporphyrin-III C-
methyltransferase/ uroporphyrinogen-III synthase. In another embodiment, the gene is cobQ. In
another embodiment, the gene is uppS. In another embodiment, the gene is fruB. In another
embodiment, the gene is dxs. In another embodiment, the gene is mva$. In another embodiment,
the gene is dapA. In another embodiment, the gene is ispG. In another embodiment, the gene is
folC. In another embodiment, the gene is citrate synthase. In another embodiment, the gene is
argJ. In another embodiment, the gene is 3-deoxy-7-phosphoheptulonate synthase. In another
embodiment, the gene is indole-3-glycerol-phosphate synthase. In another embodiment, the gene
is anthranilate synthase/ glutamine amidotransferase component. In another embodiment, the gene
is menB. In another embodiment, the gene is menaquinone-specific isochorismate synthase. In
another embodiment, the gene is phosphoribosylformylglycinamidine synthase I or II. In another
embodiment, the gene is phosphoribosylaminoimidazole-succinocarboxamide synthase. In

another embodiment, the gene is carB. In another embodiment, the gene is carA. In another
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embodiment, the gene is thyA. In another embodiment, the gene is mgsA. In another embodiment,
the gene is aroB. In another embodiment, the gene is hepB. In another embodiment, the gene is
rluB. In another embodiment, the gene is i/vB. In another embodiment, the gene is i/lvN. In
another embodiment, the gene is alsS. In another embodiment, the gene is fabF. In another
embodiment, the gene is fabH. In another embodiment, the gene is pseudouridine synthase. In
another embodiment, the gene is pyrG. In another embodiment, the gene is fruA. In another
embodiment, the gene is pabB. In another embodiment, the gene is an atp synthase gene (e.g.
atpC, atpD-2, aptG, atpA-2, etc).

[0198] In another embodiment, the gene is phoP. In another embodiment, the gene is aroA. In
another embodiment, the gene is aroC. In another embodiment, the gene is aroD. In another
embodiment, the gene is plcB.

[0199] In another embodiment, the Listeria strain is deficient in a peptide transporter. In
another embodiment, the gene is ABC transporter/ ATP-binding/permease protein. In another
embodiment, the gene is oligopeptide ABC transporter/ oligopeptide-binding protein. In another
embodiment, the gene is oligopeptide ABC transporter/ permease protein. In another
embodiment, the gene is zinc ABC transporter/ zinc-binding protein. In another embodiment, the
gene is sugar ABC transporter. In another embodiment, the gene is phosphate transporter. In
another embodiment, the gene is ZIP zinc transporter. In another embodiment, the gene is drug
resistance transporter of the EmrB/QacA family. In another embodiment, the gene is sulfate
transporter. In another embodiment, the gene is proton-dependent oligopeptide transporter. In
another embodiment, the gene is magnesium transporter. In another embodiment, the gene is
formate/nitrite transporter. In another embodiment, the gene is spermidine/putrescine ABC
transporter. In another embodiment, the gene is Na/Pi-cotransporter. In another embodiment, the
gene is sugar phosphate transporter. In another embodiment, the gene is glutamine ABC
transporter. In another embodiment, the gene is major facilitator family transporter. In another
embodiment, the gene is glycine betaine/L-proline ABC transporter. In another embodiment, the
gene is molybdenum ABC transporter. In another embodiment, the gene is techoic acid ABC
transporter. In another embodiment, the gene is cobalt ABC transporter. In another embodiment,
the gene is ammonium transporter. In another embodiment, the gene is amino acid ABC
transporter. In another embodiment, the gene is cell division ABC transporter. In another

embodiment, the gene is manganese ABC transporter. In another embodiment, the gene is iron
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compound ABC transporter. In another embodiment, the gene is maltose/maltodextrin ABC
transporter. In another embodiment, the gene is drug resistance transporter of the Bcr/CflA
family. In another embodiment, the gene is a subunit of one of the above proteins.

[0200] In one embodiment, provided herein is a nucleic acid molecule that is used to transform
the Listeria in order to arrive at a recombinant Listeria. In another embodiment, the nucleic acid
provided herein used to transform Listeria lacks a virulence gene. In another embodiment, the
nucleic acid molecule is integrated into the Listeria genome and carries a non-functional
virulence gene. In another embodiment, the virulence gene is mutated in the recombinant
Listeria. In yet another embodiment, the nucleic acid molecule is used to inactivate the
endogenous gene present in the Listeria genome. In yet another embodiment, the virulence gene
is an actA gene, an inlA gene, and inlB gene, an inlC gene, inlJ gene, a plbC gene, a bsh gene, or
a prfA gene. It is to be understood by a skilled artisan, that the virulence gene can be any gene
known in the art to be associated with virulence in the recombinant Listeria

[0201] In yet another embodiment, a Listeria strain provided herein is an inlA mutant, an inlB
mutant, an inlC mutant, an inlJ mutant, prfA mutant, ActA mutant, a prfA mutant, a plcB deletion
mutant, or a double mutant lacking both plcA and plcB. In another embodiment, the Listeria
comprise a deletion or mutation of these genes individually or in combination. In another
embodiment, the Listeria provided herein lack each one of genes. In another embodiment, the
Listeria provided herein lack at least one and up to ten of any gene provided herein, including the
actA, prfA, and dal/dat genes. In one embodiment, the live attenuated Listeria is a recombinant
Listeria. In another embodiment, the recombinant Listeria comprises a mutation or a deletion of a
genomic internalin B (inl/B) gene. In another embodiment, the recombinant Listeria comprises a
mutation or a deletion of a genomic acfA gene and a genomic internalin B gene. . In another
embodiment, the recombinant Listeria comprises a mutation or a deletion of a genomic internalin
C (inlC) gene In one embodiment, translocation of Listeria to adjacent cells is inhibited by the
deletion of the actA gene and/or the inlC gene, which are involved in the process, thereby
resulting in unexpectedly high levels of attenuation with increased immunogenicity and utility as
a vaccine backbone.

[0202] Each possibility represents a separate embodiment of the present invention.

[0203] In one embodiment, the metabolic gene, the virulence gene, etc. is lacking in a

chromosome of the Listeria strain. In another embodiment, the metabolic gene, virulence gene,

46



WO 2015/126921 PCT/US2015/016348

etc. is lacking in the chromosome and in any episomal genetic element of the Listeria strain. In
another embodiment, the metabolic gene, virulence gene, etc. is lacking in the genome of the
virulence strain. In one embodiment, the virulence gene is mutated in the chromosome. In another
embodiment, the virulence gene is deleted from the chromosome. Each possibility represents a
separate embodiment of the present invention.

[0204] In one embodiment, in order to select for an auxotrophic bacteria comprising a plasmid
encoding a metabolic enzyme or a complementing gene provided herein, transformed
auxotrophic bacteria are grown on a media that will select for expression of the amino acid
metabolism gene or the complementing gene. In another embodiment, a bacteria auxotrophic for
D-glutamic acid synthesis is transformed with a plasmid comprising a gene for D-glutamic acid
synthesis, and the auxotrophic bacteria will grow in the absence of D-glutamic acid, whereas
auxotrophic bacteria that have not been transformed with the plasmid, or are not expressing the
plasmid encoding a protein for D-glutamic acid synthesis, will not grow. In another embodiment,
a bacterium auxotrophic for D-alanine synthesis will grow in the absence of D-alanine when
transformed and expressing the plasmid of the present invention if the plasmid comprises an
isolated nucleic acid encoding an amino acid metabolism enzyme for D-alanine synthesis. Such
methods for making appropriate media comprising or lacking necessary growth factors,
supplements, amino acids, vitamins, antibiotics, and the like are well known in the art, and are
available commercially (Becton-Dickinson, Franklin Lakes, NJ). Each method represents a
separate embodiment of the present invention.

[0205] In another embodiment, once an auxotrophic bacteria comprising the plasmid of the
present invention have been selected on appropriate media, the bacteria are propagated in the
presence of a selective pressure. Such propagation comprises growing the bacteria in media
without the auxotrophic factor. The presence of the plasmid expressing an amino acid
metabolism enzyme in the auxotrophic bacteria ensures that the plasmid will replicate along with
the bacteria, thus continually selecting for bacteria harboring the plasmid. The skilled artisan,
when equipped with the present disclosure and methods herein will be readily able to scale-up
the production of the Listeria vaccine vector by adjusting the volume of the media in which the
auxotrophic bacteria comprising the plasmid are growing.

[0206]  The skilled artisan will appreciate that, in another embodiment, other auxotroph strains

and complementation systems are adopted for the use with this invention.
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[0207] In another embodiment, the construct or nucleic acid molecule provided herein is
integrated into the Listerial chromosome using homologous recombination. Techniques for
homologous recombination are well known in the art, and are described, for example, in Baloglu
S, Boyle SM, et al. (Immune responses of mice to vaccinia virus recombinants expressing either
Listeria monocytogenes partial listeriolysin or Brucella abortus ribosomal L7/L.12 protein. Vet
Microbiol 2005, 109(1-2): 11-7); and Jiang LL, Song HH, et al., (Characterization of a mutant
Listeria monocytogenes strain expressing green fluorescent protein. Acta Biochim Biophys Sin
(Shanghai) 2005, 37(1): 19-24). In another embodiment, homologous recombination is performed
as described in United States Patent No. 6,855,320. In this case, a recombinant Lm strain that
expresses E7 was made by chromosomal integration of the E7 gene under the control of the hly
promoter and with the inclusion of the hly signal sequence to ensure secretion of the gene
product, yielding the recombinant referred to as Lm-AZ/E7. In another embodiment, a
temperature sensitive plasmid is used to select the recombinants. Each technique represents a
separate embodiment of the present invention.

[0208] In another embodiment, the construct or nucleic acid molecule is integrated into the
Listerial chromosome using transposon insertion. Techniques for transposon insertion are well
known in the art, and are described, inter alia, by Sun et al. (Infection and Immunity 1990, 58:
3770-3778) in the construction of DP-L967. Transposon mutagenesis has the advantage, in
another embodiment, that a stable genomic insertion mutant can be formed but the disadvantage
that the position in the genome where the foreign gene has been inserted is unknown.

[0209] In another embodiment, the construct or nucleic acid molecule is integrated into the
Listerial chromosome using phage integration sites (Lauer P, Chow MY et al, Construction,
characterization, and use of two Listeria monocytogenes site-specific phage integration vectors. J
Bacteriol 2002; 184(15): 4177-86). In certain embodiments of this method, 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 attachment site, which may 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 construct or
heterologous gene. In another embodiment, this method results in single-copy integrants. In
another embodiment, the present invention further comprises a phage based chromosomal

integration system for clinical applications, where a host strain that is auxotrophic for essential
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enzymes, including, but not limited to, d-alanine racemase can be used, for example Lmdal(-
)dat(-). In another embodiment, in order to avoid a “phage curing step,” a phage integration
system based on PSA is used. This requires, in another embodiment, continuous selection by
antibiotics to maintain the integrated gene. Thus, in another embodiment, the current invention
enables the establishment of a phage based chromosomal integration system that does not require
selection with antibiotics. Instead, an auxotrophic host strain can be complemented. Each
possibility represents a separate embodiment of the present invention.

[0210] 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, constitutively 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.

[0211] In another embodiment, the construct or nucleic acid molecule is expressed from an
episomal or plasmid vector, with an endogenous nucleic acid sequence encoding an LLO, PEST
or ActA sequence or fragments thereof. In another embodiment, the plasmid is stably maintained
in the recombinant Lisferia vaccine strain in the absence of antibiotic selection. In another
embodiment, the plasmid does not confer antibiotic resistance upon the recombinant Listeria. In
another embodiment, the fragment is a functional fragment. In another embodiment, the fragment
is an immunogenic fragment. In another embodiment, the construct or nucleic acid molecule
comprises a first and at least a second open reading frame each encoding a first and at least a
second polypeptide, wherein the first and the second polypeptide each comprise a heterologous
antigen or a functional fragment thereof fused to a PEST-containing polypeptide.

[0212]  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
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genome in the same open reading frame as an endogenous polypeptide.

[0213]  “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 generations,
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 generations. In
another embodiment, the period is 30 generations. 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 embodiment, 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 generations. In another embodiment, the
period is more than generations. In another embodiment, the nucleic acid molecule 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 present invention.

[0214] In another embodiment, a “functional fragment” is an immunogenic fragment capable of
eliciting an immune response when administered to a subject alone or in a vaccine or composition
provided herein. In another embodiment, a functional fragment has biological activity as will be
understood by a skilled artisan and as further provided herein.

[0215]  In other embodiments, an antigen provided herein is associated with one of the following
diseases; cholera, diphtheria, Haemophilus, hepatitis A, hepatitis B, influenza, measles, meningitis,
mumps, pertussis, small pox, pneumococcal pneumonia, polio, rabies, rubella, tetanus, tuberculosis,
typhoid, Varicella-zoster, whooping cough, 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, dermatomyositis, 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,
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sjogren's syndrome, systemic sclerosis, sclerosing cholangitis, Wegener's granulomatosis, dermatitis
herpetiformis, psoriasis, vitiligo, multiple sclerosis, encephalomyelitis, Guillain-Barre syndrome,
myasthenia gravis, Lambert-Eaton syndrome, sclera, episclera, 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 listeriosis.

[0216] In one embodiment, a disease provided herein is an infectious disease. In one
embodiment, an infectious disease is one caused by, but not limited to, any one of the following
pathogens: BCG/Tuberculosis, Malaria, Plasmodium falciparum, plasmodium malariae,
plasmodium vivax, Rotavirus, Cholera, Diptheria-Tetanus, Pertussis, Haemophilus influenzae,
Hepatitis B, Human papilloma virus, Influenza seasonal), Influenza A (HIN1) Pandemic,
Measles and Rubella, Mumps, Meningococcus A+C, Oral Polio Vaccines, mono, bi and trivalent,
Pneumococcal, Rabies, Tetanus Toxoid, Yellow Fever, Bacillus anthracis (anthrax), Clostridium
botulinum toxin (botulism), Yersinia pestis (plague), Variola major (smallpox) and other related
pox viruses, Francisella tularensis (tularemia), Viral hemorrhagic fevers, Arenaviruses (LCM,
Junin virus, Machupo virus, Guanarito virus, Lassa Fever), Bunyaviruses (Hantaviruses, Rift
Valley Fever), Flaviruses (Dengue), Filoviruses (Ebola , Marburg), Burkholderia pseudomallei,
Coxiella burnetii (Q fever), Brucella species (brucellosis), Burkholderia mallei (glanders),
Chlamydia psittaci (Psittacosis), Ricin toxin (from Ricinus communis), Epsilon toxin of
Clostridium perfringens, Staphylococcus enterotoxin B, Typhus fever (Rickettsia prowazekii),
other Rickettsias, Food- and Waterborne Pathogens, Bacteria (Diarrheagenic E.coli, Pathogenic
Vibrios, Shigella species, Salmonella BCG/, Campylobacter jejuni, Yersinia enterocolitica),
Viruses (Caliciviruses, Hepatitis A, West Nile Virus, LaCrosse, California encephalitis, VEE,
EEE, WEE, Japanese Encephalitis Virus, Kyasanur Forest Virus, Nipah virus, hantaviruses,
Tickborne hemorrhagic fever viruses, Chikungunya virus, Crimean-Congo Hemorrhagic fever
virus, Tickborne encephalitis viruses, Hepatitis B virus, Hepatitis C virus, Herpes Simplex virus
(HSV), Human immunodeficiency virus (HIV), Human papillomavirus (HPV)), Protozoa
(Cryptosporidium parvum, Cyclospora cayatanensis, Giardia lamblia, Entamoeba histolytica,

Toxoplasma), Fungi (Microsporidia), Yellow fever, Tuberculosis, including drug-resistant TB,
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Rabies, Prions, Severe acute respiratory syndrome associated coronavirus (SARS-CoV),
Coccidioides posadasii, Coccidioides immitis, Bacterial vaginosis, Chlamydia trachomatis,
Cytomegalovirus, Granuloma inguinale, Hemophilus ducreyi, Neisseria gonorrhea, Treponema
pallidum, Trichomonas vaginalis, or any other infectious disease known in the art that is not
listed herein.

[0217] In another embodiment, an infectious disease is a livestock infectious disease. In another
embodiment, livestock diseases can be transmitted to man and are called “zoonotic diseases.” In
another embodiment, these diseases include, but are not limited to, Foot and mouth disease, West
Nile Virus, rabies, canine parvovirus, feline leukemia virus, equine influenza virus, infectious
bovine rhinotracheitis (IBR), pseudorabies, classical swine fever (CSF), IBR, caused by bovine
herpesvirus type 1 (BHV-1) infection of cattle, and pseudorabies (Aujeszky's disease) in pigs,
toxoplasmosis, anthrax, vesicular stomatitis virus, rhodococcus equi, Tularemia, Plague (Yersinia
pestis), trichomonas.

[0218] In another embodiment, a disease provided herein is a respiratory or inflammatory
disease. In another embodiment, the respiratory or inflammatory disease is chronic obstructive
pulmonary disease (COPD). In another embodiment, the disease is asthma.

[0219] In one embodiment, live attenuated Listeria strains are capable of alleviating asthma
symptoms without co-administration of other therapeutic agents, such as anti-inflammatory
agents or bronchodilators. In another embodiment, the methods provided herein further comprise
the step of co-administering to a subject the live attenuated Listeria strain and one or more
therapeutic agents. In another embodiment, the therapeutic agent is an anti-asthmatic agent. In
another embodiment, the agent is an anti-inflammatory agent, a non-steroidal anti-inflammatory
agent, an antibiotic, an antichlolinerginc agent, a bronchodilator, a corticosteroid, a short-acting
beta-agonist, a long-acting beta-agonist, combination inhalers, an antihistamine, or combinations
thereof.

[0220] In one embodiment, a disease provided herein is a cancer or a tumor. In one embodiment,
the cancer treated by a method of the present invention is breast cancer. In another embodiment,
the cancer is a cervical cancer. In another embodiment, the cancer is a HER2 containing cancer.
In another embodiment, the cancer is a melanoma. 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
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pancreas. In another embodiment, the cancer is pulmonary adenocarcinoma. In another
embodiment, it is a glioblastoma multiforme. In another embodiment, it is a mesothelioma. In
another embodiment, the cancer is colorectal adenocarcinoma. In another embodiment, the
cancer is pulmonary squamous adenocarcinoma. In another embodiment, the cancer is gastric
adenocarcinoma. In another embodiment, the cancer is an ovarian surface epithelial neoplasm
(e.g. a benign, proliferative or malignant variety thereof). In another embodiment, the cancer is
an oral squamous 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. In another embodiment,
the cancer is oropharyngeal cancer. In another embodiment, the cancer is lung cancer. In another
embodiment, the cancer is anal cancer. In another embodiment, the cancer is colorectal cancer. In
another embodiment, the cancer is esophageal cancer. Each possibility represents a separate
embodiment of the present invention.

[0221] In one embodiment, a tumor marker provided herein is a heterologous tumor antigen,

29 C¢

which is also referred to herein as “tumor antigen” “antigenic polypeptide,” or “antigen.” In
another embodiment, the antigen is Human Papilloma Virus-E7 (HPV-E7) antigen, which in one
embodiment, is from HPV16 (in one embodiment, GenBank Accession No. AAD33253) and in
another embodiment, from HPV18 (in one embodiment, GenBank Accession No. P06788). In
another embodiment, the antigenic polypeptide is HPV-E6, which in one embodiment, is from
HPV16 (in one embodiment, GenBank Accession No. AAD33252, AAMS51854, AAMS51853, or
AAB67615) and in another embodiment, from HPV18 (in one embodiment, GenBank Accession
No. P06463). In another embodiment, the antigenic polypeptide is a Her/2-neu antigen. In another
embodiment, the antigenic polypeptide is Prostate Specific Antigen (PSA) (in one embodiment,
GenBank Accession No. CAD30844, CAD54617, AAAS58802, or NP_001639). In another
embodiment, the antigenic polypeptide is Stratum Corneum Chymotryptic Enzyme (SCCE)
antigen (in one embodiment, GenBank Accession No. AAK69652, AAK69624, AAG33360,
AAF01139, or AAC37551). In another embodiment, the antigenic polypeptide is Wilms tumor
antigen 1, which in another embodiment is WT-1 Telomerase (GenBank Accession. No. P49952,

P22561, NP_659032, CAC39220.2, or EAW68222.1). In another embodiment, the antigenic
polypeptide is hTERT or Telomerase (GenBank Accession. No. NMO003219 (variant 1),
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NM198255 (variant 2), NM 198253 (variant 3), or NM 198254 (variant 4). In another
embodiment, the antigenic polypeptide is Proteinase 3 (in one embodiment, GenBank Accession
No. M29142, M75154, M96839, X55668, NM 00277, M96628 or X56606). In another
embodiment, the antigenic polypeptide is Tyrosinase Related Protein 2 (TRP2) (in one
embodiment, GenBank Accession No. NP_001913, ABI73976, AAP33051, or Q95119). In
another embodiment, the antigenic polypeptide is High Molecular Weight Melanoma Associated
Antigen (HMW-MAA) (in one embodiment, GenBank Accession No. NP_001888, AAI28111,
or AAQ62842). In another embodiment, the antigenic polypeptide is Testisin (in one
embodiment, GenBank Accession No. AAF79020, AAF79019, AAG02255, AAK29360,
AAD41588, or NP_659200). In another embodiment, the antigenic polypeptide is NY-ESO-1
antigen (in one embodiment, GenBank Accession No. CAA05908, P78358, AAB49693, or NP__
640343). In another embodiment, the antigenic polypeptide is PSCA (in one embodiment,
GenBank Accession No. AAH65183, NP_005663, NP_082492, 043653, or CAB97347). In
another embodiment, the antigenic polypeptide is Interleukin (IL) 13 Receptor alpha (in one
embodiment, GenBank Accession No. NP 000631, NP 001551, NP_032382, NP_ 598751,
NP_001003075, or NP_999506). In another embodiment, the antigenic polypeptide is Carbonic
anhydrase IX (CAIX) (in one embodiment, GenBank Accession No. CAI13455, CAI10985,
EAWS58359, NP_001207, NP_647466, or NP_001101426). In another embodiment, the
antigenic polypeptide is carcinoembryonic antigen (CEA) (in one embodiment, GenBank
Accession No. AAA66186, CAA79884, CAA66955, AAAS51966, AAD15250, or AAAS51970.).
In another embodiment, the antigenic polypeptide is MAGE-A (in one embodiment, GenBank
Accession No. NP 786885, NP_786884, NP_005352, NP_004979, NP_005358, or NP__
005353). In another embodiment, the antigenic polypeptide is survivin (in one embodiment,
GenBank Accession No. AAC51660, AAY15202, ABF60110, NP_ 001003019, or NP__
001082350). In another embodiment, the antigenic polypeptide is GP100 (in one embodiment,
GenBank Accession No. AAC60634, YP_655861, or AAB31176). In another embodiment, the
antigenic polypeptide is any other antigenic polypeptide known in the art. In another embodiment,
the antigenic peptide of the compositions and methods of the present invention comprise an
immunogenic portion of the antigenic polypeptide. Each possibility represents a separate
embodiment of the present invention.

[0222] In another embodiment, an antigen provided herein is HPV-E6. In another embodiment,
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the antigen is telomerase (TERT). In another embodiment, the antigen is LMP-1. In another
embodiment, the antigen is p53. In another embodiment, the antigen is mesothelin. In another
embodiment, the antigen is EGFRVIIL In another embodiment, the antigen is carboxic anhydrase
IX (CAIX). In another embodiment, the antigen is PSMA. In another embodiment, the antigen is
HMW-MAA. In another embodiment, the antigen is HIV-1 Gag. In another embodiment, the
antigen is Tyrosinase related protein 2. In another embodiment, the antigen is selected from HPV-
E7, HPV-E6, Her-2, HIV-1 Gag, LMP-1, p53, PSMA, carcinoembryonic antigen (CEA), LMP-
1 kallikrein-related peptidase 3 (KLK3), KLK9, Muc, Tyrosinase related protein 2, Mucl, FAP,
IL-13R alpha 2, PSA (prostate-specific antigen), MAGE-1, MAGE-3, gp-100, heat-shock protein
70 (HSP-70), beta-HCG, EGFR-III, VEGFR2, Granulocyte colony-stimulating factor (G-CSF),
Angiogenin, Angiopoietin-1, Del-1, Fibroblast growth factors: acidic (aFGF) or basic (bFGF),
Follistatin, Granulocyte colony-stimulating factor (G-CSF), Hepatocyte growth factor
(HGF)/scatter factor (SF), Interleukin-8 (IL-8), Leptin, Midkine, Placental growth factor, Platelet-
derived endothelial cell growth factor (PD-ECGF), Platelet-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 factor (VPF), VEGFR, VEGFR2
(KDR/FLK-1) or a fragment thereof, FLK-1 or an epitope thereof, FLK-E1, FLK-E2, FLK-I1,
endoglin or a fragment thereof, Neuropilin 1 (NRP-1), Angiopoietin 1 (Angl), Tie2, Platelet-
derived growth factor (PDGF), Platelet-derived growth factor receptor (PDGFR), Transforming
growth factor-beta (TGF-f), endoglin, TGF-f receptors, monocyte chemotactic protein-1 (MCP-
1), VE-cadherin, CD31, ephrin, ICAM-1, V-CAM-1, VAP-1, E-selectin, plasminogen activators,
plasminogen activator inhibitor-1, Nitric oxide synthase (NOS), COX-2, AC133, or Id1/1d3,
Angiopoietin 3, Angiopoietin 4, Angiopoietin 6, CD105, EDG, HHT1, ORW, ORWI or a
TGPFbeta co-receptor, or a combination thereof. The use of fragments of antigens provided herein
is also encompassed by the present invention.

[0223] In another embodiment, a heterologous antigen provided herein is a tumor-associated
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, MAGE 4, a tyrosinase; a
mutant ras protein; a mutant pS3 protein; p97 melanoma antigen, a ras peptide or pS3 peptide

associated with advanced cancers; the HPV 16/18 antigens associated with cervical cancers, KLH
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antigen associated with breast carcinoma, CEA (carcinoembryonic antigen) associated with
colorectal cancer, a MARTI antigen associated with melanoma, or the PSA antigen associated
with prostate cancer. In another embodiment, the antigen for the compositions and methods
provided herein are melanoma-associated antigens, which in one embodiment are TRP-2, MAGE-
1, MAGE-3, gp-100, tyrosinase, HSP-70, beta-HCG, or a combination thereof. In one
embodiment, the antigen is a chimeric Her2 antigen described in US patent application
publication US2011/0142791, which is hereby incorporated by reference herein in its entirety.
[0224] It is to be understood that a skilled artisan will be able to use any heterologous antigen not
mentioned herein but known in the art for use in the methods and compositions provided herein.
[0225] In other embodiments, an antigen is derived from a fungal pathogen, bacteria, parasite,
helminth, or viruses. In other embodiments, the antigen is selected from tetanus toxoid,
hemagglutinin molecules from influenza virus, diphtheria toxoid, HIV gp120, HIV gag protein, IgA
protease, insulin peptide B, Spongospora subterranea antigen, vibriose antigens, Salmonella
antigens, pneumococcus antigens, respiratory syncytial virus antigens, Haemophilus influenza outer
membrane proteins, Helicobacter pylori urease, Neisseria meningitidis pilins, N. gonorrhoeae pilins,
the melanoma-associated antigens (TRP-2, MAGE-1, MAGE-3, gp-100, tyrosinase, MART-1, HSP-
70, beta-HCG), human papilloma virus antigens E1 and E2 from type HPV-16, -18, -31, -33, -35 or
-45 human papilloma viruses, the tumor antigens CEA, the ras protein, mutated or otherwise, the
pS3 protein, mutated or otherwise, Mucl, mesothelin, EGFRVIII or pSA.

[0226] In one embodiment, an angiogenic factor for use in the compositions and methods of the
present invention is VEGFR2.

[0227] In one embodiment, vascular endothelial growth factor (VEGF) is an important signaling
protein involved in both vasculogenesis (the formation of the embryonic circulatory system) and
angiogenesis (the growth of blood vessels from pre-existing vasculature). In one embodiment,
VEGEF activity is restricted mainly to cells of the vascular endothelium, although it does have effects
on a limited number of other cell types (e.g. stimulation monocyte/macrophage migration). In vitro,
VEGF has been shown to stimulate endothelial cell mitogenesis and cell migration. VEGF also
enhances microvascular permeability and is sometimes referred to as vascular permeability factor.
[0228] In one embodiment, all of the members of the VEGF family stimulate cellular responses
by binding to tyrosine kinase receptors (the VEGFRs) on the cell surface, causing them to dimerize

and become activated through transphosphorylation. The VEGF receptors have an extracellular
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portion consisting of 7 immunoglobulin-like domains, a single transmembrane spanning region and
an intracellular portion containing a split tyrosine-kinase domain.

[0229] In one embodiment, VEGF-A is a VEGFR-2 (KDR/Flk-1) ligand as well as a VEGFR-1
(FIt-1) ligand. In one embodiment, VEGFR- mediates almost all of the known cellular responses to
VEGEF. The function of VEGFR-1 is less well defined, although it is thought to modulate VEGFR-2
signaling, in one embodiment, via sequestration of VEGF from VEGFR-2 binding, which in one
embodiment, is particularly important during vasculogenesis in the embryo. In one embodiment,
VEGF-C and VEGF-D are ligands of the VEGFR-3 receptor, which in one embodiment, mediates
lymphangiogenesis.

[0230] In one embodiment, a recombinant Listeria of the present invention express a VEGF
receptor or a fragment thereof, which in one embodiment, is a VEGFR-2 and, in another
embodiment, a VEGFR-1, and, in another embodiment, VEGFR-3.

[0231] In one embodiment, vascular Endothelial Growth Factor Receptor 2 (VEGFR?2) is highly
expressed on activated endothelial cells (ECs) and participates in the formation of new blood
vessels. In one embodiment, VEGFR2 binds all 5 isoforms of VEGF. In one embodiment,
signaling of VEGF through VEGFR2 on ECs induces proliferation, migration, and eventual
differentiation. In one embodiment, the mouse homologue of VEGFR2 is the fetal liver kinase
gene-1 (Flk-1), which is a strong therapeutic target, and has important roles in tumor growth,
invasion, and metastasis. In one embodiment, VEGFR?2 is also referred to as kinase insert domain
receptor (a type III receptor tyrosine kinase) (KDR), cluster of differentiation 309 (CD309), FLK1,
Ly73, Krd-1, VEGFR, VEGFR-2, or 6130401C07.

[0232] In another embodiment, the VEGFR2 protein used in the compositions of the present
invention has the following sequence:

[0233] MESKALLAVALWFCVETRAASVGLPGDFLHPPKLSTQKDILTILANTTLQITCRG
QRDLDWLWPNAQRDSEERVLVTECGGGDSIFCKTLTIPRVVGNDTGAYKCSYRDVDI
ASTVYVYVRDYRSPFIASVSDOHGIVYITENKNKTVVIPCRGSISNLNVSLCARYPEKR
FVPDGNRISWDSEIGFTLPSYMISYAGMVFCEAKINDETYOSIMYIVVVVGYRIYDVIL
SPPHEIELSAGEKLVLNCTARTELNVGLDFTWHSPPSKSHHKKIVNRDVKPFPGTVAK
MFLSTLTIESVTKSDQGEYTCVASSGRMIKRNRTFVRVHTKPFIAFGSGMKSLVEATVGSQ
VRIPVKYLSYPAPDIKWYRNGRPIESNYTMIVGDELTIMEVTERDAGNYTVILTNPISMEKQ
SHMVSLVVNVPPQIGEKALISPMDSYQYGTMQTLTCTVYANPPLHHIQWYWQLEEACSY
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RPGQTSPYACKEWRHVEDFQGGNKIEVTKNQYALIEGKNKTVSTLVIQAANVSALYKCEA
INKAGRGERVISFHVIRGPEITVOPAAQPTEQESVSLLCTADRNTFENLTWYKLGSQAT
SVHMGESLTPVCKNLDALWKELNGTMFESNSTNDILIVAFONASLODOGDYVCSAQDK

KTKKRHCLVKOLIILERMAPMITGNLENQTTTIGETIEVTCPASGNPTPHITWFKDNE
TLVEDSGIVLRDGNRNLTIRRVRKEDGGLYTCQACNVLGCARAETLFIIEGAQEKTNLE

VIILVGTAVIAMFFWLLLVIVLRTVKRANEGELKTGYLSIVMDPDELPLDERCERLPYDA
SKWEFPRDRLKLGKPLGRGAFGQVIEADAFGIDKTATCKTVAVKMLKEGATHSEHR
ALMSELKILIHIGHHLNVVNLLGACTKPGGPLMVIVEFCKFGNLSTYLRGKRNEFVP

YKSKGARFROGKDYVGELSVDLKRRLDSITSSOSSASSGFVEEKSLSDVEEEEASEELY
KDFLTLEHLICYSFOVAKGMEFLASRKCIHRDLAARNILLSEKNVVKICDFGLARDIY

KDPDYVRKGDARLPLKWMAPETIFDRVYTIQSDVWSFGVLLWEIFSLGASPYPGVKIDE
EFCRRLKEGTRMRAPDYTTPEMY QTMLDCWHEDPNQRPSFSELVEHLGNLLQANAQQDG
KDYIVLPMSETLSMEEDSGLSLPTSPVSCMEEEEVCDPKFHYDNTAGISHYLQNSKRKSRP

VSVKTFEDIPLEEPEVKVIPDDSQTDSGMVLASEELKTLEDRNKLSPSFGGMMPSKSRESVA
SEGSNQTSGYQSGYHSDDTDTTVYSSDEAGLLKMVDAAVHADSGTTLRSPPV  (GenBank
Accession No. NP_034742.2, AAH20530.1, or EDL37891.1; SEQ ID NO: 137; the nucleic acid
sequence is set forth in GenBank Accession No. NM_010612.2 or BC020530.1). In one
embodiment, AA 68-277 corresponds to El described herein, AA 545-730 corresponds to E2

described herein, and AA 792-1081 corresponds to I1 described herein. In another embodiment, the
above sequence is used as the source of the VEGFR2 fragment incorporated in a vaccine of the
present invention. In another embodiment, a VEGFR2 AA sequence of methods and compositions
of the present invention is a homologue of SEQ ID NO: 137. In another embodiment, the VEGFR2
AA sequence is a variant of SEQ ID NO: 137. In another embodiment, the VEGFR2 AA sequence
is a fragment of SEQ ID NO: 137. In another embodiment, the VEGFR2 AA sequence is an isoform
of SEQ ID NO: 137. Each possibility represents a separate embodiment of the present invention.

[0234] In another embodiment, the VEGFR?2 has an amino acid sequence set forth in one of the
following GenBank entries: EDL37891.1; CAA61917.1; BAC27532.1; BAE24892.1;
AAH20530.1; AAB25043.1; CAA42040.1; or CAAS50192.1. In another embodiment, the VEGFR2
has an amino acid sequence set forth in one of the following GenBank entries: EAX05462.1;
EAX05463.1; EAXO05464.1; CAA61916.1; BADO93138.1; AABS88005.1; AAC16450.1;
BAG57114.1; AAI31823.1; ACF47599.1; AAA59459.1; or CAA43837.1. In another embodiment,
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the VEGFR2 has an amino acid sequence set forth in one of the following GenBank entries:
EDL89914.1; EDL89915.1; EDL89916.1; AAH87029.1; AAB97508.1; or AAB97509.1. In another
embodiment, the VEGFR?2 has an amino acid sequence set forth in one of the following GenBank
entries: CAQ13438.1; AAF03237.1; AAN47136.1; AAL16381.1; AAI29159.1; CAM73177.1;
AAB18415.1; AAB41042.1; or AAB62405.1. In another embodiment, the VEGFR2 has any
VEGFR2 amino acid sequence known in the art. In another embodiment, the VEGFR2 is a
homologue of a sequence from one of the above GenBank entries. In another embodiment, the
VEGFR?2 is a variant of a sequence from one of the above GenBank entries. In another embodiment,
the VEGFR2 is an isoform of a sequence from one of the above GenBank entries. In another
embodiment, the VEGFR?2 is a fragment of a sequence from one of the above GenBank entries.
Each possibility represents a separate embodiment of the present invention.

[0235] In another embodiment, the VEGFR2 has a nucleic acid sequence set forth in one of the
following GenBank entries: AC124615.11; AC134903.4; AC160723.2; AF061804.1; AF153058.1;
CH466524.1; X89777.1; AKO031739.1; AKO054510.1; AK141938.1; BC020530.1; S53103.1;
X59397.1; or X70842.1. In another embodiment, the VEGFR2 has a nucleic acid sequence set forth
in one of the following GenBank entries: AC021220.7; AC111194.4; CH471057.1; EAX05463.1;
EAX05464.1; X89776.1; AB209901.1; AF035121.1; AF063658.1; AK293668.1; BC131822.1;
BP280621.1; CR606055.1; EU826563.1; 1L04947.1; or X61656.1. In another embodiment, the
VEGFR2 has a nucleic acid sequence set forth in one of the following GenBank entries:
CH473981.1; BC087029.1; U93306.1; or U93307.1. In another embodiment, the VEGFR?2 has a
nucleic acid sequence set forth in one of the following GenBank entries: AL935131.7; BX247946.6;
CR759732.9 ; AF180354.1; AF487829.1; AY056466.1; BC129158.1; CU458916.1; U75995.1;
U82383.1; U89515.1 In another embodiment, the VEGFR2 has any VEGFR?2 nucleic acid sequence
known in the art. In another embodiment, the VEGFR?2 is a homologue of a sequence from one of
the above GenBank entries. In another embodiment, the VEGFR?2 is a variant of a sequence from
one of the above GenBank entries. In another embodiment, the VEGFR?2 is an isoform of a sequence
from one of the above GenBank entries. In another embodiment, the VEGFR?2 is a fragment of a
sequence from one of the above GenBank entries. Each possibility represents a separate embodiment
of the present invention.

[0236] In another embodiment, a VEGFR?2 polypeptide fragment is utilized in compositions and

methods of the present invention. In another embodiment, the VEGFR2 fragment comprises amino
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acids 68-277 of the VEGFR2 protein, which in one embodiment, is referred to as FlkI1-El. In
another embodiment, the VEGFR?2 polypeptide fragment has the sequence:

[0237]  RDSEERVLVTECGGGDSIFCKTLTIPRVVGNDTGAYKCSYRDVDIASTVYVYVR

DYRSPFIASVSDQHGIVYITENKNKTVVIPCRGSISNLNVSLCARYPEKRFVPDGNRISWDSE
IGFTLPSYMISYAGMVFEFCEAKINDETYQSIMYIVVVVGYRIYDVILSPPHEIELSAGEKLVLN
CTARTELNVGLDFTWHSPPSKSHHKKIVNR (SEQ ID NO: 138). In another embodiment, a
VEGFR2 AA sequence of methods and compositions of the present invention comprises the
sequence set forth in SEQ ID NO: 138. In another embodiment, the VEGFR2 AA sequence is a
homologue of SEQ ID NO: 138. In another embodiment, the VEGFR2 AA sequence is a variant of
SEQ ID NO: 138. In another embodiment, the VEGFR2 AA sequence is a fragment of SEQ ID NO:
138. In another embodiment, the VEGFR2 AA sequence is an isoform of SEQ ID NO: 138. Each
possibility represents a separate embodiment of the present invention.

[0238] In another embodiment, the VEGFR2 fragment comprises amino acids 545-730 of the
VEGFR?2 protein, which in one embodiment, is referred to as Flk1-E2. In another embodiment, the
VEGFR?2 polypeptide fragment has the sequence:

[0239]  VIRGPEITVQPAAQPTEQESVSLLCTADRNTFENLTWYKLGSQATSVHMGESLTP
VCKNLDALWKLNGTMFESNSTNDILIVAFQNASLQDQGDYVCSAQDKKTKKRHCLVKQLII
LERMAPMITGNLENQTTTIGETIEVTCPASGNPTPHITWFKDNETLVEDSGIVLRDGNRNLT

IRRVRKEDG (SEQ ID NO: 139). In another embodiment, a VEGFR2 AA sequence of methods
and compositions of the present invention comprises the sequence set forth in SEQ ID NO: 139. In
another embodiment, the VEGFR2 AA sequence is a homologue of SEQ ID NO: 139. In another
embodiment, the VEGFR2 AA sequence is a variant of SEQ ID NO: 139. In another embodiment,
the VEGFR2 AA sequence is a fragment of SEQ ID NO: 139. In another embodiment, the VEGFR2
AA sequence is an isoform of SEQ ID NO: 139. Each possibility represents a separate embodiment
of the present invention.

[0240] In another embodiment, the VEGFR2 fragment comprises amino acids 792-1081 of the
VEGFR?2 protein, which in one embodiment, is referred to as Flk1-I1. In another embodiment, the
VEGFR?2 polypeptide fragment has the sequence:

[0241] EGELKTGYLSIVMDPDELPLDERCERLPYDASKWEFPRDRLKLGKPLGRGAFGQ
VIEADAFGIDKTATCKTVAVKMLKEGATHSEHRALMSELKILIHIGHHLNVVNLLGACTKP
GGPLMVIVEFCKFGNLSTYLRGKRNEFVPYKSKGARFRQGKDY VGELSVDLKRRLDSITSS
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QSSASSGFVEEKSLSDVEEEEASEELYKDFLTLEHLICYSFQVAKGMEFLASRKCIHRDLAA
RNILLSEKNVVKICDFGLARDIYKDPDY VRKGDARLPLKWMAPETIFDRVYT (SEQ ID NO:
140). In another embodiment, a VEGFR2 AA sequence of methods and compositions of the present
invention comprises the sequence set forth in SEQ ID NO: 140. In another embodiment, the
VEGFR2 AA sequence is a homologue of SEQ ID NO: 140. In another embodiment, the VEGFR2
AA sequence is a variant of SEQ ID NO: 140. In another embodiment, the VEGFR2 AA sequence
is a fragment of SEQ ID NO: 140. In another embodiment, the VEGFR2 AA sequence is an isoform
of SEQ ID NO: 140. Each possibility represents a separate embodiment of the present invention.
[0242] In another embodiment, the VEGFR2 fragment comprises amino acids 1082-1237 of the
VEGFR2 protein, which in one embodiment, is referred to as Flk1-12. In another embodiment, the
VEGFR?2 polypeptide fragment has the sequence:

[0243] IQSDVWSFGVLLWEIFSLGASPYPGVKIDEEFCRRLKEGTRMRAPDYTTPEMYQ
TMLDCWHEDPNQRPSFSELVEHLGNLLQANAQQDGKDYIVLPMSETLSMEEDSGLSLPTS
PVSCMEEEEVCDPKFHYDNTAGISHYLQNSKRKSRPVSVKTF (SEQ ID NO: 141). In another
embodiment, a VEGFR2 AA sequence of methods and compositions of the present invention
comprises the sequence set forth in SEQ ID NO: 141. In another embodiment, the VEGFR2 AA
sequence is a homologue of SEQ ID NO: 141. In another embodiment, the VEGFR2 AA sequence
is a variant of SEQ ID NO: 141. In another embodiment, the VEGFR2 AA sequence is a fragment
of SEQ ID NO: 141. In another embodiment, the VEGFR2 AA sequence is an isoform of SEQ ID
NO: 141. Each possibility represents a separate embodiment of the present invention.

[0244] In another embodiment, the VEGFR?2 fragment used in the compositions and methods of
the present invention are based on analyzing the VEGFR2 amino acid sequence for regions that
contain T cell epitopes, which in one embodiment, are determined by running the VEGFR2
sequence through an epitope predictor program, several of which are known in the art, and in
another embodiment, are determined by predictive epitope mapping. In another embodiment, the
VEGFR?2 fragment is used by using human sequences that are homologous to VEGFR?2 sequences
in other species, in one embodiment, mice or rats, which are known to comprise T cell epitopes. In
another embodiment, the VEGFR?2 fragment used in the compositions and methods of the present
invention are based on knowledge in the art regarding regions of VEGFR2 that contain T cell
epitopes.

[0245] In one embodiment, a human HLA-A0201 fragment for use in the compositions and
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methods of the present invention comprises amino acids 766-774 of the VEGFR?2 protein. In another
embodiment, the VEGFR2 polypeptide fragment comprises the sequence IILVGTAVI (SEQ ID
NO: 142). In another embodiment, a human HLA-A0201 fragment for use in the compositions and
methods of the present invention comprises amino acids 781-789 of the VEGFR?2 protein. In another
embodiment, the VEGFR?2 polypeptide fragment comprises the sequence LLVIILRTV (SEQ ID
NO: 143). In another embodiment, a human HLA-A0201 fragment for use in the compositions and
methods of the present invention comprises amino acids 1034-1042 of the VEGFR2 protein. In
another embodiment, the VEGFR2 polypeptide fragment comprises the sequence ILLSEKNVV
(SEQ ID NO: 144). In another embodiment, a human HLA-A0201 fragment for use in the
compositions and methods of the present invention comprises amino acids 1076-1084 of the
VEGFR2 protein. In another embodiment, the VEGFR2 polypeptide fragment comprises the
sequence TIFDRVYTI (SEQ ID NO: 145). In another embodiment, a human HLA-A0201 fragment
for use in the compositions and methods of the present invention comprises amino acids 1093-1101
of the VEGFR?2 protein. In another embodiment, the VEGFR2 polypeptide fragment comprises the
sequence VLLWEIFSL (SEQ ID NO: 146).

[0246] In one embodiment, an endoglin protein is set forth in the following sequence:

[0247]  MDRGVLPLPITLLLFEIYSFEPTTGLAERVGCDLQPVDPTRGEVTFTTSQVSEGCV
AQAANAVREVHVLFLDFPGMLSHLELTLQASKQNGTETREVFLVLVSNKNVFVKFQAPEI
PLHLAYDSSLVIFQGQPRVNITVLPSLTSRKQILDWAATKGAITSIAALDDPQSIVLQLGQDP
KAPFLCLPEAHKDMGATLEWQPRAQTPVQSCRLEGVSGHKEAYILRILPGSEAGPRTVTV
MMELSCTSGDAILILHGPPY VSWFIDINHSMQILTTGEYSVKIFPGSKVKGVELPDTPQGLIA
EARKLNASIVTSFVELPLVSNVSLRASSCGGVFQTTPAPVVTTPPKDTCSPVLLMSLIQPKC
GNQVMTLALNKKHVQTLQCTITGLTFWDSSCQAEDTDDHLVLSSAYSSCGMKVTAHVVS
NEVIISFPSGSPPLRKKVQCIDMDSLSFQLGLYLSPHFLQASNTIELGQQAFVQVSVSPLTSE
VTVQLDSCHLDLGPEGDMVELIQSRTAKGSCVTLLSPSPEGDPRFSFLLRVYMVPTPTAGT
LSCNLALRPSTLSQEVYKTVSMRLNVVSPDLSGKGLVLPSVLGITFGAFLIGALLTAALWYI
YSHTRGPSKREPVVAVAAPASSESSSTNHSIGSTQSTPCSTSSMA (SEQ ID NO: 147; Figure
60). In one embodiment, the endoglin is any endoglin available in the art which include but is not
limited to the following accession numbers: CAAS54917.1, NP_001010968.1, NP_001074356.1,
AAC63386.1, CAAS0891. In another embodiment, aa 17-319 correspond to the construct CD105A.
In another embodiment, aa 359-599 correspond to the construct CD105B.
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[0248] The Listeria-based vaccine may contain both the mixture of live attenuated Listeria
strains and a co-administered therapeutic agents. The live attenuated Listeria strain and the co-
administered therapeutic agents may also be in different pharmaceutical compositions.

[0249] In one embodiment, the agent includes inhaled corticosteroids, which include fluticasone
(Flovent Diskus, Flovent HFA), budesonide (Pulmicort Flexhaler), mometasone (Asmanex),
flunisolide (Aerobid), beclomethasone (Qvar) and others. They are the most commonly
prescribed type of long-term asthma medication. Unlike oral corticosteroids, these corticosteroid
medications have a relatively low risk of side effects and are generally safe for long-term use.
[0250] The agent can be a Leukotriene modifier. These oral medications include montelukast
(Singulair), zafirlukast (Accolate) and zileuton (Zyflo, Zyflo CR). They help prevent asthma
symptoms for up to 24 hours.

[0251] Moreover, the agent can be long-acting beta agonists (LABAs). These inhaled
medications include salmeterol (Serevent Diskus) and formoterol (Foradil Aerolizer). LABAs
open the airways and reduce inflammation. However, they've been linked to severe asthma
attacks. LABAs should be taken only in combination with an inhaled corticosteroid.

[0252] In one embodiment, a composition or mixture of compositions provided herein
comprises an adjuvant. In another embodiment, the adjuvant is a granulocyte/macrophage
colony-stimulating factor (GM-CSF) protein. In another embodiment, the adjuvant comprises a
GM-CSF protein. In another embodiment, the adjuvant is a nucleotide molecule encoding GM-
CSF. In another embodiment, the adjuvant comprises a nucleotide molecule encoding GM-CSF.
In another embodiment, the adjuvant is saponin QS21. In another embodiment, the adjuvant
comprises saponin QS21. In another embodiment, the adjuvant is monophosphoryl lipid A. In
another embodiment, the adjuvant comprises monophosphoryl lipid A. In another embodiment,
the adjuvant is SBAS2. In another embodiment, the adjuvant comprises SBAS2. In another
embodiment, the adjuvant is an unmethylated CpG-containing oligonucleotide. In another
embodiment, the adjuvant comprises an unmethylated CpG-containing oligonucleotide. In
another embodiment, the adjuvant is an immune-stimulating cytokine. In another embodiment,
the adjuvant comprises an immune-stimulating cytokine. In another embodiment, the adjuvant is
a nucleotide molecule encoding an immune-stimulating cytokine. In another embodiment, the
adjuvant comprises a nucleotide molecule encoding an immune-stimulating cytokine. In another

embodiment, the adjuvant is or comprises a quill glycoside. In another embodiment, the adjuvant
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is or comprises a bacterial mitogen. In another embodiment, the adjuvant is or comprises a
bacterial toxin. In another embodiment, the adjuvant is or comprises any other adjuvant known in
the art. Each possibility represents a separate embodiment of the present invention.

[0253] In one embodiment, a composition or mixture of compositions provided herein comprise
an additional active agent. In one embodiment said additional active agent comprises an
oncolytic virus. In another embodiment, the additional active agent comprises a T cell receptor
engineered T cell (Receptor engineered T cells). In another embodiment, the additional active
agent comprises a chimeric antigen receptor engineered cells (CAR T cells). In another
embodiment, the additional active agent comprises a therapeutic or immunomodulating
monoclonal antibody. In another embodiment, the additional active agent comprises a targeting
thymidine kinase inhibitor (TKI). In another embodiment, the additional active agent comprises
an adoptively transferred cell incorporating engineered T cell receptors. In another embodiment,
an additional active agent of this invention comprises an attenuated oncolytic virus, a T cell
receptor engineered T cell (Receptor engineered T cells), a chimeric antigen receptor engineered
T cell (CAR T cells), a therapeutic or immunomodulating monoclonal antibody, a targeting
thymidine kinase inhibitor (TKI), or an adoptively transferred cells incorporating engineered T
cell receptors, or any combination thereof.

[0254] In another embodiment, a composition or mixture of compositions provided herein
comprise an additional active agent. In another embodiment, the active agent is an immune
checkpoint inhibitor.

[0255] In one embodiment, the immune checkpoint protein inhibitor is a Programmed Death 1
(PD-1) signaling pathway inhibitor. In another embodiment, the PD-1 signaling pathway
inhibitor is a molecule blocking PD-1 receptor interactions with PD-1 Ligand 1 (PD-L1) and PD-
I Ligand 2 (PD-L2). In another embodiment, PD-L1 is also known as CD274 or B7-HI. In
another embodiment, PD-L2 is also known as CD273 or B7-DC. In another embodiment, the
molecule blocking PD-1 receptor interactions with PD-1 Ligand 1 (PD-L1) and PD-1 Ligand 2
(PD-L2) is a molecule interacting with PD-1, PD-L1 or PD-L2. In another embodiment, the
molecule blocking PD-1 receptor interactions with PD-1 Ligand 1 (PD-L1) or PD-1 Ligand 2
(PD-L2) is a molecule interacting with PD-1, PD-L1 or PD-L2. The term “interacts” or
grammatical equivalents thereof may encompass binding, or coming into contact with another

molecule. In another embodiment, the molecule binds to PD-1. In another embodiment, the PD-
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1 signaling pathway inhibitor is an anti-PD1 antibody. In another embodiment, molecule
interacting with PD-L2 is an anti-PD-L1 antibody, or a small molecule that binds PD-L1. In
another embodiment, molecule interacting with PD-L2 is an anti-PD-L2 antibody, or a small
molecule that binds PD-L2.

[0256] In one embodiment, the molecule that interacts with PD-1 is a truncated PD-L1 protein.
In another embodiment, the truncated PD-L1 protein comprises the cytoplasmic domain of PD-
L1 protein. In another embodiment, the molecule interacting with PD-1 is a truncated PD-L2
protein. In another embodiment, the truncated PD-L2 protein comprises the cytoplasmic domain
of PD-L2 protein. In another embodiment, the molecule blocking PD-1 receptor interactions with
PD-1 Ligand 1 (PD-L1) and PD-1 Ligand 2 (PD-L2) is a molecule interacting with PD-L1 and
PD-L2. In another embodiment, the molecule interacting with PD-L.1 or PD-L2 is a truncated
PD-1 protein, a PD-1 mimic or a small molecule that binds PD-L1 or PD-L2. In another
embodiment, the truncated PD-1 protein comprises the cytoplasmic domain of the PD-1 protein.
[0257] In one embodiment, the immune checkpoint inhibitor is a CD80/86 signaling pathway
inhibitor. In another embodiment, CD80 is also known as B7.1. In another embodiment, CD86 is
also known as B7.2. In another embodiment, the CD80 signaling pathway inhibitor is a small
molecule that interacts with CD80. In another embodiment, the CD8&0 inhibitor is an anti-CD80
antibody. In another embodiment, the CD86 signaling pathway inhibitor is a small molecule that
interacts with CD86. In another embodiment, the CD86 inhibitor is an anti-CD86 antibody.
[0258] In one embodiment, the immune checkpoint inhibitor is a CTLA-4 signaling pathway
inhibitor. In another embodiment, CTLA-4 is also known as CD152. In another embodiment, the
CTLA-4 signaling pathway inhibitor is a small molecule that interacts with CTLA-4. In another
embodiment, the CTLA-4 inhibitor is an anti-CTLA-4 antibody. In another embodiment, the
immune checkpoint inhibitor is a CD40 signaling pathway inhibitor. In another embodiment, the
immune checkpoint inhibitor is any other antigen-presenting cell:Tcell signaling pathway
inhibitor known in the art.

[0259] It will be appreciated by the skilled artisan that any immune checkpoint protein known in
the art can be targeted by an immune check point inhibitor. An immune checkpoint protein may
be selected from, but is not limited to the following: programmed cell death protein 1 (PD1), T
cell membrane protein 3 (TIM3), adenosine A2a receptor (A2aR) and lymphocyte activation

gene 3 (LAG3), killer immunoglobulin receptor (KIR) or cytotoxic T-lymphocyte antigen-4
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(CTLA-4). In another embodiment, the checkpoint inhibitor protein is one belonging to the
B7/CD28 receptor superfamily. In one embodiment, the T cell stimulator is an antigen presenting
cell (APC)/ T cell agonist. In another embodiment, the T cell stimulator is a CD134 or a ligand
thereof or a fragment thereof, a CD-137 or a ligand thereof or a fragment thereof, or an
inchudible T cell costimulator {ICOS) or a ligand thereof or a fragment thereof.

[0260] In one embodiment, the methods provided herein further comprise the step of co-
administering an immunogenic composition provided herein with a indoleamine 2,3-dioxygenase
(IDO) pathway inhibitor. IDO pathway inhibitors for use in the present invention include any
IDO pathway inhibitor known in the art, including but not limited to, 1-methyltryptophan (1MT),
I-methyltryptophan (IMT), Necrostatin-1, Pyridoxal Isonicotinoyl Hydrazone, Ebselen, 5-
Methylindole-3-carboxaldehyde, CAY 10581, an anti-IDO antibody or a small molecule IDO
inhibitor. In another embodiment, the compositions and methods provided herein are also used
in conjunction with, prior to, or following a chemotherapeutic or radiotherapeutic regiment.
[0261] In one embodiment, the methods provided herein further comprise the step of co-
administering an immunogenic composition provided herein with a tumor kinase inhibitor that
enhances an anti-tumor immune response in said subject. Tumor kinase inhibitors (TKIs) serve to
interfere with specific cell signaling pathways and thus allow target-specific therapy for selected
malignancies. TKI’s are well known and will be appreciated by the skilled artisan to include
those set forth in Table 1 below and any other TKI known to enhance an anti-tumor immune
response.

0262] Table 1.
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signaling pathway inhibitor) present in the immunogenic composition provided herein that is
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administered to a subject is 5-10 mg/kg every 2 weeks, 5-10 mg/kg every 3 weeks, or 1-2 mg/kg
every 3 weeks. In another embodiment, the dose ranges from 1-10 mg/kg every week. In another
embodiment, the dose ranges from 1-10 mg/kg every 2 weeks. In another embodiment, the dose
ranges from 1-10 mg/kg every 3 weeks. In another embodiment, the dose ranges from 1-10
mg/kg every 4 weeks. These doses are exemplary and are not meant to be limiting.

[0264] In one embodiment, a composition or a mixture of compositions of the present invention
comprise an antibody or a functional fragment thereof, which specifically binds GITR or a
portion thereof. In another embodiment, a composition or a mixture of compositions of the
present invention comprise an antibody or functional fragment thereof, which specifically binds
OX40 or a portion thereof. In another embodiment, a composition or a mixture of compositions
of the present invention comprise an antibody that specifically bind GITR or a portion thereof,
and an antibody that specifically binds OX40. In another embodiment, a composition or a
mixture of compositions of the present invention comprises an Lm strain and an antibody or a
functional fragment thereof that specifically binds GITR. In another embodiment, a composition
or a mixture of compositions of the present invention comprises an Lm strain and an antibody or
a functional fragment thereof that specifically binds OX40. In another embodiment, a
composition or a mixture of compositions of the present invention comprises an Lm strain and an
antibody that specifically binds GITR or a portion thereof, and an antibody that specifically binds
0X40 or a portion thereof.

[0265] Different antibodies present in the same or different compositions need not have the
same form, for example one antibody may be a monoclonal antibody and another may be a FAb
fragment. Each possibility represents a different embodiment of this invention.

[0266] The term "antibody functional fragment" refers to a portion of an intact antibody that is
capable of specifically binding to an antigen. Examples of antibody fragments include, but are
not limited to, Fab, Fab', F(ab'),,and Fv  fragments, linear antibodies, scFv
antibodies, and multispecific antibodies formed from antibody fragments.

0267] It will be appreciated by a skilled artisan that the term “binds” or "specifically binds,"
with respect to an antibody, encompasses an antibody or functional fragment thereof, which
recognizes a specific antigen, but does not substantially recognize or bind other molecules in a
sample. For example, an antibody that specifically binds to an antigen from one species may also

bind to that antigen from one or more species, but, such cross-species reactivity does not itself
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alter the classification of an antibody as specific. In another example, an antibody that
specifically binds to an antigen may also bind to different allelic forms of the antigen. However,
such cross reactivity does not itself alter the classification of an antibody as specific. In some
instances, the terms "specific binding" or "specifically binding," can be used in reference to the
interaction of an antibody, a protein, or a peptide with a second chemical species, to mean that
the interaction is dependent upon the presence of a particular structure (e.g., an antigenic
determinant or epitope) on the chemical species; for example, an antibody
recognizes and binds to a specific protein structure rather than a specific amino acid sequence.

0268] In one embodiment, a composition of this invention comprises a recombinant Listeria
monocytogenes (Lm) strain. In another embodiment, a composition of this invention comprises
an antibody or functional fragment thereof, as described herein.

0269] In one embodiment, a composition provided herein as either part of a single composition
administration or as part of a mixture of compositions comprises an antibody or a functional
fragment thereof, as provided herein, and a recombinant attenuated Listeria, as provided herein.
In another embodiment, each component of the compositions provided herein is administered
prior to, concurrently with, or after another component of the compositions provided herein. In
one embodiment, even when administered concurrently, a Listeria-based composition and an
antibody or functional fragment thereof may be administered as two separate compositions.
Alternately, in another embodiment, a Listeria-based composition may comprise an antibody or a
functional fragment thereof.

[0270] In one embodiment, any of the compositions of the present invention induce a strong
innate stimulation of interferon-gamma, which in one embodiment, has anti-angiogenic
properties. In one embodiment, a Listeria of the present invention induces a strong innate
stimulation of interferon-gamma, which in one embodiment, has anti-angiogenic properties
(Dominiecki et al., Cancer Immunol Immunother. 2005 May;54(5):477-88. Epub 2004 Oct 6,
incorporated herein by reference in its entirety; Beatty and Paterson, J Immunol. 2001 Feb
15;166(4):2276-82, incorporated herein by reference in its entirety). In one embodiment, anti-
angiogenic properties of Listeria are mediated by CD4" T cells (Beatty and Paterson, 2001). In
another embodiment, anti-angiogenic properties of Listeria are mediated by CD8" T cells. In
another embodiment, IFN-gamma secretion as a result of Listeria vaccination is mediated by NK

cells, NKT cells, Th1 CD4" T cells, TC1 CD8" T cells, or a combination thereof.
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[0271] In another embodiment, any of the compositions of the present invention induce
production of one or more anti-angiogenic proteins or factors. In one embodiment, the anti-
angiogenic protein is IFN-gamma. In another embodiment, the anti-angiogenic protein is pigment
epithelium-derived factor (PEDF); angiostatin; endostatin; fms-like tyrosine kinase (sFlt)-1; or
soluble endoglin (sEng). In one embodiment, a Listeria of the present invention is involved in the
release of anti-angiogenic factors, and, therefore, in one embodiment, has a therapeutic role in
addition to its role as a vector for introducing an antigen to a subject. Each Listeria strain and type
thereof represents a separate embodiment of the present invention.

[0272] In another embodiment, the present invention provides a recombinant Listeria strain
comprising an episomal recombinant nucleic acid molecule, the nucleic acid molecule comprising
a first and at least a second open reading frame each encoding a first and at least a second
polypeptide, wherein the first and the at least second polypeptide each comprise a heterologous
antigen or a functional fragment thereof fused to a PEST-containing polypeptide, wherein the
nucleic acids further comprise a plasmid replication control region. In another embodiment, the
plasmid control region regulates expression from the first and least second open reading frame.
In another embodiment, the plasmid control region comprises an open reading frame encoding a
transcription repressor that represses heterologous antigen expression from the first or at least
second open reading frame. In another embodiment, the plasmid control region comprises an
open reading frame encoding a transcription inducer that induces heterologous antigen expression
from the first and at least second open reading frame. In another embodiment, the nucleic acid
molecule comprises 1-4 open reading frames each encoding 1-4 recombinant polypeptides,
wherein said recombinant polypeptides each comprise a heterologous antigen or a functional
fragment thereof fused to a PEST-containing polypeptide. In another embodiment, a plasmid
control region represses heterologous antigen expression from the first through fourth open
reading frames. In another embodiment, the plasmid control region comprises an open reading
frame encoding a transcription inducer that induces heterologous antigen expression from the first
through fourth open reading frames.

[0273] In one embodiment, there are different types of transcription regulation mechanisms
known in the art and these include, but are not limited to, “negative control” and “positive
control.” In negative control, a regulatory protein or repressor protein binds to the operator and

prevents RNA polymerase from binding properly to the promoter sequence. Alternatively, the
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repressor protein can be synthesized in an inactive form in that it cannot block RNA polymerase
binding to the promoter; the repressor is then activated to prevent RNA polymerase binding to the
promoter by the binding of a corepressor. This type of control is seen most often in anabolic
pathways (e.g., arginine biosynthesis), where the corepressor is often the end product of the
anabolic pathway. Alternatively, the repressor protein is synthesized in an active form, binds to
the operator and prevents RNA polymerase from binding to promoter. When an inducer binds to
the repressor, the repressor becomes inactive, therefore RNA polymerase is now free to initiate
transcription. This type of control is seen most often in catabolic pathways (e.g., lactose
catabolism). The inducer is often a form of the substrate that will be degraded. In positive control,
a regulatory protein, called an activator protein, binds to the operator and the activator molecular
stabilizes RNA polymerase binding to the promoter region. An example of this includes the
arabinose catabolism. Regulatory proteins (for both positive and negative regulation) are encoded
by regulatory genes and can be synthesized continuously at low levels. They can be made to be
self-regulated whereby high concentrations of the regulatory protein (associated with high
plasmid production) binds to its own operator and represses RNA polymerase from binding to the
promoter sequence. This stops transcription until its level drops. Several examples of these types
of regulation include the lactose operon, the arginine operon, the diphtheria toxin gene regulation
system, etc. Transcription repressors and methods of use thereof are readily known in the art and
are contemplated for use in the present invention.

[0274] In one embodiment, the methods provided herein comprise the step of measuring
metabolic burden in the recombinant Listerias expressing multiple fusion proteins provided herein
prior to using them in a clinical setting. In doing so, a skilled artisan can readily determine which
optimal conditions to use for expression of fusion proteins comprising a heterologous antigen
provided herein. In another embodiment, measuring metabolic burden is accomplished by any
means know in the art at the time of the invention which include but are not limited to, measuring
growth rates of the vaccine strain, optical density readings, colony forming unit (CFU) plating,
and the like. In another embodiment, the metabolic burden on the bacterial cell is determined by
measuring the viability of the bacterial cell. Methods of measuring bacteria viability are readily
known and available in the art, some of which include but are not limited to, bacteria plating for
viability count, measuring ATP, and flow cytometry. In ATP staining, detection is based on using

the luciferase reaction to measure the amount of ATP from viable cells, wherein the amount of
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ATP in cells correlates with cell viability. As to flow cytometry, this method can be used in
various ways, also known in the art, for example after employing the use of viability dyes which
are excluded by live bacterial cells and are absorbed or adsorbed by a dead bacterial cells. A
skilled artisan would readily understand that these and any other methods known in the art for
measuring bacterial viability can be used in the present invention. It is to be understood that a
skilled artisan would be able to implement the knowledge available in the art at the time of the
invention for measuring growth rates of a Listeria strain or expression of marker genes by the
Listeria strain that allow determining the metabolic burden of the Listeria strain expressing
multiple heterologous antigens or functional fragments thereof.

[0275] In one embodiment, the term “at least second nucleic acid molecule” refers to two or
more nucleic acid molecules, alternatively it refers to three, four, five, and so on nucleic acid
molecules. In another embodiment, the term refers to up to ten nucleic acid molecules, or up to
twenty or up to thirty nucleic acid molecules.

[0276] In one embodiment, a recombinant Listeria strain provided herein comprises a
multivalent plasmid that delivers two or more antigens. In another embodiment, the plasmid is a
dual plasmid described herein (see Figure 20 and Example 40). In another embodiment, provided
herein is an episomal recombinant nucleic acid encoding the multivalent plasmid. In another
embodiment, the multivalent plasmid delivers two to five antigens. In another embodiment, the
multivalent plasmid delivers two to ten antigens. In another embodiment, the antigens in the
multivalent plasmid are fused to a PEST-containing amino acid sequence.

[0277] In one embodiment, a plasmid provided herein remains extra-chromosomal or
episomal, that is, it does not integrate into a host’s bacteria’s chromosome once transfected into a
bacteria. In another embodiment, a plasmid provided herein is an integrative plasmid that
integrates into a host bacteria’s chromosomal sequence (specifically or randomly) once
transfected into a bacteria.

[0278] In another embodiment, an episomal recombinant nucleic acid backbone is encoded by the
sequence comprising SEQ ID NO: 1. In another embodiment, the episomal recombinant nucleic
acid provided herein is encoded by the sequence consisting of SEQ ID NO: 1. In another
embodiment, the episomal recombinant nucleic acid provided herein is encoded by the sequence

set forth in SEQ ID NO: 1.
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ggagtgtatactggcttactatgttggcactgatgagggtgtcagtgaagtgcttcatgtggcaggagaaaaaaggctgcaccggtgcgtca
gcagaatatgtgatacaggatatattccgettcctegetcactgactcgetacgeteggtegttcgactgecggegageggaaatggettacga
acgggecgeagatttcctggaagatgccaggaagatacttaacagggaagtgagaggeccgeggcaaagecgtttttccataggetecge
cceectgacaageatcacgaaatctgacgetcaaatcagtggtggcgaaacccgacaggactataaagataccaggegtttcceectggeg
getecctegtgegetcteetgttectgectttcggtttaccggtgtcattcegetgttatggccgegtttgtctcattccacgectgacactcagtte
cgggtaggcagttcgetccaagetggactgtatgcacgaaccceccgticagteccgaccgetgegecttatccggtaactatcgtcttgagte
caacccggaaagacatgcaaaageaccactggcagecagecactggtaattgatttagaggagttagtcttgaagtcatgegecggttaagg
ctaaactgaaaggacaagttttggtgactgcgcetcctccaagecagttacctcggttcaaagagttggtagetcagagaaccttcgaaaaacc
geectgecaaggceggttttttcgttttcagagcaagagattacgecgcagaccaaaacgatctcaagaagatcatcttattaatcagataaaatattt
ctagccctectttgattagtatattcctatcttaaagttacttttatgtggaggcattaacatttgttaatgacgtcaaaaggatagcaagactagaat
aaagctataaagcaagcatataatattgcgtttcatctttagaagcgaatttcgccaatattataattatcaaaagagaggggtgecaaacggta
tttggcattattaggttaaaaaatgtagaaggagagtgaaacccatgaaaaaaataatgctagtttttattacacttatattagttagtctaccaatt
gcgcaacaaactgaagcaaaggatgcatctgeattcaataaagaaaattcaatttcatccatggcaccaccagcatctccgectgcaagtect
aagacgccaatcgaaaagaaacacgcggatgaaatcgataagtatatacaaggattggattacaataaaaacaatgtattagtataccacgg
agatgcagtgacaaatgtgccgccaagaaaaggttacaaagatggaaatgaatatattgttgtgeagaaaaagaagaaatccatcaatcaaa
ataatgcagacattcaagttgtgaatgcaatttcgagcctaacctatccaggtgctetcgtaaaagegaattcggaattagtagaaaatcaacc
agatgttctccctgtaaaacgtgattcattaacactcagceattgatttgccaggtatgactaatcaagacaataaaatagttgtaaaaaatgecac
taaatcaaacgttaacaacgcagtaaatacattagtggaaagatggaatgaaaaatatgctcaagettatccaaatgtaagtgcaaaaattgatt
atgatgacgaaatggcttacagtgaatcacaattaattgcgaaatttggtacagcatttaaagctgtaaataatagcttgaatgtaaacttcggeg
caatcagtgaagggaaaatgcaagaagaagtcattagttttaaacaaatttactataacgtgaatgttaatgaacctacaagaccttccagatttt
tcggcaaagcetgttactaaagagcagttgcaagegcettggagtgaatgcagaaaatectcctgeatatatctcaagtgtggcgtatggcegte
aagtttatttgaaattatcaactaattcccatagtactaaagtaaaagetgcttttgatgctgccgtaageggaaaatctgtctcaggtgatgtaga
actaacaaatatcatcaaaaattcttccttcaaagccgtaatttacggaggtticcgcaaaagatgaagttcaaatcatcgacggcaacctcgga
gacttacgcgatattttgaaaaaaggcgctacttttaatcgagaaacaccaggagttcccattgcttatacaacaaacttcctaaaagacaatga
attagctgttattaaaaacaactcagaatatattgaaacaacttcaaaagcttatacagatggaaaaattaacatcgatcactctggaggatacgt
tgctcaattcaacatttcttgggatgaagtaaattatgatctcgagactagttctagatttatcacgtacccatttccccgcatcttttatttttttaaat
actttagggaaaaatggtttttgatttgcttttaaaggttgtggtotagactcgtctgctgactgcatgctagaatctaagtcactttcagaageatc
cacaactgactctttcgccacttttctcttatttgcttttgttggtttatctggataagtaaggctttcaagctcactatccgacgacgcetatggctttte
ttetttttttaatttccgetgegetatccgatgacagacctggatgacgacgetecacttgecagagttggtcggtegactcctgaagectettcatt
tatagccacatttcetgtttgctcaccgttgttattattgttattcggacctttctctgettttgctttcaacattgctattaggtctgctttgttcgtattttt

cactttattcgatttttctagttcctcaatatcacgtgaacttacttcacgtgcagtttcgtatcttggtcecgtatttacctcgettggctgctettctgt
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tttttcttcttcecattcatctgtgtttagactggaatettcgetatctgtcgetgcaaatattatgtcggggttaatcgtaatgecagttggcagtaatg
aaaactaccatcatcgcacgcataaatctgtttaatcccacttatactccctectcgtgatacgctaatacaacctttttagaacaaggaaaattcg
gecttcattttcactaatttgttccgttaaaaattggattagcagttagttatcttcttaattagctaatataagaaaaaatattcatgaattattttaaga
atatcacttggagaattaatttttctctaacatttgttaatcagttaaccccaactgcttcccaagettcacccgggcecactaactcaacgctagta
gtggatttaatcccaaatgagccaacagaaccagaaccagaaacagaacaagtaacattggagttagaaatggaagaagaaaaaagcaat
gatttcgtgtgaataatgcacgaaatcattgcttatttttttaaaaagcgatatactagatataacgaaacaacgaactgaataaagaatacaaaa
aaagagccacgaccagttaaagcctgagaaactttaactgcgagcecttaattgattaccaccaatcaattaaagaagtcgagacccaaaattt
ggtaaagtatttaattactttattaatcagatacttaaatatctgtaaacccattatatcgggtttttgaggggatttcaagtctttaagaagatacca
ggcaatcaattaagaaaaacttagttgattgccttttttgttgtgattcaactttgatcgtagcttctaactaattaattttcgtaagaaaggagaaca
gctgaatgaatatcecttttgttgtagaaactgtgcttcatgacggcttgttaaagtacaaatttaaaaatagtaaaattcgctcaatcactaccaa
gccaggtaaaagtaaaggggctatttttgcgtatcgctcaaaaaaaageatgattggcggacgtggcgttgtictgacttccgaagaagegat
tcacgaaaatcaagatacatttacgcattggacaccaaacgtttatcgttatggtacgtatgcagacgaaaaccgttcatacactaaaggacatt
ctgaaaacaatttaagacaaatcaataccttctttattgattttgatattcacacggaaaaagaaactatttcagcaagcgatattttaacaacagct
attgatttaggttttatgcctacgttaattatcaaatctgataaaggttatcaagcatattttgttttagaaacgecagtctatgtgacttcaaaatcag
aatttaaatctgtcaaagcagccaaaataatctcgcaaaatatccgagaatattttggaaagtctttgccagttgatctaacgtgcaatcattttgg
gattgctcgtataccaagaacggacaatgtagaattttttgatcccaattaccgttattctttcaaagaatggcaagattggtctttcaaacaaaca
gataataagggctttactcgttcaagtctaacggttttaagcggtacagaaggcaaaaaacaagtagatgaaccetggtttaatctcttattgea
cgaaacgaaattttcaggagaaaagggtttagtagggcgcaatagegttatgtttaccctctctttagectactttagttcaggctattcaatcga
aacgtgcgaatataatatgtttgagtttaataatcgattagatcaacccttagaagaaaaagaagtaatcaaaattgttagaagtgcctattcaga
aaactatcaaggggctaatagggaatacattaccattctttgcaaagettgggtatcaagtgatttaaccagtaaagatttatttgtccgtcaagg
gtggtttaaattcaagaaaaaaagaagcgaacgtcaacgtgttcatttgtcagaatggaaagaagatttaatggcttatattagcgaaaaaage
gatgtatacaagccttatttagcgacgaccaaaaaagagattagagaagtgctaggcattcctgaacggacattagataaattgctgaaggta
ctgaaggcgaatcaggaaattttctttaagattaaaccaggaagaaatggtgecattcaacttgctagtgttaaatcattgttgctatcgatcatta
aattaaaaaaagaagaacgagaaagctatataaaggcgctgacagcettcgtttaatttagaacgtacatttattcaagaaactctaaacaaattg
gcagaacgccccaaaacggacccacaactcgatttgtttagetacgatacaggctgaaaataaaaccecgeactatgecattacatttatatcta
tgatacgtgtttgtttttctttgctggctagcttaattgcttatatttacctgcaataaaggatttcttacttccattatactcccattttccaaaaacatac
ggggaacacgggaacttattgtacaggccacctcatagttaatggtttcgagecttcctgcaatctcatccatggaaatatattcatceccectge
cggcctattaatgtgacttttgtgcccggeggatattcctgatccagetccaccataaattggtccatgcaaattcggecggcaattttcaggeg
ttttccettcacaaggatgtcggtecctttcaattttcggagecagecgtecgeatagectacaggecaccgtececgatccatgtgtetttttecget
gtgtactcggctccgtagetgacgetctcgectttictgatcagtttgacatgtgacagtgtcgaatgcagggtaaatgecggacgeagetgaa

acggtatctcgtccgacatgtcagcagacgggcgaaggccatacatgecgatgeccgaatctgactgcattaaaaaagecttttttcageegg
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agtccageggegctgtticgecgecagtggaccattagattctttaacggcagecggagcaatcagetctttaaagegetcaaactgeattaagaaa
tagcctctttctttttcatccgetgtcgcaaaatgggtaaataceectttgecactttaaacgagggttgcggtcaagaattgeccatcacgtictgaa
cttcttectctgtttttacaccaagtctgttcatcccegtatcgaccttcagatgaaaatgaagagaaccttttttcgtgtgecggectgcctectga
agccattcaacagaataacctgttaaggtcacgtcatactcagcagegattgccacatactccgggggaaccgegecaageaccaatatag
gegecttcaatecctttttgegecagtgaaatcgettcatccaaaatggecacggecaageatgaageacctgegtcaagageagectttgctg
tttctgcatcaccatgeccgtaggegtttgctttcacaactgecatcaagtggacatgttcaccgatatgttttttcatattgctgacattttectttat
cacggacaagtcaatttccgcecacgtatctetgtaaaaaggttttgtgctcatggaaaactectctettttttcagaaaatcccagtacgtaatta
agtatttgagaattaattttatattgattaatactaagtttacccagttttcacctaaaaaacaaatgatgagataatagctccaaaggctaaagag
gactataccaactatttgttaat (SEQ ID NO: 1).

[0279] In one embodiment, a multivalent plasmid backbone comprises at least two nucleic acid
sequences encoding at least two antigens. In another embodiment, the recombinant episomal
nucleic acid encodes a plasmid backbone sequence and at least two antigens. In another
embodiment, the antigens are heterologous antigens to the bacteria host carrying the plasmid. In
another embodiment, the antigens are heterologous antigens to the Listeria host carrying the
plasmid. In another embodiment, the recombinant episomal nucleic acid sequence encoding the
plasmid backbone and at least two heterologous antigens comprises SEQ ID NO: 2. In another
embodiment, the recombinant episomal nucleic acid sequence encoding the plasmid backbone
and at least two heterologous antigens consists of SEQ ID NO: 2.
ggagtgtatactggcttactatgttggcactgatgagggtgtcagtgaagtgcttcatgtggcaggagaaaaaaggctgcaccggtgcgtca
gcagaatatgtgatacaggatatattccgettcctegetcactgactcgetacgeteggtegttcgactgecggegageggaaatggettacga
acgggecgeagatttcctggaagatgccaggaagatacttaacagggaagtgagagggccgceggcaaagecgtttttccataggetecge
cceectgacaageatcacgaaatctgacgetcaaatcagtggtggcgaaacccgacaggactataaagataccaggegtttcceectggeg
getecctegtgegetctectgttectgectttcggtttaccggtgtcattcegetgttatggccgegtttgtctcattccacgectgacactcagtte
cgggtaggcagttcgectccaagetggactgtatgcacgaaccceccgticagtccgaccgetgegecttatccggtaactatcgtcttgagte
caacccggaaagacatgcaaaageaccactggcagecagecactggtaattgatttagaggagttagtcttgaagtcatgegecggttaagg
ctaaactgaaaggacaagttttggtgactgcgcetcctccaagecagttacctcggttcaaagagttggtagetcagagaaccttcgaaaaacc
gecctgecaaggceggttttttcgttttcagagcaagagattacgecgcagaccaaaacgatctcaagaagatcatcttattaatcagataaaatattt
ctagccctectttgattagtatattcctatcttaaagttacttttatgtggaggcattaacatttgttaatgacgtcaaaaggatagcaagactagaat
aaagctataaagcaagcatataatattgcgtttcatctttagaagcgaatttcgccaatattataattatcaaaagagaggggtgecaaacggta
tttggcattattaggttaaaaaatgtagaaggagagtgaaacccatgaaaaaaataatgctagtttttattacacttatattagttagtctaccaatt

gcgcaacaaactgaagcaaaggatgcatctgeattcaataaagaaaattcaatttcatccatggcaccaccagcatctccgectgcaagtect
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aagacgccaatcgaaaagaaacacgcggatgaaatcgataagtatatacaaggattggattacaataaaaacaatgtattagtataccacgg

agatgcagtgacaaatgtgccgccaagaaaaggttacaaagatggaaatgaatatattgttgtgeagaaaaagaagaaatccatcaatcaaa
ataatgcagacattcaagttgtgaatgcaatttcgagcctaacctatccaggtgctetcgtaaaagegaattcggaattagtagaaaatcaacc

agatgttctccctgtaaaacgtgattcattaacactcagceattgatttgccaggtatgactaatcaagacaataaaatagttgtaaaaaatgecac
taaatcaaacgttaacaacgcagtaaatacattagtggaaagatggaatgaaaaatatgctcaagettatccaaatgtaagtgcaaaaattgatt
atgatgacgaaatggcttacagtgaatcacaattaattgcgaaatttggtacagcatttaaagctgtaaataatagcttgaatgtaaacttcggeg
caatcagtgaagggaaaatgcaagaagaagtcattagttttaaacaaatttactataacgtgaatgttaatgaacctacaagaccttccagatttt
tcggcaaagcetgttactaaagagcagttgcaagegcettggagtgaatgcagaaaatectcctgcatatatctcaagtgtggcgtatggccgte

aagtttatttgaaattatcaactaattcccatagtactaaagtaaaagetgcttttgatgctgccgtaageggaaaatctgtctcaggtgatgtaga
actaacaaatatcatcaaaaattcttccttcaaagccgtaatttacggaggtticcgcaaaagatgaagttcaaatcatcgacggcaacctcgga
gacttacgcgatattttgaaaaaaggcgctacttttaatcgagaaacaccaggagttcccattgcttatacaacaaacttcctaaaagacaatga
attagctgttattaaaaacaactcagaatatattgaaacaacttcaaaagcttatacagatggaaaaattaacatcgatcactctggaggatacgt
tgctcaattcaacatttcttgggatgaagtaaattatgatetegageatggagatacacctacattgecatgaatatatgttagatttgcaace
agagacaactgatctctactgttatgagcaattaaatgacagctcagaggaggaggatgaaatagatggtecagetggacaagea

gaaccggacagagcccattacaatattgtaaccttttgttgcaagtgtgactctacgettcggttgtgcgtacaaagecacacacgtag
acattcgtactttggaagacctgttaatgggcacactaggaattgtgtgccccatctgtictcagaaaccataaactagtcragrggrg
atggtgatgatggagcicagaictgictaagaggeagecatagggceataageigigicaccagctgeaccgiggatgtcaggeagatg

cccagaaggegggagacatatggggageccacaccagecatcacgtatgceticgictaagattictiigtiggetiigggggatgigtitic
cctcaacacttigatggecactggaatiticacatictccccatcagggatccagatgecctigtagacigigecaaaagegcecagateea
agcaccttcaccttcctcagctecgicictticaggatccgeatctgegectggtigggeatcgetecgetaggigicageggciccaccag

clcegtttcctgeageagictecgeatcgigtacticeggaltceticigeigecctcgggegeacageiggiggeaggeeaggeecicgecc

acacactcgtcctctggeeggtiggeagigiggageagagetiggigegggticcgaaagagcetggtcecagggeaccgigigeacga

agcagagglggglgitatggiggatgagggeeagicecactgeccagticcectcagigagegeagecccagecageigatgeecagecc
ltgeaggglcagegagtaggcegcecatigigeagaaticgtcececggattactigeaggtictggaagacgeigaggicaggeaggcigic
cggeeatgelgagatgtataggtaaccigigatcicticcagagictcaaacactiggagetgetciggelggagcggggeagigligga

ggcigggtccccatcaaageictccggeagaaatgecaggcicceaaagalctictigeagecageaaactectggataticticcacaa
aatcglgtcctggtageagagelgggggliccgeiggatcaagaccccicctitcaagatctcigigaggeticgaagetgeagcteccgc
aggcclcctggggaggececctgigacaggggigglatigticagegggictecatigictageacggecagggeatagtigicctcaaag
agctggglgectcgeacaatccgeagectcigeagigggaccigecteactiggtigigagegatgageacgtagecctgeacctectgg
atatcctgeaggaaggacaggcelggeatiggigggeaggtaggigagiiccaggtiiccctgeaccacctggeageeeigglagaggls
geggagceatgtccaggrgggrictagatttatcacgtacccatttcccegeatcttttatttttttaaatactttagggaaaaatggtttttgatttgct
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tttaaaggttgtggtotagactcgtctgctgactgcatgctagaatctaagtcactttcagaagcatccacaactgactctttcgecacttttctett

atttgcttttgttggtttatctggataagtaaggctttcaagctcactatccgacgacgctatggcttttcttctttttttaatttccgetgegetatecg

atgacagacctggatgacgacgctccacttgcagagttggtcggtcgactcctgaagectcttcatttatagecacatttectgtttgetcacegt
tgttattattgttattcggacctttctctgcttttgctttcaacattgctattaggtctgctttgttc gtatttttcactttattcgatttttctagttcctcaata
tcacgtgaacttacttcacgtgcagtttcgtatcttggtcccgtatttacctegettggctgctettctgttttttcttcttcccattcatctgtgtitaga

ctggaatcttcgctatctgtcgctgcaaatattatgtcgggettaatcgtaatgcagttggcagtaatgaaaactaccatcatcgcacgcataaat
ctgtttaatcccacttatactccetectcgtgatacgctaatacaacctttttagaacaaggaaaattcggecttcattttcactaatttgttccgttaa
aaattggattagcagttagttatcttcttaattagctaatataagaaaaaatattcatgaattattttaagaatatcacttggagaattaatttttctctaa
catttgttaatcagttaaccccaactgcttcccaagettcacccgggcecactaactcaacgctagtagtggatttaatcccaaatgagecaaca

gaaccagaaccagaaacagaacaagtaacattggagttagaaatggaagaagaaaaaagcaatgatttcgtgtgaataatgcacgaaatca
ttgcttatttttttaaaaagcgatatactagatataacgaaacaacgaactgaataaagaatacaaaaaaagagccacgaccagttaaagectg

agaaactttaactgcgagccttaattgattaccaccaatcaattaaagaagtcgagacccaaaatttggtaaagtatttaattactttattaatcag

atacttaaatatctgtaaacccattatatcgggtttttgaggggatttcaagtctttaagaagataccaggcaatcaattaagaaaaacttagttgat
tgccttttttgttgtgattcaactttgatcgtagcttctaactaattaattttcgtaagaaaggagaacagcetgaatgaatatccettttgttgtagaaa
ctgtgcttcatgacggcttgttaaagtacaaatttaaaaatagtaaaattcgctcaatcactaccaagecaggtaaaagtaaaggggctatttttg
cgtatcgctcaaaaaaaagcatgattggcggacgtggcgttgttctgacttccgaagaagegattcacgaaaatcaagatacatttacgeattg
gacaccaaacgtttatcgttatggtacgtatgcagacgaaaaccgttcatacactaaaggacattctgaaaacaatttaagacaaatcaatacct
tctttattgattttgatattcacacggaaaaagaaactatttcagcaagegatattttaacaacagctattgatttaggttttatgcctacgttaattatc
aaatctgataaaggttatcaagcatattttgttttagaaacgccagtctatgtgacttcaaaatcagaatttaaatctgtcaaagcagcecaaaataa
tctcgcaaaatatccgagaatattttggaaagtctttgeccagttgatctaacgtgcaatcattttgggattgctcgtataccaagaacggacaatg
tagaattttttgatcccaattaccgttattctttcaaagaatggcaagattggtctttcaaacaaacagataataagggctttactcgttcaagtctaa
cggttttaagcggtacagaaggcaaaaaacaagtagatgaaccetggtttaatctcttattgcacgaaacgaaattttcaggagaaaagggttt
agtagggcgcaatagcgttatgtttaccctctctttagectactttagttcaggctattcaatcgaaacgtgcgaatataatatgtttgagtttaata

atcgattagatcaacccttagaagaaaaagaagtaatcaaaattgttagaagtgcctattcagaaaactatcaaggggctaatagggaatacat
taccattctttgcaaagcttgggtatcaagtgatttaaccagtaaagatttatttgtccgtcaagggtggtttaaattcaagaaaaaaagaagega
acgtcaacgtgttcatttgtcagaatggaaagaagatttaatggcttatattagcgaaaaaagcgatgtatacaagecttatttagcgacgacca
aaaaagagattagagaagtgctaggcattcctgaacggacattagataaattgctgaaggtactgaaggcgaatcaggaaattttctttaagat
taaaccaggaagaaatggtggcattcaacttgctagtgttaaatcattgttgctatcgatcattaaattaaaaaaagaagaacgagaaagctata
taaaggcgctgacagcttcgtttaatttagaacgtacatttattcaagaaactctaaacaaattggcagaacgecccaaaacggacccacaact
cgatttgtttagctacgatacaggctgaaaataaaacccgcactatgccattacatttatatctatgatacgtgtttgtttttctttgctggctagetta

attgcttatatttacctgcaataaaggatttcttacttccattatactcccattttccaaaaacatacggggaacacgggaacttattgtacaggcca
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cctcatagttaatggtttcgagecttcctgcaatctcatccatggaaatatattcatcccectgecggectattaatgtgacttttgtgcceggegg
atattcctgatccagetccaccataaattggtccatgcaaattcggecggcaattttcaggcegttttcccttcacaaggatgtcggtcectttcaat
tttcggagccagecgtecgeatagectacaggeaccgtececcgatccatgtgtctttttccgetgtgtactcggetecgtagetgacgetctege
cttttctgatcagtttgacatgtgacagtgtcgaatgcagggtaaatgeccggacgecagetgaaacggtatctcgtccgacatgtcagecagacg
ggcgaaggccatacatgecgatgecgaatctgactgcattaaaaaagecttttttcagecggagtccageggegetgttcgegeagtggacce
attagattctttaacggcagcggagcaatcagctctttaaagcgcetcaaactgcattaagaaatagectctttctttttcatccgctgtcgcaaaat
gggtaaatacccctttgcactttaaacgagggttgcggtcaagaattgecatcacgttctgaacttcttectetgtttttacaccaagtctgttcate
cccgtatcgaccttcagatgaaaatgaagagaaccttttttcgtgtgecggoctgcctcctgaagecattcaacagaataacctgttaaggtca
cgtcatactcagcagegattgccacatactccgggggaaccgegecaageaccaatataggegecttcaatcectttttgcgcagtgaaatc
gcttcatccaaaatggecacggecaageatgaageacctgegtcaagagecagectttgetgtttctgcatcaccatgeccgtaggegtttgctt
tcacaactgccatcaagtggacatgttcaccgatatgttttttcatattgctgacattttcctttatcacggacaagtcaatttccgeccacgtatctc
tgtaaaaaggttttgtgctcatggaaaactcctetcttttttcagaaaatcccagtacgtaattaagtatttgagaattaattttatattgattaatacta
agtttacccagttttcacctaaaaaacaaatgatgagataatagctccaaaggctaaagaggactataccaactatttgttaat  (SEQ 1D
NO: 2).

[0280] In another embodiment, one of the antigens encoded by a sequence within SEQ ID NO: 2
is E7 (bolded in SEQ ID NO:2). In another embodiment, the E7 sequence is set forth in SEQ ID
NO: 3

[0281] Ctcgagcatggagatacacctacattgcatgaatatatgttagatttgcaaccagagacaactgatctctactgttatgagcaattaa
atgacagctcagaggaggaggatgaaatagatggtccagctggacaagcagaaccggacagageccattacaatattgtaaccttttgttge
aagtgtgactctacgcttcggttgtgcgtacaaagcacacacgtagacattcgtactttggaagacctgttaatgggcacactaggaattgtgte
ccccatctgttetcagaaaccataaactagt(SEQ ID NO: 3).

[0282] In one embodiment, one of the antigens encoded by a sequence within SEQ ID NO: 2 is a
chimeric Her2-neu antigen (italicized in SEQ ID NO: 2). In another embodiment, the chimeric
Her2-neu sequence is set forth in SEQ ID NO: 4.

[0283] ctagtggteatggtgatgatggagctcagatctgtctaagaggcagecatagggcataagetgtgtcaccagetgcaccgtggat

gtcaggcagatgcccagaaggegggagacatatgggeageccacaccagecatcacgtatgettcgtctaagatttetttgttgoctttgego
gatgtgttttccctcaacactttgatggccactggaattttcacattctcceccatcagggatccagatgeccttgtagactgtgccaaaagegeca
gatccaagcaccttcaccttcctcagetecgtctcttitcaggatccgeatctgegectggttggecatcgetcecgetaggtgtcageggctceca

ccagcetecgtttcctgecageagtctccgeategtgtacttccggatcttctgctgeectcgggegeacagetggtgecaggecaggeectcge

ccacacactcgtectctggecggttggcagtgtggageagagettggtecgggttccgaaagagetggtecccagggeaccgtgtgcacga
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agcagaggtgggtgettatggtggatgaggeccagtccactgeccagttccctcagtgagegecagecccagecagetgatgeeccageccttg
cagggtcagcgagtaggcgccattgtgcagaattcgtccecggattacttgcaggttctggaagacgetgaggtcaggcaggetgtecggce
catgctgagatgtataggtaacctgtgatctettccagagtctcaaacacttggagetgetetggctggageggggcagtgttggagectgge
tccccatcaaagetetccggceagaaatgecaggcetcccaaagatcettcttgcagecagcaaactectggatattcttccacaaaatcgtgtect
ggtagcagagctggggettccgetggatcaagaccectectttcaagatctctgtgaggcttcgaagetgecagetcecgeaggectectgge
gaggcccctgtgacaggggtggtattgttcagecgggtctccattgtctagcacggecagggcatagttgtcctcaaagagetgggtgcctcg
cacaatccgcagectctgecagtgggacctgectcacttggttgtgagegatgagecacgtageectgeacctectggatatcctgecaggaagg
acaggctggcattggtgggcaggtaggtgagttccaggtttccctgcaccacctggecageectggtagaggtgocggagcatgtccaggtg
ggttctagat(SEQ ID NO: 4).

[0284] In another embodiment, a gene encoding the metabolic enzyme provided herein is
expressed under the control of the Listeria p60 promoter. In another embodiment, the inlA
(encodes internalin) promoter is used. In another embodiment, the hly promoter is used. In
another embodiment, the actA promoter is used. A skilled artisan, when equipped with the
present disclosure and the methods provided herein, will readily understand that different
transcriptional promoters, terminators, carrier vectors or specific gene sequences (e.g. those in
commercially available cloning vectors) can be used successfully in methods and compositions
of the present invention. As is contemplated in the present invention, these functionalities are
provided in, for example, the commercially available vectors known as the pUC series. In
another embodiment, non-essential DNA sequences (e.g. antibiotic resistance genes) are
removed. Each possibility represents a separate embodiment of the present invention.

[0285]  In another embodiment, the integrase gene is expressed under the control of any other
gram positive promoter. In another embodiment, the gene encoding the metabolic enzyme is
expressed under the control of any other promoter that functions in Listeria. The skilled artisan
will appreciate that other promoters or polycistronic expression cassettes may be used to drive
the expression of the gene. Each possibility represents a separate embodiment of the present
invention.

[0286] In one embodiment, a "constitutive" promoter is a nucleotide sequence which, when
operably linked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced in a living human cell under most or all physiological conditions of the

cell.

79



WO 2015/126921 PCT/US2015/016348

[0287] In one embodiment, an "inducible" promoter is a nucleotide sequence which, when
operably linked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced in a living cell substantially only when an inducer which corresponds to
the promoter is present in the cell.

[0288]  In one embodiment, a "tissue-specific" promoter is a nucleotide sequence which, when
operably linked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced in a living human cell substantially only if the cell is a cell of the tissue
type corresponding to the promoter.

[0289] In one embodiment, a recombinant Listeria strain provided herein has been passaged
through an animal host. In another embodiment, the animal host is a non-human animal host. In
another embodiment, the passaging maximizes efficacy of the strain as a vaccine vector. In
another embodiment, the passaging stabilizes the immunogenicity of the Listeria strain. In
another embodiment, the passaging stabilizes the virulence of the Listeria strain. In another
embodiment, 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
virulent. Methods for passaging a recombinant Listeria strain through an animal host are well
known in the art, and are described, for example, in United States Patent Application Serial No.
10/541,614. In one embodiment, the animal through which the Listeria is passaged is a mammal,
which, in one embodiment, is a mouse. The present invention contemplates the use of mammals
for passaging such as mice, rabbits, guinea pigs, hamsters, gerbils, rats, and the like. Such
mammals are well known in the art and are available to the skilled artisan through a variety of
wholesalers, distributors, and laboratories, for example, Jackson Laboratories (Bar Harbor, Me.).
Methods for passaging a recombinant Listeria strain through an animal host are known in the art,
and are described, for example, in United States Patent Application Serial No. 10/541,614. Each

possibility represents a separate embodiment of the present invention.
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[0290] In one embodiment, provided herein are methods and compositions for preventing
disease, treating disease and vaccinating a human subject. In another embodiment, this invention
provides methods and compositions for preventing disease, treating disease and vaccinating an
animal subject.

[0291] In another embodiment, the present invention is directed to enhancing an anti-tumor
immune response of a human or animal. In another embodiment, the methods of enhancing an
anti-tumor response in a subject by administering a composition provided herein or a mixture of
compositions provided herein can be combined with other known anti-tumor or anti-cancer
therapies. In another embodiment, the compositions of the invention can be used alone, or in
combination with any therapy in which an adjuvant is appropriate, and may have utility in settings
where no adjuvant has been commonly used, such as chemotherapy or radiotherapy.

[0292] In another embodiment, the methods provided herein further provide methods of
overcoming or “breaking” tolerance toward a heterologous antigen that is a self-antigen. Such
antigens may be aberrantly expressed by various tumors which are subject to treatment or
prophylaxis under the scope of the present invention by using the methods and compositions
provided herein.

[0293] In one embodiment, an immune response induced by the methods and compositions
provided herein is a therapeutic one. In another embodiment it is a prophylactic immune response.
In another embodiment, it is an enhanced immune response over methods available in the art for
inducing an immune response in a subject afflicted with the conditions provided herein. In
another embodiment, the immune response leads to clearance of a tumor provided herein that is
afflicting the subject.

[0294] In one embodiment, a tumor is a hypoxic solid tumor. In another embodiment, the tumor
is solid tumor. In another embodiment, the tumor is any tumor associated with any cancer
provided herein and known in the art.

[0295] In one embodiment, recombinant attenuated, Listeria expressing truncated listeriolysin O
in combination with other therapeutic modalities are useful for enhancing an immune response,
and for preventing, and treating a disease including cancer or solid tumors. In one embodiment,
recombinant attenuated, Listeria expressing truncated ActA in combination with other therapeutic
modalities are useful for enhancing an immune response, and for preventing, and treating a

disease including cancer or solid tumors. In one embodiment, recombinant attenuated, Listeria
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expressing PEST amino acid sequence in combination with other therapeutic modalities are
useful for enhancing an immune response, and for preventing, and treating a disease including
cancer or solid tumors.

[0296] In another embodiment, provided herein is a method of improving the immunogenicity of
a therapeutic vaccine, the method comprising co-administering the vaccine and a composition
comprising a single recombinant Listeria expressing multiple fusion proteins or a mixture of
compositions each comprising a recombinant Listeria expressing a fusion protein of the present
invention, to a subject, wherein each composition or mixture of compositions enhances the
immunogenicity of the vaccine and elicits an antigen-specific immune response, thereby
improving the immunogenicity of the vaccine. In one embodiment, the method allows treating a
tumor for which the vaccine is specific against. In another embodiment, the vaccine is a drug
vaccine, a chemotherapeutic agent, a peptide vaccine, or any other type of vaccine known in the
art.

[0297] In another embodiment, the LLO utilized in the methods and compositions provided
herein is a Listeria LLO. In one embodiment, the Listeria from which the LLO is derived is
Listeria monocytogenes (Lm). In another embodiment, the Listeria is Listeria ivanovii. In another
embodiment, the Listeria is Listeria welshimeri. In another embodiment, the Listeria is Listeria
seeligeri.

[0298] In one embodiment, the LLO protein is encoded by the following nucleic acid sequence
set forth in (SEQ ID NO: 5).
atgaaaaaaataatgctagtttttattacacttatattagttagtctaccaattgcgcaacaaactgaagcaaaggatgcatctgcattcaataaaga
aaattcaatttcatccatggcaccaccagcatctccgectgcaagtcctaagacgecaatcgaaaagaaacacgeggatgaaatcgataagtat
atacaaggattggattacaataaaaacaatgtattagtataccacggagatgcagtgacaaatgtgccgccaagaaaaggttacaaagatgga
aatgaatatattgttgtggagaaaaagaagaaatccatcaatcaaaataatgcagacattcaagttgtgaatgcaatttcgagectaacctatcca
ggtgctctcgtaaaagegaattcggaattagtagaaaatcaaccagatgttctccctgtaaaacgtgattcattaacactcageattgatttgecag
gtatgactaatcaagacaataaaatagttgtaaaaaatgccactaaatcaaacgttaacaacgcagtaaatacattagtggaaagatggaatgaa
aaatatgctcaagcttatccaaatgtaagtgcaaaaattgattatgatgacgaaatggcttacagtgaatcacaattaattgcgaaatttggtacag
catttaaagctgtaaataatagcttgaatgtaaacttcggcgcaatcagtgaagggaaaatgcaagaagaagtcattagttttaaacaaatttacta
taacgtgaatgttaatgaacctacaagaccttccagatttttcggcaaagcetgttactaaagagcagttgcaagegcettggagtgaatgcagaaa
atcctcctgceatatatctcaagtgtggcgtatggccgtcaagtttatttgaaattatcaactaattcccatagtactaaagtaaaagetgcttttgatg

ctgccgtaagcggaaaatctgtctcaggtgatgtagaactaacaaatatcatcaaaaattcttccttcaaagecgtaatttacggaggttccgecaa
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aagatgaagttcaaatcatcgacggcaacctcggagacttacgcgatattttgaaaaaaggegctacttttaatcgagaaacaccaggagttce
cattgcttatacaacaaacttcctaaaagacaatgaattagctgttattaaaaacaactcagaatatattgaaacaacttcaaaagcttatacagatg
gaaaaattaacatcgatcactctggaggatacgttgctcaattcaacatttcttgggatgaagtaaattatgatctcgag (SEQ ID NO: 5).
[0299] In another embodiment, the LLO protein has the sequence SEQ ID NO: 6. In another
embodiment, the LLO protein comprises the sequence set forth in SEQ ID NO: 6.
MKKIMLVFITLILVSLPIAQQTEAKDASAFNKENS
ISSMAPPASPPASPKTPIEKKHADEIDKYIQGLDY
NKNNVLVYHGDAVTNVPPRKGYKDGNEYIVVEK
KKKSINQNNADIQVVNAISSLTYPGALVKANSEL
VENQPDVLPVKRDSLTLSIDLPGMTNQDNKIVVK
NATKSNVNNAVNTLVERWNEKYAQAYPNVS AKI
DYDDEMAYSESQLIAKFGTAFKAVNNSLNVNFG
AISEGKMQEEVISFKQIYYNVNVNEPTRPSRFFG
KAVTKEQLQALGVNAENPPAYISSVAYGRQVYL
KLSTNSHSTKVKAAFDAAVSGKSVSGDVELTNII
KNSSFKAVIYGGSAKDEVQIIDGNLGDLRDILKK
GATFNRETPGVPIAYTTNFLKDNELAVIKNNSEY
IETTSKAYTDGKINIDHSGGYVAQFNISWDEVNY
D L (SEQ ID NO: 6)

The first 25 amino acids 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 residues long. In another embodiment, the LLLO protein has
a sequence set forth in GenBank Accession No. DQ054588, DQ054589, AY878649, U25452, or
U25452. In another embodiment, the LLO protein is a variant of an LLO protein. In another
embodiment, the LLO protein is a homologue of an LLO protein. Each possibility represents a
separate embodiment of the present invention.

[0300] In another embodiment, the LLO protein utilized to construct a composition (in any form)
of the present invention (in another embodiment, used as the source of the LLO fragment
incorporated in the compositions provided herein) has, in another embodiment, the sequence:

MKKIMLVFITLILVSLPIAQQTEAKDASAFNKENSISSMAPPASPPASPKTPIEKKHADEID
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KYIQGLDYNKNNVLVYHGDAVTNVPPRKGYKDGNEYIVVEKKKKSINQNNADIQVVN
AISSLTYPGALVKANSELVENQPDVLPVKRDSLTLSIDLPGMTNQDNKIVVKNATKSNV
NNAVNTLVERWNEKYAQAYPNVSAKIDYDDEMAYSESQLIAKFGTAFKAVNNSLNVN
FGAISEGKMQEEVISFKQIYYNVNVNEPTRPSRFFGKAVTKEQLQALGVNAENPPAYISS
VAYGRQVYLKLSTNSHSTKVKAAFDAAVSGKSVSGDVELTNIIKNSSFKAVIYGGSAKD
EVQIIDGNLGDLRDILKKGATFNRETPGVPIAYTTNFLKDNELAVIKNNSEYIETTSKAYT
DGKINIDHSGGYVAQFNISWDEVNYDPEGNEIVQHKNWSENNKSKLAHFTSSIYLPGNA
RNINVYAKECTGLAWEWWRTVIDDRNLPLVKNRNISIWGTTLYPKYSNKVDNPIE
(GenBank Accession No. P13128; SEQ ID NO: 123; 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 residues long. In another
embodiment, the LLO protein is a homologue of SEQ ID NO: 123. In another embodiment, the
LLO protein is a variant of SEQ ID NO: 123. In another embodiment, the LLO protein is an
isomer of SEQ ID NO: 123. In another embodiment, the LLO protein is a fragment of SEQ ID
NO: 123. In another embodiment, the LLO protein is a fragment of a homologue of SEQ ID NO:
123. In another embodiment, the LLO protein is a fragment of a variant of SEQ ID NO: 123. In
another embodiment, the LLO protein is a fragment of an isomer of SEQ ID NO: 123. Each
possibility represents a separate embodiment of the present invention.

[0301] In another embodiment, “truncated LLO” or “tLLO” refers to a fragment of LLO that
comprises a PEST amino acid sequence domain. In another embodiment, the terms refer to an
LLO fragment that does not contain the activation domain at the amino terminus and does not
include cystine 484. In another embodiment, the LLO protein is a ctLLO. In another embodiment
ctLLO is full length LLO in which the cholesterol binding domain (CBD) has been replaced by
an antigen peptide or epitope thereof. In another embodiment “replaced” in can mean via a
substitution, or deletion mutation. In another embodiment, the LLO protein is a mutLLO. In
another embodiment, a mutLLO is one in which the CBD has been mutated. In another
embodiment, the mutLLO is one in which the amino acids in the CBD have been mutated. In
another embodiment the mutation is a point mutation, a deletion, an inversion, a substitution, or a
combination thereof. In another embodiment the mutation is any mutation known in the art. In

another embodiment, the mutated LLO protein comprises any combination of deletions,
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substitutions, or point mutations in the CBD and/or deletions of the signal sequence of LLO. In
another embodiment, mutating the CBD reduces the hemolytic activity of LLO. In another
embodiment, the CBD is replaced by known HLA class I restricted epitopes to be used as a
vaccine. In another embodiment, the mutated LLO is expressed and purified from E. coli
expression systems.

[0302] In another embodiment, the LLO fragment consists of a PEST sequence. In another
embodiment, the LLO fragment comprises a PEST sequence. In another embodiment, the LLO
fragment consists of about the first 400 to 441 amino acids of the 529 amino acid full-length
LLO protein. In another embodiment, the LLO fragment is a non-hemolytic form of the LLO
protein.

3] In another embodiment, the present invention provides a recombinant polypeptide
comprising (a) a mutated LLO protein, wherein the mutated LLO protein contains an internal
deletion, the internal deletion comprising the cholesterol-binding domain of the mutated LLO
protein; and (b) a heterologous peptide of interest. In another embodiment, the sequence of the
LLO cholesterol-binding domain is well known in the art and is described in US Patent No.
8,771,702, which is incorporated by reference herein. . In another embodiment, the internal
deletion is an 11-50 amino acid internal deletion. In another embodiment, the internal deletion is
inactivating with regard to the hemolytic activity of the recombinant protein or polypeptide. In
another embodiment, the recombinant protein or polypeptide exhibits a reduction in hemolytic
activity relative to wild-type LLO. In another embodiment, provided herein is a recombinant
Listeria comprising a recombinant protein or recombinant polypeptide provided herein. Each
possibility represents another embodiment of the present invention.

[0304] In another embodiment, the present invention provides a recombinant protein or
polypeptide comprising (a) a mutated LLO protein, wherein the mutated LL.O protein contains an
internal deletion, the internal deletion comprising a fragment of the cholesterol-binding domain
of the mutated LLO protein; and (b) a heterologous peptide of interest. In another embodiment,
the internal deletion is a 1-11 amino acid internal deletion. In another embodiment, the sequence
of the cholesterol-binding domain is set forth in SEQ ID NO: 130. In another embodiment, the
internal deletion is inactivating with regard to the hemolytic activity of the recombinant protein
or polypeptide. In another embodiment, the recombinant protein or polypeptide exhibits a

reduction in hemolytic activity relative to wild-type LLO. Each possibility represents another
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embodiment of the present invention.

[0305] The mutated region of methods and compositions of the present invention comprises,
in another embodiment, residue C484 of SEQ ID NO: 123. In another embodiment, the mutated
region comprises a corresponding cysteine residue of a homologous LLO protein. In another
embodiment, the mutated region comprises residue W491 of SEQ ID NO: 123. In another
embodiment, the mutated region comprises a corresponding tryptophan residue of a homologous
LLO protein. In another embodiment, the mutated region comprises residue W492 of SEQ ID
NO: 123. In another embodiment, the mutated region comprises residues C484, W491 and W492
of SEQ ID NO: 123. In another embodiment, the mutated region comprises a corresponding
tryptophan residue of a homologous LLO protein. Methods for identifying corresponding
residues of a homologous protein are well known in the art, and include, for example, sequence
alignment. Each possibility represents a separate embodiment of the present invention.

[0306] In another embodiment, the mutated region comprises residues C484 and W491. In
another embodiment, the mutated region comprises residues C484 and W492. In another
embodiment, the mutated region comprises residues W491 and W492. In another embodiment,
the mutated region comprises residues C484, W491, and W492. Each possibility represents a
separate embodiment of the present invention.

[0307]  In another embodiment, the mutated region of an LLO protein provided in the methods
and compositions of the present invention comprises the cholesterol-binding domain of the
mutated LLO protein or fragment thereof. For example, a mutated region consisting of residues
470-500, 470-510, or 480-500 of SEQ ID NO: 37 comprises the CBD thereof (residues 483-493).
In another embodiment, the mutated region is a fragment of the CBD of the mutated LLO protein
or fragment thereof. For example, as provided herein, residues C484, W491, and W492, each of
which is a fragment of the CBD, were mutated to alanine residues (Example 38). Further, as
provided herein, a fragment of the CBD, residues 484-492, was replaced with a heterologous
sequence from NY-ESO-1 (Example 39). In another embodiment, the mutated region overlaps
the CBD of the mutated LLO protein or fragment thereof. For example, a mutated region
consisting of residues 470-490, 480-488, 490-500, or 486-510 of SEQ ID NO: 123 comprises the
CBD thereof. In another embodiment, a single peptide may have a deletion in the signal
sequence and a mutation or substitution in the CBD. Each possibility represents a separate

embodiment of the present invention.
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[0308] In another embodiment, an internal deletion in an LLO protein of the methods and
compositions of the present invention comprises the CBD of an LLO protein or fragment thereof.
For example, an internal deletion consisting of residues 470-500, 470-510, or 480-500 of SEQ ID
NO: 37 comprises the CBD thereof (residues 483-493). In another embodiment, the internal
deletion is a fragment of the CBD of the mutated LL.O protein or fragment thereof. For example,
residues 484-492, 485-490, and 486-488 are all fragments of the CBD of SEQ ID NO: 123. In
another embodiment, the internal deletion overlaps the CBD of the mutated LLO protein or
fragment thereof. For example, an internal deletion consisting of residues 470-490, 480-488,
490-500, or 486-510 of SEQ ID NO: 123comprises the CBD thereof. Each possibility represents
a separate embodiment of the present invention.

[0309] In one embodiment, the LLO fragment consists of about residues 1-25. In another
embodiment, the LLLO fragment consists of about residues 1-50. In another embodiment, the
LLO fragment consists of about residues 1-75. In another embodiment, the LLO fragment
consists of about residues 1-100. In another embodiment, the LLO fragment consists of about
residues 1-125. In another embodiment, the LLO fragment consists of about residues 1-150. In
another embodiment, the LLO fragment consists of about residues 1175. In another embodiment,
the LLO fragment consists of about residues 1-200. In another embodiment, the LLO fragment
consists of about residues 1-225. In another embodiment, the LLO fragment consists of about
residues 1-250. In another embodiment, the LLO fragment consists of about residues 1-275. In
another embodiment, the LLO fragment consists of about residues 1-300. In another
embodiment, the LLO fragment consists of about residues 1-325. In another embodiment, the
LLO fragment consists of about residues 1-350. In another embodiment, the LLO fragment
consists of about residues 1-375. In another embodiment, the LLO fragment consists of about
residues 1-400. In another embodiment, the LLO fragment consists of about residues 1-425. In
another embodiment, the LLO fragment consists of about residues 1-441. Each possibility
represents a separate embodiment of the present invention.

[0310] 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 numbers enumerated above; e.g. if the
homologous LLO protein has an insertion or deletion, relative to an LLO protein utilized herein.

[0311] In another embodiment, homologues of LLO from other species, including known
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lysins, such as streptolysin O, perfringolysin O, pneumolysin, etc, or fragments thereof may be
used in the invention.

[0312] In one embodiment, the live attenuated Listeria or recombinant Listeria provided herein
expresses an ActA protein or a fragment thereof. In another embodiment of the methods and
compositions of the present invention, a fragment of an ActA protein is fused to the heterologous
antigen or a fragment thereof also provided herein. In another embodiment, the fragment of an
ActA protein has the sequence:

[0313] MRAMMYVVFITANCITINPDIIFAATDSEDSSLNTDEWEEEKTEEQPSEVNTGPRY
ETAREVSSRDIKELEKSNKVRNTNKADLIAMLKEKAEKGPNINNNNSEQTENAAINEEAS
GADRPAIQVERRHPGLPSDSAAEIKKRRKAIASSDSELESLTYPDKPTKVNKKKVAKESV
ADASESDLDSSMQSADESSPQPLKANQQPFFPKVFKKIKDAGKW VRDKIDENPEVKKAI
VDKSAGLIDQLLTKKKSEEVNASDFPPPPTDEELRLALPETPMLLGFNAPATSEPSSFEFPP
PPTDEELRLALPETPMLLGFENAPATSEPSSFEFPPPPTEDELEIIRETASSLDSSFTRGDLAS
LRNAINRHSQNFSDFPPIPTEEELNGRGGRP (SEQ ID No: 7). In another embodiment, an
ActA AA sequence of methods and compositions of the present invention comprises the
sequence set forth in SEQ ID No: 7. In another embodiment, the ActA AA sequence is a
homologue of SEQ ID No: 7. In another embodiment, the ActA AA sequence is a variant of SEQ
ID No: 7. In another embodiment, the ActA AA sequence is a fragment of SEQ ID No: 7. In
another embodiment, the ActA AA sequence is an isoform of SEQ ID No: 5. Each possibility
represents a separate embodiment of the present invention.

[0314] In another embodiment, the ActA fragment is encoded by a recombinant nucleotide
comprising the sequence:
ATGCGTGCGATGATGGTGGTTTTCATTACTGCCAATTGCATTACGATTAACCCCGACA
TAATATTTGCAGCGACAGATAGCGAAGATTCTAGTCTAAACACAGATGAATGGGAA
GAAGAAAAAACAGAAGAGCAACCAAGCGAGGTAAATACGGGACCAAGATACGAAA
CTGCACGTGAAGTAAGTTCACGTGATATTAAAGAACTAGAAAAATCGAATAAAGTG
AGAAATACGAACAAAGCAGACCTAATAGCAATGTTGAAAGAAAAAGCAGAAAAAG
GTCCAAATATCAATAATAACAACAGTGAACAAACTGAGAATGCGGCTATAAATGAA
GAGGCTTCAGGAGCCGACCGACCAGCTATACAAGTGGAGCGTCGTCATCCAGGATT
GCCATCGGATAGCGCAGCGGAAATTAAAAAAAGAAGGAAAGCCATAGCATCATCGG
ATAGTGAGCTTGAAAGCCTTACTTATCCGGATAAACCAACAAAAGTAAATAAGAAA
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AAAGTGGCGAAAGAGTCAGTTGCGGATGCTTCTGAAAGTGACTTAGATTCTAGCATG
CAGTCAGCAGATGAGTCTTCACCACAACCTTTAAAAGCAAACCAACAACCATTTTTC
CCTAAAGTATTTAAAAAAATAAAAGATGCGGGGAAATGGGTACGTGATAAAATCGA
CGAAAATCCTGAAGTAAAGAAAGCGATTGTTGATAAAAGTGCAGGGTTAATTGACC
AATTATTAACCAAAAAGAAAAGTGAAGAGGTAAATGCTTCGGACTTCCCGCCACCA
CCTACGGATGAAGAGTTAAGACTTGCTTTGCCAGAGACACCAATGCTTCTTGGTTTT
AATGCTCCTGCTACATCAGAACCGAGCTCATTCGAATTTCCACCACCACCTACGGAT
GAAGAGTTAAGACTTGCTTTGCCAGAGACGCCAATGCTTCTTGGTTTTAATGCTCCTG
CTACATCGGAACCGAGCTCGTTCGAATTTCCACCGCCTCCAACAGAAGATGAACTAG
AAATCATCCGGGAAACAGCATCCTCGCTAGATTCTAGTTTTACAAGAGGGGATTTAG
CTAGTTTGAGAAATGCTATTAATCGCCATAGTCAAAATTTCTCTGATTTCCCACCAAT
CCCAACAGAAGAAGAGTTGAA CGGGAGAGGCGGTAGACCA (SEQ ID NO: 8). In
another embodiment, the recombinant nucleotide has the sequence set forth in SEQ ID NO: 8. In
another embodiment, an ActA-encoding nucleotide of methods and compositions of the present
invention comprises the sequence set forth in SEQ ID No: 8. In another embodiment, the ActA-
encoding nucleotide is a homologue of SEQ ID No: 8. In another embodiment, the ActA-
encoding nucleotide is a variant of SEQ ID No: 8. In another embodiment, the ActA-encoding
nucleotide is a fragment of SEQ ID No: 8. In another embodiment, the ActA-encoding nucleotide
is an isoform of SEQ ID No: 8. Each possibility represents a separate embodiment of the present
invention.

[0315] In another embodiment, the ActA fragment is encoded by a recombinant nucleotide
comprising the sequence:

[0316] Tttatcacgtacccatttccccgeatcttttatttttttaaatactttagg gaaaaatggtttttgatttgcttttaaaggttgtegtatag
actcgtctgctgactgcatgetagaatctaagtcactttcagaagcatccacaactgactctttcgecacttttctcttatttgettttgttggtttatct
ggataagtaaggctttcaagctcactatccgacgacgcetatggcttttcttctttttttaatttccgetgegetatccgatgacagacctggatgac
gacgctccacttgcagagttggtcggtcgactcctgaagectcttcatttatagecacatttcetgtttgctcaccgttgttattattgttattcgga
cctttctctgettttgctttcaacattgetattaggtctgctttgttc gtatttttcactttattcgatttttctagttcctcaatatcacgtgaacttacttca
cgtgcagtttcgtatcttggteccgtatttacctcgettggctgctettctgttttttcticttcccattcatctgtgtttagactggaatcttcgetatet
gtcgctgcaaatattatgtcggggttaatcgtaatgcagttggcagtaatgaaaactaccatcatcgecacgeat (SEQ ID NO: 9). In
another embodiment, the recombinant nucleotide has the sequence set forth in SEQ ID NO: 9. In

another embodiment, an ActA-encoding nucleotide of methods and compositions of the present
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invention comprises the sequence set forth in SEQ ID No: 9. In another embodiment, the ActA-
encoding nucleotide is a homologue of SEQ ID No: 9. In another embodiment, the ActA-
encoding nucleotide is a variant of SEQ ID No: 9. In another embodiment, the ActA-encoding
nucleotide is a fragment of SEQ ID No: 9. In another embodiment, the ActA-encoding nucleotide
is an isoform of SEQ ID No: 9. In another embodiment SEQ ID NO: 9 is used to arrive at the
construct of SEQ ID NO: 2, also provided herein. Each possibility represents a separate
embodiment of the present invention.

[0317] In another embodiment of methods and compositions of the present invention, a
fragment of an ActA protein is fused to a heterologous antigen or fragment thereof. In another
embodiment, the fragment of an ActA protein has the sequence as set forth in Genbank
Accession No. AAF04762. In another embodiment, an ActA AA sequence of methods and
compositions of the present invention comprises the sequence set forth in Genbank Accession
No. AAF(04762. In another embodiment, the ActA AA sequence is a homologue of Genbank
Accession No. AAF04762. In another embodiment, the ActA AA sequence is a variant of
Genbank Accession No. AAF04762. In another embodiment, the ActA AA sequence is a
fragment of Genbank Accession No. AAF04762. In another embodiment, the ActA AA sequence
is an isoform of Genbank Accession No. AAF(04762. Each possibility represents a separate
embodiment of the present invention.

[0318] An N-terminal fragment of an ActA protein utilized in methods and compositions of the
present invention has, in another embodiment, the sequence set forth in SEQ ID NO: 10:
MRAMMYV VFITANCITINPDIIFAATDSEDSSLNTDEWEEEKTEEQPSEVNTGPRYETARE
VSSRDIKELEKSNKVRNTNKADLIAMLKEKAEKGPNINNNNSEQTENAAINEEASGADR
PAIQVERRHPGLPSDSAAEIKKRRKAIASSDSELESLTYPDKPTKVNKKKVAKESVADAS
ESDLDSSMQSADESSPQPLKANQQPFFPKVFKKIKDAGKW VRDKIDENPEVKKAIVDKS
AGLIDQLLTKKKSEEVNASDFPPPPTDEELRLALPETPMLLGFNAPATSEPSSFEFPPPPTD
EELRLALPETPMLLGFNAPATSEPSSFEFPPPPTEDELEIIRETASSLDSSFTRGDLASLRNA
INRHSQNFSDFPPIPTEEELNGRGGRP. In another embodiment, the ActA fragment comprises
the sequence set forth in SEQ ID NO: 10. In another embodiment, the ActA fragment is any
other ActA fragment known in the art. Each possibility represents a separate embodiment of the

present invention.
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[0319] In another embodiment, the recombinant nucleotide encoding a fragment of an ActA
protein comprises the sequence set forth in SEQ ID NO: 11:
Atgcgtgcgatgatggtggttttcattactgccaattgcattacgattaaccccgacataatatttgcagecgacagatagegaagattctagtct
aaacacagatgaatgggaagaagaaaaaacagaagagcaaccaagcgaggtaaatacgggaccaagatacgaaactgcacgtgaagta
agttcacgtgatattaaagaactagaaaaatcgaataaagtgagaaatacgaacaaagcagacctaatagcaatgttgaaagaaaaagcaga
aaaaggtccaaatatcaataataacaacagtgaacaaactgagaatgcggctataaatgaagaggcttcaggagecgaccgaccagetata
caagtggagcgtcgtcatccaggattgccatcggatagecgcageggaaattaaaaaaagaaggaaagecatageatcatcggatagtgag
cttgaaagccttacttatccggataaaccaacaaaagtaaataagaaaaaagtggcgaaagagtcagttgcggatgctictgaaagtgactta
gattctagcatgcagtcagcagatgagtcttcaccacaacctttaaaagcaaaccaacaaccatttttccctaaagtatttaaaaaaataaaaga
tgcggggaaatgggtacgtgataaaatcgacgaaaatcctgaagtaaagaaagegattgttgataaaagtgcagggttaattgaccaattatt
aaccaaaaagaaaagtgaagaggtaaatgcttcggacttcccgecaccacctacggatgaagagttaagacttgetttgccagagacacca
atgcttcttggttttaatgctcctgctacatcagaaccgagcetcattcgaatttccaccaccacctacggatgaagagttaagacttgctttgeca
gagacgccaatgcettcttggttttaatgetcctgetacatcggaaccgagcetegttcgaatttccaccgectccaacagaagatgaactagaaa
tcatccgggaaacagcatcctcgetagattctagttttacaagagggeatttagetagtttgagaaatgctattaatcgecatagtcaaaatttcte
tgatttcccaccaatcccaacagaagaagagttgaacgggagagecggtagacca. In  another embodiment, the
recombinant nucleotide has the sequence set forth in SEQ ID NO: 11. 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 present invention.

[0320] In another embodiment, the ActA fragment is encoded by a recombinant nucleotide
comprising the sequence as set forth in Genbank Accession No. AF103807. In another
embodiment, the recombinant nucleotide has the sequence set forth in Genbank Accession No.
AF103807. In another embodiment, an ActA-encoding nucleotide of methods and compositions
of the present invention comprises the sequence set forth in Genbank Accession No. AF103807.
In another embodiment, the ActA-encoding nucleotide is a homologue of Genbank Accession
No. AF103807. In another embodiment, the ActA-encoding nucleotide is a variant of Genbank
Accession No. AF103807. In another embodiment, the ActA-encoding nucleotide is a fragment
of Genbank Accession No. AF103807. In another embodiment, the ActA-encoding nucleotide is
an isoform of Genbank Accession No. AF103807. Each possibility represents a separate
embodiment of the present invention. In another embodiment, a truncated ActA is an ActA-N100
or a modified version thereof (referred to as ActA-N100*) in which a PEST motif has been

deleted and containing the nonconservative QDNKR substitution as described in US Patent
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Publication Serial No. 2014/0186387.

[0321] In another embodiment, the ActA fragment is any other ActA fragment known in the
art. In another embodiment, a recombinant nucleotide of the present invention 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 present invention.

[0322] In one embodiment, the live attenuated Listeria or recombinant Listeria provided herein
expresses a PEST sequence peptide. In another embodiment of methods and compositions of the
present invention, a PEST AA sequence is fused to the heterologous antigen or fragment thereof.
In another embodiment, a PEST AA sequence is
KENSISSMAPPASPPASPKTPIEKKHADEIDK (SEQ ID NO: 12). In another embodiment, the
PEST sequence is KENSISSMAPPASPPASPK (SEQ ID No: 13). In another embodiment,
fusion of an antigen to any LLO sequence that includes one of the PEST AA sequences
enumerated herein can enhance cell mediated immunity against an antigen.

[0323] In another embodiment, a PEST AA sequence is a PEST sequence from a Listeria ActA
protein. In another embodiment, the PEST sequence is KTEEQPSEVNTGPR (SEQ ID NO: 14),
KASVTDTSEGDLDSSMQSADESTPQPLK (SEQ ID NO: 15), KNEEVNASDFPPPPTDEELR
(SEQ ID NO: 16), or RGGIPTSEEFSSLNSGDFTDDENSETTEEEIDR (SEQ ID NO: 17). In
another embodiment, the PEST sequence is a variant of the PEST sequence described
hereinabove, which in one embodiment, is KESVVDASESDLDSSMQSADESTPQPLK (SEQ
ID NO: 18), KSEEVNASDFPPPPTDEELR (SEQ ID NO: 19), or
RGGRPTSEEFSSLNSGDFTDDENSETTEEEIDR (SEQ ID NO: 20), as would be understood
by a skilled artisan. In another embodiment, the PEST sequence is from Listeria seeligeri
cytolysin, encoded by the lIso gene. In another embodiment, the PEST sequence is
RSEVTISPAETPESPPATP (SEQ ID NO: 21). In another embodiment, the PEST sequence is
from Streptolysin O protein of Streptococcus sp. In another embodiment, the PEST sequence is
from Streptococcus pyogenes Streptolysin O, e.g. KQNTASTETTTTNEQPK (SEQ ID NO: 22)
at AA 35-51. In another embodiment, the PEST sequence is from Streptococcus equisimilis
Streptolysin O, e.g. KQNTANTETTTTNEQPK (SEQ ID NO: 23) at AA 38-54. In another
embodiment, the PEST sequence has a sequence selected from SEQ ID NO: 14-23. In another
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embodiment, the PEST sequence is another PEST AA sequence derived from a prokaryotic
organism.

[0324] Identification of PEST amino acid sequences or “PEST sequences” is well known in the
art, and is described, for example in Rogers S et al (Amino acid sequences common to rapidly
degraded proteins: the PEST hypothesis. Science 1986; 234(4774):364-8) and Rechsteiner M et
al (PEST sequences and regulation by proteolysis. Trends Biochem Sci 1996; 21(7):267-71).
“PEST 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 sequence is flanked
by one or more clusters containing several positively charged amino acids. In another
embodiment, the PEST sequence mediates rapid intracellular degradation of proteins containing
it. In another embodiment, the PEST sequence fits an algorithm disclosed in Rogers et al. In
another embodiment, the PEST sequence fits an algorithm disclosed in Rechsteiner et al. In
another embodiment, the PEST sequence contains one or more internal phosphorylation sites,
and phosphorylation at these sites precedes protein degradation.

[0325] In one embodiment, PEST 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 S et al (Science 1986; 234(4774):364-
8). Alternatively, PEST AA sequences from other prokaryotic organisms can also be identified
based on this method. Other prokaryotic organisms wherein PEST AA sequences would be
expected to include, but are not limited to, other Listeria species. In one embodiment, the PEST
sequence fits an algorithm disclosed in Rogers et al. In another embodiment, the PEST sequence
fits an algorithm disclosed in Rechsteiner et al. In another embodiment, the PEST sequence is
identified using the PEST-find program.

[0326] In another embodiment, identification of PEST motifs is achieved by an initial scan for
positively charged AA R, H, and K within the specified protein sequence. All AA between the
positively charged flanks are counted and only those motifs are considered further, which contain
a number of AA equal to or higher than the window-size parameter. In another embodiment, a

PEST-like sequence must contain at least 1 P, 1 D or E, and at least 1 S or T.
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[0327]

parameter based on the local enrichment of critical AA as well as the motif's hydrophobicity.

In another embodiment, the quality of a PEST motif is refined by means of a scoring

Enrichment of D, E, P, S and T is expressed in mass percent (w/w) and corrected for 1 equivalent
of DorE, 1 of Pand 1 of S or T. In another embodiment, calculation of hydrophobicity follows
in principle the method of J. Kyte and R.F. Doolittle (Kyte, J and Dootlittle, RF. J. Mol. Biol.
157, 105 (1982).

[0328]

sum over the products of mole percent and hydrophobicity index for each AA species. The

In another embodiment, a potential PEST motif’s hydrophobicity is calculated as the

desired PEST score is obtained as combination of local enrichment term and hydrophobicity term
as expressed by the following equation:

[0329] PEST score = 0.55 * DEPST - 0.5 * hydrophobicity index.

[0330]

“PEST-like sequence” or “PEST-like sequence peptide” can encompass peptides having a score

It will be appreciated that the terms “PEST amino acid sequence”, “PEST sequence”,

of at least +5, using the above algorithm. 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.

another embodiment, the score is at least 8.

another embodiment, the score is at least 10.
another embodiment, the score is at least 12.
another embodiment, the score is at least 14.
another embodiment, the score is at least 16.
another embodiment, the score is at least 18.
another embodiment, the score is at least 20.
another embodiment, the score is at least 22.
another embodiment, the score is at least 24.
another embodiment, the score is at least 25.
another embodiment, the score is at least 27.
another embodiment, the score is at least 29.
another embodiment, the score is at least 32.
another embodiment, the score is at least 38.

another embodiment, the score is at least 45.

of the present invention.

In another embodiment, the score is at least 9.
In another embodiment, the score is at least 11.
In another embodiment, the score is at least 13.
In another embodiment, the score is at least 15.
In another embodiment, the score is at least 17.
In another embodiment, the score is at least 19.
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 24.
In another embodiment, the score is at least 26.
In another embodiment, the score is at least 28.
In another embodiment, the score is at least 30.
In another embodiment, the score is at least 35.

In another embodiment, the score is at least 40.

In
In
In
In
In
In
In
In
In
In
In
In
In
In

In

Each possibility represents a separate embodiment
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[0331] In another embodiment, the PEST sequence is identified using any other method or
algorithm known in the art, e.g the CaSPredictor (Garay-Malpartida HM, Occhiucci JM, Alves J,
Belizario JE. Bioinformatics. 2005 Jun;21 Suppl 1:1169-76). In another embodiment, the
following method is used:

[0332] A PEST index is calculated for each stretch of appropriate length (e.g. a 30-35 AA
stretch) by assigning a value of 1 to the AA 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 other AA (non-PEST) is 0.
[0333] Each method for identifying a PEST-like sequence represents a separate embodiment of
the present invention.

[0334] In another embodiment, the PEST sequence is any other PEST sequence known in the
art. Each PEST sequence and type thereof represents a separate embodiment of the present
invention.

[0335] It will be appreciated that the term “Fusion to a PEST sequence” may encompass fusion
to a protein fragment comprising a PEST sequence. In another embodiment, the term includes
cases wherein the protein fragment comprises surrounding sequence other than the PEST
sequence. In another embodiment, the protein fragment consists of the PEST sequence. It will
also be appreciated that the term “fusion” encompasses fusion to two peptides or protein
fragments either linked together at their respective ends or embedded one within the other.

[0336] In another embodiment, provided herein is a vaccine comprising a recombinant form
of Listeria of the present invention.

[0337] In another embodiment, provided herein, is a culture of a recombinant form of
Listeria of the present invention.

[0338] Another embodiment is a plasmid such as pCR2.1 (Invitrogen, La Jolla, CA), which is
a prokaryotic expression vector with a prokaryotic origin of replication and promoter/regulatory
elements to facilitate expression in a prokaryotic organism. In another embodiment, extraneous
nucleotide sequences are removed to decrease the size of the plasmid and increase the size of the
cassette that can be placed therein.

[0339] Such methods are well known in the art, and are described in, for example, Sambrook
et al. (1989, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
New York) and Ausubei et al. (1997, Current Protocols in Molecular Biology, Green & Wiley,
New York).
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[0340] Antibiotic resistance genes are used in the conventional selection and cloning
processes commonly employed in molecular biology and vaccine preparation. Antibiotic
resistance genes contemplated in the present invention include, but are not limited to, gene
products that confer resistance to ampicillin, penicillin, methicillin, streptomycin, erythromycin,
kanamycin, tetracycline, cloramphenicol (CAT), neomycin, hygromycin, gentamicin and others
well known in the art. Each gene represents a separate embodiment of the present invention.
[0341] 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 techniques (de Boer et al, 1989, Cell 56:641-
649; Miller et al, 1995, FASEB J., 9:190-199; Sambrook et al. 1989, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory, 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 Bacteriology, American Society for Microbiology,
Washington, DC; 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
of the present invention is transformed by electroporation. Each method represents a separate
embodiment of the present invention.

[0342] 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 snp-derived Escherichia coli-Streptomyces shuttle
expression vector that is generally transferable by conjugation. Plasmid. 2006 Nov;56(3):223-7)
and Auchtung JM et al (Regulation of a Bacillus subtilis mobile genetic element by intercellular
signaling and the global DNA damage response. Proc Natl Acad Sci U S A. 2005 Aug 30;102
(35):12554-9). Each method represents a separate embodiment of the present invention.

[0343] It will be appreciated that the term “transforming,” can be used identically with the term
“transfecting,” and refers to engineering a bacterial cell to take up a plasmid or other
heterologous DNA molecule. It is also to be understood that the term “transforming” can refer to
engineering a bacterial cell to express a gene of a plasmid or other heterologous DNA molecule.
[0344] In one embodiment, a commercially available plasmid is used in the present invention.
Such plasmids are available from a variety of sources, for example, Invitrogen (La Jolla, CA),

Stratagene (La Jolla, CA), Clontech (Palo Alto, CA), or can be constructed using methods well
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known in the art. Plasmids and other expression vectors useful in the present invention are
described elsewhere herein, and can include such features as a promoter/regulatory sequence, an
origin of replication for gram negative and gram positive bacteria, an isolated nucleic acid
encoding a fusion protein and an isolated nucleic acid encoding an amino acid metabolism gene.
Further, an isolated nucleic acid encoding a fusion protein and an amino acid metabolism gene
will have a promoter suitable for driving expression of such an isolated nucleic acid. Promoters
useful for driving expression in a bacterial system are well known in the art, and include
bacteriophage lambda, the bla promoter of the beta-lactamase gene of pBR322, and the CAT
promoter of the chloramphenicol acetyl transferase gene of pBR325. Further examples of
prokaryotic promoters include the major right and left promoters of 5 bacteriophage lambda (PL
and PR), the trp, recA, lacZ, lad, and gal promoters of E. coli, the alpha-amylase (Ulmanen et al,
1985. J. Bacteriol. 162:176-182) and the S28-specific promoters of B. subtilis (Gilman et al,
1984 Gene 32:11- 20), the promoters of the bacteriophages of Bacillus (Gryczan, 1982, In: The
Molecular Biology of the Bacilli, Academic Press, Inc., New York), and Streptomyces promoters
(Ward et al, 1986, Mol. Gen. Genet. 203:468-478). Additional prokaryotic promoters
contemplated in the present invention are reviewed in, for example, Glick (1987, J. Ind.
Microbiol. 1:277-282); Cenatiempo, (1986, Biochimie, 68:505-516); and Gottesman, (1984,
Ann. Rev. Genet. 18:415-442). Further examples of promoter/regulatory elements contemplated
in the present invention include, but are not limited to the Listerial prfA promoter, the Listerial
hly promoter, the Listerial p60 promoter and the Listerial ActA promoter (GenBank Acc. No.
NC_003210) or fragments thereof.

[0345] Recombinant proteins of the present invention are synthesized, in another embodiment,
using recombinant DNA methodology. This involves, in one embodiment, creating a DNA
sequence, placing the DNA in an expression cassette, such as the plasmid of the present
invention, under the control of a particular promoter/regulatory element, and expressing the
protein. DNA encoding a recombinant protein (e.g. non-hemolytic LLO) of the present invention
is prepared, in another embodiment, by any suitable method, including, for example, cloning and
restriction of appropriate sequences or direct chemical synthesis by methods such as the
phosphotriester method of Narang et al. (1979, Meth. Enzymol. 68: 90-99); the phosphodiester
method of Brown et al. (1979, Meth. Enzymol 68: 109-151); the diethylphosphoramidite method
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of Beaucage et al. (1981, Tetra. Lett., 22: 15 1859-1862); and the solid support method of U.S.
Pat. No. 4,458,066.

[0346] In another embodiment, chemical synthesis is used to produce a single stranded
oligonucleotide. This single stranded oligonucleotide is converted, in various embodiments, into
double stranded DNA by hybridization with a complementary sequence, or by polymerization
with a DNA polymerase using the single strand as a template. One of skill in the art would
recognize that while chemical synthesis of DNA 1is limited to sequences of about 100 bases,
longer sequences can be obtained by the ligation of shorter sequences. In another embodiment,
subsequences are cloned and the appropriate subsequences cleaved using appropriate restriction
enzymes. The fragments are then be ligated to produce the desired DNA sequence.

[0347] In another embodiment, DNA encoding the recombinant protein of the present
invention is cloned using DNA amplification methods such as polymerase chain reaction (PCR).
Thus, the gene for non-hemolytic LLO is PCR amplified, using a sense primer comprising a
suitable restriction site and an antisense primer comprising another restriction site, e.g. a non-
identical restriction site to facilitate cloning.

[0348] In another embodiment, a recombinant gene encoding a fusion protein is operably
linked to appropriate expression control sequences for each host. Promoter/ regulatory sequences
are described in detail elsewhere herein. In another embodiment, the plasmid further comprises
additional promoter regulatory elements, as well as a ribosome binding site and a transcription
termination signal. For eukaryotic cells, the control sequences will include a promoter and an
enhancer derived from e.g. immunoglobulin genes, SV40, cytomegalovirus, etc., and a
polyadenylation sequence. In another embodiment, the sequences include splice donor and
acceptor sequences.

[0349] In one embodiment, the term “operably linked” refers to a juxtaposition wherein the
components so described are in a relationship permitting them to function in their intended
manner. A control sequence "operably linked" to a coding sequence is ligated in such a way that
expression of the coding sequence is achieved under conditions compatible with the control
sequences.

[0350] In one embodiment, provided herein is a method of administering a composition or
mixture of compositions of the present invention. In another embodiment, provided herein is a

method of administering a vaccine of the present invention. In another embodiment, provided
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herein is a method of administering the immunotherapeutic compositions of the present
invention. In another embodiment, provided herein is a method of administering the attenuated
recombinant form of Listeria of the present invention.

[0351] In one embodiment, an immune response elicited by methods and compositions of the
present invention comprises a CD8" T cell-mediated response. In another embodiment, the
immune response consists primarily of a CD8" T cell-mediated response. In another
embodiment, the only detectable component of the immune response is a CD8" T cell-mediated
response.

[0352] In another embodiment, an immune response elicited by methods and compositions of
the present invention comprises a CD4" T cell-mediated response. In another embodiment, the
immune response consists primarily of a CD4" T cell-mediated response. In another
embodiment, the only detectable component of the immune response is a CD4" T cell-mediated
response.

[0353] In another embodiment, an immune response elicited by methods and compositions of
the present invention comprises an innate immune response. In another embodiment, the immune
response consists primarily of an innate immune response. In another embodiment, the only
detectable component of the immune response is an innate immune response. It will be
appreciated by the skilled artisan that the activation of an innate immune response may involve
the activation of macrophages such as M1 macrophages, natural killer cells and also of dendritic
cells (DC).

[0354] In another embodiment, the present invention provides a method of reducing an
incidence of cancer or infectious disease or allergy, comprising administering a composition of
the present invention. In another embodiment, the present invention provides a method of
ameliorating cancer or infectious disease or allergy, comprising administering a composition of
the present invention. Each possibility represents a separate embodiment of the present invention.
[0355] In one embodiment, a recombinant Listeria monocytogenes for use in the present
invention secretes a heterologous peptide. In another embodiment, a recombinant Listeria
monocytogenes for use in the present invention expresses a heterologous peptide.

[0356] In another embodiment, a recombinant Listeria monocytogenes for use in the present
invention expresses and secretes a PEST-containing polypeptide (e.g. non-hemolytic LLO), as

described herein.
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[0357] In one embodiment, a treatment protocol of the present invention is therapeutic. In another
embodiment, the protocol is prophylactic. In another embodiment, the vaccines of the present
invention are used to protect people at risk for cancer such as breast cancer or other types of
tumors because of familial genetics or other circumstances that predispose them to these types of
ailments as will be understood by a skilled artisan. In another embodiment, the vaccines of the
present invention are used to treat people having cancer such as breast cancer or other types of
tumors because of familial genetics or other circumstances that predispose them to these types of
ailments as will be understood by a skilled artisan. In another embodiment, the vaccines of the
present invention are used prior to or following an alternative treatment in people having cancer
such as breast cancer or other types of tumors because of familial genetics or other circumstances
that predispose them to these types of ailments as will be understood by a skilled artisan. In
another embodiment, such treatments include chemotherapy, surgery, radiation, and the like.
Following such treatments, the vaccines of the present invention are administered so that the CTL
response to the tumor antigen of the vaccine destroys remaining metastases and prolongs
remission from the cancer. In another embodiment, vaccines of the present invention are used to
effect the growth of previously established tumors and to kill existing tumor cells. Each
possibility represents a separate embodiment of the present invention.

[0358] Various embodiments of dosage ranges are contemplated by this invention. In one
embodiment, in the case of vaccine vectors, the dosage is in the range of 0.4 LDso/dose. In
another embodiment, the dosage is from about 0.4-4.9 LDsy/dose. In another embodiment the
dosage is from about 0.5-0.59 LDse/dose. In another embodiment the dosage is from about 0.6-
0.69 LDsp/dose. In another embodiment the dosage is from about 0.7-0.79 LDsp/dose. In another
embodiment the dosage is about 0.8 LDsg/dose. In another embodiment, the dosage is 0.4
LDsg/dose to 0.8 of the LDsg/dose.

[0359] In another embodiment, the dosage is 107 bacteria/dose. In another embodiment, the
dosage is 1.5 x 107 bacteria/dose. In another embodiment, the dosage is 2 x 10’ bacteria/dose. In
another embodiment, the dosage is 3 x 10’ bacteria/dose. In another embodiment, the dosage is 4
x 107 bacteria/dose. In another embodiment, the dosage is 6 x 10’ bacteria/dose. In another
embodiment, the dosage is 8 x 107 bacteria/dose. In another embodiment, the dosage is 1 x 10°
bacteria/dose. In another embodiment, the dosage is 1.5 x 10° bacteria/dose. In another

embodiment, the dosage is 2 x 10° bacteria/dose. In another embodiment, the dosage is 3 x 10°
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bacteria/dose. In another embodiment, the dosage is 4 x 10° bacteria/dose. In another
embodiment, the dosage is 6 x 10° bacteria/dose. In another embodiment, the dosage is 8 x 10°
bacteria/dose. In another embodiment, the dosage is 1 x 10° bacteria/dose. In another
embodiment, the dosage is 1.5 x 10° bacteria/dose. In another embodiment, the dosage is 2 x 10
bacteria/dose. In another embodiment, the dosage is 3 x 10° bacteria/dose. In another
embodiment, the dosage is 5 x 10 bacteria/dose. In another embodiment, the dosage is 6 x 10
bacteria/dose. In another embodiment, the dosage is 8 x 10° bacteria/dose. In another
embodiment, the dosage is 1 x 10" bacteria/dose. In another embodiment, the dosage is 1.5 x 10"
bacteria/dose. In another embodiment, the dosage is 2 x 10" bacteria/dose. In another
embodiment, the dosage is 3 x 10'° bacteria/dose. In another embodiment, the dosage is 5 x 10"
bacteria/dose. In another embodiment, the dosage is 6 x 10" bacteria/dose. In another
embodiment, the dosage is 8 x 10" bacteria/dose. In another embodiment, the dosage is 8 x 10’
bacteria/dose. In another embodiment, the dosage is 1 x 10" bacteria/dose. In another
embodiment, the dosage is 1.5 x 10" bacteria/dose. In another embodiment, the dosage is 2 x 10"
bacteria/dose. In another embodiment, the dosage is 3 x 10" bacteria/dose. In another
embodiment, the dosage is 5 x 10" bacteria/dose. In another embodiment, the dosage is 6 x 10"
bacteria/dose. In another embodiment, the dosage is 8 x 10" bacteria/dose. Each possibility
represents a separate embodiment of the present invention.

[0360] The terms “homology,” “homologous,” etc, when in reference to any protein or peptide
provided herein, refer in one embodiment, to a percentage of amino acid residues in the candidate
sequence that are identical with the residues of a corresponding native polypeptide, after aligning
the sequences and introducing gaps, if necessary, to achieve the maximum percent homology, and
not considering any conservative substitutions as part of the sequence identity. Methods and
computer programs for the alignment are well known in the art. In another embodiment, methods
and compositions of the present invention utilize a homologue of a heterologous antigen or LLO
sequence of the present invention.

[0361] In another embodiment, the term “homology,” when in reference to any nucleic acid
sequence similarly indicates a percentage of nucleotides in a candidate sequence that are identical
with the nucleotides of a corresponding native nucleic acid sequence.

b

[0362] In another embodiment, the term “homology” refers to an isolated nucleic acid

encoding a signal peptide or a recombinant polypeptide of the present invention that shares at
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least 65% homology with a nucleic acid encoding the signal peptide or the recombinant
polypeptide of the present invention. In another embodiment, the isolated nucleic acid comprises
a sequence sharing at least 75% homology with a nucleic acid encoding the signal peptide or the
recombinant polypeptide of the present invention. In another embodiment, the isolated nucleic
acid comprises a sequence sharing at least 85% homology with a nucleic acid encoding the signal
peptide or the recombinant polypeptide of the present invention. In another embodiment, the
isolated nucleic acid comprises a sequence sharing at least 90% homology with a nucleic acid
encoding the signal peptide or the recombinant polypeptide of the present invention. In another
embodiment, the isolated nucleic acid comprises a sequence sharing at least 95% homology with
a nucleic acid encoding the signal peptide or the recombinant polypeptide of the present
invention. In another embodiment, the isolated nucleic acid comprises a sequence sharing at least
97% homology with a nucleic acid encoding the signal peptide or the recombinant polypeptide of
the present invention. In another embodiment, the isolated nucleic acid comprises a sequence
sharing at least 99% homology with a nucleic acid encoding the signal peptide or the
recombinant polypeptide of the present invention. In another embodiment, the above ranges in
homology apply to shared between amino acid sequences of a signal peptide or recombinant
polypeptide with that of amino acid sequences of a signal peptide or recombinant polypeptide
provided herein. In another embodiment, a PEST-containing polypeptide provided herein is a
recombinant polypeptide.

[0363] Homology is, in one embodiment, determined by computer algorithm for sequence
alignment, by methods well described in the art. For example, computer algorithm analysis of
nucleic acid sequence homology may include the utilization of any number of software packages
available, such as, for example, the BLAST, DOMAIN, BEAUTY (BLAST Enhanced Alignment
Utility), GENPEPT and TREMBL packages.

[0364] In another embodiment, “homology” refers to identity to a sequence selected from a
sequence provided herein of greater than 60%. In another embodiment, “homology” refers to
identity to a sequence selected from a sequence provided herein of greater than 70%. In another
embodiment, the identity is greater than 75%. In another embodiment, the identity is greater than
78%. In another embodiment, the identity is greater than 80%. In another embodiment, the
identity is greater than 82%. In another embodiment, the identity is greater than 83%. In another

embodiment, the identity is greater than 85%. In another embodiment, the identity is greater than
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87%. In another embodiment, the identity is greater than 88%. In another embodiment, the
identity is greater than 90%. In another embodiment, the identity is greater than 92%. In another
embodiment, the identity is greater than 93%. In another embodiment, the identity is greater than
95%. In another embodiment, the identity is greater than 96%. In another embodiment, the
identity is greater than 97%. In another embodiment, the identity is greater than 98%. In another
embodiment, the identity is greater than 99%. In another embodiment, the identity is 100%. Each
possibility represents a separate embodiment of the present invention.

[0365] In another embodiment, homology is determined via determination of candidate
sequence hybridization, methods of which are well described in the art (See, for example,
“Nucleic Acid Hybridization" Hames, B. D., and Higgins S. J., Eds. (1985); Sambrook et al.,
2001, Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, N.Y.; and Ausubel et
al., 1989, Current Protocols in Molecular Biology, Green Publishing Associates and Wiley
Interscience, N.Y). For example methods of hybridization may be carried out under moderate to
stringent conditions, to the complement of a DNA encoding a native caspase peptide.
Hybridization conditions being, for example, overnight incubation at 42 °C in a solution
comprising: 10-20 % formamide, 5 X SSC (150 mM NaCl, 15 mM trisodium citrate), S0 mM
sodium phosphate (pH 7. 6), 5 X Denhardt's solution, 10 % dextran sulfate, and 20 pg/ml
denatured, sheared salmon sperm DNA.

[0366] Protein and/or peptide homology for any amino acid sequence listed herein is
determined, in one embodiment, by methods well described in the art, including immunoblot
analysis, or via computer algorithm analysis of amino acid sequences, utilizing any of a number
of software packages available, via established methods. Some of these packages may include the
FASTA, BLAST, MPsrch or Scanps packages, and may employ the use of the Smith and
Waterman algorithms, and/or global/local or BLOCKS alignments for analysis, for example.
Each method of determining homology represents a separate embodiment of the present
invention.

[0367] In another embodiment, the present invention provides a kit comprising a reagent
utilized in performing a method of the present invention. In another embodiment, the present
invention provides a kit comprising a composition, tool, or instrument of the present invention.
[0368] It will be well appreciated that the terms “contacting” or “administering,” can

encompass directly contacting the cancer cell, subject, tumor, or site of disease with a
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composition of the present invention. In another embodiment, the terms refer to indirectly
contacting the cancer cell, tumor, or site of disease with a composition of the present invention. In
another embodiment, methods of the present invention include methods in which the subject is
contacted with a composition of the present invention after which the composition is brought in
contact with the cancer cell, tumor, or site of disease by diffusion or any other active transport or
passive transport process known in the art by which compounds circulate within the body. Each
possibility represents a separate embodiment of the present invention.

[0369] In another embodiment, the terms “gene” and “recombinant gene” refer to nucleic acid
molecules comprising an open reading frame encoding a polypeptide of the invention. Such
natural allelic variations can typically result in 1-5% variance in the nucleotide sequence of a
given gene. Alternative alleles can be identified by sequencing the gene of interest in a number of
different individuals or organisms. This can be readily carried out by using hybridization probes
to identify the same genetic locus in a variety of individuals or organisms. Any and all such
nucleotide variations and resulting amino acid polymorphisms or variations that are the result of
natural allelic variation and that do not alter the functional activity are intended to be within the
scope of the invention.

[0370] The compositions of this invention, in another embodiment, are administered to a subject
by any method known to a person skilled in the art, such as parenterally, paracancerally,
transmucosally, transdermally, intramuscularly, intravenously, intra-dermally, subcutaneously,
intra-peritonealy, intra-ventricularly, intra-cranially, intra-vaginally or intra-tumorally.

[0371] In another embodiment of the methods and compositions provided herein, the vaccines or
compositions are administered orally, and are thus formulated in a form suitable for oral
administration, i.e. as a solid or a liquid preparation. Suitable solid oral formulations include
tablets, capsules, pills, granules, pellets and the like. Suitable liquid oral formulations include
solutions, suspensions, dispersions, emulsions, oils and the like. In another embodiment of the
present invention, the active ingredient is formulated in a capsule. In accordance with this
embodiment, the compositions of the present invention comprise, in addition to the active
compound and the inert carrier or diluent, a gelatin capsule.

[0372] In another embodiment, the vaccines or compositions are administered by intravenous,
intra-arterial, or intra-muscular injection of a liquid preparation. Suitable liquid formulations

include solutions, suspensions, dispersions, emulsions, oils and the like. In one embodiment, the
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pharmaceutical compositions are administered intravenously and are thus formulated in a form
suitable for intravenous administration. In another embodiment, the pharmaceutical compositions
are administered intra-arterially and are thus formulated in a form suitable for intra-arterial
administration. In another embodiment, the pharmaceutical compositions are administered intra-
muscularly and are thus formulated in a form suitable for intra-muscular administration.

[0373] In some embodiments, when an antibody or functional fragment thereof is administered
separately from a composition comprising a recombinant Lm strain, the antibody may be injected
intravenously, subcutaneously, or directly into the tumor or tumor bed. In one embodiment, a
composition comprising an antibody is injected into the space left after a tumor has been
surgically removed, e.g., the space in a prostate gland following removal of a prostate tumor.
[0374] In one embodiment, the term “immunogenic composition” may encompass the
recombinant Listeria provided herein, and an adjuvant, and an antibody or functional fragment
thereof, or any combination thereof. In another embodiment, an immunogenic composition
comprises a recombinant Listeria provided herein. In another embodiment, an immunogenic
composition comprises an adjuvant known in the art or as provided herein. It is also to be
understood that administration of such compositions enhance an immune response, or increase a
T effector cell to regulatory T cell ratio or elicit an anti-tumor immune response, as further
provided herein.

[0375] Throughout this application, various embodiments of this invention may be presented in a
range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible sub ranges as well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should be considered to have specifically
disclosed sub ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This
applies regardless of the breadth of the range.

[0376] Whenever a numerical range is indicated herein, it is meant to include any cited numeral
(fractional or integral) within the indicated range. The phrases “ranging/ranges between” a first
indicate number and a second indicate number and “ranging/ranges from” a first indicate number

“to” a second indicate number are used herein interchangeably and are meant to include the first
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and second indicated numbers and all the fractional and integral numerals there between.

[0377] It will be appreciated by a skilled artisan that the term “treating” may encompass curing a
disease, preventing a disease, reducing the incidence of a disease, ameliorating symptoms of a
disease, inducing remission of a disease, slowing the progression of a disease. The terms

b (13

“reducing,” “suppressing” and “inhibiting” refer in another embodiment to lessening or
decreasing.
[0378] It will be well appreciated by a skilled artisan that the term "therapeutically effective
dose" or "therapeutic effective amount” may encompass a dose that produces the desired effect
for which it is administered. The exact dose will be ascertainable by one skilled in the art using
known techniques.
[0379] It will be well appreciated by a skilled artisan that the term "about" may encompass in
quantitative 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%.
[0380] It will be well appreciated by a skilled artisan that the term "subject" may encompass a
mammal including a human in need of therapy for, or susceptible to, a condition or its sequelae,
and also may include dogs, cats, pigs, cows, sheep, goats, horses, rats, and mice and humans. It
will also be appreciated that the term may encompass livestock. The term "subject" does not
exclude an individual that is normal in all respects.
[0381] The following examples are presented in order to more fully illustrate the preferred
embodiments of the invention. They should in no way be construed, however, as limiting the
broad scope of the invention.

EXAMPLES
MATERIALS AND EXPERIMENTAL METHODS (EXAMPLES 1-2)
EXAMPLE 1: LLO-ANTIGEN FUSIONS INDUCE ANTI-TUMOR IMMUNITY
Cell lines
[0382] The C57BL/6 syngeneic TC-1 tumor was immortalized with HPV-16 E6 and E7 and

transformed with the c-Ha-ras oncogene. TC-1, provided by T. C. Wu (Johns Hopkins University
School of Medicine, Baltimore, MD) is a highly tumorigenic lung epithelial cell expressing low
levels of with HPV-16 E6 and E7 and transformed with the c-Ha-ras oncogene. TC-1 was grown
in RPMI 1640, 10% FCS, 2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin, 100

UM nonessential amino acids, 1 mM sodium pyruvate, 50 micromolar (mcM) 2-ME, 400
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microgram (mcg)/ml G418, and 10% National Collection Type Culture-109 medium at 37° with
10% CO,. C3 is a mouse embryo cell from C57BL/6 mice immortalized with the complete
genome of HPV 16 and transformed with pEJ-ras. EL-4/E7 is the thymoma EL-4 retrovirally
transduced with E7.

L. monocytogenes strains and propagation

[0383] Listeria strains used were Lm-LLO-E7 (hly-E7 fusion gene in an episomal expression
system; Figure 1A), Lm-E7 (single-copy E7 gene cassette integrated into Listeria genome), Lm-
LLO-NP (“DP-L2028”; hly-NP fusion gene in an episomal expression system), and Lm-Gag
(“ZY-187; single-copy HIV-1 Gag gene cassette integrated into the chromosome). E7 was
amplified by PCR using the primers 5'-GGCTCGAGCATGGAGATACACC-3' (SEQ ID No: 24;
Xhol site is underlined) and 5'-GGGGACTAGTTTATGGTTTCTGAGAACA-3' (SEQ ID No:
25; Spel site is underlined) and ligated into pCR2.1 (Invitrogen, San Diego, CA). E7 was excised
from pCR2.1 by Xhol/ Spel digestion and ligated into pGG-55. The hly-E7 fusion gene and the
pluripotential transcription factor prfA were cloned into pAM401, a multicopy shuttle plasmid
(Wirth R et al, J Bacteriol, 165: 831, 1986), generating pGG-55. The hly promoter drives the
expression of the first 441 AA of the hly gene product, (lacking the hemolytic C-terminus,
referred to below as “ALLO”), which is joined by the Xhol site to the E7 gene, yielding a hly-E7
fusion gene that is transcribed and secreted as LLO-E7. Transformation of a prfA negative strain
of Listeria, XFL-7 (provided by Dr. Hao Shen, University of Pennsylvania), with pGG-55
selected for the retention of the plasmid in vivo (Figures 1A-B). The hly promoter and gene
fragment were generated using primers 5-GGGGGCTAGCCCTCCTTTGATTAGTATATTC-3'
(SEQ ID No: 26; Nhel site is underlined) and 5-CTCCCTCGAGATCATAATTTACTTCATC-3'
(SEQ ID No: 27; Xhol site is underlined). The prfA gene was PCR amplified using primers 5'-
GACTACAAGGACGATGACCGACAAGTGATAACCCGGGATCTAAATAAATCCGTTT-3'
(SEQ ID No: 28; Xbal site is underlined) and 5'-CCCGTCGACCAGCTCTTCTTGGTGAAG-3'
(SEQ ID No: 29; Sall site is underlined). Lm-E7 was generated by introducing an expression
cassette containing the hly promoter and signal sequence driving the expression and secretion of
E7 into the orfZ domain of the LM genome. E7 was amplified by PCR using the primers 5'-
GCGGATCCCATGGAGATACACCTAC-3' (SEQ ID No: 30; BamHI site is underlined) and 5'-
GCTCTAGATTATGGTTTCTGAG-3' (SEQ ID No: 31; Xbal site is underlined). E7 was then
ligated into the pZY-21 shuttle vector. LM strain 10403S was transformed with the resulting
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plasmid, pZY-21-E7, which includes an expression cassette inserted in the middle of a 1.6-kb
sequence that corresponds to the orfX, Y, Z domain of the LM genome. The homology domain
allows for insertion of the E7 gene cassette into the orfZ domain by homologous recombination.
Clones were screened for integration of the E7 gene cassette into the orfZ domain. Bacteria were
grown in brain heart infusion medium with (Lm-LLO-E7 and Lm-LLO-NP) or without (Lm-E7
and ZY-18) chloramphenicol (20 pg/ml). Bacteria were frozen in aliquots at -80°C. Expression
was verified by Western blotting (Figure 2).

Western blotting

[0384] Listeria strains were grown in Luria-Bertoni medium at 37°C and were harvested at the
same optical density measured at 600 nm. The supernatants were TCA precipitated and
resuspended in 1x sample buffer supplemented with 0.1 N NaOH. Identical amounts of each cell
pellet or each TCA-precipitated supernatant were loaded on 4-20% Tris-glycine SDS-PAGE gels
(NOVEX, San Diego, CA). The gels were transferred to polyvinylidene difluoride and probed
with an anti-E7 monoclonal antibody (mAb) (Zymed Laboratories, South San Francisco, CA),
then incubated with HRP-conjugated anti-mouse secondary Ab (Amersham Pharmacia Biotech,
Little Chalfont, U.K.), developed with Amersham ECL detection reagents, and exposed to
Hyperfilm (Amersham Pharmacia Biotech).

Measurement of tumor growth

[0385] Tumors were measured every other day with calipers spanning the shortest and longest
surface diameters. The mean of these two measurements was plotted as the mean tumor diameter
in millimeters against various time points. Mice were sacrificed when the tumor diameter
reached 20 mm. Tumor measurements for each time point are shown only for surviving mice.
Effects of Listeria recombinants on established tumor growth

[0386] Six- to 8-wk-old C57BL/6 mice (Charles River) received 2 x 10° TC-1 cells s.c. on the
left flank. One week following tumor inoculation, the tumors had reached a palpable size of 4-5
mm in diameter. Groups of eight mice were then treated with 0.1 LDs, i.p. Lm-LLO-E7 (10’
CFU), Lm- E7 (10° CFU), Lm-LLO-NP (10’ CFU), or Lm-Gag (5 x 10° CFU) on days 7 and 14.
SICr release assay

[0387] C57BL/6 mice, 6—8 wk old, were immunized i.p. with 0.1LDsy Lm-LLO-E7, Lm-E7,
Lm-LLO-NP, or Lm-Gag. Ten days post-immunization, spleens were harvested. Splenocytes

were established in culture with irradiated TC-1 cells (100:1, splenocytes:TC-1) as feeder cells;
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stimulated in vitro for 5 days, then used in a standard ICr release assay, using the following
targets: EL-4, EL-4/E7, or EL-4 pulsed with E7 H-2b peptide (RAHYNIVTF) (SEQ ID NO:32).
E:T cell ratios, performed in triplicate, were 80:1, 40:1, 20:1, 10:1, 5:1, and 2.5:1. Following a 4-
h incubation at 37°C, cells were pelleted, and 50 pl supernatant was removed from each well.
Samples were assayed with a Wallac 1450 scintillation counter (Gaithersburg, MD). The percent
specific lysis was determined as [(experimental counts per minute (cpm)- spontaneous
cpm)/(total cpm - spontaneous cpm)] x 100.

TC-1-specific proliferation

[0388] C57BL/6 mice were immunized with 0.1 LDsy and boosted by i.p. injection 20 days
later with 1 LDsy Lm-LLO-E7, Lm-E7, Lm-LLO-NP, or Lm-Gag. Six days after boosting,
spleens were harvested from immunized and naive mice. Splenocytes were established in culture
at 5 x 107/well in flat-bottom 96-well plates with 2.5 x 10%, 1.25 x 10*, 6 x 10°, or 3 x 10
irradiated TC-1 cells/well as a source of E7 Ag, or without TC-1 cells or with 10 pg/ml Con A.
Cells were pulsed 45 h later with 0.5 pCi [’H]thymidine/well. Plates were harvested 18 h later
using a Tomtec harvester 96 (Orange, CT), and proliferation was assessed with a Wallac 1450
scintillation counter. The change in cpm was calculated as experimental cpm - no Ag cpm.

Flow cytometric analysis

[0389] C57BL/6 mice were immunized intravenously (i.v.) with 0.1 LDsy Lm-LLO-E7 or Lm-
E7 and boosted 30 days later. Three-color flow cytometry for CD8 (53-6.7, PE conjugated),
CD62 ligand (CD62L; MEL-14, APC conjugated), and E7 H-2Db tetramer was performed using
a FACSCalibur® flow cytometer with CellQuest® software (Becton Dickinson, Mountain View,
CA). Splenocytes harvested 5 days after the boost were stained at room temperature (rt) with H-
2Db tetramers loaded with the E7 peptide (RAHYNIVTF) (SEQ ID NO:32) or a control (HIV-
Gag) peptide. Tetramers were used at a 1/200 dilution and were provided by Dr. Larry R. Pease
(Mayo Clinic, Rochester, MN) and by the NIAID Tetramer Core Facility and the NIH AIDS
Research and Reference Reagent Program. Tetramer”, CD8", CD62L"Y cells were analyzed.
B16F0-Ova experiment

[0390] 24 C57BL/6 mice were inoculated with 5 x 10° B16F0-Ova cells. On days 3, 10 and 17,
groups of 8 mice were immunized with 0.1 LDsy Lm-OVA (106 cfu), Lm-LLO-OVA (108 cfu)
and eight animals were left untreated.

Statistics
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[0391] For comparisons of tumor diameters, mean and SD of tumor size for each group were
determined, and statistical significance was determined by Student’s t test. p < 0.05 was
considered significant.

RESULTS
[0392] Lm-E7 and Lm-LLO-E7 were compared for their abilities to impact on TC-1 growth.
Subcutaneous tumors were established on the left flank of C57BL/6 mice. Seven days later
tumors had reached a palpable size (4-5 mm). Mice were vaccinated on days 7 and 14 with 0.1
LDsy Lm-E7, Lm-LLO-E7, or, as controls, Lm-Gag and Lm-LLO-NP. Lm-LLO-E7 induced
complete regression of 75% of established TC-1 tumors, while tumor growth was controlled in
the other 2 mice in the group (Figure 3). By contrast, immunization with Lm-E7 and Lm-Gag did
not induce tumor regression. This experiment was repeated multiple times, always with very
similar results. In addition, similar results were achieved for Lm-LLO-E7 under different
immunization protocols. In another experiment, a single immunization was able to cure mice of
established 5 mm TC-1 tumors.
[0393] In other experiments, similar results were obtained with 2 other E7-expressing tumor
cell lines: C3 and EL-4/E7. To confirm the efficacy of vaccination with Lm-LLO-E7, animals
that had eliminated their tumors were re-challenged with TC-1 or EL-4/E7 tumor cells on day 60
or day 40, respectively. Animals immunized with Lm-LLO-E7 remained tumor free until
termination of the experiment (day 124 in the case of TC-1 and day 54 for EL-4/E7).
[0394] Thus, expression of an antigen as a fusion protein with ALLO enhances the

immunogenicity of the antigen.

EXAMPLE 2: LM-LLO-E7 TREATMENT ELICITS TC-1 SPECIFIC SPLENOCYTE
PROLIFERATION
[0395] To measure induction of T cells by Lm-E7 with Lm-LLO-E7, E7-specific proliferative

responses, a measure of antigen-specific immunocompetence, were measured in immunized
mice. Splenocytes from Lm-LLO-E7-immunized mice proliferated when exposed to irradiated
TC-1 cells as a source of E7, at splenocyte: TC-1 ratios of 20:1, 40:1, 80:1, and 160:1 (Figure 4).
Conversely, splenocytes from Lm-E7 and rLm control-immunized mice exhibited only

background levels of proliferation.

110



WO 2015/126921 PCT/US2015/016348

EXAMPLE 3: ActA-E7 and PEST-E7 FUSIONS CONFER ANTI-TUMOR
IMMUNITY
MATERIALS AND EXPERIMENTAL METHODS
Construction of Lm-ActA-E7

[0396] Lm-ActA-E7 is a recombinant strain of LM, comprising a plasmid that expresses the E7
protein fused to a truncated version of the actA protein. Lm-actA-E7 was generated by
introducing a plasmid vector pDD-1, constructed by modifying pDP-2028, into Listeria. pDD-1
comprises an expression cassette expressing a copy of the 310 bp hly promoter and the hly signal
sequence (ss), which drives the expression and secretion of ActA-E7; 1170 bp of the actA gene
that comprises four PEST sequences (SEQ ID NO: 11) (the truncated ActA polypeptide consists
of the first 390 AA of the molecule, SEQ ID NO: 10); the 300 bp HPV E7 gene; the 1019 bp
prfA gene (controls expression of the virulence genes); and the CAT gene (chloramphenicol
resistance gene) for selection of transformed bacteria clones (Sewell et al. (2004), Arch.
Otolaryngol. Head Neck Surg., 130: 92-97).

[0397] The hly promoter (pHly) and gene fragment were PCR amplified from pGGSS (Example
1) using primer 5-GGGGTCTAGACCTCCTTTGATTAGTATATTC-3' (Xba I site is
underlined; SEQ 1D NO: 33) and primer 5'-
ATCTTCGCTATCTGTCGCCGCGGCGCGTGCTTCAGTTTGTTGCGC-3 (Not I site 1is
underlined. The first 18 nucleotides are the ActA gene overlap; SEQ ID NO: 34). The actA gene
was PCR amplified from the LM 10403s wildtype genome wusing primer 5'-
GCGCAACAAACTGAAGCAGCGGCCGCGGCGACAGATAGCGAAGAT-3" (Notl site 1is
underlined; SEQ 1D NO: 35) and primer 5'-
TGTAGGTGTATCTCCATGCTCGAGAGCTAGGCGATCAATTTC-3'  (Xhol  site  1is
underlined; SEQ ID NO: 36). The E7 gene was PCR amplified from pGGS5 (pLLO-E7) using
primer 5-GGAATTGATCGCCTAGCTCTCGAGCATGGAGATACACCTACA-3' (Xhol site is
underlined; SEQ 1D NO: 37) and primer 5'-
AAACGGATTTATTTAGATCCCGGGTTATGGTTTCTGAGAACA-3'" (Xmal  site  1is
underlined; SEQ ID NO: 38). The prfA gene was PCR amplified from the LM 10403s wild-type
genome using primer 5-TGTTCTCAGAAACCATAACCCGGGATCTAAATAAATCCGTTT-
3 (Xmal site is  underlined; SEQ ID NO: 39) and  primer 5'-
GGGGGTCGACCAGCTCTTCTTGGTGAAG-3' (Sall site is underlined; SEQ ID NO: 40). The
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hly promoter- actA gene fusion (pHly-actA) was PCR generated and amplified from purified
pHly DNA and purified actA DNA using the upstream pHly primer (SEQ ID NO: 33) and
downstream actA primer (SEQ ID NO: 36).

[0398] The E7 gene fused to the prfA gene (E7-prfA) was PCR generated and amplified from
purified E7 DNA and purified prfA DNA using the upstream E7 primer (SEQ ID NO: 37) and
downstream prfA gene primer (SEQ ID NO: 40).

[0399] The pHly-actA fusion product fused to the E7-prfA fusion product was PCR generated
and amplified from purified fused pHly-actA DNA product and purified fused E7-prfA DNA
product using the upstream pHly primer (SEQ ID NO: 33) and downstream prfA gene primer
(SEQ ID NO: 40) and ligated into pCRII (Invitrogen, La Jolla, Calif.). Competent E. coli
(TOP1OQ'F, Invitrogen, La Jolla, Calif.) were transformed with pCRII-ActAE7. After lysis and
isolation, the plasmid was screened by restriction analysis using BamHI (expected fragment sizes
770 bp and 6400 bp (or when the insert was reversed into the vector: 2500 bp and 4100 bp)) and
BstXI (expected fragment sizes 2800 bp and 3900 bp) and also screened with PCR analysis using
the upstream pHly primer (SEQ ID NO: 33) and the downstream prfA gene primer (SEQ ID NO:
40).

[0400] The pHly-actA-E7-prfA DNA insert was excised from pCRII by double digestion with
Xba I and Sal I and ligated into pDP-2028 also digested with Xba I and Sal I. After transforming
TOPIOF competent E. coli (Invitrogen, La Jolla, Calif.) with expression system pActAE7,
chloramphenicol resistant clones were screened by PCR analysis using the upstream pHly primer
(SEQ ID NO: 33) and the downstream PrfA gene primer (SEQ ID NO: 40). A clone comprising
PACtAE7 was grown in brain heart infusion medium (with chloramphenicol (20 mcg
(microgram)/ml (milliliter), Difco, Detroit, Mich.) and pActAE7 was isolated from the bacteria
cell using a midiprep DNA purification system kit (Promega, Madison, Wis.). A prfA-negative
strain of penicillin-treated Listeria (strain XFL-7) was transformed with expression system
PActAE7, as described in Ikonomidis et al. (1994, J. Exp. Med. 180: 2209-2218) and clones were
selected for the retention of the plasmid in vivo. Clones were grown in brain heart infusion with
chloramphenicol (20 mcg/ml) at 37 °C. Bacteria were frozen in aliquots at -80 °C.

Immunoblot Verification of Antigen Expression

[0401] To verify that Lm-ActA-E7 secretes ActA-E7, (about 64 kD), Listeria strains were grown

in Luria-Bertoni (LB) medium at 37°C. Protein was precipitated from the culture supernatant
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with trichloroacetic acid (TCA) and resuspended in 1x sample buffer with 0.1IN sodium
hydroxide. Identical amounts of each TCA precipitated supernatant were loaded on 4% to 20%
Tris-glycine sodium dodecyl sulfate—polyacrylamide gels (NOVEX, San Diego, Calif). Gels
were transferred to polyvinylidene difluoride membranes and probed with 1:2500 anti-E7
monoclonal antibody (Zymed Laboratories, South San Francisco, Calif), then with 1:5000
horseradish peroxidase—conjugated anti-mouse IgG (Amersham Pharmacia Biotech, Little
Chalfont, England). Blots were developed with Amersham enhanced chemiluminescence
detection reagents and exposed to autoradiography film (Amersham) (Figure 5A).
Construction of Lm-PEST-E7, Lm-APEST-E7, and Lm-E7epi (Figure 6A)
[0402] Lm-PEST-E7 is identical to Lm-LLO-E7, except that it contains only the promoter and
PEST sequence of the hly gene, specifically the first 50 AA of LLO. To construct Lm-PEST-E7,
the hly promoter and PEST regions were fused to the full-length E7 gene using the SOE (gene
splicing by overlap extension) PCR technique. The E7 gene and the hly-PEST gene fragment
were amplified from the plasmid pGG-55, which contains the first 441 AA of LLO, and spliced
together by conventional PCR techniques. To create a final plasmid, pVS16.5, the hly-PEST-E7
fragment and the prfA gene were subcloned into the plasmid pAM401, which includes a
chloramphenicol resistance gene for selection in vitro, and the resultant plasmid was used to
transform XFL-7.
[0403] Lm-APEST-E7 is a recombinant Listeria strain that is identical to Lm- LLO-E7 except
that it lacks the PEST sequence. It was made essentially as described for Lm-PEST-E7, except
that the episomal expression system was constructed using primers designed to remove the
PEST-containing region (bp 333-387) from the hly-E7 fusion gene. Lm-E7epi is a recombinant
strain that secretes E7 without the PEST region or LLO. The plasmid used to transform this
strain contains a gene fragment of the hly promoter and signal sequence fused to the E7 gene.
This construct differs from the original Lm-E7, which expressed a single copy of the E7 gene
integrated into the chromosome. Lm-E7epi is completely isogenic to Lm- LLO-E7, Lm-PEST-
E7, and Lm-APEST-E7 except for the form of the E7 antigen expressed.

RESULTS
[0404] To compare the anti-tumor immunity induced by Lm-ActA-E7 versus Lm-LLO-E7, 2 x
10° TC-1 tumor cells were implanted subcutaneously in mice and allowed to grow to a palpable

size (approximately 5 millimeters [mm]). Mice were immunized i1.p. with one LDs, of either Lm-
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ActA-E7 (5 x10® CFU), (crosses) Lm-LLO-E7 (10° CFU) (squares) or Lm-E7 (10° CFU)
(circles) on days 7 and 14. By day 26, all of the animals in the Lm-LLO-E7 and Lm-ActA-E7
were tumor free and remained so, whereas all of the naive animals (triangles) and the animals
immunized with Lm-E7 grew large tumors (Figure 5B). Thus, vaccination with ActA-E7 fusions
causes tumor regression.

[0405] In addition, Lm-LLO-E7, Lm-PEST-E7, Lm-APEST-E7, and Lm-E7epi were compared
for their ability to cause regression of E7-expressing tumors. S.c. TC-1 tumors were established
on the left flank of 40 C57BL/6 mice. After tumors had reached 4-5 mm, mice were divided into
5 groups of 8 mice. Each groups was treated with 1 of 4 recombinant LM vaccines, and 1 group
was left untreated. Lm-LLO-E7 and Lm-PEST-E7 induced regression of established tumors in
5/8 and 3/8 cases, respectively. There was no statistical difference between the average tumor
size of mice treated with Lm-PEST-E7 or Lm-LLO-E7 at any time point. However, the vaccines
that expressed E7 without the PEST sequences, Lm-APEST-E7 and Lm-E7epi, failed to cause
tumor regression in all mice except one (Figure 6B, top panel). This was representative of 2
experiments, wherein a statistically significant difference in mean tumor sizes at day 28 was
observed between tumors treated with Lm-LLO-E7 or Lm-PEST-E7 and those treated with Lm-
E7epi or Lm-APEST-E7; P < 0.001, Student’s t test; Figure 6B, bottom panel). In addition,
increased percentages of tetramer-positive splenocytes were seen reproducibly over 3
experiments in the spleens of mice vaccinated with PEST-containing vaccines (Figure 6C). Thus,
vaccination with PEST-E7 fusions causes tumor regression.

EXAMPLE 4: FUSION OF E7 TO LLO, ActA, OR A PEST-LIKE SEQUENCE
ENHANCES E7-SPECIFIC IMMUNITY AND GENERATES TUMOR-INFILTRATING
E7-SPECIFIC CD8"' CELLS
MATERIALS AND EXPERIMENTAL METHODS
[0406] 500 mcl (microliter) of MATRIGEL®, comprising 100 mcl of 2 x 10° TC-1 tumor cells
in phosphate buffered saline (PBS) plus 400 mcl of MATRIGEL® (BD Biosciences, Franklin
Lakes, N.J.) were implanted subcutaneously on the left flank of 12 C57BL/6 mice (n=3). Mice

were immunized intraperitoneally on day 7, 14 and 21, and spleens and tumors were harvested on
day 28. Tumor MATRIGELs were removed from the mice and incubated at 4 °C overnight in
tubes containing 2 milliliters (ml) of RP 10 medium on ice. Tumors were minced with forceps,

cut into 2 mm blocks, and incubated at 37 °C for 1 hour with 3 ml of enzyme mixture (0.2 mg/ml
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collagenase-P, 1 mg/ml DNAse-1 in PBS). The tissue suspension was filtered through nylon
mesh and washed with 5% fetal bovine serum + 0.05% of NaN; in PBS for tetramer and IFN-
gamma staining.
[0407] Splenocytes and tumor cells were incubated with 1 micromole (mcm) E7 peptide for 5
hours in the presence of brefeldin A at 107 cells/ml. Cells were washed twice and incubated in 50
mcl of anti-mouse Fc receptor supernatant (2.4 G2) for 1 hour or overnight at 4 °C. Cells were
stained for surface molecules CD8 and CD62L, permeabilized, fixed using the permeabilization
kit Golgi-stop® or Golgi-Plug® (Pharmingen, San Diego, Calif.), and stained for IFN-gamma.
500,000 events were acquired using two-laser flow cytometer FACSCalibur and analyzed using
Cellquest Software (Becton Dickinson, Franklin Lakes, NJ). Percentages of IFN-gamma
secreting cells within the activated (CD62LY) CD8" T cells were calculated.
[0408] For tetramer staining, H-2D" tetramer was loaded with phycoerythrin (PE)-conjugated E7
peptide (RAHYNIVTF, SEQ ID NO: 32), stained at rt for 1 hour, and stained with anti-
allophycocyanin (APC) conjugated MEL-14 (CD62L) and FITC-conjugated CD8J} at 4 °C for 30
min. Cells were analyzed comparing tetramer CD8" CD62L"Y cells in the spleen and in the
tumor.

RESULTS
[0409] To analyze the ability of Lm-ActA-E7 to enhance antigen specific immunity, mice were
implanted with TC-1 tumor cells and immunized with either Lm-LLO-E7 (1 x 10’ CFU), Lm-E7
(1x 10° CFU), or Lm-ActA-E7 (2 x 10® CFU), or were untreated (naive). Tumors of mice from
the Lm-LLO-E7 and Lm-ActA-E7 groups contained a higher percentage of IFN-gamma-
secreting CD8" T cells (Figure 7A) and tetramer-specific CD8" cells (Figure 7B) than in Lm-E7
or naive mice.
[0410] In another experiment, tumor-bearing mice were administered Lm-LLO-E7, Lm-PEST-
E7, Lm-APEST-E7, or Lm-E7epi, and levels of E7-specific lymphocytes within the tumor were
measured. Mice were treated on days 7 and 14 with 0.1 LDsy of the 4 vaccines. Tumors were
harvested on day 21 and stained with antibodies to CD62L, CD8, and with the E7/Db tetramer.
An increased percentage of tetramer-positive lymphocytes within the tumor were seen in mice
vaccinated with Lm-LLO-E7 and Lm-PEST-E7 (Figure 8A). This result was reproducible over
three experiments (Figure 8B).

115



WO 2015/126921 PCT/US2015/016348

[0411] Thus, Lm-LLO-E7, Lm-ActA-E7, and Lm-PEST-E7 are each efficacious at induction of
tumor-infiltrating CD8" T cells and tumor regression.

MATERIALS AND EXPERIMENTAL METHODS (EXAMPLES 5-10)

Bacterial strains, transformation and selection

[0412] E. coli strain MB2159 was used for transformations, using standard protocols. Bacterial
cells were prepared for electroporation by washing with H»O.

[0413] E. coli strain MB2159 (Strych U et al, FEMS Microbiol Lett. 2001 Mar 15;196(2):93-8)
is an alr (-)/dadX (-) deficient mutant that is not able to synthesize D-alanine racemase. Listeria
strain Lm dal(-)/dat(-) (Lmdd) similarly is not able to synthesize D-alanine racemase due to

partial deletions of the dal and the dat genes.

Plasmid Constructions
[0414] Using the published sequence of the plcA gene (Mengaud et al., Infect. Immun. 1989 57,
3695-3701), PCR was used to amplify the gene from chromosomal DNA. The amplified product
was then ligated into pAM401 using Sall- and Xbal-generated DNA ends to generate pDP1462.
[0415] Plasmid pDP1500, containing prfA alone, was constructed by deleting the plcA gene,
bases 429 to 1349 (Mengaud et al., supra), from pDP1462 after restriction with Xbal and Pstl,
treatment of the DNA ends with T4 DNA polymerase to make them blunt, and intramolecular
ligation.
[0416] Plasmid pDP1499, containing the plcA promoter and a portion of the 3" end of plcA, was
constructed by deleting a plcA internal fragment, bases 428 to 882 (Mengaud et al., Infect.
Immun. 1989 57, 3695-3701), from pDP1339 after restriction with Pstl and Nsil and
intramolecular ligation.
[0417] pDP1526 (pKSV7::4plcA) was constructed by a single three-part ligation of pKSV7
restricted with BAMHI and Xbal, the 468 bp Xbal and Nsil-generated fragment from
pAM401::plcA containing the 5' end of plcA (bases 882 to 1351; Mengaud et al., supra) and, the
501 bp Pstl- and BamHI-generated fragment from pAM401::plcA prfA containing the 3' end of
plcA (bases 77 to 429; Mengaud et al., supra).
[0418] The prfA promoter, bases 1-429 (Mengaud et al., supra), was isolated by EcoRI and Pstl
double digestion of pDP1462 and the fragment was subsequently ligated into EcoRI-and Pstl-
restricted pKSV7 to generate pDP1498. Two random HindlIlII-generated 10403S chromosomal
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DNA fragments, approximately 3kb in length, were ligated into HindIll-restricted pKSV7, to
generate the random integration control plasmids pDP1519 and pDP1521.

Construction of L. monocytogenes Mutant Strains

[0419] L. monocytogenes strain DP-L.1387 was isolated as a mutant with reduced lecithinase (PC-
PLC) from a Tn917-LTV3 bank of SLCC 5764, constructed as previously described (Camilli et
al., J. Bacteriol. 1990, 172, 3738-3744). The site of Tn917-LTV3 insertion was determined by
sequencing one transposon-chromosomal DNA junction as previously described (Sun et al.,
Infect. Immun. 1990 58, 3770-3778). L. monocytogenes was transformed with plasmid DNA as
previously described (Camilli et al., supra). Selective pressure for maintenance of pAM401,
pKSV7, and their derivatives in L. monocytogenes was exerted in the presence of 10 ug of
chloramphenicol per ml of media. In addition, maintenance of pKSV7 derivatives required
growth at 30°C., a permissive temperature for plasmid replication in Gram-positive bacteria.
[0420] Integration of pKSV7 derivatives into the L. monocytogenes chromosome occurred by
homologous recombination between L. monocytogenes DNA sequences on the plasmids and their
corresponding chromosomal alleles. Integration mutants were enriched by growth for
approximately 30 generations at 40°C., a non-permissive temperature for pKSV7 replication, in
Brain Heart Infusion (BHI) broth containing 10 pg chloramphenicol per ml of media. Each
integration strain was subsequently colony purified on BHI agar containing 10 pg
chloramphenicol per ml of media and incubated at 40°C. Southern blot analyses of chromosomal
DNA isolated from each integration strain confirmed the presence of the integrated plasmid.
[0421] Construction of DP-L1552 is achieved by integration of the pKSV7 derivative, pDP1526,
to generate a merodiploid intermediate as described above. Spontaneous excision of the integrated
plasmid, through intramolecular homologous recombination, occurred at a low frequency.
Bacteria in which the plasmid had excised from the chromosome were enriched by growth at
30°C. in BHI broth for approximately 50 generations. The nature of the selective pressure during
this step was not known but may be due to a slight growth defect of strains containing integrated
temperature-sensitive plasmids. Approximately 50% of excision events, i.e., those resulting from
homologous recombination between sequences 3' of the deletion, resulted in allelic exchange of
AplcA for the wild-type allele on the chromosome.

[0422] The excised plasmids were cured by growing the bacteria at 40°C in BHI for

approximately 30 generations. Bacteria cured of the plasmid retaining the AplcA allele on the
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chromosome were identified by their failure to produce a zone of turbidity surrounding colonies
after growth on BHI agar plates containing a 5 ml overlay of BHI aga1/2.5% egg yolk/2.5%
phosphate-buffered saline (PBS) (BHI/egg yolk agar). The turbid zones resulted from PI-PLC
hydrolysis of PI in the egg yolk, giving an insoluble diacylglycerol precipitate. The correct plcA
deletion on the L. monocytogenes chromosome was confirmed by amplifying the deleted allele
using PCR and sequencing across the deletion.

[0423] Thus, PI-PLC negative mutants (plcA deletion mutants) may be used according to the
present invention to generate attenuated L. monocytogenes vaccines. Other mutants were made
using the same method, namely, an actA deletion mutant, a plcB deletion mutant, and a double
mutant lacking both plcA and plcB, all of which may also be used according to the present
disclosure to generate attenuated L. monocytogenes vaccines. Given the present disclosure, one
skilled in the art would be able to create other attenuated mutants in addition to those mentioned
above.

Construction of Lmdd

[0424] The dal gene was initially inactivated by means of a double-allelic exchange between the
chromosomal gene and the temperature-sensitive shuttle plasmid pKSV7 (Smith K et al,
Biochimie. 1992 Jul-Aug;74(7-8):705-11) carrying an erythromycin resistance gene between a
450-bp fragment from the 5’ end of the original 850-bp dal gene PCR product and a 450-bp
fragment from the 3' end of the dal gene PCR product. Subsequently, a dal deletion mutant
covering 82% of the gene was constructed by a similar exchange reaction with pKSV7 carrying
homology regions from the 5" and 3’ ends of the intact gene (including sequences upstream and
downstream of the gene) surrounding the desired deletion. PCR analysis was used to confirm the
structure of this chromosomal deletion.

[0425] The chromosomal dat gene was inactivated by a similar allelic exchange reaction. pKSV7
was modified to carry 450-bp fragments derived by PCR from both the 5" and 3" ends of the intact
dat gene (including sequences upstream and downstream of the gene). These two fragments were
ligated by appropriate PCR. Exchange of this construct into the chromosome resulted in the
deletion of 30% of the central bases of the dat gene, which was confirmed by PCR analysis.
Bacterial culture and in vivo passaging of Listeria

[0426] E. coli were cultured following standard methods. Listeria were grown at 37° C, 250 rpm

shaking in LB media (Difco, Detroit, MI). + 50 pg/ml streptomycin, and harvested during
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exponential growth phase. For Lm-LLOE7, 37 pg/ml chloramphenicol was added to the media.
For growth kinetics determinations, bacteria were grown for 16 hours in 10 ml of LB +
antibiotics. The ODgyonm Was measured and culture densities were normalized between the strains.
The culture was diluted 1:50 into LB + suitable antibiotics and D-alanine if applicable.
Passaging of LM in mice

[0427] 1 x 10° CFU were injected intraperitoneally (i.p.) into C57BL/6 mice. On day three,
spleens were isolated and homogenized in PBS. An aliquot of the spleen suspension was plated
on LB plates with antibiotics as applicable. Several colonies were expanded and mixed to
establish an injection stock.

Construction of antibiotic resistance factor free plasmid pTV3

[0428] Construction of p60-dal cassette. The first step in the construction of the antibiotic
resistance gene-free vector was construction of a fusion of a truncated p60 promoter to the dal
gene. The LM alanine racemase (dal) gene (forward primer: 5'-CCA TGG TGA CAG GCT GGC
ATC-3'; SEQ ID NO: 41) (reverse primer: 5-GCT AGC CTA ATG GAT GTA TTT TCT AGG-
3", SEQ ID NO: 42) and a minimal p60 promoter sequence (forward primer: 5'-TTA ATT AAC
AAA TAG TTG GTA TAG TCC-3"; SEQ ID No: 43) (reverse primer: 5'-GAC GAT GCC AGC
CTG TCA CCA TGG AAA ACT CCT CTC-3; SEQ ID No: 44) were isolated by PCR
amplification from the genome of LM strain 10403S. The primers introduced a Pacl site
upstream of the p60 sequence, an Nhel site downstream of the dal sequence (restriction sites in
bold type), and an overlapping dal sequence (the first 18 bp) downstream of the p60 promoter for
subsequent fusion of p60 and dal by splice overlap extension (SOE)-PCR. The sequence of the
truncated p60 promoter was:
CAAATAGTTGGTATAGTCCTCTTTAGCCTTTGGAGTATTATCTCATCATTTGTTTTTTA
GGTGAAAACTGGGTAAACTTAGTATTATCAATATAAAATTAATTCTCAAATACTTAA
TTACGTACTGGGATTTTCTGAAAAAAGAGAGGAGTTTTCC (SEQ ID NO: 45) (Kohler et
al, J Bacteriol 173: 4668-74, 1991). Using SOE-PCR, the p60 and dal PCR products were fused
and cloned into cloning vector pCR2.1 (Invitrogen, La Jolla, CA) .

[0429] Removal of antibiotic resistance genes from pGGSS. The subsequent cloning strategy
for removing the Chloramphenicol acetyltransferase (CAT) genes from pGGSS and introducing
the p60-dal cassette also intermittently resulted in the removal of the gram-positive replication

region (oriRep; Brantl et al, Nucleic Acid Res 18: 4783-4790, 1990). In order to re-introduce the
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gram-positive oriRep, the oriRep was PCR-amplified from pGGSS5, using a 5'-primer that added a
Narl/Ehel site upstream of the sequence (GGCGCCACTAACTCAACGCTAGTAG, SEQ ID
NO: 46) and a 3'-primer that added a Nhel site downstream of the sequence
(GCTAGCCAGCAAAGAAAAACAAACACG, SEQ ID NO: 47). The PCR product was cloned
into cloning vector pCR2.1 and sequence verified.

[0430] In order to incorporate the p60-dal sequence into the pGGSS vector, the p60-dal
expression cassette was excised from pCR-p60dal by Pacl/Nhel double digestion. The
replication region for gram-positive bacteria in pGGS5 was amplified from pCR-oriRep by PCR
(primer 1, 5'-GTC GAC GGT CAC CGG CGC CAC TAA CTC AAC GCT AGT AG-3'; SEQ ID
No: 48); (primer 2, 5'-TTA ATT AAG CTA GCC AGC AAA GAA AAA CAA ACA CG-35
SEQ ID No: 49) to introduce additional restriction sites for Ehel and Nhel. The PCR product was
ligated into pCR2.1-TOPO (Invitrogen, Carlsbad, Calif.), and the sequence was verified. The
replication region was excised by Ehel/Nhel digestion, and vector pGGS55 was double digested
with Ehel and Nhel, removing both CAT genes from the plasmid simultaneously. The two inserts,
p60-dal and oriRep, and the pGGSS fragment were ligated together, yielding pTV3 (Figure 9).
pTV3 also contains a prfA (pathogenicity regulating factor A) gene. This gene is not necessary
for the function of pTV3, but can be used in situations wherein an additional selected marker is
required or desired.

Preparation of DNA for real-time PCR

[0431] Total Listeria DNA was prepared using the Masterpure® Total DNA kit (Epicentre,
Madison, WI). Listeria were cultured for 24 hours at 37° C and shaken at 250 rpm in 25 ml of
Luria-Bertoni broth (LB). Bacterial cells were pelleted by centrifugation, resuspended in PBS
supplemented with 5 mg/ml of lysozyme and incubated for 20 minutes at 37° C, after which
DNA was isolated.

[0432] In order to obtain standard target DNA for real-time PCR, the LLO-E7 gene was PCR
amplified from pGGSS (5'-ATGAAAAAAATAATGCTAGTTTTTATTAC-3' (SEQ ID NO: 50);
5-GCGGCCGCTTAATGATGATGATGATGATGTGGTTTCTG AGAACAGATG-3' (SEQ ID
NO: 51)) and cloned into vector pETbluel (Novagen, San Diego, CA). Similarly, the plcA
amplicon was cloned into pCR2.1. E. coli were transformed with pET-LLOE7 and pCR-plcA,

respectively, and purified plasmid DNA was prepared for use in real-time PCR.
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Real-time PCR

[0433] Tagman primer-probe sets (Applied Biosystems, Foster City, CA) were designed using the
ABI PrimerExpress software (Applied Biosystems) with E7 as a plasmid target, using the
following primers: 5-GCAAGTGTGACTCTACGCTTCG-3' (SEQ ID NO: 52); 5'-
TGCCCATTAACAGGTCTTCCA-3' (SEQ ID NO: 53); 5'-FAM-TGCGTA
CAAAGCACACACGTAGACATTCGTAC-TAMRA-3' (SEQ ID NO: 54) and the one-copy
gene plcA (TGACATCGTTTGTGTTTGAGCTAG -3 (SEQ ID NO: 55), 5-
GCAGCGCTCTCTATACCAGGTAC-3' (SEQ ID NO: 56); 5-TET-TTAATGTCCATGTTA
TGTCTCCGTTATAGCTCATCGTA-TAMRA-3'; SEQ ID NO: 57) as a Listeria genome target.
[0434] 0.4 uM primer and 0.05 mM probe were mixed with PuRE Taq RTG PCR beads
(Amersham, Piscataway, NJ) as recommended by the manufacturer. Standard curves were
prepared for each target with purified plasmid DNA, pET-LLOE7 and pCR-plcA (internal
standard) and used to calculate gene copy numbers in unknown samples. Mean ratios of E7
copies / plcA copies were calculated based on the standard curves and calibrated by dividing the
results for Lmdd-TV3 and Lm-LLOE7 with the results from Lm-E7, a Listeria strain with a
single copy of the E7 gene integrated into the genome. All samples were run in triplicate in each
qPCR assay which was repeated three times. Variation between samples was analyzed by Two-
Way ANOVA using the KyPlot software. Results were deemed statistically significant if p <
0.05.

Growth measurements

[0435] Bacteria were grown at 37°C, 250 rpm shaking in Luria Bertani (LB) Medium +/- 100
micrograms (lg)/ml D-alanine and/or 37 pg/ml chloramphenicol. The starting inoculum was
adjusted based on ODgpo nm measurements to be the same for all strains.

Hemolytic Lysis Assay

[0436] 4 x 10° CFU of Listeria were thawed, pelleted by centrifugation (1 minute, 14000 rpm)
and resuspended in 100 ul PBS, pH 5.5 with 1 M cysteine. Bacteria were serially diluted 1:2 and
incubated for 45 minutes at 37° C in order to activate secreted LLO. Defibrinated total sheep
blood (Cedarlane, Hornby, Ontario, Canada) was washed twice with 5 volumes of PBS and three
to four times with 6 volumes of PBS-Cysteine until the supernatant remained clear, pelleting
cells at 3000 x g for 8 minutes between wash steps, then resuspended to a final concentration of

10 % (v/v) in PBS-Cysteine. 100 pl of 10% washed blood cells were mixed with 100 pl of
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Listeria suspension and incubated for additional 45 minutes at 37° C. Un-lysed blood cells were
then pelleted by centrifugation (10 minutes, 1000 x g). 100 ul of supernatant was transferred into a
new plate and the ODs30n, Was determined and plotted against the sample dilution.
Therapeutic efficacy of Lmdd-Tv3
[0437] 10° TC-1 (ATCC, Manassas, VA) were implanted subcutaneously in C57BL/6 mice (n=38)
and allowed to grow for about 7 days, after which tumors were palpable. TC-1 is a C57BL/6
epithelial cell line that was immortalized with HPV E6 and E7 and transformed with activated ras,
which forms tumors upon subcutaneous implantation. Mice were immunized with 0.1 LDs, of the
appropriate Listeria strain on days 7 and 14 following implantation of tumor cells. A non-
immunized control group (naive) was also included. Tumor growth was measured with electronic
calipers.
Generation of an ActA deletion mutant
[0438] The strain Lm dal dat (Lmdd) was attenuated by the irreversible deletion of the virulence
factor, ActA. An in frame deletion of actA in the Lmdaldat (Lmdd) background was constructed
to avoid any polar effects on the expression of downstream genes. The Lm dal 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 ActA. The deletion of the gene into the chromosomal spot was
verified using primers that anneal external to the actA deletion region. These are primers 3 (Adv
305-tgggatggccaagaaattc) (SEQ ID NO: 58) and 4 (Adv304-ctaccatgtcttecgttgcttg) (SEQ ID NO:
59) as shown in the Fig. 12. The PCR analysis was performed on the chromosomal DNA isolated
from Lmdd and Lm-ddAactA. The sizes of the DNA fragments after amplification with two
different set of primer pairs 1, 2 and 3, 4 in Lm-dd chromosomal DNA was expected to be 3.0 Kb
and 3.4 Kb. However, for the Lm-ddAactA the expected sizes of PCR using the primer pairs 1, 2
and 3, 4 was 1.2 Kb and 1.6 Kb. Thus, PCR analysis in Fig. 12 confirms that 1.8 kb region of
actA was deleted in the strain, Lm-ddAacftA. DNA sequencing was also performed on PCR
products to confirm the deletion of actA containing region in the strain, Lm-ddAactA (Figure 13,
SEQ ID NO: 60).
[0439] gcgccaaatcattggttgattggteaggatgtetgtetgcgtggetcgcgagatgggcgaataagaageattaaagatcectgacaa
atataatcaagcggctcatatgaaagattacgaatcgcttccactcacagaggaaggcgactggggcggagttcattataatagtggtatcce
gaataaagcagcctataatactatcactaaacttggaaaagaaaaaacagaacagctttattttcgcgecttaaagtactatttaacgaaaaaatc
ccagtttaccgatgcgaaaaaagegcettcaacaagcagcgaaagatttatatggtgaagatgcttctaaaaaagttgctgaagcettgggaage
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agttggggottaactgattaacaaatgttagagaaaaattaattctccaagtgatattcttaaaataattcatgaatattttttcttatattagctaattaa
gaagataactaactgctaatccaatttttaacggaacaaattagtgaaaatgaaggccgaattttccttgttctaaaaaggttgtattagcgtatca
cgaggagggagtataagigggattaaacagatttatgegigegatgatggiggitticattactgecaatigeattacgattaaccccgacgt
cgacccatacgacgttaatictigecaatgtitagetattggegigtictctitaggggegiitatcaaaattaticaattaagaaaaaataatiaa
aaacacagaacgaaagaaaaagtgaggtgaatgatatgaaattcaaaaaggtggttctaggtatgtgcttgatcgcaagtgttctagtctttce
ggtaacgataaaagcaaatgectgttgtgatgaatacttacaaacacccgecagetccgeatgatattgacagcaaattaccacataaacttagtt
ggtccgeggataacccgacaaatactgacgtaaatacgcactattggcetttttaaacaagecggaaaaaatactagctaaagatgtaaatcatat
gcgagctaatttaatgaatgaacttaaaaaattcgataaacaaatagctcaaggaatatatgatgcggatcataaaaatccatattatgatactag
tacatttttatctcatttttataatcctgatagagataatacttatttgccgggttttgctaatgcgaaaataacaggagcaaagtatttcaatcaatcg
gtgactgattaccgagaagggaa (SEQ ID NO: 60).

Production of Inflammatory cytokines:

[0440] Macrophages such as RAW 264.7 are infected with different Listeria backbones such as
Lm prfA- (pGGSS), Lm dal dat, Lm dal dat actA, Lm dal dat actA A inlC and Lm dal dat A
inlC and supernatant is harvested at different time points to quantify the level of various
cytokines using different ELISA based kits. The cytokines that are quantified include IFN-vy,
TNF-a and IL-6.

In vivo cytokine production:

[0441] To measure the in vivo cytokine production and recruitment of neutrophils, C57BL/6 mice
are injected intraperitoneally with different 10° CFU of Lm prfA- (pGG55), Lm dal dat, Lm dal
dat actA, Lm dal dat actA A inlC and Lm dal dat A inlC, Listeria control or an equivalent
volume of saline. After 12 h mice are killed and peritoneal cavities are washed with 2 mL of PBS.
The peritoneal washes are examined for bacterial load after plating on growth medium and
analysis of proinflammatory cytokines such as MIP-1a, KC, MCP etc. Using flow cytometry the
number of neutrophils and macrophages is determine after staining with markers such as Gr-1,
CD11b and F4/80 and further these populations are quantified using CellQuest software.
Transwell migration assay:

[0442] This assay is done to determine if there is an increase in the migration of neutrophils
following infection of bone marrow derived macrophages or dendritic cells with the inlC deletion
strain. Bone marrow-derived macrophages or dendritic cells are isolated from mice such as
C57BL/6 and are infected with the inlC deletion mutants or control Listeria. Using infected cells

the transwell assay is set up using corning costar Transwell plates. The assay is initially
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standardized using 3, 5, or 8 micron pore transwell plates. To test neutrophil migration, plate the
infected APCs in the bottom of the plate and the neutrophils in the top of the well in the chamber.
At different time points the cells are counted to determine the number of neutrophils that have
migrated to the bottom.
Therapeutic efficacy of the Lm dal dat actA A inlC mutant:
[0443] To determine the therapeutic efficacy of in/C mutant, human Prostate specific antigen
(PSA) is used as tumor antigen as proof of concept. The backbone Lm dal dat actA inlC are
transformed with the plasmid, pAdv142 that contains expression cassette for human PSA
resulting in LmddAinlC142. The strain LmddAinlC142 is characterized for the expression and
secretion of fusion protein, tLLO-PSA. Further the strain LmddAin/C142 are passaged twice in
vivo in mice and the colonies obtained after two in vivo passages are examined for the expression
and secretion of fusion protein, tLLO-PSA. The vaccine working stock are prepared from the
colonies obtained after second in vivo passage and this are used for the assessment of therapeutic
effects and immunogenicity. -
Impact on tumor microenvironment:
[0444] The ability of LmddA, LmddAAactA, LmddAAPIcA, LmddAAPIcB, LmddAAprfA,
LmddAinliC142, LmddA142 and other control strains to cause infiltration of immune cells in the
tumor microenvironment are determined. In this study mice are inoculated with 1 x 10° TPSA23
tumor cells on day 0 and are vaccinated on day 7, 14 and 21 with 10° CFU of LmddAinlC142,
LmddA142 and other control strains. Tumors are harvested on day 28 and processed for further
staining with different cell surface markers such as Gr-1, CD11b, CD3, CD4, CDS8, CD25, Foxp3,
NKI1.1 and CD62L. Using these markers different cell populations that are examined include
macrophages (CD11b"), NK cells (NKI1.1%), neutrophils (Gr-1* CD11b"), myeloid derived
suppressor cells (MDSCs) (Gr-17 CD11b"), regulatory T cells (CD4" CD25" Foxp3™) and effector
T cells (CD8* CD3* CD62L1°W). Further effector T cells are characterized for their functional
ability to produce effector cytokines such as IFN-y, TNF-¢ and IL-2. The intratumoral regulatory
T cells and MDSC:s are tested for their ability to cause suppression of T cell proliferation.
RESULTS
EXAMPLE 5: A PLASMID CONTAINING AN AMINO ACID METABOLISM ENZYME
INSTEAD OF AN ANTIBIOTIC RESISTANCE GENE IS RETAINED IN E. COLI AND
LM BOTH IN VITRO AND IN VIVO
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[0445] An auxotroph complementation system based on D-alanine racemase was utilized to
mediate plasmid retention in LM without the use of an antibiotic resistance gene. E. coli strain
MB2159 is an alr (-)/dadX (-) deficient mutant that is not able to synthesize D-alanine racemase.
Listeria strain Lm dal(-)/dat(-) (Lmdd) similarly is not able to synthesize D-alanine racemase due
to partial deletions of the dal and the dat genes. Plasmid pGGSS, which is based on E. coli-
Listeria shuttle vector pAM401, was modified by removing both CAT genes and replacing them
with a p60-dal expression cassette under control of the Listeria p60 promoter to generate pTV3
(Figure 9). DNA was purified from several colonies.
EXAMPLE 6: PLASMIDS CONTAINING A METABOLIC ENZYME DO NOT
INCREASE THE VIRULENCE OF BACTERIA
[0446] As virulence is linked to LLO function, the hemolytic lysis activity between Lmdd-TV3

and Lm-LLOE?7 was compared. This assay tests LLO function by lysis of red blood cells and can
be performed with culture supernatant, purified LLO or bacterial cells. Lmdd-TV3 displayed
higher hemolytic lysis activity than Lm-LLOE7.

[0447] In vivo virulence was also measured by determining LDsy values, a more direct, and
therefore accurate, means of measuring virulence. The LDso of Lmdd-TV3 (0.75 x 109) was very
close to that of Lm-LLOE7 (1 x 10”), showing that plasmids containing a metabolic enzyme do
not increase the virulence of bacteria.

EXAMPLE 7: INDUCTION OF ANTI-TUMOR IMMUNITY BY PLASMIDS
CONTAINING A METABOLIC ENZYME

[0448] Efficacy of the metabolic enzyme-containing plasmid as a cancer vaccine was determined

in a tumor regression model. The TC-1 cell line model, which is well characterized for HPV
vaccine development and which allowed for a controlled comparison of the regression of
established tumors of similar size after immunization with Lmdd-TV3 or Lm-LLOE?7, was used.
In two separate experiments, immunization of mice with Lmdd-TV3 and Lm-LLOE7 resulted in
similar tumor regression (Figure 14) with no statistically significant difference (p < 0.05) between
vaccinated groups. All immunized mice were still alive after 63 days, whereas non-immunized
mice had to be sacrificed when their tumors reached 20 mm diameter. Cured mice remained

tumor-free until the termination of the experiment.
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[0449] Thus, metabolic enzyme-containing plasmids are efficacious as a therapeutic cancer
vaccine. Because immune responses required for a therapeutic cancer vaccine are stronger than
those required for a prophylactic cancer vaccine, these results demonstrate utility as well for a

prophylactic cancer vaccine.

EXAMPLE 8: inlC-DELETION MUTANT GENERATE SIGNIFICANTLY HIGH
LEVELS OF THE CHEMOKINES AND CYTOKINES.
[0450] inlC deletion mutant generates significantly high levels of the chemokines such as MIP-

la, KC (mouse homolog of IL-8), MCP resulting in infiltration of neutrophils and leukocytes
towards the site of infection. Thus when different Listeria strains are administered
intraperitoneally, the in/C mutant demonstrate an increase production of these cytokines and
chemokines, which attract neutrophils and macrophages in the peritoneal fluid obtained 12 h after
injection. Further, in/C deletion mutant generate significantly high levels of the inflammatory
cytokines when compared to control strains.

EXAMPLE 9: inIiC-DELETION MUTANTS INDUCE NEUTROPHIL MIGRATION

[0451] The macrophages infected with inlC deletion mutant show significant increase in the
migration of neutrophils at different time points when compared to other control strains. The
results of this experiment strongly support the ability of this strain to attract immune cells such as
neutrophils during infection.
EXAMPLE 10: inIC-DELETION MUTANTS EFFECT A THERAPEUTIC ANTI-
TUMOR RESPONSE
[0452] The results of anti-tumor studies using both LmddA142 and LmddAin/C142 are very

comparable to each other and therapeutic regression of tumors is observed. Further, two doses of

LmddAin/C142 are comparable to three doses of the strain LmddA142 because of its ability to

generate high levels of innate responses and increased secretion of proinflammatory cytokines.
MATERIALS AND METHODS (EXAMPLES 11-16)

[0453] Oligonucleotides were synthesized by Invitrogen (Carlsbad, CA) and DNA sequencing

was done by Genewiz Inc, South Plainfield, NJ. Flow cytometry reagents were purchased from
Becton Dickinson Biosciences (BD, San Diego, CA). Cell culture media, supplements and all
other reagents, unless indicated, were from Sigma (St. Louise, MO). Her2/neu HLA-A2 peptides
were synthesized by EZbiolabs (Westfield, IN). Complete RPMI 1640 (C-RPMI) medium
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contained 2mM glutamine, 0.1 mM non-essential amino acids, and ImM sodium pyruvate, 10%
fetal bovine serum, penicillin/streptomycin, Hepes (25mM). The polyclonal anti-LLO antibody
was described previously and anti-Her2/neu antibody was purchased from Sigma.

Mice and Cell Lines

[0454] All animal experiments were performed according to approved protocols by IACUC at the
University of Pennsylvania or Rutgers University. FVB/N mice were purchased from Jackson
laboratories (Bar Harbor, ME). The FVB/N Her2/neu transgenic mice, which overexpress the rat
Her2/neu onco-protein were housed and bred at the animal core facility at the University of
Pennsylvania. The NT-2 tumor cell line expresses high levels of rat Her2/neu protein, was derived
from a spontaneous mammary tumor in these mice and grown as described previously. DHFR-GS8
(3T3/neu) cells were obtained from ATCC and were grown according to the ATCC
recommendations. The EMT6-Luc cell line was a generous gift from Dr. John Ohlfest (University
of Minnesota, MN) and was grown in complete C-RPMI medium. Bioluminescent work was
conducted under guidance by the Small Animal Imaging Facility (SAIF) at the University of
Pennsylvania (Philadelphia, PA).

Listeria constructs and antigen expression

[0455] Her2/neu-pGEM7Z was kindly provided by Dr. Mark Greene at the University of
Pennsylvania and contained the full-length human Her2/neu (hHer2) gene cloned into the
pGEM7Z plasmid (Promega, Madison WI). This plasmid was used as a template to amplify three
segments of hHer-2/neu, namely, EC1, EC2, and IC1, by PCR using pfx DNA polymerase
(Invitrogen) and the oligos indicated in Table 2.

[0456] Table 2: Primers for cloning of Human her-2-Chimera

DNA sequence Base pair | Amino acid
region region or
junctions

Her-2- TGATCTCGAGACCCACCTGGACATGCTC (SEQ IDNO: 61) | 120-510 40-170
Chimera (F)
HerEC1-EC2F | CTACCAGGACACGATTTTGTGGAAG-AATATCCA
(Junction) GGAGTTTGCTGGCTGC (SEQ ID NO: 62)
HerEC1- GCAGCCAGCAAACTCCTGGATATT-CTTCCACAA 510/1077 170/359
EC2R AATCGTGTCCTGGTAG (SEQ ID NO: 63)
(Junction)
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HerEC2-ICIF | CTGCCACCAGCTGTGCGCCCGAGGG-
(Junction) CAGCAGAAGATCCGGAAGTACACGA (SEQ ID NO: 64)
1554/2034 518/679

HerEC2-ICIR | TCGTGTACTTCCGGATCTTCTGCTG
(Junction) CCCTCGGGC GCACAGCTGGTGGCAG (SEQ ID NO: 65)

Her-2- GTGGCCCGGGTCTAGATTAGTCTAAGAGGCAGCCATAGG | 2034-2424 679-808
Chimera (R) (SEQ ID NO: 66)

[0457] The Her-2/neu chimera construct was generated by direct fusion by the SOEing PCR
method and each separate hHer-2/neu segment as templates. Primers are shown in Table 3.

0458]  Sequence of primers for amplification of different segments human Her2 regions.

DNA sequence Base pair region | Amino acid
region
Her-2-EC1(I) CCGCCTCGAGGCCGCGAGCACCCAAGTG 58-979 20-326

(SEQ ID NO: 67)

Her-2-EC1(R) CGCGACTAGTTTAATCCTCTGCTGTCACCTC
(SEQ ID NO: 68)

Her-2-EC2(F) CCGCCTCGAGTACCTTTCTACGGACGTG (SEQ | 907-1504 303-501
ID NO: 69)

Her- 2- EC2(R) | CGCGACTAGTTTACTCTGGCCGGTTGGCAG
(SEQ ID NO: 70)

Her-2- ICL(F) CCGCCTCGAGCAGCAGAAGATCCGGAAGTAC | 2034-3243 679-1081
(SEQ ID NO: 71)
Her-2-IC1(R) CGCGACTAGTTTAAGCCCCTTCGGAGGGTG

(SEQ ID NO: 72)

[0459] Sequence of primers for amplification of different segments human Her2 regions.

[0460] ChHer2 gene was excised from pAdv138 using Xhol and Spel restriction enzymes, and
cloned in frame with a truncated, non-hemolytic fragment of LLO in the Lmdd shuttle vector,
pAdv134. The sequences of the insert, LLO and hly promoter were confirmed by DNA

sequencing analysis. This plasmid was electroporated into electro-competent actA, dal, dat
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mutant Listeria monocytogenes strain, LmddA and positive clones were selected on Brain Heart
infusion (BHI) agar plates containing streptomycin (250pg/ml). In some experiments similar
Listeria strains expressing hHer2/neu (Lm-hHer2) fragments were used for comparative purposes.
These have been previously described. In all studies, an irrelevant Listeria construct (Lm-control)
was included to account for the antigen independent effects of Listeria on the immune system.
Lm-controls were based on the same Listeria platform as ADXS31-164, but expressed a different
antigen such as HPV16-E7 or NY-ESO-1. Expression and secretion of fusion proteins from

Listeria were tested. Each construct was passaged twice in vivo.

Cytotoxicity assay

[0461] Groups of 3-5 FVB/N mice were immunized three times with one week intervals with 1 x
10® colony forming units (CFU) of Lm-LLO-ChHer2, ADXS31-164, Lm-hHer2 ICI or Lm-control
(expressing an irrelevant antigen) or were left naive. NT-2 cells were grown in vitro, detached by
trypsin and treated with mitomycin C (250 pwg/ml in serum free C-RPMI medium) at 37°C for 45
minutes. After 5 washes, they were co-incubated with splenocytes harvested from immunized or
naive animals at a ratio of 1:5 (Stimulator: Responder) for 5 days at 37°C and 5% CO,. A
standard cytotoxicity assay was performed using europium labeled 3T3/neu (DHFR-GS) cells as
targets according to the method previously described. Released europium from killed target cells
was measured after 4 hour incubation using a spectrophotometer (Perkin Elmer, Victor®) at 590
nm. Percent specific lysis was defined as (lysis in experimental group-spontaneous
lysis)/(Maximum lysis-spontaneous lysis).

Interferon-y secretion by splenocytes from immunized mice

[0462] Groups of 3-5 FVB/N or HLA-A2 transgenic mice were immunized three times with one
week intervals with 1 x 10° CFU of ADXS31-164, a negative Listeria control (expressing an
irrelevant antigen) or were left naive. Splenocytes from FVB/N mice were isolated one week after
the last immunization and co-cultured in 24 well plates at 5 x 10° cells/well in the presence of
mitomycin C treated NT-2 cells in C-RPMI medium. Splenocytes from the HLA-A?2 transgenic
mice were incubated in the presence of 1uM of HLA-A2 specific peptides or 1ug/ml of a
recombinant His-tagged ChHer2 protein, produced in E. coli and purified by a nickel based

affinity chromatography system. Samples from supernatants were obtained 24 or 72 hours later
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and tested for the presence of interferon-y (IFN-Y) using mouse IFN-y Enzyme-linked
immunosorbent assay (ELISA) kit according to manufacturer’s recommendations.

Tumor studies in Her2 transgenic animals

[0463] Six weeks old FVB/N rat Her2/neu transgenic mice (9-14/group) were immunized 6 times
with 5 x 10° CFU of Lm-LLO-ChHer2, ADXS31-164 or Lm-control. They were observed twice a
week for the emergence of spontaneous mammary tumors, which were measured using an
electronic caliper, for up to 52 weeks. Escaped tumors were excised when they reached a size
lcm? in average diameter and preserved in RNAlater at -20°C. In order to determine the effect of
mutations in the Her2/neu protein on the escape of these tumors, genomic DNA was extracted
using a genomic DNA isolation kit, and sequenced.

Effect of ADXS31-164 on regulatory T cells in spleens and tumors

[0464] Mice were implanted subcutaneously (s.c.) with 1 x 10°NT-2 cells. On days 7, 14 and 21,
they were immunized with 1 x 10* CFUs of ADXS31-164, LmddA-control or left naive. Tumors
and spleens were extracted on day 28 and tested for the presence of CD3"/CD4"/FoxP3" Tregs by
FACS analysis. Briefly, splenocytes were isolated by homogenizing the spleens between two
glass slides in C-RPMI medium. Tumors were minced using a sterile razor blade and digested
with a buffer containing DNase (12U/ml), and collagenase (2mg/ml) in PBS. After 60 min
incubation at RT with agitation, cells were separated by vigorous pipetting. Red blood cells were
lysed by RBC lysis buffer followed by several washes with complete RPMI-1640 medium
containing 10% FBS. After filtration through a nylon mesh, tumor cells and splenocytes were
resuspended in FACS buffer (2% FBS/PBS) and stained with anti-CD3-PerCP-Cy5.5, CD4-FITC,
CD25-APC antibodies followed by permeabilization and staining with anti-Foxp3-PE. Flow
cytometry analysis was performed using 4-color FACS calibur (BD) and data were analyzed
using cell quest software (BD).

Statistical analysis

[0465] The log-rank Chi-Squared test was used for survival data and student’s #-test for the CTL
and ELISA assays, which were done in triplicates. A p-value of less than 0.05 (marked as *) was
considered statistically significant in these analyzes. All statistical analysis was done with either
Prism software, V.4.0a (2006) or SPSS software, V.15.0 (2006). For all FVB/N rat Her2/neu

transgenic studies we used 8-14 mice per group, for all wild-type FVB/N studies we used at least
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8 mice per group unless otherwise stated. All studies were repeated at least once except for the

long term tumor study in Her2/neu transgenic mouse model.

RESULTS
EXAMPLE 11: GENERATION OF L. MONOCYTOGENES STRAINS THAT SECRETE
LLO FRAGMENTS FUSED TO Her-2 FRAGMENTS: CONSTRUCTION OF ADXS31-
164.

[0466] Construction of the chimeric Her2/neu gene (ChHer2) was described previously. Briefly,
ChHer2 gene was generated by direct fusion of two extracellular (aa 40-170 and aa 359-433) and
one intracellular fragment (aa 678-808) of the Her2/neu protein by SOEing PCR method. The
chimeric protein harbors most of the known human MHC class I epitopes of the protein. ChHer2
gene was excised from the plasmid, pAdv138 (which was used to construct Lm-LLO-ChHer2)
and cloned into LmddA shuttle plasmid, resulting in the plasmid pAdv164 (Figure 15A). There
are two major differences between these two plasmid backbones. 1) Whereas pAdv138 uses the
chloramphenicol resistance marker (cat) for in vitro selection of recombinant bacteria, pAdv164
harbors the D-alanine racemase gene (dal) from bacillus subtilis, which uses a metabolic
complementation pathway for in vitro selection and in vivo plasmid retention in LmddA strain
which lacks the dal-dat genes. This vaccine platform was designed and developed to address
FDA concerns about the antibiotic resistance of the engineered Listeria vaccine strains. 2) Unlike
pAdv138, pAdv164 does not harbor a copy of the prfA gene in the plasmid (see sequence below
and Fig. 15A), as this is not necessary for in vivo complementation of the Lmdd strain. The
LmddA vaccine strain also lacks the actA gene (responsible for the intracellular movement and
cell-to-cell spread of Listeria) so the recombinant vaccine strains derived from this backbone are
100 times less virulent than those derived from the Lmdd, its parent strain. LmddA-based vaccines
are also cleared much faster (in less than 48 hours) than the Lmdd-based vaccines from the
spleens of the immunized mice. The expression and secretion of the fusion protein tLLO-ChHer2
from this strain was comparable to that of the Lm-LLO-ChHer2 in TCA precipitated cell culture
supernatants after 8 hours of in vitro growth (Figure 15B) as a band of ~104 KD was detected by
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an anti-LLO antibody using Western Blot analysis. The Listeria backbone strain expressing only

tLLO was used as negative control.

[0467] pAdv164 sequence (7075 base pairs) (see Figure 15):
cggagtgtatactggcttactatgttggcactgatgaggetgtcagtgaagtgcttcatgtggcaggagaaaaaaggctgcaccggtgcgtca
gcagaatatgtgatacaggatatattccgcttcctcgetcactgactcgetacgetcggtegttcgactgecggcgageggaaatggcttacga
acgggegcggagatttcctggaagatgccaggaagatacttaacagggaagtgagagggccgeggcaaagecgtttttccataggetecge
cceectgacaageatcacgaaatctgacgetcaaatcagtggtggcgaaacccgacaggactataaagataccaggegtttccecectggeg
gcteectegtgegetetectgttecetgectttcggtttaccggtgtcattccgetgttatggccgegtttgtetcattccacgectgacactcagttc
cgggtaggcagttcgctccaagetggactgtatgcacgaaccecccgttcagtccgaccgetgegecttatccggtaactatcgtettgagte
caacccggaaagacatgcaaaageaccactggcagcagecactggtaattgatttagaggagttagtcttgaagtcatgegecggttaagge
taaactgaaaggacaagttttggtgactgcgctcctccaagecagttacctcggttcaaagagttggtagetcagagaaccttcgaaaaaccg
ccetgecaaggceggttttttcgttttcagagcaagagattacgecgcagaccaaaacgatctcaagaagatcatcttattaatcagataaaatatttc
tagccctcctttgattagtatattcctatcttaaagttacttttatgtggaggcattaacatttgttaatgacgtcaaaaggatagcaagactagaata
aagctataaagcaagcatataatattgcgtttcatctttagaagegaatttcgccaatattataattatcaaaagagaggggtggcaaacggtatt
tggcattattaggttaaaaaatgtagaaggagagtgaaacccatgaaaaaaataatgctagtttttattacacttatattagttagtctaccaattge
gcaacaaactgaagcaaaggatgcatctgcattcaataaagaaaattcaatttcatccatggcaccaccagceatctccgectgecaagtcectaa
gacgccaatcgaaaagaaacacgcggatgaaatcgataagtatatacaaggattggattacaataaaaacaatgtattagtataccacggag
atgcagtgacaaatgtgccgccaagaaaaggttacaaagatggaaatgaatatattgttgtggagaaaaagaagaaatccatcaatcaaaata
atgcagacattcaagttgtgaatgcaatttcgagcctaacctatccaggtgctctcgtaaaagcgaattcggaattagtagaaaatcaaccagat
gttctecetgtaaaacgtgattcattaacactcageattgatttgeccaggtatgactaatcaagacaataaaatagttgtaaaaaatgccactaaat
caaacgttaacaacgcagtaaatacattagtggaaagatggaatgaaaaatatgctcaagcttatccaaatgtaagtgcaaaaattgattatgat
gacgaaatggcttacagtgaatcacaattaattgcgaaatttggtacagcatttaaagctgtaaataatagettgaatgtaaacttcggegeaate
agtgaagggaaaatgcaagaagaagtcattagttttaaacaaatttactataacgtgaatgttaatgaacctacaagaccttccagatttttcggc
aaagctgttactaaagagcagttgcaagecgettggagtgaatgcagaaaatcctectgcatatatctcaagtgtggcgtatggecgtcaagttt
atttgaaattatcaactaattcccatagtactaaagtaaaagctgcttttgatgctgecgtaagecggaaaatctgtctcaggtgatgtagaactaac
aaatatcatcaaaaattcttccttcaaagecgtaatttacggaggttccgcaaaagatgaagttcaaatcatcgacggcaacctcggagacttac
gcgatattttgaaaaaaggcgctacttttaatcgagaaacaccaggagttcccattgettatacaacaaacttcctaaaagacaatgaattaget
gttattaaaaacaactcagaatatattgaaacaacttcaaaagcttatacagatggaaaaattaacatcgatcactctggaggatacgttgctcaa
ttcaacatttcttgggatgaagtaaattatgatctcgagacccacctggacatgetccgecacctctaccagggctgccaggtggtecaggga

aacctggaactcacctacctgeccaccaatgecagectgtecttcctgcaggatatccaggaggtgcaggectacgtgctcatcgetcacaa
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ccaagtgaggcaggtcccactgcagaggetgeggattgtgcgaggcacccagetcetttgaggacaactatgecctggecgtgctagacaat
ggagacccgcetgaacaataccaccectgtcacaggggectceccaggaggectgecgggagetgcagetticgaagectcacagagatcttg
aaaggaggggtcttgatccagecggaacceccagetctgctaccaggacacgattttgtggaagaatatccaggagtttgctggctgcaagaa
gatctttgggagcctggceatttctgccggagagctttgatggggacccagectccaacactgecccgetccagecagageagetccaagtgt
ttgagactctggaagagatcacaggttacctatacatctcagcatggecggacagectgectgacctcagegtcttccagaacctgcaagtaa
tccggggacgaattctgcacaatggegectactcgetgaccetgecaagggctgggcatcagetgectgggectgcgetcactgagggaac
tgggcagtggactggccctcatccaccataacacccacctetgettcgtgcacacggtgccctgggaccagetetttcggaaccecgeaccaa
gctetgetccacactgecaaccggecagaggacgagtgtgtgegcgagggcctggcctgecaccagetgtgegeeccgagggcageaga
agatccggaagtacacgatgcggagactgctgcaggaaacggagetggtggagecgetgacacctageggagegatgcccaaccaggce
gcagatgcggatcctgaaagagacggagetgaggaaggtgaaggtecttggatctggcgcttttggcacagtctacaagggcatctggate
cctgatgggeagaatgtgaaaattccagtggccatcaaagtgttgagggaaaacacatcccccaaagecaacaaagaaatcttagacgaag
catacgtgatggctggtgtggoctccccatatgtctcccgecttctgggceatctgectgacatccacggtgcagetggtgacacagettatgec
ctatggctgcctcttagactaatctagacccgggccactaactcaacgetagtagtggatttaatcccaaatgagecaacagaaccagaacca
gaaacagaacaagtaacattggagttagaaatggaagaagaaaaaagcaatgatttcgtgtgaataatgcacgaaatcattgcttatttttttaa

aaagcgatatactagatataacgaaacaacgaactgaataaagaatacaaaaaaagagccacgaccagttaaagectgagaaactttaactg
cgagccttaattgattaccaccaatcaattaaagaagtcgagacccaaaatttggtaaagtatttaattactttattaatcagatacttaaatatctgt
aaacccattatatcgggtttttgaggggatttcaagtctttaagaagataccaggcaatcaattaagaaaaacttagttgattgecttttttgttgtga
ttcaactttgatcgtagcttctaactaattaattttcgtaagaaaggagaacagctgaatgaatatcecttttgttgtagaaactgtgcttcatgacg

gcttgttaaagtacaaatttaaaaatagtaaaattcgctcaatcactaccaagccaggtaaaagtaaaggggoctatttttgcgtatcgctcaaaaa
aaagcatgattggcggacgtggcgttgtictgacttccgaagaagegattcacgaaaatcaagatacatttacgcattggacaccaaacgttta
tcgttatggtacgtatgcagacgaaaaccgttcatacactaaaggacattctgaaaacaatttaagacaaatcaataccttctttattgattttgata
ttcacacggaaaaagaaactatttcagcaagcgatattttaacaacagctattgatttaggttttatgcctacgttaattatcaaatctgataaaggt
tatcaagcatattttgttttagaaacgccagtctatgtgacttcaaaatcagaatttaaatctgtcaaagcagecaaaataatctcgcaaaatatce

gagaatattttggaaagtctttgccagttgatctaacgtgcaatcattttgggattgctcgtataccaagaacggacaatgtagaattttttgatcce
aattaccgttattctttcaaagaatggcaagattggtctttcaaacaaacagataataagggctttactcgttcaagtctaacggttttaagcggta

cagaaggcaaaaaacaagtagatgaaccctggtttaatctcttattgcacgaaacgaaattttcaggagaaaagggtttagtaggecgcaata
gegttatgtttaccetetetttagectactttagttcaggctattcaatcgaaacgtgcgaatataatatgtttgagtttaataatcgattagatcaacc
cttagaagaaaaagaagtaatcaaaattgttagaagtgcctattcagaaaactatcaaggggctaatagggaatacattaccattctttgcaaag
cttgggtatcaagtgatttaaccagtaaagatttatttgtccgtcaagggtggtttaaattcaagaaaaaaagaagcgaacgtcaacgtgttcattt
gtcagaatggaaagaagatttaatggcttatattagcgaaaaaagcgatgtatacaagecttatttagcgacgaccaaaaaagagattagaga

agtgctaggcattcctgaacggacattagataaattgctgaaggtactgaaggcgaatcaggaaattttctttaagattaaaccaggaagaaat
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ggtggcattcaacttgctagtgttaaatcattgttgctatcgatcattaaattaaaaaaagaagaacgagaaagctatataaaggcgetgacage
ttcgtttaatttagaacgtacatttattcaagaaactctaaacaaattggcagaacgccccaaaacggacccacaactcgatttgtttagctacga
tacaggctgaaaataaaacccgcactatgecattacatttatatctatgatacgtgtttgtttttctttgctggctagettaattgcttatatttacctge
aataaaggatttcttacttccattatactcccattttccaaaaacatacggggaacacgggaacttattgtacaggccacctcatagttaatggttt
cgagccttcctgcaatctcatccatggaaatatattcatccecctgecggectattaatgtgacttttgtgcccggeggatattcctgatccagete
caccataaattggtccatgcaaattcggccggcaattttcaggegttttcccttcacaaggatgtcggtecctttcaattttcggagecageegte
cgcatagectacaggcaccgtecccgatccatgtgtctttttccgetgtgtactcggctccgtagetgacgetctegecttttctgatcagtttgaca
tgtgacagtgtcgaatgcagggtaaatgccggacgecagetgaaacggtatctcgteccgacatgtcagcagacgggcgaaggcecatacatg
ccgatgccgaatctgactgcattaaaaaagecttttttcageccggagtccageggegctgttcgegecagtggaccattagattctttaacggea
gcggagceaatcagetctttaaagecgetcaaactgcattaagaaatagectctttctttttcatccgetgtcgecaaaatgggtaaataccectttge
actttaaacgagggttgcggtcaagaattgccatcacgttctgaacttcttcctetgtttttacaccaagtcetgttcatcceccgtatcgaccttcaga
tgaaaatgaagagaaccttttttcgtgtggcggoctgcctcctgaagecattcaacagaataacctgttaaggtcacgtcatactcagecagega
ttgccacatactccgggggaaccgegecaageaccaatataggegecttcaateectttttgecgecagtgaaatcgettcatccaaaatggeca
cggccaagceatgaagcacctgegtcaagagecagectttgetgtttctgcatcaccatgeccgtaggegtttgctttcacaactgecatcaagtg
gacatgttcaccgatatgttttttcatattgctgacattttcctttatcgcggacaagtcaatttccgeccacgtatctctgtaaaaaggttttgtecte
atggaaaactcctctcttttttcagaaaatcccagtacgtaattaagtatttgagaattaattttatattgattaatactaagtttacccagttttcaccta

aaaaacaaatgatgagataatagctccaaaggctaaagaggactataccaactatttgttaattaa (SEQ ID NO: 73)

EXAMPLE 12: ADXS31-164 IS AS IMMUNOGENIC AS LM-LLO-ChHER2.
[0468] Immunogenic properties of ADXS31-164 in generating anti-Her2/neu specific cytotoxic T

cells were compared to those of the Lm-LLO-ChHer2 vaccine in a standard CTL assay. Both
vaccines elicited strong but comparable cytotoxic T cell responses toward Her2/neu antigen
expressed by 3T3/neu target cells. Accordingly, mice immunized with a Listeria expressing only
an intracellular fragment of Her2-fused to LLO showed lower lytic activity than the chimeras
which contain more MHC class I epitopes. No CTL activity was detected in naive animals or
mice injected with the irrelevant Listeria vaccine (Figure 16A). ADXS31-164 was also able to
stimulate the secretion of IFN-y by the splenocytes from wild type FVB/N mice (Figure 16B).
This was detected in the culture supernatants of these cells that were co-cultured with mitomycin
C treated NT-2 cells, which express high levels of Her2/neu antigen (Figure 19C).

[0469] Proper processing and presentation of the human MHC class I epitopes after

immunizations with ADXS31-164 was tested in HLA-A2 mice. Splenocytes from immunized
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HLA-A2 transgenics were co-incubated for 72 hours with peptides corresponding to mapped
HLA-A2 restricted epitopes located at the extracellular (HLYQGCQVYV SEQ ID NO: 74 or
KIFGSLAFL SEQ ID NO: 75) or intracellular (RLLQETELV SEQ ID NO: 76) domains of the
Her2/neu molecule (Figure 16C). A recombinant ChHer2 protein was used as positive control and
an irrelevant peptide or no peptide as negative controls. The data from this experiment show that
ADXS31-164 is able to elicit anti-Her2/neu specific immune responses to human epitopes that are
located at different domains of the targeted antigen.
EXAMPLE 13: ADXS31-164 WAS MORE EFFICACIOUS THAN LM-LLO-ChHER? IN
PREVENTING THE ONSET OF SPONTANEOUS MAMMARY TUMORS.

[0470] Anti-tumor effects of ADXS31-164 were compared to those of Lm-LLO-ChHer2 in

Her2/neu transgenic animals which develop slow growing, spontaneous mammary tumors at 20-
25 weeks of age. All animals immunized with the irrelevant Listeria-control vaccine developed
breast tumors within weeks 21-25 and were sacrificed before week 33. In contrast, Liseria-
Her2/neu recombinant vaccines caused a significant delay in the formation of the mammary
tumors. On week 45, more than 50% of ADXS31-164 vaccinated mice (5 out of 9) were still
tumor free, as compared to 25% of mice immunized with Lm-LLO-ChHer2. At week 52, 2 out of
8 mice immunized with ADXS31-164 still remained tumor free, whereas all mice from other
experimental groups had already succumbed to their disease (Figure 17). These results indicate
that despite being more attenuated, ADXS31-164 is more efficacious than Lm-LLO-ChHer2 in

preventing the onset of spontaneous mammary tumors in Her2/neu transgenic animals.

EXAMPLE 14: MUTATIONS IN HER2/NEU GENE UPON IMMUNIZATION WITH
ADXS31-164.
[0471] Mutations in the MHC class I epitopes of Her2/neu have been considered responsible for

tumor escape upon immunization with small fragment vaccines or trastuzumab (Herceptin), a
monoclonal antibody that targets an epitope in the extracellular domain of Her2/neu. To assess
this, genomic material was extracted from the escaped tumors in the transgenic animals and
sequenced the corresponding fragments of the neu gene in tumors immunized with the chimeric
or control vaccines. Mutations were not observed within the Her-2/neu gene of any vaccinated

tumor samples suggesting alternative escape mechanisms (data not shown).
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EXAMPLE 15: ADXS31-164 CAUSES A SIGNIFICANT DECREASE IN INTRA-
TUMORAL T REGULATORY CELLS.
[0472] To elucidate the effect of ADXS31-164 on the frequency of regulatory T cells in spleens

and tumors, mice were implanted with NT-2 tumor cells. Splenocytes and intra-tumoral
lymphocytes were isolated after three immunizations and stained for Tregs, which were defined
as CD3"/CD4"/CD25"/FoxP3" cells, although comparable results were obtained with either
FoxP3 or CD25 markers when analyzed separately. The results indicated that immunization with
ADXS31-164 had no effect on the frequency of Tregs in the spleens, as compared to an irrelevant
Listeria vaccine or the naive animals (See Figure 18). In contrast, immunization with the Listeria
vaccines caused a considerable impact on the presence of Tregs in the tumors (Figure 19A).
Whereas in average 19.0% of all CD3" T cells in untreated tumors were Tregs, this frequency was
reduced to 4.2% for the irrelevant vaccine and 3.4% for ADXS31-164, a 5-fold reduction in the
frequency of intra-tumoral Tregs (Figure 19B). The decrease in the frequency of intra-tumoral
Tregs in mice treated with either of the LmddA vaccines could not be attributed to differences in
the sizes of the tumors. In a representative experiment, the tumors from mice immunized with
ADXS31-164 were significantly smaller [mean diameter (mm) +SD, 6.71+0.43, n=5] than the
tumors from untreated mice (8.69+0.98, n=5, p<0.01) or treated with the irrelevant vaccine
(8.41£1.47, n=5, p=0.04), whereas comparison of these last two groups showed no statistically
significant difference in tumor size (p=0.73). The lower frequency of Tregs in tumors treated with
LmddA vaccines resulted in an increased intratumoral CD8/Tregs ratio, suggesting that a more
favorable tumor microenvironment can be obtained after immunization with LmddA vaccines.
However, only the vaccine expressing the target antigen HER2/neu (ADXS31-164) was able to
reduce tumor growth, indicating that the decrease in Tregs has an effect only in the presence on
antigen-specific responses in the tumor.
EXAMPLE 16: CONSTRUCTION OF DUAL PLASMID THAT CONCOMITANTLY
DELIVERS TWO HETEROLOGOUS ANTIGENS

[0473] DNA corresponding to the actA promoter region and 1-233 amino acids of N-terminus of
ActA is amplified from Listeria genomic DNA by Polymerase Chain Reaction (PCR) using the
following primers ActA-F- 5’-atcccgggtgaagettgggaageagttgge-3° (Xmal) (SEQ ID NO: 77) and
ActA-R- attctagatttatcacgtacccatttcceccge(Xbal)(SEQ ID NO:78 ). The restriction sites used for
cloning are underlined. Xmal/Xbal segment is cloned in plasmid pNEB193 to create pNEB193-
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ActA. Further antigen 2, which is Chimera Her2 is PCR amplified using the primers Ch-Her2-F —
5’-attctagaacccacctggacatgetccgecac-3’(Xbal)(SEQ  ID NO: 79) and  Ch-Her2-R-5’-
gtcgacactagtctagtggtgatggteatgatggagetcagatctgtctaagaggcagecataggge-3’(RE  sites-  Sall-Spel-
Sacl-BglII)(SEQ ID NO: 80). The Xbal and Sall fragment of Ch-Her2 is cloned in the plasmid
pNEB193-ActA to create pNEB193-ActA-Ch-Her2 plasmid. His tag DNA sequence is included
in the Ch-Her2 reverse primer sequence between Sacl and Spel restriction site. The Xmal/Spel
fragment corresponding to tActA-Ch-Her2-His from the plasmid pNEB193-ActA-Ch-Her2 is
excised for cloning in Xmal/Spel restricted pAdv134 to create dual plasmid.

[0474] A Listeria-based plasmid that delivers two recombinant antigens concomitantly as fusion
proteins is then generated. The two fusion proteins that are expressed by this plasmid include
tLLO-antigen 1 and tActA-antigen 2. The expression and secretion of the antigen 1 is under the
control of ily promoter and LLO signal sequence and it is expressed as a fusion to non-hemolytic
fragment of Listeriolysin O (truncated LLO or tLLO). The expression and secretion of antigen 2
is under the control of actA promoter and ActA signal sequence and it is expressed as fusion to 1-
233 amino acids of ActA (truncated ActA or tActA).The construction of antibiotic —marker free
plasmid pAdv134 has been described previously and it contains the gene cassette for the
expression of tLLO-antigen 1 fusion protein. The Spel and Xma I restriction sites present
downstream of the tLLO-antigen 1 in pAdv134 are used for the cloning of actA promoter-tActA-
antigen 2 DNA segment Fig. 20. The restriction sites Xbal, Sacl and Bglll are added in the
cassette to facilitate cloning of the antigen 2 insert at Xbal/Sacl or Xbal/BglIl. A DNA sequence
coding for His tag is added after Sacl site to facilitate the detection of tActA-antigen 2-his fusion
protein. The dual plasmid is able to concomitantly express and secrete two different antigens as
fusion proteins.

MATERIALS AND METHODS (EXAMPLES 17-21)
MDSC and Treg Function

[0475] Tumors were implanted in mice on the flank or a physiological site depending on the
tumor model. After 7 days, mice were then vaccinated, the initial vaccination day depends on the
tumor model being used. The mice were then administered a booster vaccine one week after the

vaccine was given.
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[0476] Mice were then sacrificed and tumors and spleen were harvested 1 week after the boost
or, in the case of an aggressive tumor model, 3-4 days after the boost. Five days before harvesting
the tumor, non-tumor bearing mice were vaccinated to use for responder T cells. Splenocytes
were prepared using standard methodology.

[0477] Briefly, single cell suspensions of both the tumors and the spleens were prepared. Spleens
were crushed manually and red blood cells were lysed. Tumors were minced and incubated with
collagenase/DNase. Alternatively, the GENTLEMACS™ dissociator was used with the tumor
dissociation kit.

[0478] MDSCs or Tregs were purified from tumors and spleens using a Miltenyi kit and columns
or the autoMAC:s separator. Cells were then counted.

[0479] Single cell suspension was prepared and the red blood cells were lysed. Responder T cells
were then labeled with CFSE.

[0480] Cells were plated together at a 2:1 ratio of responder T cells (from all division cycle
stages) to MDSCs or Tregs at a density of 1x10° T cells per well in 96 well plates. Responder T
cells were then stimulated with either the appropriate peptide (PSA OR CA9) or non-specifically
with PMA/ionomycin. Cells were incubated in the dark for 2 days at 37°C with 5% CO,. Two
days later, the cells were stained for FACS and analyzed on a FACS machine.

Analysis of T-cell responses

[0481] For cytokine analysis by ELISA, splenocytes were harvested and plated at 1.5 million
cells per well in 48-well plates in the presence of media, SEA or conA (as a positive control).
After incubation for 72 hours, supernatants were harvested and analyzed for cytokine level by
ELISA (BD). For antigen-specific IFN-y ELISpot, splenocytes were harvested and plated at
300K and 150K cells per well in IFN-y ELISpot plates in the presence of media, specific CTL
peptide, irrelevant peptide, specific helper peptide or conA (as a positive control). After
incubation for 20 hours, ELISpots (BD) were performed and spots counted by the Immunospot
analyzer (C.T.L.). Number of spots per million splenocytes were graphed.

[0482] Splenocytes were counted using a Coulter Counter, Z1. The frequency of IFN-y producing
CD8+ T cells after re-stimulation with gag-CTL, gag-helper, medium, an irrelevant antigen, and

con A (positive control) was determined using a standard IFN-y-based ELISPOT assay.

138



WO 2015/126921 PCT/US2015/016348

[0483] Briefly, IFN-y was detected using the mAb R46-A2 at 5 mg/ml and polyclonal rabbit anti-
IFN-y used at an optimal dilution (kindly provided by Dr. Phillip Scott, University of
Pennsylvania, Philadelphia, PA). The levels of IFN-y were calculated by comparison with a
standard curve using murine rIFN-y (Life Technologies, Gaithersburg, MD). Plates were
developed using a peroxidase-conjugated goat anti-rabbit IgG Ab (IFN-y). Plates were then read
at 405 nm. The lower limit of detection for the assays was 30 pg/ml.
RESULTS
EXAMPLE 17: SUPPRESSOR CELL FUNCTION AFTER LISTERIA VACCINE
TREATMENT

[0484] At day O tumors were implanted in mice. At day 7 mice were vaccinated with Lmdda-E7
or LmddA-PSA. At day 14 tumors were harvested and the number and percentages of infiltrating
MDSCs and Treg were measured for vaccinated and naive groups. It was found that there is a
decrease in the percentages of both MDSC and Tregs in the tumors of Listeria-treated mice, and
the absolute number of MDSC, whereas the same effect is not observed in the spleens or the
draining lymph nodes (TLDN) (Fig. 21).

[0485] Isolated splenocytes and tumor-infiltrating lymphocytes (TILs) extracted from tumor
bearing mice in the above experiment were pooled and stained for CD3, and CDS to elucidate the
effect of immunization with Lm-LLO-E7, Lm-LLO-PSA and Lm-LLO- CA9, Lm-LLO-Her2
(Fig. 22-34) on the presence of MDSCs and Tregs (both splenic and tumoral MDSCs and Tregs)
in the tumor. Each column represents the % of T cell population at a particular cell division stage
and is subgrouped under a particular treatment group (naive, peptide —CA9 or PSA- treated, no
MDSC/Treg, and no MDSC + PMA/ionomycin) (see Figs 22-34).

[0486] Blood from tumor-bearing mice was analyzed for the percentages of Tregs and MDSCs

present. There is a decrease in both MDSC and Tregs in the blood of mice after Lm vaccination.

EXAMPLE 18: MDSCs FROM TPSA23 TUMORS BUT NOT SPLEEN ARE LESS
SUPPRESSIVE AFTER LISTERIA VACCINATION.

[0487] Suppressor assays were carried out using monocytic and granulocytic MDSCs isolated
from TPSA23 tumors with non-specifically activated naive murine cells, and specifically

activated cells (PSA, CA9, PMA/ionomycyn). Results demonstrated that the MDSCs isolated
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from tumors from the Lm vaccinated groups have a diminished capacity to suppress the division
of activated T cells as compared to MDSC from the tumors of naive mice. (see Lm-LLO-PSA and
Lm-LLO-treated Groups in Figs. 22 & 24, right-hand panel in figures represents pooled cell
division data from left-hand panel). In addition, T responder cells from untreated mice where no
MDSCs were present and where the cells were unstimulated/activated, remained in their parental
(resting) state (Fig. 22 & 24), whereas T cells stimulated with PMA or ionomycin were observed
to replicate (Fig. 22 & 24). Further, it was observed that both, the Gr+Ly6G+ and the GraimLy6G-
MDSC:s are less suppressive after treatment with Listeria vaccines. This applies to their decreased
abilities to suppress both the division of activated PSA-specific T cells and non-specific
(PMA/Ionomycin stimulated) T cells.

[0488] Moreover, suppressor assays carried out using MDSCs isolated from TPSA23 tumors with
non-specifically activated naive murine cells demonstrated that the MDSCs isolated from tumors
from the Lm vaccinated groups have a diminished capacity to suppress the division of activated T
cells as compared to MDSC from the tumors of naive mice (see Figs. 22 & 24).

[0489] In addition, the observations discussed immediately above relating to Figures 22 and 24
were not observed when using splenic MDSCs. In the latter, splenocytes/ T cells from the naive
group, the Listeria-treated group (PSA, CA9), and the PMA/ionomycin stimulated group (positive
control) all demonstrated the same level of replication (Fig. 23 & 25). Hence, these results show
that Listeria-mediated inhibition of suppressor cells in tumors worked in an antigen-specific and
non-specific manner, whereas Listeria has no effect on splenic granulocytic MDSCs as they are

only suppressive in an antigen-specific manner.

EXAMPLE 19: TUMOR T REGULATORY CELLS’ REDUCED SUPPRESSION

[0490] Suppressor assays were carried out using Tregs isolated from TPSA23 tumors after

Listeria treatment. It was observed that after treatment with Listeria there is a reduction of the
suppressive ability of Tregs from tumors (Fig. 26), however, it was found that splenic Tregs are
still suppressive (Fig. 27).
[0491] As a control conventional CD4+ T cells were used in place of MDSCs or Tregs and were
found not to have an effect on cell division (Fig. 28).
EXAMPLE 20: MDSCs AND TREGS FROM 4T1 TUMORS BUT NOT SPLEEN ARE
LESS SUPPRESSIVE AFTER LISTERIA VACCINATION.
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[0492] As in the above, the same experiments were carried out using 4T1 tumors and the same
observations were made, namely, that MDSCs are less suppressive after Listeria vaccination
(Figs. 29 & 31), that Listeria has no specific effect on splenic monocytic MDSCs (Figs. 30 & 32),
that there is a decrease in the suppressive ability of Tregs from 4T1 tumors after Listeria
vaccination (Fig. 33), and that Listeria has no effect on the suppressive ability of splenic Tregs
(Fig. 34).

[0493] Finally, it was observed that Listeria has no effect on the suppressive ability of splenic
Tregs.

EXAMPLE 21: CHANGE IN THE SUPPRESSIVE ABILITY OF THE GRANULOCITY
AND MONOCYTIC MDSC IS DUE TO THE OVEREXPRESSION OF tLLO.

[0494] The LLO plasmid shows similar results as the Listeria vaccines with either the TAA or an

irrelevant antigen (Figure 35). This means that the change in the suppressive ability of the
granulocytic MDSC is due to the overexpression of tLLO and is independent of the partnering
fusion antigen. The empty plasmid construct alone also led to a change in the suppressive ability
of the MDSC, although not to exactly the same level as any of the vaccines that contain the
truncated LLO on the plasmid. The average of the 3 independent experiments show that the
difference in suppression between the empty plasmid and the other plasmids with tLLO (with and
without a tumor antigen) are significant. Reduction in MDSC suppressive ability was identical
regardless of the fact if antigen specific or non-specific stimulated responder T cells were used.
[0495] Similar to the granulocytic MDSC, the average of the 3 independent experiments shows
that the differences observed in the suppressive ability of the monocytic MDSCs purified from
the tumors after vaccination with the Lm-empty plasmid vaccine are significant when compared
to the other vaccine constructs (Figure 36).

[0496] Similar to the above observations, granulocytic MDSC purified from the spleen retain
their ability to suppress the division of the antigen-specific responder T cells after Lm vaccination
(Figure 37). However, after non-specific stimulation, activated T cells (with PMA/ionomycin) are
still capable of dividing. None of these results are altered with the use of the LLO only or the
empty plasmid vaccines showing that the Lm-based vaccines are not affecting the splenic

granulocytic MDSC (Figure 37).
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[0497] Similarly, monocytic MDSC purified from the spleen retain their ability to suppress the
division of the antigen-specific responder T cells after Lm vaccination. However, after non-
specific activation (stimulated by PMA/ionomycin), T cells are still capable of dividing. None of
these results are altered with the use of the LLO only or the empty plasmid vaccines showing that
the Lm vaccines are not affecting the splenic monocytic MDSC (Figure 38).

[0498] Tregs purified from the tumors of any of the Lm-treated groups have a slightly diminished
ability to suppress the division of the responder T cells, regardless of whether the responder cells
are antigen specific or non-specifically activated. Especially for the non-specifically activated
responder T cells, it looks as though the vaccine with the empty plasmid shows the same results
as all the vaccines that contain LLO on the plasmid. Averaging this experiment with the others
shows that the differences are not significant (Figure 39).

[0499] Tregs purified from the spleen are still capable of suppressing the division of both antigen
specific and non-specifically activated responder T cells. There is no effect of Lm treatment on
the suppressive ability of splenic Tregs (Figure 40).

[0500] Tcon cells are not capable of suppressing the division of T cells regardless of whether the
responder cells are antigens specific or non-specifically activated, which is consistent with the
fact that these cells are non-suppressive. Lm has no effect on these cells and there was no

difference if the cells were purified from the tumors or the spleen of mice (Figures 41-42).

Materials and Methods (Examples 22-28)
Mice

0501] Balb/c female mice (6-8 week old) from Charles River Laboratories were utilized for all
experiments involving the 4T1 tumor line. FVB/NJ female mice (6-8 week old) from Jackson
Laboratories were utilized for all experiments involving the NT2 tumor line. A rat Her2/neu
transgenic mouse strain in the FVB/NJ background was utilized in studies involving spontaneous
tumor formation and for prevention studies of autochthonous mammary tumor formation was
housed and bred at the animal core facility at the University of Pennsylvania. All mouse
experiments were performed in accordance with the regulations of the Institutional Animal Care

and Use Committee of the University of Pennsylvania.

Listeria strains
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0502] To construct an attenuated Listeria-based 1SG1S5 vaccine, first the gene encoding
murine ISG15 was amplified from a construct containing murine ISG15 cDNA from Balb/c mice
with the following primers: Lm-LLO-ISG15.FOR 5’-TAAT-CTCGAG-
ATGGCCTGGGACCTAAAG - 3’ (SEQ ID NO: 83) and Lm-LLO-ISG15.REV 5’-ATTA-
ACTAGT- TTAGGCACACTGGTCCCC -3’ (SEQ ID NO: 84). The Xhol sequence underlined
in the forward primer and the Spel sequence underlined in the reverse primer were utilized for
ligation. Each fragment amplicon was restriction-enzyme digested and ligated into the Listeria
expression plasmid, pGG34. Each sequence was genetically fused downstream to the sequence
encoding truncated Listeriolysin O (tLLO) under the control of the ily promoter. Subsequently,
pGG34-LLO-ISG1S5 was electroporated into the attenuated Listeria monocytogenes (Lm) strain,
XFL7, and plasmid containing colonies were selected for resistance on BHI-chloramphenicol
plates. To confirm proper construction of Lm-LLO-ISG15, the attenuated Listeria-based vaccine
was grown in BHI-chloramphenicol selection media and secreted proteins were precipitated with
trichloroacetic acid. After boiling in SDS sample buffer, secreted proteins were subject to SDS-
PAGE analysis and transferred to a PVDF membrane. Western analysis on the membrane was
performed with anti-mouse ISG15 antibody (Santa Cruz Biotech, Santa Cruz, CA) to confirm
secretion of the tLLLO-ISG15 fusion protein, anti-chicken ovalbumin with 3A11.2 monoclonal
antibody and wild-type LLO with B3-19 monoclonal antibody. The control vaccine, Lm-LLO-
OVA, consisting of tLLO genetically fused to chicken ovalbumin was similarly constructed. All
Listeria-based vaccines were administered intraperitoneally (i.p.) at either 2 x 10° or 5 x 10* CFU
in 200ul of PBS. The control vaccines Lm-LLO-OVA and Lm-LLO-NYESO-1 were similarly

constructed.

Cell lines

0503] The metastatic breast cancer tumor line 4T1 was utilized in tumor implantation studies
in Balb/c mice. The NT2 breast cancer cell line that overexpresses rat Her2/neu was utilized for
tumor implantation studies in FVB mice. 4T1-Luc was maintained in DMEM supplemented with
10% fetal calf serum, 2 mM ;-glutamine, 1 mM sodium pyruvate, 50 U/mL penicillin, and 50
pg/mL streptomycin. NT2 cells were maintained in RPMI 1640 medium supplemented with 10%
fetal calf serum, 20 pg/mL insulin, 2 mM i-glutamine, 1 mM sodium pyruvate, 50 U/mL

penicillin, and 50 pg/mL streptomycin. The non-transformed NIH-3T3 fibroblast cell line
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obtained from ATCC. NIH-3T3 cells were maintained in DMEM supplemented with 10% fetal
calf serum, 2 mM 1-glutamine, 1 mM sodium pyruvate, 50 U/mL penicillin, and 50 pg/mL

streptomycin.

ISG15 Expression in Normal and Tumor Murine Tissue

0504] RNA was extracted from tissue or cells using the RNeasy RNA extraction kit from
Qiagen and converted to cDNA. The cDNA was then subjected to qPCR analysis with primers
specific for ISG15 qISGI5.FOR 5’-ATGGCCTGGGACCTAAAG-3" (SEQ ID NO: 85) and
qISG15.REV 5’-TTAGGCACACTGGTCCCC-3’ (SEQ ID NO: 86), 18S rRNA 18SRNA.FOR
5’-CGGCTACCACATCCAAGGAA-3> (SEQ ID NO: 87) and 18SRNA.REV 5’-
GCTGGAATTACCGCGGCT-3* (SEQ ID NO: 88), and P-actin ACTIN.FOR 5’-
GTGGGCCGCTCTAGGCACCAA-3> (SEQ ID NO: 89) and ACTIN.REV 5’-
CTCTTTGATGTCACGCACGATTTC-3’ (SEQ ID NO: 90). ISG15 expression was normalized
to either 18S rRNA (Fig. 43C and D) or B-actin (Fig. 43A).

Western blot analysis of mammary tissue lysates

0505] Normal mammary tissue from FVB/N mice (n=4) and autochthonous mammary tumor
tissue from HER2/neu transgenic mice in the FVB/N background (n=9) were excised and
processed into lysates. Briefly, tissue samples were snap-frozen in liquid N-, pulverized, and
solubilized in lysis buffer (PBS with 2% Triton X-100 and 0.02% saponin) supplemented with
protease inhibitor cocktail. Lysates were mixed with 4X LDS Sample Loading Buffer and
subjected to SDS-PAGE. After transfer of separated proteins to a PVDF membrane, western blot
analysis was performed with anti-mouse ISG15 antibody. Separately, the same lysates were
subjected to SDS-PAGE and the gel stained with Coomassie stain to visualize total proteins as a

measure of protein loading.

Tumor immunotherapy with ISG15 peptides.

0506] 4T1-Luc tumor cells (10%) were implanted into the mammary tissue of Balb/c mice and
mice were subsequently vaccinated on day 5, 12, and 19 with either 100 ul of PBS or 50 pug CpG
oligodeoxynucleotides (ODN) mixed with control, HIV-gag H-2K¢ CTL epitope peptide
(AMQMLKETI) (SEQ ID NO: 91), or ISGI5-specific peptides (100 ung), pISGIS
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d1(RGHSNIYEV) (SEQ ID NO: 92) and pISG15 d2(LGPSSTVML) (SEQ ID NO: 93), in 100
UL of PBS s.c. proximal to the cervical lymph nodes. Tumor volume was monitored by
perpendicular caliper measurements throughout the course of the experiment. Tumor volume was

calculated as (tumor diameter)’/2.

ISG 15 peptide Tumor Load Study

0507] 4T1-Luc tumor cells (105) were implanted into the mammary tissue and mice were
subsequently vaccinated on day 4, 11, and 18 with either 50 ug of CpG alone in 100 ul of PBS or
CpG (50 ug) along with control or ISGI15-specific peptides (100 ug) in 100 ul of PBS
subcutaneously proximal to the cervical lymph nodes. At experimental end on day 32, tumor
mass of each vaccinated group was measured, tumors were analyzed for ISG15-specific IFN-y
responses as described in ELISpot Analysis and lung metastases measured as described in

Metastatic Tumor Study.

Metastatic Tumor Study

0508] 4T1-Luc tumor cells (105) were implanted into the mammary tissue and mice were
subsequently vaccinated on day 4, 11, and 18 with either peptide or Listeria-based vaccines.
Mice were then sacrificed on day 32 and lungs isolated and perfused with PBS. Lung surface
metastatic nodules per lung were then counted with a Nikon SMZ1B Zoom Stereomicroscope

attached to a Fostec 8375 Illuminator and Ringlight.

ELISpot Analysis

0509] The 96-well filtration plates (Millipore, Bedford, MA) were coated with 15 pg/ml rat
anti-mouse IFN-y antibody in 100 pl of PBS. After overnight incubation at 4°C, the wells were
washed and blocked with DMEM supplemented with 10% fetal calf serum. For Fig. 2C,
splenocytes from each experimental group were added to the wells along with HIV-gag H-2K¢
CTL epitope peptide (AMQMLKETT) (SEQ ID NO: 91) or predicted ISG15-specific H-2K* CTL
epitope peptides, ISG15-dI(RGHSNIYEV) (SEQ ID NO: 92) and ISG15-d2(LGPSSTVML)
(SEQ ID NO: 93) (5 pg/ml) plus IL-2 (5 U/ml). ISG15-specific H-2K® CTL epitope were
predicted from the ISG15 protein sequence in Balb/c mice using RANKPEP prediction software
at http://bio.dfci.harvard.edu/Tools/rankpep.html. For Fig. 47B, splenocytes from each
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experimental group were added to the wells along with HIV-gag H-2K CTL epitope peptide
(AMQMLKETI) (SEQ ID NO: 91) or Her2/neu-specific H-2K¢ epitope peptides Her2-EC1
(PYNYLSTEV) (SEQ ID NO: 94), Her2-EC2 (LFRNPHQALL) (SEQ ID NO: 95), and Her2-
IC1 (PYVSRLLGI) (SEQ ID NO: 96). Cells were incubated at 37°C for 24 h. The plate was
washed followed by incubation with 1 pg/ml biotinylated IFN-y antibody (clone R4-6A2,
MABTECH, Mariemont, OH) in 100 ul PBS at 4°C overnight. After washing, 1:100 streptavidin-
horseradish peroxidase in 100 pl PBS were added and incubated for 1 hr at room temperature.
Spots were developed by adding 100 upl of substrate after washing and incubated at room
temperature for 15 min. Color development was stopped by washing extensively in dH,O and

spot-forming cells (SFC) were counted with an ELISpot reader.

Depletion experiment

0510] CD8" cells were depleted in 4T1-Luc tumor-bearing mice by injecting the mice with 0.5
mg of a-CDS§ antibody (monoclonal antibody clone 2.43) on days 6, 7, §, 10, 12, and 14 post-
tumor implantation. A control group of mice were also treated under the same conditions but
with an isotype matched, control antibody specific for beta-galactosidase. The concurrent tumor
load study was adhered to as described in “Tumor immunotherapy with Lm-LLO-ISG15” in the

method section herein.

Winn assay for in vivo determination of effector cell.

0511] The Winn assay was performed as previously described with some modification.
Briefly, 4T1-Luc tumor cells (2 x 10°) mixed with CD4-depleted splenocytes (depletion with
CD4" Dynabeads and confirmed by FACS analysis) from either twice control Lm vaccinated or
twice Lm-LLO-ISG15 vaccinated Balb/c mice (2 x 107) at a ratio of 1 tumor cell to 100 CD4-
depleted splenocytes were implanted in the mammary tissue. Tumor development was then
measured as described in “Tumor immunotherapy with Lm-LLO-ISG15” in the methods section

herein.

Detection of HER2/neu-specific tumor infiltrating lymphocytes (TILs)
0512] Balb/c mice were implanted with 4T1-Luc tumors and immunized i.p. with control Lm

or Lm-LLO-ISG15 and boosted 7 days later. Tumors were harvested 9 days after boosting and
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manually dissociated into a single-cell suspension. The tumor cell suspension was then Ficoll-
purified to remove dead cells and cellular debris by excluding the low-density fraction after
centrifugation. The remaining tumor cells were then subjected to three-color flow cytometry for
CD8 (53-6.7, FITC conjugated), CD62 ligand (CD62L; MEL-14, APC conjugated), and
HER2/neu-EC2 H-2D? tetramer-PE conjugated (specific for PDSLRDLSVF, SEQ ID NO: 97)
using a FACSCalibur flow cytometer with Cell Quest software. Tetramers were provided by the
National Institute of Allergy and Infectious Diseases Tetramer Core Facility and used at a 1/200
dilution. Results were analyzed as described above to compare the ability of Lm-LLO-ISGIS to
induce tetramer’, CD8*, CD62L°, Her2/neu-specific TILs in comparison to control Lm

vaccination.

Statistical analyses

0513] One-tailed student’s #-tests were performed for all final tumor volume, metastatic load
and immune response studies with Welch’s correction applied for gene expression studies with
autochthonous HER2/neu mammary tumors. Log rank test was performed for autochthonous
HER2/neu mammary tumor incidence studies. Statistical analyses were performed using
GraphPad Prism version 4.0a for Macintosh (www.graphpad.com). Significant p-values for all
comparisons are depicted in figures as follows: * = p-value < 0.05, ** = p-value < 0.01, and ***

= p-value < 0.001.

RESULTS

EXAMPLE 22: ELEVATED EXPRESSION OF ISG15 IN MURINE BREAST TUMORS

0514] The elevated expression of ISGIS5 in human malignancies is well-characterized in

numerous tumor models. However, there is a lack of evidence for similar increased levels of
ISG15 in murine tumor models. To determine if ISG15 expression is elevated in a murine model
for breast cancer, ISG15 expression was assayed in autochthonous mouse mammary tumors from
HER2/neu transgenic mice, mouse mammary tumor cell lines and a panel of normal and non-
transformed mammary tissues and cell lines. As observed in human breast cancer, expression of
ISGI5 mRNA is significantly elevated in the autochthonous mouse mammary tumors in

comparison to normal mouse mammary tissue (Fig. 43A). To confirm the elevated ISG15
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mRNA expression results in elevated protein production, Western blot analysis with anti-ISG15
antibody was performed with lysates of normal and HER2/neu tumor mouse mammary tissue. In
comparison to normal mouse mammary tissue (Fig. 43B, top panel, lane 1), the conjugated form
of ISG15 protein (bands above 20kD marker) is elevated in HER2/neu mammary tumor tissue
(Fig. 43B, top panel, lanes 2-5). Elevated expression of the unconjugated form of ISG15 protein
is also evident in mouse mammary tumor tissue (Fig. 43B, top panel, lanes 2 and 4) in
comparison to normal mammary tissue (Fig. 43B, top panel, lane 1). Equivalent protein loading
is evident by probing for expression of the housekeeping protein, GAPDH, with the same lysates
(Fig. 43B, bottom panel, lanes 1-5). ISG15 mRNA expression was similarly elevated in mouse
mammary tumor cell lines, 4T1-Luc and NT2, in comparison to normal mouse mammary tissue
and a non-transformed mouse cell line, NIH-3T3 (Fig. 43C). To alleviate concerns of elevated
ISG15 expression in non-malignant tissues, ISG15 mRNA expression was analyzed in a panel of
normal mouse tissues in comparison to HER2/neu mammary mouse tumor tissue. Significantly
elevated expression of ISG15 mRNA in mammary tumor tissue was similarly observed when
compared against each normal tissue type (Fig. 43D). This expression analysis confirms that
ISG15 expression is significantly elevated in mouse models of breast cancer. Together with the
finding that ISG15 mRNA is nominally expressed in a panel of normal tissues, this suggests that

ISG15 may be a promising novel tumor-associated antigen (TAA).

EXAMPLE 23: CONSTRUCTION OF AN ISG15-SPECIFIC CTL VACCINE
0515] To assess the potential for ISG1S5 as a novel TAA, a Listeria-based CTL vaccine was

developed to target tumors with elevated ISG15 expression. Construction of the vaccine, Lm-
LLO-ISG1S5, was accomplished by genetically fusing the mouse ISG15 gene from Balb/c mice
downstream of the gene encoding a truncated form of Listeriolysin O (tLLO), already present in
the Listeria monocytogenes (Lm) expression vector pGG34, which contains a signal sequence to
allow for proper secretion of the fusion protein. The pGG34-LLO-ISGIS construct was
subsequently electroporated into the attenuated competent Lm strain, XFL7 (Fig. 44A). Proper
secretion of the tLLO-ISG15 fusion protein was confirmed by Western blot analysis with anti-
mouse ISG15 antibody against TCA-precipitated proteins from the media of an Lm-LLO-ISG15
growth culture (Fig. 44B, top panel). Similar production and secretion of a fusion protein of

tLLO fused to chicken ovalbumin was observed from our control Lm when probed with anti-
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ovalbumin antibody (Fig. 44B, middle panel). Secreted proteins from Lm-LLO-ISG15 and the
control Lm were also probed with wild-type LLO antibody to confirm equivalent secreted protein
loading (Fig. 44B, bottom panel). Generation of ISG15-specific CTL responses was assayed by
administering both Lm-LLO-ISG15 and a control Lm vaccine to female Balb/c mice, weekly,
starting at week 6. One week after the third vaccination, splenocytes from each vaccination
group were subjected to ELISpot analysis to investigate IFN-Y responses against a control epitope
and two ISG15-specific H2-K-restricted CD8+ T-cell epitopes predicted by RANKPEP. A
significant increase in IFN-y secreting SFCs was observed only in the splenocytes from the Lm-
LLO-ISGIS5 vaccinated mice after stimulation with each predicted ISG15-specific CTL epitope in
comparison to control peptide stimulation (Fig. 44C). These results suggest that an ISG15-
specific adaptive response can be generated by an attenuated Lm-based CTL vaccine against

ISG15.

0516] While under normal conditions, ISG15 expression is at low or undetectable levels in
normal tissues, however, there is evidence for elevated ISG15 expression at the placental
implantation site during pregnancy. To determine if an ISG15-specific immune response may
severely impact fertility in Lm-LLO-ISG15 vaccinated female mice, a pregnancy study was
performed. In comparison to control Lm vaccinated female mice, the fertility of Lm-LLO-ISG15
vaccinated female mice was not significantly impaired as measured by litter size and pup weight
(Fig. 44D and E, respectively). Generation of an ISG15-specific adaptive immune response with
no obvious adverse effects encouraged examination of its efficacy in mouse models for breast

cancer.

EXAMPLE 24: THERAPEUTIC IMPACT ON MURINE BREAST TUMORS AFTER
LM-LLO-ISG15 VACCINATION

0517] The therapeutic potential of an ISG15-specific adaptive immune response generated by
Lm-LLO-ISG15 against breast cancer was initially investigated against implanted primary and
metastatic mouse models of breast cancer. Implantation of NT2 tumor cells s.c. in the hind flank
of FVB/N mice and subsequent vaccination with Lm-LLO-ISG15 resulted in significantly
reduced tumor volume as compared to control vaccination (Fig. 45A). Similarly, Lm-LLO-

ISG15 therapeutic vaccination significantly inhibited the growth of mammary tissue-implanted
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4T1-Luc primary tumors (Fig. 45B). The ability of 4T1-Luc tumors to naturally metastasize after
implantation in the mammary gland allowed further investigation into the efficacy of an ISG15-
specific CTL response against a more aggressive model for breast cancer. Significant reductions
in the appearance of 4T1-Luc metastatic lung lesions were observed after Lm-LLO-ISG15

administration in comparison to control Lm (Fig. 45C).

EXAMPLE 25: DELAYED PROGRESSION OF HER2/NEU+ AUTOCHTHONOUS
MAMMARY TUMORS AND EPITOPE SPREADING BY Lm-LLO-ISG15
0518] To determine if Lm-LLO-ISGI1S5 could also provide therapeutic efficacy in a more

clinically relevant model of human breast tumor development, we utilized a FVB/N HER2/neu
transgenic mouse model that, in the absence of therapeutic intervention, develops autochthonous
mammary tumors past 4 months of age. Transgenic female mice were vaccinated every three
weeks with Lm-LLO-ISG15 or a control Lm from week 6 to 21 after birth and subsequently
monitored for mammary tumor incidence. Mice administered Lm-LLO-ISG15 demonstrated a
significant delay to tumor progression in comparison to a control Lm vaccinated group
(p<0.0001) (Fig. 46A). In fact, greater than 80 percent of Lm-LLO-ISG15 vaccinated mice are
still tumor-free by week 49 after birth while all control Lm vaccinated mice have developed
mammary tumors with a median time to progression of 31 weeks. To determine if the infiltration
of ISG15-specific CTLs into autochthonous tumors after Lm-LLO-ISG15 vaccination could be a
possible mechanism for this delayed progression, an IFNYy ELISpot analysis was performed on
TILs of these tumors after Lm-LLO-ISG15 vaccination. After allowing for autochthonous
tumors to form, tumor-bearing mice were vaccinated twice on day 0 and 7 with either a Control
Lm vaccine or Lm-LLO-ISG15. One week after the last vaccination, tumors were excised and
TILs purified and processed for ELISpot analysis. As expected, the tumors of Lm-LLO-ISG15
vaccinated contain a significantly greater number of TILs specific for ISG15, as measured by
their ability to secrete IFNY after ISG15 epitope peptide stimulation, than the tumors of Control
Lm vaccinated mice (Fig. 46B). These results suggest that the delayed progression of
autochthonous mammary tumors by Lm-LLO-ISGIS is, in part, mediated by infiltration of

ISG15-specific CTLs.
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0519] Recent studies demonstrate that the clinical efficacy of cancer vaccines significantly
correlates with their ability to stimulate cross-priming and epitope spreading to additional TAAs.
Similar results were observed previously using Lm-based cancer vaccines where development of
epitope spreading to additional TAAs was associated with vaccine efficacy. To assess whether
epitope spreading is developing after Lm-LLO-ISGI5 vaccination, an ELISpot to detect
HER?2/neu-specific responses was performed with splenocytes from NT2 tumor-bearing mice
after administration of either control Lm or Lm-LLO-ISG15. Splenocytes of Lm-LLO-ISG15
vaccinated mice contained significantly greater numbers of SFCs specific for known CTL
epitopes within HER2/neu compared to control Lm vaccinated mice (Fig. 46C). This result
suggests that Lm-LLO-ISG15 vaccination results in epitope spreading to additional TAAs. In
fact, evidence for epitope spreading was also observed after Lm-LLO-ISG15 vaccination against
4T1-Luc tumors, a tumor cell line that expresses Her2/neu very weakly. 4T1-Luc tumors from
Lm-LLO-ISG15 vaccinated mice contained a significantly higher percentage of Her2/neu-
specific CD8" 621" TILs than 4T1-Luc tumors from control Lm vaccinated mice (Fig. 46D).
While epitope spreading to HER2/neu may provide some therapeutic efficacy, it is unclear if this
secondary response is robust enough to warrant cardiotoxicity safety concerns. In summary,
these tumor load studies demonstrate that vaccination against ISG15 can inhibit the growth of
primary implanted mouse mammary tumors, inhibit metastatic spread, delay progression of

autochthonous mammary tumors and generate epitope spreading to additional TAAs.

EXAMPLE 26: THERAPEUTIC IMPACT OF ISG15 VACCINATION IS CD-8
DEPENDENT

0520] While the generation of robust IFN-y responses and significant therapeutic tumor impact
are suggestive of strong CTL responses, the dependence of ISG15-specific CD8+ T cell function
in Lm-LLO-ISG135 efficacy was investigated. Depletion of CD8" cells in 4T 1-Luc tumor-bearing
mice completely abrogates the anti-tumor efficacy of Lm-LLO-ISG15 compared to mock
depletion with a control antibody (Fig. 47A). As an in vivo measure of ISG15-specific CTL
tumor cell lysis, we performed a Winn assay to assess whether splenocytes enriched for CD8" T
cells from Lm-LLO-ISG15 vaccinated mice could directly inhibit 4T1-Luc tumor formation.
Splenocytes from mice twice-vaccinated with either Lm-LLO-ISG15 or a control Lm were

depleted of CD4" cells and incubated briefly with 4T1-Luc tumor cells. The tumor cell and
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splenocyte mixture was then implanted into the mammary tissue of Balb/c mice and tumor
progression monitored. CD8" T-cell-enriched splenocytes from Lm-LLO-ISG15 vaccinated mice
significantly inhibited tumor growth in comparison to those from control Lm vaccinated mice
(Fig. 47B). Additionally, all control Lm splenocyte-receiving mice developed tumors by day 21
post-implantation while 40% of mice receiving ISG15-specific splenocytes were still tumor-free
at day 43 (Fig. 47C). This result suggests that Lm-LLO-ISG15 induces a CD8§-dependent
adaptive immune response that results in direct lysis of tumor cells and is likely mediated by

CDS8" T cells.

EXAMPLE 27: EXPANSION OF ISG15-SPECIFIC CTL CLONES IN VIVO RESULTS
IN ANTI-TUMOR RESPONSES

[0521] To assess whether expansion of a single ISG15-specific CD8" T cell clone can result in

anti-tumor efficacy, mice were implanted with 4T1-Luc tumor cells and vaccinated with either
PBS alone or an adjuvant, CpG ODN, mixed with each ISG15 H2K* epitope peptide or a control
peptide. In mice vaccinated with CpG ODN and ISG15 H2K* peptides, 4T1-Luc tumor volume
and tumor mass were significantly reduced in comparison to PBS alone and control peptide
vaccination (Fig. 48A and B, respectively). 4T1-Luc tumor lung metastases were also
significantly reduced after vaccination with each ISG15 peptide in comparison to PBS alone or
control peptide vaccination (Fig. 48C). Additionally, IFNY secretion in response to stimulation
with each ISG15 H2K‘ epitope peptides was observed in TILs only from mice that were
vaccinated with their respective ISG15 H2K* epitope peptide suggesting that there was a
successful expansion ISG15-specfic CTLs that trafficked to the targeted tumor (Fig. 48D and E).
These data strongly suggest that expansion of ISG15-specific CD8" T cells can directly inhibit

growth of tumors with elevated expression of ISG1S5.

MATERIALS AND METHODS (EXAMPLES 28-37)
Mice.
[0522] Female FVB/N mice were purchased from Charles River Laboratories. The FVB/N Her-
2/neu transgenic mice were housed and bred at the animal core facility at the University of

Pennsylvania. Mice were six to eight weeks old at the start of the experiments, which were done in
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accordance with regulations by the Institutional Animal Care and Use Committee of the University

of Pennsylvania.

Peptides and Antibodies.

[0523] Anti-mouse CD31, anti-mouse CD8-PE, rat IgG,-PE isotype controls were purchased
from BD Biosciences (San Jose, CA). Rabbit anti-Listeria antiserum polyclonal antibody, serotypes
1, 4 was purchased from Difco BD Biosciences. Rabbit anti-HIF-1o was purchased from Novus
Biologicals (Littleton, CO). Goat anti-Rabbit-Alexa-488 secondary antibody was purchased from
Invitrogen. DAPI was purchased from Sigma (St. Louis, MO). Rat anti-mouse IFN-g (clone AN18)
was purchased from MABTECH (Mariemont, OH). Rat anti-mouse IFN-g (clone XMG1.2) was
purchased from eBioscience (San Deigo, CA). The antibodies used in the Western blot for fusion
protein expression was either a polyclonal rabbit serum raised to the first thirty residues (PEST) of
LLO protein (Sewell et al., 2004, Cancer research. 64:8821-8825) or an anti-LLLO mouse antibody,
specific for full-length LLO, generated from hybridoma supernatant, clone #B5-19 (Edelson et al.,
2001, Immunity. 14:503-512). All peptides were purchased from EZBiolabs (Westfield, IN).
Tetramers were provided by Dr. Amy Stout of the National Institutes of Health AIDS Research and
Reference Reagent Program. Tetramers used were all PE-conjugated H-2D and contained either
peptides for Her-2/neu region EC1 (ASPETHLDML; SEQ ID NO: 98), or EC2 (PDSLRDLSVF;
SEQ ID NO: 97) or IC1 (GSGAFGTVYK; SEQ ID NO: 99). Peptides used in these studies were as
follows: Flk-El10219 (TYQSIMYIV; SEQ ID NO: 100), Flk-E2¢;3.620 (MFSNSTNDI; SEQ ID NO:
101), Flk-T1gg6.91s (PGGPLMVIV; SEQ ID NO: 102), Flk-11g39.545 (GRGAFGQVI ; SEQ ID NO:
103); (Her2-pEClipn310 (PYNYLSTEV; SEQ ID NO: 94), Her2-pEC2420.420 (PDSLRDLSVF; SEQ
ID NO:97), Her2-pIC1732741 (GSGAFGTVYK; SEQ ID NO: 99); HIV-pGag (AMQMLKETT; SEQ
ID NO: 91).

ELISpots
[0524]  Secretion of IFN--g by mouse splenocytes in response to peptide stimulation was tested by
enzyme-linked immunospot (ELISpot) assay. We preferred to use ELISpots over other assays
because of the level of sensitivity that could be obtained for low frequency, antigen specific cells and
also because we could test for anti-Her-2/neu and anti-Flk-1 specific T cells directly ex vivo without

in vitro manipulation. Briefly, isolated splenocytes were plated at 1 x 10° cells per well or titrated
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across a 96 well plate coated with 7ug/ml of rat anti-mouse IFN-y antibody (clone AN1S,
MABTECH, Mariemont, OH), in the presence of 10 pg/ml peptide and 5 U/ml of IL-2. Secondary,
biotinylated, anti-IFN-g antibody (clone XMG1.2, eBioscience) was added to each well at a final
concentration of 2ug/ml. After overnight incubation at 37°C plates were developed for 1 hour at
room temperature with Streptavidin-horseradish peroxidase (1:1000 dilution) followed by substrate
TMB (Vector laboratories, ABC kit). Spots were counted using the Immunospot C.T.L. scanner and
counting software (CTL, Cleveland, OH).

Cell lines.
[0525] Cell culture media and supplements were purchased from Gibco (Invitrogen). NT-2 and
J774A.1 cells were maintained as previously described. All cell cultures were kept at 37°C and 5%
CO;. 4T1 and 4T1 cells stably expressing the firefly luciferase gene (4T1-Luc) were the kind gift of

Dr. Ellen Pure (Wistar Institute) and were maintained in cell culture medium.

Construction of Lm-LLO-FlIk-1 vaccines.
[0526] The source of the Flk-1 gene was a DNA vaccine plasmid generously provided by Dr.
Ralph Reisfeld (The Scripps Research Institute, La Jolla, CA). Fragments corresponding to residues
68 to 1081 were amplified by PCR wusing the following primers: Flk-E1 (F): 5°-
GGGCTCGAGCGTGATTCTGAGGAAAGGGTATT-3’ (SEQ ID NO: 104), Flk-E1 (R): §
GGGACTAGTTTACCCGGTTTACAATCTTCTTAT-3’ (SEQ ID NO: 105), (AA 68-277); Flk-
E2 (F): 5’-GGGCTCGAGGTGATCAGGGGTCCTGAAATTA-3’ (SEQ ID NO: 106), Flk-E2 (R):
5’-GGGACTAGTTTAGCCTCCATCCTCCTTCCT-3’ (SEQ ID NO: 107), (AA 545-730); Flk-11
(B): 5-GGCCTCGAGGAAGGGGAACTGAAGACAGCC-3’ (SEQ ID NO: 108), FIk-11 (R): 5°-
GGGACTAGTTTATGTGTATACTCTGTCAAAAATGGTTTC-3’ (SEQ ID NO: 109), (AA 792-
1081). Xhol sequence underlined for forward (F) primer, Spel sequence underlined for reverse (R)
primer, stop codon in bold. The PCR product was ligated into pCR2.1-TOPO plasmid (Invitrogen),
confirmed by sequencing and subsequently excised by double digestion with Xiol and Spel (New
England Biolabs). The fragment was ligated into a pGG34-based plasmid downstream and fused to a
gene encoding for the first 441 residues of the LLO protein, whose expression is driven by the hly
promoter. The construction of the pGG34 plasmid has been described in detail elsewhere. The

resultant plasmid was electroporated into the PrfA-defective Lm strain XFL-7, which is derived from

154



WO 2015/126921 PCT/US2015/016348

the Lm strain 10403S. Positive clones were selected on Brain Heart Infusion (BHI, Difco) plates
supplemented with 34 pg/ml of chloramphenicol and 250 pug/ml of streptomycin. The resultant
stains were named Lm-LLO-Flk-E1, Lm-LLO-FIk-E2, and Lm-LLO-Flk-11.

Growth and Preparation of Lm Vaccine Doses
[0527] Vaccine stocks were kept at -80°C in 10% glycerol in 1 X PBS. Each stock was streaked
over a chloramphenicol/streptomycin plate and grown overnight. A single colony was used for
growth in an overnight culture of 5Smls BHI media under antibiotic selection. This culture was
further expanded for 4hrs in a shaking incubator at 37°C and grown until the microbial density
reached 0.4-0.8 ODggo at which time the microbes were washed and frozen sterile in 10% glycerol
and kept at -80°C until use. Stocks were titered for each lot generated. Single lots were used for one
continuous experiment, different lots were used for each repetition, lot-to-lot variation was not
observed. Each lot was checked for fusion protein expression by Western Blot with an anti-PEST
and anti-LLO antibody. For each dose, one vial is selected, thawed and washed twice in 1X PBS
before dilution and use; unused microbes are discarded.

Effect of Lm-LLO-FIk-1 vaccines on tumor growth
[0528] 1 x 10° of NT-2 tumor cells were injected s.c. in 200 pl of PBS on the flank of FVB/N
mice. On day 4 after tumor inoculation, mice were immunized i.p. with 5 x 10® CFUs of either Lm-
LLO-KFk-E1, Lm-LLO-FIk-E2 or Lm-LLO-Flk-11. This dose was determined as one-tenth of the
minimum dose observed to have adverse effects on the mice and was used in all experiments.
Immunizations were repeated weekly totaling 3 doses of the vaccine for all experiments. In the
control groups, mice received a control Lm vaccine — Lm-LLO-NY-ESO-14¢;156. Lm-LLO-NY-
ESO-119;-156 acts as an irrelevant or third party Lm vaccine to control for immune responses to LL.O
or the listerial infection, we commonly use this vaccine as a control at comparable concentrations to
the test vaccine. Tumors were measured every 3 days with calipers and the shortest (width) and
longest surface diameters were recorded for each individual tumor. Calculated tumor volumes were
performed using the following equation: [(width)* x length x 0.52]. Mice were sacrificed if they
developed open wounds or tumors reached 20 mm in diameter. Tumor-free surviving mice
challenged with NT-2 were re-challenged in the opposite flank with the same cell line at least 10
weeks after the first inoculation.

Tumor Immunofluorescence
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[0529] On day 64 post-tumor inoculation, mice were sacrificed and the NT-2 tumors were
surgically excised, cryopreserved in OCT freezing medium and cryosectioned to provide §-10mm
thick sections. For immunofluorescence, samples were thawed and fixed using 4% formalin. After
blocking (2.4G2 conditioned medium/10% FBS/5% normal rat and mouse serum), sections were
stained with primary antibodies in blocking solution in a humidified chamber at 37°C for 1 hour.
Samples were stained with secondary antibody following the same procedure as used for primary
staining. DAPI (Invitrogen) staining was performed according to manufacturer’s instructions.
Intracellular staining for HIF-1ow was done in PBS/0.1% Tween/1% BSA solution. Slides were
cover-slipped using mounting solution (Biomeda) with anti-fading agents, set for 24 hours and kept
at 4°C until imaged using Spot Image Software (vs. 2006) and a BXS51 series Olympus fluorescent
microscope. Images were merged using Spot Image Software and quantitation was performed after
an ROI was gated using Image Pro Software (vs. 2006). All images are a merged series of three
different channels captured for the same exposure time. For the quantitation of microvascular
density using anti-CD31 we based our analysis on previously published works using similar
strategies for measuring MVD in mouse tumor models.
Metastasis studies and Bioluminescent Imaging

[0530] Mice were given a total of three vaccinations prior to i.v. injection, 7 days post-final
vaccination, with 50,000 4T1 cells expressing the integrated luciferase reporter gene (4T1-Luc). The
corresponding substrate, D-Luciferin was injected i.p. at 5-10 mg/mouse in 200ul of PBS before
imaging. The mice were placed in the dark chamber of a Xenogen IVIS imaging system (X-100)
(Xenogen Corporation, Alameda, CA), under anesthesia following i.p. injection of ketamine
(80mg/kg)/xylazine (12mg/kg) (Sigma, St. Louis, MO). Photographic and luminescence images
were captured with a CCD camera and the luminescence intensity was quantitated using Living
Image software (version 2.11) from Xenogen according to the manufacturer’s instructions.
Longitudinal imaging was performed on a weekly basis until at least 4 weeks post tumor
inoculation. All mice were imaged for the same exposure and length of time. Images show
normalized graphics. For the pathology study, the identical experiment was performed except lung
tissue was perfused, extracted, wax embedded and stained with H+E before being counted (by hand)
for tumors.

Pregnancy and wound healing safety studies.
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[0531] Six to eight week old FVB/N female mice were immunized three consecutive times
weekly with either a control Lm vaccine or Lm-LLO-Flk-1 vaccines. On the fourth week safety
studies were conducted. For pregnancy and fertility, 5 mice per group were allowed to mate with
individually housed males. Coitus was monitored and confirmed by the presence of a vaginal plug.
Time to gestation, pup weight at birth and total litter size were measured. The wound-healing assay
utilized in this study was done according to previously described methods. Briefly, mice were
anesthetized, hair removed and skin-cleaned with an aseptic wipe. Two circular 3mm in diameter
wounds were punched from the skin using a sterile skin biopsy tool (Acuderm). Wounds were not
treated and no infection was observed. Average time to wound closure was monitored and
considered complete when a scar was formed without any visible scab left.
Statistical analysis and methods of quantitation.
[0532] Data were analyzed using the non-parametric Mann-Whitney test. The log-rank chi-
squared test was used for all survival data. All statistical analysis was done with Prism software, vs.
4.0a (2006). Statistical significance was based on a value of p < 0.05. In all non-transgenic studies
we included at least 8 mice per group. All studies were repeated at least once.
EXAMPLE 28
CONSTRUCTION OF LLO-FLK-1 CONSTRUCTS

[0533] A total of three constructs were tested, each containing a different region of Flk-1: E1 (AA
68-277), E2 (AA 545-730) and I1 (792-1081) (Figure 49A). Regions were selected based on

predicted epitopes. Since we were interested in testing these vaccines in the FVB/N-based breast
cancer model, we decided to clone fragments that would be most appropriate for the model
haplotype used for testing (i.e., FVB/N, H2%). The E1, E2 and 11 domains selected contained several
potential epitopes for the H-2¢ mouse MHC T haplotype (Figure 50A).

[0534] Each fragment was cloned as a fusion protein with the truncated LLO protein (Figure
49A). To test whether the LLO-Flk-1 fusion proteins were produced and secreted by the Lm-LLO-
Flk-1 constructs, we analyzed protein from culture supernatants by Western-Blot (Figure. 49B)
using a polyclonal anti-PEST antibody (Figure 49B bottom) or anti-LLO antibody (Figure 49B top).
A band for each fusion construct was detected, LLO-FIk-E1 (~81 kDa), LLO-FIk-E2 (~78 kDa), and
LLO-FIk-I1 (~89 kDa). The band around 60-70 kDa is endogenous LLO; the truncated fusion
protein LLO is found around 60-50 kDa. The anti-LLO blot was used as a control to show that our

fusion proteins are LLO-Flk linked. All three constructs were able to infect, grow, and escape the
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phagolysosome as evidenced by replication in J774A.1 macrophages (Figure 50D). Also, each
vaccine was able to immunize mice against cloned Flk-1 regions as shown by IFN-g splenocyte
responses ex vivo (Figure 49C). Peptides used for re-challenge in these FVB/N ELISpot experiments
were originally mapped in the H2¢ Balb/c mouse as immunodominant Flk-1 epitopes. We routinely
use H2¢ mapped epitopes in H2? models as H2¢ identified epitopes can also serve as H2? epitopes
presumably due to the high homology of the H2¢ and H29 molecules.
EXAMPLE 29
THERAPEUTIC EFFICACY OF LM-LLO-FLK-1 VACCINES IN A HER-2/NEU-
EXPRESSING TUMOR MODEL

[0535] To test the ability of our vaccines to induce the regression of Her-2/neu” breast tumors, we

used the NT-2 tumor model, which overexpresses the rat Her-2/neu as a transgene and was
originally derived from a spontaneous mammary tumor in the FVB/N Her-2/neu transgenic mouse.
The NT-2 cell line does not express the Flk-1 molecule, and thus our antigen of interest is only
located on the host vasculature. Cells were grown in vitro and transplanted subcutaneously into the
flank of FVB/N mice. On day 4, when palpable (~4-5mm in diameter) tumors had formed, mice
were vaccinated and then boosted weekly for a total of three vaccinations. Vaccines Flk-E1 and Flk-
I1 were able to induce regression, and in some mice complete eradication (Flk-E1: 2/8; Flk-11: 2/8)
of transplanted tumors by day 64 post-inoculation (Figure 51A). However, Flk-E2 was unable to
control tumor growth, which was similar to the group treated with the control Lm. Mice with
completely regressed tumors were re-challenged with NT-2 on the contra-lateral side at 100 days
post-tumor inoculation and re-growth of the new tumor was not observed suggesting long-lived anti-
tumor immunity (Figure 52A & B).

[0536] Microvascular density (MVD) of day 64 tumors was assessed by staining with the pan-
endothelial cell marker CD31 and counterstained with the nuclear marker DAPI. As expected, MVD
in tumors from the FIk-E2 treated group resembled those from control treated mice. However, a
reduction in the density of CD31" vessels was seen in Flk-I1 treated mice and a further reduction
was observed using the FIk-E1 vaccination (Figure 51C). This reduction in CD31" vessels correlated
with an increase in staining for the nuclear hypoxic marker, Hypoxia Inducible Factor-1a. (HIF-10t)
in the Flk-E1 and Flk-I1 treated groups, but not for the control group (Figure 51D). It is possible to
hypothesize that regression of these Her-2/neu” tumors, in addition to the reduction of tumor MVD,

was due to anti-VEGFR2 cytotoxic T cells killing endothelial cells involved in tumor angiogenesis,
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possibly leading to tumor damage or growth restriction resulting in the observed regression.
Subsequently, phagocytosed tumor debris could be cross-presented by local dendritic cells in
draining lymph nodes and presented to anti-Her-2/neu CTLs, whose epitopes have been previously
mapped in the FVB/N mouse. If this inter-molecular epitope spreading occurred, we would expect
that mice that exhibited the greatest regression would also have a high frequency of anti-Her-2/neu
CD8" T cells. To test this hypothesis, we harvested splenocytes from day 64 mice, and performed an
IFN-g ELISpot, re-challenging with three known epitopes from three different regions of Her-2/neu.
We decided to use an ELISpot assay to measure anti-Her-2/neu responses because we had
previously mapped CTL epitopes for different regions of the Her-2/neu molecule and the ELISpot
assay is sensitive enough to detect a low frequency of specific T cells, unlike several cytotoxic
assays that require in vitro stimulation and expansion. We found that Flk-E1 and Flk-11 showed the
greatest epitope spreading, while Flk-E2 showed the least (Figure 51B, *p<0.05), strongly
correlating with the extent of tumor regression found in vivo (Figure 51A).
EXAMPLE 30
ANTI-ANGIOGENESIS INDUCED TUMOR REGRESSION IS DEPENDENT ON
EPITOPE SPREADING TO AN ENDOGENOUS TUMOR ANTIGEN

[0537] The presence of Her-2/neu epitope spreading suggested that tumor regression may not

solely depend on anti-vascular events, but also on the immune response to the tumor antigen HER-
2/neu. To test this hypothesis we repeated the same experiment using the two most potent vaccines,
Flk-E1 and Flk-I1 but, in addition to inoculation of wild-type FVB/N mice, we also injected the NT-
2 cells subcutaneously into its syngeneic progenitor strain, FVB/N Her-2/neu transgenic, which
exhibits profound tolerance to the rat Her-2/neu molecule. Again, FIk-E1 and Flk-I1 slowed the
growth of the NT-2 tumors in wild type FVB/N mice, as previously demonstrated (Figure 53A, left
panel). However, in the transgenic host where anti-HER-2/neu responses are limited by tolerance,
we observed outgrowth of all tumors (Figure 53A, right panel). Both these results reflected the
epitope spreading observed towards the endogenous Her-2/neu protein demonstrated in the spleen
(Figure 53B) and at the tumor site as shown for the Flk-E1 vaccination (Figure 53C). This suggests
that anti-vascular events are not enough for tumor regression, but rather the combined effect on both
the tumor’s vasculature and directly on tumor cells is required for tumor death and ultimately

regression.
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EXAMPLE 31
VACCINATION WITH LM-LLO-FLK-1 VACCINE FRAGMENTS CAN PREVENT
THE GROWTH OF EXPERIMENTAL METASTASES

[0538] An important use for anti-angiogenesis vaccines could be for the treatment or prevention

of breast cancer metastasis. Tumor cells that metastasize are highly dependent on the development
of new vessels, although smaller tumors do not completely rely on new vasculature. However, it has
been hypothesized that once they have grown beyond a certain size, tumors become highly
dependent on the formation of new vessels and thus become a possible target for anti-VEGFR2
CTLs. To test if our vaccines could protect against breast tumor dissemination we used an
experimental metastasis system involving the direct inoculation of in vitro cultured tumor cells into
the tail vein of mice allowing for rapid colonization of several downstream organs, especially the
lung. Since after tail vein vaccination, the NT-2 model does not well colonize the lung (data not
shown) we used 4T1, which is an aggressive, mouse breast carcinoma cell line from the Balb/c
mouse. Balb/c mice were immunized thrice over the course of three weeks with either Lm-LLO-Flk-
El, or Lm-LLO-FIk-11 or a control Lm vaccine. Mice were then injected with 50,000 4T1 cells i.v.
and also s.c. within the same animal. The s.c. site injection was performed so that we could measure
primary tumor growth, while the 1.v. injection mimicked metastasis. Mice treated with the Flk-1
vaccines had prolonged tumor growth, slowed primary s.c. tumor size, increased survival, and
reduced morbidity as compared to control mice (Figure 54). Unlike the poor responses seen against
the primary 4T1 tumor, the rate of seeding and total metastases found in each animal was
significantly lower in treated animals compared to control mice (Figure 55A). A low level of epitope
spreading to Her-2/neu was observed (Figure 55B), probably because 4T1 weakly expresses the
mouse Her-2/neu.

[0539] To more stringently test the hypothesis that immunizing against Flk-1 can prevent the
seeding of lung tissue with experimental metastases, we used a bioluminescent model where
individual tumor cells and masses can be visualized using non-invasive imaging. Mice were injected
.v. with 50,000 4T1 cells expressing the firefly luciferase gene (4T1-Luc) after several rounds of
vaccination with the Lm-FIk-E1 and —I1 vaccines. On a weekly basis, mice were anesthetized and
injected with a luciferase substrate (D-Luciferin) and imaged. Lung seeding was apparent by day 11
and control treated mice rapidly become colonized with 4T1-Luc cells by day 25 whereas none of

the Lm-LLO-FIk-E1 and Lm-LLO-FIk-I1 treated mice showed any signs of lung seeding until at
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least day 32 at which point the control treated mice had become ill and were sacrificed (Figure 55C).
At day 32, only 25% of the Flk-1 vaccinated mice showed any lung tumors. It is possible that tumor
masses were undetectable at this time point by this bioluminescent method since a signal for tumor
cells was observed on day 25 but not day 32 for the Lm-Flk-E1 treated group. This very small signal
on day 25 is below the 1000 cell threshold and may have lost some cellular mass within the
following week to fall below the limit of detection for the system. Mice immunized with the control
Lm rapidly became diseased by lung tumors, but the Flk-E1 and Flk-I1 Lm vaccinations delayed
tumor burden, time to progression (day 25 for control treated versus day 32 for Flk-1 treated), and
eventual disease (reduced morbidity as shown in Figure 54).

EXAMPLE 32

IMMUNIZATION WITH FLK-1 HAS NO IMPACT ON WOUND HEALING,
PREGNANCY OR FERTILITY IN MICE

[0540] To evaluate whether Lm-LLO-Flk-1 vaccines cause toxicity that is associated with

angiogenesis inhibition, we studied wound healing, pregnancy and fertility in immunized mice. Mice
were immunized thrice with Lm-LLO-FIk-E1, Lm-LLO-FIk-E2, Lm-LLO-FIk-I11, control Lm or
saline alone before being mated or given sterile wound punches. We observed mice that were mated
for length of gestation from coitus, mean pup mass at term, and total litter size. Wound punches
were sterile but mice were caged together. Wound healing technique was followed according to
previously described methods. Five mice from each immunization group were shaved and given
sterile wound punches, two per animal then allowed to heal over time. Time to wound closure was
measured. Full wound healing was considered complete, no scabs were left at time of wound
closure. Immunization with Lm-LLO-Flk-E1, Lm-LLO-Flk-E2, or Lm-LLO-Flk-I1 had no impact on
fertility, gestation length or pup mass at birth (Figure 56A). Similarly, immunization had no
significant impact on the time required for wound closure (Figure 56B).

[0541] To evaluate if the immune responses to Her-2/neu observed after Flk-I1 immunization was
due to cross-reactivity between shared epitopes between Flk-1 and Her-2/neu, FVB/N mice
immunized with Flk-I1 vaccine were evaluated for immunity to FLK-I1g39.84¢ which is cross-
reactive to the rat Her-2/neu epitope GSGAFGTVYK (SEQ ID NO: 99). Vaccination of mice with
Lm-LLO-FIk-I1 lead to excellent responses against the previously mapped Flk-I1 epitope
PGGPLMVIV (SEQ ID NO:102). However no significant responses were seen against either the

mouse Flk-11339.343 epitope or the homologous rat Her-2/neu IC173,.741 epitope (Figure 57). Thus the
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immune responses to Her-2/neu observed after Flk-I11 immunization were most likely due to epitope
spreading and not due to cross-reactivity between shared epitopes.

[0542] Taken together, Lm-LLO-Flk-1 vaccines were able to eradicate some established breast
tumors, reduce microvascular density in the remaining tumors, protect against tumor re-challenge
and experimental metastases and induce epitope spreading to various regions of the tumor-
associated antigen Her-2/neu. Tumor eradication was found to be dependent on epitope spreading to
HER-2/neu and was not solely due to the reduction of tumor vasculature. However, vaccine efficacy
did not affect normal wound healing nor have toxic side effects on pregnancy. Thus, an anti-
angiogenesis vaccine can overcome tolerance to the host vasculature driving epitope spreading to an
endogenous tumor protein and drive active tumor regression. Therefore, presented herein is a novel
method of targeting both the tumor vasculature and an endogenous tumor antigen (Her-2/neu) using
a single vaccine.

EXAMPLE 33
MUTATIONS ARISE IN ESCAPE MUTANTS

Mice
[0543] The FVB/N Her-2/neu transgenic mice were housed and bred at the animal core facility at
the University of Pennsylvania. Mice were six to eight weeks old when used at the start of the
experiments, which were done in accordance with regulations by the Institutional Animal Care and
Use Committee of the University of Pennsylvania.

Listeria vaccine strains.
[0544]  Strains used were Lm-LLO-FIk-E1 and Lm-LLO-Flk-I1. The strain Lm-LLO-NYESO1
was used as a third party control vaccine for antigen specificity. Bacteria were selected on Brain
Heart Infusion (BHI, Difco) plates supplemented with 34 pg/ml of chloramphenicol and 250 pg/ml
of streptomycin, then grown in liquid culture and frozen in 1ml aliquots at -80°C. For injection, the
vaccines were washed twice with sterile PBS before administration.

Autochthonous tumor protection.
[0545] To test the ability of the anti-Flk-1 Listeria vaccines to impact on spontaneously arising
tumors we used the FVB/N rat Her-2/neu transgenic female mouse which overexpresses the rat Her-
2/neu molecule and spontaneously develops mammary tumors. For these long-term protection
studies, we immunized female mice (N=15) a total of six times starting at 6 weeks of age and

immunizing i.p. every three weeks until 21 weeks of age. Vaccines Lm-LLO-Flk-E1, Lm-LLO-
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Flk-11, or Lm-LLO-NYESO-1 were injected at 0.1 LD50 suspended in PBS. Tumor burden was
followed on a weekly basis. Once tumors were beyond 10mm in size the animals were sacrificed
and tumors were removed for analysis. Statistical analysis of differences in autochthonous tumor
growth was done using the Kaplan-Meier log-rank test using GraphPad Prism Software, comparing
the time of onset of tumor growth between each vaccine group and control groups.

Analysis and mapping of mutations.
[0546] Tumors were excised fresh and placed into RN Alater solution, stored at 4°C for less than 2
weeks. We extracted mRNA from stored tumors using a Qiagen mRNA kit (Invitrogen), then
generated cDNA via PCR. Individual PCR samples were further divided to allow sequencing of
each individual fragment of Her-2/neu in stretches of 500-800bp each (EC1, EC2, EC3, IC1, IC2) as
was described elsewhere (Singh, 2007). Sequencing was done by the Children’s Hospital of
Philadelphia (CHOP) Sequencing Facility and then analyzed using 4Peaks software 1.7.2.
Mutations that did not occur in four or more individual PCR and sequencing reactions were
discarded as PCR-induced mutations. Molecular modeling was done using MacPyMol.
[0547] PCR primer sequences:
[0548] ECI FP: AGGGCTGTCAGGTAGTGC (SEQ ID NO: 110)
[0549] ECI RP: TGACCTCTTGGTTATTCG (SEQ ID NO: 111)
[0550] EC2FP: ACCTGCCCCTACAACTAC (SEQ ID NO: 112)
[0551] EC2RP: GACGCCCTCTACAGTTGC (SEQ ID NO: 113)
[0552] EC3FP: GTGGATTGGCTCTGATTC (SEQ ID NO: 114)
[0553] EC3RP: TGAGTTACAGACCAAGCC (SEQ ID NO: 115)
[0554] IC1 FP: CAAACGAAGGAGACAGAAG (SEQ ID NO: 116)
[0555] IC1 RP: CACCATCAAACACATCGG (SEQID NO: 117)
[0556] IC2FP: CACTGCTGGAAGATGATG (SEQ ID NO: 118)
[0557] IC2RP: TTTGTGGCGATGGAGACC (SEQ ID NO: 119)
[0558] Transgenic FVB/N mice expressing rat Her-2/neu were vaccinated with Flk-E1, Flk-I1, or
control Lm every 3 weeks starting at 6 weeks old, and tumors were measured weekly after the final
vaccination. Vaccination with FIk-E1 and Flk-11 increased the percentage of tumor-free mice
compared to control Lm-vaccination. Between week 35 and 40, there were a number of mice in the
Flk-E1 and Flk-I1-vaccinated mice that developed tumors. Tumors from each mouse were examined

for mutated Her-2/neu message. Message RNA was collected, cDNA synthesized and sequenced.
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The resulting sequence was paired alongside the wild-type sequence to determine mutated residues.
Only mutations that arose 4 times or more were considered true mutations (Figure 58A). Several of
the mutated residues within the “hot-spots™ or strings of mutated residues were within previously
mapped CTL epitopes. One such epitope shows mutations in key amino acids responsible for
anchoring the epitope to the H2Dq MHC I molecule (Figure 58B).
EXAMPLE 34
TARGETING OF BREAST AND MELANOMA BRAIN METASTASES

[0559] Experiments were performed using the methods as described hereinabove.

[0560] Balb/c mice were immunized thrice with each vaccine, either anti-human Her-2/neu or
control vaccination NYESOI1. Murine breast carcinoma cells stably expressing the firefly luciferase
gene (EMT6-Luc cells from John Ohlfest’s lab at University of Minnesota) were grown in vitro then
injected into the brain of anesthetized mice at 5,000 cell per mouse. EMT6-Luc cells express low
levels of mouse Her-2/neu (data not shown) Cells were allowed to grow before being imaged on the
indicated days. While brain metastases were clearly seen in NYESO1-vaccinated mice, anti-human
Her-2/neu vaccination controlled brain tumors on days 3, 8 and 11 after experimental induction of
metastases (Figure 59A).

[0561] CS57Bl/6 mice were immunized thrice with each vaccine, either anti-human HMWMAA-C
or control vaccination NYESOI1. B16F10-Luc mouse melanoma cells (from Jeff Miller’s lab at
UCSF) were grown in vitro then injected into the brain of anesthetized mice at 5,000 cells per
mouse. BI6F10 parental line do not express HMWMAA (personal communication), thus the only
source of HMWMAA is on pericytes and glial cells. Vaccination of mice with anti-human HMW-
MAA-C reduced brain tumors on days 11 and 15 after experimental induction of metastases (Figure
59B). Thus, vaccination with either HMW-MAAC or Her-2/neu is protective against brain
metastases, even if the tumor cells do not express HMW-MAA.

EXAMPLE 35
CONSTRUCTION OF NOVEL ANTI-CD105S/ENDOGLIN LISTERIA-BASED
VACCINE-THERAPEUTIC
[0562] A construct of an Lm strain that expressed a rather large fragment of endoglin (Figure 60)

did not secrete the fragment when fused to LLO, therefore it was redesigned to two novel Lm
constructs, Lm-LLO-CD105A (aal7-319) and Lm-LLO-CD105B (359-588) that span nearly the
entire endoglin gene (Figure 61A) and include putative CTL epitopes, determined using RANKpep,

164



WO 2015/126921 PCT/US2015/016348

that lie outside the region of endoglin that had been previously targeted (Figure 60). By potentially
including more immunodominant epitopes within these novel constructs expansion of the pool of
CTL epitopes were used to enhance vaccine efficacy. Further by making the fusion proteins smaller
and removing regions of high hydrophobicity from the constructs, these fusion proteins were better
secreted by Lm. Genes encoding these fragment were cloned into CD105pGG-34 (Figure 61B).
Both Lm-LLO-CD105A (Figure 62) and Lm-LLO-CD105B (Figure 63) expressed and secreted
fragments of the appropriate size.
EXAMPLE 36
LM-LLO-CD105A AND B IMPACT ON PRIMARY AND METASTATIC GROWTH OF
BREAST TUMOR 4T1 IN THE BALB/C MOUSE

[0563] The BALB/c mouse 4T1 breast tumor, the more malignant of our breast tumor models
since it rapidly metastasizes when implanted into the mammary gland, was chosen as the first test of
the vaccines shown in Example 8. 2 x 10° 4T1 cells were implanted in the mammary fat pad in
Balb/c mice. Mice were vaccinated with 2 x 10° cfu of each vaccine on either day 1, 8 and 15 or on
days 4, 11 and 18. Both vaccine regimens showed a significant slowing of tumor growth compared
with naive or control vaccinated mice (Figure 64). On day 32, the mice were sacrificed and their
lungs were removed and examined for metastatic spread. Interestingly, only Lm-LLO-CDI105B
showed a statistically significant reduction in surface lung metastases (Figure 65).

[0564] Next, CTL responses in these mice were examined. As an initial attempt to determine the
immunogenic regions of the endoglin molecule that could be recognized by CD8" T cells, the two
fragments were subjected to analysis by RANKpep (http://bio.dfci.harvard.edu/RANKPEP/) and
SYFPEITHI (http://www.syfpeithi.de/ ). From this the two most promising peptides for CD105A:
AGPRTVTVM (SEQ ID NO: 120) (a D binder) and for CD105B: AYSSCGMKV (SEQ ID NO:
121) (a K* binder) were selected Their positions in the endoglin sequence are underlined in Figure
61A.

[0565] These two peptides were used in ELISpot analyses to stimulate splenocytes taken from
mice shown in Figure 16B, that had been vaccinated on days 4, 11 and 18, four days following their
last vaccination. However they did not stimulate T cells to secrete interferon-gamma, compared to a
control H-2* restricted peptide from HIV Gag, which suggests that they are not CTL epitopes
(Figure 55). Epitope spreading to two endogenous tumor antigens expressed at low levels by 4T1

was also analyzed. The first is an envelope glycoprotein, gp70, from the endogenous ecotropic
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murine leukemia virus. An epitope, designated AH1, SPSYVYHQF (SEQ ID NO:122), from gp70,
with L! restriction, has been mapped for the BALB/c mouse. Interestingly it was found that both
Lm-LLO-CD105A and B induced epitope spreading to this antigen. Epitope spreading to HER-
2/neu, was also investigated. Two known epitopes in the extracellular domain of HER-2/neu, EC1
and EC2 and one from the intracellular domain were used. Although no significant increase in IFN-
gamma ELISpots against IC1 for either endoglin vaccine compared to the control vaccine Lm-LLO-
NY-ESO-1 was observed, spreading to EC1 and EC2 using the Lm-LLO-CD105A vaccine was
witnessed (Figure 65).

[0566] Tumors from the mice were examined for antigen-specific infiltrating T-cells, from which
the splenocytes were harvested for HER-2/neu and gp70 specific T cells using FACS and tetramer
analysis. Significant increases in EC1, EC2 and AH1 specific T cells in tumors were observed, and
modest increases in IC1 specific T cells, from Lm-LLO-CD105 vaccinated mice compared to those
vaccinated with Lm-LLO-NY-ESO-1 were also observed (Figure 66).

EXAMPLE 37
STUDIES ON THE USE OF LM-LLO-CD105A AND B TO IMPACT ON THE
GROWTH OF THE HER-2/NEU POSITIVE BREAST TUMOR NT2 DERIVED FROM
THE FVB HER-2/NEU TRANSGENIC MOUSE

[0567] The endoglin vaccines were tested in other breast tumor model in the FVB mouse using

the transplantable HER-2/neu tumor NT2. Further, 1 x 10° tumor cells were implanted sub-
cutaneously in FVB mice and they were immunized with Lm-LLO-CD105 A and B on days 4, 11
and 18, with 2 x 10® cfu of each vaccine. Lm-LLO-NY-ESO-1 was used as the control vaccine. Both
vaccines significantly impacted tumor growth (Figure 67) and at day 60, 50% of the mice
immunized with Lm-LLO-CD105A were tumor free and 25% of the mice vaccinated with Lm-
LLO-CD105B were tumor free compared to none in the unvaccinated group or the group vaccinated
with Lm-LLO-NYESOI.
EXAMPLE 38: SITE-DIRECTED MUTAGENESIS OF THE LLO CHOLESTEROL.-
BINDING DOMAIN

[0568] Site-directed mutagenesis was performed on LLO to introduce inactivating point

mutations in the CBD, using the following strategy. The resulting protein is termed “mutLLO™:
Subcloning of LLO into pET29b
[0569] The amino acid sequence of wild-type LLO is:
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[0570] MKKIMLVFITLILVSLPIAQOTEAKDASAFNKENSISSVAPPASPPASPKTPIEKKH
ADEIDKYIQGLDYNKNNVLVYHGDAVTNVPPRKGYKDGNEYIVVEKKKKSINQNNADI
QVVNAISSLTYPGALVKANSELVENQPDVLPVKRDSLTLSIDLPGMTNQDNKIVVKNAT
KSNVNNAVNTLVERWNEKYAQAYSNVSAKIDYDDEMAYSESQLIAKFGTAFKAVNNS
LNVNFGAISEGKMQEEVISFKQIYYNVNVNEPTRPSRFFGKAVTKEQLQALGVNAENPP
AYISSVAYGRQVYLKLSTNSHSTKVKAAFDAAVSGKSVSGDVELTNIIKNSSFKAVIYGG
SAKDEVQIIDGNLGDLRDILKKGATFNRETPGVPIAYTTNFLKDNELAVIKNNSEYIETTS
KAYTDGKINIDHSGGYVAQFNISWDEVNYDPEGNEIVQHKNWSENNKSKLAHFTSSIYL
PGNARNINVYAKECTGLAWEWWRTVIDDRNLPLVKNRNISIWGTTLYPKYSNKVDNPIE
(SEQ ID NO: 123). The signal peptide and the cholesterol-binding domain (CBD) are
underlined, with 3 critical residues in the CBD (C484, W491, and W492) in bold-italics.

[0571] A 6xHis tag (HHHHHH) was added to the C-terminal region of LLLO. The amino acid

sequence of His-tagged LLO is:
MKKIMLVFITLILVSLPIAQOTEAKDASAFNKENSISSVAPPASPPASPKTPIEKKHADEID
KYIQGLDYNKNNVLVYHGDAVTNVPPRKGYKDGNEYIVVEKKKKSINQNNADIQVVN
AISSLTYPGALVKANSELVENQPDVLPVKRDSLTLSIDLPGMTNQDNKIVVKNATKSNV
NNAVNTLVERWNEKYAQAYSNVSAKIDYDDEMAYSESQLIAKFGTAFKAVNNSLNVN
FGAISEGKMQEEVISFKQIYYNVNVNEPTRPSRFFGKAVTKEQLQALGVNAENPPAYISS
VAYGRQVYLKLSTNSHSTKVKAAFDAAVSGKSVSGDVELTNIKNSSFKAVIYGGSAKD
EVQIIDGNLGDLRDILKKGATENRETPGVPIAYTTNFLKDNELAVIKNNSEYIETTSKAYT
DGKINIDHSGGYVAQENISWDEVNYDPEGNEIVQHKNWSENNKSKLAHFTSSIYLPGNA
RNINVYAKECTGLAWEWWRTVIDDRNLPLVKNRNISIWGTTLYPKYSNKVDNPIEHHH
HHH (SEQ ID NO: 124).

[0572] A gene encoding a His-tagged LLO protein was digested with Ndel/BamHI, and the

Ndel/BamHI was subcloned into the expression vector pET29b, between the Ndel and BamHI
sites. The sequence of the gene encoding the LLO protein is:

[0573] catatgaaggatgcatctgcattcaataaagaaaattcaatttcatccgtggecaccaccagceatctccgectgecaagtectaagac

gccaatcgaaaagaaacacgcggatgaaatcgataagtatatacaaggattggattacaataaaaacaatgtattagtataccacggagatg

cagtgacaaatgtgccgccaagaaaaggttacaaagatggaaatgaatatattgttgtggagaaaaagaagaaatccatcaatcaaaataat

gcagacattcaagttgtgaatgcaatttcgagectaacctatccaggtgctctcgtaaaagegaattcggaattagtagaaaatcaaccagatg

ttctccetgtaaaacgtgattcattaacactcageattgatttgeccaggtatgactaatcaagacaataaaatagttgtaaaaaatgecactaaat
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caaacgttaacaacgcagtaaatacattagtggaaagatggaatgaaaaatatgctcaagcttattcaaatgtaagtgcaaaaattgattatgat
gacgaaatggcttacagtgaatcacaattaattgcgaaatttggtacagcatttaaagetgtaaataatagettgaatgtaaacttcggcgeaat
cagtgaagggaaaatgcaagaagaagtcattagttttaaacaaatttactataacgtgaatgttaatgaacctacaagaccttccagatttttcg
gcaaagctgttactaaagagcagttgcaagecgcettggagtgaatgcagaaaatcetectgecatatatctcaagtgtggcgtatggecgtcaag
tttatttgaaattatcaactaattcccatagtactaaagtaaaagetgcttttgatgctgccgtaageggaaaatctgtctcaggtgatgtagaact
aacaaatatcatcaaaaattcttccttcaaagccgtaatttacggaggttccgcaaaagatgaagttcaaatcatcgacggcaacctcggaga
cttacgcgatattttgaaaaaaggcgctacttttaatcgagaaacaccaggagttcccattgcttatacaacaaacttcctaaaagacaatgaatt
agctgttattaaaaacaactcagaatatattgaaacaacttcaaaagcttatacagatggaaaaattaacatcgatcactctggaggatacgttg
ctcaattcaacatttcttgggatgaagtaaattatgatcctgaaggtaacgaaattgttcaacataaaaactggagcgaaaacaataaaagcaa

gctagetcatttcacatcgtecatctatttgectggtaacgcgagaaatattaatgtttacgctaaagaafgeactggtttagettgogoaarggtg

gagaacggtaattgatgaccggaacttaccacttgtgaaaaatagaaatatctccatctggggcaccacgctttatccgaaatatagtaataaa

gtagataatccaatcgaacaccaccaccaccaccactaataaggatcc (SEQ ID NO: 125). The underlined

sequences are, starting from the beginning of the sequence, the Ndel site, the Nhel site, the CBG-
encoding region, the 6x His tag, and the BamHI site. The CBD resides to be mutated in the next
step are in bold-italics.

Splicing by Overlap Extension (SOE) PCR

[0574] Step 1: PCR reactions #1 and #2 were performed on the pET29b-LLO template. PCR
reaction #1, utilizing primers #1 and #2, amplified the fragment between the Nhel site and the
CBD, inclusive, introducing a mutation into the CBD. PCR reaction #2, utilizing primers #3 and
#4, amplified the fragment between the CBD and the BamHI site, inclusive, introducing the same
mutation into the CBD (Figure 69A).

[0575] PCR reaction #1 cycle: A) 94°C 2min30sec, B) 94°C 30sec, C) 55°C 30sec, D) 72°C
Imin, Repeat steps B to D 29 times (30 cycles total), E) 72°C 10min.

[0576] PCR reaction #2 cycle: A) 94°C 2min30sec, B) 94°C 30sec, C) 60°C 30sec, D) 72°C
Imin, Repeat steps B to D 29 times (30 cycles total), E) 72°C 10min.

[0577] Step 2: The products of PCR reactions #1 and #2 were mixed, allowed to anneal (at the
mutated CBD-encoding region), and PCR was performed with primers #1 and #4 for 25 more
cycles (Figure 8B). PCR reaction cycle: A) 94°C 2min30sec, B) 94°C 30sec, C) 72°C 1min,
Repeat steps B to C 9 times (10 cycles total), Add primers #1 and #4, D) 94°C 30sec, E) 55°C
30sec, F) 72°C 1min, Repeat steps D to F 24 times (25 cycles total), G) 72°C 10min.

[0578] Primer sequences:
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[0579] Primer 1: GCTAGCTCATTTCACATCGT (SEQ ID NO: 126; Nhel sequence is
underlined).

[0580] Primer 2:
TCTTGCAGCTTCCCAAGCTAAACCAGTCGCTTCTTTAGCGTAAACATTAATATT (SEQ

ID NO: 127; CBD-encoding sequence is underlined; mutated codons are in bold-italics).

[0581] Primer 3:
GAAGCGACTGGTTTAGCTTGGGAAGCTGCAAGAACGGTAATTGATGACCGGAAC
(SEQ ID NO: 128; CBD-encoding sequence is underlined; mutated codons are in bold-italics).
[0582] Primer 4: GGATCCTTATTAGTGGTGGTGGTGGTGGTGTTCGATTGG (SEQ ID NO:

129; BamHI sequence is underlined).

[0583] The wild-type CBD sequence is ECTGLAWEWWR (SEQ ID NO: 130).

[0584] The mutated CBD sequence is EATGLAWEAAR (SEQ ID NO: 131).

[0585] The sequence of the mutated Nhel-BamHI fragment is

[0586] GCTAGCTCATTTCACATCGTCCATCTATTTGCCTGGTAACGCGAGAAATATTA

ATGTTTACGCTAAAGAAGCGACTGGTTTAGCTTGGGAAGCTGCAAGAACGGTAATTG
ATGACCGGAACTTACCACTTGTGAAAAATAGAAATATCTCCATCTGGGGCACCACGC
TTTATCCGAAATATAGTAATAAAGTAGATAATCCAATCGAACACCACCACCACCACC
ACTAATAAGGATCC (SEQ ID NO: 132).

EXAMPLE 39: REPLACEMENT OF PART OF THE LLO CBD WITH A CTL EPITOPE

[0587] Site-directed mutagenesis was performed on LLO to replace 9 amino acids (AA) of the
CBD with a CTL epitope from the antigen NY-ESO-1. The sequence of the CBD (SEQ ID NO:
130) was replaced with the sequence ESLLMWITQCR (SEQ ID NO: 133; mutated residues
underlined), which contains the HLA-A?2 restricted epitope 157-165 from NY-ESO-1, termed
“ctLLO.”

[0588] The subcloning strategy used was similar to the previous Example.

[0589] The primers used were as follows:

[0590] Primer 1: GCTAGCTCATTTCACATCGT (SEQ ID NO: 126; Nhel sequence is
underlined).

[0591] Primer 2:
TCTGCACTGGGTGATCCACATCAGCAGGCTTTCTTTAGCGTAAACATTAATATT (SEQ
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ID NO: 134; CBD-encoding sequence is underlined; mutated (NY-ESO-1) codons are in bold-
italics).

[0592] Primer 3:
GAAAGCCTGCTGATGTGGATCACCCAGTGCAGAACGGTAATTGATGACCGGAAC

(SEQ ID NO: 135; CBD-encoding sequence is underlined; mutated (NY-ESO-1) codons are in
bold-italics).

[0593] Primer 4: GGATCCTTATTAGTGGTGGTGGTGGTGGTGTTCGATTGG (SEQ ID NO:
129; BamHI sequence is underlined).

[0594] The sequence of the resulting Nhel/BamHI fragment 1is as follows:
GCTAGCTCATTTCACATCGTCCATCTATTTGCCTGGTAACGCGAGAAATATTAATGTT
TACGCTAAAGAAAGCCTGCTGATGTGGATCACCCAGTGCAGAACGGTAATTGATGAC
CGGAACTTACCACTTGTGAAAAATAGAAATATCTCCATCTGGGGCACCACGCTTTAT
CCGAAATATAGTAATAAAGTAGATAATCCAATCGAACACCACCACCACCACCACTA
ATAAGGATCC (SEQ ID NO: 136).

EXAMPLE 40: ANTI-TUMOR EFFICACY OF A DUAL CHER2-CA9 LISTERIA
VACCINE ON THE GROWTH OF 4T1 TUMORS IMPLANTED IN THE MAMMARY
GLANDS OF BALB/C MICE.

[0595] Experimental Details:

[0596] A recombinant Lm (L.mddA-cHer2/CA9) was generated. This Lm strain expresses and
secretes a chimeric Her2 (cHer2) protein chromosomally as fusion to genomic Listeriolysin O
(LLO) and a fragment of human Carbonic Anhydrase 9 (CA9) using a plasmid as fusion to
truncated LLO (tLLO), to multiply target tumor cells.

Group 4T1 Tumor Vaccine Dose Vaccine Measurement
Implantation 1 (1X108 CFU) Boost (1X108 Dates
(7x10%) CFU)
Naive - PBS 1/9/12 1/12/12 1/19/12 1/13/12,
1720712, 1/27/12,
1/30/12
LmddA-PSA 1/9/12 1/12/12 1/19/12 1/13/12,
1720712, 1/27/12,
1/30/12
LmddA- 1/9/12 1/12/12 1/19/12 1/13/12,
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cHER2 1720712, 1/27/12,
1/30/12
LmddA-CA9 1/9/12 1/12/12 1/19/12 1/13/12,
1720712, 1/27/12,
1/30/12
LmddA- 1/9/12 1/12/12 1/19/12 1/13/12,
cHER2-CA9 1720712, 1/27/12,
1/30/12

[0597] Vaccine titers:

LmddA-PSA - 6.5x10®
LmddA-CA9 — 1.4x10'°
LmddA-cHER?2 — 1.05x10°

Dual cHer2-CA9 (LmddA)- 1.5x10°

[0598] Experimental Protocols:

[0599] 4T1 cells were grown in RPMI containing 10% FBS, 2mM L-Glu, 1.5g/L. sodium
bicarbonate, 4.5g/L. glucose, 1mM sodium pyruvate, and 10mM HEPES. On the day of injection,
cells were trypsinized then washed 2X in PBS. Cells were counted and resuspended at 7 x 10°

cells/50ul.

[0600] Tumors were implanted in the mammary glands of each of the mice. There are 16 mice
per group. The mice were vaccinated 3 days later. On day 4, 4 mice in each group were
euthanized and examined for tumor growth. Mice were given the boost of each vaccine on day
10. On day 11, 4 mice in each group were euthanized and tumors were measured. On day 18, 4-5
mice in each group were euthanized and tumors were measured. On day 21, the remaining mice

in each group were euthanized and the tumors were measured.
Results

[0601] On day 4, the tumors are barely palpable, so no measurements were made.
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2- Day 11 : : : : : :
PBS Average |PSA PSA Average |CA9 CA9 Average |HER2 Her2 Average |Dual Dual Average
3.915]3.99%%2.73 3.36{1.3x2.1 1.72.3x3.2 2.75 0 0
1.75(3.58x4.91 4.245(3.3x4.1 3.7[1.3x3.2 2.25 0 0
2.8/1.93x2.3 2.115(2.2x3.1 2.65(2.1x2.2 2.15[1.1x1.3 1.2
2.15{2.2x3.1 2.652.2x1.4 1.8[1.2x3.1 2.15[2.1x3.2 2.65
2.65 3.09 2.46 2.33 0.96
PBS Average |PSA PSA Average |CA9 CA9 Average |HER2 Her2 Average |Dual Dual Average
,6.1x1.94 9.465)5.8x11.12 8.46|4.18x3.49, 2.75x3.34 6.88|4.74x6.34 5.54(5.24x4.59 4.915
6 7.2716.02x7.5, 3.54x6.74 11.9(5.72x7.23 6.475|3.73x7.34 5.5354.92x4.87 4.895
, 2.63x5.21 11.335]5.06x7.18, 3.72x3.44 9.7|14.08x7.64 5.86(2.97x5.34 4.155)3x5.55 4.275
6.6459.17x10.49 9.83]4.08x3.54 3.81]7.41x5.05 6.23|2.89x6.73, 2.87x4.37 8.43
, 5%2.6 10.375[1 found dead 1found dead 5.7%x5.95 5.8252.82x5.27 4,045
9.018 9.9725 5.76 5.42 5.312

2- Day 21 ; : : : : :
PBS Average |PSA PSA Average |CA9 CA9 Average |Her2 Her2 Average |Dual Dual Average
2.4x6.31 11.615]7.53x10.63 9.08|4.86x9.68 7.24(8.72x10.78, 1.3x2.41 11.605]4.12x6.18 5.15
2 8.945)8.38x11.61 9.995(5.03x8.38 6.705(6.8x5.91 6.355|4.76x6.36 5.56

ead 8.66x9.41 9.035|1found dead 1 found dead 1found dead

10.28 9.37 6.97 8.98 5.355

[0602] The numbers show that the dual vaccine (recombinant Listeria expressing two
heterologous antigens) initially (day 11) has a large impact on the tumor mass (Figure 70). Two
of the mice euthanized had no tumors and the others were smaller than the control and around the
size of the mono-CA9 and cHER?2 vaccinated mice. By day 18, multiple tumors can be measured
in some of the mice in several of the groups. The PBS and PSA control mice have much larger
tumors than the mono-CA9 and cHER?2 or the dual vaccine groups. The dual vaccine group has
one outlier with a large tumor burden, otherwise the average for that group would have been the
smallest. The experiment was terminated early as the mice in several groups were looking very
sick and had been dying. However, at the last measurement, the mice in the dual vaccine group
had the smallest tumors (Figure 70). This may be due to the level of control on tumor growth

that was seen early on.

[0603] In conclusion, the dual vaccine shows an initial level of tumor control in the 4T1 model
that is higher than levels achieved with the mono-vaccines or the control mice as the dual vaccine

groups have the smallest tumor burden at the end of the experiment (see Figure 70).
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[0604] The preceding examples are presented in order to more fully illustrate the embodiments of
the invention. They should in no way be construed, however, as limiting the broad scope of the

invention.

EXAMPLE 41: DEVELOPMENT OF A RECOMBINANT L. MONOCYTOGENES
VECTOR WITH ENHANCED ANTI-TUMOR ACTIVITY BY CONCOMITANT
EXPRESSION AND SECRETION OF LLO-PSA AND TLLO-HMW-MA A ;60-2258

FUSION PROTEINS, ELICITING IMMUNE RESPONSES TO BOTH
HETEROLOGOUS ANTIGENS.

Materials and Methods:

[0605] Construction of the pADV168 plasmid. The HMW-MAA-C fragment is excised from
a pCR2.1-HMW-MAA3160-2258 plasmid by double digestion with Xhol and Xmal restriction
endonucleases. This fragment is cloned in the pADV134 plasmid already digested with Xhol and
Xmal to excise the E7 gene. The pADV168 plasmid is electroporated into electrocompetent the

dal® dat” E. coli strain MB2159 and positive clones screened for RFLP and sequence analysis.

[0606] Construction of Lmdd-143/168, LmddA-143/168 and the control strains LmddA-168,
Lmdd-143/134 and LmddA-143/134. Lmndd, Lmdd-143 and LmddA-143 is transformed with
either pADV168 or pADV 134 plasmid. Transformants are selected on Brain-Heart Infusion-agar
plates supplemented with streptomycin (250 pg/ml) and without D-alanine (BHIs medium).
Individual clones are screened for LLO-PSA, tLLO-HMW-MAA 1602258 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 vifro 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 i.p to a group of 4 mice at 1x10°
CFU/mouse. Spleens are harvested on days 1 and 3, homogenized and plated on BHIs-agar
plates. After the first passage, one colony from each strain is selected and passaged in vivo for a
second time. To prevent further attenuation of the vector, to a level impairing its viability,
constructs in two vectors with distinct attenuation levels (Lmdd-143/168, LmddA-143/168) are

generated.

173



WO 2015/126921 PCT/US2015/016348

[0607] Construction of Listeria strain engineered to express and secrete two antigens as
fusion proteins, LmddA244G. The antigen Her2 chimera was genetically fused to the genomic
Listeriolysin O and the second antigen HMW-MAA-C (HMC) was fused to a truncated
Listeriolysin O in the plasmid (Fig. 71 A). The secretion of fusion proteins LLO-ChHer2 and
tLLO-HMC were detected by western blot using anti-LLLO and anti-FLAG antibodies
respectively (see Fig. 71B).

[0608] Hemolytic assay. To determine the ability of genomic LLO to cause phagolysosomal
escape a hemolytic assay was performed using secreted supernatant of control wild type 104035

and LmddA244G-168 and sheep red blood cells as target cells.

[0609] Imn vitro intracellular replication in J774 cells. An in vitro intracellular growth assay
was perfromed using a murine macrophage-like J774 cell line. Briefly, J774 cells were infected
for 1 hour in medium without antibiotics at MOI of 1:1 with either one of the mono vaccines
(LmddA164 and LmddA168) or bivalent immunotherapy. At 1 h post-infection, cells were
treated with 10 pg/ml of gentamicin to kill extracellular bacteria. Samples were harvested at
regular time intervals and cells lysed with water to quantify the number of intracellular CFU.
Ten-fold serial dilutions of the lysates are plated in duplicates on BHI plates and colony-forming

units (CFU) were counted in each sample.

[0610]  In vivo virulence studies. Groups of four C57BL/6 mice (7 weeks old) are injected i.p.
with two different doses (1 x 10% and 1 x 10° CFUs/dose) of Lmdd-143/168, LmddA-143/168,
LmddA-168, Lmdd-143/134 or LmddA-143/134 strains. Mice are followed-up for 2 weeks for
survival and LDsg estimation. An LDsy of >1 x 10® constitutes an acceptable value based on

previous experience with other Lm-based vaccines.
RESULTS

[0611] Once the pADV168 plasmid is successfully constructed, 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 construct. 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.
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[0612] A recombinant Lm (LmddA-cHer2/HMC) was generated. This Lm strain expresses and
secretes a chimeric Her2 (cHer2) protein chromosomally as fusion to genomic Listeriolysin O
(LLO) and a fragment of HMW-MAA;60-2058 (also named HMW-MAA C or HMC) using a
plasmid as fusion to truncated LLO (tLLO), to target tumor cells and tumor vasculature
concomitantly referred as LmddA244G-168. The expression and secretion of both the fusion
proteins tLLO-HMC and LLO-cHer2 from LmddA244G-168 was detected by western blot using
anti-FLAG and anti-LLO specific antibodies (Fig. 71B). Furthermore, the vaccine LmddA244G-
168 was passaged twice in vivo in mice to stabilize the virulence of LmddA-244G and to confirm
that it retained the expression of recombinant fusion proteins (Fig. 71B). The vaccine
LmddA244G-168 retained its ability to express and secrete both the fusion proteins, tLLO-HMC

and LLO-cHer2 after two in vivo mice passages.

[0613] The strain LmddA244G-168, expresses chromosomal LLO as fusion protein LLO-
cHer2 which may impact the functional ability of LLO to cause phagolysosomal escape. To
determine this hemolytic assay was performed using secreted supernatant of control wild type
10403S and LmddA244G-168 and sheep red blood cells as target cells. As indicated in Figure
72A, there was a 1.5 fold reduction in the hemolytic ability of LmddA244G-168 when compared
to wild type highly virulent Lm strain 10403S.

[0614] Additionally, to examine if the expression of fusion protein LLLO-cHer2 did not cause
any deleterious effect on the ability of LmddA-cHer2/HMC to infect macrophages and its
intracellular growth, a cell infection assay was performed using mouse macrophage like cells
J774. The results as specified in Fig. 72B showed that intracellular growth behavior of different
Listeria-based immunotherapies expressing either single or dual antigens were similar
suggesting that the co-expression of two antigens did not cause any change in the ability of

LmddA244G-168 to present target intracellular proteins for immunological responses.

EXAMPLE 42: Detection of immune responses and anti-tumor effects elicited upon
immunization with Lmdd-244G/168.
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[0615] Immune responses to cHer2 and HMW-MAA are studied in mice upon immunization
with Lmdd-244G-168 strain using standard methods, such as detection of IFN-y production
against these antigens. The therapeutic efficacy of dual-expression vectors are tested in the NT2

breast tumor model.

[0616] IFN-y ELISpot. We evaluated the ability of bivalent immunotherapy to generate
immune responses specific for the two antigens Her2 and HMW-MAA in FvB mice. Mice
(3/group) were immunized with different immunotherapies such as LmddA134 (Lm-control),
LmddA164 and LmddA244G/168 on day O and boosted on day 14. Her2/neu specific immune
responses were detected in the spleens harvested on day 21. The IFN-y ELispot assay was done
according to the kit instructions and spleen cells were stimulated with peptide epitope specific for

the intracellular region (RLLQETELV) (SEQ ID NO. 76).

[0617] IFN-y ELISA. The generation of HMW-MAA-C specific immune responses in the
splenocytes of immunized mice was determined by stimulating cells with HMA-MAA-C protein

for 2 days. The IFN-v release was detected by ELISA performed using mouse interferon-gamma
ELISA kit.

[0618] Anti-tumor efficacy. The antitumor efficacy was examined using mouse NT2 breast
tumor model. FvB mice were implanted with 1 x 10° NT2 cells on day 0 and established tumors
on right flank were treated starting day 6 with three immunizations at weekly intervals with
different immunotherapies. Tumors were monitored twice a week until the end of the study. Mice

were euthanized if the tumor diameter was greater than 1.5 cm.

RESULTS

[0619] Next, the anti-tumor therapeutic efficacy of LmddA244G was examined using mouse
NT2 breast tumor model. The FvB mice bearing established NT2 tumors on right flank were
treated with three immunizations at one week interval with different immunotherapies expressing
either mono antigens LmddA164 (ChHer2), LmddA168 (HMC) or bivalent immunotherapy
LmddA244G-168. Treatment with both mono- and bivalent-immunotherapy caused a reduction

of NT2 tumor as indicated in Figure 73A and 73C. However, a stronger impact on the control of
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NT2 tumor growth was observed after treatment with bivalent-immunotherapy. Additional
analysis on the percent tumor free mice in each group confirmed that treatment with bivalent
immunotherapy generated maximum tumor-free mice (70 %) when compared to mono-
immunotherapy (less than 40 %) treated groups. These observations support that targeting two
antigens concurrently using Listeria monocytogenes as vector for therapy resulted in enhanced

anti-tumor efficacy.

[0620] The ability of bivalent immunotherapy was evaluated to generate immune responses
specific for the two antigens Her2 and HMW-MAA in FvB mice. Mice were immunized with
different immunotherapies such as LmddAl134 (irrelevant control), LmddA164 and
LmddA244G/168 on day O and boosted on day 14. Her2/neu specific immune responses were
detected using an ELISpot based assay using peptide epitope specific for intracellular region.
Both mono and bivalent —immunotherapy expressing Her2 generated comparable levels of

immune responses detected using ELISpot-based assay (see Figure 74).

[0621]  The generation and for HMW-MAA-C specific immune responses in the splenocytes of
immunized mice was detected using ELISA. The expression of tumor antigen from Lm using
either single copy (mono immunotherapy) or multicopy (bivalent immunotherapy) based

expression generates comparable level of antigen-specific immune responses (see Figure 74).

EXAMPLE 43: Anti-tumor efficacy of a dual cHER2- HMW-MAA Listeria vaccine on

the growth of 4T1 tumors implanted in the mammary glands of Balb/c mice.
[0622] Experimental Details:

[0623] A recombinant ILm (L.mddA-cHer2/HMW-MAA) was generated. This Lm strain
expresses and secretes a chimeric Her2 (cHer2) protein chromosomally as fusion to genomic
Listeriolysin O (LLO) and high molecular weight melanoma associated antigen (HMW-MAA)
using a plasmid as fusion to truncated LLO (tLLO), to multiply target tumor cells.

[0624] Table 4

177



WO 2015/126921 PCT/US2015/016348

4T1-HMW- Immunotherapy
Groups MAA Tumor Dose Dose 2 Dose Measureme
P Implantation | 1 (1x10® (1x10® 3 (1x10® nt Dates
(1x10%) CFU) CFU) CFU)

Naive - PBS Day 0 Day Day 8 Day 1X/ Week
1 15

cHer2 Day O Day Day 8 Day 1X/ Week
1 15

HMW-MAA Day O Day Day 8 Day 1X/ Week
1 15

cHer2/HMW- Day O Day Day 8 Day 1X/ Week
MAA 1 15

[0625] Vaccine titers:

LmddA-PSA - 6.5x10®
LmddA-HMW-MMA — 1.4x10'°
LmddA-cHER?2 — 1.05x10°

Dual cHer2- HMW-MMA (LmddA)- 1.5x10°

[0626] Experimental Protocols:

[0627] 4T1 cells were grown in RPMI containing 10% FBS, 2mM L-Glu, 1.5g/L sodium
bicarbonate, 4.5g/L glucose, ImM sodium pyruvate, and 10mM HEPES. On the day of injection,
cells were trypsinized then washed 2X in PBS. Cells were counted and resuspended at 7 x 10°

cells/50ul.

[0628] Tumors were implanted in the mammary glands of each of the mice. There are 16 mice
per group. The mice were vaccinated 3 days later. On day 8, 4 mice in each group were
euthanized and examined for tumor growth. Mice were given the boost of each vaccine on day 8.
On day 15, 4 mice in each group were euthanized and tumors were measured. . Mice were given
another boost of each vaccine on day 15. On day 15, 21, 28 and 35, 4-5 mice in each group were
euthanized and tumors were measured. On days 42, the remaining mice in each group were

euthanized and the tumors were measured.

Results

[0629] The results are summarized in Figure 75. The graphs show that the dual vaccine
(recombinant Listeria expressing two heterologous antigens) has a large impact on the tumor

volume (Figure 75). The volumes of tumors in mice receiving bivalent therapy were smaller than
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both the control and the mono- HMW-MMA and cHER?2 vaccinated mice. The PBS and PSA

control mice have tumors that are comparable in volume to the mono- HMW-MMA and cHER2

groups.

[0630] In conclusion, the dual vaccine shows an initial level of tumor control in the 4T1 model
that is higher than levels achieved with the mono-vaccines or the control mice as the dual vaccine

groups have the smallest tumor burden at the end of the experiment (see Figure 75).

EXAMPLE 44: COMPARATIVE STUDY OF ANTI-TUMOR EFFICACY OF A DUAL
AND SEQUENTIAL CHER2- HMW-MAA LISTERIA VACCINE ON THE GROWTH
OF NT2 BREAST TUMOR MODEL.

[0631] Experimental Details:

[0632] The antitumor efficacy was examined using mouse NT2 breast tumor model. FvB mice
were implanted with 1 x 10° NT2 cells on day O and established tumors on right flank were
treated starting day 6 with three immunizations at weekly intervals with different
immunotherapies. Tumors were monitored twice a week until the end of the study. Mice were

euthanized if the tumor diameter was greater than 1.5 cm.

[0633] Table 5

NT2 Immunotherapy
G Tumor 5 Measurem
roups Implantation Doses (1x10° CFU) starting on Day ent Dates
(1x10%) 7
Naive- PBS Day 0 PBS; 5 doses; one week apart 2X/ Week
cHer2 Day 0 5 doses; one week apart 2X/ Week
HMW-MAA Day 0 5 doses; one week apart 2X/ Week
cHer2 + HMW- Day O 5 doses; one week apart 2X/ Week
MAA
Doses one week apart; 3 doses of
cHer2 followed by Day O cHer2 followed by 3 doses of HMW- 2X/ Week
HMW-MAA MAA
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RESULTS

[0634] The anti-tumor therapeutic efficacy of different listeria vaccine regiments was examined
using mouse NT2 breast tumor model. The FvB mice bearing established NT2 tumors on right
flank were treated with five immunizations of 1x10° at one week intervals with different
immunotherapies expressing either mono antigens LmddA164 (ChHer2), LmddA168 (HMC), or
combination of therapies expressing both antigens administered simultaneously (bivalent
therapy). In addition, a combination vs sequential therapy was carried out with different
immunotherapies expressing either mono antigens LmddA164 (ChHer2), LmddA168 (HMC), a
combination of therapies expressing both antigens administered simultaneously (bivalent
therapy), or a combination of sequential administration of each mono antigen (cHer2 followed by
HMW-MAA). In the latter, 3 weekly doses of LmddA164 (ChHer2) were administered and were
followed by 3 weekly doses of LmddA 168 (HMC). The results are summarized in Figure 76. All
the regiments caused approximately equivalent reduction of NT2 tumor volume as indicated in
Figure 76. These observations show that simultaneous or sequential administration of two

monovalent constructs was at least comparable to bivalent constructs in controlling tumor growth

(Fig. 76).

[0635] 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.
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CLAIMS

What is claimed is:

1) A method of inducing an immune response against a disease in a subject, the method
comprising the steps of :

a) Obtaining a biological sample from said subject,

b) Evaluating the expression of a predetermined number of biomarkers in said biological
sample,

¢) Administering to said subject a composition comprising a recombinant Listeria strain, said

strain comprising a nucleic acid sequence encoding at least one fusion protein,

1) wherein said fusion protein comprises a biomarker identified in said biological
sample,
ii) wherein said biomarker is associated with said disease,

1ii) wherein said biomarker is fused to a PEST-containing polypeptide,
iv) wherein each fusion protein within said Listeria comprises a different biomarker,
thereby inducing a multi-target anti-disease immune response in said subject; OR,
d) Administering to said subject a predetermined number of compositions each comprising a

recombinant Listeria strain, said strain comprising a nucleic acid sequence encoding fusion

protein,
1) wherein said fusion protein comprises a biomarker identified in said biological
sample,
ii) wherein said biomarker is associated with said disease,

ii1) wherein said biomarker is fused to a PEST-containing polypeptide; and,
iv) wherein each Listeria strain within each composition comprises a different
biomarker in said fusion protein,
v) thereby inducing a multi-target immune response against said disease in said subject.

2) The method of claim 1, wherein said disease is a congenital disease, and infectious disease, a
cancer or a tumor growth.
3) The method of claims 1-2, wherein said biomarker is detected in a biological sample obtained
from said subject prior to administering said Listeria-based vaccine.
4) The method of claim 3, wherein said biological sample is blood, tissue, DNA, RNA, sperm,

cerebro-spinal fluid, sputum or serum.
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5) The method of claims 1-4, further comprising the step of administering an alternate
composition or alternate form of a vaccine prior to, concurrently with, or following
administration of said Listeria-based vaccine.

6) The method of claim 6, wherein said alternate composition or alternate form of a vaccine is a
DNA vaccine encoding a fusion protein comprising a biomarker expressed in said biological
sample, a viral vector comprising said fusion protein, a virus-like particle comprising said fusion
protein, or a live recombinant non-Listeria bacterial vector expressing said fusion protein.

7) The method of claims 1-6, further comprising the step of administering an additional active
agent.

8) The method of claim 7, wherein said additional active agent is an immune checkpoint
inhibitor, an antibody or fragment thereof, a chimeric antigen receptor (CAR) T cell, or a
combination thereof.

9) The method of claims 1-8, further comprising the step administering a booster of said
composition or mixture of compositions.

10) The method of claims 1-9, further comprising the step administering a booster dose of said
alternate composition or alternate form of a vaccine.

11) The method of claims 1-12, wherein said predetermined number of biomarkers are one to ten
biomarkers, each different from the rest.

12) The method of claims 1-10, wherein said recombinant Listeria in said composition in 1.b)
comprises one to ten fusion proteins each comprising a different biomarker from the rest.

13) The method of claims 1-8, wherein said mixture of compositions comprises one to ten
compositions comprising said recombinant Listeria strain in 1.d).

14) The method of claims 1-13, wherein said PEST-containing peptide is an N-terminal
Listeriolysin O (LLO), a PEST-sequence, or an N-terminal ActA sequence.

15) The method of claims 1-14, wherein said Listeria strains comprise a genomic mutation or
deletion of the chromosomal dal/dat genes.

16) The method of claims 1-14, wherein said Listeria strains comprise a genomic mutation or a
deletion of the chromosomal actA gene.

17) The method of claim 1-14, wherein said Listeria strains comprise a genomic mutation or a
deletion of the chromosomal prfA gene.

18) The method of claims 1-17, wherein said nucleic acid sequence in said Listeria strains is

present in a stable extrachromosomal plasmid within said Listeria.
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19) The method of claim 18, wherein said plasmid comprises sequences that encode for
integration of the plasmid into the Listeria chromosome.

20) The method of claims 16-18, wherein said plasmid comprising a nucleic acid sequence that
encodes a protein that complements said genomic mutation or deletion in said dal/dat genes,
actA gene or said prfA gene in said Listeria.

21) The method of claims 1-20, wherein said biomarker is a tumor antigen.

22) The method of claim 21, wherein said tumor antigen is associated with the formation of or
proliferation of said tumor.

23) The method of claims 21, wherein said tumor antigen is expressed by a tumor or its
vasculature.

24) The method of any one of claims 1-23, wherein said method results in an increase of a CD8§
T-cell / T-regulatory cell suppressor ratio.

25) The method of any one of claims 1-24, wherein said method results in preventing the
recurrence of said disease.

26) The method of any one of claims 1-24, wherein said method results in treatment of said
disease.

27) The method of any one of claims 1-24, wherein said disease is a cancer or tumor growth.
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