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ABSTRACT 
The present invention is directed toward methods of increas­
ing the immune response to an antigen using TLRl/2 agonist 
and/or TLR7 agonist in combination with a T cell activating 
treatment, for example, a vaccine. In some aspects, the 
present invention provides methods of enhancing an anti­
tumor response comprising administering at least one 
TLRl/2 agonist and/or at least one TLR7 agonist in com­
bination with an immunotherapeutic agent. 
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TLR AGONISTS FOR REDUCING 
ACTIVATION-INDUCED PD-1 EXPRESSION 

ON T CELLS AND METHODS OF USE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This Application claims priority to U.S. Provi­
sional Application No. 62/432,999 filed on Dec. 12, 2016, 
which is incorporated by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] This invention was made with govermnent support 
under WSlXWH-15-1-0492 awarded by the ARMY/ 
MRMC. The govermnent has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] The field of the invention concerns improving the 
efficacy of immune responses to vaccines, particularly can­
cer vaccines. The invention also relates to new treatment for 
cancer by enhancing the immune response against cancer 
cells in combination with an immunotherapeutic agent. 
[0004] Toll-like receptors (TLRs) are a class of proteins 
that play a key role in the innate immune system. TLRs are 
usually expressed in sentinel cells, such as macrophages and 
dendritic cells, that recognize structurally-conserved mol­
ecules derived from microbes. Microbes that have made it 
past epithelial barriers (skin, etc.) are recognized by TLRs, 
which activate immune cell responses. The TLR proteins 
include TLRl, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, 
TLRS, TLR9, TLRl0, TLRll, TLR12, and TLR13, though 
the latter two are not found in humans. 
[0005] Current anti-cancer DNA vaccines are safe and 
immunologically effective, but would be still more effective 
if made to give rise to a stronger anti-tumor response and to 
require fewer administrations. Thus, many recent studies 
have sought to identify methods for increasing the efficiency 
of plasmid DNA gene transfer and/or immunogenicity of the 
DNA. Current methods for increasing the immunogenicity 
of anti-cancer DNA vaccines include artificially increasing 
target antigen affinity for the T cell receptor, targeting high 
affinity neo-antigens, and other methods to increase the 
number of T cells stimulated/activated upon vaccination. 
However, some of these approaches have had limited suc­
cess in increasing the immunogenicity in vivo and thus there 
is a need for other methods to increase the anti-tumor 
response. 

[0006] Prostate cancer is a significant health risk for men 
over 50, with about 200,000 newly diagnosed cases each 
year in the United States (Jemal A. et al., Cancer Statistics, 
2005 (2005) CA Cancer J Clin, 55:10-30). It is the most 
common tumor diagnosed among men and the second 
leading cause of male cancer-related death in the United 
States (Jemal et al., Cancer Statistics, 2003 (2003) CA 
Cancer J Clin, 53:5-26). Despite advances in screening and 
early detection, approximately 30% of patients undergoing 
definitive prostatectomy or ablative radiation therapy will 
have recurrent disease at 10 years (Oefelein et al., 1997, J 
Ural, 158:1460-1465). While immune checkpoint blockades 
have gained traction in treating many cancers, prostate 
cancer has been notoriously unaffected by this type of 
immunotherapeutic agent. 
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[0007] Therefore, the need to increase the immunogenicity 
of DNA vaccines by regulating the immune response and to 
increase the anti-tumor activity of the immune cells. Spe­
cifically, there is a need to overcome the low immunoge­
nicity of DNA vaccines toward cancers, including methods 
for increasing the CDS+ T cell response to tumor antigens. 

SUMMARY OF THE INVENTION 

[0008] The present invention overcomes the aforemen­
tioned drawbacks by providing improved responses to vac­
cines by administering TLR agonists, specifically TLRl/2 
agonist or TLR7 agonists, in combination with an immuno­
therapeutic agent, for example, a vaccine. 
[0009] In one aspect, a method of eliciting an anti-tumor 
response in a subject in need thereof is provided, the method 
comprising administering at least one TLRl/2 agonist or 
TLR7 agonist and an anti-tumor vaccine to the subject in an 
effective amount to elicit an anti-tumor response in said 
subject. 
[0010] In another aspect, the disclosure provides a method 
of increasing the immune response to an antigen, the method 
comprising administering at least one TLRl/2 agonist or 
TLR7 agonist and at least one vaccine directed to said 
antigen in a subject, wherein the immune response to said 
antigen is increased. 
[0011] In a further aspect, the present disclosure provides 
a method for increasing the efficacy of an immunotherapeu­
tic agent, comprising the steps of administering at least one 
TLRl/2 agonist or TLR7 agonist and at least one immuno­
therapeutic agent to a subject in need thereof, wherein the at 
least one TLRl/2 agonist or TLR7 agonist is administered in 
an amount effective to increase the efficacy of the immuno­
therapeutic agent as compared to treatment with the immu­
notherapeutic agent alone. 
[0012] In yet another aspect, the present disclosure pro­
vides kits for eliciting an anti-tumor response, the kit com­
prising: at least one TLRl/2 agonist or TLR7 agonist; and at 
least one cancer immunotherapeutic agent. 
[0013] In another aspect, the present disclosure provides 
compositions for eliciting an anti-tumor response. In some 
aspects, the composition comprises at least one TLRl/2 
agonist and/or at least one TLR7 agonist and at least one 
immunotherapeutic agent. 
[0014] The foregoing and other aspects and advantages of 
the invention will appear in the following description. In the 
description, reference is made to the accompanying draw­
ings which form a part hereof, and in which there is shown 
by way of illustration preferred embodiments of the inven­
tion. Such embodiments do not necessarily represent the full 
scope of the invention, however, and reference is made 
therefore to the claims and herein for interpreting the scope 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 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 pro­
vided by the Office upon request and payment of the 
necessary fee. 
[0016] FIG. lA. OT-1 transgenic splenocytes were treated 
with high affinity antigen in combination with Pam3CSK4 
(TLRl and 2 agonist) or Gardiquimod (TLR7 agonist) and 
levels of 4-lBB were used as a marker of T cell activation. 
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[0017] FIG. 1B. OT-1 transgenic splenocytes were treated 
with high affinity antigen in combination with Pam3CSK4 
(TLRl and 2 agonist) or Gardiquimod (TLR7 agonist) and 
PD-1 levels were assessed. 

[0018] FIG. lC. TLR2 or TLR7 agonist, when delivered 
with an anti-prostate tumor DNA vaccine in vivo, elicit 
greater anti-tumor responses. SSX2-expressing sarcoma 
tumor cells were implanted subcutaneously in HLA-A2 
transgenic mice. On the day following implantation, and 
then weekly, mice were immunized intradermally with a 
DNA vaccine encoding SSX2 (pTVG-SSX2, blue, 4, 5, 6), 
SSX-2 opt (pTVG-SSX2-opt, red, 7, 8, 9), an optimized 
epitope of SSX2 with high affinity for HLA-A2 known to 
increase PD-1 expression on antigen-specific CDS+ T cells, 
or control vector (pTVG4, green, 1, 2, 3). Immunizations 
were given alone, or with Pam3CSK4 (TLR2 agonist) or 
Gardiquimod (TLR7 agonist). Tumor growth over time was 
monitored. 

[0019] FIG. 2. Treatment of cells with a TLR agonist in 
combination with h T cell stimulation by an antigen affects 
PD-1 expression without affecting T cell activation. OT-1 
transgenic splenocytes were stimulated in vitro for up to 96 
hours with 2 µg/mL SIINFEKL peptide (SEQ ID NO: 1) in 
the presence of TLR agonists (Pam3=Pam3CSK4, TLRl/2 
agonist; PolyI:C=high molecular weight Poly(I:C), TLR3 
agonist; MPLAs=Monophosphoryl Lipid A from Salmo­
nella minnesota R595, TRL4 agonist; Gard=Gardiquimod, 
TLR7 agonist; R848=Resiquimod, TLR7/8 agonist; and 
ODN1826=CpG ODN, class B, TLR9 agonist). Cells were 
evaluated for T cell activation by 4-lBB expression (FIG. 2). 
Shown are the mean fluorescence intensity of cell surface 
receptor staining under each stimulation condition. 

[0020] FIG. 3. Levels of PD-1 expression on T cells 
stimulated with antigen in the presence of TLR agonists as 
described in FIG. 2. Shown are the mean fluorescence 
intensity of cell surface receptor staining under each stimu­
lation condition. 

[0021] FIG. 4. Levels of LAG-3 expression in T cells 
activated with antigen in the presence of TLR agonists as 
described in FIG. 2. Shown are the mean fluorescence 
intensity of cell surface receptor staining under each stimu­
lation condition. 

[0022] FIG. 5. OT-1 transgenic splenocytes were treated 
with high affinity antigen for Ovalbumin (OVA) in combi­
nation with Pam3CSK4 (TLRl and 2 agonist), Gardiquimod 
(TLR7 agonist), or no TLR agonist. The levels of various 
checkpoint markers or 4-lBB (evidencing T cell stimula­
tion) were assayed 

[0023] FIG. 6. OT-1 transgenic splenocytes were treated 
with high affinity antigen for OVA in combination with 
Pam3CSK4 (TLRl and 2 agonist), Gardiquimod (TLR7 
agonist) or no TLR agonist and the level of checkpoint 
marker BTLA was assayed. 

[0024] FIG. 7. OT-1 transgenic splenocytes were treated 
with high affinity antigen for OVA in combination with 
Pam3CSK4 (TLRl and 2 agonist), Gardiquimod (TLR7 
agonist) or no TLR agonist and the level of checkpoint 
marker VISTA was assayed. 
[0025] FIG. 8. OT-1 transgenic splenocytes were treated 
with high affinity antigen for OVA in combination with 
Pam3CSK4 (TLRl and 2 agonist), Gardiquimod (TLR7 
agonist) or no TLR agonist and the level of checkpoint 
marker CD160 was assayed. 
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[0026] FIG. 9. OT-1 transgenic splenocytes were treated 
with high affinity antigen for OVA in combination with 
Pam3CSK4 (TLRl and 2 agonist), Gardiquimod (TLR7 
agonist) or no TLR agonist and the levels of checkpoint 
marker CD244.2 was assayed. 
[0027] FIG. 10. Proposed Model for PD-1 expression and 
its role in anti-tumor activity following various T cell 
activation conditions. In the model, if a high affinity epitope 
activates T cells (as in blue), PD-1 expression is highest and 
persistent. These T cells are least active in a PD-LI-express­
ing environment, as they are most able to be inactivated 
upon interacting with the PD-Ll receptor. When lower 
affinity epitopes activate T cells, shown in red, the cells still 
express PD-1, but this expression is not as high and/or does 
not persist. If 
[0028] PD-Ll is prevented from binding the PD-1 
expressed on the T cell during this time, those T cells retain 
anti-tumor activity. The T cells with potentially greatest 
anti-tumor activity, represented in green, are activated T 
cells for which PD-1 expression or signaling is blocked at 
the time of T cell activation. The arrow represents the time 
of T cell activation by the T cell specific epitope. 
[0029] FIG. 11. Vaccine type can affect expression of 
T-cell checkpoint molecules on activated CDS+ T cells. 
OT-1 transgenic T cells were adoptively transferred into 
wild-type B6 mice. Mice were immunized intradermally 
with encoding vector containing a polynucleotide that 
encodes ovalbumin (OVA DNA) or with the vector lacking 
the ovalbumin-encoding polynucleotide as a control (DNA 
vector), intraperitoneally with Listeria monocytogenes (Lm) 
containing a vector that encodes ovalbumin (Lm-OVA)or 
Lm containing empty vector as a control (Empty Lm), 
subcutaneously with the SIINFEKL (SEQ ID NO: 1) peptide 
(OVA peptide) or non-specific peptide (NS peptide), or with 
the indicated combinations of the above. Two days later 
splenocytes were collected and the phenotype of OT-1 T 
cells was assessed via flow cytometry. Shown are the mean 
fluorescence intensity (MFI) of 4-18B, PD-1 and LAG-3 
surface expression on p103-specific tetramer+ CDS+ CD44+ 
T cells. Individual data points are from 5 mice per group, 
with mean and standard error shown. Asterisk indicates 
P<0.05. 
[0030] FIGS. 12A-12C. TLR stimulation at the time of 
T-cell activation in vitro affects expression of PD-1. Sple­
nocytes were prepared from the spleens of OT-1 mice and 
stimulated in vitro with the high-affinity SIINFEKL (SEQ 
ID NO:1) (A), the moderate-affinity SIINTEKL (SEQ ID 
NO:2) (B), or the low affinity SIINFEKP (SEQ ID NO:7) 
(C) peptides in the presence or absence of specific TLR 
agonists (TRLl/2 (Pam3CSK4), TRL3 (Poly I:C), TRL4 
(MPLAs), TRL7 (Gardiquimod), TRL7/8 (R848), or TRL9 
(ODN1826)). Shown are the MFI of 4-18B, PD-1 and 
LAG-3 on cells collected daily for 4 days. Asterisks indicate 
P<0.01, with each comparison made to stimulation with the 
SIINFEKL (SEQ ID NO: 1) peptide alone, and color corre­
sponding to the agent compared. Results are from one 
experiment, with samples assessed in triplicate, and are 
representative of four similar experiments. 
[0031] FIG. 13. The effect of TLRl/2, TLR7 and TLR9 
agonists is greatest on PD-1 following T-cell activation. 
OT-1 splenocytes were stimulated with either the OVA 
peptide (SIINFEKL, SEQ ID NO:1) or a non-specific pep­
tide control (NS), alone or in combination with the desig­
nated TLR agonists. At daily intervals up to 4 days, the cell 
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surface expression of multiple immune checkpoints (PD-1, 
LAG3, CTLA-4, TIM3, VISTA, CD244.2, TIGIT, and 
CD160) and 4-lBB was assessed by flow cytometry. Aster­
isks indicate P<0.01, with each comparison made to stimu­
lation with peptide alone, and color corresponding to the 
treatment group compared. Results are from one experiment, 
with samples assessed in triplicate, and are representative of 
two similar experiments. 

[0032] FIGS. 14A-14D. Changes in PD-1 expression fol­
lowing TLR stimulation are mediated by IL-12 secreted 
from APCs. Panel A: Purified OT-1 T cells (T), B cells (B), 
or dendritic cells (DC) were activated with SIINFEKL 
peptide (SEQ ID NO:1, OVA) or with a non-specific peptide 
(NS) in the presence of either TLRl/2 (TLRl/2) agonist, 
TLR7 agonist (TLR7), or media alone. After 24 hours, cells 
were washed and co-cultured with naive purified OT-1 
CDS+ T cells for an additional 24 hours and then assessed 
for expression of the indicated surface receptors (4-lBB, 
CD3, PD-1, LAG3, CTLA-4, and TIM3) by flow cytometry. 
Shown is the MFI for each marker, with samples assessed in 
triplicate. Panel B: Purified DC were stimulated in the 
presence ofTLRl/2 agonist, TLR7 agonist, or media alone. 
After 24 hours, media was collected and used for culture of 
purified OT-1 CDS+ T cells with naive DC in the presence 
of SIINFEKL peptide (SEQ ID NO: 1, OVA) or non-specific 
(NS) peptide. After 24 hours, cells were assessed for expres­
sion of the indicated surface receptors ( 4-18B, PD-1, LAG3, 
and CTLA-4) by flow cytometry. Shown is mean and 
standard error of the MFI for each marker, with samples 
assessed in triplicate. Panel C: Purified DC were stimulated 
in the presence of TLRl/2 agonist (Pam3), TLR3 agonist 
(PolyIC), TLR4 agonist (MPLA), TLR7/S agonists (Gard, 
RS4S), TLR9 agonist (ODN), or media only (none) for 24 
hours. Culture supernatant was then evaluated for the pres­
ence of IL12 p70 by ELISA. Asterisks indicate significant 
(p<0.05) IL-12 release compared to media alone. Panel D: 
Purified DC were stimulated in the presence of TLRl/2 
agonist, TLR7 agonist, or media alone. After 24 hours, 
medium was collected and used for culture of purified OT-1 
CDS+ T cells with naive DC in the presence of SIINFEKL 
peptide (SEQ ID NO:1, OVA) and, where indicated, 0.1 
ng/mL IL-12 or 0.12 µg/mL anti-IL-12 antibody. After 24 
hours, cells were assessed for expression of the indicated 
surface receptors (4-18B, PD-1, LAG3, and CTLA-4) by 
flow cytometry. Shown is mean and standard error of the 
MFI for each marker, with samples assessed in triplicate and 
are representative of two similar experiments. Asterisks 
indicate P<0.01. 

[0033] FIGS. lSA-15B. T-cells activated in the presence 
ofTLRl/2 or TLR7 ligands exhibit a gene expression profile 
consistent with enhanced effector function. OT-1 spleno­
cytes were activated for 24 or 72 hours in the presence of 
SIINFEKL (SEQ ID NO:1) peptide alone, or with TLRl/2 
or 7 ligands. CDS+ OT-1 T cells were then purified and 
evaluated for gene expression changes by RNAseq. Panel A: 
Venn diagrams showing the number of enriched GO-term 
expression with significantly increased (up) or decreased 
(down) expression following treatment with TLRl/2 
(TLR2) or TLR7 relative to SIINFEKL (SEQ ID NO:1) 
treatment alone. Results are from Gene Set Enrichment 
Analysis (GSEA) with a false discovery rate (FDR, esti­
mated probability that a gene set with a given NES repre­
sents a false positive finding) of <0.25. Panel B: Shown are 
gene expression changes, in the presence ofTLR agonist and 
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OVA peptide (SEQ ID NO: 1) versus OVA peptide alone, for 
individual genes associated with different T cell effector 
functions (green=increased expression, red=reduced expres­
sion). 
[0034] FIG. 16. TLR stimulation at the time of T-cell 
activation reduces expression of PD-1 in vivo. OT-1 T cells 
were adoptively transferred to naive C57BL/6 mice and 
immunized once with 100 µg OVA peptide (SEQ ID NO: 1) 
or OVA FT peptide (SEQ ID NO:2) or non-specific peptide 
(NS) one day later in the presence or absence of TRLl/2, 
TLR7, or TLR9 ligands. Splenocytes were collected from 
groups up to 14 days after immunization and evaluated for 
expression of 4-lBB, PD-1 and LAG-3 by flow cytometry. 
Shown are the MFI of 4-18B, PD-1 and LAG-3 on OT-1 
CDS+ T cells collected. Asterisks indicate P<0.01, with each 
comparison made to peptide alone, and color corresponding 
to the treatment group compared. Results are from one 
experiment, with N=5 mice/group, and are representative of 
two similar experiments. 
[0035] FIGS. 17 A-17C. Peptide immunization in the pres­
ence of TLRl/2 or TLR7 ligands, co-delivered as vaccine 
adjuvants, elicits greater anti-tumor immunity in vivo: Oval­
bumin-expressing E.G7 cells were implanted in C57BL/6 
mice and permitted to grow until palpable (-14 days). OT-1 
T cells were then adoptively transferred and mice were 
immunized the following day with SIINFEKL (SEQ ID 
NO:1, OVA peptide) or FT peptide alone, with TLRl/2 or 
TLR7 agonist, or in combination with 100 µg anti-PD-I 
antibody delivered the day following immunization. Panel 
A: Shown are the tumor growth curves (median+-standard 
error, n=5 mice per group). Results are from one experiment 
and are representative of two similar experiments. Panel B: 
Tumors obtained at necropsy were evaluated for the % of 
infiltrating CDS+ T cells among CD45+ cells (upper panel), 
and expression of PD-Ll on CD45-cells (lower panel). 
Panel C: Tumor-infiltrating CDS+ T cells were evaluated for 
4-lBB, PD-1 and LAG-3 expression by flow cytometry. 
Asterisks indicates P<0.05. 
[0036] FIG. 18. DNA immunization in the presence of 
TLRl/2 or TLR7 ligands elicits greater anti-tumor efficacy 
in vivo. HLA-A2-expressing transgenic mice were 
implanted with SSX-2-expressing tumor cells. After 2 days 
mice were immunized weekly with control vector (pTVG4), 
DNA encoding native SSX2 (pTVG-SSX2), or DNA encod­
ing high affinity HLA-A2 epitopes (pTVG-SSX2 opt) in the 
presence or absence ofTLRl/2 or TLR7 agonist. Shown are 
the growth curves for each group (n=6 animals per group). 
Asterisk indicates P<0.05. Results are representative of two 
independent experiments with 12 total mice per group. 
[0037] FIGS. 19A-19C. TLR stimulation at the time of 
T-cell activation with lower affinity epitopes in vitro affects 
expression of PD-1. OT-1 splenocytes were stimulated with 
either the moderate affinity SIINTEKL (SEQ ID NO:2) (A), 
the lower affinity SIINFEKP (SEQ ID NO:7) (B), or the low 
affinity SIINFEKY (SEQ ID NO:S) (C) peptides, alone or in 
combination with the designated TLR agonists. At daily 
intervals up to 4 days, expression of multiple immune 
checkpoints (PD-1, LAG3, CTLA-4, TIM3, VISTA, CD244. 
2, TIGIT, and CD160) and 4-18B was assessed by flow 
cytometry. Asterisks indicate: P<0.01. Results are from one 
experiment, with samples assessed in triplicate, and are 
representative of two similar experiments. 
[0038] FIG. 20. TLR stimulation at the time of T-cell 
activation in vitro affects expression of PD-1 that is not 
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affected by blockade of CDS0, CDS6, or OX40L. Spleno­
cytes were prepared from the spleens of OT-1 mice and 
stimulated in vitro with the SIINFEKL (SEQ ID NO: 1, 
OVA) peptide in the presence or absence of specific TLR 
agonists (TRLl/2 (Pam3CSK4) or TRL9 (ODN1S26), or 
blocking antibodies for OX40L (0.05 µg/mL), CDS0 (0.6 
µg/mL), or CDS6 (5 µg/mL). Shown is the MFI of PD-1 on 
CD3+CD4-CDS+ T-cells collected daily for 4 days. Aster­
isks indicate: P<0.01. Results are from one experiment, with 
samples assessed in triplicate, and are representative of two 
similar experiments. 
[0039] FIGS. 21A-21B. Changes in PD-1 expression fol­
lowing TLR stimulation are mediated by IL-12 secreted 
from APCs. Panel A: Purified B cells were stimulated in the 
presence ofTLRl/2 agonist, TLR7 agonist, or media alone. 
After 24 hours, media was collected and used for culture of 
purified OT-1 CDS+ T cells with naive B cells in the 
presence of SIINFEKL (SEQ ID NO:1, OVA) or non­
specific (NS) peptide. After 24 hours, cells were assessed for 
expression of the indicated surface receptors (4-lBB, PD-1, 
LAG-3, and CTLA-4) by flow cytometry. Shown is mean 
and standard deviation of the MFI for each marker, with 
samples assessed in triplicate. Panel B: Purified B cells were 
stimulated in the presence ofTLRl/2 agonist, TLR7 agonist, 
or media alone. After 24 hours, medium was collected and 
used for culture of purified OT-1 CDS+ T cells with naive 
DC cells in the presence of SIINFEKL peptide (SEQ ID 
NO:1, OVA) and, where indicated, 0.1 ng/mL IL-12 or 0.12 
µg/mL anti-IL-12 antibody. After 24 hours, cells were 
assessed for expression of the indicated surface receptors 
(4-18B, PD-1, LAGS, and CTLA-4) by flow cytometry. 
Asterisks indicate: P<0.01. Shown is mean and standard 
error of the MFI for each marker, with samples assessed in 
triplicate and are representative of two similar experiments. 
[0040] FIG. 22. TLRl/2 or TLR7 ligand adjuvants alone 
do not have significant anti-tumor efficacy in the absence of 
antigen-specific T-cell activation: Ovalbumin-expressing 
E.G7 cells were implanted in C57BL/6 mice and permitted 
to grow until palpable (-14 days). OT-1 T cells were then 
adoptively transferred and mice were immunized the fol­
lowing day with the OVA peptide (SIINFEKL, SEQ ID 
NO: 1) or non-specific (NS) peptide, alone or with TLRl/2 
(Pam3) or TLR7 (Gard) agonist. Shown are the tumor 
growth curves (median+/-standard error, n=5 animals per 
group). Asterisks indicate P<0.001 Results are from one 
experiment, with N=6 mice/group. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The present invention has been described in terms 
of one or more preferred embodiments, and it should be 
appreciated that many equivalents, alternatives, variations, 
and modifications other than those expressly stated are also 
possible and within the scope of the invention. 
[0042] The present disclosure is directed to the surprising 
finding that agonists of specific TLRs, specifically TLRl/2 
and TLR7, are able to increase the anti-antigen response, 
specifically the anti-tumor response, of activated immune 
cells (e.g., CDS+ T cells). This increased anti-tumor 
response reduces and inhibits tumor growth, and, in some 
cases, tumor ablation, in an in vivo cancer model. The 
inventors have found that when an immunotherapeutic agent 
such as a vaccine is administered in combination with a 
TLRl/2 agonist and/or a TLR7 agonist, antigen-specific 
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immune cells are activated and PD-1 expression in these 
activated immune cells is down-regulated and/or inhibited 
such that immune response to the antigen is enhanced. This 
result is specific to certain TLR agonists (e.g., TLRl/2 
agonist and TRL 7 agonist) and is not applicable to all TLR 
agonists. As shown in Table 1, tumors completely regressed 
in half of the mice treated with a DNA vaccine in combi­
nation with a TLRl/2 agonist or TLR7 agonist. 

[0043] Immunization using an anti-tumor DNA vaccine 
increases expression in tumor cells of PD-Ll, which is 
associated with subsequent development of tumor antigen­
specific IFNy secretion, in both animals and human patients. 
Without being bound by any theory, it is thought that, at least 
in some instances, increased PD-Ll expression inactivates 
activated and trafficked immune cells, and down-regulates 
cell-mediated immune responses. In other words, it is 
believed that when these high PD- I-expressing T cells reach 
tumor cells decorated with PD-Ll, these T cells are more 
likely to be deactivated than T cells expressing lower levels 
of PD-1, such that the cytotoxic immune response against 
the tumor cells is decreased. Such T cells include T cells that 
are activated by an enhanced antigen (i.e. antigen that have 
been modified to increase their affinity for a TCR) as these 
T cells express higher levels of PD-1. 

[0044] The anti-tumor response could be restored if vac­
cination was combined with PD-1/PD-Ll blockade. Id. 
However, anti-PD-I treatment has had limited success in 
vivo. The inventors have shown that blocking the PD-1 
pathway would beneficially improve immunogenicity of 
cancer vaccines and have also surprisingly found that 
TLRl/2 agonists and TLR7 agonists can reduce expression 
of PD-1 on activated immune cells and increase immune 
response to the target antigen. 

[0045] The inventors here show that TLR agonists reduce 
PD-1 expression in T cells and unexpectedly improve vac­
cine efficacy by increasing the immune response to the target 
antigen. The present disclosure provides methods for 
improving efficacy of vaccines, including cancer vaccines, 
and for improving anti-tumor responses, by administering 
TLR agonists, specifically TLRl/2 agonist and/or TLR7 
agonists in combination with an immunotherapeutic agent. 
Data obtained in a mouse model system demonstrates that 
pre-dosing a tumor with either a TLRl/2 agonist (e.g., 
Pam3CSK4) or TLR7 agonist (Gardiquimod) improved the 
tumor growth suppression after a DNA cancer vaccine was 
given to mice. Stimulation with TLR agonists led to an 
almost complete tumor growth suppression, significantly 
better than the effect seen in animals given the vaccine alone. 
These results are specific to TLRl/2 agonist and TLR7 
agonist, as other TLR agonists do not have such an effect on 
PD-1 expression or anti-tumor responses as demonstrated in 
the examples below. 

[0046] Including TLR agonists during stimulation of the 
immune system by a vaccine can ameliorate the anti-vaccine 
effect, resulting in greater T cell activation without increas­
ing expression of regulatory receptors, including PD-1 
(FIGS. lA, 1B). Using mouse models, the inventors dem­
onstrated that this combination results in greater anti-tumor 
efficacy when compared to the vaccine or agonists alone 
(e.g., FIGS. lC, 17 and 18). Thus treatment with TLR 
agonists combined with strategies to increase tumor-specific 
CDS+ T cells results in an increase in activated and unregu­
lated tumor-specific T cells that are less susceptible to 
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immune checkpoint mediated regulation, opening up the 
possibility for more effective cancer treatments. 
[0047] The methods provided herein comprise adminis­
tering at least one TLRl/2 agonist and/or at least one TLR7 
agonist in combination with at least one immunotherapeutic 
agent to a subject in order to improve the efficacy of the 
immunotherapeutic agent, improve, enhance and/or increase 
the immune response against a specific antigen or immuno­
gen, and/or increase the anti-tumor response in a subject. In 
some embodiments, a combination of at least one TLRl/2 
agonist and at least one TLR7 agonist are both administered 
to the subject. 
[0048] In some embodiments, the disclosure provides a 
method of increasing the immune response to an antigen, the 
method comprising administering at least one TLRl/2 or 
TLR7 agonist and at least one immunotherapeutic agent 
(e.g., vaccine) directed to said antigen in a subject, wherein 
the immune response to said antigen is increased. In some 
embodiments, the immune response is a cellular immune 
response, specifically a CDS+ T cell response. In some 
embodiments, the immune cells exhibit a PD-1 low pheno­
type. 
[0049] As used herein, the term PD-1 low phenotype refers 
to the level of expression of PD-1 on the surface of the 
immune cells ( e.g., CDS+ T cells). Specifically, PD-1 low 

phenotype refers to the level of PD-1 expression on the 
immune cells, as being low including no expression as 
determined by flow cytometry and fluorescence staining. In 
some embodiments, a majority of the activated immune cells 
are PD-1 low, where the majority is at least 55%, alternatively 
at least 65%, alternatively at least 70%, alternatively at least 
75%, alternatively at least SO%, alternatively at least 90%, 
alternatively at least 95% PD! 1ow, including any percentages 
in-between (e.g., at least 56%, 57%, 5S%, 59%, 60%, 61 %, 
62%, 63%, 64%, 65%, 66%, 67%, 6S%, 69%, 71%, 72%, 
73%, 74%, 75%, 76%, 77%, 7S%, 79%, SO%, SI%, S2%, 
S3%, S4%, S5%, S6%, S7%, SS%, S9%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 9S%, 99%, 100%). In a 
preferred embodiment, the majority is at least S5%, prefer­
ably at least 90%, PD-l1ow_ 
[0050] An "effective treatment" refers to treatment pro­
ducing a beneficial effect, e.g., amelioration of at least one 
symptom of a disease or cancer. A beneficial effect can take 
the form of an improvement over baseline, i.e., an improve­
ment over a measurement or observation made prior to 
initiation of therapy according to the method. A beneficial 
effect can also take the form of reducing, inhibiting or 
preventing further growth of cancer cells, reducing, inhib­
iting or preventing metastasis of the cancer cells or inva­
siveness of the cancer cells or metastasis or reducing, 
alleviating, inhibiting or preventing one or more symptoms 
of the cancer or metastasis thereof. Such effective treatment 
may, e.g., reduce patient pain, reduce the size or number of 
cancer cells, reduce or prevent metastasis of a cancer cell, or 
may slow cancer or metastatic cell growth. 
[0051] The terms "effective amount" or "therapeutically 
effective amount" refer to an amount sufficient to effect 
beneficial or desirable biological or clinical results. That 
result can be reducing, alleviating, inhibiting or preventing 
one or more symptoms of a disease or condition, reducing, 
inhibiting or preventing the growth of cancer cells, reducing, 
inhibiting or preventing metastasis of the cancer cells or 
invasiveness of the cancer cells or metastasis, or reducing, 
alleviating, inhibiting or preventing one or more symptoms 
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of the cancer or metastasis thereof, or any other desired 
alteration of a biological system. In some embodiments, the 
effective amount is an amount suitable to provide the desired 
effect, e.g., anti-antigen or anti-tumor response. 
[0052] The terms "metastasis" or "secondary tumor" refer 
to cancer cells that have spread to a secondary site, e.g., 
outside of the original primary cancer site. Secondary sites 
include, but are not limited to, for example, the lymphatic 
system, skin, distant organs ( e.g., liver, stomach, pancreas, 
brain, etc.) and the like and will differ depending on the site 
of the primary tumor. 
[0053] The terms "subject" and "patient" are used inter­
changeably and refer to any animal ( e.g., a mammal), 
including, but not limited to, humans, non-human primates, 
rodents, and the like, which is to be the recipient of a 
particular treatment. Typically, the terms "subject" and 
"patient" are used interchangeably herein in reference to a 
mammalian, for example, human subject. For example, a 
suitable subject includes a subject in need of cancer treat­
ment. 
[0054] The term "CDS+ T cell response" refers to the 
activation of CDS+ cells to kill cells expressing the antigen 
to which the T cell was activated. CDS+ T cells may kill the 
cells through different mechanisms, including, the secretion 
of cytokines, primarily TNF-a and IFN-y, which have 
anti-tumor and anti-viral microbial effects, the production 
and release of cytotoxic granules, e.g., perforin, and gran­
zymes, and/or destruction of infected cells is via Fas/FasL 
interactions. 
[0055] In some embodiments, the methods increase the 
anti-tumor response. Such increase in the anti-tumor 
response may be demonstrated by an increased anti-tumor 
response in an animal model of the tumor as compared with 
the animal model without treatment or with administration 
of the T cell activating agent alone. For example, an increase 
anti-tumor response may be observed after the administra­
tion of the at least one TRLl/2 agonist and/or TLR7 agonist 
in combination with a T cell activating agent, e.g., an 
immunotherapeutic agent ( e.g. vaccine) and demonstrated 
by a measurable increase in the anti-tumor response. The 
anti-tumor response may be demonstrated by a decrease in 
tumor size and volume within the animal or an increase in 
CDS+ T cell activation as compared to treatment with the 
DNA vaccine alone or as compared to the untreated control. 
[0056] The methods disclosed herein can include a con­
ventional treatment regimen, which can be altered to include 
the steps of the methods described herein. The methods 
disclosed herein can include monitoring the patient to deter­
mine efficacy of treatment and further modifying the treat­
ment in response to the monitoring. 
[0057] TLRl/2 agonists and TLR7 agonists are known in 
the art and used herein include, but are not limited to, for 
example, Pam3Cys (a TLRl/2 agonist), CFA (a TLR-2 
agonist), MALP2 (a TLR-2 agonist), Pam2Cys (a TLR-2 
agonist), FSL-1 (a TLR-2 agonist), Hib-OMPC (a TLR-2 
agonist), imiquimod (a TLR-7 agonist), resiquimod (a TLR-
7/S agonist), loxoribine (a TLR-7/S agonist), guardiquimod 
(TLR-7 agonist) and the like. Further examples of suitable 
TLR2 agonists include TLR-2 ligands, including, for 
example, lipoglycans including lipoarabinomannan ( e.g. 
from M smegmatis) and lipomannan ( e.g. from M. smegma­
tis ), lipopolysaccharides (LPS) for example LPS from P. 
gingivalis (LPS-PG), lipoteichoic acids (LTA, e.g., from 
LTA from B. substilis or S. aureus ), peptidocylcans PGN, for 
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example PGN from Bacillus subtilis, PGN from E. coli 
0111:B4, PGN from Escherichia coli K12, PGN from 
Staphylococcus aureus, synthetic lipoproproteins ( e.g. 
CL429, FLS-1, Pam2CSK4, Pam3CSK4), Zymosan and the 
like. Further examples of suitable TLR 7 agonist include, for 
example, thiazoquinoline compounds (e.g. CL075), imida­
zoquinoline compounds (e.g., CL097, Gardiquimod™, Imi­
quimod (R837), R848, etc.), CL264 (adenine analog), 
CL307, Loxorbine (guanosine analog), Poly(dT), TLS-506 
and the like. 
[0058] In one embodiment, the present disclosure provides 
a method of eliciting, enhancing or improving an anti-tumor 
response in a subject in need thereof. The method comprises 
administering at least one TLRl/2 and/or TLR7 agonist and 
an immunotherapeutic agent (for example, an anti-tumor 
vaccine) to the subject in an effective amount to elicit an 
anti-tumor response in said subject. In some embodiments, 
the anti-tumor response is improved over the response to the 
immunotherapeutic agent or vaccine alone. In some embodi­
ments, the anti-tumor response is a cell-mediated immune 
response. In some embodiments, the activated T cells, e.g., 
CDS+ T cells, express low levels of PD-1 or do not express 
PD-1. In other words, the activated T cells have a PD-1 low 

phenotype. Suitably, the subject is a human subject suffering 
from cancer, preferably prostate cancer. 
[0059] An "improved immune-mediated anti-tumor 
response" means an increase in the ability of one or more 
immune cells to recognize tumor cells. In some instances, 
the improved immune-mediated anti-tumor response results 
in an increased ability of one or more immune cells to 
target/recognize and kill cancer cells ( e.g., CDS+ T cells). 
An improved immune-mediated anti-tumor response may be 
seen as a reduction in the number of cancer cells, inhibiting, 
retarding or slowing the growth of cancer cells, inhibiting, 
retarding or slowing the metastasis of cancer cells, increased 
infiltration of cytotoxic T cells into the tumor, or decreased 
inhibition of immune population within the tumor microen­
vironment. 
[0060] The terms "cell-mediated immune response" or 
"cell-mediated immunity" refer to an immune response 
mediated by immune cells and does not involve antibodies 
(humoral immune response). Specifically, cell-mediated 
immune response includes antigen-specific cytotoxic T-lym­
phocytes (CDS+ T cells) or activation of phagocytes. Phago­
cytes include white blood cells such as neutrophils, mono­
cytes, macrophages, mast cells, and dendritic cells. In a 
preferred embodiment, the cell-mediated immune response 
is a cytotoxic T cell response or CDS+ T cell response. 
[0061] The disease, disorder or condition that can be 
treated by the methods of the present invention include a 
viral disease, a bacterial disease, a parasitic disease, a 
cancer, an autoimmune disease, an allergy or other disease. 
In a preferred embodiment, the disease is cancer, more 
specifically prostate cancer. 
[0062] The term "immunotherapeutic agent" refers to an 
agent that results in or elicits an immune response for the 
treatment of a disease, condition or disorder. An immuno­
therapeutic agent is an agent used to treat a disease by 
inducing, amplifying or enhancing an immune response 
against antigens specific to the disease, for example, anti­
gens expressed on cancer cells. In some instances, immu­
notherapeutic agent may be a cell-based immunotherapeutic 
agent that employs target immune effector cells such as 
lymphocytes, macrophages, dendritic cells, natural killer 
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cells (NK cells), cytotoxic T lymphocytes (CTL), and the 
like to target abnormal antigens expressed on the surface of 
cancer/tumor cells. In a preferred embodiment, at least one 
immunotherapeutic agent may be a T cell immunotherapeu­
tic agent. Suitable T cell immunotherapies are known in the 
art and include, but are not limited to, for example, vaccines 
( e.g., DNA vaccine), oncolytic viral therapies that engage/ 
recruit T cells, adoptive immunotherapies approaches (e.g., 
chimeric antigen receptor (CAR) T cells), or bi specific T cell 
engagers (BiTEs). CAR is transmembrane protein contain­
ing an extracellular portion containing a recognition or 
binding site for the strong antigen and a transmembrane and 
intracellular domain capable of signal transduction to acti­
vate the lymphocyte (e.g., T cell). CAR are known in the art 
and can be made using standard techniques. Suitable vac­
cines include vaccines that result in the stimulation of 
effector cells. Suitable vaccines include, but are not limited 
to, for example, peptides, genetically modified viruses or 
viral particles, and tumor cell lysates. In some embodiments, 
the vaccine can be combined with the adoptive transfer ofT 
cells ( e.g., Adoptive Cell Therapy or ACT) specific for 
tumor antigens or the transfer of CAR T cells that are 
specific for a tumor antigen. 
[0063] The term "vaccine," as used herein, refers to a 
biological preparation that contains antigen or immunogen 
that can elicit an immune response. The antigen or immu­
nogen can be, for example, an infectious agent, a molecule 
that resembles a disease-causing microorganism or cell, or a 
protein associated with an abnormal or diseased cell (e.g., 
tumor associated antigen). For example, antigens or immu­
nogens may be made from an attenuated or inactivated form 
of said microorganism or cell or its toxins. A vaccine is 
administered to an individual in order to stimulate that 
individual's immune response to said antigen or immuno­
gen. 

[0064] In some embodiments, the antigen is a tumor 
antigen or an infectious agent. In a preferred embodiment, 
the antigen is a tumor-associated antigen. A tumor antigen or 
tumor-associated antigen is an antigen that is preferentially 
expressed on the surface of a tumor cell and not expressed 
on normal, healthy cells. 

[0065] Suitable infectious agents include, but are not 
limited to, for example, a virus, a bacteria, a fungus, a 
parasite, and the like. Suitable viruses include, but are not 
limited to, adenoviruses, herpesviruses, poxviruses, parvo­
viruses, reoviruses, picomaviruses, togaviruses, orthomyxo­
viruses, rhabdoviruses, retroviruses, hepadnaviruses, her­
pesviruses, rhinoviruses, including, but not limited to, for 
example, Epstein-Barr viruses (EBY), cytomegalovirus, 
Karposi sarcoma virus, human papillomavirus (HPV), 
human immunodeficiency virus (HIV), herpes simplex 
virus, herpesvirus 1, herpesvirus 2, herpesvirus 6, herpesvi­
rus 7, herpesvirus 8, hepatitis A, hepatitis B, hepatitis C, 
measles, mumps, parvovirus, rabies virus, rubella virus, 
influenza virus, varicella zoster virus, ebola virus, west niles 
virus, yellow fever virus, dengue virus, rotovirus, zika virus, 
and the like. Suitable bacteria include, but are not limited to, 
for example, Escherichia coli, Salmonella, Helicobacter 
pylori, Neisseria gonorrhoeae, Neisseria meningitides, 
Streptococcus, bacillus, tuberculosis, leprosy, Legionella, 
Listeria and Brucella and the like. Suitable parasites include, 
but are not limited to, for example, parasites malaria, Leish­
mania, Cryptosporidium, Cyclospora, Toxoplasma gondii, 
Plasmodium spp and the like. 
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[0066] The term "antigen," as used herein, refers to any 
molecule that is recognized by the immune system and that 
can stimulate an immune response. 
[0067] The term "immunogen," as used herein, refers to 
any molecule that is recognized by the immune system and 
is able to induce an immune response, preferably a cell­
mediated immune response (e.g., CDS+ T cell response). 
[0068] The term "cancer" and "tumor" as used herein 
interchangeably and are meant to encompass any cancer, 
neoplastic and preneoplastic disease that is characterized by 
abnormal growth of cells. Cancer may, for example, be 
selected from the group consisting of colon carcinoma, 
breast cancer, pancreatic cancer, ovarian cancer, prostate 
cancer, head and neck cancer, lung cancer, Hodgkin's Dis­
ease, non-Hodgkin's lymphomas, rectum cancer, urinary 
cancers, uterine cancers, oral cancers, skin cancers, stomach 
cancer, brain tumors, liver cancer, laryngeal cancer, esopha­
geal cancer, mammary tumors, fibrosarcoma, myxosarcoma, 
liposarcoma, chondrosarcoma, osteogenic sarcoma, chor­
doma, angiosarcoma, endotheliosarcoma, Ewing's sarcoma, 
squamous cell carcinoma, basal cell carcinoma, adenocar­
cinoma, sweat gland carcinoma, sebaceous gland carcinoma, 
papillary carcinoma, papillary adenocarcinomas, cystandeo­
carcinoma, medullary carcinoma, bronchogenic carcinoma, 
renal cell carcinoma, hepatoma, bile duct carcinoma, cho­
riocarcinoma, seminoma, embryonal carcinoma, Wilms' 
tumor, cervical cancer, testicular tumor, endometrial cancer, 
lung carcinoma, small cell lung carcinoma, bladder carci­
noma, epithelial carcinoma, glioblastomas, neuronomas, 
craniopharingiomas, schwannomas, glioma, astrocytoma, 
meningioma, melanoma, neuroblastoma, retinoblastoma, 
leukemias and lymphomas, acute lymphocytic leukemia and 
acute myelocytic polycythemia vera, multiple myeloma, 
Waldenstrom's macroglobulinemia, and heavy chain dis­
ease, acute nonlymphocytic leukemias, chronic lymphocytic 
leukemia, chronic myelogenous leukemia, childhood-null 
acute lymphoid leukemia (ALL), thymic ALL, B-cell ALL, 
acute megakaryocytic leukemia, Burkitt's lymphoma, and T 
cell leukemia, small and large non-small cell lung carci­
noma, acute granulocytic leukemia, germ cell tumors, endo­
metrial cancer, gastric cancer, hairy cell leukemia, thyroid 
cancer and other cancers known in the art. In a preferred 
embodiment, the cancer is prostate cancer. 

[0069] In a particular embodiment, the subject may suffer 
from prostate cancer. The immunotherapeutic agent may be 
a DNA vaccine targeted to prostate cancer. Suitable vaccines 
are known in the art and include, for example, a recombinant 
DNA vaccine that encodes the androgen receptor or frag­
ments thereof or a peptide vaccine comprising a polypeptide 
androgen receptor or fragments thereof. Suitable recombi­
nant DNA vaccines are disclosed in U.S. Pat. No. 7,910,565, 
8,513,210 and 8,962,590, entitled "Prostate cancer vaccine," 
and U.S. Pat. No. 7,179,797 and U.S. application Ser. No. 
11/615,778 entitled "Methods and compositions for treating 
prostate cancer using DNA vaccines," which are incorpo­
rated by reference in their entireties. In some embodiments, 
the DNA vaccine comprises pTVG-AR (pTVG-AR or 
pTVG-ARLBD refer to the same vector and both designa­
tions are used interchangeably herein). pTVG-AR is a vector 
comprising the coding sequence for the ligand-binding 
domain of the human androgen receptor gene inserted into 
the pTVG4 vector to create the immunization vector pTVG­
AR, as disclosed in U.S. Pat. No. 7,910,565, incorporated by 
reference in its entirety. According to another embodiment, 
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the DNA vaccine comprises a polynucleotide operatively 
liuked to a transcriptional regulatory element ( e.g., a pro­
moter such as a heterologous promoter) wherein the poly­
nucleotide encodes a member selected from (i) a mammalian 
androgen receptor (e.g., a human androgen receptor), (ii) a 
fragment of the androgen receptor that comprises the ligand­
binding domain, (iii) a fragment of the ligand-binding 
domain defined by SEQ ID NO:3(LLLFSIIPV); (iv) a 
fragment of the ligand-binding domain defined by SEQ ID 
NO:4 (RMLYFAPDLV), (v) a fragment of the ligand-bind­
ing domain defined by SEQ ID NO:5 (FLCMKALLL), and 
(vi) a fragment of the ligand-binding domain defined by 
SEQ ID NO:6 (QLTKLLDSV), wherein administration of 
said vaccine to a subject induces a cytotoxic immune 
reaction against cells expressing androgen receptor. Other 
suitable DNA vaccines encode native or modified SSX2 as 
described in Smith et al. 2011 (Vaccines targeting the 
cancer-testis antigen SSX-2 elicit HLA-A2 epitopes specific 
cytolytic T cells. J. Immunother 2011:34:569-80) and Smith 
et al. 2014 (DNA vaccines encoding altered peptide ligands 
for SSX2 enhance epitope-specific CDS+ T cell immune 
responses. Vaccine 2014:32:1707-15), the contents of which 
are incorporated by reference in their entireties. Another 
suitable vaccine for prostate cancer is a DNA vaccine 
encoding prostatic acid phosphatase (PAP), which is dis­
closed in U.S. Pat. No. 7,179,797, the contents of which are 
incorporated in its entirety. 
[0070] Androgen receptor genes are known and have been 
cloned from many species. For example, the human, mouse, 
rat, dog, chimpanzee, macaque, and lemur androgen recep­
tor cDNA along with amino acid sequences can be found at 
GenBank Accession Nos. NM_000044 (SEQ ID NO:9), 
NM_013476 (SEQ ID NO:10), NM_012502 (SEQ ID 
NO:11), NM_001003053 (SEQ ID NO:12), 
NM_001009012 (SEQ ID NO:13), U94179 (SEQ ID 
NO: 14 ), and U94178 (SEQ ID NO: 15), respectively, which 
are incorporated by reference in their entirety. 
[0071] In some embodiments, the method of eliciting, 
increasing or enhancing an anti-tumor response comprises 
administering a TLRl/2 agonist in combination with a TLR7 
agonist and at least one immunotherapeutic agent. In a 
preferred embodiment, the immunotherapeutic agent is an 
anti-tumor vaccine, preferably a DNA vaccine. 
[0072] In another embodiment, the disclosure provides a 
method of eliciting, increasing or enhancing the immune 
response to an antigen, the method comprising administer­
ing at least one TLRl/2 or TLR7 agonist and at least one 
immunotherapeutic agent directed to said antigen in a sub­
ject, wherein the immune response to said antigen is 
increased relative to a subject treated with the immunothera­
peutic agent alone. In a preferred embodiment, the immune 
response is a cellular immune response, preferably a CDS+ 
T cell response. In a preferred embodiment, the immuno­
therapeutic agent is a vaccine. The method results in the 
activation of CDS+ T cells which exhibit a PD-1 Zow pheno­
type. 
[0073] In a further embodiment, a method for increasing 
the efficacy of an immunotherapeutic agent is provided. The 
method comprises the steps of administering at least one 
TLRl/2 and/or TLR7 agonist and at least one immunothera­
peutic agent to a subject in need thereof, wherein at least one 
TLRl/2 and/or TLR7 agonist is administered in an amount 
effective to increase the efficacy of the immunotherapeutic 
agent. In some preferred embodiments, the immunothera-
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peutic agent is a DNA vaccine. In some aspects, the admin­
istration of the at least one TLRl/2 and/or TLR7 agonist 
results in an increase in activation of CDS+ T cells in the 
subject. Suitably, this increased activation of CDS+ T cells 
is specific to CDS+ T cells that exhibit a PD-1 Zow phenotype 
and result in an increased immune response. 

[0074] The at least one TRLl/2 agonist and/or TLR7 
agonist may be administered in combination with the immu­
notherapeutic agent. "Combination" refers to the ability to 
administer the agonist first, followed by the immunothera­
peutic agent, to administer the immunotherapeutic agent first 
followed by the agonist, or the administration at substan­
tially the same time of the agonist and immunotherapeutic 
agent. 

[0075] In some embodiments, the TLR agonist is co­
administered intradermal administration with the immuno­
therapeutic agent (e.g the TLR agonist and vaccine are 
co-administered). In some embodiments, the TLR agonist is 
formulated with the immunotherapeutic agent ( e.g. vaccine) 
in a single formulation that is co-administered. In other 
embodiments, the TLR agonist and immunotherapeutic 
agent are formulated separately, mixed prior to administra­
tion and co-administered to the subject in a single formu­
lation. 

[0076] In some embodiments, the present disclosure pro­
vides compositions for eliciting or increasing an anti-antigen 
or anti-tumor response, the composition comprising at least 
one TLRl/2 agonist and/or at least one TLR7 agonist and at 
least one immunotherapeutic agent directed to the antigen or 
tumor (e.g., vaccine) as disclosed herein. The compositions 
may further comprise at least one pharmaceutically accept­
able carrier. The term "pharmaceutically acceptable carrier" 
refers to any carrier, diluent or excipient that is compatible 
with the other ingredients of the formulation and not del­
eterious to the recipient. 

[0077] As the Examples demonstrate, specific TLR ago­
nists can increase vaccine immunogenicity and the anti­
tumor response. TLR agonists treatment in combination 
with an immune activating agent, such as a vaccine, results 
in a decreased expression by the T cell of PD-1, which in 
turn results in an increased anti-tumor response. While TLR 
agonists have been previously used as stand-alone immune 
activating agents, potential anti-cancer therapies, and as 
vaccine adjuvants for the purpose of increasing innate 
immune stimulation, TLR agonists have not been specifi­
cally used for the purpose of reducing immune regulatory 
signals at the time of vaccine-directed T cell activation, as is 
provided here. 

[0078] Prior studies of TLR agonists have shown their 
effects as vaccine adjuvants has been thought to be mediated 
by activation or recruitment of antigen presenting cells, such 
as B-cells or dendritic cells. Only one current publication 
assesses the effect of TLR stimulation on regulatory recep­
tors, but it focuses only on TRL9. It did not assess the effects 
of TLR signaling on tumor treatment (Wong et al., 2009). 
The inventors have found that TLRl/2 or TLR7 agonists are 
unexpectedly more effective and have an increased anti­
tumor response. TLRl/2 or TLR7 agonists have beneficial 
effects on anti-tumor treatment when combined with vacci­
nation, while other TLR do not have this effect. 

[0079] As further demonstrated in the Examples, TLR 
stimulation of APCs leads to IL-12 release that mediates 
reduced PD-1 expression during T-cell activation. 
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[0080] Aspects of the present disclosure that are described 
with respect to methods can be utilized in the context of the 
pharmaceutical compositions or kits discussed in this dis­
closure. Similarly, aspects of the present disclosure that are 
described with respect to the pharmaceutical compositions 
can be utilized in the context of the methods and kits, and 
aspects of the present disclosure that are described with 
respect to kits can be utilized in the context of the methods 
and compositions. 
[0081] This disclosure provides kits. The kits can be 
suitable for use in the methods described herein. Suitable 
kits include a kit for treating a disease or condition, specifi­
cally cancers comprising a composition comprising at least 
one TLRl/2 agonist and/or at least one TLR7 agonist and an 
immunotherapeutic agent described herein. In one aspect, 
the kit provides composition comprising a TLRl/2 agonist 
and/or TLR7 agonist in amounts effective for increasing the 
cellular immune response to an antigen, more preferably to 
a tumor antigen (e.g. cancer antigen, preferably prostate 
cancer antigen). In some aspects, the kits provide at least one 
TLRl/2 and/or TLR7 agonist and at least one immunothera­
peutic agent. In some aspects, instructions on how to admin­
ister the composition and/or TLR agonists and immuno­
therapeutic agent are provided. In some aspects, the 
immunotherapeutic agent is a vaccine, preferably a DNA 
vaccme. 
[0082] Suitable kits include a kit for eliciting, increasing 
or improving an immune response against an antigen or 
immunogen. The kit comprises at least one TLRl/2 agonist 
and/or at least one TLR7 agonist and an immunotherapeutic 
agent directed against an antigen or immunogen. In some 
aspects, the kits provide at least one TLRl/2 agonist and/or 
TLR7 agonist and at least one immunotherapeutic agent. In 
some aspects, instructions on how to administer the com­
position and/or TLR agonists and immunotherapeutic agent 
are provided. In some aspects, the immunotherapeutic agent 
is a vaccine, preferably a DNA vaccine. 
[0083] It should be apparent to those skilled in the art that 
many additional modifications beside those already 
described are possible without departing from the inventive 
concepts. In interpreting this disclosure, all terms should be 
interpreted in the broadest possible manner consistent with 
the context. Variations of the term "comprising" should be 
interpreted as referring to elements, components, or steps in 
a non-exclusive manner, so the referenced elements, com­
ponents, or steps may be combined with other elements, 
components, or steps that are not expressly referenced. 
Embodiments referenced as "comprising" certain elements 
are also contemplated as "consisting essentially of' and 
"consisting of' those elements. The term "consisting essen­
tially of' and "consisting of' should be interpreted in line 
with the MPEP and relevant Federal Circuit interpretation. 
The transitional phrase "consisting essentially of' limits the 
scope of a claim to the specified materials or steps "and 
those that do not materially affect the basic and novel 
characteristic(s)" of the claimed invention. "Consisting of' 
is a closed term that excludes any element, step or ingredient 
not specified in the claim. 
[0084] The following non-limiting examples are included 
for purposes of illustration only, and are not intended to limit 
the scope of the range of techniques and protocols in which 
the compositions and methods of the present invention may 
find utility, as will be appreciated by one of skill in the art 
and can be readily implemented. 
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EXAMPLES 

[0085] Using the ova tumor model, the inventors have 
surprisingly found that stimulation of TLRs (notably using 
TLRl/2- or TLR7 agonists) at the time of T cell activation 
with an antigen, e.g. SIINFEKL (SEQ ID NO: 1) peptide, can 
affect the magnitude of and duration of PD-1 expression on 
CDS+ OT-1 cells. Moreover, delivery ofTLRl/2 agonist or 
TLR7 agonist with a DNA vaccine elicited greater anti­
tumor responses to a PD-LI-expressing syngeneic tumor in 
vivo. Thus, regulating PD-1 through TLR at the time of T 
cell activation may be critical to elicit active tumor-lytic 
CDS+ T cells in the presence of a preexisting immunosup­
pressive tumor. In general, therefore, the efficacy of vaccines 
might be greatly augmented by targeting the upregulation or 
function of specific regulatory molecules at the time ofT cell 
activation by using TLRl/2 agonist or TLR7 agonist. 

Example 1 

Activation of T Cells to Antigen in the Presence of 
TLRAgonist 

[0086] As shown in FIG. lA, OT-1 transgenic splenocytes 
were treated with high affinity antigen for Ovalbumin (OVA) 
(SIINFEKL, SEQ ID NO: 1) in combination with 
Pam3CSK4 (TLRl/2 agonist) or Gardiquimod (TLR7 ago­
nist). T cell activation was measured by the levels of marker 
4-lBB (a/k/a CD137, a member of the TNF receptor super­
family ). The level of PD-1 expression was also assessed in 
these cells (FIG. lB). As shown, all the T cells were 
activated; however, the cells treated with the TLRl/2 agonist 
or TLR7 agonist expressed low levels of PD-1, which did 
not increase over time as in the cells treated with antigen 
alone. 

Example 2 

Tumor Growth in Mouse Tumor Model Treated 
with DNA Cancer Vaccine in Combination with 

TLRl/2 Agonist or TRL 7 Agonist 

[0087] Mice expressing human HLA-A2 were injected 
subcutaneously with SSX2-expressing sarcoma cells. Start­
ing one day after inoculation, and every 7 days thereafter, 
mice were vaccinated with a DNA vaccine encoding SSX2, 
an optimized version of SSX2 with increased affinity for 
HLA-A2 (pTVG-SSX2 opt) or negative control vector 
pTVG4. All were done with or without TLRl/2 agonist or 
TLR 7 agonist mixed with the DNA. A solution of DNA and 
a solution of TLR agonist in PBS were made and mixed 
together prior to administration. Note that TLR stimulation 
via a TLR agonist improves the efficacy of pTVG-SSX2 opt 
to a greater extent than pTVG-SSX2. The results of these 
treatments are summarized in Table 1. 

TABLE 1 

CR = complete response; Nwnber = number of mice treated 

Treatment Group CRs Number 0 

1-pTVG4 0 6 
2-pTVG4 + TLR2 0 6 
3-pTVG4 + TLR7 0 6 
4-pTVG-SSX2 0 6 
5-pTVG-SSX2 + TLR2 3 6 
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TABLE I-continued 

CR = complete response; Nwnber = number of mice treated 

Treatment Group CRs Number 0 

6-pTVG-SSX2 + TLR7 3 6 
7-pTVG-SSX2 opt 0 6 
8-pTVG-SSX2 opt+ TLR2 2 6 
9-pTVG-SSX2 opt+ TLR7 4 6 

Example 3 

Ability of TLRs to Inhibit PD-1 Expression or 
LAG-3 in Activated T Cells 

[0088] OT-1 transgenic splenocytes were treated with high 
affinity antigen in combination with different TLR agonists 
(Pam3CSK4 (TLRl and 2 agonist), PolyI:C (TLR3), 
MPLAs (TLR4), Gardiquimod (TLR7 agonist), RS4S (Re­
siquimod TLR7/S agonist), and ODN1S26 (TLR9 agonist). 
T cell activation was measured by the marker 4-lBB (FIG. 
2). The level of PD-1 expression was also assessed in these 
cells (FIG. 3). Cells were also assayed for expression levels 
ofLAG-3 (FIG. 4). As shown, all the T cells were activated 
when treated with the tested TLR agonist; however, the cells 
treated with the TLRl/2- or TLR7 agonist expressed low 
levels of PD-1, which did not increase over time as com­
pared to the cells treated with antigen alone, while TLR3-
and TLR4 agonists did not significantly reduce the levels of 
PD-1 expression in the activated T cells. There was no 
difference in LAG3 expression between the control cells and 
cells treated with any of the assayed TLR agonists. 

[0089] These results are summarized in Table 2. 

TABLE 2 

"+" means increase, "-" means decrease,"=" means no change, "=!+" or 
"-/-" means tbe change is tbere but not significant. Desired 

outcomes are medium grey, neutral are light grey and bad are dark grey. 
As demonstrated in Table 2, only some of tbe TLR agonists were able to 

reduce PD-1 expression in activated T cells. 

4-
!BB PD-1 LAG3 CD160 CD244.2 BTLA VISTA 

TLR -!-
½ 
TLR3 -!- -!+ 
TLR4 
TLR 7 -!- -!-
TLR 
7/s 
TLR9 -!-

Example 4 

Effect of TLRl/2- and TLR7 Agonists on Different 
Checkpoint Markers 

[0090] OT-1 transgenic splenocytes were treated with high 
affinity antigen in combination with Pam3CSK4 (TLRl and 
2 agonist), Gardiquimod (TLR7 agonist) or no TLR agonist 
and the levels of different checkpoint markers or T cell 
stimulation (measured by 4-lBB, FIG. 5) were assayed. The 
checkpoint markers BTLA (FIG. 6), VISTA (FIG. 7), CDI 60 
(FIG. 8) and CD244.2 (FIG. 9) were assayed. As demon-
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strated, TLRl/2- and TLR7 agonists did not affect the levels 
of any of the tested checkpoint markers except PD-1 (FIG. 
18). 

Summary: 

[0091] A report by Olino et al. demonstrated that treatment 
of mice with established hepatic metastases using a tumor 
antigen-expressing recombinant Listeria monocytogenes 
(Lm) vaccine elicited cytotoxic CDS+ T cells that had 
decreased expression of PD-1, but with variable effects on 
CTLA-4 expression [32]. Similarly, Drake and colleagues 
have demonstrated in a tolerant murine system ( expressing 
HA) that immunization with a Lm vaccine encoding HA did 
not induce PD-1 expression relative to other methods of 
immunization [33]. These findings, in addition to those 
described above, suggest that the PD-1 expression can be 
independent ofT cell activation, or can be at least modulated 
at the time of T cell activation. 
[0092] The impact of TLR activation on CDS+ T cells 
stimulated with high-affinity versus low-affinity epitopes has 
not been rigorously evaluated with respect to expression of 
these regulatory molecules. In studies using the same Ova/ 
OT-1 in vitro model, the inventors investigated the effects of 
TLR activation on PD-1 expression following T cell acti­
vation with the high-affinity SIINFEKL (SEQ ID NO:1) 
epitope. As shown in FIG. 2, T cell activation in the presence 
ofTLR2- or TLR7 agonists resulted in T cell activation but 
with low PD-1 expression. Importantly, when TLR2- or 
TLR7 agonists were delivered with a high MHC-affinity 
peptide vaccine in vivo, they improved the anti-tumor 
response similar to PD-1 blockade (FIG. lC). 
[0093] Taken together, our results demonstrate that 
increasing activation of T cells leads to expression on 
activated CDS+ T cells of regulatory molecules, notably 
PD-1. This increased expression of PD-1 results in a higher 
likelihood of the T cell being inactivated and a reduced 
anti-tumor response. This activation-induced upregulation/ 
transient expression of PD-1 has been relatively overlooked 
by the tumor immunology field. In fact, there have been 
many efforts to use epitopes with high MHC affinity either 
as direct immunogens, or encoded within vectors. Our 
results demonstrate that the prior approach of using high 
affinity epitopes will be less effective in the absence of 
efforts to either block PD-1 signaling or potentially to reduce 
expression of PD-1 at the time of T cell activation. Further, 
our findings in animal models and an ongoing clinical trial 
demonstrate that blocking PD-1 ligation shortly after T cell 
activation is sufficient to improve the anti-tumor response, 
suggesting that efforts to block T cell regulation (and deac­
tivation) at the time of immunization are critical. A model 
(FIG. 10) is proposed that serves as the basis for the studies. 

Example 5 

TLRl/2 and/or TLR7 Stimulation at the Time of T 
Cell Activation via Anti-Tumor Immunization 
Elicits Higher Frequencies of Antigen-Specific 

Effector and Memory CDS+ T Cells and Greater 
Anti-Tumor Efficacy in Murine Models 

[0094] As shown in Example 1 above (FIG. lC), co­
treatment with certain TLR agonists at the time of OT-1 T 
cell stimulation with SIINFEKL (SEQ ID NO: 1) peptide 
elicited activated T cells with lower PD-1 expression. Deliv-
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ering a TLR antagonist in vivo in combination with a DNA 
vaccine that encodes a high-affinity epitope resulted in 
anti-tumor response greater than compared with DNA vac­
cine alone, and as great as combining immunization with 
PD-1 blockade (FIG. lC). These findings suggest that an 
alternative to PD-1 blockade, or other checkpoint molecule 
blockade, at the time of T cell activation with an immuno­
therapeutic agent ( e.g. vaccine) is to use agents that might 
lower expression of these molecules (see model, FIG. 10). 
While TLR activation has been known for many years to 
help activate CDS+ T cells, mechanisms underlying this 
have not been well understood 

Example 6 

TLR Stimulation Lowers PD-1 on CDS+ T-Cells 
Mediated by IL-12 

[0095] This Example demonstrates that specific TLR ago­
nists (specifically agonists for TLRl/2, TLR7, and TLR9) 
are able to increase the anti-antigen response, specifically 
the antitumor response of activated immune cells (CDS+ T 
cells). This Example shows that treatment using the TLR 
agonists results in decreased expression of PD-1 on antigen­
activated naive T-cells which in tum leads to the increased 
anti-antigen response and a reduced and inhibited tumor 
growth in the in vivo cancer cell model. These effects were 
mediated by IL-12 released by professional antigen-present­
ing cells. Gene expression analysis demonstrated that T cells 
activated in the presence of either TLRl/2 or TLR7 agonists 
had similar transcriptional profiles associated with increased 
effector function. 

[0096] In two separate tumor models, treatment with anti­
tumor vaccines in the presence ofTLRl/2 or TLR7 ligands 
induced antigen-specific CDS+ T cells with lower PD-1 
expression and improved anti-tumor immunity. 

[0097] This Example sought to determine if TLR stimu­
lation, at the time of T-cell activation, leads to changes in 
T-cell checkpoint molecule expression and whether this 
might be used to improve the efficacy of anti-tumor vac­
cines. A well-characterized OT-1 model system was used in 
this Example, activating OT-1 CDS+ T cells with high- or 
low-affinity peptide ligands. We found that agonists for 
TRLl/2, 7, 7/8, and 9, but not TRL3 or 4, can reduce 
activation-induced PD-1 expression on CDS+ T cells. This 
effect was mediated by both B cells and dendritic cells (DCs) 
as antigen-presenting cells (APC), did not rely on CDS0 or 
CD86 co-stimulatory signals, and was dependent upon 
IL-12 release by APC. Gene expression analysis demon­
strated that the resulting T cells harbored fewer PD-1 
transcripts, and had increased expression of genes associated 
with cytotoxic activity, Thlcytokines, and IL-12 receptors. 
Furthermore, in two different tumor models using either a 
peptide or DNA anti-tumor vaccine, the use of specific TLR 
ligands as adjuvants led to reduced PD-1 expression on 
vaccine-activated CDS+ T cells and increased anti-tumor 
responses. These findings demonstrate the importance of 
TLR stimulation at the time of T-cell activation to elicit an 
effective adaptive anti-tumor T-cell response. Moreover, 
these data support the use of defined TLR agonists as 
vaccine adjuvants by exploiting their ability to modulate 
expression of specific T-cell checkpoint molecules at the 
time of T-cell activation. 
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[0098] Results 

[0099] Vaccine type can affect expression ofT-cell check­
point molecules on activated CDS+ T cells: This Example 
used an ovalbumin vaccination model. OT-1 cells were 
adoptively transferred to naive C57BL/6 mice. The day after 
transfer, mice were immunized once with (a) DNA encoding 
ovalbumin, (b) Listeria monocytogenes (Lm) encoding oval­
bumin, ( c) OVA257_264 peptide (SIINFEKL (SEQ ID NO: 1) ), 
( d) SIINFEKL peptide (SEQ ID NO: 1) with DNA vector, ( e) 
DNA vector alone, (f) Lm encoding control vector with no 
antigen, or (g) NS (non-specific) peptide. Splenocytes were 
collected the day after vaccination for expression of cell 
surface markers on antigen-specific OT-1 cells. As shown in 
FIG. 11, the strongest activation, as measured by 4-lBB 
expression, occurred with peptide immunization. Expression 
of PD-1 and LAG-3 were, as expected, significantly 
increased with peptide immunization. 4-1 BB expression was 
similarly increased in the presence of Lm or DNA co­
administered at the site of peptide immunization. PD-1 
expression, however, was significantly reduced in the pres­
ence ofLm or DNA. LAG-3 expression was not reduced in 
the presence of Lm co-administered with peptide. Together, 
these findings suggested that different vaccine types, poten­
tially due to innate immune activation properties of DNA or 
Lm vectors, might affect expression of T-cell checkpoint 
molecules independent of T-cell activation. 

[0100] TLR stimulation at the time of T-cell activation in 
vitro affects expression of PD-1. Given that CpG-rich DNA 
is a TLR9 agonist and Lm is a TLR2 agonist, we questioned 
whether TLR stimulation with different ligands could simi­
larly affect expression of different T-cell checkpoint inhibi­
tors. To test this, we employed the same OT-1 model using 
peptide antigens with different MHC binding affinities, 
given our previous findings that high affinity antigens caused 
greater activation of CDS+ T cells, but also elicited signifi­
cantly higher expression of PD-1 relative to lower affinity 
antigens (8). OT-1 splenocytes were stimulated in vitro with 
peptides of different affinity for MHC class I (high-affinity 
SIINFEKL peptide (SEQ ID NO: 1, OVA), moderate-affinity 
SIINTEKL peptide (SEQ ID NO:2, FT), or low-affinity 
SIINFEKP peptide (SEQ ID NO:7, LP)), alone or in the 
presence of different TLR ligands (TRLl/2 (Pam3CSK4), 
TRL3 (Poly I:C), TRL4 (MPLAs), TRL7 (Gardiquimod), 
TRL7/8 (R848), or TRL9 (ODN1826)). As demonstrated in 
FIG. 12, OVA peptide elicited the greatest T-cell activation 
as measured by 4-lBB expression, and this was not affected 
over 4 days by the presence of different TLR ligands. 
Similarly, LAG-3 expression increased by day 3, but was not 
affected by the presence of different TLR ligands. PD-1 
expression, however, was significantly reduced in the pres­
ence of TLRl/2, TLR7, TLR7/8, and TLR9 ligands. This 
reduction in PD-1 expression was observed most with the 
high-affinity SIINFEKL (SEQ ID NO:1) epitope, but also 
observed following activation with lower affinity epitopes. 
Given these findings, we evaluated expression of multiple 
other T-cell checkpoint molecules following T-cell activa­
tion in the presence of TLR ligands. As shown in FIG. 13, 
OT-1 T cells activated with SIINFEKL (SEQ ID NO: 1) in 
the presence ofTLRl/2, TLR7, and TLR9 ligands predomi­
nantly affected expression of PD-1 relative to LAG-3, TIM-
3, VISTA, CD244, TIGIT, or CD160. Cytotoxic T-lympho­
cyte-associated protein 4 (CTLA-4) expression, however, 
was increased in the presence of TLRl/2 agonist. Similar 
results were found activating OT-1 cells with the lower 
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affinity FT (SIINTEKL peptide (SEQ ID NO:2)), LP (SIIN­
FEKP peptide (SEQ ID NO:7), or LY (SIINFEKY, SEQ ID 
NO:S)epitopes (FIG. 19). 

[0101] Changes in PD-1 expression following TLR stimu­
lation are mediated by IL-12 secreted from APCs: TLR are 
expressed by both T cells and professional APC. To deter­
mine if the effects on T-cell checkpoint expression were 
mediated by direct effects ofTLR ligands on T cells or APC, 
purified OT-1 T cells were activated with SIINFEKL peptide 
(SEQ ID NO:1) alone or in the presence ofTLRl/2 or TLR7 
agonist, or with purified DC or B cells pre-treated with TLR 
agonists. After 24 hours cells were evaluated for expression 
of 4-lBB, CD3, PD-1, LAG-3, CTLA-4, and TIM-3. As 
shown in FIG. 14, cells were activated in the presence or 
absence of professional APC, as measured by 4-1 BB expres­
sion. Expression ofLAG-3 was not affected by theAPC type 
or the presence ofTLR ligand, and TIM-3 expression, while 
dependent on DC as the APC type, was not affected by the 
presence ofTLR ligand. PD-1 expression, however, required 
professional APC ( either B cells or DC), and was reduced in 
the presence of either TLR ligand. Blockade of CDS0 or 
CD86, however, did not affect PD-1 expression on OT-1 T 
cells activated with the SIINFEKL epitope (SEQ ID NO: 1 ), 
suggesting that APC signals other than these co-stimulatory 
molecules were required for PD-1 expression (FIG. 20). To 
determine if these APC signals were due to cell-to-cell 
receptor-ligand mediated interaction, or due to a secreted 
factor, conditioned medium from APC incubated with or 
without TLR ligands was used in place of the TLR agonist 
during T-cell stimulation. As shown in FIG. 14B, OT-1 T 
cells activated by professional APC in the presence of TLR 
conditioned media showed a reduction in PD-1 like that 
observed with TLR agonist treatment directly, suggesting 
the decrease of PD-1 expression was due to release of a 
secreted factor by TLR-stimulated APC. A recent report by 
Yin and colleagues demonstrated that CpG treatment of 
mice led to CDS+ T cells with lower expression of PD-1, an 
effect dependent on IL-12 signaling (17). Consequently, we 
tested whether treatment of APC with TLR ligands elicited 
production ofIL-12. As shown in FIG. 14C, treatment of DC 
with TLRl/2 and TLR7 agonists led to the greatest secretion 
of IL-12. No significant secretion of IL-12 was detected 
following treatment with TLR3 or TLR4 agonists. More­
over, as shown in FIG. 14D, OT-1 T cells activated with 
peptide in the presence ofIL-12 had lower PD-1 expression. 
Similar results were found if B cells were used in place of 
DC as APC (FIG. 21). Finally, the reduction of PD-1 
expression on OT-1 T cells activated in the presence of 
TLR-stimulated APC was abrogated in the presence ofIL-12 
blockade. These findings demonstrate that TLR stimulation 
of APC leads to IL-12 release that mediates reduced PD-1 
expression during T-cell activation. 

[0102] T-cells activated in the presence of TLRl/2 or 
TLR7 ligands exhibit a gene expression profile consistent 
with enhanced effector function: To characterize gene 
expression changes in CDS+ T cells activated in the pres­
ence ofTLR ligands, and to determine whether the effects of 
TLRl/2 and TLR7 activation were entirely redundant, OT-1 
splenocytes were activated for 24 to 72 hours in the presence 
of SIINFEKL peptide alone (SEQ ID NO: 1) or with TLRl/2 
(Pam) or TLR7 (Gardiquimod) ligands. CDS+ OT-1 T cells 
were then purified and evaluated for gene expression 
changes by RNA sequencing (RNA-seq). As shown in FIG. 
15, OT-1 T cells activated in the presence of either TLRl/2 
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(Pam3CSK4) or TLR7 (Gardiquimod) ligands showed simi­
lar but distinct enriched GO-term expression changes when 
compared to cells activated by peptide antigen alone. Both 
TLR ligands induced expression of genes associated with 
Thi-biased cytotoxic effector function (including IFNy, 
TNFa, granzymes A-C, perforin and T-Bet), reduced Eome­
sodermin (EOMES gene) expression, and reduced expres­
sion of genes associated with T-cell regulation (including 
PD-1 and IL-10) when compared to cells stimulated with 
peptide alone. 

[0103] TLR stimulation at the time of T-cell activation 
reduced expression of PD-1 in vivo: To determine whether 
TLR stimulation at the time of T-cell activation with vac­
cination elicited a similar reduction in PD-1 in vivo, OT-1 
cells were adoptively transferred to naive C57BL/6 mice as 
above, and immunized once with OVA or FT peptide (or 
non-specific peptide) one day later in the presence or 
absence of a TRLl/2, TLR7, or TLR9 ligand. Splenocytes 
were collected from groups up to 14 days after immuniza­
tion and evaluated for expression of 4-lBB, PD-1 and 
LAG-3. As demonstrated in FIG. 16, 4-lBB expression and 
LAG-3 increased after immunization and their expression 
was not affected by concurrent delivery of one of the TLR 
agonists. PD-1 expression, however, was significantly 
reduced early after T-cell activation. 

[0104] Immunization in the presence ofTLRl/2 or TLR7 
ligands, co-delivered as vaccine adjuvants, elicits greater 
anti-tumor immunity in vivo: To determine whether the 
reduced expression of PD-1 on T-cells activated in the 
presence of TLR stimulation could mediate greater anti­
tumor response, ovalbumin-expressing E.G7 cells were 
implanted in C57BL/6 mice and permitted to grow until 
palpable (14 days). OT-1 T cells were then adoptively 
transferred and the following day were immunized with 
SIINFEKL (SEQ ID NO:1, OVA) or FT peptide (SEQ ID 
NO:2) alone or with TLRl/2 or TLR7 agonist. Other groups 
were immunized with 100 µg anti-PD-I antibody delivered 
the following day. In this model, PD-1 blockade alone was 
only moderately effective in the absence of activation of T 
cells with vaccines, as we have previously reported (8). As 
shown in FIG. 17A, while immunization with FT peptide 
elicited a greater anti-tumor response relative to the high­
affinity OVA peptide, immunization with either peptide in 
the presence ofTLRl/2 or TLR7 agonist produced a greater 
anti-tumor effect. Notably, the combination of vaccine with 
TLR agonists was at least as effective as combination with 
PD-1 blockade. This anti-tumor effect was not observed with 
TLR agonist treatment alone (FIG. 22). As shown in FIG. 
17B, immunization with TLRl/2 (Pam3CSK4) or TRL 7 
(Gardiquimod) agonists elicited a greater number of CDS+ 
tumor-infiltrating lymphocytes, and reduced PD-Ll expres­
sion on tumor cells. This was associated with a reduced 
PD-1 (but not LAG-3) expression on CDS+ TIL (FIG. 17C). 
[0105] Similar findings were observed in a separate tumor 
model using a DNA vaccine. We have previously reported 
that a DNA vaccine encoding an antigen expressing epitopes 
with high affinity for MHC class I elicited antigen-specific 
CDS+ T cells expressing higher PD-1 and an inferior anti­
tumor response (9). Using this model, HLA-A2-expressing 
transgenic mice were implanted with synovial sarcoma, X 
breakpoint 2 (SSX-2)-expressing tumor cells. After 2 days, 
mice were then immunized weekly with control vector 
(pTVG4), DNA encoding native SSX2 (pTVG-SSX2), or 
DNA encoding high affinity HLA-A2 epitopes (pTVG-
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SSX2 opt) in the presence or absence of Pam3CSK4 (TLRl/ 
2) or Gardiquimod (TLR7) agonist. As shown in FIG. 18, 
while TLRl/2 or TLR7 agonists alone (with vector DNA) 
had modest effects on tumor growth, in combination with 
either DNA vaccine they significantly increased the anti­
tumor efficacy. 

[0106] In this Example, we investigated whether expres­
sion of PD-1, and other T-cell immune checkpoint mol­
ecules, at the time of T-cell activation can be reduced in the 
context of innate immune stimulation using TLR ligands. 
Using in vitro models, we found that specific TLR ligands, 
notably ligands for TLRl/2, TLR7 and TLR9, led to lower 
expression of PD-1 on activated CDS+ T cells, with less 
effect on expression of other T-cell checkpoint molecules. 
This was due to effects on professional antigen presenting 
cells, either dendritic cells or B cells, and was not mediated 
through expression of CDS0 or CD86 on APC, or CD40 on 
T cells. Rather, this was mediated by IL-12 release from 
APC following TLR stimulation. In vivo use of these TLR 
ligands at the time of T-cell activation with vaccines led to 
superior anti-tumor immunity in tumor systems regulated by 
the PD-1/PD-Ll pathway. Our findings provide mechanistic 
understanding of ability of TLRs to be used as vaccine 
adjuvants due to their effects on IL-12 release by APC and 
PD-1 expression on CDS+ T cells, and that specific TLR 
ligands serve as optimal anti-tumor vaccine adjuvants. Our 
results also provide some of the first evidence that PD-1 
expression can be separated from T-cell activation, a finding 
that has important implications for T-cell therapies for 
cancer. Finally, our gene expression results suggest that TLR 
stimulation may modulate the development of effector and 
memory function in CDS+ T cells leading to more effective 
vaccine approaches. 

[0107] Our findings demonstrate that the adjuvant effects 
of specific TLRs are specific for PD-1 compared with other 
immunomodulatory molecules expressed with T-cell activa­
tion, and are mediated by IL-12. 

[0108] In the context of anti-tumor immunity this is of 
great importance, as we have previously demonstrated that 
even short-term increase in PD-1 expression following 
T-cell activation by vaccination can impair anti-tumor 
immunity (34). We demonstrate here that using specific TLR 
stimulation to decrease PD-1 expression following T-cell 
activation with vaccines can lead to anti-tumor responses at 
least as effective as are obtained using vaccines combined 
with PD-1 blockade directly. 

[0109] Our gene expression analysis suggests that TLRl/2 
and TLR7 stimulation activate similar T-cell transcriptional 
profiles, hence their effects on PD-1 expression may be 
redundant. Our studies demonstrate that this reduction of 
PD-1 expression was mediated by IL-12. While other groups 
have demonstrated that certain TLR agonists (notably TRL 7, 
but not TLR3 or TLR 4) can lead to IL-12 production by DC, 
our report is the first, to our knowledge, specifically linking 
this to expression of PD-1 on activated T cells (35-37). 

[0110] Despite the similar effects of either TLRl/2 or 
TLR7 stimulation on PD-1 expression, curiously we found 
these led to different effects on CTLA-4 expression (FIGS. 
13 and 14). This suggests that they do not activate com­
pletely redundant pathways. Moreover, while TLR3 activa­
tion did not lead to decreased PD-1 expression, and TLR3 is 
the only TLR not using the downstream MyD88 adapter 
protein, the finding that TLR4 activation also did not lead to 
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PD-1 downregulation suggests that this effect could be 
independent of MyD88 signaling. 
[0111] Our findings demonstrate that specific TLR stimu­
lation can affect the transcriptional profile of CDS+ effector 
cells, potentially favoring establishment of effector memory 
cells with high expression ofT-Bet and lower expression of 
EOMES. Our findings further suggest that different TLR 
agonists might be strategically used, alone or in sequence 
with other cytokines, to increase the anti-tumor efficacy of 
CDS+ effector memory cells with vaccination. 
[0112] Materials and Methods: 
[0113] Mice: HLA-A2.01/HLA-DR1-expressing (HHDII­
DRl) mice on a C57BL/6 background were obtained from 
Charles River Labs courtesy of Dr. Francois Lemonnier 
(41). OT-1 (Stock No: 003831) and C57BL/6J (B6, Stock 
No: 000664) were purchased from The Jackson Laboratory 
(Jax, Bar Harbor, Mass.). All mice were maintained and 
treated in microisolator cages under aseptic conditions and 
all experiments were conducted under an IACUC-approved 
protocol that conforms to the NIH guide for the care and use 
of laboratory animals. 
[0114] Cell Lines: E.G7-OVA (CRL-2113) cells were 
obtained fromATCC (Manassas, Va.) and maintained via the 
ATCC recommended methods. E.G7-OVA cells were lenti­
virally transduced to express PD-Ll, as previously described 
(34). The A2/sarcoma cell line expressing SSX2 (A2/Sarc­
SSX2) was generated as previously described (42). 
[0115] Peptides: Peptides encoding the high-affinity 
H2K6-restricted epitope from chicken ovalbumin (OVA; 
SIINFEKL, SEQ ID NO: 1 ), or variants with lower affinity 
(SIINTEKL (SEQ ID NO:2, FT), SIINFEKP (SEQ ID NO:7, 
LP)) were synthesized, and the purity and identity of each 
peptide was confirmed by mass spectrometry and gas chro­
matography (LifeTein, LLC., Hillsborough, N.J.). 
[0116] In vitro T-cell stimulation: Spleens were collected 
from OT-1 mice, processed through a mesh screen, and 
splenocytes were isolated by centrifugation after red blood 
cell osmotic lysis with ammonium chloride/potassium chlo­
ride lysis buffer (0.15 M NH4Cl, 10 mM KHCO3, 0.1 mM 
EDTA). Splenocytes were cultured at 2xl06/mL in RPMI 
1640 medium supplemented with L-glutamine, 10% fetal 
calf serum (FCS), 200 U/mL penicillin/streptomycin, 1 % 
sodium pyruvate, 1 % HEPES, 50 µM ~-MeOH, and 2 
µg/mL of the designated peptide. TLR agonists were all 
purchased from InvivoGen (San Diego, Calif.) and added 
one hour before peptides at the following optimal concen­
trations based on preliminary studies and previously 
reported results: 300 ng/ml Pam3CSK4, 10 µg/mL Poly(I:C) 
HMW, 10 µg/ml MPLAs, 3 µg/ml Gardiquimod, 10 µg/ml 
R848, 5 µM ODN 1826. At the time points indicated, cells 
were stained, fixed for 15 min at 4° C. in cytofix (BD 
Biosciences (BD), San Jose, Calif.; 554655), and frozen in 
FCS+ 10% DMSO. After all time points were collected, cells 
from all times were thawed, rinsed and resuspended in 
PBS+3% FCS+l mM EDTA and analyzed by flow cytom­
etry. Cells were stained for 30 min at 4° C. in a 1:4 dilution 
ofbrilliant stain buffer (BD 563794) in PBS+3% FCS+lmM 
EDTA. In order to assess co-stimulation, blocking antibod­
ies for CDS0 (0.6 µg/mL), CD86 (0.25 µg/mL) or OX40L 
(0.6 µg/mL) were added 1 hour prior to antigen. 
[0117] RNA preparation and sequencing: Cells were 
stimulated in vitro as above, and at the times indicated T 
cells were isolated via immunomagnetic negative selection 
(StemCell, Vancouver, Canada 19853), RNA was collected 
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as per the manufacturers instruction (Direct-zol RNA Mini­
Prep Plus w/TRI Reagent, Zymo Research), treated with 
DNAse (TURBO DNA-free Kit, Invitrogen), and stored at 
-80° C. until analysis at the UW-Madison Biotechnology 
Center. Total RNA was verified for purity and integrity via 
a NanoDrop2000 Spectrophotometer and Agilent 2100 Bio­
Analyzer, respectively. Samples that met the Illumina 
sample input guidelines were prepared using the Illumina® 
TruSeq® Stranded mRNA Sample Preparation kits (Illu­
mina Inc., San Diego, Calif., USA). For each library prepa­
ration, mRNA was purified from 1000 ng total RNA using 
poly-T oligo-attached magnetic beads. Subsequently, each 
poly-A enriched sample was fragmented using divalent 
cations under elevated temperature. The fragmented RNA 
was synthesized into double-stranded cDNA using Super­
Script II Reverse Transcriptase (Invitrogen, Carlsbad, Calif., 
USA) and random primers for first strand cDNA synthesis 
followed by second strand synthesis using DNA Polymerase 
I and RNAse H for removal of mRNA. Double-stranded 
cDNA was purified by paramagnetic beads (Agencourt 
AMPure XP beads, Beckman Coulter). The cDNA products 
were incubated with Kienow DNA Polymerase and DNA 
fragments, ligated to Illumina adapters, and purified by 
paramagnetic beads. Adapter ligated DNA was amplified in 
a Linker Mediated PCR reaction (LM-PCR) for 11 cycles 
using Phusion™ DNA Polymerase and Illumina's PE 
genomic DNA primer set and then purified by paramagnetic 
beads. Quality and quantity of the finished libraries were 
assessed using an Agilent DNAl000 chip (Agilent Tech­
nologies, Inc., Santa Clara, Calif., USA) and Qubit® 
dsDNA HS Assay Kit (Invitrogen, Carlsbad, Calif., USA), 
respectively. Libraries were standardized to 2 µM. Cluster 
generation was performed using standard Cluster Kit (v3) 
and the Illumina Cluster Station. Single 100 bp sequencing 
was performed, using standard SBS chemistry (v4) on an 
Illumina HiSeq2500 sequencer. Images were analyzed using 
the standard Illumina Pipeline, version 1.8.2. 

[0118] RNA sequencing data analysis: Illumina sequenc­
ing reads were adapter and quality trimmed using the 
Skewer trimming program. Quality reads were subsequently 
aligned to the annotated reference genome using the STAR 
aligner ( 43). Quantification of expression for each gene was 
calculated by RSEM ( 44 ), the expected read counts from 
RSEM were filtered for low/empty values and used for 
differential gene expression analysis using DESeq2 ( 45). All 
remaining genes from the pairwise comparisons were ana­
lyzed using Gene Set Enrichment Analysis (GSEA) (46, 47) 
to identify pathways (based on GO terms (c5.all.v6) from 
the Molecular Signatures Database (MSigDB ( 48)) as well 
as custom gene sets involved in TLRl/2 versus TLR7 ligand 
activation. GSEA was performed by calculating a ranked 
vector as log2 fold-change. Analysis was performed using R 
3.3.1 (49) and Bioconductor 2.32.0 (50). Venn diagrams 
were generated using the VennDiagram package. 

[0119] In vitro co-culture experiments: APC subsets were 
enriched from splenocytes using PE-labeled antibodies spe­
cific for either CD19 or CDllc (StemCell). CDS+ T cells 
were isolated as above. Primary dendritic cells were har­
vested from spleens of mice previously inoculated with a 
B16 tumor cell line transduced to secrete FMS like Tyrosine 
kinase 3 ligand (Flt3-L) as previously described (51). After 
enrichment, eachAPC subset, and a subset ofT cells with no 
APC present, were cultured at 2xl06 cells/mL in PBS in the 
presence of 2 µg/mL peptide, with or without TLR agonists 
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as described above, for 1 h. Cells were then rinsed and 
transferred to fresh medium without peptide or TLR agonist. 
Naive T cells were added at a 1:1 ratio and incubated for 
three days, after which cells were stained and analyzed by 
flow cytometry. To assess the effects of secreted factors as a 
result of the TLR agonists, cells were incubated as described 
for 4 hours, rinsed, and incubated for 24 hours in fresh 
medium. This conditioned medium was then removed and 
added to a well containing untreated APC and OT-1 T-cells, 
isolated as above, and incubated for an additional 24 hours 
before analysis by flow cytometry. Where indicated, 0.1 
ng/mL recombinant IL-12 (R&D systems, Minneapolis, 
Minn., 419-ML-010) was added in place of the TLR agonists 
or 0.06 µg/mL blocking antibody (R&D systems, AF-419-
SP) was added in addition to the agonists. Where indicated, 
IL-12 concentrations in culture supernatant were detected by 
ELISA according to the manufacturer's recommendations 
(R&D systems, kit M1270). 

[0120] Adoptive transfer and immunization of wild type 
C57BL/6 (B6) mice: OT-1 splenocytes were harvested and 
CDS+ T cells were isolated as described above. 2xl06 OT-1 
T cells were adoptively transferred into 6- to 10-week old 
female B6 mice via intraperitoneal injection. The day fol­
lowing transfer, mice were immunized subcutaneously with 
100 µg SIINFEKL peptide (SEQ ID NO: 1) in PBS without 
adjuvant, intradermally with 100 µg plasmid encoding full 
length secreted chicken egg ovalbumin (pCI-neo-sOVA 
(psOVA), Addgene plasmid #25098, Cambridge, Mass.), 
intraperitoneally with 5xl06 cfu of a Listeria monocyto­
genes vector encoding ovalbumin (Lm-OVA, gift of J D 
Sauer), or vehicle or corresponding wild-type Lm or DNA 
plasmid vector. TLR agonists were co-injected with the 
vaccine at the following concentrations: 20 µg/mouse 
Pam3CSK4, 100 µg/mouse Gardiquimod, 50 µg/mouse 
ODN 1826, or vehicle. Mice were euthanized at the times 
indicated. Spleens were collected, processed as described 
above, and T-cell populations analyzed by flow cytometry. 
Data collected on different days were normalized using 
rainbow beads (Spherotech, Lake Forest, Ill.; RFP-30-5A). 

[0121] Ovalbumin tumor treatment studies: 106 ovalbu­
min-expressing E.G7 PD-Ll high cells were injected subcu­
taneously into 6- tol0-week old female B6 mice. Ten to 
fifteen days post injection, when tumors were palpable and 
similarly sized (-0.2 cm3

), 2xl06na1ve OT-1 CDS+ T cells 
were adoptively transferred to each mouse as described 
above. The following day mice were immunized subcuta­
neously with 100 µg of an individual peptide (SIINFEKL 
(SEQ ID NO: 1) or variant, LifeTein) in PBS, with or without 
TLR agonists as described above. In the group receiving 
PD-1 blocking antibody, 100 µg of antibody (clone G4 (52)) 
was injected intraperitoneally on the day following vacci­
nation. Tumor volume was measured over time using cali­
pers and calculated in cubic centimeters according to the 
following formula: (Jt/6)*(long axis)*(short axis)2

. Tumors 
obtained at necropsy were digested in media containing 1 
mg/mL collagenase and 20 µg/mL DNAse I (Sigma, St. 
Louis, Mo.) for 1-2 hours at 37° C., and passed through a 
100-µm screen to obtain a single-cell suspension. Tumor 
cells and tumor-infiltrating lymphocytes (TILs) were stained 
and analyzed by flow cytometry using the following panel: 
CD3-FITC (BD 555274), CD4-BUV395 (BD 563790), 
CD8-BUV805 (BD 564920), LAG-3-BV711 (BD 563179), 
PD1-PECF594 (BD 562523), PDL1-PECy7 (BD 558017), 
41BB-PerCPeF710 (eBioscience 46-1371-82), CD45-
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BV510 (BD 563891) and Live/Dead Ghost dye 780 (Tonbo, 
San Diego, Calif. 13-0865-Tl00) or corresponding fluores­
cently labeled IgG controls. 
[0122] SSX2 tumor treatment studies: 6- to 8-week old 
HHDII-DRl mice were inoculated with 105 A2/Sarc-SSX2 
cells administered subcutaneously, and then immunized 
intradermally with DNA vaccines weekly beginning one day 
after tumor implantation, as previously described ( 42). TLR 
agonists or vehicle were co-administered with the vaccine 
intradermally, and tumor volumes were measured over time 
using calipers, as described above. 
[0123] Statistical Analyses: Comparison of group means 
was performed using GraphPad Prism software, v5.01. 
Analysis of Variance (ANOVA; one- or two-sided depend­
ing on the nature of the data) statistical modeling was used 
to analyze data sets, followed by the Bonferroni multiple­
comparison post-hoc procedure to compare individual group 
means. For all comparisons, P values equal to or less than 
0.05 (or 0.01 where indicated) were considered statistically 
significant. 
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Example 7 

[0176] Determining whether TLR agonist stimulation ofT 
cells similarly affects expression of checkpoint molecules on 
human CDS+ T cells following activation. The studies above 
are performed in murine systems. It is known that there are 
differences in expression ofTLR in murine and human cells 
[46]. In fact, 10 TLRs have been identified in humans, and 
12 in mice [ 4 7]. Hence it will be important for future human 
trials combining vaccination with TLR agonist activation to 
understand if related agents can function similarly in human 
cells. To test this, we will take advantage of our previous 
observation that many patients with advanced prostate can­
cer have detectable CDS+ T cells for the tumor-associated 
antigen SSX-2 that can be identified by tetramer staining for 
the HLA-A2-restricted p103 epitope [16]. Using cells from 
these patients, we have previously identified that stimulating 
autologous antigen-presenting cells with plasmid DNA 
encoding SSX2 results in the expansion of p103-specific 
tetramer+CDS+ T cells that can be detected after 7 days [ 45]. 
Further, we have identified that modifications to increase the 
MHC class I affinity of the p103 epitope, whether delivered 
as a peptide or included within a DNA vaccine, elicit 
peptide-specific CDS+ T cells with higher PD-1 expression 
(FIG. 1) [21]. Consequently, for these studies we take 
PBMC from human subjects previously identified to have 
SSX2-specific CDS+ T cells, and culture them in vitro in the 
presence of plasmid DNA encoding SSX2 or plasmid DNA 
encoding SSX2 with a modification to encode a higher­
affinity p 103 epitope. Cultures also include gradients ofTLR 
agonists, including Pam3CSK4 (TLRl/2 agonist) and 
Resiquimod (TLR7 agonist). After 7 days, cultures are 
assessed for the frequency of p 103 tetramer+ CDS+ T cells, 
and for expression of checkpoint molecules (PD-1, LAG-3, 
TIM3, CTLA-4, BTLA, CD160, CD244, VISTA) and mark­
ers of activation (4-lBB, CD69). As in the murine studies, 
cells are evaluated for cytokine/effector function following 
restimulation with the p 103 epitope and using intracellular 
cytokine staining to evaluate for expression ofIFNy, TNFa, 
IL-2, IL-4, IL-10, granzyme A, granzyme B, and granulysin. 

[0177] We have cryopreserved thousands of aliquots of 
PBMC from subjects with prostate cancer, collected by 
leukapheresis that will serve as the resources. Studies are 
performed in multiple replicates with at least three different 
donors. We anticipate that activating T cells using a plasmid 
encoding the high-affinity epitope will expand antigen­
specific CDS+ T cells with high PD-1 expression, as we 
observed in murine studies [21]. We expect that TLRl/2 
and/or TLR7 activation will lead to expansion of antigen­
specific CDS+ T cells with lower PD-1 expression. We 
further expect that these cells will have functional cytokine/ 
enzyme secreting function with a Thl bias. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS, 15 

<210> SEQ ID NO 1 
<211> LENGTH, 8 

<212> TYPE, PRT 
<213> ORGANISM, Gallus gallus 

<400> SEQUENCE, 1 

Ser Ile Ile Asn Phe 
1 5 

<210> SEQ ID NO 2 
<211> LENGTH, 8 
<212> TYPE, PRT 

Glu Lys Leu 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, synthetic 

<400> SEQUENCE, 2 

Ser Ile Ile Asn Thr Glu Lys Leu 
1 5 

<210> SEQ ID NO 3 
<211> LENGTH, 9 

<212> TYPE, PRT 
<213> ORGANISM, Homo 

<400> SEQUENCE, 3 

Leu Leu Leu Phe Ser 
1 5 

<210> SEQ ID NO 4 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Homo 

<400> SEQUENCE, 4 

Arg Met Leu Tyr Phe 
1 5 

<210> SEQ ID NO 5 
<211> LENGTH, 9 

<212> TYPE, PRT 
<213> ORGANISM, Homo 

<400> SEQUENCE, 5 

Phe Leu Cys Met Lys 
1 5 

<210> SEQ ID NO 6 
<211> LENGTH, 9 

<212> TYPE, PRT 
<213> ORGANISM, Homo 

<400> SEQUENCE, 6 

Gln Leu Thr Lys Leu 
1 5 

<210> SEQ ID NO 7 
<211> LENGTH, 8 
<212> TYPE, PRT 

sapiens 

Ile Ile Pro Val 

sapiens 

Ala Pro Asp Leu 

sapiens 

Ala Leu Leu Leu 

sapiens 

Leu Asp Ser Val 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

Val 
10 

Jun. 21, 2018 
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<223> OTHER INFORMATION, synthetic 

<400> SEQUENCE, 7 

Ser Ile Ile Asn Phe Glu Lys Pro 
1 5 

<210> SEQ ID NO 8 
<211> LENGTH, 8 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, synthetic 

<400> SEQUENCE, 8 

Ser Ile Ile Asn Phe Glu Lys Tyr 
1 5 

<210> SEQ ID NO 9 
<211> LENGTH, 10070 
<212> TYPE, DNA 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 9 

18 

-continued 

gcggagagaa ccctctgttt tcccccactc tctctccacc tcctcctgcc ttccccaccc 

cgagtgcgga gccagagatc aaaagatgaa aaggcagtca ggtcttcagt agccaaaaaa 

caaaacaaac aaaaacaaaa aagccgaaat aaaagaaaaa gataataact cagttcttat 

ttgcacctac ttcagtggac actgaatttg gaaggtggag gattttgttt ttttctttta 

agatctgggc atcttttgaa tctacccttc aagtattaag agacagactg tgagcctagc 

agggcagatc ttgtccaccg tgtgtcttct tctgcacgag actttgaggc tgtcagagcg 

ctttttgcgt ggttgctccc gcaagtttcc ttctctggag cttcccgcag gtgggcagct 

agctgcagcg actaccgcat catcacagcc tgttgaactc ttctgagcaa gagaagggga 

ggcggggtaa gggaagtagg tggaagattc agccaagctc aaggatggaa gtgcagttag 

ggctgggaag ggtctaccct cggccgccgt ccaagaccta ccgaggagct ttccagaatc 

tgttccagag cgtgcgcgaa gtgatccaga acccgggccc caggcaccca gaggccgcga 

gcgcagcacc tcccggcgcc agtttgctgc tgctgcagca gcagcagcag cagcagcagc 

agcagcagca gcagcagcag cagcagcagc agcagcagca gcaagagact agccccaggc 

agcagcagca gcagcagggt gaggatggtt ctccccaagc ccatcgtaga ggccccacag 

gctacctggt cctggatgag gaacagcaac cttcacagcc gcagtcggcc ctggagtgcc 

accccgagag aggttgcgtc ccagagcctg gagccgccgt ggccgccagc aaggggctgc 

cgcagcagct gccagcacct ccggacgagg atgactcagc tgccccatcc acgttgtccc 

tgctgggccc cactttcccc ggcttaagca gctgctccgc tgaccttaaa gacatcctga 

gcgaggccag caccatgcaa ctccttcagc aacagcagca ggaagcagta tccgaaggca 

gcagcagcgg gagagcgagg gaggcctcgg gggctcccac ttcctccaag gacaattact 

tagggggcac ttcgaccatt tctgacaacg ccaaggagtt gtgtaaggca gtgtcggtgt 

ccatgggcct gggtgtggag gcgttggagc atctgagtcc aggggaacag cttcgggggg 

attgcatgta cgccccactt ttgggagttc cacccgctgt gcgtcccact ccttgtgccc 

cattggccga atgcaaaggt tctctgctag acgacagcgc aggcaagagc actgaagata 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

Jun. 21, 2018 
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ctgctgagta ttcccctttc aagggaggtt acaccaaagg gctagaaggc gagagcctag 1500 

gctgctctgg cagcgctgca gcagggagct ccgggacact tgaactgccg tctaccctgt 1560 

ctctctacaa gtccggagca ctggacgagg cagctgcgta ccagagtcgc gactactaca 1620 

actttccact ggctctggcc ggaccgccgc cccctccgcc gcctccccat ccccacgctc 1680 

gcatcaagct ggagaacccg ctggactacg gcagcgcctg ggcggctgcg gcggcgcagt 1740 

gccgctatgg ggacctggcg agcctgcatg gcgcgggtgc agcgggaccc ggttctgggt 1800 

caccctcagc cgccgcttcc tcatcctggc acactctctt cacagccgaa gaaggccagt 1860 

tgtatggacc gtgtggtggt ggtgggggtg gtggcggcgg cggcggcggc ggcggcggcg 1920 

gcggcggcgg cggcggcggc ggcgaggcgg gagctgtagc cccctacggc tacactcggc 1980 

cccctcaggg gctggcgggc caggaaagcg acttcaccgc acctgatgtg tggtaccctg 2040 

gcggcatggt gagcagagtg ccctatccca gtcccacttg tgtcaaaagc gaaatgggcc 2100 

cctggatgga tagctactcc ggaccttacg gggacatgcg tttggagact gccagggacc 2160 

atgttttgcc cattgactat tactttccac cccagaagac ctgcctgatc tgtggagatg 2220 

aagcttctgg gtgtcactat ggagctctca catgtggaag ctgcaaggtc ttcttcaaaa 2280 

gagccgctga agggaaacag aagtacctgt gcgccagcag aaatgattgc actattgata 2340 

aattccgaag gaaaaattgt ccatcttgtc gtcttcggaa atgttatgaa gcagggatga 2400 

ctctgggagc ccggaagctg aagaaacttg gtaatctgaa actacaggag gaaggagagg 2460 

cttccagcac caccagcccc actgaggaga caacccagaa gctgacagtg tcacacattg 2520 

aaggctatga atgtcagccc atctttctga atgtcctgga agccattgag ccaggtgtag 2580 

tgtgtgctgg acacgacaac aaccagcccg actcctttgc agccttgctc tctagcctca 2640 

atgaactggg agagagacag cttgtacacg tggtcaagtg ggccaaggcc ttgcctggct 2700 

tccgcaactt acacgtggac gaccagatgg ctgtcattca gtactcctgg atggggctca 2760 

tggtgtttgc catgggctgg cgatccttca ccaatgtcaa ctccaggatg ctctacttcg 2820 

cccctgatct ggttttcaat gagtaccgca tgcacaagtc ccggatgtac agccagtgtg 2880 

tccgaatgag gcacctctct caagagtttg gatggctcca aatcaccccc caggaattcc 2940 

tgtgcatgaa agcactgcta ctcttcagca ttattccagt ggatgggctg aaaaatcaaa 3000 

aattctttga tgaacttcga atgaactaca tcaaggaact cgatcgtatc attgcatgca 3060 

aaagaaaaaa tcccacatcc tgctcaagac gcttctacca gctcaccaag ctcctggact 3120 

ccgtgcagcc tattgcgaga gagctgcatc agttcacttt tgacctgcta atcaagtcac 3180 

acatggtgag cgtggacttt ccggaaatga tggcagagat catctctgtg caagtgccca 3240 

agatcctttc tgggaaagtc aagcccatct atttccacac ccagtgaagc attggaaacc 3300 

ctatttcccc accccagctc atgccccctt tcagatgtct tctgcctgtt ataactctgc 3360 

actactcctc tgcagtgcct tggggaattt cctctattga tgtacagtct gtcatgaaca 3420 

tgttcctgaa ttctatttgc tgggcttttt ttttctcttt ctctcctttc tttttcttct 3480 

tccctcccta tctaaccctc ccatggcacc ttcagacttt gcttcccatt gtggctccta 3540 

tctgtgtttt gaatggtgtt gtatgccttt aaatctgtga tgatcctcat atggcccagt 3600 

gtcaagttgt gcttgtttac agcactactc tgtgccagcc acacaaacgt ttacttatct 3660 

tatgccacgg gaagtttaga gagctaagat tatctgggga aatcaaaaca aaaacaagca 3720 
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aacaaaaaaa aaaagcaaaa acaaaacaaa aaataagcca aaaaaccttg ctagtgtttt 3780 

ttcctcaaaa ataaataaat aaataaataa atacgtacat acatacacac atacatacaa 3840 

acatatagaa atccccaaag aggccaatag tgacgagaag gtgaaaattg caggcccatg 3900 

gggagttact gattttttca tctcctccct ccacgggaga ctttattttc tgccaatggc 3960 

tattgccatt agagggcaga gtgaccccag agctgagttg ggcagggggg tggacagaga 4020 

ggagaggaca aggagggcaa tggagcatca gtacctgccc acagccttgg tccctggggg 4080 

ctagactgct caactgtgga gcaattcatt atactgaaaa tgtgcttgtt gttgaaaatt 4140 

tgtctgcatg ttaatgcctc acccccaaac ccttttctct ctcactctct gcctccaact 4200 

tcagattgac tttcaatagt ttttctaaga cctttgaact gaatgttctc ttcagccaaa 4260 

acttggcgac ttccacagaa aagtctgacc actgagaaga aggagagcag agatttaacc 4320 

ctttgtaagg ccccatttgg atccaggtct gctttctcat gtgtgagtca gggaggagct 4380 

ggagccagag gagaagaaaa tgatagcttg gctgttctcc tgcttaggac actgactgaa 4440 

tagttaaact ctcactgcca ctaccttttc cccaccttta aaagacctga atgaagtttt 4500 

ctgccaaact ccgtgaagcc acaagcacct tatgtcctcc cttcagtgtt ttgtgggcct 4560 

gaatttcatc acactgcatt tcagccatgg tcatcaagcc tgtttgcttc ttttgggcat 4620 

gttcacagat tctctgttaa gagcccccac caccaagaag gttagcaggc caacagctct 4680 

gacatctatc tgtagatgcc agtagtcaca aagatttctt accaactctc agatcgctgg 4740 

agcccttaga caaactggaa agaaggcatc aaagggatca ggcaagctgg gcgtcttgcc 4800 

cttgtccccc agagatgata ccctcccagc aagtggagaa gttctcactt ccttctttag 4860 

agcagctaaa ggggctaccc agatcagggt tgaagagaaa actcaattac cagggtggga 4920 

agaatgaagg cactagaacc agaaaccctg caaatgctct tcttgtcacc cagcatatcc 4980 

acctgcagaa gtcatgagaa gagagaagga acaaagagga gactctgact actgaattaa 5040 

aatcttcagc ggcaaagcct aaagccagat ggacaccatc tggtgagttt actcatcatc 5100 

ctcctctgct gctgattctg ggctctgaca ttgcccatac tcactcagat tccccacctt 5160 

tgttgctgcc tcttagtcag agggaggcca aaccattgag actttctaca gaaccatggc 5220 

ttctttcgga aaggtctggt tggtgtggct ccaatacttt gccacccatg aactcagggt 5280 

gtgccctggg acactggttt tatatagtct tttggcacac ctgtgttctg ttgacttcgt 5340 

tcttcaagcc caagtgcaag ggaaaatgtc cacctacttt ctcatcttgg cctctgcctc 5400 

cttacttagc tcttaatctc atctgttgaa ctcaagaaat caagggccag tcatcaagct 5460 

gcccatttta attgattcac tctgtttgtt gagaggatag tttctgagtg acatgatatg 5520 

atccacaagg gtttccttcc ctgatttctg cattgatatt aatagccaaa cgaacttcaa 5580 

aacagcttta aataacaagg gagaggggaa cctaagatga gtaatatgcc aatccaagac 5640 

tgctggagaa aactaaagct gacaggttcc ctttttgggg tgggatagac atgttctggt 5700 

tttctttatt attacacaat ctggctcatg tacaggatca cttttagctg ttttaaacag 5760 

aaaaaaatat ccaccactct tttcagttac actaggttac attttaatag gtcctttaca 5820 

tctgttttgg aatgattttc atcttttgtg atacacagat tgaattatat cattttcata 5880 

tctctccttg taaatactag aagctctcct ttacatttct ctatcaaatt tttcatcttt 5940 

atgggtttcc caattgtgac tcttgtcttc atgaatatat gtttttcatt tgcaaaagcc 6000 
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aaaaatcagt gaaacagcag tgtaattaaa agcaacaact ggattactcc aaatttccaa 6060 

atgacaaaac tagggaaaaa tagcctacac aagcctttag gcctactctt tctgtgcttg 6120 

ggtttgagtg aacaaaggag attttagctt ggctctgttc tcccatggat gaaaggagga 6180 

ggattttttt tttcttttgg ccattgatgt tctagccaat gtaattgaca gaagtctcat 6240 

tttgcatgcg ctctgctcta caaacagagt tggtatggtt ggtatactgt actcacctgt 6300 

gagggactgg ccactcagac ccacttagct ggtgagctag aagatgagga tcactcactg 6360 

gaaaagtcac aaggaccatc tccaaacaag ttggcagtgc tcgatgtgga cgaagagtga 6420 

ggaagagaaa aagaaggagc accagggaga aggctccgtc tgtgctgggc agcagacagc 6480 

tgccaggatc acgaactctg tagtcaaaga aaagagtcgt gtggcagttt cagctctcgt 6540 

tcattgggca gctcgcctag gcccagcctc tgagctgaca tgggagttgt tggattcttt 6600 

gtttcatagc tttttctatg ccataggcaa tattgttgtt cttggaaagt ttattatttt 6660 

tttaactccc ttactctgag aaagggatat tttgaaggac tgtcatatat ctttgaaaaa 6720 

agaaaatctg taatacatat atttttatgt atgttcactg gcactaaaaa atatagagag 6780 

cttcattctg tcctttgggt agttgctgag gtaattgtcc aggttgaaaa ataatgtgct 6840 

gatgctagag tccctctctg tccatactct acttctaaat acatataggc atacatagca 6900 

agttttattt gacttgtact ttaagagaaa atatgtccac catccacatg atgcacaaat 6960 

gagctaacat tgagcttcaa gtagcttcta agtgtttgtt tcattaggca cagcacagat 7020 

gtggcctttc cccccttctc tcccttgata tctggcaggg cataaaggcc caggccactt 7080 

cctctgcccc ttcccagccc tgcaccaaag ctgcatttca ggagactctc tccagacagc 7140 

ccagtaacta cccgagcatg gcccctgcat agccctggaa aaataagagg ctgactgtct 7200 

acgaattatc ttgtgccagt tgcccaggtg agagggcact gggccaaggg agtggttttc 7260 

atgtttgacc cactacaagg ggtcatggga atcaggaatg ccaaagcacc agatcaaatc 7320 

caaaacttaa agtcaaaata agccattcag catgttcagt ttcttggaaa aggaagtttc 7380 

tacccctgat gcctttgtag gcagatctgt tctcaccatt aatctttttg aaaatctttt 7440 

aaagcagttt ttaaaaagag agatgaaagc atcacattat ataaccaaag attacattgt 7500 

acctgctaag ataccaaaat tcataagggc agggggggag caagcattag tgcctctttg 7560 

ataagctgtc caaagacaga ctaaaggact ctgctggtga ctgacttata agagctttgt 7620 

gggttttttt ttccctaata atatacatgt ttagaagaat tgaaaataat ttcgggaaaa 7680 

tgggattatg ggtccttcac taagtgattt tataagcaga actggctttc cttttctcta 7740 

gtagttgctg agcaaattgt tgaagctcca tcattgcatg gttggaaatg gagctgttct 7800 

tagccactgt gtttgctagt gcccatgtta gcttatctga agatgtgaaa cccttgctga 7860 

taagggagca tttaaagtac tagattttgc actagaggga cagcaggcag aaatccttat 7920 

ttctgcccac tttggatggc acaaaaagtt atctgcagtt gaaggcagaa agttgaaata 7980 

cattgtaaat gaatatttgt atccatgttt caaaattgaa atatatatat atatatatat 8040 

atatatatat atatatatat agtgtgtgtg tgtgttctga tagctttaac tttctctgca 8100 

tctttatatt tggttccaga tcacacctga tgccatgtac ttgtgagaga ggatgcagtt 8160 

ttgttttgga agctctctca gaacaaacaa gacacctgga ttgatcagtt aactaaaagt 8220 

tttctcccct attgggtttg acccacaggt cctgtgaagg agcagaggga taaaaagagt 8280 
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agaggacatg atacattgta ctttactagt tcaagacaga tgaatgtgga aagcataaaa 8340 

actcaatgga actgactgag atttaccaca gggaaggccc aaacttgggg ccaaaagcct 8400 

acccaagtga ttgaccagtg gccccctaat gggacctgag ctgttggaag aagagaactg 8460 

ttccttggtc ttcaccatcc ttgtgagaga agggcagttt cctgcattgg aacctggagc 8520 

aagcgctcta tctttcacac aaattccctc acctgagatt gaggtgctct tgttactggg 8580 

tgtctgtgtg ctgtaattct ggttttggat atgttctgta aagattttga caaatgaaaa 8640 

tgtgtttttc tctgttaaaa cttgtcagag tactagaagt tgtatctctg taggtgcagg 8700 

tccatttctg cccacaggta gggtgttttt ctttgattaa gagattgaca cttctgttgc 8760 

ctaggacctc ccaactcaac catttctagg tgaaggcaga aaaatccaca ttagttactc 8820 

ctcttcagac atttcagctg agataacaaa tcttttggaa ttttttcacc catagaaaga 8880 

gtggtagata tttgaattta gcaggtggag tttcatagta aaaacagctt ttgactcagc 8940 

tttgatttat cctcatttga tttggccaga aagtaggtaa tatgcattga ttggcttctg 9000 

attccaattc agtatagcaa ggtgctaggt tttttccttt ccccacctgt ctcttagcct 9060 

ggggaattaa atgagaagcc ttagaatggg tggcccttgt gacctgaaac acttcccaca 9120 

taagctactt aacaagattg tcatggagct gcagattcca ttgcccacca aagactagaa 9180 

cacacacata tccatacacc aaaggaaaga caattctgaa atgctgtttc tctggtggtt 9240 

ccctctctgg ctgctgcctc acagtatggg aacctgtact ctgcagaggt gacaggccag 9300 

atttgcatta tctcacaacc ttagcccttg gtgctaactg tcctacagtg aagtgcctgg 9360 

ggggttgtcc tatcccataa gccacttgga tgctgacagc agccaccatc agaatgaccc 9420 

acgcaaaaaa aagaaaaaaa aaattaaaaa gtcccctcac aacccagtga cacctttctg 9480 

ctttcctcta gactggaaca ttgattaggg agtgcctcag acatgacatt cttgtgctgt 9540 

ccttggaatt aatctggcag caggagggag cagactatgt aaacagagat aaaaattaat 9600 

tttcaatatt gaaggaaaaa agaaataaga agagagagag aaagaaagca tcacacaaag 9660 

attttcttaa aagaaacaat tttgcttgaa atctctttag atggggctca tttctcacgg 9720 

tggcacttgg cctccactgg gcagcaggac cagctccaag cgctagtgtt ctgttctctt 9780 

tttgtaatct tggaatcttt tgttgctcta aatacaatta aaaatggcag aaacttgttt 9840 

gttggactac atgtgtgact ttgggtctgt ctctgcctct gctttcagaa atgtcatcca 9900 

ttgtgtaaaa tattggctta ctggtctgcc agctaaaact tggccacatc ccctgttatg 9960 

gctgcaggat cgagttattg ttaacaaaga gacccaagaa aagctgctaa tgtcctctta 10020 

tcattgttgt taatttgtta aaacataaag aaatctaaaa tttcaaaaaa 10070 

<210> SEQ ID NO 10 
<211> LENGTH, 10063 
<212> TYPE, DNA 
<213> ORGANISM, Mus musculus 

<400> SEQUENCE, 10 

cagcgccccc tcggagatcc ctaggagcca gcctgctggg agaaccagag ggtccggagc 60 

aaacctggag gctgagaggg catcagaggg gaaaagactg agctagccac tccagtgcca 120 

tacagaagct taagggacgc accacgccag ccccagccca gcgacagcca acgcctgttg 180 

cagagcggcg gcttcgaagc cgccgcccag gagctgccct ttcctcttcg gtgaagtttc 240 
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taaaagctgc gggagactca gaggaagcaa ggaaagtgtc cggtaggact acggctgcct 300 

ttgtcctctt cccctctacc cttaccccct cctgggtccc ctctccagga gctgactagg 360 

caggctttct ggccaaccct ctcccctaca cccccagctc tgccagccag tttgcacaga 420 

ggtaaactcc ctttggctga gagtagggga gcttgttgca cattgcaagg aaggcttttg 480 

ggagcccaga gactgaggag caacagcacg cccaggagag tccctggttc caggttctcg 540 

cccctgcacc tcctcctgcc cgcccctcac cctgtgtgtg gtgttagaaa tgaaaagatg 600 

aaaaggcagc tagggtttca gtagtcgaaa gcaaaacaaa agctaaaaga aaacaaaaag 660 

aaaatagccc agttcttatt tgcacctgct tcagtggact ttgaatttgg aaggcagagg 720 

atttcccctt ttccctcccg tcaaggtttg agcatctttt aatctgttct tcaagtattt 780 

agagacaaac tgtgtaagta gcagggcaga tcctgtcttg cgcgtgcctt cctttactgg 840 

agactttgag gttatctggg cactcccccc acccaccccc cctcctgcaa gttttcttcc 900 

ccggagcttc ccgcaggtgg gcagctagct gcagatacta catcatcagt caggagaact 960 

cttcagagca agagacgagg aggcaggata agggaattcg gtggaagcta cagacaagct 1020 

caaggatgga ggtgcagtta gggctgggaa gggtctaccc acggccccca tccaagacct 1080 

atcgaggagc gttccagaat ctgttccaga gcgtgcgcga agcgatccag aacccgggcc 1140 

ccaggcaccc tgaggccgct aacatagcac ctcccggcgc ctgtttacag cagaggcagg 1200 

agactagccc ccggcggcgg cggcggcagc agcacactga ggatggttct cctcaagccc 1260 

acatcagagg ccccacaggc tacctggccc tggaggagga acagcagcct tcacagcagc 1320 

aggcagcctc cgagggccac cctgagagca gctgcctccc cgagcctggg gcggccaccg 1380 

ctcctggcaa ggggctgccg cagcagccac cagctcctcc agatcaggat gactcagctg 1440 

ccccatccac gttgtccctg ctgggcccca ctttcccagg cttaagcagc tgctccgccg 1500 

acattaaaga cattttgaac gaggccggca ccatgcaact tcttcagcag cagcaacaac 1560 

agcagcagca ccaacagcag caccaacagc accaacagca gcaggaggta atctccgaag 1620 

gcagcagcgc aagagccagg gaggccacgg gggctccctc ttcctccaag gatagttacc 1680 

tagggggcaa ttcaaccata tctgacagtg ccaaggagtt gtgtaaagca gtgtctgtgt 1740 

ccatgggatt gggtgtggaa gcattggaac atctgagtcc aggggaacag cttcggggag 1800 

actgcatgta cgcgtcgctc ctgggaggtc cacccgcggt gcgtcccact ccttgtgcgc 1860 

cgctgcccga atgcaaaggt cttcccctgg acgaaggccc aggcaaaagc actgaagaga 1920 

ctgctgagta ttcctctttc aagggaggtt acgccaaagg attggaaggt gagagcttgg 1980 

ggtgctctgg cagcagtgaa gcaggtagct ctgggacact tgagatcccg tcctctctgt 2040 

ctctgtataa atctggagca ctagacgagg cagcagcata ccagaatcgc gactactaca 2100 

actttccgct ggctctgtcc gggccgccgc accccccgcc ccctacccat ccacacgccc 2160 

gtatcaagct ggagaaccca ttggactacg gcagcgcctg ggctgcggcg gcagcgcaat 2220 

gccgctatgg ggacttgggt agtctacatg gagggagtgt agccgggccc agcactggat 2280 

cgcccccagc caccacctct tcttcctggc atactctctt cacagctgaa gaaggccaat 2340 

tatatgggcc aggaggcggg ggcggcagca gcagcccaag cgatgccggg cctgtagccc 2400 

cctatggcta cactcggccc cctcaggggc tgacaagcca ggagagtgac tactctgcct 2460 

ccgaagtgtg gtatcctggt ggagttgtga acagagtacc ctatcccagt cccaattgtg 2520 
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tcaaaagtga aatgggacct tggatggaga actactccgg accttatggg gacatgcgtt 2580 

tggacagtac cagggaccat gttttaccca tcgactatta ctttccaccc cagaagacct 2640 

gcctgatctg tggagatgaa gcttctggct gtcactacgg agctctcact tgtggcagct 2700 

gcaaggtctt cttcaaaaga gccgctgaag ggaaacagaa gtatctatgt gccagcagaa 2760 

acgattgtac cattgataaa tttcggagga aaaattgccc atcttgtcgt ctccggaaat 2820 

gttatgaagc agggatgact ctgggagctc gtaagctgaa gaaacttgga aatctaaaac 2880 

tacaggagga aggagaaaac tccaatgctg gcagccccac tgaggaccca tcccagaaga 2940 

tgactgtatc acacattgaa ggctatgaat gtcagcctat ctttcttaac gtcctggaag 3000 

ccattgagcc aggagtggtg tgtgccggac atgacaacaa ccaaccagat tcctttgctg 3060 

ccttgttatc tagcctcaat gagcttggag agaggcagct tgtgcatgtg gtcaagtggg 3120 

ccaaggcctt gcctggcttc cgcaacttgc atgtggatga ccagatggcg gtcattcagt 3180 

attcctggat gggactgatg gtatttgcca tgggttggcg gtccttcact aatgtcaact 3240 

ccaggatgct ctactttgca cctgacttgg ttttcaatga gtaccgcatg cacaagtctc 3300 

ggatgtacag ccagtgtgtg aggatgaggc acctgtctca agagtttgga tggctccaaa 3360 

taacccccca ggaattcctg tgcatgaaag cactgctgct cttcagcatt attccagtgg 3420 

atgggctgaa aaatcaaaaa ttctttgatg aacttcgaat gaactacatc aaggaactcg 3480 

atcgcatcat tgcatgcaaa agaaagaatc ccacatcctg ctcaaggcgc ttctaccagc 3540 

tcaccaagct cctggattct gtgcagccta ttgcaagaga gctgcatcag ttcacttttg 3600 

acctgctaat caagtcccat atggtgagcg tggactttcc tgaaatgatg gcagagatca 3660 

tctctgtgca agtgcccaag atcctttctg ggaaagtcaa gcccatctat ttccacacac 3720 

agtgaagatt tggaaaccct aatacccaaa acccaccttg ttccctttcc agatgtcttc 3780 

tgcctgttat ataactctgc actacttctc tgcagtgcct tgggggaaat tcctctactg 3840 

atgtacagtc tgtcgtgaac aggttcctca gttctatttc ctgggcttct ccttcttttt 3900 

ttttcttctt ccctccctct ttcaccctcc catggcacat tttgaatctg ctgcgtattg 3960 

tggctcctgc ctttgttttg atttctgttg tatttctttg aatctgtgat gatcctcttg 4020 

tggcccagtg tcaattgtgc ttgtttatag cactgtgctg tgtgccaacc aagcaaatgt 4080 

ttactcacct tatgccatgg caaatttaga gagctataag tatctggaga agaaacaaac 4140 

agagagaata aaaagcaaaa acaaaaccaa aaaataaaaa aaacacaaac aaaaaacaaa 4200 

accaacaaac aaaacatgct aggtttgttt cttcgtggta tacaaataaa cacataggat 4260 

tcccaaagaa gccgacagtg actagaagaa agtaaaaaat tacaaatcca cgaggagtca 4320 

ctgtttttgt tcatcctgtt tctctgtggg aaacttcagt tgttgttaat ggctattgcc 4380 

attaaagagc aggttgaccc caaagcttta ctgatagggt agagagaaaa gaggacaagg 4440 

agggcagatg gataaccatt acctccccac agcctttgtc cctgagtcct agagtgctca 4500 

gttgcagtgt agttccttgt actgaaatgt gcttcttgtt tgaaaacttg tctgcatgtg 4560 

aatgcctctt ccttccaatc cttttctctc ttaacctctg cttccaccct caattgactt 4620 

tcaatagctt ttctcagagc tttgtactat atgctctctt tagccaaaac ttggccactt 4680 

tcactgaagt tatgtcagtg agaagaaagt ggaaaggtct gactctttgg aaggctctat 4740 

tcagatttat gttcatattt ccatgtgtga gccatagcgg agctttgtga ctggagtcag 4800 
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aggaaaagga agtgatggct tagccattct cccattagag atagtgaatg atgatgccat 4860 

agtgcaatca tcctttcctc tgcttttaaa ggacctagag accccatgca gccacattct 4920 

ccctgcacaa gtcttcagtg ttcagtggcc ctgaacttca ccaaaatgca tttaagccaa 4980 

ggtggtaaag cttgtacact tctttggacg tgtttgtaga cactgctaag atctccctct 5040 

caccaccacc acaaaggcta gcaggccagc agccacagca tctatgttta gatgttaata 5100 

gcataaaaga catctcactc aatgtctttc atcaacagta aatttctgga gcccttagaa 5160 

aaattggaaa gaaagcatca aagggaccag acaaaatggg catcttgccc ttgtcctcca 5220 

gagacaatat attcctccca agtggagaaa tgtcaatttc ctcctcagaa caattaaagg 5280 

ggctacccag accatggtgg aagagaaaac taagtaaccc agctgagaaa aatgaagaca 5340 

ctagaaccag aaagcacagg actttttcct ttccatccag catacccatt ggcagaaata 5400 

atggaaggaa aagagaaggc cagaagaaaa tacagactgc tgaagtcttc agaggcaaag 5460 

tctaaagcca gatgaatacc atctggctag atgggcatca gtttgctcat cctcctctat 5520 

tgccattgct gggctgactt tggccaaagt tacttcgaat ctccaccata gttgtcccct 5580 

ctcagtcaga gggtgcagga ccactgaaac attctatcca ccgtgactct cattggacag 5640 

atctggccgg tgtggctaca aatagactgc acccataaac tcagggcaag ccctgggtca 5700 

ctggtttcat gtagtctgtt gacagccttc tttactgtgg actctgttcc tcaaccttga 5760 

gtgcaggagg aatgcacatc tacttttgcc tttgtatcat tcctcctcac tcagctcttc 5820 

acctccctgc agaccttaag aaatcagggg ccagctgcca agctgactct tttggttggt 5880 

actatgttaa ctgaaaaggt gatttccgaa ggacaggttt tcttccctga tttctttgtt 5940 

gctattaata gcaaaaacaa acttgcaaaa caacttcttt aacaaggaag ggaggatata 6000 

tacaatgggt gatatggtaa tccaaccctg cttgacaaaa actgaagctg acaggttaca 6060 

tttaaaaaca aaacaaaaca aaacgggaca gtttctgatt tgctttgtga caacaccatc 6120 

tggcttatgt acaggagctc tcttagctgt tccttaaaca gaaaaaaaat cattactcct 6180 

tttagttaaa tttggttaca ttttaatagt ttctttacat ctattctgaa gcaatttttg 6240 

tcttctgtgg tacatggatt ttattataac attctaatat ttgtctttgt aaatactaga 6300 

gactctttga tccatttctc taggaagttt ttcatcttat ggagttctga atcatgactt 6360 

ttatctttat gaatgtatat gctttttact tgcaaaagcc aaaaagagtg aaacagcagt 6420 

gcaattaaag caacaccaac taaactccaa atttccaagt gacaatatta gagaaaaaca 6480 

gcatacacat ggctttatgc ctactgcttc tgcggtgggg tttgggtgcg caatggaaac 6540 

tgtagcttgg ctgtgttctc ccacacaagt gaagaagaga ttggtttttg cttttttgga 6600 

ttttgtgttt cttttctgtt ttgttttgtt ttgttttgtt ttgctttgct ttctttggcc 6660 

atcaatgttc caactaatat gattggcgga gcacgtgctc tgctcagtag agtgaatgtt 6720 

gctggtgcac tatgctcacc tgtgaacggc tggccatttc tccattcata tggttaagat 6780 

ggaagatgag gatcacttac cagagaagtc aaggtgatca tctccaaaga ggtttacagt 6840 

gcttggtagg aatggaaaat gaggacaaga aaaagaggag aaccatggag aaggcccaac 6900 

tgggcaggac age age cage tgccaaagtc acgaactctg ggattcaaga agagtcgtgt 6960 

agtgctttca actctcatcc gcaggcagct cactgtgtgt ggactctgag ctgacacggg 7020 

agttggcttc tttgttccat agattttcta tgccacaggc aatattattg ttcttggaaa 7080 
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gttcattatt tttttaaatt accttactct cagaaaggga tttttttgaa ggattctgtc 7140 

atatatcttt ggaaaacaga aaatcagtaa tatgtatatt tttatgtatg ttcactggca 7200 

ctaaaaaaaa aaaaaaaaag aaaagaaaaa aaagagaaaa aaaaaagctt cactctgtcc 7260 

tttgggtagt tgctgaggtt aattgtccag gttgagaaat gtgcttctgc taacatcctt 7320 

ctctgtccac actctatttc taagtacata taggcatata taggaagata tattcaacac 7380 

actttaagaa aaaagtatgt ccaccatcca catgataacc acaatgatac tccacaaatt 7440 

acatgacttt aagcttcaag caacttctaa ctgattcatt catttatagc cttgccctct 7500 

tctttccctt aaatttggcc cagcacaaag acccaagcca cccttatacc tccctaagac 7560 

ttaagccagc accagacttc agaaggtttt ctgaagacaa ctgacttgct atccctgcat 7620 

gaccctagca tggtcctgca aacacaagag actaattata attctcctcc actaattgcc 7680 

tgggtcacag gtcattgggc caaggccatg attcttatgc ttacgaacca ctaatgctaa 7740 

cctactagat taaatcctga actgaaagtt aaaagaagcc atttagcatg tgaaacttct 7800 

tggagtaaga agtttctgtc ccggctgcct ttgcaaacag gtttgctttc accacttatc 7860 

tccttgaaaa tctttgaagg cctttttttt ttaagtagaa aaggagatga aagcattata 7920 

ttatgtaacc aaagattata ttgtatctaa gataccaaat tttttaaggg cagggaagga 7980 

gcaagcatta gtgcctcttt ggtaaattat ccaaagacag actgaaggac ttttctgatg 8040 

attgacttag aagactttgt ggggaggggt tgtctcacaa tatacatatt tagaagtgtt 8100 

gagaataatt tggggggaaa tgggattata gtgtccttca ctaactgatt ttataagcag 8160 

aactagcttt cctttttttt ttttttaaag tagttacaaa gcaaattctt aaagctccat 8220 

ctttgcatgg ttagaaatgg agctggtctt ggccactgtg tttactagtg cccatgttag 8280 

cttatttgaa gatgtgaagc ccttgataag aaggggtaca tttaaaggat tagatttttg 8340 

cactagaagg agggcaggca gaaaccctca tttctgccca gtttggacag cacaaaaagt 8400 

tctctgcagt ttaaggcaga aagttgaaat atattgtaaa tgagtatttg tatccatgtt 8460 

tcaaaactga attctatata tagatgtaat gtgttctgat agctttacct ttctctgcac 8520 

ctttatattt ggttccaggt catatctgat gccatgtact tgtaagagag gttgcagtta 8580 

catttttgga tgctctctca gaatggataa gacacctgga ttgatcagat aactgagatc 8640 

tcttcccttc ttgggcctgg tgttgaggcc ttgcaaaggg gtggaagagg aaagggtagg 8700 

gtacatgatg tattgcactt tactagctta agacggatga atgtggaaag ggtggtgaaa 8760 

tttcattgaa aatgcctagg aattgcaata gggagaaatc cagatgtggg gccaggtgcc 8820 

cacccaaagg actggccagc agcctcttca tgggatctga ggcattggga aaaggaaggc 8880 

tatttccttg gttttcacca tccttgttag agaagggcag ttgcctggtc ttgggaacct 8940 

ggagcaaacg ctccttctgt cacatcaatt ctttcccctg caattgaggt gctcttgcta 9000 

ctgggtgtcc gtgtgctcta attctggttc tggatatgtt ctgtaaagat tttgataatt 9060 

gctaatgtat ttttctctgt taaaaatttg ttagtgtgtt agaagtcata tctctgtagg 9120 

tacagatcct ttgctaccca tgagtagagg gatttttttt cttcaattaa gagtttgacc 9180 

ctggggtctg ttgcccagag cccatccaga aaaaaaaatc cacatttgtc acaatttttc 9240 

tgaaatttca gtcaaggtaa cagatcgctg ggagttctct ttaccccccc aaaaaagcag 9300 

ataattgaat ttagcaggtg gtgttttaga gcaaaaaaca aaacagcctt tgacccagct 9360 
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ttaatatgac ccaatttaat ctggccagga agcaggtaat gtgtattaat tggcttccaa 9420 

tcctggttga gtgtagcaag gttctacttt gtttcctagt tccttttgtt acatggcctt 9480 

tcacagaaag gattgactgg gtttgcagta tatcttatgg ccttagcacc tattgctaac 9540 

tgtcctgaag ggaattgcct atggggttgt cctataagcc acttctatca ttaaaagcag 9600 

ccaccaatgg aatctcccag gtttgaaaaa aaaaaaaaaa aacagatggt cctttaccat 9660 

tcattgacac acatccctgc tttcctgtag acagattgac tggacattga ttagggaata 9720 

catggcaaat gacatgctta cactaccctg gagattaatt tggcagtagg agggaataga 9780 

caatgtaacc aagaatgtaa tgtaattctt atagagataa gaattaaatc tggatgtgga 9840 

gagagcaaag agagaaagca ttcaattttt ttttcaaaag aaaccaattt attttgcttg 9900 

aaacttcttt cgctggggct tcagttctca cagcggctct tggtctccac tgggcagcag 9960 

gaccagcccc aagcgctagt gttctgttct ctttttgtaa tcttggaatc ttttgttgct 10020 

ctaaatacaa ttaaaaatgg cagaaacttg tttgttggaa tac 10063 

<210> SEQ ID NO 11 
<211> LENGTH, 4137 
<212> TYPE, DNA 
<213> ORGANISM, Rattus norvegicus 

<400> SEQUENCE, 11 

atccctagga gccagcctgc tgggagaacc agagggtccg gagcaaacct ggaggctgag 60 

agggcatcag aggggaaaag actgagttag ccactccagt gccatacaga agcttaaggg 120 

acataccacg ccagccccag cccagcgaca gccaacgcct gttgcagagc ggcggcttcg 180 

aagccgccgc ccagaagctg ccctttcctc ttcggtgaag tttctaaaag ctgcgggaga 240 

ctcggaggaa gcgaagaaag tgtccggtag gactacgact gcctttgtcc tcctccctcc 300 

tacccctacc cctcctgggt cccctctccc tgagcggact aggcaggctt cctggccagc 360 

cctctcccct acaccaccag ctctgccagc cagtttgcac agaggtaact ccctttggct 420 

gaaagcagac gagcttgttg cccattggaa gggaggcttt tgggagccca gagactgagg 480 

agcaacagca cgctggagag tccctgattc caggttctcc cccctgcacc tcctactgcc 540 

cgcccctcac cctgtgtgtg cagctagaat tgaaaagatg aaaagacagt tggggcttca 600 

gtagtcgaaa gcaaaacaaa agcaaaaaga aaacaaaaag aaaatagccc agttcttatt 660 

tgcacctgct tcagtggaca ttgactttgg aaggcagaga attttccttc cccccagtca 720 

agctttgagc atcttttaat ctgttcttca agtatttagg gacaaactgt gaaactagca 780 

gggcagatcc tgtctagcgc gtgccttcct ttacaggaga ctttgaggct atctgggcgc 840 

tcccccccct ccctgcaagt tttcttccct ggagcttccc gcaggtgggc agctagctgc 900 

agatactaca tcatcagtca gtagaactct tcagagcaag agacgaggag gcaggataag 960 

ggaattcggt ggaagctaga gacaagctaa aggatggagg tgcagttagg gctgggaagg 1020 

gtctacccac ggcccccgtc caagacctat cgaggagcgt tccagaatct gttccagagc 1080 

gtgcgcgaag cgatccagaa cccgggcccc aggcaccctg aggccgctag catagcacct 1140 

cccggtgcct gtttacagca gcggcaggag actagccccc ggcggcggcg gcggcagcag 1200 

caccctgagg atggctctcc tcaagcccac atcagaggca ccacaggcta cctggccctg 1260 

gaggaggaac agcagccttc acagcagcag tcagcctccg agggccaccc tgagagcggc 1320 
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tgcctcccgg agcctggagc tgccacggct cctggcaagg ggctgccgca gcagccacca 1380 

gctcctccag atcaggatga ctcagctgcc ccatccacgt tgtccctact gggccccact 1440 

ttcccaggct taagcagctg ctccgcagac attaaagaca tcctgagcga ggccggcacc 1500 

atgcaacttc ttcagcagca gcagcaacag caacagcagc agcagcagca gcagcagcag 1560 

cagcagcaac agcagcagga ggtaatatcc gaaggcagca gcagcgtgag agcaagggag 1620 

gccactgggg ctccctcttc ctccaaggat agttacctag ggggcaattc gaccatatct 1680 

gacagtgcca aggagttgtg taaagcagtg tctgtgtcca tggggttggg tgtggaagca 1740 

ctggaacatc tgagtccagg ggagcagctt cggggcgact gcatgtacgc gtcgctcctg 1800 

ggaggtccac ccgccgtgcg tcccactcct tgtgcgcctc tggccgaatg caaaggtctt 1860 

tccctggacg aaggcccggg caaaggcact gaagagactg ctgagtattc ctctttcaag 1920 

ggaggttacg ccaaagggtt ggaaggtgag agtctgggct gctctggcag cagtgaagca 1980 

ggtagctctg ggacacttga gatcccgtcc tcactgtctc tgtataagtc tggagcagta 2040 

gacgaggcag cagcatacca gaatcgcgac tactacaact ttccgctcgc tctgtccggg 2100 

ccgccgcacc ccccgccccc tacccatcca cacgcccgca tcaagctgga gaacccgtcg 2160 

gactacggca gcgcctgggc tgcggcggca gcgcaatgcc gctatgggga cttggctagc 2220 

ctacatggag ggagtgtagc cggacccagc actggatcgc ccccagccac cgcctcttct 2280 

tcctggcata ctctcttcac agctgaagaa ggccaattat atgggccagg aggcgggggc 2340 

ggcagcagta gcccaagcga tgctgggcct gtagccccct atggctacac tcggccccct 2400 

caggggctgg caagccagga gggtgacttc tctgcctctg aagtgtggta tcctggtgga 2460 

gttgtgaaca gagtccccta tcccagtccc agttgtgtta aaagtgaaat gggaccttgg 2520 

atggagaact actccggacc ttatggggac atgcgtttgg acagtaccag ggaccacgtt 2580 

ttacccatcg actattactt cccaccccag aagacctgcc tgatctgtgg agatgaagct 2640 

tctggttgtc actacggagc tctcacttgt ggcagctgca aggtcttctt caaaagagct 2700 

gcggaaggga aacagaagta tctatgtgcc agcagaaatg attgcaccat tgataaattt 2760 

cggaggaaaa attgtccatc gtgtcgtctc cggaaatgtt atgaagcagg gatgactctg 2820 

ggagctcgta agctgaagaa acttggaaat ctcaaactac aggaagaagg agaaaactcc 2880 

agtgctggta gccccactga ggacccatcc cagaagatga ctgtatcaca cattgaaggc 2940 

tatgaatgtc aacctatctt tcttaatgtc ctggaagcca ttgagccagg agtggtgtgt 3000 

gccggacatg acaacaacca gcctgattcc tttgctgcct tgttatctag tctcaacgag 3060 

cttggcgaga gacagcttgt acatgtggtc aagtgggcca aggccttgcc tggcttccgc 3120 

aacttgcatg tggatgacca gatggcagtc attcagtatt cctggatggg actgatggta 3180 

tttgccatgg gttggcggtc cttcactaat gtcaactcta ggatgctcta ctttgcacct 3240 

gacctggttt tcaatgagta tcgcatgcac aagtctcgaa tgtacagcca gtgcgtgagg 3300 

atgaggcacc tttctcaaga gtttggatgg ctccagataa ccccccagga attcctgtgc 3360 

atgaaagcac tgctactctt cagcattatt ccagtggatg ggctgaaaaa tcaaaaattc 3420 

tttgatgaac ttcgaatgaa ctacatcaag gaacttgatc gcatcattgc atgcaaaaga 3480 

aaaaatccca catcctgctc aaggcgcttc tac cage tea ccaagctcct ggattctgtg 3540 

cagcctattg caagagagct gcatcaattc acttttgacc tgctaatcaa gtcccatatg 3600 
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gtgagcgtgg actttcctga aatgatggca gagatcatct ctgtgcaagt gcccaagatc 3660 

ctttctggga aagtcaagcc catctatttc cacacacagt gaagatttgg aaaccctaat 3720 

acccaaaccc accttgttcc cttttcagat gtcttctgcc tgttatataa ctctgcacta 3780 

cttctctggc atgggccttg ggggaaattc ctctactgat gtacagtctg tcatgaacat 3840 

gttccccaag ttctatttcc tgggcttttc cttctttctt tttcttcttc tctgcctctt 3900 

ttaccctccc atggcacatt ttgaatccgc tgcgtgttgt ggctcctgcc tgtgttttga 3960 

gttttgttgt atttcttcaa gtctgtgatg atcttcttgt ggcccagtgt caactgtgct 4020 

tgtttatagc actgtgctgt gtgccaacca agcaaatgtt tactcacctt atgccatggc 4080 

aagtttagag agctataagt atcttgggaa gaaacaaaca gagagagtaa aaaaacc 4137 

<210> SEQ ID NO 12 
<211> LENGTH, 3577 
<212> TYPE, DNA 
<213> ORGANISM, Canis lupus 

<400> SEQUENCE, 12 

atggaggtac agttagggct agggagggtc tacccccggc cgccgtccaa gacctatcga 60 

ggagctttcc agaacctgtt ccagagtgtg cgcgaagtga tccagaaccc gggccccagg 120 

caccctgagg ccgtgagcgc agcacctccc ggtgcccatt tgcagcagca gcagcagcag 180 

cagcagcagc aggagaccag tcctcggcag cagcagcagc aacagcaggg tgacgatggc 240 

tctccccaag cgcagagcag aggccccaca ggctacctgg ctctggatga ggaacagcag 300 

ccttcccaac agcggtcagc ctccaagggc catccggaga gtgcctgcgt tccagagcct 360 

ggagtgactt cggccaccgg caaggggctg cagcagcagc agccagcacc accggacgag 420 

aatgactcag ctgccccatc cacattgtca ctgctgggcc ccactttccc gggcttaagt 480 

agctgttcca ccgatcttaa agacatcctg agcgaggctg gaaccatgca actccttcag 540 

cagcagcggc agcagcagca gcagcagcag caacagcaac agcagcagca gcagcagcaa 600 

cagcaggagg tagtatcaga aggtagcagc agcgggagag caagggaggc cgccggtgct 660 

tccacctcct ccaaggacag ttacctaggt ggcagttcga ccatctcgga cagcgccaag 720 

gagttgtgta aggcagtgtc ggtgtccatg ggtttgggtg tggaggcatt ggaacatctg 780 

agccctgggg aacagcttcg gggggattgt atgtacgccc cgctcctggg aggtccaccc 840 

gccgtacgtc cttgcgctcc gctggccgaa tgcaaaggtt ctctgctgga tgacggcccg 900 

ggcaagggca ccgaagaaac tgctgaatat tcccctttca aggcaggtta tgcgaaaggg 960 

ttggatgggg acagcctggg ctgttcgagc agcagtgaag cagggggctc cggaacactt 1020 

gagatgccat ccaccctgtc tctttacaag tctggagcac tagatgaagc ggcagcttat 1080 

caaagtcgag actactacaa ctttcctctc tccctaggcg ggccgcctcc ccatccacca 1140 

cctccccatc ctcacacccg catcaagctg gaaaaccctc tggactatgg cagcgcctgg 1200 

gcggctgcag cggcacaatg ccgctacggg gatctggcga gcctgcacgg agcgggtgca 1260 

gcaggaccca gctcgggctc accttcggcc accacctcct cttcctggca cactctcttc 1320 

acagcagaag aaggccagct gtatgggccc tgcggcggga gtggaggcgg cagtgcaggc 1380 

gacgggggat ctgtagcccc ctatggctac actcggccac ctcagggatt ggcgggtcag 1440 

gaaggtgact tccctccacc tgatgtgtgg tatccgggcg gtgtggtgag cagagtgccc 1500 
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tttccaagtc ctagttgtgt caaaagcgag atgggctctt ggatggagag ctactccgga 1560 

ccctatgggg acatgcgttt ggagactgcc agggaccatg ttctacccat tgactattac 1620 

tttccacctc agaagacctg tctgatctgc ggtgatgaag cttctggctg tcactatgga 1680 

gctctcactt gtggaagctg caaagtcttc tttaaaagag ccgctgaagg gaaacagaag 1740 

tacctgtgtg ccagcagaaa tgattgtacc atcgataaat tccgaaggaa aaattgtcca 1800 

tcttgtcgcc tccggaaatg ctatgaagca gggatgactc tgggagcccg gaagctaaag 1860 

aaactgggga atctgaaact gcaagaggaa ggagaggctt ccaatgtcac cagccccact 1920 

gaggagccaa cccagaagct gacggtgtca cacattgaag gctatgagtg tcagcccatc 1980 

tttctgaatg tccttgaagc catcgagcca ggcgtggtgt gtgctggaca tgacaacaac 2040 

cagcccgact cctttgcagc cttgctctct agccttaatg aattgggtga aaggcagctt 2100 

gtacatgtgg tcaagtgggc caaggccttg ccgggcttcc gcaacctgca cgtggatgac 2160 

cagatggcag tcattcagta ctcctggatg gggctcatgg tgtttgccat gggctggcga 2220 

tccttcacca atgtcaactc caggatgctc tacttcgccc ctgacctggt tttcaatgag 2280 

taccgcatgc acaagtcccg gatgtacagc cagtgtgtcc gaatgaggca cctctctcaa 2340 

gaatttggat ggctccaaat caccccgcag gaatttttgt gcatgaaggc gctgctgcta 2400 

ttcagcatta ttccagtgga tgggctgaaa aatcaaaaat tctttgatga acttcgaatg 2460 

aactacatca aggaacttga tcgtatcatt gcttgcaaga gaaaaaatcc cacatcctgc 2520 

tcaaggcgct tctaccagct caccaagctc ctggactctg tgcaacctat tgctcgagag 2580 

ctgcatcagt tcacttttga cctgctaatc aagtcccaca tggtgagcgt ggactttcca 2640 

gaaatgatgg cagaaatcat ctccgtgcaa gtgcccaaga ttctttctgg gaaagtcaag 2700 

cccatctatt tccacacgca gtgaagcttt agaagcccct gtcttctcac caccaccacc 2760 

accacccccg ccccctactt tttaaaacct tggtgtttgt ttcatctgct tttagaacgt 2820 

gcgatatttc cagtacctac ttttttgctg aatccaaaga tatataaata taaatatata 2880 

tattttataa agatcaaaat gatataaagg agatacgttt cttcctttaa aaaaaaacaa 2940 

atagaaattc attgttaatg ttcgtattat gatgccactt ttctaaatcg tgcatcttgt 3000 

atatgtgctg ccgaagtgag cactaaatcg tgcatcttga tggaaaggtg taaatatcaa 3060 

tcaccaggac tgcttagtta attggtattt aatatctagg tgaattgggg gtatggggtg 3120 

ggggtatgac aggacatact tggcttgccc tcctcgaaat gactgccagt tttccatatg 3180 

cctgtccagt tccaggaatt ttgttcacaa gtgtgggggc gtcataggag taaagcctgt 3240 

aggacagatg aaaccccctg cttcagagga gcaagagctc caaggccaac tgtttaacaa 3300 

gcaaggtgtt tttttttctt tctttctttc tctttccaat gtgtggaatt ttgatgatgg 3360 

aaatgtcatt ctgagagcaa tatttaaaat tctcaggaat tgacttatag tattgagaat 3420 

gaattcagtt gcaatcaagt ttacattaaa tgttgctttt aaaaaatctc agtcatactt 3480 

cacactgcaa agaatccaga tcacatggga taacttatga gatggttgag tggtaagctc 3540 

tgactgcttt gctgatcatt ttgtaaataa aggtttc 3577 

<210> SEQ ID NO 13 
<211> LENGTH, 2869 
<212> TYPE, DNA 
<213> ORGANISM, Pan troglodytes 
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<400> SEQUENCE, 13 

atggaagtgc agttagggct gggaagggtc taccctcggc cgccgtccaa gacctaccga 60 

ggagctttcc agaatctgtt ccagagcgtg cgcgaagtga tccagaaccc gggccccagg 120 

cacccagagg ccgcgagcgc agcacctccc ggcgccagtt tgctgctgca gcagcagcag 180 

cagcagcagc agcagcagca gcagcagcag cagcagcagc agcagcagca gcaagagact 240 

agccccaggc agcagcagca gcagggtgag gatggttctc cccaagccca tcgtagaggc 300 

cccacaggct acctggtcct ggatgaggaa cagcaacctt cacagccgca gtcggccccg 360 

gagtgccacc ccgagagagg ttgcgtccca gagcctgggg ccgccgtggc cgccagcaag 420 

gggctgccgc agcagctgcc agcacctccg gacgaggatg actcagctgc cccatccacg 480 

ttgtccctgc tgggccccac tttccccggc ttaagcagct gctccgccga ccttaaagac 540 

atcctgagcg aggccagcac catgcaactc cttcagcaac agcagcagga agcagtatcc 600 

gaaggcagca gcagcgggag agcgagggag gcctcggggg ctcccacttc ctccaaggac 660 

aattacttag ggggcacttc gaccatttct gacagcgcca aggagttgtg taaggcagtg 720 

tcggtgtcca tgggcctggg tgtggaggcg ttggagcatc tgagtccggg ggaacagctt 780 

cggggggatt gcatgtacgc cccacttttg ggagttccac ccgctgtgcg tcccactcct 840 

tgtgccccat tggccgaatg caaaggttct ctgctagacg acagcgcagg caagagcact 900 

gaagatactg ctgagtattc ccctttcaag ggaggttaca ccaaagggct agaaggcgag 960 

agcctaggct gctctggcag cgctgcagca gggagctccg ggacacttga actgccgtcc 1020 

accctgtctc tctacaagtc cggagcactg gacgaggcag ctgcgtacca gagtcgcgac 1080 

tactacaact ttccactggc tctggccgga ccgccgcccc ctccgccgcc tccccatccc 1140 

cacgctcgca tcaagctgga gaacccgctg gactacggca gcgcctgggc ggctgcggcg 1200 

gcgcagtgcc gctatgggga cctggcgagc ctgcatggcg cgggtgcagc gggacccggt 1260 

tctgggtcac cctcagccgc cgcttcctca tcctggcaca ctctcttcac agccgaagaa 1320 

ggccagttgt atggaccgtg tggtggtggg gggggtggtg gcggcggcgg cggcggcggc 1380 

ggcggcggcg gcgaggcggg agctgtagcc ccctacggct acactcggcc ccctcagggg 1440 

ctggcgggcc aggaaggcga cttcaccgca cctgatgtgt ggtaccctgg cggcatggtg 1500 

agcagagtgc cctatcccag tcccacttgt gtcaaaagcg aaatgggccc ctggatggat 1560 

agctactccg gaccttacgg ggacatgcgt ttggagactg ccagggacca tgttttgccc 1620 

attgactatt actttccacc ccagaagacc tgcctgatct gtggagatga agcttctggg 1680 

tgtcactatg gagctctcac atgtggaagc tgcaaggtct tcttcaaaag agccgctgaa 1740 

gggaaacaga agtacctgtg cgccagcaga aatgattgca ctattgataa attccgaagg 1800 

aaaaattgtc catcttgtcg tcttcggaaa tgttatgaag cagggatgac tctgggagcc 1860 

cggaagctga agaaacttgg taatctgaaa ctacaggagg aaggagaggc ttccagcacc 1920 

accagcccca ctgaggagac aacccagaag ctgacagtgt cacacattga aggctatgaa 1980 

tgtcagccca tctttctgaa tgtcctggaa gccattgagc caggtgtagt gtgtgctgga 2040 

cacgacaaca accagcccga ctcctttgca gccttgctct ctagcctcaa tgaactggga 2100 

gagagacagc ttgtacacgt ggtcaagtgg gccaaggcct tgcctggctt ccgcaactta 2160 

cacgtggacg accagatggc tgtcattcag tactcctgga tggggctcat ggtgtttgcc 2220 
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atgggctggc gatccttcac caatgtcaac tccaggatgc tctacttcgc ccctgatctg 2280 

gttttcaatg agtaccgcat gcacaagtcc cggatgtaca gccagtgtgt ccgaatgagg 2340 

cacctctctc aagagtttgg atggctccaa atcacccccc aggaattcct gtgcatgaaa 2400 

gcactgctac tcttcagcat tattccagtg gatgggctga aaaatcaaaa attctttgat 2460 

gaacttcgaa tgaactacat caaggaactc gatcgtatca ttgcatgcaa aagaaaaaat 2520 

cccacatcct gctcaagacg cttctaccag ctcaccaagc tcctggactc cgtgcagcct 2580 

attgcgagag agctgcatca gttcactttt gacctgctaa tcaagtcaca catggtgagc 2640 

gtggactttc cggaaatgat ggcagagatc atctctgtgc aagtgcccaa gatcctttct 2700 

gggaaagtca agcccatcta tttccacacc cagtgaagca ttggaaaccc ctatttcccc 2760 

accccagctc atgccccctt tcagatgtct tctgcctgtt ataactctgc actactcctc 2820 

tgcagtgcct tggggaattt cctctattga tgtacagtct gtcatgaac 2869 

<210> SEQ ID NO 14 
<211> LENGTH, 2821 
<212> TYPE, DNA 
<213> ORGANISM, Macaca fascicularis 

<400> SEQUENCE, 14 

atggaggtgc agttagggct ggggagggtc taccctcggc cgccgtccaa gacctaccga 60 

ggagctttcc agaatctgtt ccagagcgtg cgcgaagtga tccagaaccc gggccccagg 120 

cacccagagg ccgcgagcgc agcacctccc ggcgccagtt tgcagcagca gcagcagcag 180 

cagcaagaaa ctagcccccg gcaacagcag cagcagcagc agggtgagga tggttctccc 240 

caagcccatc gtagaggccc cacaggctac ctggtcctgg atgaggaaca gcagccttca 300 

cagcctcagt cagccccgga gtgccacccc gagagaggtt gcgtcccaga gcctggagcc 360 

gccgtggccg ccggcaaggg gctgccgcag cagctgccag cacctccgga cgaggatgac 420 

tcagctgccc catccacgtt gtctctgctg ggccccactt tccccggctt aagcagctgc 480 

tccaccgacc ttaaagacat cctgagcgag gccagcacca tgcaactcct tcagcaacag 540 

cagcaggaag cagtatccga aggcagcagc agcgggagag ccagggaggc ctcgggggct 600 

cccacttcct ccaaggacaa ttacttaggg ggcacttcga ccatttctga cagcgccaag 660 

gagctgtgta aggcagtgtc ggtgtccatg ggcttgggtg tggaggcgtt ggagcatctg 720 

agtccagggg aacagcttcg gggggattgc atgtacgccc cagttttggg agttccaccc 780 

gctgtgcgtc ccactccgtg tgccccattg gccgaatgca aaggttctct gctagacgac 840 

agcgcaggca agagcactga agatactgct gagtattccc ctttcaaggg aggttacacc 900 

aaagggctag aaggcgagag cctaggctgc tctggcagcg ctgcagcagg gagctccggg 960 

acacttgaac tgccgtccac cctgtctctc tacaagtccg gagcactgga cgaggcagct 1020 

gcgtaccaga gtcgcgacta ctacaacttt ccactggctc tggccgggcc gccgccccct 1080 

ccaccgcctc cccatcccca cgctcgcatc aagctggaga acccgctgga ctatggcagc 1140 

gcctgggcgg ctgcggcggc gcagtgccgc tatggggacc tggcgagcct gcatggcgcg 1200 

ggtgcagcgg gacccggctc tgggtcaccc tcagcggccg cttcctcatc ctggcacact 1260 

ctcttcacag ccgaagaagg ccagttgtat ggaccgtgtg gtggtggggg cggcggcggt 1320 

ggcggcggcg gcggcggcgc aggcgaggcg ggagctgtag ccccctacgg ctacactcgg 1380 
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ccacctcagg ggctggcggg ccaggaaggc gacttcaccg cacctgatgt gtggtaccct 1440 

ggcggcatgg tgagcagagt gccctatccc agtcccactt gtgtcaaaag cgagatgggc 1500 

ccctggatgg atagctactc cggaccttac ggggacatgc ggttggagac tgccagggac 1560 

catgttttgc caattgacta ttactttcca ccccagaaga cctgcctgat ctgtggagat 1620 

gaagcttctg ggtgtcacta tggagctctc acatgtggaa gctgcaaggt cttcttcaaa 1680 

agagccgctg aagggaaaca gaagtacctg tgtgccagca gaaatgattg cactattgat 1740 

aaattccgaa ggaaaaattg tccatcttgc cgtcttcgga aatgttatga agcagggatg 1800 

actctgggag cccggaagct gaagaaactt ggtaatctga aactacagga ggaaggagag 1860 

gcttccagca ccaccagccc cactgaggag acagcccaga agctgacagt gtcacacatt 1920 

gaaggctatg aatgtcagcc catctttctg aatgtcctgg aagccattga gccaggtgtg 1980 

gtgtgtgctg gacatgacaa caaccagccc gactccttcg cagccttgct ctctagcctc 2040 

aatgaactgg gagagagaca gcttgtacat gtggtcaagt gggccaaggc cttgcctggc 2100 

ttccgcaact tacacgtgga cgaccagatg gctgtcattc agtactcctg gatggggctc 2160 

atggtgtttg ccatgggctg gcgatccttc accaatgtca actccaggat gctctacttt 2220 

gcccctgatc tggttttcaa tgagtaccgc atgcacaagt cccggatgta cagccagtgt 2280 

gtccgaatga ggcacctctc tcaagagttt ggatggctcc aaatcacccc ccaggaattc 2340 

ctgtgcatga aagcgctgct actcttcagc attattccag tggatgggct gaaaaatcaa 2400 

aaattctttg atgaacttcg aatgaactac atcaaggaac tcgatcgtat cattgcatgc 2460 

aaaagaaaaa atcccacatc ctgctcaagg cgtttctacc agctcaccaa gctcctggac 2520 

tccgtgcagc ctattgcgag agagctgcat cagttcactt ttgacctgct aatcaagtca 2580 

cacatggtga gcgtggactt tccggaaatg atggcagaga tcatctctgt gcaagtgccc 2640 

aaaatccttt ctgggaaagt caagcccatc tatttccaca cccagtgaag cattggaaat 2700 

ccctatttcc tcaccccagc tcatgccccc tttcagatgt cttctgcctg ttataactct 2760 

gcactactcc tctgcagtgc cttggggaat ttcctctatt gatgtacagt ctgtcatgaa 2820 

C 2821 

<210> SEQ ID NO 15 
<211> LENGTH, 2799 
<212> TYPE, DNA 
<213> ORGANISM, Eulemur fulvus 

<400> SEQUENCE, 15 

atggaggtgc agttagggct ggggagggtc tacccccggc caccgtccaa gacctatcga 60 

ggagctttcc agaatctgtt ccaaagcgtg cgagaagtga tccagaaccc gggccccagg 120 

caccctgagg ccgcgagcgc ggcacctcct ggcgctcgtt tgcagcagca gcaggaaacc 180 

agccccccgc agcagcagca gcagcagcag ggtgaggatg gctctcccca agcccagagc 240 

agaggcccca caggctacct ggccctggac gaggaacagc agccttcaca acagcagtca 300 

gccctggagt gccaccctga gagcggctgc gtcccagagc ctggagccgc cgccgcggcc 360 

agcaaggggc tgcagcagca gccgccagca ccttcggacg aggatgactc agctgtccca 420 

tccacgttgt ccctgctggg ccccactttc ccgggcttaa gcagctgctc agccgacctt 480 

aaagacatcc tgagcgaggc cggcaccatg caactacttc agcaacagca gcaggaggca 540 
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gtatccgaag gcagcagcag cgggagagcg agggaggccg ctggggctcc cacctcctcc 600 

aaggacagtt acctaggggg cacttcgacc atatctgaca gcgccaagga gttgtgtaag 660 

gcagtgtcgg tgtccatggg cttgggtgtg gagacgctgg agcatctgag tcctggagaa 720 

cagcttcggg gggattgcat gtacgccccg ctcttgggag gtccacccgc tgtgcgtccc 780 

actccctgtg ccccactggc tgaatgcaaa ggttctttgc tggatgacag tgcagacaag 840 

ggcactgaag agcctgctga gtatacccct ttcaagggaa gttacaccca agggctagaa 900 

ggcgagagcc tgggctgctc tggaagcagc gaagcaggga gctccgggac acttgagctg 960 

ccctccactc tgtctctcta caagtccgga gcactggagg aggccgcatc gtaccagagt 1020 

cgtgactact acaactttcc gctggccctg gcagggccac caccccctcc gcttcctcct 1080 

catccccacg ctcgtatcaa gctggagaac ccgctggact acggcagctc ctgggcggcc 1140 

gcggcagcgc agtgccgctt tggggacctg gctagcctac acggcggggg tgcaacggga 1200 

cccggctccg gctcgccctc agccgcagcc gcctcttcct ggcacactct cttcacagcc 1260 

gaagaaggcc agttgtatgg gccgtgtggt gggggtggcg gtggcacaag cgaagctggg 1320 

gccgtaaccc cctatggcta ctctcgacca cctcaggggc tggcgggcca ggaaggcgac 1380 

ttccctgcac ccgatgtgtg gtaccccagc ggcgtggtga gcagagtgcc ctatcccagc 1440 

cccagctgtg tcaaaagtga gatgggcccc tggatggaga gctactctgg accttacggg 1500 

gacgtgcgtt tggagactgc cagggaccat gttttgccca ttgactatta ctttccaccc 1560 

cagaagacct gccttatctg tggggatgaa gcttctggct gtcactatgg agctctcact 1620 

tgtggaagct gcaaggtctt cttcaaaaga gctgctgaag gcaaacagaa gtacctatgt 1680 

gccagcagaa atgattgcac cattgataaa ttccgaagga aaaattgtcc atcttgtcgt 1740 

ctccggaaat gctatgaagc aggaatgact ctgggagccc ggaagctgaa gaaacttggt 1800 

aatctgaagc tacaggaaga aggggaggct tccagcgcca ccagtcccac tgaggagtcc 1860 

agccagaagc tgacggtgtc acacattgaa ggctatgaat gtcagcccat ctttctgaat 1920 

gtcctggaag ccattgagcc aggcgtggtg tgtgctggac atgacaacaa ccagcctgac 1980 

tcttttgcag ccttgctctc tagcctcaat gaactgggcg agagacagct tgttcatgtg 2040 

gtcaagtggg ccaaggcctt gcctggattc cgcaacttgc atgtggacga tcagatggca 2100 

gtcattcaat attcatggat ggggctcatg gtgtttgcca tgggctggcg atccttcacc 2160 

aacgtcaact ctaggatgct ctattttgct cctgatctgg ttttcaatga gtaccgcatg 2220 

cacaagtccc ggatgtacag ccagtgtgtc cgaatgaggc acctctctca agagtttgga 2280 

tggctccaaa tcacacccca ggaattcctg tgcatgaaag cactactgct tttcagcatt 2340 

attccagtgg atgggctgaa aaatcaaaaa ttctttgatg aacttcgaat gaactacatc 2400 

aaggaactcg atcgtatcat tgcatgcaaa agaaaaaatc ccacatcctg ttcaaggcgc 2460 

ttctaccagc tcaccaagct cctggactct gtgcagccta ttgcaagaga gctgcatcag 2520 

ttcacttttg acctgctaat caagtcccac atggtgagcg tggacttccc ggaaatgatg 2580 

gcagagatca tctctgtgca agtgcccaag atcctttctg ggaaagtcaa gcccatctat 2640 

ttccacacac agtgaagcat tggaatcccc catttctcct cccaacccca ctcccctttt 2700 

cagatgtctt ctgcctgtta taactctgca ctactcctct gcagtgcctt ggggaatttc 2760 

ctctattgat gtacagtctg tcatgaacat gtcccaaaa 2799 
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1. A method of eliciting an anti-tumor response in a 
subject in need thereof, the method comprising administer­
ing at least one TLRl/2 agonist or TLR7 agonist and an 
anti-tumor vaccine to the subject in an effective amount to 
elicit an anti-tumor response in said subject. 

2. The method of claim 1, wherein the anti-tumor 
response is a cell-mediated response. 

3. The method of claim 1, wherein the anti-tumor 
response is a CDS+ T cell response. 

4. The method of claim 2, wherein the CDS+ T cells 
express low levels or do not express PD-1. 

5. The method of claim 4, wherein the CDS+ T cells do 
not express PD-1. 

6. The method of claim 1, wherein the method comprises 
administering a TLRl/2 agonist in combination with a TLR7 
agonist. 

7. The method of claim 1, wherein the anti-tumor vaccine 
is a DNA vaccine. 

8. The method of claim 7, wherein the DNA vaccine is 
specific for prostate cancer. 

9. The method of claim 1, wherein the anti-tumor 
response is to a prostate tumor. 

10. A method of increasing the immune response to an 
antigen, the method comprising administering at least one 
TLRl/2 agonist or TLR7 agonist and at least one vaccine 
directed to said antigen in a subject, wherein the immune 
response to said antigen is increased relative to a subject 
treated with the vaccine alone. 
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11. The method of claim 10, wherein the immune 
response is a cellular immune response. 

12. The method of claim 10, wherein the immune 
response is a CDS+ T cell response. 

13. The method of claim 12, wherein the CDS+ T cells 
exhibit a PD-1 low phenotype. 

14. The method of claim 10, wherein the antigen is a 
tumor antigen. 

15. The method of claim 10, wherein the antigen is an 
infectious agent. 

16. The method of claim 10, wherein the subject is 
administered a TLRl/2 agonist in combination with a TLR7 
agonist. 

17. The method of claim 10, wherein the vaccine is a 
DNA vaccine. 

18. A kit for eliciting an anti-tumor response, the kit 
comprising: 

at least one TLRl/2 agonist or TLR7 agonist; and 
at least one immunotherapeutic agent. 
19. The kit of claim 18, wherein the immunotherapeutic 

agent is a vaccine. 
20. A composition for eliciting an anti-tumor response, the 

composition comprising at least one TLRl/2 agonist and/or 
at least one TLR7 agonist and at least one immunothera­
peutic agent. 

21. The composition of claim 20, wherein the composi­
tion further comprises a pharmaceutically acceptable carrier. 
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