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ABSTRACT 

The current disclosure relates to methods for treating ovar
ian cancer based on specific antigen expression of the 
cancer. Furthermore, the expressed antigen may be used in 
immunotherapeutic methods for treatment of the ovarian 
cancer. Aspects of the disclosure relate to immunotherapies 
targeting CT45 polypeptides, methods for treating ovarian 
cancer based on CT45 expression, and kits for detecting 
CT45 polypeptides and nucleotides. 
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METHODS OF TREATING CANCERS WITH 
CT45 TARGETED THERAPIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the benefit of priority of 
U.S. Provisional Patent Application No. 62/334,782 filed 
May 11, 2016, which is hereby incorporated by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

[0002] Embodiments are directed generally to biology and 
medicine. In certain aspects there are methods and compo
sitions for treating cancers. 

II. Background 

[0003] Resistance to chemotherapy is a major factor in the 
poor survival rate of women who develop ovarian cancers 
such as high-grade serous ovarian carcinoma (HGSOC), the 
most malignant form of ovarian cancer. HSC accounts for 
70% of all ovarian cancers, and 60% of deaths related to the 
disease. Every year, around 80,000 women worldwide die of 
HGSOC, a figure that has barely altered in recent decades. 
Because of the aggressive nature of epithelial ovarian can
cers, there is little room for trial and error when it comes to 
selecting the appropriate treatment. More recently, techno
logical advances in personalized medicine have streamlined 
the ways we treat cancer, and knowledge about how a cancer 
is likely to respond to a treatment will ultimately lead to 
more effective therapies than the trial and error approach. 
[0004] There is a need in the art for advanced personalized 
treatments in aggressive epithelial ovarian cancers and for 
new therapies that specifically target aggressive cancer cells. 

SUMMARY OF THE INVENTION 

[0005] The current disclosure fulfills the aforementioned 
need in the art by providing methods for treating ovarian 
cancer based on specific antigen expression of the cancer. 
Furthermore, the expressed antigen may be used in immu
notherapeutic methods for treatment of the ovarian cancer. 
[0006] Aspects of the disclosure relate to isolated T cells 
comprising a chimeric antigen receptor (CAR) or a T cell 
receptor (TCR), wherein the CAR or TCR specifically binds 
to a CT45 polypeptide. In some embodiments, the CT45 
polypeptide comprises a sequence selected from SEQ ID 
NOS: 1-6 or 29-33 or a polypeptide with at least 70% identity 
to SEQ ID NO:1-6 or 29-33. In specific embodiments, one 
or more of these sequences may be excluded. 
[0007] SEQ ID NOS:1-6 and 29-33 correspond to AVD
PETVFK (SEQ ID NO:1); GVQGPTAVR (SEQ ID NO:2); 
GVQGPTAVRK (SEQ ID NO:3); VQGPTAVRK (SEQ ID 
NO:4); QGPTAVRK (SEQ ID NO:5); QGPTAVR (SEQ ID 
NO:6); GVQGPTAVRKR (SEQ ID NO:29); 
VQGPTAVRKR (SEQ ID NO:30); QGPTAVRKR (SEQ ID 
NO:31); EGVQGPTAVR (SEQ ID NO:32); and VAVDPET
VFKR (SEQ ID NO:33). In some embodiments or the cells 
and methods described herein, the polypeptide is or is at 
least 70%, 75%, 80%, 85%, 90%, 91 %, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, or 99% identical or similar to one of 
SEQ ID NOS:1-6 or 29-33. In some embodiments, the 
polypeptide has at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
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15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 50, 75, or 100 
contiguous amino acids (or any derivable range therein) of 
a polypeptide described herein. In further embodiments, a 
polypeptide may have one of these sequences except it may 
have, have at least, or have at most 1, 2, 3, 4, 5, 6, 7 or more 
amino acid substitutions ( or any range derivable therein, 
which may or may not be conservative substitutions. In 
further embodiments, a polypeptide may have one of these 
sequences except the amino acid at position 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, and/or 14 may be deleted, substituted, 
or their may be an addition of 1, 2, 3, 4, 5, 6 or more amino 
acids (and any range derivable therein) before or after the 
amino acid (going from the N-terminal end to the C-terminal 
end of the polypeptide. In some embodiments, the polypep
tide is a polypeptide described in FIG. 4 or a fragment 
thereof or one with a certain percentage or identity to a 
polypeptide shown in FIG. 4. In some embodiments of the 
methods, cells, and bi-specific T-cell engagers of the disclo
sure, the CT 45 polypeptide is a CT 45A polypeptide. CT 45A 
polypeptides are shown in FIG. 4. 
[0008] In some embodiments, the polypeptide comprises 
SEQ ID NO:1, 3, or 6 or a polypeptide with at least 70% 
identity to SEQ ID NO:1, 3, or 6. 
[0009] In some embodiments, the TCR is heterologous. 
The TCR may be a TCR gene that is transferred from 
another organism. In some embodiments, the TCR gene ( or 
genes) are extra-chromosomal. 
[001 OJ Further aspects of the disclosure relate to isolated 
dendritic cells comprising an extra-chromosomal CT45 
polypeptide. In some embodiments, the polypeptide com
prises a sequence selected from SEQ ID NOS: 1-6 or 29-33 
or a polypeptide with at least 70% identity to SEQ ID 
NO:1-6 or 29-33. In some embodiments, the polypeptide 
comprises SEQ ID NO:1, 3, or 6 or a polypeptide with at 
least 70% identity to SEQ ID NO:1, 3, or 6. 
[0011] Yet further aspects relate to isolated dendritic cells 
primed with a CT45 polypeptide. In some embodiments, the 
polypeptide comprises a sequence selected from SEQ ID 
NOS: 1-6 or 29-33 or a polypeptide with at least 70% identity 
to SEQ ID NO:1-6 or 29-33. In some embodiments, the 
polypeptide comprises SEQ ID NO:1, 3, or 6 or a polypep
tide with at least 70% identity to SEQ ID NO:1, 3, or 6. 
[0012] Further aspects relate to a bispecific T-cell engager 
that comprises a single-chain fragment variable that specifi
cally binds to a CT45 polypeptide. In some embodiments, 
the polypeptide comprises a sequence selected from SEQ ID 
NOS: 1-6 or 29-33 or a polypeptide with at least 70% identity 
to SEQ ID NO:1-6 or 29-33. In some embodiments, the 
polypeptide comprises SEQ ID NO:1, 3, or 6 or a polypep
tide with at least 70% identity to SEQ ID NO:1, 3, or 6. 
[0013] Further aspects of the disclosure relate to antibod
ies with specificity for a CT45 polypeptide. In some embodi
ments, the antibody has a specificity for one or more of SEQ 
ID NOS:1-6 or 29-33. Further aspects include a method of 
making the antibody comprising administration of a peptide 
having an amino acid sequence of SEQ ID NOS:1-6 or 
29-33 and isolating antibodies. In some embodiments, the 
isolated antibodies are cloned, sequenced, and/or made into 
hybridomas. Further aspects of the disclosure relate to a 
hybridoma cell line expressing an antibody specific for a 
CT45 peptide of SEQ ID NOS:1-6 or 29-33. 
[0014] The disclosure also relates to a method for treating 
ovarian cancer in a patient comprising administering the T 
cells, dendritic cells, antibodies, or bi-specific T-cell engag-
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ers described herein. In some embodiments, the patient has 
been determined to have a CT45-expressing ovarian cancer. 
In some embodiments, the ovarian cancer is high-grade 
serous ovarian cancer (HGSOC). In some embodiments, the 
T cells or dendritic cells are autologous. In some embodi
ments, the T cells or dendritic cells are derived from a 
precursor cell that is differentiated into a T cell or a dendritic 
cell in vitro. In some embodiments, the method comprises 
administering T cells to the patient. In some embodiments, 
the T cells are contacted with one or more ofIL-2, anti-CD3, 
and allo-reactive feeder cells prior to administration to the 
patient. In some embodiments, the method further comprises 
lymphodepletion of the patient prior to administration of the 
T cells. In some embodiments, the method further comprises 
administration of IL-2. The IL-2 may be administered 
before, after, or concurrently with the cells or bi-specific 
T-cell engager. In some embodiments, the T cells have been 
contacted with a maturation agent. In some embodiments, 
the maturation agent is one or more of GM-CSF, IL-1~, 
TNF-a, and PGE2. In some embodiments, the method 
further comprises administration of an additional therapeutic 
agent. In some embodiments, the additional therapeutic is 
selected from a chemotherapeutic agent, a checkpoint 
inhibitor, a MUC-1 inhibitor, a CD40 activator, an IDO 
inhibitor, and an OX86 agonists. In some embodiments, the 
additional therapeutic is a chemotherapeutic agent. In some 
embodiments, the chemotherapeutic agent is a DNA dam
aging agent. In some embodiments, the DNA damaging 
agent is a platinum-containing compound. In some embodi
ments, the platinum-containing compound is cisplatin, car
boplatin, oxaliplatin, nedaplatin, triplatin tetranitrate, 
phenanthriplatin, picoplatin, or satraplatin. In some embodi
ments, the method further comprises administration of an 
ionizing radiation therapy. In some embodiments, the 
method further comprises administration of a DNA meth
yltransferase inhibitor prior to administration of the den
dritic cells, T cells, or bi-specific T-cell engager. In some 
embodiments, the patient is determined to have a cancer 
with low or no significant expression of CT45. 

[0015] A further aspect relates to a method for treating 
ovarian cancer in a patient comprising contacting a T cell 
with a CT45 polypeptide and administering the T cells to the 
patient. In some embodiments, the patient has been deter
mined to have a CT45-expressing ovarian cancer. In some 
embodiments, the T cells are autologous. In some embodi
ments, the T cells are PBMCs. In some embodiments, the 
CT45 polypeptide comprises a sequence selected from SEQ 
ID NOS: 1-6 or 29-33 or a polypeptide with at least 70% 
identity to SEQ ID NO:1-6 or 29-33. In some embodiments, 
the ovarian cancer is high-grade serous ovarian cancer 
(HGSOC). In some embodiments, the ovarian cancer is one 
described herein. In some embodiments, the T cells are 
contacted with one or more of IL-2, anti-CD3, and allo
reactive feeder cells prior to administration to the patient. In 
some embodiments, the method further comprises lym
phodepletion of the patient prior to administration of the T 
cells. In some embodiments, the method further comprises 
administration of IL-2. The IL-2 may be administered 
before, after, or concurrently with the cells or bi-specific 
T-cell engager. In some embodiments, the method further 
comprises administration of an additional therapeutic agent. 
In some embodiments, the additional therapeutic is selected 
from a chemotherapeutic agent, a checkpoint inhibitor, a 
MUC-1 inhibitor, a CD40 activator, an IDO inhibitor, and an 
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OX86 agonists. In some embodiments, the additional thera
peutic is a chemotherapeutic agent. In some embodiments, 
the chemotherapeutic agent is a DNA damaging agent. In 
some embodiments, the DNA damaging agent is a platinum
containing compound. In some embodiments, the platinum
containing compound is cisplatin, carboplatin, oxaliplatin, 
nedaplatin, triplatin tetranitrate, phenanthriplatin, picopla
tin, or satraplatin. In some embodiments, the method further 
comprises administration of an ionizing radiation therapy. In 
some embodiments, the method further comprises adminis
tration of a DNA methyltransferase inhibitor prior to admin
istration of the dendritic cells, T cells, or bi-specific T-cell 
engager. In some embodiments, the patient is determined to 
have a cancer with low or no significant expression of CT 45. 

[0016] A further aspect of the disclosure relates to a 
method for treating a patient determined to have a CT45-
expressing ovarian cancer comprising administering a che
motherapeutic agent to the patient. In some embodiments, 
the CT45-expressing ovarian cancer is determined to be a 
high-expressing ovarian cancer. In some embodiments, the 
chemotherapeutic agent is a DNA damaging agent. In some 
embodiments, the DNA damaging agent is a platinum
containing compound. In some embodiments, the compound 
is cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin 
tetranitrate, phenanthriplatin, picoplatin, or satraplatin. In 
some embodiments, the method further comprises adminis
tration of an additional therapeutic agent. In some embodi
ments, the additional therapeutic is selected from a check
point inhibitor, a MUC-1 inhibitor, a CD40 activator, an IDO 
inhibitor, and an OX86 agonists. In some embodiments, the 
ovarian cancer is HGSOC. In some embodiments, the ovar
ian cancer is one described herein. 

[0017] A further aspect relates to a method for treating a 
patient with ovarian cancer comprising: treating the patient 
with a chemotherapeutic agent after the patient is deter
mined to have a high level ofCT45 expression in a cancer
ous sample from the patient compared to a control; or 
treating the patient with DNA methyltransferase inhibitors, 
surgery, PP4 inhibitors, hormone therapy, targeted therapy 
and/or radiation therapy after the patient is determined to 
have a low level ofCT45 expression in a cancerous sample 
from the patient compared to a control. In some embodi
ments, the method further comprises measuring the expres
sion level of CT45 in a cancerous sample from the patient. 
In some embodiments, the method further comprises com
paring the expression level of CT 45 in the cancerous sample 
from the patient to the expression level ofCT45 in a control. 
In some embodiments, the method further comprises com
paring the expression level of CT 45 in the cancerous sample 
from the patient to a cut-off value. In some embodiments, the 
ovarian cancer is HGSOC. In some embodiments, the che
motherapeutic agent is a DNA damaging agent. In some 
embodiments, the DNA damaging agent is a platinum
containing compound. In some embodiments, the compound 
is cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin 
tetranitrate, phenanthriplatin, picoplatin, or satraplatin. In 
some embodiments, the method further comprises adminis
tration of an additional therapeutic agent. In some embodi
ments, the treatment for a patient determined to have a high 
level of expression excludes PP4 inhibitors In some embodi
ments, the additional therapeutic is selected from a check
point inhibitor, a MUC-1 inhibitor, a CD40 activator, an IDO 
inhibitor, and an OX86 agonists. In some embodiments, the 
treatment for the patient determined to have a low level of 
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CT45 expression excludes chemotherapy. In some embodi
ments, the treatment for the patient determined to have a low 
level of CT45 expression comprises a PP4 inhibitor and a 
DNA damaging agent. In some embodiments, the PP4 
inhibitor comprises a CT45 peptide or polypeptide. In some 
embodiments, the DNA methyltransferase inhibitor com
prises 5-aza-2'-deoxycytidine. In some embodiments, the 
treatment for the patient determined to have a low level of 
CT45 expression comprises a DNA methyltransferase 
inhibitor and a DNA damaging agent. In some embodiments, 
the treatment for the patient determined to have a low 
expression level of CT45 comprises administration of a 
DNAmethyltransferase inhibitor. In some imbodiments, the 
method further comprises administration of a chemothera
peutic after administration of the DNA methyltransferase 
inhibitor. In some embodiments, the DNAmethyltransferase 
inhibitor is decitabine. In some embodiments, the DNA 
methyltransferase inhibitor is azacitidine. 

[0018] A further aspect relates to a method for determining 
whether a patient having ovarian cancer will be chemosen
sitive and/or is likely to have disease-free survival, the 
method comprising: determining that the patient will be 
chemosensitive and/or is likely to have disease-free survival 
when the expression level of CT45 in a cancerous sample 
from the patient is determined to be elevated compared to 
the expression level of CT 45 in a non-cancerous sample; or 
determining that the patient will be chemoresistant or 
develop chemoresistance and/or is not likely to have dis
ease-free survival when the expression level of CT45 in a 
cancerous sample from the patient is determined to be not 
significantly different or lower than the expression level of 
CT45 in a non-cancerous sample. In some embodiments, the 
method further comprises measuring the expression level of 
CT45 in a cancerous sample from the patient. In some 
embodiments, the method further comprises comparing the 
expression level of CT 45 in the cancerous sample from the 
patient to a control level of expression. In some embodi
ments, the method further comprises comparing the level of 
expression ofCT45 in the biological sample from the patient 
to a cut-off value. In some embodiments, the method further 
comprises treating the patient determined to be chemosen
sitive with a chemotherapeutic agent. In some embodiments, 
the chemotherapeutic agent is a DNA damaging agent. In 
some embodiments, the DNA damaging agent is a platinum
containing compound. In some embodiments, the compound 
is cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin 
tetranitrate, phenanthriplatin, picoplatin, or satraplatin. In 
some embodiments, the ovarian cancer is HGSOC. In some 
embodiments, the method further comprises treating the 
patient determined to be chemosensitive with a DNA meth
yltransferase inhibitor. In some embodiments, the method 
further comprises administration of a chemotherapeutic after 
administration of the DNA methyltransferase inhibitor. In 
some embodiments, the DNA methyltransferase inhibitor is 
decitabine. In some embodiments, the DNA methyltrans
ferase inhibitor is azacitidine. In some embodiments, the 
method further comprises treating the patient determined to 
be chemoresistant or develop chemoresistance with a treat
ment regimen that excludes chemotherapy. 

[0019] Further aspects of the disclosure relate to a kit 
comprising an agent for detecting CT45 expression. In some 
embodiments, the agent detects CT45 protein expression or 
mRNA expression. In some embodiments, the agent com
prises one or more nucleic acid probes for amplification of 
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a CT45 nucleic acid from a biological sample. In some 
embodiments, the agent is an antibody. In some embodi
ments, the agent is labeled. In some embodiments, the agent 
detects a polypeptide having a sequence comprising a 
sequence of one of SEQ ID NOS: 1-6 or 29-33 or a nucleo
tide encoding a polypeptide of SEQ ID NOS:1-6 or 29-33. 
[0020] In some embodiments of the methods described 
herein, the ovarian cancer is high-grade serous ovarian 
cancer (HGSOC). In some embodiments, the ovarian cancer 
is an epithelial cancer. In some embodiments, the ovarian 
cancer is a fallopian or peritoneal cancer. 
[0021] In some embodiments, the method further com
prises monitoring the patient for cancer under intensive 
surveillance after the patient has been classified as having a 
poor prognosis. In some embodiments, the method further 
comprises monitoring the patient for cancer under regular 
surveillance after the patient has been classified as having a 
favorable prognosis. In some embodiments, the method 
further comprises treating the patient for cancer under 
regular surveillance if the patient is classified as having a 
favorable prognosis. 
[0022] Further aspects of the disclosure relate to a method 
for treating a patient with ovarian cancer comprising: admin
istering to the patient a CT45 polypeptide. In some embodi
ments, the CT 45 peptide comprises a polypeptide of any one 
of SEQ ID NOS: 7-28 or a polypeptide with at least 70% 
identity to a polypeptide of SEQ ID NOS:7-28. In some 
embodiments, the method further comprises administration 
of a chemotherapeutic agent. In some embodiments, the 
chemotherapeutic agent is a DNA damaging agent. In some 
embodiments, the DNA damaging agent is a platinum
containing compound. In some embodiments, the compound 
is cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin 
tetranitrate, phenanthriplatin, picoplatin, or satraplatin. In 
some embodiments, the ovarian cancer comprises a CT45-
low-expressing ovarian cancer. In some embodiments, the 
patient has been determined to have a CT45 low-expressing 
cancer. 
[0023] Any of the methods described herein may be 
implemented on tangible computer-readable medium com
prising computer-readable code that, when executed by a 
computer, causes the computer to perform one or more 
operations. In some embodiments, there is a tangible com
puter-readable medium comprising computer-readable code 
that, when executed by a computer, causes the computer to 
perform operations comprising: a) receiving information 
corresponding to the level of expression of CT 45 in a cancer 
sample of a patient suspected of having or determined to 
have a cancer; and b) determining a difference value in the 
expression level ofCT45 using the information correspond
ing to the level of expression of CT 45 in the cancer sample 
as compared to a control or reference level that is normal or 
indicating favorable prognosis. In further embodiments, the 
receiving information comprises receiving the information 
corresponding to the expression level from a tangible data 
storage device. 
[0024] In some embodiments, the method further com
prises recording the classification or the expression level of 
CT45 in a tangible, computer-readable medium or a tangible 
data storage device. In some embodiments, the method 
further comprises reporting the classification or the expres
sion level of CT45 to the patient, a health care payer, a 
physician, an insurance agent, or a tangible data storage 
device. In additional embodiments the medium further com-
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prises computer-readable code that, when executed by a 
computer, causes the computer to perform one or more 
additional operations comprising sending information cor
responding to the difference value to a tangible data storage 
device; calculating a prognosis score for the patient; classi
fying the patient as having a favorable prognosis or poor 
prognosis; or determining a management, surveillance or 
treatment plan for the patient. 

[0025] In some embodiments, the prognosis score is 
expressed as a number that represents a probability of 0, 1, 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20,21, 22,23,24, 25, 26,27,28, 29,30,31,32, 33,34,35, 
36,37, 38,39,40, 41, 42,43,44, 45,46,47,48, 49, 50, 51, 
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 
68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 
or 100% likelihood (or any range derivable therein) that a 
patient has a chance of poor survival or cancer recurrence or 
poor response to a particular treatment. Alternatively, the 
probability may be expressed generally in percentiles, 
quartiles, or deciles. 

[0026] In some embodiments, determination of calcula
tion of a diagnostic, prognostic, or risk score is performed by 
applying classification algorithms based on the expression 
values ofbiomarkers with differential expression p values of 
about, between about, or at most about 0.005, 0.006, 0.007, 
0.008, 0.009, 0.01, 0.011, 0.012, 0.013, 0.014, 0.015, 0.016, 
0.017, 0.018, 0.019, 0.020, 0.021, 0.022, 0.023, 0.024, 
0.025, 0.026, 0.027, 0.028, 0.029, 0.03, 0.031, 0.032, 0.033, 
0.034, 0.035, 0.036, 0.037, 0.038, 0.039, 0.040, 0.041, 
0.042, 0.043, 0.044, 0.045, 0.046, 0.047, 0.048, 0.049, 
0.050, 0.051, 0.052, 0.053, 0.054, 0.055, 0.056, 0.057, 
0.058, 0.059, 0.060, 0.061, 0.062, 0.063, 0.064, 0.065, 
0.066, 0.067, 0.068, 0.069, 0.070, 0.071, 0.072, 0.073, 
0.074, 0.075, 0.076, 0.077, 0.078, 0.079, 0.080, 0.081, 
0.082, 0.083, 0.084, 0.085, 0.086, 0.087, 0.088, 0.089, 
0.090, 0.091, 0.092, 0.093, 0.094, 0.095, 0.096, 0.097, 
0.098, 0.099, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 or 
higher (or any range derivable therein). In certain embodi
ments, the prognosis score is calculated using one or more 
statistically significantly differentially expressed biomarkers 
( either individually or as difference pairs), including expres
sion or activity levels in a gene or protein corresponding to 
CT45. 

[0027] In some embodiments, a polypeptide according to 
the current disclosure is or is at least 70%, 75%, 80%, 85%, 
90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% 
identical or similar ( or any derivable range therein) to a 
polypeptide described herein, such as SEQ ID NOS: 1-6 or 
29-33. In some embodiments, the polypeptide comprises at 
least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 25, 30, 35, 40, 50, 75, or 100 contiguous amino acids (or 
any derivable range therein) of a polypeptide described 
herein. 

[0028] In some embodiments, a polypeptide of the disclo
sure comprises a polypeptide variant of SEQ ID NOS: 1-6 or 
29-33, wherein the variant comprises amino acid substitu
tions at one or more amino acids at positions 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, or 11 of SEQ ID NOS: 1-6 or 29-33. In some 
embodiments, a polypeptide of the disclosure comprises a 
polypeptide variant of SEQ ID NOS: 1-6 or 29-33, wherein 
the variant comprises one or more amino acid substitutions 
ofa R, H, K, D, E, S, T, N, Q, C, U, G, P, A, V, I, L, M, F, 
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Y, or W for the amino acid at position 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, or 11 of SEQ ID NOS:1-6 or 29-33. 
[0029] In certain aspects the amino acid substitution can 
be any of the other 20 amino acids. In some embodiments, 
conservative amino acid substitutions can be specifically 
excluded from possible amino acid substitutions. In some 
embodiments, only non-conservative substitutions are 
included. In some embodiments, non-conservative amino 
acid substitutions can be specifically excluded from possible 
amino acid substitutions. In some embodiments, only con
servative substitutions are included. 
[0030] Substitutional variants typically contain the 
exchange of one amino acid for another at one or more sites 
within the protein, and may be designed to modulate one or 
more properties of the polypeptide, with or without the loss 
of other functions or properties. Substitutions may be con
servative, that is, one amino acid is replaced with one of 
similar shape and charge. Conservative substitutions are 
well known in the art and include, for example, the changes 
of: alanine to serine; arginine to lysine; asparagine to glu
tamine or histidine; aspartate to glutamate; cysteine to 
serine; glutamine to asparagine; glutamate to aspartate; 
glycine to praline; histidine to asparagine or glutamine; 
isoleucine to leucine or valine; leucine to valine or isoleu
cine; lysine to arginine; methionine to leucine or isoleucine; 
phenylalanine to tyrosine, leucine or methionine; serine to 
threonine; threonine to serine; tryptophan to tyrosine; tyro
sine to tryptophan or phenylalanine; and valine to isoleucine 
or leucine. Alternatively, substitutions may be non-conser
vative such that a function or activity of the polypeptide is 
affected. Non-conservative changes typically involve sub
stituting a residue with one that is chemically dissimilar, 
such as a polar or charged amino acid for a nonpolar or 
uncharged amino acid, and vice versa. 
[0031] Embodiments concern determining that the level of 
expression or activity of CT 45. In some embodiments, that 
level is compared to a control in order to determine whether 
the expression level or activity of CT45 is elevated as 
compared to the level in non-cancerous tissue. The control 
may be a non-cancerous tissue or it may be a cancerous 
tissue. If the control is a cancerous tissue a sample may be 
determined to have an elevated level of CT45 because the 
levels in the control and the patient sample are similar, such 
as within, at least or at most 1, 2, 3, or 4 standard deviations 
(or any range derivable therein) of one another. 
[0032] In some embodiments, a low level of expression of 
CT45 comprises a level of expression that is within 1, 2, 3, 
4, 5, 6, or 7 standard deviations from a non-cancerous 
control. In some embodiments, a low level of expression of 
CT 45 comprises a level of expression that is less than 20, 15, 
10, 5, 2, or 1 % of a non-cancerous control. In some 
embodiments, a high level of expression of CT 45 comprises 
a level of expression that is more than 10, 15, 20, 25, 30, 35, 
40, 45, 50, 55, 60, 65, 70, 80, 90,100,200,300,400,500, 
1000, 5000, or 10000% control. In some embodiments, the 
low level of expression and/or the high level of expression 
is based on a cut-off value, and values below the cut-off 
correspond to a low level of expression, and values above 
the cut-off correspond to a high level of expression. In some 
embodiments, the cut-off is determined by a ROC analysis. 
In some embodiments, the cut-off is based on a ROC 
analysis, wherein the cut-off seperates the populations of 
known patients into high and low-expressers with a p-value 
ofless than 0.01, 0.001, 0.0001, or 0.00001 ( or any derivable 
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range therein) or an area under the curve (AUC) of greater 
than 0.80, 0.81, 0.82, 0.83, 0.84, 0.85, 0.86, 0.87, 0.88, 0.89, 
0.90, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, 0.99, or 
1.0. In some embodiments, low-expressing CT45 cancers 
and high-expressing CT45 cancers are determined from 
control. For example, a low-expressing CT45 cancer may be 
determined to be low-expressing or classified as low-ex
pressing when the level of CT 45 expression in the cancer is 
within 0.1, 1, 2, 3, 4, 5, or 10 standard deviations from the 
level of expression in a non-cancerous tissue (such as 
ovarian tissue) or the level of expression of CT 45 in cancer 
patients without disease-free survival, patients with a poor 
prognosis, and/or patients who have developed chemoresis
tance. A high-expressing CT45 cancer may be determined to 
be high-expressing or classified as high-expressing when the 
level ofCT45 expression in the cancer is within 0.1, 1, 2, 3, 
4, 5, or 10 standard deviations from the level of expression 
in cancer patients with disease-free survival, patients with a 
favorable prognosis, and/or patients who have not developed 
chemoresistance ( or are determined to be chemosensitive ). 

[0033] In some embodiments, the cut-off value, low-ex
pressing cancer, and/or high-expressing cancer is deter
mined from immunofluorescence of the CT45 polypeptide. 
In some embodiments, the cut-off value is determined from 
a biological sample and is at least, at most, or exactly 0.1, 
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3. 1.4, 1.5, 
1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 
3, 3.1, 3.2, 3.3. 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4.0, 4.1, 4.2, 4.3, 
4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5.0, 5.15.2, 5.3, 5.4, 5.5, 5.6, 5.7, 
5.8, 5.9, 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 
7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 8.0, 8.1, 8.2, 8.3, 8.4, 8.4, 
8.6, 8.7, 8.8, 8.9, 9.0, 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, 
or 10 pg/ml, ng/ml, µg/ml, pg/µ!, ng/µl, or µg/µl (or any 
derivable range therein). 

[0034] In some embodiments, the elevated level is at least 
1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 7, 8, 9, 10, 12, 14, 16, 
18, 20, 50, 100, 150, 200, 250, 500, or 1000 fold ( or any 
derivable range therein) or at least 10, 20, 30, 40, 50, 60, 70, 
80, 90,100,200,300,400,500,600,700,800, or900%, or 
any derivable range therein. 

[0035] Further aspects of the disclosure relate to a com
position comprising a CT45 polypeptide and a chemothera
peutic agent. In some embodiments, the CT45 peptide 
comprises a polypeptide of any one of SEQ ID NOS: 7-28 
or a polypeptide with at least 70% identity to a polypeptide 
of SEQ ID NOS:7-28. In some embodiments, the chemo
therapeutic agent is a DNA damaging agent. In some 
embodiments, the DNA damaging agent is a platinum
containing compound. In some embodiments, the compound 
is cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin 
tetranitrate, phenanthriplatin, picoplatin, or satraplatin. In 
some aspects, the disclosure relates to a composition com
prising a DNA methylation inhibitor and a platinum con
taining chemotherapeutic agent cus as cisplatin, carboplatin, 
oxaliplatin, nedaplatin, triplatin tetranitrate, phenanthripla
tin, picoplatin, or satraplatin. In some embodiments, the 
disclosure relates to a composition comprising decitabine 
and a platinum containing chemotherapeutic agent such as 
cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin tet
ranitrate, phenanthriplatin, picoplatin, or satraplatin. In 
some embodiment, the disclosure relates to a composition 
comprising decitabine and carboplatin. In some embodi
ments, the disclosure relates to a composition comprising a 
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CT45 polypeptide and carboplatin. The compositions of the 
disclosure may be used in any of the methods described 
herein. 
[0036] The terms "ameliorating," "inhibiting," or "reduc
ing," or any variation of these terms, when used in the claims 
and/or the specification includes any measurable decrease or 
complete inhibition to achieve a desired result. 
[0037] As used herein, "increased expression" or 
"decreased expression" refers to an expression level of a 
biomarker in the subject's sample as compared to a refer
ence level representing the same biomarker or a different 
biomarker. In certain aspects, the reference level may be a 
reference level of expression from a normal sample, such as 
a non-cancerous tissue from the same subject, particularly 
normal mucosa, or a sample from a different subject that 
does not have the cancer to be treated. Alternatively, the 
reference level may be a reference level of expression from 
a different subject or group of subjects, such as a reference 
level of expression from a subject or a group of subjects that 
have a favorable prognosis of cancer, such as having at most 
20, 30, 40, or 50, 60, 70, 80% recurrence risk ( or any range 
derivable therefrom) or at least 50, 60, 70, 80, or 90% 
survival chance ( or any range derivable therefrom) of cancer 
relative to a group of poor prognosis or favorable prognosis 
subjects or a combination thereof. Alternatively, the refer
ence level may be a reference level of expression from a 
subject or a group of subjects that has a poor prognosis, such 
as having a high recurrence risk of more than 50, 60, 70, 80, 
or 90 (or any range derivable therefrom) or at most 20, 30, 
40, or 50, 60, 70, 80% survival chance ( or any range 
derivable therefrom) relative to a group of poor prognosis or 
favorable prognosis subjects or a combination thereof. The 
combined group may be randomly selected or may be a 
group of clinical trial subjects, subjects in a particular 
geographic area, an age group, a gender group, or a stage of 
colorectal cancer, or any group based on one or more 
predetermined classification criteria, like inclusion or exclu
sion of patients that have favorable or poor prognosis. 
[0038] A person of ordinary skill in the art understands 
that an expression level from a test subject may be deter
mined to have an elevated level of expression, a similar level 
of expression or a decreased level of expression compared to 
a reference level. 
[0039] "Diagnosis" may refer to the process of attempting 
to determine or identify a possible disease or disorder, or to 
the opinion reached by this process. From the point of view 
of statistics the diagnostic procedure may involve classifi
cation tests. 
[0040] "Prognosis" may refer to a prediction of how a 
patient will progress, and whether there is a chance of 
recovery. "Cancer prognosis" generally refers to a forecast 
or prediction of the probable course or outcome of the 
cancer. As used herein, cancer prognosis includes the fore
cast or prediction of any one or more of the following: 
duration of survival of a patient susceptible to or diagnosed 
with a cancer, duration of recurrence-free survival, duration 
of progression free survival of a patient susceptible to or 
diagnosed with a cancer, response rate in a group of patients 
susceptible to or diagnosed with a cancer, duration of 
response in a patient or a group of patients susceptible to or 
diagnosed with a cancer, and/or likelihood of metastasis in 
a patient susceptible to or diagnosed with a cancer. Prog
nosis may also include prediction of favorable responses to 
cancer treatments, such as a conventional cancer therapy. 
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[0041] A "subject," "individual" or "patient" is used inter
changeably herein and refers to a vertebrate, for example a 
primate, a mammal or preferably a human. Mammals 
include, but are not limited to equines, canines, bovines, 
ovines, murines, rats, simians, humans, farm animals, sport 
animals and pets. In some embodiments, the subject is a 
human subject. 
[0042] In some embodiments, the method further com
prises administration of pain medication and/or additional 
therapeutics. In some embodiments, the method further 
comprises administration of a traditional therapeutic for 
cancer such as chemotherapy and/or surgery. In some 
embodiments, the additional therapeutic is one known in the 
art and/or described herein. 
[0043] Use of the one or more compositions may be 
employed based on methods described herein. Use of one or 
more compositions may be employed in the preparation of 
medicaments for treatments according to the methods 
described herein. Other embodiments are discussed through
out this application. Any embodiment discussed with respect 
to one aspect of the disclosure applies to other aspects of the 
disclosure as well and vice versa. The embodiments in the 
Example section are understood to be embodiments that are 
applicable to all aspects of the technology described herein. 
[0044] As used herein, "treatment" or "therapy" is an 
approach for obtaining beneficial or desired clinical results. 
This includes: reduce the alleviation of symptoms, the 
reduction of inflammation, the inhibition of cancer cell 
growth, and/or the reduction of tumor size. In some embodi
ments, the term treatment refers to the inhibition or reduc
tion of cancer cell proliferation in a subject having cancer. 
[0045] The term "therapeutically effective amount" refers 
to an amount of the drug that treats or inhibits cancer in the 
subject. In some embodiments, the therapeutically effective 
amount inhibits at least or at most or exactly 100, 99, 98, 96, 
94,92, 90,85,80, 75, 70,65, 60, 55,50,40,30,20,or10%, 
or any derivable range therein, of CT45 activity. 
[0046] The use of the word "a" or "an" when used in 
conjunction with the term "comprising" in the claims and/or 
the specification may mean "one," but it is also consistent 
with the meaning of "one or more," "at least one," and "one 
or more than one." 
[0047] Throughout this application, the term "about" is 
used to indicate that a value includes the standard deviation 
of error for the device or method being employed to deter
mine the value. 
[0048] The use of the term "or" in the claims is used to 
mean "and/or" unless explicitly indicated to refer to alter
natives only or the alternatives are mutually exclusive, 
although the disclosure supports a definition that refers to 
only alternatives and "and/or." It is also contemplated that 
anything listed using the term "or" may also be specifically 
excluded. 
[0049] As used in this specification and claim(s), the 
words "comprising" (and any form of comprising, such as 
"comprise" and "comprises"), "having" (and any form of 
having, such as "have" and "has"), "including" (and any 
form of including, such as "includes" and "include") or 
"containing" (and any form of containing, such as "con
tains" and "contain") are inclusive or open-ended and do not 
exclude additional, unrecited elements or method steps. 
[0050] As used in this specification and the claim(s), when 
referring to a particular therapeutic drug regimen, the words 
"consisting essentially of' includes therapeutic drug remi-
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ments including, as active ingredients, only the recited 
active ingredients and excludes any active ingredients not 
recited. 
[0051] Other objects, features and advantages of the pres
ent invention will become apparent from the following 
detailed description. It should be understood, however, that 
the detailed description and the specific examples, while 
indicating specific embodiments of the invention, are given 
by way of illustration only, since various changes and 
modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art from this 
detailed description. 

DESCRIPTION OF THE DRAWINGS 

[0052] The following drawings form part of the present 
specification and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific 
embodiments presented herein. 
[0053] FIG. lA-G Proteomics identifies CT45 expression 
to predict long-term survival in HGSOC. a, Summary of the 
shotgun proteomics workflow applied to FFPE biobank 
specimens from ovarian cancer patients. Following tissue 
lysis and homogenization, purified proteins were digested by 
trypsin and desalted peptides separated by ultra-high per
formance liquid chromatography. All samples were mea
sured in single-run analysis using a Q Exactive mass spec
trometer. Label-free proteome quantification was achieved 
with the MaxQuant software. b, Number of quantified 
proteins per patient (median=7,634 proteins) and total 
(9,016 proteins). c, Volcano plot of chemotherapy resistant 
versus sensitive patient proteomes. Expression fold changes 
(t-test difference) are shown on the X-axis and plotted 
against the t-test p-value (-log 10, permutation-based FDR 
corrected). Dashed lines indicate significance threshold 
(FDR<0.05, S0=2). The cancer-testis antigen CT45 is sig
nificantly higher expressed in the chemotherapy sensitive 
patient group. d, Correlation analysis of disease-free sur
vival time versus CT45 protein expression (log 2) for 25 
HGSOC patients. e, f, Kaplan-Meier survival analysis based 
on CT45 staining scores from ovarian cancer TMAs for 
disease-free survival (e) and overall survival (f). Advanced 
stage HGSOC patients comparing a staining score of 0 
(N=82) versus l+(N=42). g, Kaplan-Meier survival analysis 
based on RNA-seq TCGA data. Overall survival of patients 
with low CT45 (N=229) versus high CT45 expression 
(N=76). Significance was determined using the log-rank 
test. 
[0054] FIG. 2A-C. CT45 is an antigenic target in ovarian 
cancer patients. a, Percent of CDS+ tumor associated T cells 
from ascites staining positive for Ki67 (upper) and IFN-y 
and IL-2 (lower) following stimulation with CT45-derived 
peptides. EBY is a positive control peptide and HIV is a 
negative control peptide. The amino acid sequences on the 
x-axis of the bottom graph correspond to SEQ ID NOS:1-5, 
respectively. b, Log 2 intensities of CT45 peptides as 
detected my mass spectrometry from HLA-I pulldowns 
following DAC treatment in SKOV3ipl cells. The amino 
acid sequences in the figure legend correspond to SEQ ID 
NOS:32, 2, and 33, respectively, top to bottom. c, Percent of 
CDS+ tumor associated T cells from ascites staining positive 
for Ki67 (upper) and IFN-y and IL-2 (lower) following 
stimulation with CT45-derived peptides identified after 
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DAC treatment. EBY is a positive control peptide and HIV 
is a negative control peptide The amino acid sequences on 
the x-axis of the bottom graph correspond to SEQ ID 
NOS:32, 2, and 33, respectively. 

[0055] FIG. 3A-F. CT45 mediates chemotherapy sensitiv
ity. a, Clonogenic survival of the ovarian cancer cell lines 
OVCAR5 (upper) and OVKATE (lower) stably overex
pressing CT45 (green) or controls (purple). Dots represent 
mean values from three independent experiments. Error bars 
show standard deviations. b, c, Interaction proteomics 
screen in two ovarian cancer cell lines OVCAR-5 (c) and 
COV318 (d) stably over-expressing CT45 tagged with 
3x-FLAG (OVCAR5) or V5 (COV318), respectively. Pro
tein enrichment (t-test difference) was calculated over the 
corresponding control cell line (FLAG or V5 alone) and 
plotted against the t-test p-value (-log 10). Dashed lines 
indicate significance thresholds. The bait protein CT45 
(green) and members of the protein phosphatase 4 complex 
(orange) are highlighted. Results represent 3-4 replicates per 
experiment group. d, Western blot of cleaved caspase-3, 
yH2AX, and CT45 following treatment with carboplatin and 
paclitaxel. Day 5. e, Comet assay following carboplatin 
treatment at Day 5. Data are means±s.e.m. of 4 independent 
replicates (left). Representative images of comets are shown 
(right) f, Growth of OVCAR5-V5 (control plasmid) and 
OVCAR5-V5-CT45 tumors (N=5-8) over time during treat
ment with carboplatin. Data are means±s.e.m. for each 
group. 

[0056] FIG. 4. CT45 gene homology and staining valida
tion. Amino acid alignment of the 10 members of the CT45 
gene family. The sequences of each variant corresponds to 
SEQ ID NO:7-17, respectively, top to bottom. 

[0057] FIG. 5A-D. HLA-I peptidemics reveals presenta
tion of CT45-derived peptides. a, Western blot of CT45 
protein expression in 8 ovarian cancer cell lines. b, qRT-PCR 
of CT45 RNA expression in 7 ovarian cancer cell lines. c, 
Schematic of immuno-peptidomics strategy to identify 
HLA-I binding peptides. HLA-I complexes with peptides 
are pulled down with an antibody specific for HLA-I. 
Peptides are eluted away from the HLA complex and 
identified by mass spectrometry. f, Stimulation of CDS+ 
tumor infiltrating HLA-A*ll:01+ T cells from omental 
tumor with CT45-derived peptides Percent of T-cells stain
ing positive for CD69 (left) and IFN-y (right) following. The 
amino acid sequences on the x-axis at the bottom of both of 
the graphs correspond to SEQ ID NOS:1-5, respectively for 
each graph. 

[0058] FIG. 6A-B. CT45-derived peptides are presented 
after DAC treatment. a, Western blot of CT45 protein 
expression in SKOV3ipl (HLA-A*03:01, 68:01) following 
DAC treatment. 59M is the positive control. b, Histogram of 
the identified peptide lengths from the DAC treated 
SKOV3ipl cell line. 

[0059] FIG. 7A-B. DAC upregulates cancer testis anti
gens. a, MTT ofKuramochi cells treated with DAC (5'-aza) 
and carboplatin. b, Volcano plot of control SKOV3ipl 
versus DAC treated SKOV3ipl proteomes. Cancer-testis 
antigens are shown in red. 

[0060] FIG. SA-B. CT45 sensitizes cancer cells to carbo
platin. a, Western blot ofCT45 expression in ovarian cancer 
cell lines transduced with a CT45A5 lentivirus. b, Prolif
eration of OVCAR5 control (V5) or CT45 expressing cells 
with increasing concentrations of carboplatin. 
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[0061] FIG. 9 shows the immunogenicity of CT45 poly
peptides. The FACS analysis demonstrates that T cells 
directly bind to the HLA complex containing CT 45 peptides. 
The amino acid sequences above the second and third graph 
on the top correspond to SEQ ID NOS: 1 and 3, respectively 
and the sequences above the second and third graph on the 
bottom correspond to SEQ ID NOS: 1 and 3, respectively. 

[0062] FIG. l0A-D. Proteomics identifies CT45 expres
sion to predict long-term survival in HGSOC. A, Summary 
of the shotgun proteomics workflow applied to FFPE 
biobank specimens from ovarian cancer patients. Following 
tissue lysis and homogenization, purified proteins were 
digested and analyzed in single-run HPLC-MS using a Q 
Exactive mass spectrometer. Data were analyzed and quan
tified in MaxQuant. B, Volcano plot of chemotherapy resis
tant versus sensitive patient proteomes. Expression fold 
changes are plotted against the t-test p-value. Dashed lines 
indicate the significance threshold (FDR<0.05, s0=2). CT45 
is highlighted in green. C, Immunohistochemistry for CT45 
and corresponding H&E staining in serial sections of tumor 
from 3 prepresentative patients. D, Kaplan-Meier survival 
analysis based on CT45 staining scores for ovarian cancer 
TMAs for disease-free survival. Advanced stage HGSOC 
patients comparing in a starring score of O (N=82) versus 
l+(N=42). 

[0063] FIG. llA-F. CT45 is a native tumor antigen. A, 
Predicted binding affinities (NetMHC4.0) for HLA class I 
peptides of CT45 with a length of 8-11 amino acids. Affini
ties are plotted on the y-axis as % rank-I. Weak affinity 
cut-off: % rank <2, high affinity cut-off: % rank <0.5. 
Peptides identified by MS are highlighted in green. B, 
Volcano plot of the proteomic comparison between 5-aza-
2'-deoxycytidine (DAC) treated and control SKOV3iP1 
ovarian cancer cells. Protein fold change (t-test difference, 
log2 ) is plotted against the t-test p-value (-log10). Signifi
cance thresholds are indicated by dashed lines (FDR<0.01). 
Cancer testis antigens including CT45 are highlighted. C, 
HLA-I peptide intensity ratio from immunopeptidomics of 
DAC treated versus control SKO2iP1 ovarian cancer cells, 
plotted agains the ranked peptide ratio. CT45 peptides are 
highlighted in green. D, Staining for Ki-67 and IFN-y of 
CDS+ T cells (A-11:01) after stimulation with two CT45 
peptides (AVDPETVFK (SEQ ID NO:1) and 
GVQGPTAVRK (SEQ ID NO:3)) or one HIV negative 
control peptide analyzed with flow cytometry. E, Tetramer 
staining ofA-11:01 or A-03:01 CDS+ Tcells with two CT45 
tetramers (AVDPETVFK (SEQ ID NO:1) and 
GVQGPTAVRK (SEQ ID NO:3)) and one HIV negative 
control tetramer analyzed with flow cytometry. F, Lysis of 
HLA-All:01 positive 59M cell line by CDS+ effector T 
cells (A-11:01) at indicated effector:target ratios using a 
chromium release assay. Data are means+/-s.d. from two 
independent experiments. The sequences in the figure leg
end correspond to SEQ ID NOS: 1 and 3, top to bottom, 
respectively. 

[0064] FIG. 12A-F. CT45 mediates chemotherapy sensi
tivity. A, Clonogenic survival assay of the ovarian cancer 
cell line OVCAR5 stably overexpressing CT45 (green) or 
control vector (purple) after carboplatin (5 µM) treatment. 
Dots represent mean values from three independent experi
ments. Error bars show s.e.m. for each group. Representa
tive images are shown above bars. B, Growth ofOVCAR5-
V5 (control plasmid) and OVCAR5-V5-CT45 tumors (N=5-
8) over time during treatment with carboplatin (20 mg/kg). 
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Data are means+/-s.e.m. for each group. C, Interaction 
proteomics screen in OVCAR5 cells stably overexpressing 
FLAG-tagged CT45. Protein enrichment (t-test difference) 
was calculated over the corresponding control cell line 
(FLAG tag alone) and plotted against the t-test p-value 
(-log10). Dashed lines indicate significance thresholds. The 
bait protein CT45 (green) and members of the PP4 complex 
(blue) are highlighted. Results represent 3 replicates per 
experiment group P<0.01. D, Western blot of immunopre
cipitated VS-tagged CT45 protein. The co-enriched mem
bers of the protein phosphatase 4 complex, PP4R3a, 
PP4R3~, and PP4C, are shown. E, Western blot of cleaved 
caspase-3, yH2AX, and CT45 following treatment of car
boplatin (5 µM) and paclitaxel (1.5 nM). Day 5. F, Tail 
moment following carboplatin treatment at day 5 using a 
comet assay. Data are means+s.e.m. of 4 independent rep
licates (right panel). Representative images of comet assays 
are shown. OVCAR5 cells were treated with 5 µM carbo
platin and COV318 were treated with 2 µM carboplatin. 

[0065] FIG. 13A-I. CT45 interferes with chromatin 
dynamics after DNA damage. A, Western blot analysis of 
OVCAR5 and OVKATE cell line pairs treated with carbo
platin (5 µM). Day 3. B, Immunofluorescence staining of 
KAP1-S824 (red) yH2AX (green) and DAPI (blue) in 
OVCAR5-V5 andOVCAR5-V5-CT45 cell line pair with or 
without carboplatin treatment (5 µM) at day 3, 5, and 7. Data 
are means+/-s.e.m. of 5 independent replicates (right panel). 
Representative cells are shown left. C, CT45 positive 59M 
cells were collected and processed for a chromatin segre
gation assay as detailed in the Methods. PP4 complex 
members, KAP!, and HDAC2 were detected by western 
blot. D, Volcano plot of chromatin-immunoprecipitation 
mass spectrometry (ChIP-MS) results for the VS-tag in 
OVCAR5-V5-CT45 vs. OVCAR5-V5 cell line. Fold enrich
ment of VS-tagged CT45 over control cell line (V5 tag 
alone) is plotted against the t-test p-value (-log10). Dashed 
lines indicate significance thresholds (FDR<0.01, s0=2). E, 
Pathway enrichment analysis of proteins significantly co
enriched with CT45 (right side of volcano plot in panel d). 
Most significant pathways are ranked by enrichment false
discovery rate. F, Fold change in nuclear sizes of OVCAR5-
V5-CT45 and OVCAR5-V5 cells at day 5 with carboplatin 
(5 µM) treatment normalized to untreated cells. Represen
tative DAPI images are shown in upper panel. Bar plots 
represent nuclear sizes from 5 independent experiments. 
Scale ar=l0 µM. Data are means+/-s.e.m. G,H, OVCAR5-
V5-CT45 and OVCAR5-V5 cells were collected and pro
cessed for the micrococcal nuclease (Mnase) assay as 
described in the Methods. Results are shown for untreated 
control samples at day 3 and day 3, 5, and 7 with carboplatin 
(5 µM) treatment. DNA size profiles are illustrated in H. I, 
Proposed model of CT45 mediating chemosensitivity and 
long-term survival in metastatic HGSOC. 

[0066] FIG. 14A-D Patient characteristics of proteomic 
cohort and proteomic depth per specimen. a, Clinico-patho
logic parameters for the resistant and sensitive patients 
analyzed by proteomics. b, Proteomic depth per patient. 
Samples were measured as technical duplicate. c, Dynamic 
range of protein abundance of all quantified proteins. d, 
Correlation matrix of all measured samples based on Pear
son correlation values. The proteomic comparison of inde
pendently prepared tissue of the same tumor is highlighted. 
[0067] FIG. 15. CT45 gene homology and staining vali
dation. a, Correlation analysis of disease-free survival time 
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versus CT45 protein expression (log 2) for 25 HGSOC 
patients. Patients highlighted in green were alive at the time 
of analysis. 
[0068] FIG. 16A-B. Patient characteristics of tissue 
microarray validation cohort. a, Clinico-pathologic param
eters for patients with advanced stage serous papillary 
ovarian cancer included in the TMA validation cohort. 
Tumors were stained for CT45 and the staining was scored 
0-3. b, Kaplan-Meier survival analysis for overall survival 
based on CT45 staining scores from ovarian cancer TMAs. 
Advanced stage HGSOC patients comparing a staining score 
of 0 (N=82) versus l+(N=42) are compared. 
[0069] FIG. 17A-H. HLA-I peptidomics reveals presenta
tion of CT45-derived peptides. a, Western blot of CT45 
protein expression in 8 ovarian cancer cell lines. b, Sche
matic of immuno-peptidomics strategy to identify HLA-I 
binding peptides. HLA-I receptors with peptide complexes 
are pulled down with an antibody specific for HLA-I. 
Peptides are eluted from the HLA complex and identified by 
mass spectrometry. c, Histogram of the identified peptide 
lengths from the 59M cell line (length 8-11 amino acids) 
consistent with peptides that bind to HLA-I receptors. d, 
CT45Al protein sequence (SEQ ID NO:11) and CT45 
peptides of SEQ ID NOS:29, 30, 3, and 31, top to bottom, 
respectively. Identified HLA-I peptides are highlighted in 
red. e, Identified consensus clusters based on the GibbsClus
ter -1.0 tool for all identified 9-mer peptides (4,017) f, 
Binding motifs. HLA-I consensus binding motifs for the two 
largest clusters in e (SEQ ID NO:36-37). The Al 1 :01 motif 
is similar to A3:01. g-h, Comparison of MS/MS scans from 
experimentally identified HLA-I peptides (upper panel) and 
synthetic versions of the same peptides (lower panel). Y 
(red) and b-ions (blue) are shown. 
[0070] FIG. 18A-E. CT45-derived peptides are presented 
after DAC treatment. a, Western blot of CT45 protein 
expression in SKOV3ipl (HLA-A*03:01, 68:01) following 
DAC treatment. 59M serves as positive control. b, Histo
gram of the identified peptide lengths from the DAC treated 
SKOV3ipl cell line. c, Identified consensus clusters based 
on the GibbsCluster tool for all identified 9-mer peptides 
(5,146). d, HLA-I consensus binding motifs for the two 
largest clusters identified in c (SEQ ID NO:38-39). The 
A68:01 motif is similar to A3:01. e, Stimulation of CDS+ 
tumor infiltrating HLA-A *03:01 + T cells isolated from 
ascites with CT45-derived peptides. Staining for Ki-67 and 
IFN-y of CDS+ T cells (A-03:01) after stimulation with 3 
CT45 peptides (EGVQGPTAVR (SEQ ID NO:32), 
GVQGPTAVR (SEQ ID NO:2), and VAVDPETVFKR (SEQ 
ID NO:33)) or an EBY positive control or HIV negative 
control peptide analyzed with flow cytometry. 
[0071] FIG. 19A-F. CT45 sensitizes cancer cells to car
boplatin. a, MTT of SKOV3ipl cells with or without 500 
nM DAC treated with increasing doses of carboplatin. Cells 
were pretreated with 500 nM DAC for 72 hr then cultured 
for 4 days and treated with carboplatin on day 7. The MTT 
was performed after 72 hr with carboplatin treatment. b, 
Western blot of CT 45 expression in ovarian cancer cell lines 
transduced with a CT45A5 lentivirus. c, Proliferation of 
OVCAR5 control (V5) or CT45 expressing cells with 
increasing concentrations of carboplatin. d, Cell cycle analy
sis of OVCAR5 control (V5) or CT45 expressing cells 
stained with propidium iodide. e, Clonogenic survival assay 
of the ovarian cancer cell line OVKATE stably overexpress
ing CT45 (green) or control (purple). Dots represent mean 
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values from three independent experiments. Error bars show 
s.e.m. for each group. f, Interaction proteomics screen in the 
ovarian cancer cell line COV318 stably over-expressing 
VS-tagged CT45. Protein enrichment (t-test difference) is 
calculated over the corresponding control cell line (VS tag 
alone) and plotted against the t-test p-value Dashed lines 
indicate significance thresholds (p<0.005, s0=3). The bait 
protein CT45 (green) and members of the protein phos
phatase 4 complex (blue) are highlighted. Results represent 
3 replicates per experiment group. 
[0072] FIG. 20A-E CT45 is chromatin-bound independent 
of DNA damage. a, Chromatin fractionation of the 
OVCAR5-V5-CT45 cell line. b, Chromatin fractionation of 
the OVCAR5-V5-CT45 cell line carboplatin c, ChIP-MS 
results targeting VS-tagged CT45 in the OVCAR5-V5-CT45 
cell line±carboplatin. Fold enrichment is calculated over an 
IgG control antibody. The bait protein CT45 (green) and 
members of the protein phosphatase 4 complex (blue) are 
highlighted. Results represent 3 replicates per experiment 
group. d, e, ChIP-MS results targeting KAP! in the 
OVCAR5 cell line pair ( d), and the 59M cell line ( e ). Protein 
enrichment (t-test difference) is calculated over the corre
sponding control (V5 control cell line ford or an IgG control 
antibody fore, and plotted against the t-test p-value (-log10). 

[0073] FIG. 21. CT45 is a direct interactor of the PP4 
complex. Shown is a dose response chart of the concentra
tion dependent binding of recombinant PP43Ra to recom
binant CT45 as measured by microscale thermophoresis. 
[0074] FIG. 22A-B. CT45 is a direct interactor of the PP4 
complex. a. Principal Principal component analysis of a 
global phosphoproteome analysis (>9.000 phosphorylation 
sites) in Ctr! siRNA, PP4C siRNA or CT45 siRNA treated 
cells +/-carboplatin. CT45 expressing cells (siCtrl) cluster 
closer to PP4C deficient cells (siPP4C) in component 2 
indicating more similar phosphosignaling in comparison to 
siCT45 cells. b. Example of known PP4 regulated phosphor 
sites-known PP4 target sites such as TRIM28-5473 and 
yH2AX-S139 are higher in PP4 knockdown or CT45 
expressing cells indicating an inhibitory function of CT45 
on PP4. 
[0075] FIG. 23. Cell deficient in PP4 or expressing the 
endogenous PP4 inhibitor CT45 are hypersensitive to car
boplatin treatment. Shown are colony assay results of car
boplatin treated 59M cells transfected with a control siRNA, 
PP4C siRNA or CT45 siRNA. Colony numbers are normal
ized to untreated cells of each siRNA. 
[0076] FIG. 24A-C. CT45 interaction with PP4 complex. 
a. Deletion mutants of CT45 identified the N-terminal part 
of CT 45 as the interacting domain. b. Interaction proteomics 
screen in OVCAR5 cells overexpressing full-length CT45, 
N-terminal CT45, C-terminal CT45 or GFP tag alone. Plot
ted are protein intensities of the co-purified PP4 complex 
members. c. Western blot analysis of the immunoprecipi
tates from OVCAR5 cells overexpressing full-length CT45, 
N-terminal CT45, C-terminal CT45 or tag alone. The PP4 
complex is co-purified with full-length or Nterm CT45. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0077] Using state of the art proteomics, the inventors 
identified CT45 as an independent prognostic indicator 
associated with chemosensitivity and long term survival for 
patients with an advanced stage epithelial ovarian cancer 
such as HGSOC. Ovarian cancer has been extensively 
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studied at the genomic level and is characterized by wide
spread copy number variations with infrequent recurrent 
mutations beyond TP53, BRCAl and BRCA26. Roughly 
half of HGSOCs also harbor deficiencies in homologous 
recombination DNA repair, which contributes to platinum 
sensitivity. The identification of CT45 as another driver of 
chemosensitivity fits well with the inherent nature of the 
disease. Analysis of CT45 expression using tissue microar
rays (TMAs) showed no difference in CT45 expression 
between the ovarian tumour and the omental metastasis 
which would suggest that methylation changes occur early 
on in disease progression. Furthermore, it was found that 
some patients with high CT45 expression still had chemo
sensitive disease upon recurrence that was successfully 
retreated with platinum therapy suggesting that CT45 per
sists in recurrent disease. 

I. Immunotherapies 

[0078] Immunotherapy is the treatment of disease by 
inducing, enhancing, or suppressing an immune response. 
Immunotherapies designed to elicit or amplify an immune 
response are classified as activation immunotherapies, while 
immunotherapies that reduce or suppress are classified as 
suppression immunotherapies. 

[0079] In cell-based immunotherapies, immune effector 
cells such as lymphocytes, macrophages, dendritic cells, 
natural killer cells (NK Cell), cytotoxic T lymphocytes 
(CTL), etc., work together to defend the body against cancer 
by targeting abnormal antigens expressed on the surface of 
tumor cells. Therapies such as granulocyte colony-stimulat
ing factor (G-CSF), interferons, imiquimod, cellular mem
brane fractions from bacteria, IL-2, IL-7, IL-12, various 
chemokines, synthetic cytosine phosphate-guanosine (CpG) 
oligodeoxynucleotides, and glucans may also be used in the 
methods described herein. 

[0080] Cancer immunotherapy attempts to stimulate the 
immune system to destroy tumors. A variety of strategies are 
in use or are undergoing research and testing. In some 
embodiments, the methods comprise or further comprise the 
extraction of immune cells ( e.g. G-CSF lymphocytes) from 
the blood and expansion of said immune cells in vitro 
against a tumour antigen before reinjecting the cells with 
appropriate stimulatory cytokines. The cells then destroy the 
tumor cells that express the antigen. In some embodiments, 
an immune enhancement cream (imiquimod) which pro
duces interferon, may be used. 

[0081] Methods of the disclosure include immunothera
peutic compositions targeting CT45 antigens. The compo
sitions may be used for in vivo, in vitro, or ex vivo 
administration. For example, the composition may be useful 
as cancer vaccmes. 

[0082] As used herein, the term in vitro administration 
refers to manipulations performed on cells removed from or 
outside of a subject, including, but not limited to cells in 
culture. The term ex vivo administration refers to cells 
which have been manipulated in vitro, and are subsequently 
administered to a subject. The term in vivo administration 
includes all manipulations performed within a subject, 
including administrations. 

[0083] In certain aspects of the present disclosure, the 
compositions may be administered either in vitro, ex vivo, or 
in vivo. In certain in vitro embodiments, autologous T cells 
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are incubated and used in the methods described herein. The 
cells can be used for in vitro analysis, and/or for ex vivo 
administration. 
[0084] The route of administration of the immune cell may 
be, for example, intratumoral, intracutaneous, subcutaneous, 
intravenous, intralymphatic, and intraperitoneal administra
tions. In some embodiments, the administration is intratu
moral or intrapymphatic. In some embodiments, the immune 
cells are administered directly into a cancer tissue or a lymph 
node. 
[0085] The origin of the naive T cells is not specifically 
limited and it may be derived from, for example, peripheral 
blood of a vertebrate animal. The naive T cell used may be 
CDS-positive cells or CD4-positive cells isolated from a 
PBMC fraction. In some embodiments, the naive T cells are 
CDS-positive cells or CD4-positive cells mixed with other 
cells and components without being isolated from the 
PBMC fraction in terms of the efficiency of inducing CTLs. 
For example, when cells of a PBMC fraction are cultured in 
a medium supplemented with serum and tumor antigen, the 
PBMCs differentiate into dendritic cell precursors. The 
dendritic cell precursors then bind to the peptide and dif
ferentiate into dendritic cells as the antigen-presenting cells 
presenting this peptide/tumor antigen. The antigen-present
ing cells stimulate the CDS-positive T cells in the PBMCs to 
differentiate them into CTLs. Thus, the CTLs capable of 
recognizing the added peptide can be obtained. The CTLs 
thus obtained may be isolated and used as the cancer vaccine 
as they are. Alternatively, they may be cultured further in the 
presence of interleukin such as IL-2, the antigen-presenting 
cell, and tumor antigen before used as the cancer vaccine. 
The route of their administration is not specifically limited 
and examples include intracutaneous, subcutaneous, intra
venous, and intratumoral administrations. 

A. Dendritic Cell-Based Pump-Priming 

[0086] Dendritic cells (DC) can be stimulated to activate 
a cytotoxic response towards an antigen. Dendritic cells, a 
type of antigen presenting cell, are harvested from a patient. 
These cells are then either pulsed with an antigen or trans
fected with a viral vector comprising nucleic acids encoding 
for the antigen, causing them to express and display the 
antigen. In some embodiments, the antigen is a peptide 
comprising or consisting of, or having sequence identity to 
a sequence of one or more of SEQ ID NO:1-6 or 29-33. 
Upon transfusion into the patient these activated cells pres
ent the antigen to the effector lymphocytes (CD4+ helper T 
cells, cytotoxic CDS+ T cells and B cells). This initiates a 
cytotoxic response against tumor cells expressing the anti
gen (against which the adaptive response has now been 
primed). 
[0087] Physiologically, human DC are mainly localised in 
tissue and represent only a small portion of less than 0.5% 
of peripheral blood leukocytes. DC can either be generated 
from proliferating CD34+ bone marrow precursor cells
which differentiate under a variety of different cytokines 
including SCF, Flt3, GM-CSF, TGF-~ and TNF-a----or from 
non-proliferating peripheral CD14+ cells (monocytes). Usu
ally, CD34+ precursors mobilised by G-CSF are isolated by 
leukapheresis to obtain high numbers of peripheral cells for 
therapeutical purposes. These cells seem to be more efficient 
in the activation of tumour-specific CTLs than CD14+ 
derived DC. CD34+ cells expand 10-30-fold. Yields of 
5x106 cells per leukapheresis are typically obtained. In 
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contrast, monocytes are abundantly present in peripheral 
blood and can be easily obtained by peripheral blood draw
ings or leukapheresis. Protocols for the generation of large 
amounts of monocyte-derived DC are known since 1994 
(see, for example, Romani N, et al., J Exp Med. 1994; 
180:83-93, which is herein incorporated by reference) and 
have been used for both experimental and therapeutical 
purposes. In some embodiments, leukocytes may be pre
pared from peripheral blood using density centrifugation 
techniques. Monocytes can be isolated by an adherence step 
and subsequently cultured in the presence of one or more 
factors described herein such as GM-CSF, IL-4 and FCS 
(fetal calf serum) or alternatively-under serum free condi
tions. Adherent cells typically show cytoplasmic processes 
typical for DC. After co-culturing with immunologic effec
tor cells DC form typical cluster. 
[0088] DC display several antigens on their cell surface, 
all of which are characteristic, but not specific. The most 
typical markers at present are HLA-class-I-, -class-II-mol
ecules and co-stimulatory markers (CDS0, CD86). Imma
ture DC-obtained after culture with molecules such as 
GM-CSF and IL-4, can be grown to mature DC by co
culturing with TNF-a, IL-6, IL-1~, and PGE2 or, alterna
tively, with a so-called monocyte conditioned medium 
(MCM) for another period of time (maturation phase). In 
contrast to immature DC, mature DC are much more potent 
in inducing TH 1 and CTL responses in vitro and are resistant 
to immunosuppressive effects of tumour-derived IL-10. In 
some embodiments, the DC is a mature or an immature DC. 
[0089] Vaccination of tumour-patients with a single pep
tide can result in peptide-specific cytotoxicity. In these cases 
tumour escape mechanisms may be a problem, for example 
by the loss of tumour-associated epitopes or of essential 
antigen presenting molecules. This problem can be circum
vented by the usage of polyvalent vaccines in a single 
patient, i.e. the application of tumour lysates or the appli
cation of several peptides. 
[0090] Tumour-associated peptides do bind with a defined 
affinity both to the HLA molecules (i.e. HLA class-I and 
HLA class-II) and the TCR. Whether this peptide is useful 
for therapeutical purposes or not mainly depends on the 
degree of its affinity. Low affinity to the HLA molecules is 
synonymous with low potency in CTL induction, whereas 
high affinity means high potency in CTL induction. Hetero
clitic peptides, that are changed at the HLA-binding motif to 
achieve a higher affinity between the HLA and the peptide, 
are potent immunogens. They are able to elicit cross
reactivity with the original peptide, because the TCR-bind
ing motif remains unchanged. As a consequence a tumour
protective immune response against the original peptide can 
occur after vaccination with the heteroclitic peptide. 
[0091] Enhancing the immunogenicity of tumour cells 
may be used as an approach to cancer gene therapy. 
Cytokine genes have been used in most instances to enhance 
tumour immunogenicity. DC are attractive targets of gene 
transfer since DC are easily accessable and since these cells 
seem to be sensitive to immunologic strategies. For further 
enhancement of the antigeneic presentation by DC various 
genes like the genes for interleukin-7, GM-CSF, interleukin-
12, interferon-gamma and interferon-alpha have been trans
fected into DC. Up to 10% transfection efficiencies using 
electroporation for gene transfer into CD83+ mononuclear 
cell derived DC were reported. Other non-viral techniques 
produce robust DC transfection with 17% of monocyte-
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derived DC using cationic peptide or report the ability of 
using lipofection in principle. 
[0092] Higher efficiencies can be achieved using viral 
vectors. Adenoviral vectors seem to be the most efficient 
transfection method. Viral vectors such as adenoviral or 
retroviral vectors can also be used for transduction of 
CD34+ cell derived DC. Other useful viral vectors include 
fowlpox virus, lentivirus, avipoxvirus or vaccinia virus. 
[0093] Cell-based immunotherapy strategies using pep
tide- or lysate-pulsed DC require interaction between DC 
and T cells. Physiologically, bone marrow-derived DC or 
their progenitors migrate to tissues of inflammation, inter
nalise antigens and subsequently reach the paracortex of the 
lymph nodes and the periarteriolar lymphoid sheath of the 
spleen (PALS). Here, DC prime naive T cells. Possible 
routes of administration are intradermal, subcutaneous, 
intranodal, intravenous and intraperitoneal injection of DC. 
In some embodiments, the route of administration is intra
dermal or directly into the lymph node. 

B. T-Cell Adoptive Transfer 

[0094] Adoptive cell transfer in vitro cultivates autolo
gous, extracted T cells for later transfusion. The T cells may 
be genetically engineered to target the tumor cells, as 
described herein (e.g. CAR or TCR with CT45 specificity) 
or may be tumor infiltrating lymphocytes isolated from the 
tumor and expanded and/or activated in vitro with a CT45 
polypeptide. These T cells may be multiplied using mol
ecules such as Interleukin-2, anti-CD3 and allo-reactive 
feeder cells. These T cells can then transferred back into the 
patient along with administration of IL-2 to further boost 
their anti-cancer activity. 
[0095] Before reinfusion, lymphodepletion of the recipi
ent can be done to eliminate regulatory T cells as well as 
unmodified, endogenous lymphocytes that compete with the 
transferred cells for homeostatic cytokines. Lymphodeple
tion can be achieved, for example, by total body irradiation. 
[0096] Tumor-infiltrating lymphocytes are a heteroge
neous cell population found within neoplastic lesions and 
are mainly composed of T cells. A fraction of TILs express 
TCRs directed against unique or shared tumor-associated 
antigens and exert cytotoxic effects against malignant cells. 
These TILs can be isolated from resected tumors, selected 
and expanded ex vivo. 
[0097] A further approace is to genetically modify the T 
cells to provide antigen specificity. There are two 
approaches for redirecting T-cell specificity: (i) gene modi
fication with TCRs directed against tumor-associated anti
gens and (ii) introduction of a CAR. Different types of 
antigens can theoretically be used to redirect autologous T 
cells against tumor cells: tissue-specific differentiation anti
gens [e.g. CT45 polypeptides]. The term "chimeric antigen 
receptor" or "CAR" refers to engineered receptors, which 
graft an arbitrary specificity onto an immune effector cell. 
[0098] Genetically modified T cells (TCRs or CARs) can 
be transfected using virus vectors (retroviruses or lentivi
ruses) or a transposon system (Sleeping Beauty). Following 
transfection, genetically modified T cells can be expanded 
and transferred into patients treated with preconditioning 
lymphodepletion similar to that used with TIL protocols. 
[0099] TCR T cells are T cells cloned with TCRs in which 
variable a- and ~-chains with specificity against a tumor 
antigen ( either from a patient or from humanized mice 
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immunized with tumor antigens). Such T cells recognize 
processed peptide antigens expressed in the context of 
MHC. 
[0100] Some of the advantages ofTCR T cells arise from 
the fact that these cells can be produced from peripheral 
blood T cells (unlike TILs) and can "see" intracellular 
antigens (unlike CARs). 
[0101] CARs are used to graft the specificity of a mono
clonal antibody onto a T cell. The receptors are called 
chimeric because they are composed of parts from different 
sources. The most common form of these molecules are 
fusions of single-chain variable fragments (scFv) derived 
from monoclonal antibodies, fused to CD3-zeta transmem
brane and endodomain; CD28 or 41BB intracellular 
domains, or combinations thereof. Such molecules result in 
the transmission of a signal in response to recognition by the 
scFv of its target. The variable portions of an immunoglobu
lin heavy and light chain with specificity to a CT45 antigen 
can be fused by a flexible linker to form a scFv. This scFv 
may be preceded by a signal peptide to direct the nascent 
protein to the endoplasmic reticulum and subsequent surface 
expression (this is cleaved). A flexible spacer can allow the 
scFv to orient in different directions to enable antigen 
binding. The transmembrane domain is a typical hydropho
bic alpha helix usually derived from the original molecule of 
the signalling endodomain which protrudes into the cell and 
transmits the desired signal. CARs are proteins that allow 
the T cells to recognize a specific protein (antigen) on tumor 
cells. These engineered CART cells may be expanded in 
vitro, and the expanded population of CAR T cells can then 
infused into the patient. After the infusion, the T cells 
multiply in the patient's body and, with guidance from their 
engineered receptor, recognize and kill cancer cells that 
harbor the antigen on their surfaces. 

C. Bi-Specific T-Cell Engager 

[0102] Embodiments of the disclosure relate to bi-specific 
T-cell engagers (BiTEs ). BiTEs are a class of artificial 
bispecific monoclonal antibodies that direct a host's immune 
system, more specifically the T cells' cytotoxic activity, 
against cancer cells. BiTEs are fusion proteins consisting of 
two single-chain variable fragments (scFvs) of different 
antibodies, or amino acid sequences from four different 
genes, on a single peptide chain of about 55 kilodaltons. One 
of the scFvs binds to T cells via the CD3 receptor, and the 
other to a tumor cell via a tumor specific molecule, such as 
a CT45 polypeptide described herein. BiTEs form a link 
between T cells and tumor cells. This causes T cells to exert 
cytotoxic activity on tumor cells by producing proteins like 
perforin and granzymes, independently of the presence of 
MHC I or co-stimulatory molecules. These proteins enter 
tumor cells and initiate the cell's apoptosis. This action 
mimics physiological processes observed during T cell 
attacks against tumor cells. 

D. Antibodies 

[0103] In some embodiments, the disclosure includes anti
bodies to CT45 polypeptides described herein, such as 
antibodies with specificity for a CT45 polypeptide having an 
amino acid sequence of SEQ ID NOS:1-6 or 29-33. The 
antibody can be any of the various antibodies described 
herein, non-limiting, examples of such include a polyclonal 
antibody, a monoclonal antibody, a chimeric antibody, a 
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human antibody, a veneered antibody, a diabody, a human
ized antibody, an antibody derivative, a recombinant human
ized antibody, or a derivative or fragment of each thereof. 

[0104] Antibodies can be generated using conventional 
techniques known in the art and are well-described in the 
literature. Several methodologies exist for production of 
polyclonal antibodies. For example, polyclonal antibodies 
are typically produced by immunization of a suitable mam
mal such as, but not limited to, chickens, goats, guinea pigs, 
hamsters, horses, mice, rats, and rabbits. An antigen is 
injected into the mammal, induces the B-lymphocytes to 
produce immunoglobulins specific for the antigen. Immu
noglobulins may be purified from the animal's serum. Com
mon variations of this methodology include modification of 
adjuvants, routes and site of administration, injection vol
umes per site and the number of sites per animal for optimal 
production and humane treatment of the animal. For 
example, adjuvants typically are used to improve or enhance 
an immune response to antigens. Most adjuvants provide for 
an injection site antigen depot, which allows for a stow 
release of antigen into draining lymph nodes. Other adju
vants include surfactants that promote concentration of 
protein antigen molecules over a large surface area and 
immunostimulatory molecules. Non-limiting examples of 
adjuvants for polyclonal antibody generation include Fre
und' s adjuvants, Ribi adjuvant system, and Titermax. Poly
clonal antibodies can be generated using methods known in 
the art some of which are described in U.S. Pat. Nos. 
7,279,559; 7,119,179; 7,060,800; 6,709,659; 6,656,746; 
6,322,788; 5,686,073; and 5,670,153. 

[0105] Monoclonal antibodies can be generated using con
ventional hybridoma techniques known in the art and well
described in the literature. For example, a hybridoma is 
produced by fusing a suitable immortal cell line ( e.g., a 
myeloma cell line such as, but not limited to, Sp2/0, Sp2/ 
0-AG14, NSO, NS!, NS2, AE-1, L.5, P3X63Ag8,653, Sp2 
SA3, Sp2 MAI, Sp2 SSl, Sp2 SAS, U397, MIA 144, ACT 
IV, MOLT4, DA-1, JURKAT, WEHI, K-562, COS, RAJI, 
NIH 313, HL-60, MLA 144, NAMAIWA, NEURO 2A, 
CHO, PerC.6, YB2/O) or the like, or heteromyelomas, 
fusion products thereof, or any cell or fusion cell derived 
there from, or any other suitable cell line as known in the art, 
with antibody producing cells, such as, but not limited to, 
isolated or cloned spleen, peripheral blood, lymph, tonsil, or 
other immune or B cell containing cells, or any other cells 
expressing heavy or light chain constant or variable or 
framework or CDR sequences, either as endogenous or 
heterologous nucleic acid, as recombinant or endogenous, 
viral, bacterial, algal, prokaryotic, amphibian, insect, reptil
ian, fish, mammalian, rodent, equine, ovine, goat, sheep, 
primate, eukaryotic, genomic DNA, cDNA, rDNA, mito
chondrial DNA or RNA, chloroplast DNA or RNA, hnRNA, 
mRNA, tRNA, single, double or triple stranded, hybridized, 
and the like or any combination thereof. Antibody producing 
cells can also be obtained from the peripheral blood or, 
preferably the spleen or lymph nodes, of humans or other 
suitable animals that have been immunized with the antigen 
of interest. Any other suitable host cell can also be used for 
expressing-heterologous or endogenous nucleic acid encod
ing an antibody, specified fragment or variant thereof, of the 
present disclosure. The fused cells (hybridomas) or recom
binant cells can be isolated using selective culture conditions 
or other suitable known methods, and cloned by limiting 
dilution or cell sorting, or other known methods. 
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[0106] Other suitable methods of producing or isolating 
antibodies of the requisite specificity can be used, including, 
but not limited to, methods that select recombinant antibody 
from a peptide or protein library ( e,g., but not limited to, a 
bacteriophage, ribosome, oligonucleotide, cDNA, or the 
like, display library; e.g., as available from various com
mercial vendors such as MorphoSys (Martinsreid/Planegg, 
Del.), Biolnvent (Lund, Sweden), Affitech (Oslo, Norway) 
using methods known in the art. Art known methods are 
described in the patent literature some of which include U.S. 
Pat. Nos. 4,704,692; 5,723,323; 5,763,192; 5,814,476; 
5,817,483; 5,824,514; 5,976,862. Alternative methods rely 
upon immunization of transgenic animals (e.g., SCID mice, 
Nguyen et al. (1977) Microbial. Immunol. 41:901-907 
(1997); Sandhu et al. (1996) Crit, Rev. Biotechnol. 16:95-
118; Eren et al. (1998) Mumma 93:154-161 that are capable 
of producing a repertoire of human antibodies, as known in 
the art and/or as described herein. Such techniques include 
but are not limited to, ribosome display Wanes et ~I. (1997) 
Proc. Natl. Acad. Sci. USA, 94:4937-4942· Hanes et al 
(1998) Proc. Natl. Acad. Sci. USA 95:14130-'14135); sing!~ 
cell antibody producing technologies ( e,g., selected lympho
cyte antibody method ("SLAM") (U.S. Pat. No. 5,627,052, 
Wen et al, (1987) J. Immunol 17:887-892; Babcook et al. 
(1996) Proc. Natl. Acad. Sci. USA 93:7843-7848); gel 
microdroplet and flow cytometry (Powell et al. (1990) 
Biotechnol. 8:333-337; One Cell Systems, (Cambridge, 
Mass.).; Gray et al. (1995) J. Imm. Meth. 182:155-163; and 
Kenny et al, (1995) Bio. Technol. 13:787-790); B-cell 
selection (Steenbakkers et al. (1994) Malec. Biol. Reports 
19:125-134). 
[0107] Antibody derivatives of the present disclosure can 
also be prepared by delivering a polynucleotide encoding an 
antibody of this disclosure to a suitable host such as to 
provide transgenic animals or mammals, such as goats, 
cows, horses, sheep, and the like, that produce such anti
bodies in their milk. These methods are known in the art and 
are described for example in U.S. Pat. Nos. 5,827,690; 
5,849,992; 4,873,316; 5,849,992; 5,994,616; 5,565,362; and 
5,304,489. 
[0108] The term "antibody derivative" includes post
translational modification to linear polypeptide sequence of 
the antibody or fragment. For example, U.S. Pat. No. 
6,602,684 Bl describes a method for the generation of 
modified glycol-forms of antibodies, including whole anti
body molecules, antibody fragments, or fusion proteins that 
include a region equivalent to the Fe region of an immuno
globulin, having enhanced Fe-mediated cellular toxicity, and 
glycoproteins so generated. 
[0109] The antibodies of the disclosure also include 
derivatives that are modified by the covalent attachment of 
any type of molecule to the antibody such that covalent 
attachment does not prevent the antibody from generating an 
anti-idiotypic response. Antibody derivatives include, but 
are not limited to, antibodies that have been modified by 
glycosylation, acetylation, pegylation, phosphorylation, 
amidation, derivatization by known protecting/blocking 
groups, proteolytic cleavage, liukage to a cellular ligand or 
other protein, etc. Additionally, the derivatives may contain 
one or more non-classical amino acids. 
[0110] Antibody derivatives also can be prepared by deliv
ering a polynucleotide of this disclosure to provide trans
genic plants and cultured plant cells (e.g., but not limited to 
tobacco, maize, and duckweed) that produce such antibod-
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ies, specified portions or variants in the plant parts or in cells 
cultured therefrom. For example, Cramer et al. (1999) Curr. 
Top. Microbol. Immunol. 240:95-118 and references cited 
therein, describe the production of transgenic tobacco leaves 
expressing large amounts of recombinant proteins, e.g., 
using an inducible promoter. Transgenic maize have been 
used to express marmnalian proteins at commercial produc
tion levels, with biological activities equivalent to those 
produced in other recombinant systems or purified from 
natural sources. See, e.g., Hood et al. (1999) Adv. Exp. Med. 
Biol. 464:127-147 and references cited therein. Antibody 
derivatives have also been produced in large amounts from 
transgenic plant seeds including antibody fragments, such as 
single chain antibodies (scFv's), including tobacco seeds 
and potato tubers. See, e.g., Conrad et al. (1998) Plant Mo!. 
Biol. 38:101-109 and references cited therein. Thus, anti
bodies can also be produced using transgenic plants, accord
ing to know methods. 
[0111] Antibody derivatives also can be produced, for 
example, by adding exogenous sequences to modify immu
nogenicity or reduce, enhance or modify binding, affinity, 
on-rate, off-rate, avidity, specificity, half-life, or any other 
suitable characteristic. Generally part or all of the non
human or human CDR sequences are maintained while the 
non-human sequences of the variable and constant regions 
are replaced with human or other amino acids. 
[0112] In general, the CDR residues are directly and most 
substantially involved in influencing antigen binding. 
Humanization or engineering of antibodies can be per
formed using any known method such as, but not limited to, 
those described in U.S. Pat. Nos. 5,723,323; 5,976,862; 
5,824,514; 5,817,483; 5,814,476; 5,763,192; 5,723,323; 
5,766,886; 5,714,352; 6,204,023; 6,180,370; 5,693,762; 
5,530,101; 5,585,089; 5,225,539; and 4,816,567. 
[0113] Chimeric, humanized or primatized antibodies of 
the present disclosure can be prepared based on the sequence 
of a reference monoclonal antibody prepared using standard 
molecular biology techniques. DNA encoding the heavy and 
light chain immunoglobulins can be obtained from the 
hybridoma of interest and engineered to contain non-refer
ence (e.g., human) immunoglobulin sequences using stan
dard molecular biology techniques. For example, to create a 
chimeric antibody, the murine variable regions can be linked 
to human constant regions using methods known in the art 
(U.S. Pat. No. 4,816,567). To create a humanized antibody, 
the murine CDR regions can be inserted into a human 
framework using methods known in the art (U.S. Pat. Nos. 
5,225,539 and 5,530,101; 5,585,089; 5,693,762 and 6,180, 
370). Similarly, to create a primatized antibody the murine 
CDR regions can be inserted into a primate framework using 
methods known in the art (WO 93/02108 and WO 
99/55369). 
[0114] Techniques for making partially to fully human 
antibodies are known in the art and any such techniques can 
be used. According to one embodiment, fully human anti-
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body sequences are made in a transgenic mouse that has 
been engineered to express human heavy and light chain 
antibody genes. Multiple strains of such transgenic mice 
have been made which can produce different classes of 
antibodies. B cells from transgenic mice which are produc
ing a desirable antibody can be fused to make hybridoma 
cell lines for continuous production of the desired antibody. 
(See for example, Russel et al. (2000) Infection and Immu
nity April 2000:1820-1826; Gallo et al. (2000) European J. 
oflmmun. 30:534-540; Green (1999) J. oflmmun. Methods 
231:11-23; Yang et al. (1999A) J. of Leukocyte Biology 
66:401-410; Yang (1999B) Cancer Research 59(6):1236-
1243; Jakobovits (1998) Advanced Drug Reviews 31 :33-42; 
Green and Jakobovits (1998) J. Exp. Med. 188(3):483-495; 
Jakobovits (1998) Exp. Opin. Invest. Drugs 7(4):607-614; 
Tsuda et al. (1997) Genomics 42:413-421; Sherman-Gold 
(1997) Genetic Engineering News 17(14); Mendez et al. 
(1997) Nature Genetics 15:146-156; Jakobovits (1996) 
Weir's Handbook of Experimental Immunology, The Inte
grated Immune System Vol. IV, 194.1-194.7; Jakobovits 
(1995) Current Opinion in Biotechnology 6:561-566; Men
dez et al, (1995) Genomics 26:294-307; Jakobovits (1994) 
Current Biology 4(8):761-763; Arbones et al. (1994): Immu
nity 1(4):247-260; Jakobovits (1993) Nature 362(6417): 
255-258; Jakobovits et al. (1993) Proc. Natl. Acad. Sci. USA 
90(6):2551-2555; and U.S. Pat. No. 6,075,181). 
[0115] The antibodies of this disclosure also can be modi
fied to create chimeric antibodies. Chimeric antibodies are 
those in which the various domains of the antibodies' heavy 
and light chains are coded for by DNA from more than one 
species. See, e.g., U.S. Pat. No. 4,816,567. 
[0116] The antibodies of this disclosure can be recovered 
and purified from recombinant cell cultures by known 
methods including, but not limited to, protein A purification, 
ammonium sulfate or ethanol precipitation, acid extraction, 
anion or cation exchange chromatography, phosphocellulose 
chromatography, hydrophobic interaction chromatography, 
affinity chromatography, hydroxylapatite chromatography 
and lectin chromatography. High performance liquid chro
matography ("HPLC") can also be used for purification. 
[0117] Antibodies of the present disclosure include natu
rally purified products, products of chemical synthetic pro
cedures, and products produced by recombinant techniques 
from a enkaryotic host, including, for example, yeast, higher 
plant, insect and mammalian cells, or alternatively from a 
prokaryotic host as described above. A number of antibody 
production systems are described in Birch & Radner (2006) 
Adv. Drug Delivery Rev. 58: 671-685. 

II. PP4 Complex Inhibitors 

[0118] Methods of the disclosure relate to therapies and 
combination therapies comprising PP4 inhibitors. In some 
embodiments, the PP4 inhibitor comprises all or part of a 
CT45 polypeptide. An exemplary CT45 polypeptide 
includes any of SEQ ID NO:7-: 

(SEQ ID NO, 7) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 

KKLMTGHAIPPSQLDSQIDDFTGFSKDGMNIQKPGSNAPVGGNVTSSFSGDDLECRET 
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-continued 

ASSPKSQREINADIKRKLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

CT45A7, 
(SEQ ID NO, 8) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 

KKLMTGHAIPPSQLDSQIDDFTGFSKDGMNIQKPGSNAPVGGNVTSSFSGDDLECRET 

ASSPKSQREINADIKRKLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

CT45A6, 
(SEQ ID NO, 9) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 

KKLMTGHAIPPSQLDSQIDDFTGFSKDGMNIQKPGSNAPVGGNVTSSFSGDDLECRET 

ASSPKSQREINADIKRKLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

CT45A3, 
(SEQ ID NO, 10) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 

KKLMTGHAIPPSQLDSQIDDFTGFSKDRMINIQKPGSNAPVGGNVTSSFSGDDLECRET 

ASSPKSQREINADIKRKLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

CT45Al, 
(SEQ ID NO, 11) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKA 

KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 

ASSPKSQREINADIKRKLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

CT45A4, 
(SEQ ID NO, 12) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKA 

KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 

ASSPKSQQEINADIKRKLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

CT45A9, 
(SEQ ID NO, 13) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 

KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 

AFSPKSQQEINADIKRQLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

CT45A8, 
(SEQ ID NO, 14) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 

KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 

AFSPKSQQEINADIKRQLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

May 16, 2019 
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CT45A2, 
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(SEQ ID NO, 15) 
MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 

KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 

AFSPKSQQEINADIKRQLVKELRCVGQKYEKIFEMLEGVQGPTAVRKRFFESIIKEAA 

RCMRRDFVKHLKKKLKRMI. 

CT45A10, 
(SEQ ID NO, 16) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 

KKLMTGHAIPPSQLDSQIDDFTGFSKDGMMQKPGSNAPVGGNVTSSFSGDDLECRGI 

ASSPKSQQEINADIKCQWKEIRCLGRKYEKIFEMLEGVQGPTAVRKRFFESIIKEAAR 

CMRRDFVKHLKKKLKRMI 

Consensus: 
( SEQ ID NO, 1 7) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLIAGSAMSK 

(X55 ) KKLMTGHAIPPSQLDSQIDDFTGFSKD (X83 ) MMQKPGSNAPVGGNVTS (X 101 ) FSGD 

(X134 ) RC (X 137 ) G (X 139 ) KYEKIFEMLEGVQGPTAVRKRFFESIIKEAARCMRRDFVKHLK 

KKLKRIVII. 

[0119] In some embodiments, the CT45 polypeptide com
prises a portion of SEQ ID NO:7-17. In some embodiments, 
the CT 45 polypeptide comprises amino acids 1-120 of SEQ 
ID NO:7-17. In some embodiments, the CT45 polypeptide 
comprises a fragment of a polypeptide having an amino acid 
sequence of any one of SEQ ID NO:7-17. In some embodi
ments, the CT45 polypeptide (or peptide) comprises a frag
ment of SEQ ID NO:7-17, wherein the fragment comprises 
any polypeptide or peptide fragment having at least, at most, 
or exactly 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22,23, 24,25,26, 27, 28,29,30, 31,32,33,34, 35,36,37, 
38,39, 40,41,42, 43, 44,45,46, 47,48,49, 50, 51, 52, 53, 
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 
70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86,87,88,89,90,91,92,93,94,95,96,97,98,99, 100,101, 
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 

CT45A5, 

138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 
150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 
162,163,164, 165,166,167, 168,169,170,171,172,173, 
174,175,176, 177,178,179, 180,181,182,183,184,185, 
186, 187, 188, or 189 (or any derivable range therein) 
contiguous amino acids from any of SEQ ID NOS:7-17. 
[0120] In some embodiments, the CT45 polyepeptide 
comprises amino acids 1-120, 1-110, 1-105, 1-100, 1-90, 
1-80, 1-70, or 1-60 of SEQ ID NOS:7-17. In some embodi
ments, the CT45 polypeptide comprises amino acids 5-120, 
5-110, 5-105, 5-100, 5-90, 5-80, 5-70, or 5-60 of SEQ ID 
NOS:7-17. In some embodiments, the CT45 polypeptide 
comprises amino acids 10-120, 15-110, 15-105, 15-100, 
15-90, 15-80, 15-70, or 15-60 of SEQ ID NOS:7-17. In some 
embodiments, the CT45 polypeptide comprises amino acids 
20-120, 25-110, 30-105, 35-100, 40-90, 45-80, 50-70, or 
55-60 of SEQ ID NOS:7-17. 
[0121] Further exemplary CT45 polypeptides include the 
following N-terminal fragments: 

(SEQ ID NO, 18) 
TDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLIAGSAMSKEKK 
LMTGHAIPPSQLDSQIDDFTGFSKDGMMQKPGSNAPVGGNVTSSFSGDDLECRETAS 
SPKSQR. 

CT45A7, 
(SEQ ID NO, 19) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 
KKLMTGHAIPPSQLDSQIDDFTGFSKDGMMQKPGSNAPVGGNVTSSFSGDDLECRET 
ASSPKSQR. 

CT45A6, 
(SEQ ID NO, 20) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 
KKLMTGHAIPPSQLDSQIDDFTGFSKDGMMQKPGSNAPVGGNVTSSFSGDDLECRET 
ASSPKSQR. 
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-continued 

CT45A3, 

16 

(SEQ ID NO, 21) 
MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 
KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 
ASSPKSQR. 

CT45Al, 
(SEQ ID NO, 22) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKA 
KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 
ASSPKSQR. 

CT45A4, 
(SEQ ID NO, 23) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKA 
KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 
ASSPKSQQ. 

CT45A9, 
(SEQ ID NO, 24) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 
KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 
AFSPKSQQ. 

CT45A8, 
(SEQ ID NO, 25) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 
KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 
AFSPKSQQ. 

CT45A2, 
(SEQ ID NO, 26) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 
KKLMTGHAIPPSQLDSQIDDFTGFSKDRMMQKPGSNAPVGGNVTSSFSGDDLECRET 
AFSPKSQQ. 

CT45A10, 
(SEQ ID NO, 27) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLTAGSAMSKE 
KKLMTGHAIPPSQLDSQIDDFTGFSKDGMMQKPGSNAPVGGNVTSSFSGDDLECRGI 
ASSPKSQQ 

Consensus: 
(SEQ ID NO, 28) 

MTDKTEKVAVDPETVFKRPRECDSPSYQKRQRMALLARKQGAGDSLIAGSAMSK(X55 ) 

KKLMTGHAIPPSQLDSQIDDFTGFSKD (X83 ) MMQKPGSNAPVGGNVTS (X 101 ) FSGD 
DLECR (X1 u) (Xu2 ) A(Xu4 ) SPKSQ (X120 ) . 

May 16, 2019 

[0122] In some embodiments, the CT45 peptide or poly
peptide comprises a peptide or polypeptide having at least 
70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86,87,88,89,90,91,92,93,94,95,96,97,98,99,orl00% 
identity (or any derivable range therein) to any one of SEQ 
ID NOS:7-28. 

[0123] Xss, Xs3, X10i, X1u, X112, Xu4, X120, X12s, X129, 

X 130 , X 134, X 137 , or X 139 may be any amino acid. In some 
embodiments, X 55 , X 83 , X 101 , X 1 u, X 112 , Xu4 , X 120 , X 128 , 

X 129 , X 130 , X 134, X 137, or X 139 are each independently 
selected from R, H, K, D, E, S, T, N, Q, C, U, G, P, A, V, I, 
L, M, F, Y, and W. In some embodiments, X55 is selected 
from E and A. In some embodiments, X83 is selected from 
G and R. In some embodiments, X 101 is selected from Sand 
N. In some embodiments, X1 u is selected from E and G. In 
some embodiments, Xu 2 is selected from T and I. In some 
embodiments, Xu4 1s selected from S and F. In some 
embodiments, X 120 1s selected from R and Q. In some 
embodiments, X 128 1s selected from R and C. In some 
embodiments, X 129 1s selected from K and Q. In some 
embodiments, X 130 1s selected from L and V. In some 
embodiments, X 134 1s selected from L and I. In some 
embodiments, X 137 1s selected from V and L. In some 

embodiments, X 139 is selected from Q and R. In some 
embodiments, the CT45 polypeptide comprises a polypep
tide variant of SEQ ID NOS:7-28, wherein the variant 
comprises amino acid substitutions at one or more of amino 
acids 55, 83, 101, 111, 112, 114, 120, 128, 129, 130, 134, 
137, and/or 139. In some embodiments, the CT45 polypep
tide comprises a polypeptide variant of SEQ ID NOS:7-28, 
wherein the variant comprises amino acid substitutions at 
one or more amino acids at positions 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27,28,29,30, 31,32,33,34, 35,36,37,38, 39,40,41, 
42, 43,44,45,46, 47,48,49, 50, 51, 52, 53, 54, 55, 56, 57, 
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 
74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 
104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 
116, 117, 118, 119, and/or 120 of SEQ ID NOS:7-28. In 
some embodiments, the CT45 polypeptide comprises a 
polypeptide variant of SEQ ID NOS:7-17, wherein the 
variant comprises amino acid substitutions at one or more 
amino acids at positions 121, 122, 123, 124, 125, 126, 127, 
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 
140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 
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152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 
164,165,166,167, 168,169,170, 171,172,173, 174, 175, 
176,177,178,179, 180,181,182, 183,184,185, 186, 187, 
188, or 189 of SEQ ID NOS:7-17. 
[0124] In certain aspects the amino acid substitution can 
be any of the other 20 amino acids. In some embodiments, 
conservative amino acid substitutions can be specifically 
excluded from possible amino acid substitutions. In some 
embodiments, only non-conservative substitutions are 
included. In some embodiments, non-conservative amino 
acid substitutions can be specifically excluded from possible 
amino acid substitutions. In some embodiments, only con
servative substitutions are included. 
[0125] Substitutional variants typically contain the 
exchange of one amino acid for another at one or more sites 
within the protein, and may be designed to modulate one or 
more properties of the polypeptide, with or without the loss 
of other functions or properties. Substitutions may be con
servative, that is, one amino acid is replaced with one of 
similar shape and charge. Conservative substitutions are 
well known in the art and include, for example, the changes 
of: alanine to serine; arginine to lysine; asparagine to glu
tamine or histidine; aspartate to glutamate; cysteine to 
serine; glutamine to asparagine; glutamate to aspartate; 
glycine to praline; histidine to asparagine or glutamine; 
isoleucine to leucine or valine; leucine to valine or isoleu
cine; lysine to arginine; methionine to leucine or isoleucine; 
phenylalanine to tyrosine, leucine or methionine; serine to 
threonine; threonine to serine; tryptophan to tyrosine; tyro
sine to tryptophan or phenylalanine; and valine to isoleucine 
or leucine. Alternatively, substitutions may be non-conser
vative such that a function or activity of the polypeptide is 
affected. Non-conservative changes typically involve sub
stituting a residue with one that is chemically dissimilar, 
such as a polar or charged amino acid for a nonpolar or 
uncharged amino acid, and vice versa. 
[0126] In some embodiments, the CT45 polypeptide com
prises a polypeptide variant of SEQ ID NOS:7-28, wherein 
the variant comprises one or more amino acid substitutions 
ofa R, H, K, D, E, S, T, N, Q, C, U, G, P, A, V, I, L, M, F, 
Y, or W for the amino acid at position 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25,26, 27,28,29, 30, 31,32,33, 34,35,36,37, 38,39,40, 
41,42,43,44,45,46,47,48,49, 50,51,52,53, 54,55,56, 
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 
73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 
89,90,91,92,93,94,95,96,97,98,99, 100,101,102,103, 
104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 
116, 117, 118, 119, and/or 120 of SEQ ID NOS:7-28. In 
some embodiments, the CT45 polypeptide comprises a 
polypeptide variant of SEQ ID NOS:7-17, wherein the 
variant comprises one or more amino acid substitutions of a 
R~~~~~~~Q~~~~~v,i~~~Y,ITT 
W for the amino acid at position 121, 122, 123, 124, 125, 
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 
150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 
162,163,164,165, 166,167,168, 169,170,171, 172, 173, 
174,175,176,177, 178,179,180, 181,182,183, 184, 185, 
186,187,188, or 189 of SEQ ID NOS:7-17. 

III. Pharmaceutical Compositions 

[0127] Embodiments include methods for treating cancer 
with compositions comprising CT45-targeting agents and 
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additional therapeutic agents. Administration of the compo
sitions will typically be via any common route. This 
includes, but is not limited to oral, parenteral, orthotopic, 
intradermal, subcutaneous, intramuscular, intraperitoneal, 
intranasal, intratumoral, or intravenous injection. Oral for
mulations include such normally employed excipients as, for 
example, pharmaceutical grades of mannitol, lactose, starch, 
magnesium stearate, sodium saccharine, cellulose, magne
sium carbonate and the like. These compositions take the 
form of solutions, suspensions, tablets, pills, capsules, sus
tained release formulations or powders and contain about 
10% to about 95% of active ingredient, or about 25% to 
about 70%. In some embodiments, the compositions are 
administered orally. 
[0128] Typically, compositions are administered in a man
ner compatible with the dosage formulation, and in such 
amount as will be therapeutically effective and immune 
modifying. The quantity to be administered depends on the 
subject to be treated. Precise amounts of active ingredient 
required to be administered depend on the judgment of the 
practitioner. 
[0129] The manner of application may be varied widely. 
Any of the conventional methods for administration of a 
pharmaceutical composition are applicable. These are 
believed to include oral application on a solid physiologi
cally acceptable base or in a physiologically acceptable 
dispersion, parenterally, by injection and the like. The dos
age of the pharmaceutical composition will depend on the 
route of administration and will vary according to the size 
and health of the subject. 
[0130] In many instances, it will be desirable to have 
multiple administrations of at most about or at least about 3, 
4, 5, 6, 7, 8, 9, 10 or more. The administrations may range 
from 2 day to twelve week intervals, more usually from one 
to two week intervals. The course of the administrations may 
be followed by assays for CT45 activity. 
[0131] The phrases "pharmaceutically acceptable" or 
"pharmacologically acceptable" refer to molecular entities 
and compositions that do not produce an adverse, allergic, or 
other untoward reaction when administered to an animal, or 
human. As used herein, "pharmaceutically acceptable car
rier" includes any and all solvents, dispersion media, coat
ings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents, and the like. The use of such 
media and agents for pharmaceutical active substances is 
well known in the art. Except insofar as any conventional 
media or agent is incompatible with the active ingredients, 
its use in immunogenic and therapeutic compositions is 
contemplated. 
[0132] The compositions can be formulated for parenteral 
administration, e.g., formulated for injection via the intra
venous, intradermal, intramuscular, sub-cutaneous, or even 
intraperitoneal routes. In some embodiments, the composi
tion is administered by intravenous injection. The prepara
tion of an aqueous composition that contains an active 
ingredient will be known to those of skill in the art in light 
of the current disclosure. Typically, such compositions can 
be prepared as injectables, either as liquid solutions or 
suspensions; solid forms suitable for use to prepare solutions 
or suspensions upon the addition of a liquid prior to injection 
can also be prepared; and, the preparations can also be 
emulsified. 
[0133] The pharmaceutical forms suitable for injectable 
use include sterile aqueous solutions or dispersions; formu-
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lations including sesame oil, peanut oil, or aqueous propyl
ene glycol; and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. In 
all cases the form must be sterile and must be fluid to the 
extent that it may be easily injected. It also should be stable 
under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorgan
isms, such as bacteria and fungi. 
[0134] The compositions may be formulated into a neutral 
or salt form. Pharmaceutically acceptable salts, include the 
acid addition salts (formed with the free amino groups of the 
protein) and which are formed with inorganic acids such as, 
for example, hydrochloric or phosphoric acids, or such 
organic acids as acetic, oxalic, tartaric, mandelic, and the 
like. Salts formed with the free carboxyl groups can also be 
derived from inorganic bases such as, for example, sodium, 
potassium, ammonium, calcium, or ferric hydroxides, and 
such organic bases as isopropylamine, trimethylamine, his
tidine, procaine and the like. 
[0135] The carrier can also be a solvent or dispersion 
medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethyl
ene glycol, and the like), suitable mixtures thereof, and 
vegetable oils. The prevention of the action of microorgan
isms can be brought about by various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol, 
phenol, sorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, 
sugars or sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the use in 
the compositions of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 
[0136] Sterile injectable solutions are prepared by incor
porating the active ingredients in the required amount in the 
appropriate solvent with various of the other ingredients 
enumerated above, as required, followed by filtered steril
ization. Generally, dispersions are prepared by incorporating 
the various sterilized active ingredients into a sterile vehicle 
which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation 
are vacuum-drying and freeze-drying techniques, which 
yield a powder of the active ingredient, plus any additional 
desired ingredient from a previously sterile-filtered solution 
thereof. 
[0137] An effective amount of therapeutic or prophylactic 
composition is determined based on the intended goal. The 
term "unit dose" or "dosage" refers to physically discrete 
units suitable for use in a subject, each unit containing a 
predetermined quantity of the composition calculated to 
produce the desired responses discussed above in associa
tion with its administration, i.e., the appropriate route and 
regimen. The quantity to be administered, both according to 
number of treatments and unit dose, depends on the result 
and/or protection desired. Precise amounts of the composi
tion also depend on the judgment of the practitioner and are 
peculiar to each individual. Factors affecting dose include 
physical and clinical state of the subject, route of adminis
tration, intended goal of treatment ( alleviation of symptoms 
versus cure), and potency, stability, and toxicity of the 
particular composition. Upon formulation, solutions will be 
administered in a manner compatible with the dosage for
mulation and in such amount as is therapeutically or pro-
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phylactically effective. The formulations are easily admin
istered in a variety of dosage forms, such as the type of 
injectable solutions described above. 
[0138] Upon formulation, solutions will be administered 
in a manner compatible with the dosage formulation and in 
such amount as is therapeutically or prophylactically effec
tive. The formulations are easily administered in a variety of 
dosage forms, such as the type of injectable solutions 
described above. 
[0139] A dose may be administered on an as needed basis 
or every 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 18, or 24 hours 
(or any range derivable therein) or 1, 2, 3, 4, 5, 6, 7, 8, 9, or 
times per day (or any range derivable therein). A dose may 
be first administered before or after signs of a condition. In 
some embodiments, the patient is administered a first dose 
ofa regimen 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 hours (or any 
range derivable therein) or 1, 2, 3, 4, or 5 days after the 
patient experiences or exhibits signs or symptoms of the 
condition (or any range derivable therein). The patient may 
be treated for 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more days (or any 
range derivable therein) or until symptoms of an the condi
tion have disappeared or been reduced or after 6, 12, 18, or 
24 hours or 1, 2, 3, 4, or 5 days after symptoms of an 
infection have disappeared or been reduced. 

IV. Combination Therapy 

[0140] The compositions and related methods, particularly 
administration of one or more CT45-targeted immunothera
pies may also be used in combination with the administra
tion of conventional cancer therapies, such as those known 
in the art and/or described below. 

[0141] Conventional cancer therapies include one or more 
selected from the group of chemotherapies, checkpoint 
inhibitor, a MUC-1 inhibitor, a CD40 activator, an IDO 
inhibitor, and an OX86 agonists, chemical or radiation based 
treatments, and surgery. Chemotherapies include, for 
example, cisplatin (CDDP), carboplatin, procarbazine, 
mechlorethamine, cyclophosphamide, camptothecin, ifosf
amide, melphalan, chlorambucil, busulfan, nitrosurea, dac
tinomycin, daunorubicin, doxorubicin, bleomycin, plicomy
cin, mitomycin, etoposide (VP16), tamoxifen, raloxifene, 
estrogen receptor binding agents, taxol, gemcitabine, navel
bine, famesyl-protein transferase inhibitors, transplatinum, 
5-fluorouracil, vincristin, vinblastin and methotrexate, or 
any analog or derivative variant of the foregoing. 

[0142] Suitable therapeutic agents include, for example, 
vinca alkaloids, agents that disrupt microtubule formation 
(such as colchicines and its derivatives), anti-angiogenic 
agents, therapeutic antibodies, tyrosine kinase targeting 
agent (such as tyrosine kinase inhibitors), serine kinase 
targeting agents, transitional metal complexes, proteasome 
inhibitors, antimetabolites (such as nucleoside analogs), 
alkylating agents, platinum-based agents, anthracycline anti
biotics, topoisomerase inhibitors, macrolides, therapeutic 
antibodies, retinoids (such as all-trans retinoic acids or a 
derivatives thereof); geldanamycin or a derivative thereof 
(such as 17-AAG), and other standard chemotherapeutic 
agents well recognized in the art. 
[0143] In some embodiments, the chemotherapeutic is 
capecitabine, carboplatin, cyclophosphamide (Cytoxan), 
daunorubicin, docetaxel (Taxotere ), doxorubicin (Adriamy
cin), epirubicin (Ellence), fluorouracil (also called 5-fluo
rouracil or 5-FU), gemcitabine, eribulin, ixabepilone, 
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methotrexate, mitomycin C, mitoxantrone, paclitaxel 
(Taxol), thiotepa, vincristine, and/or vinorelbine. 

[0144] In some embodiments, the chemotherapeutic agent 
is any of ( and in some embodiments selected from the group 
consisting of adriamycin, colchicine, cyclophosphamide, 
actinomycin, bleomycin, daunorubicin, doxorubicin, epiru
bicin, mitomycin, methotrexate, mitoxantrone, fluorouracil, 
carboplatin, carmustine (BCNU), methyl-CCNU, cisplatin, 
etoposide, interferons, camptothecin and derivatives thereof, 
phenesterine, taxanes and derivatives thereof (e.g., pacli
taxel and derivatives thereof, taxotere and derivatives 
thereof, and the like), topetecan, vinblastine, vincristine, 
tamoxifen, piposulfan, nab-5404, nab-5800, nab-5801, Iri
notecan, HKP, Ortataxel, gemcitabine, Herceptin®, vinore
lbine, Doxil®, capecitabine, Gleevec®, Alimta®, Avastin®, 
Velcade®, Tarceva®, Neulasta®, Lapatinib, STI-571, 
ZD1839, Iressa® (gefitinib), SH268, genistein, CEP2563, 
SU6668, SU11248, EMD121974, and Sorafenib. 

[0145] Non-limiting examples of immune checkpoint 
inhibitors include fully human monoclonal antibodies, such 
as RG7446, BMS-936558/MDX-1106, BMS-936559 (anti
PDLl antibody), Yervoy/ipilimumab (anti-CTLA-4 check
point inhibitor), and Tremelimumab (CTLA-4 blocking anti
body); humanized antibodies, such as pidilizumab (CT-011, 
CureTech Ltd.) and lambrolizumab (MK-3475, Merck, 
PD-1 blocker); and fusion proteins, such as AMP-224 
(Merck). Other examples of checkpoint inhibitors include 
anti-OX40, PD-Ll monoclonal Antibody (Anti-B7-Hl; 
MEDI4736), Nivolumab (BMS-936558, Bristol-Myers 
Squibb, anti-PD! antibody), CT-011 (anti-PD! antibody), 
BY55 monoclonal antibody, MPLDL3280A (anti-PDLl 
antibody), and MSB0010718C (anti-PDLl antibody), 
MDX-1105 (Medarex), MPDL3280A (Genentech), Anti
KIR antibodies such as lirlumab (Innate Pharma) and 
IPH2101 (Innate Pharma) may perform similar functions in 
NK cells. Further examples of checkpoint inhibitors include 
agonistic anti-4-lbb antibody; agonistic anti-CD27 anti
body; agonistic anti-GTIR antibody; agonistic anti-OX40 
antibody; and antagonistic anti-TIM3 antibody. 

[0146] In some embodiments, the additional agent is an 
immunostimulator. The term "immunostimulator" as used 
herein refers to a compound that can stimulate an immune 
response in a subject, and may include an adjuvant. In some 
embodiments, an immunostimulator is an agent that does not 
constitute a specific antigen, but can boost the strength and 
longevity of an immune response to an antigen. Such 
immunostimulators may include, but are not limited to 
stimulators of pattern recognition receptors, such as Toll-like 
receptors, RIG-1 and NOD-like receptors (NLR), mineral 
salts, such as alum, alum combined with monphosphoryl 
lipid (MPL) A of Enterobacteria, such as Escherihia coli, 
Salmonella minnesota, Salmonella typhimurium, or Shigella 
jlexneri or specifically with MPL® (ASO4), MPL A of 
above-mentioned bacteria separately, saponins, such as 
QS-21, Quil-A, ISCOMs, ISCOMATRIX, emulsions such 
as MF59, Montanide, ISA 51 and ISA 720, AS02 (QS21+ 
squalene+MPL.), liposomes and liposomal formulations 
such as AS0l, synthesized or specifically prepared 
microparticles and microcarriers such as bacteria-derived 
outer membrane vesicles (OMV) of N. gonorrheae, Chla
mydia trachomatis and others, or chitosan particles, depot
forming agents, such as Pluronic block co-polymers, spe
cifically modified or prepared peptides, such as muramyl 
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dipeptide, aminoalkyl glucosaminide 4-phosphates, such as 
RC529, or proteins, such as bacterial toxoids or toxin 
fragments. 

[0147] In some embodiments, the additional agent com
prises an agonist for pattern recognition receptors (PRR), 
including, but not limited to Toll-Like Receptors (TLRs), 
specifically TLRs 2, 3, 4, 5, 7, 8, 9 and/or combinations 
thereof. In some embodiments, additional agents comprise 
agonists for Toll-Like Receptors 3, agonists for Toll-Like 
Receptors 7 and 8, or agonists for Toll-Like Receptor 9; 
preferably the recited immunostimulators comprise imida
zoquinolines; such as R848; adenine derivatives, such as 
those disclosed in U.S. Pat. No. 6,329,381, U.S. Published 
Patent Application 2010/0075995, or WO 2010/018132; 
immunostimulatory DNA; or immunostimulatory RNA. In 
some embodiments, the additional agents also may comprise 
immunostimulatory RNA molecules, such as but not limited 
to dsRNA, poly I:C or poly I:poly C12U (available as 
Ampligen®, both poly I:C and poly I:polyC12U being 
known as TLR3 stimulants), and/or those disclosed in F. 
Heil et al., "Species-Specific Recognition of Single
Stranded RNA via Toll-like Receptor 7 and 8" Science 
303(5663), 1526-1529 (2004); J. Vollmer et al., "Immune 
modulation by chemically modified ribonucleosides and 
oligoribonucleotides" WO 2008033432 A2; A. Forsbach et 
al., "Immunostimulatory oligoribonucleotides containing 
specific sequence motif(s) and targeting the Toll-like recep
tor 8 pathway" WO 2007062107 A2; E. Uhlmann et al., 
"Modified oligoribonucleotide analogs with enhanced 
immunostimulatory activity" U.S. Pat. Appl. Pub!. US 
2006241076; G. Lipford et al., "Immunostimulatory viral 
RNA oligonucleotides and use for treating cancer and infec
tions" WO 2005097993 A2; G. Lipford et al., "Immunos
timulatory G, U-containing oligoribonucleotides, composi
tions, and screening methods" WO 2003086280 A2. In some 
embodiments, an additional agent may be a TLR-4 agonist, 
such as bacterial lipopolysaccharide (LPS), VSV-G, and/or 
HMGB-1. In some embodiments, additional agents may 
comprise TLR-5 agonists, such as flagellin, or portions or 
derivatives thereof, including but not limited to those dis
closed in U.S. Pat. Nos. 6,130,082, 6,585,980, and 7,192, 
725. 

[0148] In some embodiments, additional agents may be 
proinflammatory stimuli released from necrotic cells (e.g., 
urate crystals). In some embodiments, additional agents may 
be activated components of the complement cascade ( e.g., 
CD21, CD35, etc.). In some embodiments, additional agents 
may be activated components of immune complexes. Addi
tional agents also include complement receptor agonists, 
such as a molecule that binds to CD21 or CD35. In some 
embodiments, the complement receptor agonist induces 
endogenous complement opsonization of the synthetic nano
carrier. In some embodiments, immunostimulators are 
cytokines, which are small proteins or biological factors (in 
the range of 5 kD-20 kD) that are released by cells and have 
specific effects on cell-cell interaction, communication and 
behavior of other cells. In some embodiments, the cytokine 
receptor agonist is a small molecule, antibody, fusion pro
tein, or aptamer. 

[0149] In some embodiments, the additional agent is an 
antibody-drug conjugate. In some embodiments, the anti
body-drug conjugate is selected from gemtuzumab ozo
gamicin, brentuximab vedotin, and trastuzumab emtansine. 



US 2019/0144516 Al 

[0150] In some embodiments, the additional agent is a 
chimeric antigen receptor (CAR). CARs are artificial T cell 
receptors which graft a specificity onto an immune effector 
cell. The most common form of these molecules are fusions 
of single-chain variable fragments (scFv) derived from 
monoclonal antibodies, fused to CD3-zeta transmembrane 
and endodomain. Such molecules result in the transmission 
of a zeta signal in response to recognition by the scFv of its 
target. An example of such a construct is 14g2a-Zeta, which 
is a fusion of a scFv derived from hybridoma 14g2a (which 
recognizes disialoganglioside GD2). When T cells express 
this molecule (usually achieved by oncoretroviral vector 
transduction), they recognize and kill target cells that 
express GD2 (e.g. neuroblastoma cells). The variable por
tions of an immunoglobulin heavy and light chain are fused 
by a flexible linker to form a scFv. This scFv is preceded by 
a signal peptide to direct the nascent protein to the endo
plasmic reticulum and subsequent surface expression (this is 
cleaved). A flexible spacer allows the scFv to orient in 
different directions to enable antigen binding. The trans
membrane domain is a typical hydrophobic alpha helix 
usually derived from the original molecule of the signalling 
endodomain which protrudes into the cell and transmits the 
desired signal. 

[0151] Suitable doses for cancer therapeutics in patients 
include, for example, about 1 mg/kg/day to about 5 mg/kg/ 
day, intravenous doses include, for example, initially about 
40 mg/kg to about 50 mg/kg in divided doses over a period 
of about 2 days to about 5 days or about 10 mg/kg to about 
15 mg/kg about every 7 days to about 10 days or about 3 
mg/kg to about 5 mg/kg twice a week or about 1.5 mg/kg/ 
day to about 3 mg/kg/day. Because of adverse gastrointes
tinal effects, the intravenous route is used in some embodi
ments. The drug also sometimes is administered 
intramuscularly, by infiltration or into body cavities. 

[0152] Typically, for a human adult (weighing approxi
mately 70 kilograms), from about 0.1 mg to about 3000 mg 
(including all values and ranges there between), or from 
about 5 mg to about 1000 mg (including all values and 
ranges there between), or from about 10 mg to about 100 mg 
(including all values and ranges there between), of a com
pound are administered. It is understood that these dosage 
ranges are by way of example only, and that administration 
can be adjusted depending on the factors known to the 
skilled artisan. 
[0153] In certain embodiments, a subject is administered 
about, at least about, or at most about 0.01, 0.02, 0.03, 0.04, 
0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 
2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 
3.6, 3.7. 3.8, 3.9, 4.0, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 
5.0, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 6.1, 6.2, 6.3, 
6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 
7.8, 7.9, 8.0, 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.7, 8.8, 8.9, 9.0, 9.1, 
9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, 10.0, 10.5, 11.0, 11.5, 
12.0, 12.5, 13.0, 13.5, 14.0, 14.5, 15.0, 15.5, 16.0, 16.5, 17.0, 
17.5, 18.0, 18.5, 19.0. 19.5, 20.0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27,28, 29,30,31, 32, 33,34,35, 36,37,38,39, 40,41,42, 
43,44,45,46,47,48,49,50,51, 52,53,54,55, 56,57,58, 
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 105, 110, 115, 120, 
125,130,135,140, 145,150,155, 160,165,170, 175, 180, 
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185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235, 240, 
245,250,255,260,265,270,275,280,285,290,295,300, 
305,310,315,320,325,330,335,340,345,350,355,360, 
365,370,375,380,385,390,395,400,410,420,425,430, 
440,441,450,460,470,475,480,490,500,510,520,525, 
530,540,550,560,570,575,580,590,600,610,620,625, 
630,640,650,660,670,675,680,690,700,710,720,725, 
730,740,750,760,770,775,780,790,800,810,820,825, 
830,840,850,860,870,875,880,890,900,910,920,925, 
930, 940, 950, 960, 970, 975, 980, 990, 1000, 1100, 1200, 
1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, 
2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900, 3000, 
3100, 3200, 3300, 3400, 3500, 3600, 3700, 3800, 3900, 
4000, 4100, 4200, 4300, 4400, 4500, 4600, 4700, 4800, 
4900, 5000, 6000, 7000, 8000, 9000, 10000 milligrams (mg) 
or micrograms (mcg) or µg/kg or micrograms/kg/minute or 
mg/kg/min or micrograms/kg/hour or mg/kg/hour, or any 
range derivable therein. 
[0154] The amount of the chemotherapeutic agent deliv
ered to the patient may be variable. In one suitable embodi
ment, the chemotherapeutic agent may be administered in an 
amount effective to cause arrest or regression of the cancer 
in a host, when the chemotherapy is administered with the 
construct. In other embodiments, the chemotherapeutic 
agent may be administered in an amount that is anywhere 
between 2 to 10,000 fold less than the chemotherapeutic 
effective dose of the chemotherapeutic agent. For example, 
the chemotherapeutic agent may be administered in an 
amount that is about 20 fold less, about 500 fold less or even 
about 5000 fold less than the chemotherapeutic effective 
dose of the chemotherapeutic agent. The chemotherapeutics 
of the disclosure can be tested in vivo for the desired 
therapeutic activity in combination with the construct, as 
well as for determination of effective dosages. For example, 
such compounds can be tested in suitable animal model 
systems prior to testing in humans, including, but not limited 
to, rats, mice, chicken, cows, monkeys, rabbits, etc. In vitro 
testing may also be used to determine suitable combinations 
and dosages, as described in the examples. 
[0155] Actual dosage levels of the active ingredients in the 
methods of this disclosure may be varied so as to obtain an 
amount of the active ingredient which is effective to achieve 
the desired therapeutic response for a particular patient, 
composition and mode of administration, without being 
toxic to the patient. The selected dosage level will depend 
upon a variety of factors, including the activity of the 
chemotherapeutic agent selected, the route of administra
tion, the time of administration, the rate of excretion of the 
chemotherapeutic agent, the duration of the treatment, other 
drugs, compounds and/or materials used in combination 
with the particular chemotherapeutic agent, the age, sex, 
weight, condition, general health and prior medical history 
of the patient being treated, and like factors well known in 
the medical arts. 
[0156] Administration of pharmaceutical compositions to 
a patient/subject will follow general protocols for the admin
istration of such compounds, taking into account the toxic
ity, if any. It is expected that the treatment cycles would be 
repeated as necessary. 
[0157] Various combinations with the CT45-targeted 
immunotherapy and a traditional therapy may be employed, 
for example, a CT45-targeted immunotherapy is "A" and the 
traditional therapy ( or a combination of such therapies) 
given as part of a treatment for pancreatitis, is "B": 
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A/BIA 
A/B/B/B 
A/BIB/A 
A/BIA/A 

B/A/B 
BIA/BIB 
BIB/A/A 
A/A/BIA 

BIB/A 
BIB/BIA 
BIA/BIA 

A/A/B 
B/B/A/B 
B/A/A/B 

A/BIB 
A/A/BIB 
AIAIAIB 

BIA/A 
A/B/A/B 
BIA/A/A 

[0158] Administration of pharmaceutical compositions to 
a patient/subject will follow general protocols for the admin
istration of such compounds, taking into account the toxic
ity, if any. It is expected that the treatment cycles would be 
repeated as necessary. 

V. Samples 

[0159] In certain aspects, methods involve obtaining a 
sample from a subject. The methods of obtaining provided 
herein may include methods of biopsy such as fine needle 
aspiration, core needle biopsy, vacuum assisted biopsy, 
incisional biopsy, excisional biopsy, punch biopsy, shave 
biopsy or skin biopsy. In certain embodiments the sample is 
obtained from a biopsy from cancer tissue by any of the 
biopsy methods previously mentioned. In other embodi
ments the sample may be obtained from any of the tissues 
provided herein that include but are not limited to cells of the 
ovaries, abdominal fluid, abnormal tissue inside the ovaries 
and/or reproductive system, follicular cells, epithelial cells, 
granulosa cells, and gametes. Alternatively, the sample may 
be obtained from any other source including but not limited 
to blood, sweat, hair follicle, buccal tissue, tears, menses, 
feces, or saliva. In certain aspects the sample is obtained 
from cystic fluid or fluid derived from a tumor or neoplasm. 
In yet other embodiments the cyst, tumor or neoplasm is 
breast cells. In certain aspects of the current methods, any 
medical professional such as a doctor, nurse or medical 
technician may obtain a biological sample for testing. Yet 
further, the biological sample can be obtained without the 
assistance of a medical professional. 
[0160] A sample may include but is not limited to, tissue, 
cells, or biological material from cells or derived from cells 
of a subject. The biological sample may be a heterogeneous 
or homogeneous population of cells or tissues. The biologi
cal sample may be obtained using any method known to the 
art that can provide a sample suitable for the analytical 
methods described herein. The sample may be obtained by 
non-invasive methods including but not limited to: scraping 
of the skin or cervix, swabbing of the cheek, saliva collec
tion, urine collection, feces collection, collection of menses, 
tears, or semen. 
[0161] The sample may be obtained by methods known in 
the art. In certain embodiments the samples are obtained by 
biopsy. In other embodiments the sample is obtained by 
swabbing, scraping, phlebotomy, or any other methods 
known in the art. In some cases, the sample may be obtained, 
stored, or transported using components of a kit of the 
present methods. In some cases, multiple samples, such as 
multiple cancer samples may be obtained for diagnosis by 
the methods described herein. In other cases, multiple 
samples, such as one or more samples from one tissue type 
and one or more samples from another tissue (for example 
buccal) may be obtained for diagnosis by the methods. In 
some cases, multiple samples such as one or more samples 
from one tissue type (e.g., breast) and one or more samples 
from another tissue ( e.g., blood) may be obtained at the same 
or different times. Samples may be obtained at different 
times are stored and/or analyzed by different methods. For 
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example, a sample may be obtained and analyzed by routine 
staining methods or any other cytological analysis methods. 
[0162] In some embodiments the biological sample may 
be obtained by a physician, nurse, or other medical profes
sional such as a medical technician, endocrinologist, cytolo
gist, phlebotomist, radiologist, or a pulmonologist. The 
medical professional may indicate the appropriate test or 
assay to perform on the sample. In certain aspects a molecu
lar profiling business may consult on which assays or tests 
are most appropriately indicated. In further aspects of the 
current methods, the patient or subject may obtain a bio
logical sample for testing without the assistance of a medical 
professional, such as obtaining a whole blood sample, a 
urine sample, a fecal sample, a buccal sample, or a saliva 
sample. 
[0163] In other cases, the sample is obtained by an inva
sive procedure including but not limited to: biopsy, needle 
aspiration, or phlebotomy. The method of needle aspiration 
may further include fine needle aspiration, core needle 
biopsy, vacuum assisted biopsy, or large core biopsy. In 
some embodiments, multiple samples may be obtained by 
the methods herein to ensure a sufficient amount of biologi
cal material. 
[0164] General methods for obtaining biological samples 
are also known in the art. Publications such as Ramzy, 
Ibrahim Clinical Cytopathology and Aspiration Biopsy 
2001, which is herein incorporated by reference in its 
entirety, describes general methods for biopsy and cytologi
cal methods. In one embodiment, the sample is a fine needle 
aspirate of a tumor or a suspected tumor or neoplasm. In 
some cases, the fine needle aspirate sampling procedure may 
be guided by the use of an ultrasound, X-ray, or other 
imaging device. 
[0165] In some embodiments of the present methods, the 
molecular profiling business may obtain the biological 
sample from a subject directly, from a medical professional, 
from a third party, or from a kit provided by a molecular 
profiling business or a third party. In some cases, the 
biological sample may be obtained by the molecular profil
ing business after the subject, a medical professional, or a 
third party acquires and sends the biological sample to the 
molecular profiling business. In some cases, the molecular 
profiling business may provide suitable containers, and 
excipients for storage and transport of the biological sample 
to the molecular profiling business. 
[0166] In some embodiments of the methods described 
herein, a medical professional need not be involved in the 
initial diagnosis or sample acquisition. An individual may 
alternatively obtain a sample through the use of an over the 
counter (OTC) kit. An OTC kit may contain a means for 
obtaining said sample as described herein, a means for 
storing said sample for inspection, and instructions for 
proper use of the kit. In some cases, molecular profiling 
services are included in the price for purchase of the kit. In 
other cases, the molecular profiling services are billed sepa
rately. A sample suitable for use by the molecular profiling 
business may be any material containing tissues, cells, 
nucleic acids, genes, gene fragments, expression products, 
gene expression products, or gene expression product frag
ments of an individual to be tested. Methods for determining 
sample suitability and/or adequacy are provided. 
[0167] In some embodiments, the subject may be referred 
to a specialist such as an oncologist, surgeon, or endocri
nologist. The specialist may likewise obtain a biological 
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sample for testing or refer the individual to a testing center 
or laboratory for submission of the biological sample. In 
some cases the medical professional may refer the subject to 
a testing center or laboratory for submission of the biologi
cal sample. In other cases, the subject may provide the 
sample. In some cases, a molecular profiling business may 
obtain the sample. 

VI. Nucleic Acid Assays 

[0168] Aspects of the methods include assaying nucleic 
acids to determine expression levels. Arrays can be used to 
detect differences between two samples. Specifically con
templated applications include identifying and/or quantify
ing differences between CT45 from a sample that is normal 
and from a sample that is not normal, between a cancerous 
condition and a non-cancerous condition, or between two 
differently treated samples. Also, CT45 expression levels 
may be compared between the expression level of the test 
sample and a reference level indicating favorable prognosis 
or poor prognosis. 
[0169] A sample that is not normal is one exhibiting 
phenotypic trait(s) of a disease or condition or one believed 
to be not normal with respect to that disease or condition. It 
may be compared to a cell that is normal with respect to that 
disease or condition. Phenotypic traits include symptoms of, 
or susceptibility to, a disease or condition of which a 
component is or may or may not be genetic or caused by a 
hyperproliferative or neoplastic cell or cells or include traits 
of poor prognosis after certain treatment. 
[0170] An array comprises a solid support with nucleic 
acid probes attached to the support. Arrays typically com
prise a plurality of different nucleic acid probes that are 
coupled to a surface of a substrate in different, known 
locations. These arrays, also described as "microarrays" or 
colloquially "chips" have been generally described in the art, 
for example, U.S. Pat. Nos. 5,143,854, 5,445,934, 5,744, 
305, 5,677,195, 6,040,193, 5,424,186 and Fodor et al., 
1991), each of which is incorporated by reference in its 
entirety for all purposes. Techniques for the synthesis of 
these arrays using mechanical synthesis methods are 
described in, e.g., U.S. Pat. No. 5,384,261, incorporated 
herein by reference in its entirety for all purposes. Although 
a planar array surface is used in certain aspects, the array 
may be fabricated on a surface of virtually any shape or even 
a multiplicity of surfaces. Arrays may be nucleic acids on 
beads, gels, polymeric surfaces, fibers such as fiber optics, 
glass or any other appropriate substrate, see U.S. Pat. Nos. 
5,770,358, 5,789,162, 5,708,153, 6,040,193 and 5,800,992, 
which are hereby incorporated in their entirety for all 
purposes. 
[0171] In addition to the use of arrays and microarrays, it 
is contemplated that a number of difference assays could be 
employed to analyze CT45, their activities, and their effects. 
Such assays include, but are not limited to, nucleic ampli
fication, polymerase chain reaction, quantitative PCR, RT
PCR, in situ hybridization, digital PCR, dd PCR ( digital 
droplet PCR), nCounter (nanoString), BEAMing (Beads, 
Emulsions, Amplifications, and Magnetics) (Inostics ), 
ARMS (Amplification Refractory Mutation Systems), 
RNA-Seq, TAm-Seg (Tagged-Amplicon deep sequencing), 
PAP (Pyrophosphorolysis-activation polymerization), next 
generation RNA sequencing, northern hybridization, hybrid
ization protection assay (HPA)(GenProbe), branched DNA 
(bDNA) assay (Chiron), rolling circle amplification (RCA), 
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single molecule hybridization detection (US Genomics), 
Invader assay (Third Wave Technologies), and/or Bridge 
Litigation Assay (Genaco ). 

VII. Protein Expression Assays 

[0172] In some embodiments, the gene or protein expres
sion of CT 45 or specific antigens is compared to a control or 
a reference level. Such methods, like the methods of detect
ing expression described herein, are useful in providing risk 
prediction, diagnosis, prognosis, etc., of a disease or cancer. 
[0173] Methods for measuring transcription and/or trans
lation of a particular gene sequence or biomarker are well 
known in the art. See, for example, Ausubel, Current Pro
tocols in Molecular Biology, 1987-2006, John Wiley & 
Sons; and Sambrook and Russell, Molecular Cloning: A 
Laboratory Manual, 3rd Edition, 2000. 
[0174] Polypeptides encoded by the CT45 gene described 
herein can be detected and/or quantified by any methods 
known to those of skill in the art from samples as described 
herein. In some embodiments, antibodies can also be used to 
detect polypeptides encoded by the genes described herein. 
Antibodies to these polypeptides can be produced using well 
known techniques (see, e.g., Harlow & Lane, 1988 and 
Harlow & Lane, 1999; Coligan, 1991; Goding, 1986; and 
Kohler & Milstein, 1975). Such techniques include antibody 
preparation by selection of antibodies from libraries of 
recombinant antibodies in phage or similar vectors, as well 
as preparation of polyclonal and monoclonal antibodies by 
immunizing rabbits or mice (see, e.g., Huse et al., 1989; 
Ward et al., 1989). 
[0175] Once specific antibodies are available, CT45 
expression can be detected by a variety of immunoassay 
methods. For a review of immunological and immunoassay 
procedures, see Basic and Clinical Immunology (1991). 
Moreover, the immunoassays of certain aspects can be 
performed in any of several configurations, which are 
reviewed extensively in Enzyme Immunoassay (1980); and 
Harlow & Lane, supra). In some embodiments, the methods, 
kits, or compositions comprise an antibody that specifically 
recognizes a CT45 antigen corresponding to one or more of 
SEQ ID NOS:1-6 or 29-33. 
[0176] Immunoassays also often use a labeling agent to 
specifically bind to and label the complex formed by the 
antibody and antigen. The labeling agent may itself be one 
of the moieties comprising the antibody/antigen complex. 
Thus, the labeling agent may be a labeled polypeptide or a 
labeled antibody that binds the protein of interest. Alterna
tively, the labeling agent may be a third moiety, such as a 
secondary antibody, that specifically binds to the antibody/ 
antigen complex (a secondary antibody is typically specific 
to antibodies of the species from which the first antibody is 
derived). Other proteins capable of specifically binding 
immunoglobulin constant regions, such as protein A or 
protein G may also be used as the labeling agent. These 
proteins exhibit a strong non-immunogenic reactivity with 
immunoglobulin constant regions from a variety of species 
(see, e.g., Kronval et al., 1973; Akerstrom et al., 1985). The 
labeling agent can be modified with a detectable moiety, 
such as biotin, to which another molecule can specifically 
bind, such as streptavidin. A variety of detectable moieties 
are well known to those skilled in the art. 
[0177] Commonly used assays include noncompetitive 
assays, e.g., sandwich assays, and competitive assays. In 
competitive assays, the amount of polypeptide present in the 
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sample is measured indirectly by measuring the amount of 
a known, added (exogenous) polypeptide of interest dis
placed (competed away) from an antibody that binds by the 
unknown polypeptide present in a sample. Commonly used 
assay formats include immunoblots, which are used to detect 
and quantify the presence of protein in a sample. Other assay 
formats include liposome immunoassays (LIA), which use 
liposomes designed to bind specific molecules (e.g., anti
bodies) and release encapsulated reagents or markers. The 
released chemicals are then detected according to standard 
techniques (see Monroe et al., 1986). 

[0178] Any suitable method can be used to detect one or 
more of the markers described herein. Successful practice 
can be achieved with one or a combination of methods that 
can detect and, preferably, quantify the markers. These 
methods include, without limitation, hybridization-based 
methods, including those employed in biochip arrays, mass 
spectrometry (e.g., laser desorption/ionization mass spec
trometry), fluorescence (e.g., sandwich immunoassay), sur
face plasmon resonance, ellipsometry and atomic force 
microscopy. Expression levels of markers ( e.g., polynucle
otides or polypeptides) are compared by procedures well 
known in the art, such as RT-PCR, Northern blotting, 
Western blotting, flow cytometry, immunocytochemistry, 
binding to magnetic and/or antibody-coated beads, in situ 
hybridization, fluorescence in situ hybridization (FISH), 
flow chamber adhesion assay, ELISA, microarray analysis, 
or colorimetric assays. Methods may further include, one or 
more of electrospray ionization mass spectrometry (ESI
MS), ESI-MS/MS, ESI-MS/(MS)n, matrix-assisted laser 
desorption ionization time-of-flight mass spectrometry 
(MALDI-TOF-MS), surface-enhanced laser desorption/ion
ization time-of-flight mass spectrometry (SELDI-TOF-MS), 
desorption/ionization on silicon (DIOS), secondary ion mass 
spectrometry (SIMS), quadrupole time-of-flight (Q-TOF), 
atmospheric pressure chemical ionization mass spectrom
etry (APCI-MS), APCI-MS/MS, APCI-(MS)ll, atmo
spheric pressure photoionization mass spectrometry (APPI
MS), APPI-MS/MS, and APPI-(MS)n, quadrupole mass 
spectrometry, fourier transform mass spectrometry (FTMS), 
and ion trap mass spectrometry, where n is an integer greater 
than zero. 

[0179] Detection methods may include the use of a bio
chip array. Biochip arrays include protein and polynucle
otide arrays. The protein of interest may be captured on the 
biochip array and subjected to analysis to detect the level of 
the protein in a sample. 

VIII. ROC Analysis 

[0180] In statistics, a receiver operating characteristic 
(ROC), or ROC curve, is a graphical plot that illustrates the 
performance of a binary classifier system as its discrimina
tion threshold is varied. The curve is created by plotting the 
true positive rate against the false positive rate at various 
threshold settings. (The true-positive rate is also known as 
sensitivity in biomedical informatics, or recall in machine 
learning. The false-positive rate is also known as the fall-out 
and can be calculated as I-specificity). The ROC curve is 
thus the sensitivity as a function of fall-out. In general, if the 
probability distributions for both detection and false alarm 
are known, the ROC curve can be generated by plotting the 
cumulative distribution function (area under the probability 
distribution from -infinity to +infinity) of the detection 
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probability in the y-axis versus the cumulative distribution 
function of the false-alarm probability in x-axis. 

[0181] ROC analysis provides tools to select possibly 
optimal models and to discard suboptimal ones indepen
dently from (and prior to specifying) the cost context or the 
class distribution. ROC analysis is related in a direct and 
natural way to cost/benefit analysis of diagnostic decision 
making. 

[0182] The ROC curve was first developed by electrical 
engineers and radar engineers during World War II for 
detecting enemy objects in battlefields and was soon intro
duced to psychology to account for perceptual detection of 
stimuli. ROC analysis since then has been used in medicine, 
radiology, biometrics, and other areas for many decades and 
is increasingly used in machine learning and data mining 
research. 

[0183] The ROC is also known as a relative operating 
characteristic curve, because it is a comparison of two 
operating characteristics (TPR and FPR) as the criterion 
changes. ROC analysis curves are known in the art and 
described in Metz C E (1978) Basic principles of ROC 
analysis. Seminars in Nuclear Medicine 8:283-298; Youden 
W J (1950) An index for rating diagnostic tests. Cancer 
3:32-35; Zweig M H, Campbell G (1993) Receiver-operat
ing characteristic (ROC) plots: a fundamental evaluation 
tool in clinical medicine. Clinical Chemistry 39:561-577; 
and Greiner M, Pfeiffer D, Smith RD (2000) Principles and 
practical application of the receiver-operating characteristic 
analysis for diagnostic tests. Preventive Veterinary Medicine 
45: 23-41, which are herein incorporated by reference in their 
entirety. 

IX. Kits 

[0184] Certain aspects concern kits containing composi
tions described herein or compositions to implement meth
ods described herein. 

[0185] In various aspects, a kit is envisioned containing 
therapeutic agents and/or other therapeutic and delivery 
agents. In some embodiments, a kit for preparing and/or 
administering a therapy described herein may be provided. 
The kit may comprise one or more sealed vials containing 
any of the pharmaceutical compositions, therapeutic agents 
and/or other therapeutic and delivery agents. In some 
embodiments, the lipid is in one vial, and the therapeutic 
agent is in a separate vial. The kit may include, for example, 
at least one agent for the detection ofCT45 expression, one 
or more lipid component, as well as reagents to prepare, 
formulate, and/or administer the components described 
herein or perform one or more steps of the methods. In some 
embodiments, the kit may also comprise a suitable container 
means, which is a container that will not react with com
ponents of the kit, such as an eppendorftube, an assay plate, 
a syringe, a bottle, or a tube. The container may be made 
from sterilizable materials such as plastic or glass. The kits 
may also comprise reagents to isolate, purify, and/or frac
tionate biological samples from a patient. The kit may also 
comprise growth stimulating or immune stimulating factors 
described herein, reagents for culturing cells in vitro, and 
reagents for freezing, splitting, and/or propagating cells in 
vitro. The kit may also comprise vectors expressing nucleic 
acid constructs such as CT45-specific TCR genes and/or 
CT45-specific chimeric antigen receptors as well as reagents 
for transferring such nucleic acids into cells. 
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[0186] The kit may further include an instruction sheet 
that outlines the procedural steps of the methods set forth 
herein, and will follow substantially the same procedures as 
described herein or are known to those of ordinary skill. The 
instruction information may be in a computer readable 
media containing machine-readable instructions that, when 
executed using a computer, cause the display of a real or 
virtual procedure of delivering a pharmaceutically effective 
amount of a therapeutic agent. 
[0187] In some embodiments, kits may be provided to 
evaluate the expression of CT45 or related molecules. Such 
kits can be prepared from readily available materials and 
reagents. For example, such kits can comprise any one or 
more of the following materials: enzymes, reaction tubes, 
buffers, detergent, primers and probes, nucleic acid ampli
fication, and/or hybridization agents. In a particular embodi
ment, these kits allow a practitioner to obtain samples in 
blood, tears, semen, saliva, urine, tissue, serum, stool, colon, 
rectum, sputum, cerebrospinal fluid and supernatant from 
cell lysate. In another embodiment, these kits include the 
needed apparatus for performing RNA extraction, RT-PCR, 
and gel electrophoresis. Instructions for performing the 
assays can also be included in the kits. 
[0188] Kits may comprise components, which may be 
individually packaged or placed in a container, such as a 
tube, bottle, vial, syringe, or other suitable container means. 
The components may include probes, primers, antibodies, 
arrays, negative and/or positive controls. Individual compo
nents may also be provided in a kit in concentrated amounts; 
in some embodiments, a component is provided individually 
in the same concentration as it would be in a solution with 
other components. Concentrations of components may be 
provided as lx, 2x, 5x, !Ox, or 20x or more. 
[0189] The kit can further comprise reagents for labeling 
CT45 in the sample. The kit may also include labeling 
reagents, including at least one of amine-modified nucleo
tide, poly(A) polymerase, and poly(A) polymerase buffer. 
Labeling reagents can include an amine-reactive dye or any 
dye known in the art. 
[0190] The components of the kits may be packaged either 
in aqueous media or in lyophilized form. The container 
means of the kits will generally include at least one vial, test 
tube, flask, bottle, syringe or other container means, into 
which a component may be placed, and preferably, suitably 
aliquotted. Where there is more than one component in the 
kit (labeling reagent and label may be packaged together), 
the kit also will generally contain a second, third or other 
additional container into which the additional components 
may be separately placed. However, various combinations 
of components may be comprised in a vial. The kits may also 
include a means for containing the nucleic acids, antibodies 
or any other reagent containers in close confinement for 
commercial sale. Such containers may include injection or 
blow molded plastic containers into which the desired vials 
are retained. 
[0191] When the components of the kit are provided in 
one and/or more liquid solutions, the liquid solution is an 
aqueous solution, with a sterile aqueous solution being 
particularly preferred. 
[0192] Alternatively, the components of the kit may be 
provided as dried powder(s). When reagents and/or compo
nents are provided as a dry powder, the powder can be 
reconstituted by the addition of a suitable solvent. It is 
envisioned that the solvent may also be provided in another 
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container means. In some embodiments, labeling dyes are 
provided as a dried power. It is contemplated that 10, 20, 30, 
40, 50, 60, 70, 80, 90, 100, 120, 120, 130, 140, 150, 160, 
170,180,190,200,300,400,500,600,700,800,900, 1000 
µg or at least or at most those amounts of dried dye are 
provided in kits in certain aspects. The dye may then be 
resuspended in any suitable solvent, such as DMSO. 
[0193] The container means will generally include at least 
one vial, test tube, flask, bottle, syringe and/or other con
tainer means, into which the nucleic acid formulations are 
placed, preferably, suitably allocated. The kits may also 
comprise a second container means for containing a sterile, 
pharmaceutically acceptable buffer and/or other diluent. 
[0194] The kits may include a means for containing the 
vials in close confinement for commercial sale, such as, e.g., 
injection and/or blow-molded plastic containers into which 
the desired vials are retained. 
[0195] A kit may also include instructions for employing 
the kit components as well the use of any other reagent not 
included in the kit. Instructions may include variations that 
can be implemented. 

EXAMPLES 

[0196] The following examples are given for the purpose 
of illustrating various embodiments of the invention and are 
not meant to limit the present invention in any fashion. One 
skilled in the art will appreciate readily that the present 
invention is well adapted to carry out the objects and obtain 
the ends and advantages mentioned, as well as those objects, 
ends and advantages inherent herein. The present examples, 
along with the methods described herein are presently 
representative of particular embodiments, are exemplary, 
and are not intended as limitations on the scope of the 
invention. Changes therein and other uses which are encom
passed within the spirit of the invention as defined by the 
scope of the claims will occur to those skilled in the art. 
[0197] The following examples further describe embodi
ments of the disclosure and may contain duplicative data and 
information that is not necessarily an indication of experi
ments that have been repeated. 

Example 1: Proteomics Identifies CT45 as a 
Mediator of Chemosensitivity and Immunotherapy 

Target in Ovarian Cancer 

A. Proteomics Identifies CT45 

[0198] In this study, the inventors performed quantitative 
proteomics on chemosensitive and chemoresistant formalin
fixed and paraffin-embedded (FFPE) tumour samples iso
lated from 25 chemotherapy-naive patients with advanced 
stage HGSOC (FIG. la, Table 1). Since patients with 
advanced stage, metastatic disease often have the worst 
prognosis, metastatic tumour from the omentum was used 
for this analysis. Global proteomic differences between 
chemoresistant (N=ll, median DFS=190 days) and chemo
sensitive (N=14, median DFS=1160 days) patients were first 
assessed in the cohort by using a recently developed label
free proteome quantification approach (4) capable of quan
tifying large portions of the cellular proteome in a reason
ably short time of 4 hours. Out of the 8,190 quantitatively 
compared proteins (FIG. lb), the cancer/testis antigen, 
CT45, was identified as significantly higher expressed in 
chemosensitive patients in comparison to the resistant group 
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(FDR<5%, FIG. le). The CT45 gene family is comprised of 
10 separate but highly similar genes with >98% conserva
tion at the protein level (FIG. 4). Due to the high similarity 
between proteins, the inventors were unable to distinguish 
which unique paralog was expressed despite achieving 
>66% protein sequence coverage in the proteomics data. It 
was further found that protein expression of CT45 highly 
correlated with disease-free survival (FIG. ld). Immunohis
tochemical analysis using an experimentally validated anti
body confirmed the relative expression of CT45 in serial 
sections of the tumours used in the proteomic cohort. 
Expression was localized to the nucleus and in some cases 
could be seen in the nucleolus. With few exceptions, expres
sion was largely homogenous across the tumour sections 
with only slight variations in staining intensity. 

TABLE 1 

Patient characteristics of proteomic cohort 

Stage 
3 
4 
Primary Site 
Fallopian Tube 
Ovary 
Peritoneum 
Residual Disease 
Larger than 1 cm 
Smaller than 1 cm 
Unknown 
Grade 
2 

Chemo Type 

Adjuvant/lst line 
Chemo Class 
Platinum only 
Taxane/Platinum 
Progression free 
survival 

Median days 
(range) 
Overall survival 

Median days 
(range) 
Age 

Mean age 
(range) 

Chemotherapy Status 

Resistant 

No. % 

8 72.7 
3 27.3 

4 36.4 
7 63.6 
0 0 

8 72.7 
2 18.2 

9.1 

0 0 
11 100 

11 100 

0 0 
11 100 

190 
(113-391) 

448 
(228-1489) 

60.0 
(47-78) 

Sensitive 

No. 

10 
4 

6 
4 
4 

5 
9 
0 

2 
12 

% 

71.4 
28.6 

42.8 
28.6 
28.6 

35.7 
64.3 

0 

14.3 
85.7 

14 100 

7.1 
13 92.9 

1160.5 
(552-3229) 

1550.5 
(967-3229) 

67.1 
(51-86) 

B. Independent Prognostic Indicator 

P value 

1.00 

0.0850 

0.0531 

0.4867 

1.00 

<0.0001 

<0.0001 

0.0908 

All 

cases 

18 
7 

10 
11 
4 

13 
11 

2 
23 

24 

[0199] To validate the proteomic findings in a larger 
patient cohort tissue microarrays (TMA) were stained to 
analyze CT 45 expression in over 200 cases of primary and 
metastatic ovarian cancer (Table 2). CT45 protein expres
sion was quantified by a Gynecologic Pathologist who was 
blinded to the patient's outcomes. Of note, CT45 expression 
was not as common in other ovarian cancer subtypes com
pared to serous papillary. Furthermore, there was no signifi
cant difference in expression between primary and meta
static tumours from the same HGSOC patients (P=0.61). 
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However, consistent with the discovery cohort of 25 
patients, CT45 expression highly correlated with chemosen
sitivity in 124 patients with advanced stage disease (FIGO 
IIIb or higher) (Table 2). Kaplan-Meier survival analysis 
revealed that advanced stage (FIGO IIIb or higher) HGSOC 
patients with high CT45 expression and had a lower risk of 
recurrence with median days to platinum resistance of 363 
days ( staining 1 +) versus 153 .5 days for patients with no 
expression of CT45 (FIG. le). A trend towards longer 
overall survival was evident although this did not reach 
significance (FIG. 1.1). Additionally, the inventors further 
validated the proteomic findings using a much larger and 
independent public dataset generated by The Cancer 
Genome Atlas (TCGA) consortium (6). Using RNA-Seq 
data of305 HGSOC cases, CT45 expression was calculated 
by the accumulated expression of the detected 6 gene family 
members (CT45Al-A6). Grouping patients into a CT45 
high group (top 25%, N=76) and CT45 low group (lower 
75%, N=229) resulted in a significantly longer overall 
survival for the CT45 high group (FIG. lg). These results 
demonstrate that CT45 expression is an independent prog
nostic indicator in advanced stage HGSOC. 

TABLE 2 

Patient characteristics of tissue microarray validation cohort. 
Clinical parameters for patients with advanced stage serous papillary 

ovarian cancer included in the TMA.. validation cohort. Tumors 
were stained for CT45 and the staining was scored 0-3. 

CT45 Status 

0 (N ~ 82) 1 + (N ~ 42) 

No. % No. % P value 

Stage 0.72 
3 56 68.29 30 71.43 
4 26 31.71 12 28.57 
Primary Site 0.41 
Fallopian Tube 10 12.2 9 21.43 
Ovary 62 75.61 29 69.05 
Peritonewn 10 12.2 4 9.52 
Residual Disease 0.10 
Larger than 1 cm 47 57.32 17 40.48 
Smaller than 1 cm 34 41.46 25 59.52 
Unknown 1.22 0 0 
Grade 0.59 
1 1.22 0 0 
2 22 26.83 8 19.05 
3 59 71.95 34 80.95 
Chemo Type 0.67 
Adjuvant/lst line 64 78.05 35 83.33 
Neoadjuvant 13 15.85 4 9.52 
None 5 6.1 3 7.14 
Chemo Class 0.19 
Other 4 4.88 6 14.29 
Taxane/Platinum 73 89.02 33 78.57 
None 5 6.1 3 7.14 
Chemoresistance 0.005 
resistant 46 56.1 10 23.81 
intermediate 11 13.41 9 21.43 
sensitive 19 23.17 18 42.86 
NIA 6 7.32 5 11.9 
Mean age (range) 62 (33-94) 58 (33-82) 0.13 

C. CT45 is a Native Tumour Antigen 

[0200] Cancer-testis antigens are aberrantly expressed in a 
wide range of cancers while their physiological expression 
is typically limited to immunocompromised tissues such as 
the testis and placenta thus making them ideal candidates for 
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cancer immunotherapy (7, 8). CT45 has yet to have been 
shown to be antigenic. Endogenous CT 45 protein expression 
was detected in only two out of eight epithelial ovarian 
cancer cell lines (FIG. Sa) and the same pattern was evident 
at the mRNA level (FIG. Sb). In order to ascertain whether 
CT45-derived peptides could be bound and presented in 
human leukocyte antigen (HLA) class I complexes on the 
surface of CT45+ ovarian cancer cells, the inventors used a 
previously established immuno-peptidomics strategy (16) 
(FIG. Sc). The inventors identified five HLA-I A *03:01 and 
A*ll:01 specific peptides (AVDPETVFK (SEQ ID NO:1), 
GVQGPTAVR (SEQ ID NO:2), GVQGPTAVRK (SEQ ID 
NO:3), VQGPTAVRK (SEQ ID NO:4), QGPTAVRK (SEQ 
ID NO:5)) presented in the 59M cell line which fit the 
typical length ofHLA-I peptides of8 to 11 amino acids. To 
determine which of these peptides could serve as targets for 
CDS+ T cells, A*03:01 CDS+ T cells collected from the 
ascites of a patient with a CT45+ tumor were cultured with 
each peptide. All five peptides were able to induce prolif
eration of the CDS+ T cell population as shown by increased 
Ki67 staining and induced CT45 specific T cell responses as 
assessed by intracellular IFN-y staining (FIG. 2a). Similar 
results were also obtained using A* 11:01 CDS+ tumor 
infiltrating lymphocytes (TILs) isolated from the omental 
tumor of a separate patient with a CT45+ tumor (FIG. SD). 
These results demonstrate that CT45 is an antigenic target in 
ovarian cancer patients. 
[0201] Recently it's been demonstrated that CT45 expres
sion is regulated by methylation (5) and patients treated with 
demethylating agents showed an altered immune response 
that correlated with upregulation of CT antigens as well as 
genes involved in immunomodulatory pathways (17,18). 
Therefore, the inventors tested whether treatment with 
5-aza-2'-deoxycytidine (DAC) would activate CT45 expres
sion and peptide presentation in ovarian cancer cells. Treat
ment with DAC activated CT45 expression in SKOV3ipl 
cells (FIG. 6a) and using the same immune-peptidomics 
strategy as previously described, the inventors identified 
three peptides derived from CT 45 capable of binding A *3: 
01 and A *68:01 (FIG. 2b, FIG. 6b ). Culture with all three 
peptides resulted in increased Ki67 staining of A *03:01 
CDS+ T-cells collected from the ascites of a patient with a 
CT45+ tumor and increased the percentage of IFN-y and 
IL-2 double positive T cells. The majority of the CT45-
derived peptides identified were predicted by two different 
algorithms to have low and intermediate affinity for the three 
HLA-I types. Only one peptide was predicted to have high 
affinity (AVDPETVFK-SEQ ID NO:1). All peptides 
rauked in the top 50% for predicted immunogenicity 
although the peptide with highest ranking, AVDPETVFK 
(SEQ ID NO: 1 ), did not consistently stimulate the most 
robust T cell response underscoring the limits of relying 
solely on the predictive algorithms. 

D. Functional Mediator of Chemosensitivity 

[0202] The inventors found that pretreatment of ovarian 
cancer cells with DAC sensitized the cells to carboplatin 
(FIG. 7a). Proteomic analysis on DAC treated ovarian 
cancer cells revealed upregulation of many CT antigens in 
addition to CT45 (FIG. 7b). While CT antigens are com
monly expressed in many different cancers, very few have 
been liuked to specific biological functions (7). CT45 has 
been previously described to have tumor promoting effects 
in cancer cell lines (22, 23) and to correlate with poor 
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prognosis in several cancer types (5, 10, 11). To investigate 
if CT45 plays a direct role in mediating chemosensitivity, 
the inventors next tested the functional consequences of 
CT45 overexpression in human ovarian cancer cell lines 
(FIG. Sa). Overexpression of CT45 using a lentiviral con
struct in the ovarian cancer cell line OVCAR-5 showed no 
effect on proliferation (FIG. Sb). However, when cells were 
treated with carboplatin, CT45 expression significantly 
reduced proliferation and colony formation in a dose-depen
dent manner (FIG. 3a and FIG. Sb). 
[0203] In order to understand the mechanism of CT45-
mediated chemosensitivity, the inventors used an interaction 
proteomics approach (24) to identify CT45 interaction part
ners. The inventors screened two ovarian cancer cell lines 
(OVCAR-5 and COV318) both expressing VS-tagged 
CT45A5 and compared the enriched immuno-precipitates to 
the corresponding control cell lines (V5 tag alone). The 
strongest co-enriched proteins were PP4R3a and PP4R3~ 
(FIG. 3b, 3c), two highly conserved regulatory subunits of 
the protein phosphatase 4 (PP4) complex pointing to their 
specific and direct interaction with CT45. Furthermore, the 
catalytic subunit of the PP4, PP4C, as well as PP4R2 were 
also enriched in CT45 immuno-precipitates. The PP4 com
plex is known to dephosphorylate critical members of the 
DNA damage response (DDR) including 53BP1 (25), 
yH2AX (26), RPA2 (27), and TRIM28/Kap-1 (28, 29). 
Therefore, it was next asked if CT 45 expression affected the 
DDR following carboplatin treatment. CT45-expressing 
cancer cells had increased levels of yH2AX and cleaved 
caspase-3 following treatment with carboplatin (FIG. 3d). 
Consistent with this, higher levels of DNA damage was also 
present in CT45-expressing cells as assessed by the comet 
assay with longer tail moments being observed (FIG. 3e). 
[0204] To investigate the effect of CT45 expression on 
tumor growth in an immunodeficient background, 
OVCAR-5 control vector or CT45 expressing cells were 
injected subcutaneously in nude mice. Treatment with car
boplatin significantly reduced growth of CT45 expressing 
tumors as compared to the untreated CT45 tumors while 
having no effect on the control cell line (FIG. 3/). Interest
ingly, CT45 expression also significantly reduced overall 
tumor growth as compared to the control vector (FIG. 3/) 
which was not observed in vitro (FIG. Sb). This data clearly 
reveals a functional liuk between CT45 expression and 
carboplatin chemosensitivity as well as highlights the poten
tial tumor-suppressive capacities of CT45. 

E. Methods 

[0205] 1. Cell Lines and Reagents 
[0206] SKOV3ipl, OVCAR5 (UCSF) and COV318 (from 
Dr. Gottfried Koneczny, UCLA) were cultured in DMEM, 
10% FBS. 59M (ECACC) was cultured in DMEM, 10% 
FBS supplemented with 10 µg/ml bovine isulin (Sigma, 
Mo.). OVKATE were culturedinRPMI-1640, 10% PBS.All 
cell lines have been tested for mycoplasma and authenticated 
using the commercial service, CellCheck (IDEXX Biore
search). Growth factor reduced Matrigel was from BD 
Biosciences (Rockville, Md.). pLX30434 corresponds to 
Addgene plasmid #25890. pLX304-CT45A5 was acquired 
from DNASU Plasmid Repository 35-37 (clone 
HsCD00446210). The Ki-CT45-2 antibody (used for WB 
and IMF) was a kind gift from a colleague. W6/32 mono
clonal antibodies were purified from the growth medium of 
HB95 cells that were grown in CELLine CL-350 flask 
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(Wilson Wolf Manufacturing Corporation, Minnesota) using 
Protein-A Sepharose (Invitrogen, Calif.). Antibodies 
acquired from Cell Signaling Technology were: yH2AX 
(9718, rabbit), Cleaved Caspase-3 (9661), anti-rabbit IgG
HRP (#7074), and anti-mouse IgG-HRP (#7076). Other 
antibodies used were: actin (Sigma, #A5441), anti-CT45A 
antibody (Sigma, SAB1301842), yH2AX (mouse, Thermo 
Scientific, #MAl-2022), and V5 (Life Technologies, #MA5-
15253). 
[0207] 2. FFPE Tissue Preparation for MS Analysis 
[0208] FFPE biobank specimens (5 serial sections, 10 uM 
thick) were first deparaffinized as previously described38. 
Areas containing 70% or more tumor were macrodissected 
from the slide using a scalpel blade. Lysis was then carried 
out in 4% SDS, 10 mM Hepes pH 8.0 at 99° C. for 60 min 
and by 15 min sonication (level 5, Bioruptor, Diagenode). 
Proteins in the cleared lysate (16,000 g, 10 min) were 
reduced with 10 mM DTT for 30 min and alkylated with 55 
mM iodoacetamide for an additional 30 min. SDS detergent 
was removed by acetone precipitation. Briefly, acetone 
(-20° C.) was added to 100 µg of proteins to a final 
concentration of 80% v/v and proteins were precipitated 
overnight at -20° C. After centrifugation (15 min, 4° C., 
16,000 g), the detergent-containing supernatant was 
removed and the protein pellet washed with 80% acetone 
(-20° C.). Protein pellets were then resolved in 100 µl 6 M 
urea/2 M thiourea (in 10 mM Hepes pH 8.0) and digested 
with 1 µg of LysC for 3 h at room temperature. After adding 
4 volumes of 50 mM ammonium bicarbonate, 1 µg trypsin 
was added and tryptic digestion carried out overnight. The 
next day, digestion was stopped by adding 1 % TF A. Peptides 
were finally desalted on C18 StageTips and kept at -20° C. 
until MS analysis. 
[0209] 3. Liquid Chromatography (LC)-MS Analysis of 
FFPE Samples 
[0210] Desalted peptides were separated on a Thermo 
Scientific EASY-nLC 1000 HPLC system (Thermo Fisher 
Scientific). Columns (75 µm inner diameter, 50 cm length) 
were in-house packed with 1.9 µm Cl 8 particles (Dr. Maisch 
GmbH, Germany). Peptides were loaded in buffer A (0.5% 
formic acid) and separated with a 250-min gradient from 2% 
to 60% in buffer B (80% acetonitrile, 0.5% formic acid) at 
200 nl/min. An in-house-made colunm oven was used to set 
the colunm temperature to 50° C. Quadrupole Orbitrap mass 
spectrometer (Q Exactive, Thermo Fisher Scientific) 
coupled to the LC via a nano electrospray source was 
operated in data-dependent mode. The survey scan range 
was set to 300 to 1,650 m/z with a resolution of 70,000 at 
m/z 200. Up to the 5 most abundant isotope patterns with a 
charge 2:2 were subjected to high-energy collisional disso
ciation fragmentation 71 at a normalized collision energy of 
25, an isolation window of2.2 Th, and a resolution of 17,500 
at m/z. To limit repeated sequencing, dynamic exclusion of 
sequenced peptides was set to 45 s. Thresholds for ion 
injection time and ion target values were set to 20 ms and 
3E6 for the survey scans and 120ms and 1E5 for the MS/MS 
scans, respectively. Data was acquired using Xcalibur soft
ware (Thermo Scientific). 
[0211] 4. Data Analysis of FFPE Samples 
[0212] MS raw files were analyzed with MaxQuant soft
ware20 (version 1.5.0.38). MS/MS based peptide identifi
cation was carried out with the Andromeda search engine in 
MaxQuant19. Briefly, Andromeda uses a target-decoy 
approach to identify peptides and proteins at an FDR ofless 
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than 1 %. As a forward database, the human UniProtKB 
database (October 2014) was used. A reverse database for 
the decoy search was generated automatically in MaxQuant. 
Enzyme specificity was set to "Trypsin", and a minimum 
number of 7 amino acids were required for peptide identi
fication. Default settings were used for variable and fixed 
modifications (variable modification, acetylation [N-termi
nus] and methionine oxidation; fixed modification, carbam
idomethylation). Proteins and protein isoforms that could 
not be discriminated by unique peptides were grouped into 
protein groups. For label-free protein quantification, the 
MaxLFQ algorithm was used as part of the MaxQuant 
environment. Briefly, quantitative information was retrieved 
based on high-resolution 3D peptide profiles in mass-to
charge, retention time and intensity space. The algorithm 
first calculated pairwise protein ratios by taking the median 
of all pairwise peptide ratios per protein. Only shared 
identical peptides were considered for each pairwise com
parison. A minimum number of 1 ratio count was required 
for each pairwise comparison. To retrieve quantitative infor
mation for all possible sample comparisons, a least-squares 
analysis was used to reconstruct the relative abundance 
profile for each protein. This step preserved the total 
summed intensity for a protein over all samples. To maxi
mize the number of quantification events across samples, the 
inventors enabled the "Match Between Runs" option in 
MaxQuant, which allowed the quantification of high-reso
lution MS! features that were not identified in each single 
measurement. 
[0213] 5. Tissue Microarray 
[0214] Tissue microarrays (TMAs) were deparaffinized 
and rehydrated through xylenes and serial dilutions ofEtOH 
to deionized water. They were incubated in antigen retrieval 
buffer (Tris-EDTA, pH 9, S2367, DAKO) and heated in 
steamer at over 97 degree C. for 20 minutes. Anti-CT45A 
(1:200) antibody (Sigma, SAB1301842) was applied on 
tissue sections for one hour incubation at room temperature 
in a humidity chamber. The antigen-antibody binding was 
detected by Bond Polymer Refine Detection (DS9800, Leica 
Microsystems). Tissue sections were briefly immersed in 
hematoxylin for counterstaining and were covered with 
cover glasses. The stained TMAs were scored by an expert 
pathologist on a scale from 0-3. Data acquisition and analy
sis were blinded. 
[0215] 6. HLA-I Peptide Purification 
[0216] SKOV3ipl cells were treated with 500 nM 5-aza-
2'-deoxycytidine (DAC, also known as Decitabine) (Sigma, 
Mo.) for 3 days with DAC refreshed every 24 hours. After 
treatment cells were cultured an additional 4 days without 
DAC and collected for HLA-I purification at day 7. HLA-I 
peptidomes were obtained from 3 biological replicates for 
59M and DAC treated SKOV3ipl cell lines. HLA-I com
plexes were purified from about lx108 cells after lysis with 
0.25% sodium deoxycholate, 0.2 mM iodoacetamide, 1 mM 
EDTA, 1:200 Protease Inhibitors Cocktail (Sigma, Mo.), 1 
mM PMSF, 1 % octyl-~-D glucopyranoside (Sigma, Mo.) in 
PBS at 4 ° C. for 1 h. The lysates were then cleared by 30 min 
centrifugation at 40,000xg. Immunoaffinity purification of 
HLA-I molecules was carried out by using the W6/32 
antibody covalently bound to Protein-A Sepharose beads 
(Invitrogen, Calif.). Colunms were washed with 10 column 
volumes of 150 mM NaCl, 20 mM Tris-HCl (buffer A), 10 
column volumes of 400 mM NaCl, 20 mM Tris-HCl, 10 
volumes of buffer A again and finally with seven column 
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volumes of 20 mM Tris-HCl, pH 8.0. HLA-I molecules were 
eluted at room temperature by adding 500 µl of0.1 N acetic 
acid, in a series of7 elutions for each sample. Small aliquots 
of each elution fraction were analyzed by SDS-PAGE to 
evaluate the yield and purity of the eluted HLA-I. Eluted 
HLA-I peptides and the subunits of the HLAcomplex were 
loaded on Sep-Pak tCl 8 cartridges (Waters, Mass.) that were 
pre-cleaned with 80% acetonitrile (ACN) in 0.1 % trifluoro
acetic acid (TFA) and with 0.1 % TFA only. After loading, 
the cartridges were washed with 0.1 % TFA. HLA-I peptides 
were separated from HLA-I heavy chains by eluting with 
30% ACN in 0.1 % TF A. An additional purification was done 
using Silica C-18 colunm tips (Harvard Apparatus, Mass.). 
Peptides were eluted again with 30% ACN in 0.1 % TFA. 
Finally, HLA-I peptides were concentrated to 15 ul by 
vacuum centrifugation. For MS analysis, the inventors 
injected 5 µl for each measurement. HLA-I genotypes were 
determined using high-resolution genotyping (Center for 
Human Genetics and Laboratory Medicine, Martinsried). 
[0217] 7. LC-MS/MS Analysis of HLA-I Peptides. 
[0218] HLA peptides were separated by a nanoflow HPLC 
(Proxeon Biosystems, Thermo Fisher Scientific, Odense) 
and coupled on-line to a Q Exactive mass spectrometer 
(Thermo Fisher Scientific, Bremen) with a nanoelectrospray 
ion source (Proxeon Biosystems). An in-house packed 20 
cm long, 75 µm inner diameter colunm with ReproSil-Pur 
Cl 8-AQ 1.9 µm resin was used (Dr. Maisch GmbH, Ammer
buch-Entringen, Germany) in buffer A (0.5% acetic acid). 
Peptides were eluted with a linear gradient of 2-30% buffer 
B (80% ACN and 0.5% acetic acid) at a flow rate of 250 
nl/min over 120 min. Up to the 10 most abundant isotope 
patterns with a charge state of 1-3 (unassigned ion charge 
states, or charge states of four and above were excluded) 
were subjected to high-energy collisional dissociation frag
mentation at a normalized collision energy of 27 an isolation 
window of 1.4 Th and a resolution of 15,000 at 200 m/z. To 
limit repeated sequencing, dynamic exclusion of sequenced 
peptides was set to 20 s. Thresholds for ion injection time 
and ion target values were set to 20 ms and 3E6 for the 
survey scans and 120 ms (220 ms for 59M) and 1E5 for the 
MS/MS scans, respectively. Data was acquired using Xcali
bur software (Thermo Scientific). 
[0219] The inventors acquired full scan MS spectra at a 
resolution of 70,000 at 200 m/z with a target value of 3e6 
ions. The ten most intense ions were sequentially isolated 
and accumulated to an AGC target value of le5 with a 
maximum injection time of generally 120 ms, except for the 
59M cell line we used 220 ms to increase signal of the 
fragments. In case of unassigned precursor ion charge states, 
or charge states of four and above, no fragmentation was 
performed. The peptide match option was disabled. MS/MS 
resolution was 17,500 at 200 m/z. Fragmented m/z values 
were dynamically excluded from further selection for 15 or 
20 seconds. 
[0220] 8. Data Analysis of HLA Peptidomes 
[0221] The inventors used the MaxQuant computational 
proteomics platform version 1.5.0.38. Andromeda, a proba
bilistic search engine incorporated in the MaxQuant frame
work, was used to search the peak lists against the UniProt 
database (October 2014). N-terminal acetylation (42.010565 
Da) and methionine oxidation (15.994915 Da) were set as 
variable modifications. The second peptide identification 
option in Andromeda was enabled. The enzyme specificity 
was set as unspecific. Andromeda reports the posterior error 
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probability and false discovery rate, which were used for 
statistical evaluation. A false discovery rate of 0.01 was 
required for peptides. As the inventors were interested in 
HLA-I peptide identification rather than protein identifica
tion common in proteomics, no protein false discovery rate 
was set. Likewise, as no sequence specific proteases were 
involved and peptides did not terminate in certain amino 
acids such as Arg or Lys, the special permutation rules in 
MaxQuant for these amino acids were not used in creating 
the decoy database. Possible sequence matches were 
restricted to 8 to 15 a.a., a maximum peptides mass of 1,500 
Da and a maximum charge states of three. The initial 
allowed mass deviation of the precursor ion was set to 6 ppm 
and the maximum fragment mass deviation was set to 20 
ppm. From the 'peptides.txt' output file produced by Max
Quant, hits to the reverse database and contaminants were 
eliminated. 
[0222] 9. T Cell Peptide Stimulation 
[0223] Tumors and ascites were collected from patients 
undergoing primary debulking surgery by a gynecologic 
oncologist at the University of Chicago Hospital, Depart
ment of Obstetrics and Gynecology, Section of Gynecologic 
Oncology. Informed consent was obtained before surgery 
and the study was approved by the IRB of the University of 
Chicago. 
[0224] 10. Colonogenic Survival Assay 
[0225] Cells were treated with different carboplatin con
centrations for 48 hours and 7-9 days after treatment colo
nies were counted and plotted as a percent of control on a 
logarithmic scale. 
[0226] 11. Western Blot Analysis 
[0227] Cells were treated with 5 µM carboplatin plus 1.5 
nM paxlitaxel for 3 days and then incubated an additional 2 
days without drug prior to collection on day 5. Both adherent 
and non-adherent cells were collected in RIPA buffer (25 
mM Tris-HCl pH 7.6, 150 mM NaCl, 1% NP-40, 0.5% 
sodium deoxycholate, 0.1 % SDS) supplemented with pro
tease inhibitor cocktail (Thermo Scientific) and phosphatase 
inhibitor cocktail (Sigma). Lysates were incubated for 30 
min on ice before centrifugation (15 min, 14 000 rpm, 4° C.). 
The quantity of protein was determined by BCA reagent 
(Pierce). The extracts were analyzed by SDS-PAGE on a 
4-20% gradient gel (Bio-Rad). 
[0228] 12. Comet Assay 
[0229] Cells were treated with carboplatin for 3 days and 
then incubated an additional 2 days without drug. The comet 
assay was performed on day 5 as previously described39. 
Briefly, 2.5e4 cells/condition were resuspended in 70 uL 
0.5% low melting point agarose (LMPA) at 37 C and plated 
on a glass slide precoated with 1 % agarose in PBS. Samples 
were allowed to solidify at 4 C for 20 minutes with a square 
cover glass. The cover class was gently removed and a 
second 70 uL layer of 0.5% LMPA was applied and again 
allowed to solidify. The cover glass was removed and the 
slides immersed in Comet Lysis solution (2.5M NaCl, 100 
mM EDTA, 10 mM Tris, 0.015% Triton X-100, pH 10) for 
one hour at 4 C and from this point forward protected from 
light. After lysis, the slides were equilibrated for 20 minutes 
in Comet Electrophoresis Buffer (0.3N Na OH, 1 mM EDTA, 
pH 10) at 4 C, and then run at 25V for 20 minutes. Then the 
slides were incubated at room temp in Comet Neutralization 
Buffer (0.4M Tris, pH 7.5) for five minutes twice, then in 
ddH2O for three minutes, stained with a 1: 10,000 dilution of 
SYBR Gold in ddH2O, and finally mounted with a glass 
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cover slip for imaging. Images were taken at 1 Ox using a 
Zeiss AxioObserver A.I. At least 100 cells were quantified/ 
sample using the software OpenComet40. Data shown is the 
mean+s.e.m. of 4 biological repeats. 
[0230] 13. Mouse Experiments 
[0231] 5 million OVCAR5-V5 or OVCAR5-V5-CT45 
cells suspended in a 1:2 solution of serum-free media to 
growth-factor reduced matrigel were injected subcutane
ously into the right and left flanks respectively, of 8 week old 
female athymic nude mice. After 5 days, treatment was 
administered through the tail vein 1 time/week at 20 mg/kg. 
Sterile water served as the control treatment. Tumor growth 
was measured every 2-3 days using calipers until the tumor 
neared 1 cm3 and was measured daily. Once the tumor 
reached 1 cm3 the mouse was sacrificed. 4 mice were 
removed from the study early due to ulcerations of the skin. 
All experiments were approved by the Institutional Animal 
Care and Use Committee of the University of Chicago. 
[0232] 14. Statistical Analysis 
[0233] For analysis of clinicopathological data, compari
sons between groups were performed using chi-squared or 
Fisher's exact tests for categorical variables and Wilcoxon 
rank-sum tests for continuous variables. Overall survival 
and disease-free survival was compared between groups 
using the log-rank test. Disease-free survival can be the 
length of time after treatment for a cancer ends that the 
patient survives without any signs or symptoms of that 
cancer. In a clinical trial, measuring the disease-free survival 
is one way to see how well a new treatment works. Also 
called DFS, relapse-free survival, and RFS. The association 
between CT45 levels and days of chemoresistance was 
assessed using a Spearman rank correlation coefficient. 
Statistical analyses were performed using Stata Version 14 
(Stata Corp., College Station, Tex.). 
[0234] All other statistical analyses were performed using 
GraphPad Prism (GraphPad). Sample sizes were determined 
based on previous experience with the individual experiment 
except for animal studies where power calculations were 
used. With the exception of the tissue microarray analysis, 
no randomization or blinding was done for data acquisition 
or assessment of outcome. The mean and the standard error 
of the mean (s.e.m) indicating variance are reported for all 
graphs. For experiments making one comparison, data was 
analyzed using a two-tailed Mann Whitney U test to account 
for non-normal distribution of the data. For experiments 
with more than one comparison, One-Way ANOVA with 
Tukey's multiple comparisons post-test was used. Before 
applying ANOVA, the inventors first tested whether the 
variation was similar among the groups using the Bartlett's 
test. Where the standard deviations were significantly dif
ferent, a log 2 transformation was applied to the data before 
analysis. Differences were considered significant if p<0.05. 

Example 2: Proteomics Identifies Ct45 as a 
Mediator of Chemosensitivity and Immunotherapy 

Target in Ovarian Cancer 

[0235] Most high-grade serous ovarian cancer (HGSOC) 
patients will develop resistance to platinum-based chemo
therapy but a subset (15%) will remain disease-free for over 
a decade. To discover drivers of long-term survival follow
ing chemotherapy, the inventors analyzed the proteomes of 
25 platinum resistant and sensitive HGSOC patients to a 
depth of over 9,000 proteins. The inventors identified can
cer/testis antigen 45 (CT45) as an independent prognostic 

29 
May 16, 2019 

factor for prolonged disease-free survival. Immunopeptid
omics discovered several CT45 derived HLA class I pep
tides capable of activating patient-derived cytotoxic T cells. 
Interaction proteomics identified a direct interaction with 
members of the protein phosphatase 4 (PP4) complex link
ing CT45 to the DNA damage response. CT45 mediates 
chemosensitivity by impeding PP4-dependent KAP-1 
dephosphorylation following DNA damage leaving the het
erochromatin in an open conformation and making it sus
ceptible to carboplatin toxicity. Thus, CT45 is a novel 
regulator of chemosensitivity and is a potential target for 
immunotherapy. 

A. Identification of CT45 by Shotgun Proteomics 

[0236] The inventors performed quantitative proteomics 
on FFPE tumor samples isolated from 25 chemotherapy
naive patients with advanced stage HGSOC (FIG. l0A, 
14A, Table 3). Since patients with advanced stage disease 
generally have the worst prognosis, metastatic tumors from 
the omentum were selected for proteomic analysis. The 
inventors first assessed global proteomic differences 
between chemoresistant (N=ll, median DFS=190 days) and 
chemosensitive (N=14, median DFS=1160 days) patients in 
the cohort by adapting a recently described and highly 
sensitive label-free proteomic workflow capable of accu
rately quantifying a large portion of the cellular proteome. 
More than 9,000 proteins from low input archival samples 
were stringently identified and quantified in single-run mea
surements in the MaxQuant environment (1 % FDR at pro
tein and peptide levels; FIG. 14B). The dynamic range of 
protein signals spanned more than six orders of magnitude 
(FIG. 14C). Pearson R values between all specimens were 
consistently above 0.77 (mean 0.88) and the correlation was 
0.95 between independently prepared tissue of the same 
tumor (FIG. 14D). Based on the quantitative levels of8,190 
proteins after data filtering (Methods, FIG. 14B), the inven
tors observed few overall proteome changes across patients. 
However, the comparison of chemosensitive and 
chemoresistant patients identified cancer/testis antigen 45 
(CT45), as significantly higher expressed in chemosensitive 
patients (FDR<5%, FIG. l0B). Furthermore, CT45 protein 
levels strongly correlated with disease-free survival time 
(FIG. 15A). CT45 is comprised of 10 distinct but highly 
similar genes, which make them nearly identical at the 
protein level (amino acid identity >98%, FIG. 4). Immuno
histochemistry for CT45 confirmed the relative expression 
of CT45 in serial sections of the tumors used in the pro
teomic cohort and showed localization to the nucleus and in 
some cases to the nucleolus (FIG. l0C). 

TABLE 3 

Days to Overall 
Pa- Platinum platinum Disease survival Refrac-

tient Value resistance free days days Status tory 

2 Resistant -54 114 241 deceased y 
24 Sensitive 2584 2754 2903 deceased n 

8 Resistant 31 211 228 deceased n 
3 Resistant -22 114 1489 deceased y 

13 Sensitive 382 573 1479 deceased n 
18 Sensitive 971 1133 1716 deceased n 
25 Sensitive 3100 3229 3229 alive n 
14 Sensitive 440 580 1106 deceased n 
5 Resistant 18 161 363 deceased n 

20 Sensitive 1111 1296 3046 alive n 
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TABLE 3-continued 

Days to Overall 
Pa- Platinum platinum Disease survival Refrac-

tient Value resistance free days days Status tory 

21 Sensitive 1271 1498 1573 deceased n 
11 Resistant -37 391 567 deceased n 
23 Sensitive 2478 2603 2603 alive n 
16 Sensitive 462 663 1347 deceased n 

7 Resistant 20 210 345 deceased n 
17 Sensitive 864 1008 1528 deceased n 
4 Resistant 29 155 485 deceased n 

10 Resistant 104 366 922 deceased n 
12 Sensitive 366 552 973 deceased n 

6 Resistant 52 190 790 deceased n 
9 Resistant 134 335 1118 deceased n 

15 Sensitive 397 588 1078 deceased n 
22 Sensitive 1665 1804 1804 alive n 
19 Sensitive 1051 1188 1467 alive n 

1 Resistant 11 113 280 deceased y 

[0237] To validate the proteomic findings in a larger 
patient cohort, the inventors stained tissue microarrays 
(TMA) to analyze CT45 expression in over 200 cases of 
primary and metastatic ovarian cancer (FIG. 16A). CT45 
protein levels were assessed by a gynecologic pathologist 
blinded to patient outcomes. CT45 was only rarely 
expressed in cases of endometrioid, clear cell, or mucinous 
ovarian cancer subtypes compared to serous papillary-in 
line with a previous study of mRNA expression-and the 
protein was expressed at identical levels between primary 
and metastatic tumors from the same HGSOC patients. 
Consistent with the discovery cohort, CT45 expression 
correlated with chemosensitivity in 124 patients with 
advanced stage HGSOC (FIGO 2014 stage Mb or higher) 
(P=0.005, FIG. 16A). Furthermore, patients with high CT45 
expression (staining 1 +) had prolonged disease-free survival 
compared to patients with no expression of CT45 (P=0.02, 
363 days versus 153.5 disease free days; FIG. lOD) and 
there was a trend towards longer overall survival (P=0.09, 
FIG. 16B). Thus, CT45 expression is an independent prog
nostic indicator for advanced stage HGSOC. 

B. CT45 is a Native Tumor Antigen 

[0238] The role of CT45 as a tumor antigen has not been 
elucidated. To investigate whether CT45-specific peptides 
are bound and presented on human leukocyte antigen (HLA) 
class I complexes on cancer cell lines, the inventors used an 
approach coupling immunopeptidomics to mass spectrom
etry with a cell line (59M) expressing high endogenous 
levels of CT45 (FIG. 17A-B). Of 6,413 identified HLA-I 
peptides (FIG. 17C), five derived from CT45: AVDPETVFK 
(SEQ ID NO:1), GVQGPTAVR (SEQ ID NO:2), 
GVQGPTAVRK (SEQ ID NO:3), VQGPTAVRK (SEQ ID 
NO:4), QGPTAVRK (SEQ ID NO:5); all of which matched 
the binding motifs of the A-03:01 and A-11:01 HLA-I 
receptor (FIG. 17D-F). The identity of these peptides was 
further confirmed using synthetic versions and tandem mass 
spectrometry (FIG. 17G). In-silica HLA epitope prediction 
revealed weak and strong binding affinity of AVDPETVFK 
(SEQ ID NO:1) toA-03:01 or A-11:01, respectively, and low 
or no binding affinity for the remaining four peptides (FIG. 
llA). 
[0239] CT45 expression is regulated by DNAmethylation 
and patients treated with demethylating agents show an 
altered immune response that correlates with upregulation of 
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cancer/testis antigens as well as genes involved in immu
nomodulatory pathways. Treatment with 5-aza-2'-deoxycy
tidine (DAC) strongly activated CT45 expression in 
SKOV3ipl ovarian cancer cells (FIG. llB, FIG. 18A) along 
with the CT antigens NY-ESO-1, MAGEA4 and SSX2, in 
line with recent publications. Using the same immunopep
tidomics strategy, the inventors identified three additional, 
but sequence related CT45 peptides matching to the mea
sured peptide motifs (FIG. 12A) of the alleles A-03:01 
and/or A-6S:01 (FIG. llC, FIGS. 18B-D). 
[0240] To address if the identified epitopes function as 
targets for CDS+ T cells, patient derived A-11:01 CDS+ T 
cells collected from a CT45 positive tumor were stimulated 
with the two CT45 peptides with the best binding affinity 
predictions (AVDPETVFK-SEQ ID NO:1 and 
GVQGPTAVRK-SEQ ID NO:3). Both CT45 peptides, but 
not a control peptide, induced T cell activation as assessed 
by Ki67 and intracellular IFNy staining of CDS+ T cells 
(FIG. llD). Similar results were obtained using A-03:01 
CDS+ T cells using three peptides identified after DAC 
treatment (FIG. 18E). The A-11:01 CDS+ T cells reacted 
with one of two CT45 tetramers (A-11) containing the 
peptide, AVDPETVFK (SEQ ID NO:1), which had the 
highest predicted affinity for A-11 :01, while A-03:01 CDS+ 
T cells reacted with the tetramer (A-03) containing the 
GVQPTAVRK peptide (FIG. llE). Co-culture of the CT45+ 
59M cell line with peptide stimulated A-11 :01 CDS+ tumor
infiltrating lymphocytes (TIL) targeting two different CT45 
peptides lysed the cancer cells in a dose-dependent manner 
(FIG. llF). These data demonstrate that CT45 is an endog
enously processed and presented antigen recognized and 
targeted by patient-derived CDS+ T cells. 

C. CT45 is a Functional Mediator of Chemosensitivity 

[0241] In addition to DAC's ability to modulate the 
immune response, it also shows synergism with platinum 
agents in ovarian cancer therapy. DAC sensitized 
SKOV3ipl ovarian cancer cells to carboplatin (FIG. 19A) 
and intriguingly, proteomic analysis on DAC treated cells 
revealed that CT45 was among the top ten DAC induced 
proteins (FIG. llB). Overexpression ofCT45 in an ovarian 
cancer cell line reduced the number of colonies in a colony 
formation assay (FIG. 12A) but did not affect proliferation 
or the cell cycle (FIG. 19C-D). Addition of carboplatin 
reduced proliferation and colony formation in CT45 
expressing cells (FIG. 19C and FIG. 12A). Similar effects 
were observed in a second serous ovarian cancer cell line, 
OVKATE (FIG. 19B, E). Treatment with carboplatin sig
nificantly reduced growth ofCT45 expressing subcutaneous 
tumors in an immunodeficient mouse as compared to the 
untreated CT45+ tumors while having no effect on the vector 
control cell line (FIG. 12B). CT45 expression also signifi
cantly reduced overall tumor growth as compared to the 
vector control (FIG. 12B). This data reveals a functional liuk 
between CT45 expression and carboplatin chemosensitivity 
and highlights the potential tumor suppressive capacities of 
CT45 in ovarian cancer. 
[0242] To understand the mechanism of CT45-mediated 
chemosensitivity, the inventors mined a recent quantitative 
human interactome study published by the inventors' labo
ratory. Interestingly, it was found that CT45 interacts with 
several members of the evolutionarily conserved protein 
phosphatase 4 (PP4) complex. The PP4 interaction was 
confirmed in two ovarian cancer cell lines (OVCAR-5 and 
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COV318) expressing Flag or VS-tagged CT 45, respectively. 
The regulatory subunits PP4R3a, PP4R3~, and PP4R2 as 
well as the catalytic subunit, PP4C, of PP4 were all highly 
significantly enriched in CT45 immunoprecipitates (p<O. 
001; FIG. 12C-D, FIG. 19F) pointing to their specific and 
direct interaction with CT45. Since PP4 deficiency impedes 
the DNA damage response (DDR) and causes hypersensi
tivity to platinum compounds, the inventors next investi
gated if CT45 expression influenced the level of DNA 
damage in ovarian cancer cells following treatment with 
carboplatin. Indeed, CT45-expressing cancer cells showed 
increased levels of the DNA damage marker yH2AX and 
cleaved caspase-3 after carboplatin exposure (FIG. 12E). In 
addition, more DNA damage was present in CT45-express
ing cells as demonstrated by longer tail moments in a comet 
assay (FIG. 12F). 

D. CT45 Promotes Chromatin Relaxation Mediated by 
KAPl Phosphorylation 

[0243] PP4 plays an important role in the DNA damage 
response by dephosphorylating several critical proteins 
including 53BP125, yH2AX22,28, RPA223, and KAP-1/ 
TRIM2829,30. Using a candidate based approach the inven
tors found that carboplatin treatment induced phosphory
lation of KAP-1 at the ATM target site Ser82431. 
Phosphorylation was increased in CT45-expressing cells as 
compared to vector control cells following DNA damage 
(FIG. 13A). Consistent with these results, phosphorylated 
KAP-1 was pan-nuclear, peaking at day 3 following carbo
platin treatment in both cell lines (FIG. 13B). In CT45-
expressing cells p-KAP-1 peaked at a higher level and 
remained elevated on day 5 and day 7, while the p-KAP-1 
signal dissipated to baseline levels by day 7 in control cells. 
The inventors observed similar trends for yH2AX. KAP-1 is 
a building block ofheterochromatin important for chromatin 
condensation32 exerts it's function on chromatin and to 
understand whether CT45 is also associated with chromatin, 
the inventors analyzed both ectopically (OVCAR5-CT45) 
and endogenously (59M) CT45 expressing cells using a 
biochemical chromatin segregation assay. CT45 was 
strongly chromatin-enriched and associated with nuclease 
resistant heterochromatin, similar to its PP4 interaction 
partners, as well as the known heterochromatin linked 
proteins HDAC2 and KAP-1 (FIG. 13C and FIG. 20A). One 
possibility for how CT45 may inhibit KAP-1 dephosphory
lation is by altering KAP-1 retention on the chromatin, but 
the inventors did not find that either CT45 or carboplatin 
altered the chromatin enrichment of KAP-1 or PP4 (FIG. 
20B). 
[0244] Furthermore, chromatin-immunoprecipitation 
coupled to mass spectrometry (ChIP-MS) confirmed an 
association of CT45 with heterochromatin as indicated by 
the co-enrichment of KAPl and HDAC2 in addition to the 
PP4 complex (FIG. 13D). Pathway analysis of the CT45 
interactome revealed a strong enrichment of heterochro
matic and DDR linked proteins (FIG. 13E). Reciprocal 
ChIP-MS using KAP-1 as a bait showed a clear enrichment 
of CT45, independently confirming its association with 
chromatin (FIG. 20D-E). The interaction of CT45 with 
heterochromatin-associated PP4 was not affected by carbo
platin (FIG. 20C). 
[0245] Since KAP-1 phosphorylation at 5824 induces 
global chromatin decondensation following DNA damage, 
the inventors next asked if the KAP-1 Ser-824 phosphory-
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lation differences caused changes in chromatin structure. 
Following carboplatin treatment, cells expressing CT45 had 
larger nuclei on day 5 suggesting an increased level of 
relaxed chromatin (FIG. 13F). Structural chromatin changes 
were interrogated using a micrococcal nuclease (MNase) 
assay at several time points following carboplatin exposure. 
After five days, carboplatin treatment induced global chro
matin relaxation in both vector control and the CT45 over
expressing cell line. Strikingly, CT45 induced a higher 
proportion of nuclease-accessible chromatin compared to 
vector control cells (FIG. 13G-H) indicating that the chro
matin is more accessible to platinum-induced chromatin 
damage. Furthermore, whereas the control cells completely 
restored chromatin compaction at day 7, chromatin in CT45 
expressing cells remained in a relaxed conformation sug
gesting that CT45 impedes the KAP-1 mediated restoration 
of chromatin compaction through its binding to PP4 during 
recovery from DNA damage (FIG. 131). 

[0246] Mutational load correlates with clinical response to 
CTLA-4 blockade in melanoma and to PD-1 inhibition in 
colorectal cancers with mismatch-repair deficiencies. There
fore, most immunotherapy approaches have focused on 
cancers with a high mutational load and the presence of 
mutant antigens. Notably, ovarian cancer patients treated 
with immune checkpoint inhibitors have not experienced the 
impressive response rates evident in some other cancers. 
This has been attributed to the low mutational burden 
present in ovarian tumors which are characterized by copy 
number alterations. In the discovery cohort several patients 
showed long term survival following treatment with surgery 
and chemotherapy. Two of these patients are positive for the 
HLAclass I allelesA-03:01 or A-11:01 which bind the CT45 
derived peptides the inventors discovered using immuno
peptidomics (FIG. 11). It was hypothesized that CT45 may 
serve as a non-mutant tumor rejection antigen that provides 
long-term protection to patients through activation of cyto
toxic T cells which inhibit cancer growth. Based on these 
studies, one could envision a treatment approach where 
CT45 expression is activated on tumor cells (e.g. by DAC) 
and targeted by T cells engineered to recognize the CT45 
peptide:HLA-I complex. 

[0247] Using interaction proteomics, it found that CT45 
directly interacts with the evolutionarily conserved protein 
phosphatase 4 complex, mediating sensitivity to the DNA 
damaging agent carboplatin by impeding dephosphorylation 
of KAP-1. Phosphorylated KAP-1 provides a global signal 
to transiently relax chromatin in order for DNA damage 
repair to occur. The data provided in this application indi
cates that CT45 prevents chromatin associated PP4 from 
dephosphorylating KAP-1 and thereby suspends chromatin 
in a relaxed state (FIG. 131). Over time this leads to would 
lead to further accumulation of platinum induced DNA 
damage as more of the chromatin is exposed and ultimately 
result in cell death. 

[0248] Overall, this data suggest a model (FIG. 131) 
whereby CT45 functions as both a cell intrinsic mediator of 
chemosensitivity by impeding KAP-1 mediated chromatin 
condensation during recovery from DNA damage and as an 
antigen for CDS+ T cells. Both these findings may be 
clinically relevant. It is proposed that CT45 expression 
could be activated in tumors lacking CT45 by treating with 
demethylating agents to improve efficacy of chemotherapy 
both during first line therapy and with recurrent disease. 
Furthermore, immunotherapy targeting CT45 either alone or 
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in combination with platinum-based chemotherapy could be 
an effective strategy for the treatment of advanced stage 
ovanan cancer. 

E. Methods 

[0249] 1. Cell Lines and Reagents 

[0250] SKOV3ipl (from Dr. Gordon Mills, M.D. Ander
son Cancer Center, Houston, Tex.), OVCAR5 (UCSF) and 
COV318 (from Dr. Gottfried Koneczny, UCLA) were cul
tured in DMEM, 10% FBS. 59M (ECACC) was cultured in 
DMEM, 10% FBS supplemented with 10 µg/ml bovine 
insulin (Sigma, Mo.). OVKATE (from Dr. Gottfried Konec
zny, UCLA) were cultured in RPMI-1640, 10% FBS. All 
cell lines were tested for mycoplasma and authenticated 
using a commercial service (CellCheck, IDEXX Biore
search). Growth factor reduced Matrigel was from BD 
Biosciences (Rockville, Md.). pLX304 was a gift from Dr. 
David Root (Addgene plasmid #25890). pLX304-CT45A5 
was acquired from DNASU Plasmid Repository ( clone 
HsCD00446210). 3xFLAG-CT45Al was synthesized (Eu
rofins) and cloned into pcDNA3.1 (Invitrogen). The 
Ki-CT45-2 antibody (used for WB and IMF) was a kind gift 
of Hans-Jurgen Heidebrecht. W6/32 monoclonal antibodies 
were purified from the growth medium of HB95 cells that 
were grown in CELLine CL-350 flask (Wilson Wolf Manu
facturing Corporation, Minnesota) using Protein-A Sephar
ose (Invitrogen, Calif.). Antibodies acquired from Cell Sig
naling Technology were: yH2AX (9718, rabbit), Cleaved 
Caspase-3 (9661), anti-rabbit IgG-HRP (#7074), and anti
mouse IgG-HRP (#7076), normal rabbit IgG (#2729). Anti
bodies acquired from Bethyl laboratories were: PP4C 
(A300-835A), PP4R3~ (A300-842A), KAP! (A300-274A), 
pS824-KAP1 (A300-767A). Other antibodies used were: 
actin (Sigma, #A5441), anti-CT45A antibody (Sigma, 
SAB1301842), yH2AX (mouse, Thermo Scientific, #MAl-
2022), and V5 (Life Technologies, #MA5-15253), PP4R2 
(Atlas antibodies, HPA034695), PP4R3a (Atlas antibodies, 
HPA002568). HLA-I types of cell lines were determined 
using high-resolution genotyping (Center for Human Genet
ics and Laboratory Medicine, Martinsried). 

[0251] 2. FFPE Tissue Preparation for MS Analysis 

[0252] Tumors were collected from patients undergoing 
primary debulking surgery by a gynecologic oncologist at 
the University of Chicago Hospital, Department of Obstet
rics and Gynecology, Section of Gynecologic Oncology. 
Informed consent was obtained before surgery and the study 
was approved by the IRB of the University of Chicago. 
FFPE biobank specimens (5 serial sections, 10 uM thick) 
were first deparaflinized as previously describe. Areas con
taining 70% or more tumor were macrodissected from the 
slide using a scalpel blade. Lysis was then carried out in 4% 
SDS, 10 mM Hepes pH 8.0 at 99° C. for 60 min and by 15 
min sonication (level 5, Bioruptor, Diagenode). Proteins in 
the cleared lysate (16,000 g, 10 min) were reduced with 10 
mM DTT for 30 min and alkylated with 55 mM iodoacet
amide for an additional 30 min. 100 ug of proteins were 
purified from SDS by acetone precipitation and the protein 
pellet resolved in 100 µl 6 M urea/2 M thiourea (in 10 mM 
Hepes pH 8.0). LysC digestion was carried out with 1 µg of 
LysC for 3 h at room temperature. After adding 4 volumes 
of 50 mM ammonium bicarbonate buffer, 1 µg trypsin was 
added for tryptic digestion overnight. The next day, diges
tion was stopped by adding 1 % TFA. Peptides were finally 
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desalted on C18 StageTips and kept at -20° C. until MS 
analysis. The majority of samples were injected twice for 
MS analysis. 
[0253] 3. Liquid Chromatography (LC)-MS Analysis of 
FFPE Samples 
[0254] For LC-MS analysis, a Q Exactive (Thermo Fisher 
Scientific) mass spectrometer was used coupled on-line to an 
EASY-nLC 1000 HPLC system (Thermo Fisher Scientific). 
Desalted peptides were separated on in-house packed C18 

columns (75 µm inner diameter, 50 cm length, 1.9 µm 
particles, Dr. Maisch GmbH, Germany) in a 250-min gra
dient from 2% to 60% in buffer B (80% acetonitrile, 0.5% 
formic acid) at 200 nl/min. Mass spectra were acquired in 
data-dependent mode. Briefly, each survey scan (range 300 
to 1,650 rn/z, resolution of 70,000 at rn/z 200, maximum 
injection time 20 ms, ion target value of 3E6) was followed 
by high-energy collisional dissociation based fragmentation 
(HCD) of the 5 most abundant isotope patterns with a charge 
2:2 (normalized collision energy of 25, an isolation window 
of 2.2 rn/z, resolution of 17,500, maximum injection time 
120 ms, ion target value of 1E5). Dynamic exclusion of 
sequenced peptides was set to 45 s. All data was acquired 
using Xcalibur software (Thermo Scientific). 
[0255] 4. Data Analysis of Proteomic Raw Files 
[0256] MS raw files were processed with the MaxQuant 
software (version 1.5.3.15). The integrated Andromeda 
search engine was used for peptide and protein identification 
at an FDR ofless than 1 %. The human UniProtKB database 
(August 2015) was used as forward database and the auto
matically generated reverse database for the decoy search. 
'Trypsin' was set as the enzyme specificity. A minimum 
number of 7 amino acids may be required for the peptide 
identification process. Proteins that could not be discrimi
nated by unique peptides were assigned to the same protein 
group. Label-free protein quantification was performed 
using the MaxLFQ algorithm (MaxQuant environment). 
Briefly, quantification was based on extracted high-resolu
tion 3D peptide features in mass-to-charge, retention time 
and intensity space. Only common peptides were used for 
pair-wise ratio calculations. Protein ratios were then deter
mined based on median peptide ratios. The inventors 
required a minimum peptide ratio count of 1 to report a 
quantitative read-out and averaged the results from duplicate 
measurements of the same sample. The 'Match Between 
Runs' feature of MaxQuant was enabled to transfer peptide 
identifications across runs based on high mass accuracy and 
normalized retention times. Prior to data analysis, proteins, 
which were found as reverse hits or only identified by 
site-modification, were filtered out. 
[0257] 5. Tissue Microarray 
[0258] Tissue microarrays (TMAs) were deparaflinized 
and rehydrated through xylenes and serial dilutions ofEtOH 
to deionized water. They were incubated in antigen retrieval 
buffer (Tris-EDTA, pH 9, S2367, DAKO) and heated in 
steamer at over 97° C. for 20 minutes. Tissue sections were 
incubated in a humidity chamber with CT45A antibody 
(1:200, Sigma, SAB1301842) for 1 hat room temperature. 
The antigen-antibody binding was detected by Bond Poly
mer Refine Detection (DS9800, Leica Microsystems). Tis
sue sections were briefly immersed in hematoxylin for 
counterstaining and were covered with cover glasses. The 
stained TMAs were scored by an expert pathologist on a 
scale from 0-3. Data acquisition and analysis were blinded. 
Tumors were collected from patients undergoing primary 
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debulking surgery by a gynecologic oncologist at the Uni
versity of Chicago Hospital, Department of Obstetrics and 
Gynecology, Section of Gynecologic Oncology. Informed 
consent was obtained before surgery and the study was 
approved by the IRB of the University of Chicago. 
[0259] 6. HLA-I Peptidomics 
[0260] SKOV3ipl cells were treated with 500 nM 5-aza-
2'-deoxycytidine (DAC) (Sigma, Mo.) for 3 days with DAC 
refreshed every 24 hours. After treatment cells were cultured 
an additional 4 days without DAC and collected for HLA-I 
purification at day 7. 59M cells were cultured under normal 
conditions prior to collection. HLA peptide purification, 
mass spectrometric analysis and data analysis were per
formed as previously described. The inventors used the 
GibbsCluster-1.0 Server tool to perform Gibbs clustering 
analysis of all identified 9-mer HLA-I peptides as input 
using the default settings for 1-6 clusters. The inventors 
compared the resulting motifs to the known and predicted 
motifs of the HLA-I alleles using the MHC motif viewer. 
Binding motifs were plotted using the Seq2Logo tool. The 
NetMHC 4.0 algorithm was used to model binding affinity 
of the identified peptides using default affinity thresholds for 
peptide binding (% rank 0.5 for strong binders and 2 for 
weak binders). 
[0261] 7. T Cell Peptide Stimulation 
[0262] Tumors and ascites were collected from ovarian 
cancer patients undergoing primary debulking surgery at the 
University of Chicago. TILs were thawed and resuspended 
in RPMI, 10% FCS (or human serum). Cells were adjusted 
to 2xl06/ml in 24-well plates and cultured for 7-10 days in 
the presence or absence of 1 µg/ml peptide. After 3 days, 6 
IU/ml of rhIL-2 was added to the culture. Flow cytometric 
analysis of cultured cells was performed. 
[0263] Intracellular Cytokine Staining: 
[0264] In vitro expanded TILs were restimulated at the 
end of culture with the relevant peptide (100 ng/ml) in the 
presence of Brefeldin A (BD Biosciences) for about 5-6 
hours at 37° C. in a 5% CO2 incubator. The cells were 
washed once with FACS buffer and stained with surface 
makers (anti-CD3, -CDS, live/dead stain) for 30 min on ice. 
Then the cells were fixed and permeabilization with the 
Cytofix/Cytoperm kit (BD Biosciences), and stained for 
cytokines using either anti-IFN-y antibody. After washing, 
the cells were analyzed on a flow cytometer. 
[0265] Tetramer Staining: 
[0266] In vitro expanded TILs were stained with PE
labeled MHC Class I tetramers along with surface staining 
antibodies (anti-CD3, -CDS, live/dead stain) for 1 hour on 
ice. MHC class-I tetramers carrying CT45 antigen 
(GVQGPTAVRK (SEQ ID NO:3) AVDPETVFK (SEQ ID 
NO:1)) or HIV peptides (RLRPGGKKK (SEQ ID NO:34) 
or QVPLRPMTYK (SEQ ID NO:35)) were used. After 
washing, the cells were analyzed on a flow cytometer. 
[0267] 51Cr Release Assays: 
[0268] 59M or SKOV3ipl tumor cell lines (target cells) 
were labeled with 100 µCi 51Cr at 37° C. for 1 hour. Target 
cells were than washed three times in PBS, resuspended in 
culture medium at lxl05 viable cells/ml and 100 µl was 
added per well of a 96-well U-bottom plate. In vitro 
expanded TILs (effector cells) were washed twice in culture 
medium and added to targets at the given ratios. Plates were 
shortly centrifuged to settle cells, and incubated at 37° C. in 
a 5% CO2 incubator for 5 hours after which time the 
supematants were harvested, transferred to small tubes and 
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counted using a Liquid Scintillation Counter. Spontaneous 
51 Cr release was evaluated in target cells incubated with 
medium alone. Maximal 51Cr release was measured in target 
cells incubated with zap solution at a final concentration of 
1% (v/v). Percent specific lysis was calculated as (experi
mental-spontaneous lysis/maximal-spontaneous lysis) 
times 100. 
[0269] 8. Clonogenic Survival Assay 
[0270] Cells were treated with different carboplatin con
centrations for 48-72 hours. 2000 cells per 6-well were then 
plated for 7-9 days in drug-free medium. Grown colonies 
were fixed and stained with 1 % formaldehyde, 1 % methanol 
and 0.05% Crystal Violet for 20 min. Colony numbers were 
then counted with the Colony Area ImageJ plugin and plot
ted as percent of control on a logarithmic scale. 
[0271] 9. Western Blot Analysis 
[0272] Cells were treated with indicated drugs for 3 days 
and then media was changed. On indicated day of collection, 
both adherent and non-adherent cells were collected in RIPA 
buffer (25 mM Tris-HCl pH 7 .6, 150 mM NaCl, 1 % NP-40, 
0.5% sodium deoxycholate, 0.1 % SDS) supplemented with 
protease inhibitor cocktail (Thermo Scientific) and phos
phatase inhibitor cocktail (Sigma). Lysates were incubated 
for 30 min on ice, sonicated and cleared by centrifugation 
(15 min, 14 000 rpm, 4° C.). The quantity of protein was 
determined by BCA reagent (Pierce). The extracts were 
analyzed by SDS-PAGE on a 4-20% gradient gel (Bio-Rad). 
[0273] 10. Comet Assay 
[0274] Cells were treated with carboplatin for 3 days and 
then incubated an additional 2 days without drug. The comet 
assay was performed on day 5 as previously described. 
Briefly, 2.5e4 cells/condition were resuspended in 70 uL 
0.5% low melting point agarose (LMPA) at 37 C and plated 
on a glass slide precoated with 1 % agarose in PBS. Samples 
were allowed to solidify at 4 C for 20 minutes with a square 
cover glass. The cover class was gently removed and a 
second 70 uL layer of 0.5% LMPA was applied and again 
allowed to solidify. The cover glass was removed and the 
slides immersed in Comet Lysis solution (2.5M NaCl, 100 
mM EDTA, 10 mM Tris, 0.015% Triton X-100, pH 10) for 
one hour at 4 C and from this point forward protected from 
light. After lysis, the slides were equilibrated for 20 minutes 
in Comet Electrophoresis Buffer (0.3N Na OH, 1 mM EDTA, 
pH 10) at 4 C, and then run at 25V for 20 minutes. Then they 
were incubated at room temp in Comet Neutralization Buffer 
(0.4M Tris, pH 7.5) for five minutes twice, then in ddH2O 
for three minutes, stained with a 1: 10,000 dilution of SYBR 
Gold in ddH2O, and finally mounted with a glass cover slip 
for imaging. Images were taken at 1 Ox using a Zeiss 
AxioObserver A.1. At least 100 cells were quantified/sample 
using the software OpenComet. Data shown is the mean±s. 
e.m. of 4 biological repeats. 
[0275] 11. Mouse Experiments 
[0276] Five million OVCAR5-V5 or OVCAR5-V5-CT45 
cells suspended in a 1:2 solution of serum-free media to 
growth-factor reduced matrigel were injected subcutane
ously into the right and left flanks respectively, of 8 weeks 
old female athymic nude mice. After 5 days, treatment was 
administered through the tail vein 1 time/week at 20 mg/kg. 
Sterile water served as the control treatment. Tumor growth 
was measured every 2-3 days using calipers until the tumor 
neared 1 cm3 and was measured daily. Once the tumor 
reached 1 cm3 the mouse was sacrificed. 4 mice were 
removed from the study early due to ulcerations of the skin. 
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All experiments were approved by the Institutional Animal 
Care and Use Committee of the University of Chicago. 
[0277] 12. Affinity Purification and Mass Spectrometry 
[0278] Affinity purification coupled to mass spectrometry 
(AP-MS) was performed as previously described. For 
immunoprecipitation of cell lines ectopically expressing 
N-terminally tagged CT45Al (3xFLAG tag) or C-termi
nally tagged CT45A5 (VS tag), 30 ul of ANTI-FLAG M2 
Affinity Gel (Sigma) or ANTI-VS Affinity Gel (Sigma, 
CLONE V5-10), respectively, was used and incubated with 
1 mg of total lysate overnight at 4° C. For C-terminally 
tagged CT45A5 (V5 tag), 30 ul of Anti-VS AgaroseAffinity 
Gel (Sigma) was used. 

Chromatin Experiments 

[0279] For chromatin immunoprec1p1tation coupled to 
mass spectrometry (ChIP-MS), freshly harvested cells were 
crosslinked with 1 % formaldehyde for 10 min in PBS. Cells 
were lysed in IP Buffer (50 mM Tris-HCI (pH 8), 100 mM 
NaCl, 5 mM EDTA (pH 8), 0.3% SDS, 1.7% Triton-X-100, 
supplemented with EDTA-free protease inhibitor cocktail 
(Roche) and phosphatase inhibitor cocktail (Roche)) and 
chromatin sonicated to an average size of 200-400 bp. 1 mg 
of total cell lysate was incubated with 3 µg of respective 
antibody overnight at 4 ° C. under constant rotation. The next 
day, 30 µI of protein G-coupled agarose beads (Cell signal
ing technology) were added and incubated for 3 hat 4° C. 
under constant rotation. Antibody-bait complexes were then 
washed three times with low salt wash buffer (50 mM 
HEPES pH 7.5, 140 mM NaCl, 1 % Triton), once with high 
salt wash buffer (50 mM HEPES pH 7 .5, 500 mM NaCl, 1 % 
Triton) and twice with TBS. Elution was carried out by a 
partial on-bead digest as recently described. Peptides were 
finally desalted with C18 StageTips prior to MS analysis. 
[0280] Chromatin fractionation was performed as 
described previously. Soluble proteins and proteins bound to 
open or compacted chromatin were separated by stepwise 
increasing the salt and nuclease (MNase) treatment. 1E7 
cells were washed with PBS and 1 ml low salt buffer 
(LSB:10 mM HEPES [pH 7.4], 25 mM KC!, 10 mM NaCl, 
1 mM MgCl2, 0.1 mM EDTA). Pelleted cells were then 
resuspended in six times the packed cell volume (PCV) of 
LSB supplemented with protease and phosphatase inhibitor 
cocktail (Roche). After snap freezing in liquid nitrogen, 
samples were quickly thawed and immediately centrifuged 
(10 min at 10,000 rpm). The pellet was resuspended in a 
volume of high-salt buffer (HSB: 50 mM Tris-HCI [pH 8.0], 
5% [ v/v] glycerol, 1 mM EDTA, 10 mM MgCl2, 400 mM 
KC!, supplemented with protease and phosphatase inhibitor 
cocktail), equal to 0.25 V of LSB. After centrifugation at 
10,000 rpm (supernatant=nucleoplasmic fraction), the pellet 
was resuspended in a volume nuclease buffer containing 10 
U/ml MNase (NEB) and incubated at 37° C. for 10 min and 
centrifuged for 5 min at 10,000 rpm (supernatant=chromatin 
fraction 1 ). The pellet was then resuspended in the same 
volume of nuclease buffer containing 100 U/ml MNase and 
incubated another 45 min at 37° C. before an equal V of 
solubilization buffer (nuclease buffer+2% [v/v] NP-40, 2% 
[v/v] Triton X-100, 600 mM NaCl) was added. After brief 
vortexing, samples were centrifuged (5 min, 10,000 rpm) 
and the supernatant collected ( chromatin fraction 2). Finally, 
the pellet was resuspended in a volume of solubilization 
buffer and an equal V of denaturing buffer (50 mM Tris [pH 
6.8], 1 % [v/v] SDS, 100 mM DTT, 10% glycerol), briefly 
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sonicated, boiled for 5 min, and centrifuged for 5 min at 
10,000 rpm (supernatant=chromatin fraction 3). 
[0281] Chromatin relaxation was assayed using the micro
coccal nuclease (MNase) assay as previously described, 
with a few modifications. Briefly, nuclei from 1E6 cells were 
extracted with 300 µI ice-cold lysis buffer (10 mM Tris-HCI 
(pH 7.5), 10 mM NaCl, 3 mM MgCl2 and 0.4% IGPAL
CA-630) on ice for 5 min. After centrifugation (2,000 g for 
5 min at 4 ° C. ), nuclei were washed two times in lysis buffer 
and one time in 500 µI digestion buffer (0.32M sucrose, 50 
mM Tris-HCI (pH7.5), 4 mM MgCl2, 1 mM CaCl2). Nuclei 
were then digested in digestion buffer with 50 gel units 
MNase (NEB) for 9 min at 27° C. in a final volume of 100 
µI. The reaction was stopped by adding a final concentration 
of 1 % SDS and 15 mM EGTA. Genomic DNA was purified 
and separated by gel electrophoresis (1.2% agarose). 
[0282] 13. Immunofluorescence 
[0283] Cells were treated with O or 5 µM carboplatin on 
glass chamber slides. After 72 hr, media was changed. At 
designated timepoints, slides were fixed for 10 min at room 
temperature with 4% paraformaldehyde, cells were washed 
and permeabilized with PBS/0.1 % Triton-X for 15 min and 
then blocked for 1 hr in blocking buffer (PBS/0.1 % Triton
X/0.05% BSA/0.05% goat serum). Cells were washed three 
times and then were then incubated with primary antibody 
overnight diluted in blocking buffer at 4 ° C. Following three 
washes, cells were incubated with secondary antibody (di
luted in blocking buffer) for 1 hr at room temperature and 
then with Hoechst 33342 for 2 min. Slides were mounted 
with ProLong Gold Antifade. Slides were imaged using a 
Zeiss LSM 510 microscope. Image analysis was performed 
using CellProfiler. A minimum of 100 cells/sample were 
analyzed. Data shown is the mean±s.e.m. of 4-5 biological 
repeats. 
[0284] 14. Statistical Analysis 
[0285] All statistical and bioinformatics analyses were 
done using the freely available software Perseus (MaxQuant 
environment), R framework, Stata Version 14 (Stata Corp., 
College Station, Tex.) or GraphPad Prism (GraphPad). For 
pairwise proteomic comparisons, the inventors used a 
2-sided t-test statistic including a permutation-based false 
discovery rate (FDR) of 1% (5% for FIG. lb after filtering 
for at least 10 out of 25 valid values) and an s0 value of 2. 
Missing values were imputed based on a normal distribution 
(width=0.15; downshift=l.8). For analysis of clinicopatho
logical data, comparisons between groups were performed 
using chi-squared or Fisher's exact tests for categorical 
variables and Wilcoxon rank-sum tests for continuous vari
ables. Overall survival and disease-free survival was com
pared between groups using the log-rank test. The associa
tion between CT45 levels and disease-free days was 
assessed using Pearson correlation. Pathway enrichment 
analysis (FIG. 4e) was performed based on a Fisher exact 
test with a Benjamini-Hochberg FDR cutoff of0.02. GOBP, 
CORUM and Uniprot Keyword annotations were used for 
the analysis. 
[0286] Sample sizes were determined based on previous 
experience with the individual experiment except for animal 
studies where power calculations were used. With the excep
tion of the tissue microarray analysis, no randomization or 
blinding was done for data acquisition or assessment of 
outcome. The mean and the standard error of the mean 
(s.e.m) indicating variance are reported for all graphs. For 
experiments making one comparison, data was analyzed 
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using a two-tailed Mann Whitney U test to account for 
non-normal distribution of the data. For experiments with 
more than one comparison, One-Way ANO VA with Tukey' s 
multiple comparisons post-test was used. Before applying 
ANOVA, we first tested whether the variation was similar 
among the groups using the Bartlett's test. Where the 
standard deviations were significantly different, a log2 trans
formation was applied to the data before analysis. Differ
ences were considered significant if p<0.05. 

[0287] Although certain embodiments have been 
described above with a certain degree of particularity, or 
with reference to one or more individual embodiments, 
those skilled in the art could make numerous alterations to 
the disclosed embodiments without departing from the scope 
of this invention. Further, where appropriate, aspects of any 
of the examples described above may be combined with 
aspects of any of the other examples described to form 
further examples having comparable or different properties 
and addressing the same or different problems. Similarly, it 
will be understood that the benefits and advantages 
described above may relate to one embodiment or may relate 
to several embodiments. Any reference to a patent publica
tion or other publication is a herein a specific incorporation 
by reference of the disclosure of that publication. The claims 
are not to be interpreted as including means-plus- or step
plus-function limitations, unless such a limitation is explic
itly recited in a given claim using the phrase(s) "means for" 
or "step for," respectively. 
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<160> NUMBER OF SEQ ID NOS, 39 

<210> SEQ ID NO 1 
<211> LENGTH, 9 
<212> TYPE, PRT 

SEQUENCE LISTING 

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

<400> SEQUENCE, 1 

Ala Val Asp Pro Glu Thr Val Phe Lys 
1 5 

<210> SEQ ID NO 2 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 2 

Gly Val Gln Gly Pro Thr Ala Val Arg 
1 5 

<210> SEQ ID NO 3 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 3 

Gly Val Gln Gly Pro Thr Ala Val Arg Lys 
1 5 10 
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<210> SEQ ID NO 4 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 4 

Val Gln Gly Pro Thr Ala Val Arg Lys 
1 5 

<210> SEQ ID NO 5 
<211> LENGTH, 8 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 5 

Gln Gly Pro Thr Ala Val Arg Lys 
1 5 

<210> SEQ ID NO 6 
<211> LENGTH, 7 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 6 

Gln Gly Pro Thr Ala Val Arg 
1 5 

<210> SEQ ID NO 7 
<211> LENGTH, 189 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 7 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Gly Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Arg Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 

Lys Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys Ile 
130 135 140 
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Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 

<210> SEQ ID NO 8 
<211> LENGTH, 189 
<212> TYPE, PRT 

185 

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

<400> SEQUENCE, 8 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Gly Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Arg Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 

Lys Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys Ile 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 

<210> SEQ ID NO 9 
<211> LENGTH, 189 
<212> TYPE, PRT 

185 

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

<400> SEQUENCE, 9 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
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50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Gly Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Arg Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 

Lys Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys Ile 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 185 

<210> SEQ ID NO 10 
<211> LENGTH, 189 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 10 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Arg Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 

Lys Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys Ile 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 

<210> SEQ ID NO 11 
<211> LENGTH, 189 
<212> TYPE, PRT 

185 
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<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 11 

40 

-continued 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Ala Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Arg Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 

Lys Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys Ile 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 185 

<210> SEQ ID NO 12 
<211> LENGTH, 189 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 12 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Ala Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Gln Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 
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Lys Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys 
145 150 155 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 185 

<210> SEQ ID NO 13 
<211> LENGTH, 189 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 13 

Ile 

Arg 
160 

Asp 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Phe Ser Pro Lys Ser Gln Gln Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 

Gln Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys Ile 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 185 

<210> SEQ ID NO 14 
<211> LENGTH, 189 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 14 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

May 16, 2019 



US 2019/0144516 Al 
42 

-continued 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Phe Ser Pro Lys Ser Gln Gln Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 

Gln Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys Ile 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 185 

<210> SEQ ID NO 15 
<211> LENGTH, 189 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 15 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Phe Ser Pro Lys Ser Gln Gln Glu Ile Asn Ala Asp Ile Lys Arg 
115 120 125 

Gln Leu Val Lys Glu Leu Arg Cys Val Gly Gln Lys Tyr Glu Lys Ile 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 185 

<210> SEQ ID NO 16 

May 16, 2019 



US 2019/0144516 Al 

<211> LENGTH, 189 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 16 

43 

-continued 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Gly Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Asn Phe Ser Gly Asp Asp Leu Glu Cys Arg Gly Ile 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Gln Glu Ile Asn Ala Asp Ile Lys Cys 
115 120 125 

Gln Val Val Lys Glu Ile Arg Cys Leu Gly Arg Lys Tyr Glu Lys Ile 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
145 150 155 160 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg Asp 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 185 

<210> SEQ ID NO 17 
<211> LENGTH, 189 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (55) .. (55) 
<223> OTHER INFORMATION, Xaa is Ala or Glu 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (83) .. (83) 
<223> OTHER INFORMATION, Xaa is Gly or Arg 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (101) .. (101) 
<223> OTHER INFORMATION, Xaa is Ser or Asn 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (111) .. (111) 
<223> OTHER INFORMATION, Xaa is Gly or Glu 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (112) .. (112) 
<223> OTHER INFORMATION, Xaa is Iso or Thr 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (114) .. (114) 
<223> OTHER INFORMATION, Xaa is Ser or Phe 
<220> FEATURE, 
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<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (120) .. (120) 
<223> OTHER INFORMATION, Xaa is Gln or Arg 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (128) .. (128) 
<223> OTHER INFORMATION, Xaa is Arg or Cys 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (129) .. (129) 
<223> OTHER INFORMATION, Xaa is Lys or Gln 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (130) .. (130) 
<223> OTHER INFORMATION, Xaa is Leu or Val 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (134) .. (134) 
<223> OTHER INFORMATION, Xaa is Iso or Leu 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (137) .. (137) 
<223> OTHER INFORMATION, Xaa is Leu or Val 
<220> FEATURE, 
<221> NAME/KEY, MISC_FEATURE 
<222> LOCATION, (139) .. (139) 
<223> OTHER INFORMATION, Xaa is Arg or Gln 

<400> SEQUENCE, 17 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Xaa Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Xaa Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Xaa Phe Ser Gly Asp Asp Leu Glu Cys Arg Xaa Xaa 
100 105 110 

Ala Xaa Ser Pro Lys Ser Gln Xaa Glu Ile Asn Ala Asp Ile Lys Xaa 
115 120 125 

Xaa Xaa Val Lys Glu Xaa Arg Cys Xaa Gly Xaa Lys Tyr Glu Lys 
130 135 140 

Phe Glu Met Leu Glu Gly Val Gln Gly Pro Thr Ala Val Arg Lys 
145 150 155 

Phe Phe Glu Ser Ile Ile Lys Glu Ala Ala Arg Cys Met Arg Arg 
165 170 175 

Phe Val Lys His Leu Lys Lys Lys Leu Lys Arg Met Ile 
180 

<210> SEQ ID NO 18 
<211> LENGTH, 119 
<212> TYPE, PRT 

185 

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

<400> SEQUENCE, 18 

Ile 

Arg 
160 

Asp 

May 16, 2019 



US 2019/0144516 Al 
45 

-continued 

Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe Lys 
1 5 10 15 

Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg Met 
20 25 30 

Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala Gly 
35 40 45 

Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile Pro 
50 55 60 

Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 

Asp Gly Met Met Gln Lys Pro Gly Ser 
85 

Val Thr Ser Ser Phe Ser Gly Asp 
100 

Ser Ser Pro Lys Ser Gln Arg 
115 

<210> SEQ ID NO 19 
<211> LENGTH, 120 
<212> TYPE, PRT 

Asp 
105 

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

75 

Asn Ala Pro Val Gly 
90 

Leu Glu Cys Arg Glu 
110 

<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 19 

Gly 
95 

Thr 

Lys 
80 

Asn 

Ala 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Gly Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Arg 
115 120 

<210> SEQ ID NO 20 
<211> LENGTH, 120 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 20 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 
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Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe 
65 70 

Lys Asp Gly Met Met Gln Lys Pro Gly 
85 

Asn Val Thr Ser Ser Phe Ser Gly 
100 

Ala Ser Ser Pro Lys Ser Gln Arg 
115 120 

<210> SEQ ID NO 21 
<211> LENGTH, 120 
<212> TYPE, PRT 

Asp 
105 

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

75 

Ser Asn Ala Pro Val 
90 

Asp Leu Glu Cys Arg 
110 

<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 21 

Gly 
95 

Glu 

Ser 
80 

Gly 

Thr 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Arg 
115 120 

<210> SEQ ID NO 22 
<211> LENGTH, 120 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 22 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Ala Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
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85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Arg 
115 120 

<210> SEQ ID NO 23 
<211> LENGTH, 120 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 23 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Ala Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Gln 
115 120 

<210> SEQ ID NO 24 
<211> LENGTH, 120 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 24 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Phe Ser Pro Lys Ser Gln Gln 
115 120 
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<210> SEQ ID NO 25 
<211> LENGTH, 120 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 25 

48 

-continued 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Phe Ser Pro Lys Ser Gln Gln 
115 120 

<210> SEQ ID NO 26 
<211> LENGTH, 120 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 26 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Arg Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Glu Thr 
100 105 110 

Ala Phe Ser Pro Lys Ser Gln Gln 
115 120 

<210> SEQ ID NO 27 
<211> LENGTH, 120 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 
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-continued 

<400> SEQUENCE, 27 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Glu Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Gly Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
85 90 95 

Asn Val Thr Ser Ser Phe Ser Gly Asp Asp Leu Glu Cys Arg Gly Ile 
100 105 110 

Ala Ser Ser Pro Lys Ser Gln Gln 
115 120 

<210> SEQ ID NO 28 
<211> LENGTH, 120 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (55) .. (55) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (83) .. (83) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (101) .. (101) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (111) .. (112) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (114) .. (114) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (120) .. (120) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 28 

Met Thr Asp Lys Thr Glu Lys Val Ala Val Asp Pro Glu Thr Val Phe 
1 5 10 15 

Lys Arg Pro Arg Glu Cys Asp Ser Pro Ser Tyr Gln Lys Arg Gln Arg 
20 25 30 

Met Ala Leu Leu Ala Arg Lys Gln Gly Ala Gly Asp Ser Leu Ile Ala 
35 40 45 

Gly Ser Ala Met Ser Lys Xaa Lys Lys Leu Met Thr Gly His Ala Ile 
50 55 60 

Pro Pro Ser Gln Leu Asp Ser Gln Ile Asp Asp Phe Thr Gly Phe Ser 
65 70 75 80 

Lys Asp Xaa Met Met Gln Lys Pro Gly Ser Asn Ala Pro Val Gly Gly 
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-continued 

85 90 95 

Asn Val Thr Ser Xaa Phe Ser Gly Asp Asp Leu Glu Cys Arg Xaa Xaa 
100 105 110 

Ala Xaa Ser Pro Lys Ser Gln Xaa 
115 120 

<210> SEQ ID NO 29 
<211> LENGTH, 11 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 29 

Gly Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
1 5 10 

<210> SEQ ID NO 30 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 30 

Val Gln Gly Pro Thr Ala Val Arg Lys Arg 
1 5 10 

<210> SEQ ID NO 31 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 31 

Gln Gly Pro Thr Ala Val Arg Lys Arg 
1 5 

<210> SEQ ID NO 32 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 32 

Glu Gly Val Gln Gly Pro Thr Ala Val Arg 
1 5 10 

<210> SEQ ID NO 33 
<211> LENGTH, 11 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 33 

Val Ala Val Asp Pro Glu Thr Val Phe Lys Arg 
1 5 10 

<210> SEQ ID NO 34 
<211> LENGTH, 9 
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-continued 

<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 34 

Arg Leu Arg Pro Gly Gly Lys Lys Lys 
1 5 

<210> SEQ ID NO 35 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Peptide 

<400> SEQUENCE, 35 

Gln Val Pro Leu Arg Pro Met Thr Tyr Lys 
1 5 10 

<210> SEQ ID NO 36 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Allele, HLA-8*35,0l 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) .. (9) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 36 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
1 5 

<210> SEQ ID NO 37 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Allele, HLA-A*03,0l/11,0l 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) .. (9) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 37 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
1 5 

<210> SEQ ID NO 38 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Allele, HLA-8*18,0135,0l 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) .. (9) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 38 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
1 5 

<210> SEQ ID NO 39 
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-continued 

<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Allele, HLA-A*03,0l/68,0l 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) .. (9) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE, 39 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
1 5 

1. Isolated T cells comprising a chimeric antigen receptor 
(CAR) or a T cell receptor (TCR), wherein the CAR or TCR 
specifically binds to a CT45 polypeptide. 

2. The isolated T cells of claim 1, wherein the polypeptide 
comprises a sequence selected from SEQ ID NOS: 1-6 or 
29-33 or a polypeptide with at least 70% identity to SEQ ID 
NO:1-6 or 29-33. 

3. The isolated T cells of claim 2, wherein the polypeptide 
comprises SEQ ID NO:1, 3, or 6 or a polypeptide with at 
least 70% identity to SEQ ID NO: 1, 3, or 6. 

4. The isolated T cells of any one of claims 1-3, wherein 
the TCR is heterologous. 

5. Isolated dendritic cells comprising an extra-chromo
somal CT45 polypeptide. 

6. The isolated dendritic cells of claim 5, wherein the 
polypeptide comprises a sequence selected from SEQ ID 
NOS: 1-6 or 29-33 or a polypeptide with at least 70% identity 
to SEQ ID NO:1-6 or 29-33. 

7. The isolated dendritic cells of claim 6, wherein the 
polypeptide comprises SEQ ID NO:1, 3, or 6 or a polypep
tide with at least 70% identity to SEQ ID NO: 1, 3, or 6. 

8. An isolated dendritic cell or cells, wherein the dendritic 
cell is primed with a CT45 polypeptide. 

9. The isolated dendritic cell or cells of claim 8, wherein 
the polypeptide comprises a sequence selected from SEQ ID 
NOS: 1-6 or 29-33 or a polypeptide with at least 70% identity 
to SEQ ID NO:1-6 or 29-33. 

10. The isolated dendritic cells of claim 9, wherein the 
polypeptide comprises SEQ ID NO:1, 3, or 6 or a polypep
tide with at least 70% identity to SEQ ID NO: 1, 3, or 6. 

11. A bispecific T-cell engager that comprises a single
chain fragment variable that binds to a CT45 antigen. 

12. The bispecific T-cell engager of claim 11, wherein the 
antigen comprises a sequence selected from SEQ ID NOS: 
1-6 or 29-33. 

13. A method for treating ovarian cancer in a patient 
comprising administering the T cells of any one of claims 
1-4, the dendritic cells of any one of claims 5-10, or the 
bispecific T-cell engager of claim 11 or 12 to the patient. 

14. The method of claim 13, wherein the patient has been 
determined to have a CT45-expressing ovarian cancer. 

15. The method of claim 13 or 14, wherein the ovarian 
cancer is high-grade serous ovarian cancer (HGSOC). 

16. The method of claim 13 or 15, wherein the T cells or 
dendritic cells are autologous. 

17. The method of any one of claims 13-16, wherein the 
method comprises administering T cells to the patient. 

18. The method of claim 17, wherein the T cells are 
contacted with one or more of IL-2, anti-CD3, and allo
reactive feeder cells prior to administration to the patient. 

19. The method of claim 17 or 18, wherein the method 
further comprises lymphodepletion of the patient prior to 
administration of the T cells. 

20. The method of any one of claims 17-19, wherein the 
method further comprises administration of IL-2. 

21. The method of any one of claims 13-20, wherein the 
T cells have been contacted with a maturation agent. 

22. The method of claim 21, wherein the maturation agent 
is one or more of GM-CSF, IL-1~, TNF-a, and PGE2. 

23. The method of any one of claims 13-22, wherein the 
method further comprises administration of an additional 
therapeutic agent. 

24. The method of claim 23, wherein the additional 
therapeutic is selected from a chemotherapeutic agent, a 
checkpoint inhibitor, a MUC-1 inhibitor, a CD40 activator, 
an IDO inhibitor, and an OX86 agonists. 

25. The method of claim 24, wherein the additional 
therapeutic is a chemotherapeutic agent. 

26. The method of claim 25, wherein the chemotherapeu
tic agent is a DNA damaging agent. 

27. The method of claim 26, wherein the DNA damaging 
agent is a platinum-containing compound. 

28. The method of claim 27, wherein the compound is 
cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin tet
ranitrate, phenanthriplatin, picoplatin, or satraplatin. 

29. The method of any one of claims 13-28, wherein the 
method further comprises administration of an ionizing 
radiation therapy. 

30. The method of any one of claims 13-29, wherein the 
method further comprises administration of a DNA meth
yltransferase inhibitor prior to administration of the den
dritic cells, T cells, or bi-specific T-cell engager. 

31. A method for treating ovarian cancer in a patient 
comprising contacting a T cell with a CT45 polypeptide and 
administering the T cells to the patient. 

32. The method of claim 31, wherein the patient has been 
determined to have a CT45-expressing ovarian cancer. 

33. The method of claim 31 or 32, wherein the T cells are 
autologous. 

34. The method of any one of claims 31-33, wherein the 
T cells are PBMCs. 

35. The method of any one of claims 31-34, wherein the 
CT45 polypeptide comprises a sequence selected from SEQ 
ID NOS: 1-6 or 29-33 or a polypeptide with at least 70% 
identity to SEQ ID NO:1-6 or 29-33. 



US 2019/0144516 Al 

36. The method of any one of claims 31-35, wherein the 
ovarian cancer is high-grade serous ovarian cancer (HG
SOC). 

37. The method of any one of claims 31-36, wherein the 
T cells are contacted with one or more of IL-2, anti-CD3, 
and allo-reactive feeder cells prior to administration to the 
patient. 

38. The method of any one of claims 31-37, wherein the 
method further comprises lymphodepletion of the patient 
prior to administration of the T cells. 

39. The method of any one of claims 31-38, wherein the 
method further comprises administration of IL-2. 

40. The method of any one of claims 31-39, wherein the 
method further comprises administration of an additional 
therapeutic agent. 

41. The method of claim 40, wherein the additional 
therapeutic is selected from a chemotherapeutic agent, a 
checkpoint inhibitor, a MUC-1 inhibitor, a CD40 activator, 
an IDO inhibitor, and an OX86 agonists. 

42. The method of claim 41, wherein the additional 
therapeutic is a chemotherapeutic agent. 

43. The method of claim 42, wherein the chemotherapeu
tic agent is a DNA damaging agent. 

44. The method of claim 43, wherein the DNA damaging 
agent is a platinum-containing compound. 

45. The method of claim 44, wherein the compound is 
cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin tet
ranitrate, phenanthriplatin, picoplatin, or satraplatin. 

46. A method for treating a patient determined to have a 
CT45-high-expressing ovarian cancer comprising adminis
tering a chemotherapeutic agent to the patient. 

47. The method of claim 46, wherein the chemotherapeu
tic agent is a DNA damaging agent. 

48. The method of claim 47, wherein the DNA damaging 
agent is a platinum-containing compound. 

49. The method of claim 48, wherein the compound is 
cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin tet
ranitrate, phenanthriplatin, picoplatin, or satraplatin. 

50. The method of any one of claims 46-49, wherein the 
method further comprises administration of an additional 
therapeutic agent. 

51. The method of claim 50, wherein the additional 
therapeutic is selected from a checkpoint inhibitor, a MUC-1 
inhibitor, a CD40 activator, an IDO inhibitor, and an OX86 
agonists. 

52. The method of any one of claims 46-51, wherein the 
ovarian cancer is HGSOC. 

53. The method of any one of claims 31-52, wherein the 
method further comprises administration of a DNA meth
yltransferase inhibitor prior to administration of the den
dritic cells, T cells, or bi-specific T-cell engager. 

54. A method for treating a patient with ovarian cancer 
comprising: administering to the patient a CT45 polypep
tide. 

55. The method of claim 54, wherein the CT45 peptide 
comprises a polypeptide of any one of SEQ ID NOS: 7-28 
or a polypeptide with at least 70% identity to a polypeptide 
of SEQ ID NOS:7-28. 

56. The method of claim 54 or 55, wherein the method 
further comprises administration of a chemotherapeutic 
agent. 

57. The method of claim 56, wherein the chemotherapeu
tic agent is a DNA damaging agent. 
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58. The method of claim 57, wherein the DNA damaging 
agent is a platinum-containing compound. 

59. The method of claim 58, wherein the compound is 
cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin tet
ranitrate, phenanthriplatin, picoplatin, or satraplatin. 

60. The method of any one of claims 54-59, wherein the 
ovarian cancer comprises a CT45-low-expressing ovarian 
cancer. 

61. The method of any one of claims 54-60, wherein the 
patient has been determined to have a CT45 low-expressing 
cancer. 

62. A method for treating a patient with ovarian cancer 
comprising: 

treating the patient with a chemotherapeutic agent after 
the patient is determined to have a high level of CT45 
expression in a cancerous sample from the patient 
compared to a control; or 

treating the patient with DNA methyltransferase inhibi
tors, PP4 inhibitor, surgery, hormone therapy, targeted 
therapy and/or radiation therapy after the patient is 
determined to have a low level of CT45 expression in 
a cancerous sample from the patient compared to a 
control. 

63. The method of claim 62, wherein the method further 
comprises measuring the expression level of CT45 in a 
cancerous sample from the patient. 

64. The method of claim 62 or 63, wherein the method 
further comprises comparing the expression level of CT 45 in 
the cancerous sample from the patient to the expression level 
of CT45 in a control. 

65. The method of any one of claims 62-64, wherein the 
method further comprises comparing the expression level of 
CT45 in the cancerous sample from the patient to a cut-off 
value. 

66. The method of any one of claims 62-65, wherein the 
ovarian cancer is HGSOC. 

67. The method of any one of claims 62-66, wherein the 
chemotherapeutic agent is a DNA damaging agent. 

68. The method of any one of claims 62-66, wherein the 
treatment for a patient determined to have a high level of 
expression excludes PP4 inhibitors. 

69. The method of claim 67 or 68, wherein the DNA 
damaging agent is a platinum-containing compound. 

70. The method of claim 69, wherein the compound is 
cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin tet
ranitrate, phenanthriplatin, picoplatin, or satraplatin. 

71. The method of any one of claims 62-70, wherein the 
treatment for the patient determined to have a low level of 
CT45 expression excludes chemotherapy. 

72. The method of any one of claims 62-70, wherein the 
treatment for the patient determined to have a low level of 
CT45 expression comprises a PP4 inhibitor and a DNA 
damaging agent. 

73. The method of claim 71-1, wherein the DNA dam
aging agent is a platinum containing compound. 

74. The method of any one of claims 62-73, wherein the 
PP4 inhibitor comprises a CT45 peptide or polypeptide. 

75. The method of claim 74, wherein the CT45 peptide 
comprises a polypeptide of any one of SEQ ID NOS: 7-28 
or a polypeptide with at least 70% identity to a polypeptide 
of SEQ ID NOS:7-28. 

76. The method of any one of claims 62-75, wherein the 
DNAmethyltransferase inhibitor comprises 5-aza-2'-deoxy
cytidine. 
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77. The method of any one of claims 62-76, wherein the 
treatment for the patient determined to have a low level of 
CT45 expression comprises a DNA methyltransferase 
inhibitor and a DNA damaging agent. 

78. The method of claim 77, wherein the DNA methyl
transferase inhibitor comprises 5-aza-2'-deocycytidine 
(decitabine). 

79. The method of claim 77 or 78, wherein the DNA 
damaging agent is a platinum containing compound. 

80. The method of any one of claims 62-66, wherein the 
treatment for the patient determined to have a low level of 
CT45 expression compared to a control comprises admin
istration of a DNA methyltransferase inhibitor. 

81. The method of claim 80, wherein the method further 
comprises administration of a chemotherapeutic after 
administration of the DNA methyltransferase inhibitor. 

82. The method of claim 81, wherein the DNA methyl
transferase inhibitor is decitabine. 

83. A method for determining whether a patient having 
ovarian cancer will be chemosensitive and/or is likely to 
have disease-free survival, the method comprising: 

determining that the patient will be chemosensitive and/or 
is likely to have disease-free survival when the expres
sion level of CT45 in a cancerous sample from the 
patient is determined to be elevated compared to the 
expression level ofCT45 in a non-cancerous sample; or 

determining that the patient will be chemoresistant or 
develop chemoresistance and/or is not likely to have 
disease-free survival when the expression level of 
CT45 in a cancerous sample from the patient is deter
mined to be not significantly different or lower than the 
expression level of CT45 in a non-cancerous sample. 

84. The method of claim 83, wherein the method further 
comprises measuring the expression level of CT45 in a 
cancerous sample from the patient. 

85. The method of claim 83 or 84, wherein the method 
further comprises comparing the expression level of CT 45 in 
the cancerous sample from the patient to a control level of 
expression. 

86. The method of any one of claims 83-85, wherein the 
method further comprises comparing the level of expression 
ofCT45 in the biological sample from the patient to a cut-off 
value. 
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87. The method of any one of claims 83-86, wherein the 
method further comprises treating the patient determined to 
be chemosensitive with a chemotherapeutic agent. 

88. The method of claim 87, wherein the chemotherapeu
tic agent is a DNA damaging agent. 

89. The method of claim 88, wherein the DNA damaging 
agent is a platinum-containing compound. 

90. The method of claim 89, wherein the compound is 
cisplatin, carboplatin, oxaliplatin, nedaplatin, triplatin tet
ranitrate, phenanthriplatin, picoplatin, or satraplatin. 

91. The method of any one of claims 83-90, wherein the 
ovarian cancer is HGSOC. 

92. The method of any one of claims 83-86, wherein the 
method further comprises treating the patient determined to 
be chemoresistant or develop chemoresistance with a treat
ment regimen that excludes chemotherapy. 

93. A kit comprising an agent for detecting CT 45 expres
s10n. 

94. The kit of claim 93, wherein the agent detects CT45 
protein expression or mRNA expression. 

95. The kit of claim 93 or 94, wherein the agent comprises 
one or more nucleic acid probes for amplification of a CT45 
nucleic acid from a biological sample. 

96. The kit of any one of claims 93-95, wherein the agent 
is an antibody. 

97. The kit of any one of claims 93-95, wherein the agent 
is labeled. 

98. The kit of any one of claim 93-94 or 96-97, wherein 
the agent detects a polypeptide having a sequence compris
ing a sequence of one of SEQ ID NOS:1-6 or 29-33. 

99. A composition comprising a CT45 polypeptide and a 
chemotherapeutic agent. 

100. The composition of claim 99, wherein the CT45 
polypeptide comprises a polypeptide of any one of SEQ ID 
NOS: 7-28 or a polypeptide with at least 70% identity to a 
polypeptide of SEQ ID NOS:7-28. 

101. The composition of claim 99 or 100, wherein the 
chemotherapeutic agent is a DNA damaging agent. 

102. The composition of claim 101, wherein the DNA 
damaging agent is a platinum-containing compound. 

103. The composition of claim 102, wherein the com
pound is cisplatin, carboplatin, oxaliplatin, nedaplatin, tri
platin tetranitrate, phenanthriplatin, picoplatin, or satrapla
tin. 

* * * * * 


