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TREATMENT METHODS

CROSS REFERENCE TO RELATED APPLICATIONS

[001] This application claims the benefit of U.S. Provisional Application No. 62/583,233,
filed November 8, 2017, U.S. Provisional Application No. 62/484,258, filed April 11, 2017 and
U.S. Provisional Application No. 62/473,899, filed March 20, 2017, the contents of each of

which are hereby incorporated by reference herein in their entirety.

BACKGROUND

[002] Cancer is characterized by proliferation of abnormal cells. Many treatments include
costly and painful surgeries and chemotherapies. Although there is a growing interest in cancer
therapies that target cancerous cells using a patient’s own immune system, such therapies have

had limited success.

SUMMARY

[003] The present invention features, infer alia, methods of identifying tumor antigens and
potential tumor antigens of human lymphocytes, methods of selecting tumor antigens and
potential tumor antigens, as well as compositions including the tumor antigens and potential
tumor antigens, methods of making such compositions, and methods of using the tumor antigens
and potential tumor antigens. The invention also features methods of evaluating an immune
response in a cancer subject, e.g., for identifying and/or selecting a cancer subject for initiation,

continuation, modification, and/or discontinuation of a cancer therapy

[004] Accordingly, in one aspect the disclosure features a method of obtaining or
generating a subject response profile. In some embodiments, the method comprises: a)
obtaining, providing, or generating a library comprising bacterial cells or beads comprising a
plurality of tumor antigens, wherein each bacterial cell or bead of the library comprises a
different tumor antigen; b) contacting the bacterial cells or beads of the library with antigen

presenting cells (APCs) from a subject, wherein the APCs internalize the bacterial cells or beads;
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¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs; d) determining
whether one or more lymphocytes are activated by, or not responsive to, one or more tumor
antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or measuring) a level
(e.g., an increased or decreased level, relative to a control) of expression and/or secretion of one
or more immune mediators; and e) identifying one or more tumor antigens that stimulate, inhibit
and/or suppress, and/or have minimal effect on a level of expression and/or secretion of one or
more immune mediators, to obtain or generate a subject response profile.

[005] In some embodiments, the subject response profile comprises a representation of the
level of expression and/or secretion of the one or more immune mediators associated with the
plurality of tumor antigens.

[006] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[007] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[008] In another aspect, the disclosure features a method of obtaining or generating a target
response profile. In some embodiments, the method comprises: a) obtaining, providing, or
generating a library comprising bacterial cells or beads comprising a plurality of tumor antigens,

wherein each bacterial cell or bead of the library comprises a different tumor antigen; b)
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contacting the bacterial cells or beads of the library with antigen presenting cells (APCs) from a
subject who exhibits or previously exhibited a response to cancer, wherein the APCs internalize
the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the subject, under
conditions suitable for activation of lymphocytes by a tumor antigen presented by one or more
APCs; d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators; and e) identifying one or more tumor
antigens that stimulate, inhibit and/or suppress, and/or have a minimal effect on a level of
expression and/or secretion of one or more immune mediators, to obtain or generate a target
response profile.

[009] In some embodiments, the subject exhibits or previously exhibited at least one
beneficial response to cancer. In some embodiments, the beneficial response comprises a
positive clinical response, e.g., one or more positive clinical endpoints, to a cancer therapy or
combination of therapies. In some embodiments, the beneficial response comprises a
spontaneous response to a cancer. In some embodiments, the beneficial response comprises
clearance of a cancer, e.g., a level of one or more clinical measures associated with clearance of
a cancer. In some embodiments, the beneficial response comprises a lack of a relapse,
recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2,3,4,5,6,7,8,9, 10, 11, 12 months, or at least 1,
2,3,4,5,6,7,8,9,10, 11, 12 years). In some embodiments, the beneficial response comprises a
positive cancer prognosis. In some embodiments, the beneficial response comprises a lack of
measurable toxic responses or side effects to a cancer therapy or combination of therapies.
[0010] In some embodiments, the subject exhibits or previously exhibited at least one
deleterious or non-beneficial response to cancer. In some embodiments, the deleterious response
comprises a negative clinical response and/or a failure to respond, to a cancer therapy or
combination of therapies. In some embodiments, the deleterious response comprises a lack of
clearance of a cancer, e.g., a level of one or more clinical measures associated with lack of
clearance of a cancer. In some embodiments, the deleterious response comprises at least one
relapse, recurrence, and/or metastasis of a cancer. In some embodiments, the deleterious

response comprises a negative cancer prognosis. In some embodiments, the deleterious response
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comprises one or more toxic responses or side effects (e.g., one or more measurable toxic
responses or side effects) to a cancer therapy or combination of therapies.

[0011] In some embodiments, the library used to obtain the target response profile is the
same library used to obtain a subject response profile.

[0012] In some embodiments, the method further comprises the step of repeating steps a)
through e) with antigen presenting cells (APCs) and/or lymphocytes from additional subjects, to
obtain a population-based or composite target response profile.

[0013] In some embodiments, the target response profile comprises a representation of the
level of expression and/or secretion of the one or more immune mediators associated with the
plurality of tumor antigens.

[0014] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0015] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0016] In another aspect, the disclosure features a method of identifying a subject as a
candidate for cancer therapy. In some embodiments,, the method comprises: a) obtaining,
providing, or generating a library comprising bacterial cells or beads comprising a plurality of
tumor antigens, wherein each bacterial cell or bead of the library comprises a different tumor

antigen; b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
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subject, wherein the APCs internalize the bacterial cells or beads; c¢) contacting the APCs with
lymphocytes from the subject, under conditions suitable for activation of lymphocytes by a
tumor antigen presented by one or more APCs; d) determining whether one or more lymphocytes
are activated by, or not responsive to, one or more tumor antigens presented by one or more
APCs, e.g., by assessing (e.g., detecting or measuring) a level (e.g., an increased or decreased
level, relative to a control), of expression and/or secretion of one or more immune mediators; e)
identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or have a
minimal effect on a level of expression and/or secretion of one or more immune mediators, to
obtain or generate a subject response profile; and f) comparing the subject response profile to a
target response profile to select the subject as a candidate subject for initiation, continuation,
modification, discontinuation or non-initiation of a cancer therapy. In some embodiments, the
subject response profile comprises a representation of the level of expression and/or secretion of
the one or more immune mediators associated with the plurality of tumor antigens.

[0017] In some embodiments, the method further comprises generating the target response
profile by a method comprising: g) contacting the bacterial cells or beads with antigen presenting
cells (APCs) from a target subject, wherein the APCs internalize the bacterial cells or beads; h)
contacting the APCs with lymphocytes from the target subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs; 1) determining
whether one or more lymphocytes are activated by, or not responsive to, one or more tumor
antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or measuring) a level
(e.g., an increased or decreased level, relative to a control), of expression and/or secretion of one
or more immune mediators; andj) identifying one or more tumor antigens that stimulate, inhibit
and/or suppress, and/or have a minimal effect on a level of expression and/or secretion of one or
more immune mediators, to obtain or generate the target response profile. In some
embodiments, the target response profile comprises a representation of the level of expression
and/or secretion of the one or more immune mediators associated with the plurality of tumor
antigens.

[0018] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited at least one beneficial response to cancer. In some
embodiments, the beneficial response comprises a positive clinical response to a cancer therapy

or combination of therapies. In some embodiments, the beneficial response comprises a
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spontaneous response to a cancer. In some embodiments, the beneficial response comprises
clearance of a cancer, e.g., a level of one or more clinical measures associated with clearance of
a cancer. In some embodiments, the beneficial response comprises a lack of a relapse,
recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2,3,4,5,6,7,8,9, 10, 11, 12 months, or at least 1,
2,3,4,5,6,7,8,9,10, 11, 12 years). In some embodiments, the beneficial response comprises a
positive cancer prognosis. In some embodiments, the beneficial response comprises a lack of
one or more toxic responses and/or side effects (e.g., one or more measurable toxic responses or
side effects) to a cancer therapy or combination of therapies.

[0019] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited one or more deleterious and/or non-beneficial response to
cancer. In some embodiments, the deleterious and/or non-beneficial response comprises a
negative clinical response and/or a failure to respond, to a cancer therapy or combination of
therapies. In some embodiments, the deleterious and/or non-beneficial response comprises a
lack of clearance of a cancer, e.g., a level of one or more clinical measures associated with lack
of clearance of a cancer. In some embodiments, the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer. In some embodiments,
the deleterious and/or non-beneficial response comprises a negative cancer prognosis. In some
embodiments, the deleterious and/or non-beneficial response comprises one or more toxic
responses and/or side effects (e.g., one or more measurable toxic responses and/or side effects) to
a cancer therapy or combination of therapies.

[0020] In some embodiments, the method further comprises selecting the candidate subject
for initiation of a cancer therapy or combination of cancer therapies. In some embodiments, the
method further comprises selecting the candidate subject for continuation of a cancer therapy or
combination of cancer therapies. In some embodiments, the method comprises selecting the
subject as a candidate subject (1) if the subject response profile is similar to the target response
profile from a target subject who exhibits or previously exhibited one or more beneficial
responses to the cancer therapy or combination, and/or (ii) if the subject response profile is
dissimilar to the target response profile from a target subject who exhibits or previously

exhibited one or more deleterious responses to the cancer therapy or combination. In some
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embodiments, the method further comprises administering the cancer therapy or combination of
cancer therapies to the candidate subject.

[0021] In some embodiments, the method further comprises selecting the candidate subject
for modification of a cancer therapy. In some embodiments, the method further comprises
selecting the candidate subject for discontinuation or non-initiation of a cancer therapy. In some
embodiments, the method further comprises selecting the subject as a candidate subject for
modification, discontinuation, and/or non-initiation of a cancer therapy (1) if the subject response
profile is similar to the target response profile from a target subject who exhibits or previously
exhibited one or more deleterious responses to the cancer therapy, and/or (i1) if the subject
response profile is dissimilar to the target response profile from a target subject who exhibits or
previously exhibited one or more beneficial responses to the cancer therapy. In some
embodiments, the method further comprises modifying the cancer therapy administered to the
candidate subject. In some embodiments, the method further comprises discontinuing or not
initiating the cancer therapy to the candidate subject.

[0022] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0023] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of

full length polypeptides encoding autoantigens associated with a cancer or tumor.
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[0024] In another aspect, the disclosure features a method of selecting tumor antigens. In
some embodiments, the, method comprises: a) obtaining, providing, or generating a library
comprising bacterial cells or beads comprising a plurality of tumor antigens, wherein each
bacterial cell or bead of the library comprises a different tumor antigen; b) contacting the
bacterial cells or beads with antigen presenting cells (APCs) from a subject, wherein the APCs
internalize the bacterial cells or beads;c) contacting the APCs with lymphocytes from the subject,
under conditions suitable for activation of lymphocytes by a tumor antigen presented by one or
more APCs; d) determining whether one or more lymphocytes are activated by, or not responsive
to, one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting
or measuring) a level )e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators; ) identifying one or more tumor antigens
that stimulate, inhibit and/or suppress, and/or have minimal effect on a level of expression and/or
secretion of one or more immune mediators, to obtain or generate a subject response profile; f)
comparing the subject response profile to a target response profile; and g) selecting one or more
tumor antigens based on the comparison. In some embodiments, the subject response profile
comprises a representation of the level of expression and/or secretion of the one or more immune
mediators associated with the plurality of tumor antigens.

[0025] In some embodiments, the method further comprises generating the target response
profile by a method comprising: h) contacting the bacterial cells or beads with antigen presenting
cells (APCs) from a target subject, wherein the APCs internalize the bacterial cells or beads; 1)
contacting the APCs with lymphocytes from the target subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs; j) determining
whether one or more lymphocytes are activated by, or not responsive to, one or more tumor
antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or measuring) a level
(e.g., an increased or decreased level, relative to a control), of expression and/or secretion of one
or more immune mediators; andk) identifying one or more tumor antigens that stimulate, inhibit
and/or suppress, and/or have a minimal effect on a level of expression and/or secretion of one or
more immune mediators, to obtain or generate the target response profile. In some
embodiments, the target response profile comprises a representation of the level of expression
and/or secretion of the one or more immune mediators associated with the plurality of tumor

antigens.
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[0026] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited one or more beneficial response to cancer. In some
embodiments, the beneficial response comprises a positive clinical response to a cancer therapy
or combination of therapies. In some embodiments, the beneficial response comprises a
spontaneous response to a cancer. In some embodiments, the beneficial response comprises
clearance of a cancer, e.g., a level of one or more clinical measures associated with clearance of
a cancer. In some embodiments, the beneficial response comprises a relapse, recurrence, and/or
metastasis of a cancer e.g., over a defined period of time (e.g., atleast 1, 2, 3,4, 5,6, 7, 8,9, 10,
11, 12 weeks, or atleast 1,2,3,4,5,6,7,8,9, 10, 11, 12 months, or atleast 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12 years). In some embodiments, the beneficial response comprises a positive cancer
prognosis. In some embodiments, the beneficial response comprises a lack of one or more toxic
responses and/or side effects (e.g., one or more measurable toxic responses and/or side effects) to
a cancer therapy or combination of therapies.

[0027] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited one or more deleterious or non-beneficial response to cancer.
In some embodiments, the deleterious and/or non-beneficial response comprises a negative
clinical response and/or a failure to respond, to a cancer therapy or combination of therapies. In
some embodiments, the deleterious and/or non-beneficial response comprises a lack of clearance
of a cancer, e.g., a level of one or more clinical measures associated with lack of clearance of a
cancer. In some embodiments, the deleterious and/or non-beneficial response comprises at least
one relapse, recurrence, and/or metastasis of a cancer. In some embodiments, the deleterious
and/or non-beneficial response comprises a negative cancer prognosis. In some embodiments,
the deleterious and/or non-beneficial response comprises one or more toxic responses and/or side
effects (e.g., one or more measurable toxic responses and/or side effects) to a cancer therapy or
combination of therapies.

[0028] In some embodiments, the method further comprises selecting (i) one or more tumor
antigens that increase level of expression and/or secretion of one or more immune mediators
associated with a beneficial response to cancer, and/or (ii) one or more tumor antigens that
inhibit and/or suppress level of expression and/or secretion of one or more immune mediators
associated with deleterious or not beneficial responses to cancer. In some embodiments, the

method further comprises administering to the subject an immunogenic composition comprising
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one or more of the selected antigens or immunogenic fragments thereof. In some embodiments,
the method further comprises administering to the subject a cancer therapy or combination of
therapies.

[0029] In some embodiments, the method further comprises selecting (i) one or more tumor
antigens that increase level of expression and/or secretion of one or more immune mediators
associated with deleterious or not beneficial responses to cancer, and/or (ii) one or more tumor
antigens that inhibit and/or suppress level of expression and/or secretion of one or more immune
mediators associated with beneficial responses to cancer. In some embodiments, the method
further comprises administering to the subject an immunogenic composition that does not
comprise one or more of the selected antigens or immunogenic fragments thereof. In some
embodiments, the method further comprises administering to the subject a cancer therapy or
combination of therapies.

[0030] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0031] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0032] In another aspect, the disclosure features a method of inducing an immune response
in a subject. In some embodiments, the method comprises: a) obtaining, providing, or generating

a library comprising bacterial cells or beads comprising a plurality of tumor antigens, wherein
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each bacterial cell or bead of the library comprises a different tumor antigen; b) contacting the
bacterial cells or beads with antigen presenting cells (APCs) from a subject, wherein the APCs
internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a tumor antigen presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by, or not
responsive to, one or more tumor antigens presented by one or more APCs, e.g., by assessing
(e.g., detecting or measuring) a level (e.g., an increased level or decreased level, relative to a
control) of expression and/or secretion of one or more immune mediators; €) identifying one or
more tumor antigens that stimulate, inhibit and/or suppress, and/or have a minimal effect on a
level of expression and/or secretion of one or more immune mediators, to obtain or generate a
subject response profile; f) comparing the subject response profile to a target response profile; g)
selecting one or more tumor antigens based on the comparison; and h) administering to the
subject an immunogenic composition comprising one or more of the selected antigens or
immunogenic fragment thereof. In some embodiments, the subject response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators
associated with the plurality of tumor antigens.

[0033] In some embodiments, the method further comprises generating the target response
profile by a method comprising: 1) contacting the bacterial cells or beads with antigen presenting
cells (APCs) from a target subject, wherein the APCs internalize the bacterial cells or beads; j)
contacting the APCs with lymphocytes from the target subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs; k) determining
whether one or more lymphocytes are activated by, or not responsive to, one or more tumor
antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or measuring) a level
(e.g., an increased or decreased level, relative to a control), of expression and/or secretion of one
or more immune mediators; andl) identifying one or more tumor antigens that stimulate, inhibit
and/or suppress, and/or have a minimal effect on a level of expression and/or secretion of one or
more immune mediators, to obtain or generate the target response profile. In some
embodiments, the target response profile comprises a representation of the level of expression
and/or secretion of the one or more immune mediators associated with the plurality of tumor

antigens.
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[0034] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited at least one beneficial response to cancer. In some
embodiments, the beneficial response comprises a positive clinical response to a cancer therapy
or combination of therapies. In some embodiments, the beneficial response comprises a
spontaneous response to a cancer. In some embodiments, the beneficial response comprises
clearance of a cancer, e.g., a level of one or more clinical measures associated with clearance of
a cancer. In some embodiments, the beneficial response comprises a lack of a relapse,
recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2,3,4,5,6,7,8,9, 10, 11, 12 months, or at least 1,
2,3,4,5,6,7,8,9,10, 11, 12 years). In some embodiments, the beneficial response comprises a
positive cancer prognosis. In some embodiments, the beneficial response comprises a lack of
one or more toxic responses and/or side effects (e.g., one or more measurable toxic responses or
side effects) to a cancer therapy or combination of therapies.

[0035] In some embodiments, the method further comprises selecting and administering to
the subject (1) one or more tumor antigens that increase level of expression and/or secretion of
one or more immune mediators associated with one or more beneficial responses to cancer,
and/or (1) one or more tumor antigens that inhibit and/or suppress level of expression and/or
secretion of one or more immune mediators associated with one or more deleterious or not
beneficial responses to cancer.

[0036] In some embodiments, the method further comprises administering to the subject a
cancer therapy or combination of therapies.

[0037] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0038] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding

mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
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antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0039] In another aspect, the disclosure features a method of inducing an immune response
in a subject. In some embodiments, the method comprises: a) obtaining, providing, or
generating a library comprising bacterial cells or beads comprising a plurality of tumor antigens,
wherein each bacterial cell or bead of the library comprises a different tumor antigen; b)
contacting the bacterial cells or beads with antigen presenting cells (APCs) from a subject,
wherein the APCs internalize the bacterial cells or beads; ¢) contacting the APCs with
lymphocytes from the subject, under conditions suitable for activation of lymphocytes by a
tumor antigen presented by one or more APCs; d) determining whether one or more lymphocytes
are activated by, or not responsive to, one or more tumor antigens presented by one or more
APCs, e.g., by assessing (e.g., detecting or measuring) a level (e.g., an increased or decreased
level, relative to a control) of expression and/or secretion of one or more immune mediators; )
identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or have a
minimal effect on a level of expression and/or secretion of one or more immune mediators, to
obtain or generate a subject response profile; f) comparing the subject response profile to a target
response profile; g) selecting one or more tumor antigens based on the comparison; and h)
administering to the subject an immunogenic composition that does not comprise one or more of
the selected antigens or immunogenic fragment thereof. In some embodiments, the subject
response profile comprises a representation of the level of expression and/or secretion of the one
or more immune mediators associated with the plurality of tumor antigens.

[0040] In some embodiments, the method further comprises generating the target response
profile by a method comprising: 1) contacting the bacterial cells or beads with antigen presenting
cells (APCs) from a target subject, wherein the APCs internalize the bacterial cells or beads; j)
contacting the APCs with lymphocytes from the target subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs; k) determining

whether one or more lymphocytes are activated by, or not responsive to, one or more tumor
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antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or measuring) a level
(e.g., an increased or decreased level, relative to a control), of expression and/or secretion of one
or more immune mediators; and 1) identifying one or more tumor antigens that stimulate, inhibit
and/or suppress, and/or have a minimal effect on a level of expression and/or secretion of one or
more immune mediators, to obtain or generate the target response profile. In some

embodiments, the target response profile comprises a representation of the level of expression
and/or secretion of the one or more immune mediators associated with the plurality of tumor
antigens.

[0041] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited one or more deleterious and/or non-beneficial response to
cancer. In some embodiments, the deleterious and/or non-beneficial response comprises a
negative clinical response and/or a failure to respond, to a cancer therapy or combination of
therapies. In some embodiments, the deleterious and/or non-beneficial response comprises a
lack of clearance of a cancer, e.g., a level of one or more clinical measures associated with lack
of clearance of a cancer. In some embodiments, the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer. In some embodiments,
the deleterious and/or non-beneficial response comprises a negative cancer prognosis. In some
embodiments, the deleterious and/or non-beneficial response comprises one or more toxic
responses and/or side effects (e.g., one or more measurable toxic responses and/or side effects) to
a cancer therapy or combination of therapies.

[0042] In some embodiments, the method further comprises selecting one or more tumor
antigens that increase expression or secretion of immune mediators associated with deleterious or
not beneficial responses to cancer, and/or one or more tumor antigens that inhibit and/or suppress
expression or secretion of immune mediators associated with beneficial responses to cancer.
[0043] In some embodiments, the method further comprises administering to the subject a
cancer therapy or combination of therapies.

[0044] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each

location of the array are contacted with a set of bacterial cells, each set comprising a different
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tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0045] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0046] In another aspect, the disclosure features a method of selecting tumor antigens. In
some embodiments, the method comprises: a) obtaining, providing, or generating a library
comprising bacterial cells or beads comprising a plurality of tumor antigens, wherein each
bacterial cell or bead of the library comprises a different tumor antigen; b) contacting the
bacterial cells or beads with antigen presenting cells (APCs) from a subject, wherein the APCs
internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a tumor antigen presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by one or
more tumor antigens presented by one or more APCs by assessing (e.g., detecting or measuring)
alevel (e.g., an increased or decreased level, relative to a control) of expression and/or secretion
of one or more immune mediators; e) identifying one or more tumor antigens that stimulate,
inhibit and/or suppress, and/or have a minimal effect on a level of expression and/or secretion of
one or more immune mediators, to obtain a subject response profile; and f) selecting from among
the identified tumor antigens one or more antigens that increase a level of expression and/or
secretion of one or more immune mediators associated with at least one beneficial response to
cancer, and/or selecting one or more tumor antigens that inhibit and/or suppress a level of
expression and/or secretion of one or more immune mediators associated with at least one

deleterious and/or non-beneficial response to cancer.
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[0047] In some embodiments, the method further comprises comparing the subject response
profile to a target response profile, e.g., a target response profile generated using a method
described herein, and selecting one or more tumor antigens based on the comparison.

[0048] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited at least one beneficial response to cancer. In some
embodiments, the beneficial response comprises a positive clinical response to a cancer therapy
or combination of therapies. In some embodiments, the beneficial response comprises a
spontaneous response to a cancer. In some embodiments, the beneficial response comprises
clearance of a cancer, e.g., a level of one or more clinical measures associated with clearance of
a cancer. In some embodiments, the beneficial response comprises a lack of a relapse,
recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2,3,4,5,6,7,8,9, 10, 11, 12 months, or at least 1,
2,3,4,5,6,7,8,9,10, 11, 12 years). In some embodiments, the beneficial response comprises a
positive cancer prognosis. In some embodiments, the beneficial response comprises a lack of
one or more toxic responses and/or side effects (e.g., one or more measurable toxic responses or
side effects) to a cancer therapy or combination of therapies.

[0049] In some embodiments, the method further comprises administering to the subject an
immunogenic composition comprising one or more of the selected antigens or immunogenic
fragments thereof.

[0050] In some embodiments, the method further comprises administering to the subject a
cancer therapy or combination of therapies.

[0051] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0052] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding

mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
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antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0053] In another aspect, the disclosure features a method of selecting tumor antigens. In
some embodiments, the method comprises a) obtaining, providing, or generating a library
comprising bacterial cells or beads comprising a plurality of tumor antigens, wherein each
bacterial cell or bead of the library comprises a different tumor antigen; b) contacting the
bacterial cells or beads with antigen presenting cells (APCs) from a subject, wherein the APCs
internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a tumor antigen presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by one or
more tumor antigens presented by one or more APCs by assessing (e.g., detecting or measuring)
alevel (e.g., an increased or decreased level, relative to a control) of expression and/or secretion
of one or more immune mediators; e) identifying one or more tumor antigens that stimulate,
inhibit and/or suppress, and/or have a minimal effect on a level of expression and/or secretion of
one or more immune mediators, to obtain a subject response profile; and f) selecting from among
the identified tumor antigens (1) one or more antigens that increase a level of expression and/or
secretion of one or more immune mediators associated with at least one deleterious and/or non-
beneficial response to cancer, and/or (i1) one or more tumor antigens that inhibit and/or suppress
a level of expression and/or secretion of one or more immune mediators associated with at least
one beneficial response to cancer.

[0054] In some embodiments, the method further comprises comparing the subject response
profile to a target response profile, e.g., a target response profile generated using a method
described herein, and selecting one or more tumor antigens based on the comparison.

[0055] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited one or more deleterious and/or non-beneficial response to
cancer. In some embodiments, the deleterious and/or non-beneficial response comprises a

negative clinical response and/or a failure to respond, to a cancer therapy or combination of
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therapies. In some embodiments, the deleterious and/or non-beneficial response comprises a
lack of clearance of a cancer, e.g., a level of one or more clinical measures associated with lack
of clearance of a cancer. In some embodiments, the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer. In some embodiments,
the deleterious and/or non-beneficial response comprises a negative cancer prognosis. In some
embodiments, the deleterious and/or non-beneficial response comprises one or more toxic
responses and/or side effects (e.g., one or more measurable toxic responses and/or side effects) to
a cancer therapy or combination of therapies.

[0056] In some embodiments, the method further comprises administering to the subject an
immunogenic composition that does not comprise one or more of the selected antigens or
immunogenic fragments thereof.

[0057] In some embodiments, the method further comprises administering to the subject a
cancer therapy or combination of therapies.

[0058] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0059] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0060] In another aspect, the disclosure features a method of inducing an immune response

in a subject. In some embodiments, the method comprises: a) obtaining, providing, or generating
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a library comprising bacterial cells or beads comprising a plurality of tumor antigens, wherein
each bacterial cell or bead of the library comprises a different tumor antigen; b) contacting the
bacterial cells or beads with antigen presenting cells (APCs) from a subject, wherein the APCs
internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a tumor antigen presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by, or not
responsive to, one or more tumor antigens presented by one or more APCs, e.g., by assessing
(e.g., detecting or measuring) a level (e.g., an increased or decreased level, relative to a control),
of expression and/or secretion of one or more immune mediators; €) identifying one or more
tumor antigens that stimulate, inhibit and/or suppress, and/or have a minimal effect on a level of
expression and/or secretion of one or more immune mediators, to obtain a subject response
profile; f) selecting from among the identified tumor antigens (i) one or more antigens that
increase level of expression and/or secretion of one or more immune mediators associated with at
least one beneficial response to cancer, and/or (i1) one or more tumor antigens that inhibit and/or
suppress level of expression and/or secretion of one or more immune mediators associated with
at least one deleterious or non-beneficial response to cancer; and g) administering to the subject
an immunogenic composition comprising one or more of the selected antigens or immunogenic
fragment thereof.

[0061] In some embodiments, the method further comprises comparing the subject response
profile to a target response profile, e.g., a target response profile generated using a method
described herein, and selecting one or more tumor antigens based on the comparison, prior to
administration of the immunogenic composition.

[0062] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited at least one beneficial response to cancer. In some
embodiments, the beneficial response comprises a positive clinical response to a cancer therapy
or combination of therapies. In some embodiments, the beneficial response comprises a
spontaneous response to a cancer. In some embodiments, the beneficial response comprises
clearance of a cancer, e.g., a level of one or more clinical measures associated with clearance of
a cancer. In some embodiments, the beneficial response comprises a lack of a relapse,
recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at least 1, 2, 3,
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2,3,4,5,6,7,8,9,10, 11, 12 years). In some embodiments, the beneficial response comprises a
positive cancer prognosis. In some embodiments, the beneficial response comprises a lack of
one or more toxic responses and/or side effects (e.g., one or more measurable toxic responses or
side effects) to a cancer therapy or combination of therapies.

[0063] In some embodiments, the method further comprises administering to the subject a
cancer therapy or combination of therapies.

[0064] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0065] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0066] In another aspect, the disclosure features a method of inducing an immune response
in a subject. In some embodiments, the method comprises: a) obtaining, providing, or
generating a library comprising bacterial cells or beads comprising a plurality of tumor antigens,
wherein each bacterial cell or bead of the library comprises a different tumor antigen; b)
contacting the bacterial cells or beads with antigen presenting cells (APCs) from a subject,
wherein the APCs internalize the bacterial cells or beads; ¢) contacting the APCs with
lymphocytes from the subject, under conditions suitable for activation of lymphocytes by a
tumor antigen presented by one or more APCs; d) determining whether one or more lymphocytes

are activated by, or not responsive to, one or more tumor antigens presented by one or more
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APCs, e.g., by assessing e.g., detecting or measuring) a level (e.g., an increased or decreased
level, relative to a control). of expression and/or secretion of one or more immune mediators; e)
identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or have a
minimal effect on level of expression and/or secretion of one or more immune mediators, to
obtain a subject response profile; f) comparing the subject response profile to a target response
profile, e.g., a target response profile generated using a method described herein; g) selecting
from among the identified tumor antigens (i) one or more antigens that increase level of
expression and/or secretion of one or more immune mediators associated with at least one
deleterious and/or non-beneficial response to cancer, and/or (i1) one or more tumor antigens that
inhibit and/or suppress level of expression and/or secretion of one or more immune mediators
associated with at least one beneficial response to cancer; and h) administering to the subject an
immunogenic composition that does not comprise one or more of the selected antigens or
immunogenic fragment thereof.

[0067] In some embodiments, the method further comprises comparing the subject response
profile to a target response profile e.g., a target response profile generated using a method
described herein, and selecting one or more tumor antigens based on the comparison.

[0068] In some embodiments, the target response profile is from one or more target subjects
who exhibit or previously exhibited one or more deleterious and/or non-beneficial response to
cancer. In some embodiments, the deleterious and/or non-beneficial response comprises a
negative clinical response and/or a failure to respond, to a cancer therapy or combination of
therapies. In some embodiments, the deleterious and/or non-beneficial response comprises a
lack of clearance of a cancer, e.g., a level of one or more clinical measures associated with lack
of clearance of a cancer. In some embodiments, the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer. In some embodiments,
the deleterious and/or non-beneficial response comprises a negative cancer prognosis. In some
embodiments, the deleterious and/or non-beneficial response comprises one or more toxic
responses and/or side effects (e.g., one or more measurable toxic responses and/or side effects) to
a cancer therapy or combination of therapies.

[0069] In some embodiments, the method further comprises administering to the subject a

cancer therapy or combination of therapies.
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[0070] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0071] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0072] In another aspect, the disclosure features a method of identifying tumor antigens. In
some embodiments, the method comprises: a) obtaining, providing, or generating a library
comprising bacterial cells or beads, wherein each bacterial cell or bead of the library comprises a
different heterologous polypeptide comprising one or more mutations, splice variants, or
translocations expressed in a cancer or tumor cell of a subject; b) contacting the bacterial cells or
beads with antigen presenting cells (APCs) from the subject, wherein the APCs internalize the
bacterial cells or beads; c) contacting the APCs with lymphocytes from the subject, under
conditions suitable for activation of lymphocytes by a polypeptide presented by one or more
APCs; d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators; and e) identifying one or more polypeptides
that stimulate, inhibit and/or suppress, and/or have a minimal effect on level of expression and/or
secretion of one or more immune mediators, wherein stimulation, inhibition and/or suppression

indicate that the polypeptide is a tumor antigen.
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[0073] In another aspect, the disclosure features a method of selecting tumor antigens. In
some embodiments, the method comprises: a) providing a library comprising bacterial cells or
beads, wherein each bacterial cell or bead of the library comprises a different heterologous
polypeptide comprising one or more mutations, splice variants, or translocations expressed in a
cancer or tumor cell expressed in a cancer or tumor cell of a subject; b) contacting the bacterial
cells or beads with antigen presenting cells (APCs) from the subject, wherein the APCs
internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a polypeptide presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by, or not
responsive to, one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g.,
detecting or measuring) a level (e.g., an increased or decreased level, relative to a control), of
expression and/or secretion of one or more immune mediators; €) identifying one or more
polypeptides that stimulate, inhibit and/or suppress, and/or have a minimal effect on level of
expression and/or secretion of one or more immune mediators, wherein stimulation, inhibition
and/or suppression indicate that the polypeptide is a tumor antigen; and f) selecting from among
the identified tumor antigens (i) one or more tumor antigens that increase level of expression
and/or secretion of one or more immune mediators associated with at least one beneficial
response to cancer, and/or (ii) one or more tumor antigens that inhibit and/or suppress level of
expression and/or secretion of one or more immune mediators associated with at least one
deleterious and/or non-beneficial response to cancer.

[0074] In some embodiments, the method further comprises selecting from among the
identified polypeptides one of more polypeptides that have a minimal effect on level of
expression and/or secretion of one of more immune mediators.

[0075] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0076] In some embodiments, the tumor antigens comprise full length polypeptides encoding

mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
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antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0077] In another aspect, the disclosure features a method of selecting potential tumor
antigens. In some embodiments, the method comprises: a) obtaining, providing, or generating a
library comprising bacterial cells or beads, wherein each bacterial cell or bead of the library
comprises a heterologous polypeptide comprising one or more mutations, splice variants, or
translocations expressed in a cancer or tumor cell expressed in a cancer or tumor cell of a
subject; b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads; c¢) contacting the APCs with
lymphocytes from the subject, under conditions suitable for activation of lymphocytes by a
polypeptide presented by one or more APCs; d) determining whether one or more lymphocytes
are activated by, or not responsive to, one or more polypeptides presented by one or more APCs,
e.g., by assessing (e.g., detecting or measuring) a level (e.g., an increased or decreased level,
relative to a control) of expression and/or secretion of one or more immune mediators; e)
identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or have a
minimal effect on level of expression and/or secretion of one or more immune mediators, and
identifying one or more polypeptides that stimulate, inhibit, and/or suppress as a tumor antigen;
and f) selecting from among the identified polypeptides one or more polypeptides that have a
minimal effect on level of expression and/or secretion of one or more immune mediators.

[0078] In some embodiments, the method further comprises repeating steps b) through e), or
steps ¢) through e), with lymphocytes from the subject that have undergone one or more previous
rounds of exposure to APCs.

[0079] In some embodiments, the method further comprises selecting from among the
identified tumor antigens (i) one or more tumor antigens that increase level of expression and/or

secretion of one or more immune mediators associated with at least one beneficial response to
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cancer, and/or (i1) one or more tumor antigens that inhibit and/or suppress level of expression
and/or secretion of one or more immune mediators associated with at least one deleterious and/or
non-beneficial responses to cancer.

[0080] In some embodiments, the method further comprises administering to the subject an
immunogenic composition comprising one or more of the selected tumor antigens or selected
polypeptides, or immunogenic fragments thereof. In some embodiments, the method further
comprises administering to the subject an immunogenic composition comprising a combination
of one or more of the selected tumor antigens and selected polypeptides, or immunogenic
fragments thereof. In some embodiments, the method further comprises administering to the
subject a cancer therapy or combination of therapies.

[0081] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0082] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in
a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0083] In another aspect, the disclosure features a method of selecting tumor antigens. In
some embodiments, the method comprises: a) obtaining, providing, or generating a library
comprising bacterial cells or beads, wherein each bacterial cell or bead of the library comprises a
different heterologous polypeptide comprising one or more mutations, splice variants, or

translocations expressed in a cancer or tumor cell expressed in a cancer or tumor cell of a
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subject; b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads; c¢) contacting the APCs with
lymphocytes from the subject, under conditions suitable for activation of lymphocytes by a
polypeptide presented by one or more APCs; d) determining whether one or more lymphocytes
are activated by, or not responsive to, one or more polypeptides presented by one or more APCs,
e.g., by assessing (e.g., detecting or measuring) a level (e.g., an increased or decreased level,
relative to a control), of expression and/or secretion of one or more immune mediators; e)
identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or have a
minimal effect on level of expression and/or secretion of one or more immune mediators, and
identifying one or more polypeptides that stimulate, inhibit, and/or suppress as a tumor antigen;
and f) selecting from among the identified tumor antigens (i) one or more tumor antigens that
increase level of expression and/or secretion of one or more immune mediators associated with at
least one deleterious and/or non-beneficial response to cancer, and/or (i) one or more tumor
antigens that inhibit and/or suppress level of expression and/or secretion of one or more immune
mediators associated with at least one beneficial response to cancer.

[0084] In some embodiments, the method further comprises administering to the subject an
immunogenic composition that does not comprise one or more of the selected tumor antigens or
immunogenic fragments thereof. In some embodiments, the method further comprises
administering to the subject a cancer therapy or combination of therapies.

[0085] In some embodiments, the APCs are human APCs isolated from the subject; and/or
the bacterial cells further comprise a cytolysin polypeptide; and/or the cytolysin polypeptide is
listeriolysin O (LLO); and/or the APCs are provided in an array, and/or the APCs in each
location of the array are contacted with a set of bacterial cells, each set comprising a different
tumor antigen; and/or the APCs and lymphocytes are isolated from peripheral blood; and/or the
APCs comprise immortalized cells; and/or the lymphocytes are derived from a cancer or tumor.
[0086] In some embodiments, the tumor antigens comprise full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise polypeptides that are fragments of full length polypeptides encoding
mutations, splice variants, or translocations present in a cancer or tumor; and/or the tumor
antigens comprise full length polypeptides encoded by a virus or other infectious agent present in

a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of full
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length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor;
and/or the tumor antigens comprise full length polypeptides encoding autoantigens associated
with a cancer or tumor; and/or the tumor antigens comprise polypeptides that are fragments of
full length polypeptides encoding autoantigens associated with a cancer or tumor.

[0087] In another aspect, the disclosure features a method of inducing an immune response
in a subject. In some embodiments, the method comprises: a) obtaining, providing, or generating
a library comprising bacterial cells or beads, wherein each bacterial cell or bead of the library
comprises a different heterologous polypeptide comprising one or more mutations, splice
variants, or translocations expressed in a cancer or tumor cell of a subject; b) contacting the
bacterial cells or beads with antigen presenting cells (APCs) from the subject, wherein the APCs
internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a polypeptide presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by, or not
responsive to, one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g.,
detecting or measuring) a level (e.g., an increased or decreased level, relative to a control) of
expression and/or secretion of one or more immune mediators; €) identifying one or more
polypeptides that stimulate, inhibit and/or suppress, and/or have a minimal effect on level of
expression and/or secretion of one or more immune mediators, and identifying a polypeptide that
stimulates, inhibits and/or suppresses as a tumor antigen; f) selecting from among the identified
tumor antigens (i) one or more tumor antigens that increase level of expression and/or secretion
of one or more immune mediators associated with at least one beneficial response to cancer,
and/or (i1) one or more tumor antigens that inhibit and/or suppress level of expression and/or
secretion of one or more immune mediators associated with at least one deleterious and/or non-
beneficial responses to cancer; and g) administering to the subject an immunogenic composition
comprising one or more of the selected antigens or immunogenic fragment thereof.

[0088] In another aspect, the disclosure features a method of inducing an immune response
in a subject. In some embodiments, the method comprises: a) obtaining, providing, or generating
a library comprising bacterial cells or beads, wherein each bacterial cell or bead of the library
comprises a different heterologous polypeptide comprising one or more mutations, splice
variants, or translocations expressed in a cancer or tumor cell of a subject; b) contacting the

bacterial cells or beads with antigen presenting cells (APCs) from the subject, wherein the APCs
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internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a polypeptide presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by, or not
responsive to, one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g.,
detecting or measuring) a level (e.g., an increased or decreased level, relative to a control), of
expression and/or secretion of one or more immune mediators; €) identifying one or more
polypeptides that stimulate, inhibit and/or suppress, and/or have a minimal effect on level of
expression and/or secretion of one or more immune mediators, wherein stimulation, inhibition
and/or suppression indicate that the polypeptide is a tumor antigen; f) selecting from among the
identified polypeptides one or more polypeptides that have a minimal effect on level of
expression and/or secretion of one or more immune mediators; and g) administering to the
subject an immunogenic composition comprising one or more of the selected polypeptides or
immunogenic fragment thereof.

[0089] In another aspect, the disclosure features a method of inducing an immune response
in a subject. In some embodiments, the method comprises: a) obtaining, providing, or generating
a library comprising bacterial cells or beads, wherein each bacterial cell or bead of the library
comprises a different heterologous polypeptide comprising one or more mutations, splice
variants, or translocations expressed in a cancer or tumor cell of a subject; b) contacting the
bacterial cells or beads with antigen presenting cells (APCs) from the subject, wherein the APCs
internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a polypeptide presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by, or not
responsive to, one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g.,
detecting or measuring) a level (e.g., an increased or decreased level, relative to a control), of
expression and/or secretion of one or more immune mediators; €) identifying one or more
polypeptides that stimulate, inhibit and/or suppress, and/or have a minimal effect on level of
expression and/or secretion of one or more immune mediators, wherein stimulation, inhibition
and/or suppression indicate that the polypeptide is a tumor antigen; f) selecting from among the
identified tumor antigens and polypeptides (i) one or more polypeptides that have a minimal
effect on level of expression and/or secretion of one or more immune mediators, (i1) one or more

tumor antigens that increase level of expression and/or secretion of one or more immune
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mediators associated with at least one beneficial response to cancer; and/or (iii) one or more
tumor antigens that inhibit and/or suppress level of expression and/or secretion of one or more
immune mediators associated with at least one deleterious and/or non-beneficial response to
cancer; and g) administering to the subject an immunogenic composition comprising one or more
of the selected tumor antigens and polypeptides, or immunogenic fragments thereof.

[0090] In some embodiments, the method further comprises administering to the subject a
cancer therapy or combination of therapies.

[0091] In another aspect, the disclosure features a method of inducing an immune response
in a subject. In some embodiments, the method comprises: a) obtaining, providing, or generating
a library comprising bacterial cells or beads, wherein each bacterial cell or bead of the library
comprises a different heterologous polypeptide comprising one or more mutations, splice
variants, or translocations expressed in a cancer or tumor cell of a subject; b) contacting the
bacterial cells or beads with antigen presenting cells (APCs) from the subject, wherein the APCs
internalize the bacterial cells or beads; ¢) contacting the APCs with lymphocytes from the
subject, under conditions suitable for activation of lymphocytes by a polypeptide presented by
one or more APCs; d) determining whether one or more lymphocytes are activated by, or not
responsive to, one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g.,
detecting or measuring) a level (e.g., an increased or decreased level, relative to a control) of
expression and/or secretion of one or more immune mediators; €) identifying one or more
polypeptides that stimulate, inhibit and/or suppress, and/or have a minimal effect on level of
expression and/or secretion of one or more immune mediators, and identifying a polypeptide that
stimulates, inhibits and/or suppresses as a tumor antigen; f) selecting from among the identified
tumor antigens (i) one or more tumor antigens that increase level of expression and/or secretion
of one or more immune mediators associated with at least one deleterious and/or non-beneficial
response to cancer, and/or (ii) one or more tumor antigens that inhibit and/or suppress level of
expression and/or secretion of one or more immune mediators associated with at least one
beneficial response to cancer; and g) administering to the subject an immunogenic composition
that does not comprise one or more of the selected antigens or immunogenic fragment thereof.
[0092] In some embodiments, the method further comprises administering to the subject a

cancer therapy or combination of therapies.
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[0093] In any of the aspects described herein, the plurality of tumor antigens comprises at
least 1, 3, 5, 10, 15, 20, 25, 30, 50, 100, 150, 250, 500, 750, 1000 or more different tumor
antigens, or portions thereof; and/or determining whether one or more lymphocytes are activated
by, or not responsive to, one or more tumor antigens comprises measuring a level of one or more
immune mediators; and/or the one or more immune mediators are selected from the group
consisting of cytokines, soluble mediators, and cell surface markers expressed by the
lymphocytes; and/or the one or more immune mediators are cytokines; and/or the one or more
cytokines are selected from the group consisting of TRAIL, IFN-gamma, IL-12p70, IL-2, TNF-
alpha, MIP1-alpha, MIP1-beta, CXCL9, CXCL10, MCP1, RANTES, IL-1 beta, IL-4, IL-6, IL-8,
IL-9, IL-10, IL-13, IL-15, CXCL11, IL-3, IL-5, IL-17, IL-18, IL-21, IL-22, IL-23A, IL-24, IL-
27,1L-31, IL-32, TGF-beta, CSF, GM-CSF, TRANCE (also known as RANK L), MIP3-alpha,
and fractalkine; and/or the one or more immune mediators are soluble mediators; and/or the one
or more soluble mediators are selected from the group consisting of granzyme A, granzyme B,
sFas, sFasL, perforin, and granulysin; and/or the one or more immune mediators are cell surface
markers; and/or the one or more cell surface markers are selected from the group consisting of
CD107a, CD107b, CD25, CD69, CD45RA, CD45R0, CD137 (4-1BB), CD44, CD62L, CD27,
CCR7, CD154 (CD40L), KLRG-1, CD71, HLA-DR, CD122 (IL-2RB), CD28, IL7Ra (CD127),
CD38, CD26, CD134 (0X-40), CTLA-4 (CD152), LAG-3, TIM-3 (CD366), CD39, PD1
(CD279), FoxP3, TIGIT, CD160, BTLA, 2B4 (CD244), and KLRG1; and/or the lymphocytes
comprise CD4+ T cells; and/or the lymphocytes comprise CD8+ T cells; and/or the lymphocytes
comprise NKT cells, gamma-delta T cells, or NK cells; and/or the lymphocytes comprise any
combination of CD4+ T cells, CD8+ T cells, NKT cells, gamma-delta T cells, and NK cells;
and/or lymphocyte activation is determined by assessing a level of one or more expressed or
secreted immune mediators that is at least 20%, 40%, 60%, 80%, 100%, 120%, 140%, 160%,
180%, or 200% higher or lower than a control level; and/or lymphocyte activation is determined
by assessing a level of one or more expressed or secreted immune mediators that is at least one,
two, or three standard deviations greater or lower than the mean of a control level; and/or
lymphocyte activating is determined by assessing a level of one or more expressed or secreted
immune mediators that is at least 1, 2, 3, 4 or 5 median absolute deviations (MADs) greater or
lower than a median response level to a control; and/or lymphocyte non-responsiveness is

determined by assessing a level of one or more expressed or secreted immune mediators that is
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within 5%, 10%,15%, or 20% of a control level; and/or lymphocyte non-responsiveness is
determined by assessing a level of one or more expressed or secreted immune mediators that is
less than one or two standard deviation higher or lower than the mean of a control level; and/or
lymphocyte non-responsiveness is determined by assessing a level of one or more expressed or
secreted immune mediators that is less than one or two median absolute deviation (MAD) higher
or lower than a median response level to a control; and/or the subject response profile comprises
one or more different tumor antigens that increase level of expression and/or secretion of one or
more immune mediators; and/or the subject response profile comprises one or more different
tumor antigens that inhibit and/or suppress level of expression and/or secretion of one or more
immune mediators; and/or the subject response profile comprises one or more different tumor
antigens that have a minimal effect on level of expression and/or secretion of one or more
immune mediators; and/or the subject response profile comprises a combination of one or more
different tumor antigens that stimulate, inhibit and/or suppress, and/or have a minimal effect on
level of expression and/or secretion of one or more immune mediators; and/or the target response
profile comprises one or more different tumor antigens that increase level of expression and/or
secretion of one or more immune mediators; and/or the target response profile comprises one or
more different tumor antigens that inhibit and/or suppress level of expression and/or secretion of
one or more immune mediators; and/or the target response profile comprises one or more
different tumor antigens that have a minimal effect on level of expression and/or secretion of one
or more immune mediators; and/or the target response profile comprises a combination of one or
more different tumor antigens that stimulate, inhibit and/or suppress, and/or have a minimal
effect on level of expression and/or secretion of one or more immune mediators; and/or the target
response profile comprises an average number of different tumor antigens that increase level of
expression and/or secretion of one or more immune mediators, from a population of subjects
who respond clinically to the cancer therapy, or from subjects who fail to respond clinically to
the cancer therapy; and/or the target response profile comprises an average number of different
tumor antigens that inhibit and/or suppress level of expression and/or secretion of one or more
immune mediators, from a population of subjects who respond clinically to the cancer therapy, or
from subjects who fail to respond clinically to the cancer therapy; and/or the target response
profile comprises an average number of different tumor antigens that have a minimal effect on

level of expression and/or secretion of one or more immune mediators, from a population of
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subjects who respond clinically to the cancer therapy, or from subjects who fail to respond
clinically to the cancer therapy; and/or the target response profile comprises a combination of
different tumor antigens that stimulate, inhibit and/or suppress, and/or have a minimal effect on
level of expression and/or secretion of one or more immune mediators, from a population of
subjects who respond clinically to the cancer therapy, or from a population of subjects who fail
to respond clinically to the cancer therapy; and or the subject response profile is similar to the
target response profile if the number of tumor antigens of the subject response profile differs by
no more than 1, 2, 3, 4, 5, or 10 from the number of antigens of the target response profile;
and/or the subject response profile comprises the number of different tumor antigens for each of
a plurality of cytokines expressed and/or secreted by activated and/or non-responsive
lymphocytes; and/or the target response profile comprises the number of antigens for each of the
corresponding plurality of cytokines; and/or the target response profile comprises an average
number of antigens for each of the corresponding plurality of cytokines expressed and/or
secreted by activated and/or non-responsive lymphocytes from a population of subjects who
respond clinically to the cancer therapy; and/or the target response profile comprises an average
number of antigens for each of the corresponding plurality of cytokines expressed and/or
secreted by activated and/or non-responsive lymphocytes from a population of subjects who fail
to respond clinically to the cancer therapy; and/or the target response profile comprises a
combination of antigens for each of the corresponding plurality of cytokines expressed and/or
secreted by activated and/or non-responsive lymphocytes from a population of subjects who
respond clinically to the cancer therapy, or from a population of subjects who fail to respond
clinically to the cancer therapy; and/or the subject response profile is similar to the target
response profile if the number of tumor antigens for at least two of the plurality of cytokines of
the subject response profile differs by no more than 1, 2, 3, 4, 5, or 10 from the number of
antigens for the corresponding plurality of cytokines of the target response profile; and/or a
subject exhibits at least one measure or indication of clinical responsiveness to the cancer
therapy; and/or a subject exhibits at least one measure or indication of failure of clinical
responsiveness to the cancer therapy; and/or the cancer therapy comprises immune checkpoint
blockade therapy; and/or the immune checkpoint blockade therapy comprises administration of
pembrolizumab, nivolumab, ipilimumab, atezolizumab, avelumab, durvalumab, tremelimumab,

or cemiplimab; and/or the immune checkpoint blockade therapy comprises administration of two
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or more immune checkpoint inhibitors; and/or the cancer therapy comprises immune suppression
blockade therapy; and/or the immune suppression blockade therapy comprises administration of
Vista (B7-HS, v-domain Ig suppressor of T cell activation) inhibitors, Lag-3 (lymphocyte-
activation gene 3, CD223) inhibitors, IDO (indolemamine-pyrrole-2,3,-dioxygenase-1,2)
inhibitors, or KIR receptor family (killer cell immunoglobulin-like receptor) inhibitors, CD47
inhibitors, or Tigit (T cell immunoreceptor with Ig and ITIM domain) inhibitors; and/or the
immune suppression blockade therapy comprises administration of two or more immune
suppression inhibitors; and/or the cancer therapy comprises immune activation therapy; and/or
the immune activation therapy comprises administration of CD40 agonists, GITR
(glucocorticoid-induced TNF-R-related protein, CD357) agonists, OX40 (CD134) agonists, 4-
1BB (CD137) agonists, ICOS (inducible T cell stimulator, CD278) agonists, IL-2 (interleukin 2)
agonists, or interferon agonists; and/or immune activation comprises administration of two or
more immune activators; and/or the cancer therapy comprises adjuvant therapy; and/or the
adjuvant therapy comprises administration of a TLR agonist (e.g., CpG or Poly I:C), STING
agonist, non-specific stimulus of innate immunity, dendritic cells, GM-CSF, 1L-12, IL-7, Flt-3,
or other cytokines; and/or the cancer therapy comprises oncolytic virus therapy; and/or the
oncolytic viral therapy comprises administration of talimogene leherparepvec; and/or the cancer
therapy comprises administration of one or more chemotherapeutic agents; and/or the cancer
therapy comprises radiation; and/or the cancer therapy comprises surgical excision; and/or the
cancer therapy comprises cell-based therapy; and/or the cell-based therapy comprises
administration of dendritic cells, chimeric antigen receptor T (CAR-T) cells, T cell receptor-
transduced cells, tumor infiltrating lymphocytes (TIL), or natural killer (NK) cells; and/or the
cancer therapy comprises localized hyperthermia or hypothermia; and/or the cancer therapy
comprises administration of one or more anti-tumor antibodies; and/or the anti-tumor antibodies
comprise bi-specific antibodies; and/or the cancer therapy comprises administration of one or
more anti-angiogenic agents; and/or the cancer therapy comprises any combination of immune
checkpoint blockade, immune suppression blockade, immune activation, adjuvant, oncolytic
virus, chemotherapeutic, radiation, surgical, cell-based, hyperthermia, hypothermia, anti-tumor
antibody, and anti-angiogenic therapies.

[0094] In another aspect, the disclosure features a method of inducing an immune response

in a subject with one or more selected antigens, the method comprising: a) obtaining, providing
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or generating a library comprising bacterial cells or beads comprising a plurality of tumor
antigens, wherein each bacterial cell or bead of the library comprises a different tumor antigen;
b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a first
subject, wherein the APCs internalize the bacterial cells or beads; c¢) contacting the APCs with
lymphocytes from the first subject, under conditions suitable for stimulation or inhibition and/or
suppression of lymphocytes by a tumor antigen presented by one or more APCs; d) identifying
one or more stimulatory tumor antigens that stimulate lymphocytes and identifying one or more
non-stimulatory tumor antigens that do not stimulate lymphocytes, to produce a subject response
profile; e) comparing the subject response profile to a target response profile, wherein the target
response profile is from a second subject who responds clinically to a cancer therapy, and
wherein the target response profile comprises one or more identified stimulatory tumor antigens
that stimulate lymphocytes and comprises one or more identified non-stimulatory tumor antigens
that do not stimulate lymphocytes; f) selecting one or more antigens, wherein the one or more
antigens are identified as non-stimulatory in the subject response profile and the same one or
more antigens are identified as stimulatory in the target response profile; and g) administering to
the first subject an immunogenic composition comprising one or more of the selected antigens.
[0095] In some embodiments, the method further comprises administering a cancer therapy
to the subject. In some embodiments, the subject response profile comprises a representation of
the level of expression and/or secretion of the one or more immune mediators associated with the
plurality of tumor antigens.

[0096] In another aspect, the disclosure features an immunogenic composition of the
invention, comprising one or more antigens of the target response profile obtained or generated
according to any of the methods described herein.

[0097] In another aspect, the disclosure features an immunogenic composition of the
invention, comprising one or more antigens selected according to any of the methods described
herein.

[0098] In another aspect, the disclosure features an immunogenic composition comprising (i)
one or more heparanase polypeptides or immunogenic fragments thereof and (i1) a SMAD4
polypeptide or immunogenic fragment thereof.

[0099] In some embodiments, the one or more heparanase polypeptides or fragments and the

SMAD4 polypeptide or fragment are each 8-29 amino acids in length. In some embodiments,
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the heparanase polypeptides comprise the amino acid sequence of SEQ ID NO:6 or SEQ ID
NO:7. In some embodiments, the SMAD4 polypeptide comprises the amino acid sequence of
SEQ ID NO:8. In some embodiments, the one or more immunogenic fragments consist of about
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% of the total number of amino acids
of SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8. In some embodiments, the one or more
immunogenic fragments consist of SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8 lacking about
1,2,3,4,5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or more amino acids. In some embodiments, the
one or more heparanse polypeptides comprise an amino acid sequence at least 85%, 90%, 95%,
97%, or 99% identical to SEQ ID NO:6 or SEQ ID NO:7. In some embodiments, the SMAD4
polypeptide comprises an amino acid sequence at least 85%, 90%, 95%, 97%, or 99% identical
to SEQ ID NO:8.

[00100] In another aspect, the disclosure features an immunogenic composition comprising a
heparanase isoform 1 polypeptide or immunogenic fragment, a heparanase isoform 2 polypeptide
or immunogenic fragment, and a SMAD4 polypeptide or immunogenic fragment.

[00101] In some embodiments, the heparanase isoform 1 polypeptide or immunogenic
fragment, the heparanase isoform 2 polypeptide or immunogenic fragment and the SMAD4
polypeptide or immunogenic fragment are each 8-29 amino acids in length. In some
embodiments, the heparanase isoform 1 polypeptide comprises the amino acid sequence of SEQ
ID NO:1 and the heparanase isoform 2 polypeptide comprises the amino acid sequence of SEQ
ID NO:2. In some embodiments, the SMAD4 polypeptide comprises the amino acid sequence of
SEQ ID NO:3. In some embodiments, the one or more immunogenic fragments consist of about
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% of the total number of amino acids
of SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8. In some embodiments, one or more
immunogenic fragments consist of SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8 lacking about
1,2,3,4,5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or more amino acids. In some embodiments, the
heparanase isoform 1 polypeptide comprises an amino acid sequence at least 85%, 90%, 95%,
97%, or 99% identical to SEQ ID NO:6 and wherein the heparanase isoform 1 polypeptide
comprises an amino acid sequence at least 85%, 90%, 95%, 97%, or 99% identical to SEQ ID
NO:7. In some embodiments, the SMAD4 polypeptide comprises an amino acid sequence at
least 85%, 90%, 95%, 97%, or 99% identical to SEQ ID NO:8. In some embodiments, the

compositions further comprises an adjuvant.
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[00102] In another aspect of the invention, methods of treating cancer comprises
administering to a subject the immunogenic compositions described herein. In some
embodiments, the subject has or is at risk of cancer, and/or exhibits one or more signs or
symptoms of cancer, and/or exhibits one or more risk factors for cancer. In some embodiments,
the cancer is colorectal cancer, melanoma, or lung cancer.

[00103] In another aspect of the invention, methods of inducing an immune response in a
subject, comprise administering to a subject the immunogenic compositions described herein. In
some embodiment, the immune response comprises activation of one or more lymphocytes. In
some embodiments, the one or more lymphocytes comprise CD4+ T cells. In some
embodiments, the one or more lymphocytes comprise CD8+ T cells. In some embodiments, the
one or more lymphocytes comprise NKT cells, gamma-delta T cells, or NK cells. In some
embodiments, the one or more lymphocytes comprise any combination of CD4+ T cells, CD8+ T
cells, NKT cells, gamma-delta T cells, and NK cells. In some embodiments, the immune
response comprises an increased expression and/or secretion of one or more immune mediators
relative to a control. In some embodiments, the lymphocyte signaling molecule is selected from
among immune mediators. In some embodiments, the one or more immune mediators are
cytokines. In some embodiments, the one or more cytokines are selected from TRAIL, IFN-
gamma, IL-12p70, IL-2, TNF-alpha, MIP1-alpha, MIP1-beta, CXCL9, CXCL10, MCP1,
RANTES, IL-1 beta, IL-4, IL-6, IL-8, IL-9, IL-10, IL-13, IL-15, CXCL11, IL-3, IL-5, IL-17, IL-
18, IL-21, IL-22, IL-23A, IL-24, IL-27, IL-31, IL-32, TGF-beta, CSF, GM-CSF, TRANCE (also
known as RANK L), MIP3-alpha, MCP1, and fractalkine. In some embodiments, the one or
more immune mediators are soluble mediators. In some embodiments, the one or more soluble
mediators are selected from granzyme A, granzyme B, sFas, sFasL, perforin, and granulysin. In
some embodiments, the one or more immune mediators are cell surface markers. In some
embodiments, the one or more cell surface markers are selected from CD107a, CD107b, CD25,
CD69, CD45RA, CD45RO, CD137 (4-1BB), CD44, CD62L, CD27, CCR7, CD154 (CD40L),
KLRG-1, CD71, HLA-DR, CD122 (IL-2RB), CD28, IL7Ra (CD127), CD38, CD26, CD134
(0X-40), CTLA-4 (CD152), LAG-3, TIM-3 (CD366), CD39, PD1 (CD279), FoxP3, TIGIT,
CD160, BTLA, 2B4 (CD244), and KLRG1. In some embodiments, a level of one or more
expressed or secreted immune mediators that is at least 20%, 40%, 60%, 80%, 100%, 120%,

140%, 160%, 180%, or 200% higher than a control level. In some embodiments, a level of one
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or more expressed or secreted immune mediators that is at least one, two, or three standard
deviations higher than the mean of a control level indicates lymphocyte activation. In some
embodiments, a level of one or more expressed or secreted immune mediators that is at least 1, 2,
3, 4 or 5 median absolute deviations (MADs) higher or lower than a median response level to a
control indicates lymphocyte activation. In some embodiments, the immune response comprises
a humoral response and/or a cellular response. In some embodiments, humoral response
comprises an increase in magnitude of response or fold rise from baseline of antigen specific
immunoglobulin G (IgG) levels and/or of antigen specific neutralizing antibody levels. In some
embodiments, the humoral response comprises a 4-fold or greater rise in IgG titer from baseline.
In some embodiments, the humoral response comprises a 2-fold or greater rise in 50%
neutralizing antibody titer from baseline. In some embodiments, the cellular response comprises
secretion of granzyme B (GrB). In some embodiments, the cellular response comprises an
increase in magnitude of response or fold rise from baseline of granzyme B (GrB) levels. In
some embodiments, the cellular response comprises an increase in [IFN-gamma secretion for T
cells. In some embodiments, the subject has or is at risk of cancer, and/or exhibits one or more
signs or symptoms of cancer, and/or exhibits one or more risk factors for cancer. In some
embodiments, the cancer is colorectal cancer, melanoma, or lung cancer.

[00104] In another aspect, the disclosure features a method for manufacturing an
immunogenic composition, the method comprising combining one or more antigens identified by
any method described herein and a carrier.

[00105] In some embodiments, the antigen is produced using recombinant DNA technology in
a suitable host cell. In some embodiments, the method comprises formulating the immunogenic
composition as a pharmaceutical composition.

[00106] In another aspect, the disclosure features a method for manufacturing an
immunogenic composition for administration to a subject in need thereof, the method
comprising: a. providing, preparing, or obtaining a plurality of antigenic compositions
comprising a plurality of antigens, each composition comprising a different antigen; b.
providing, preparing, or obtaining a target response profile, wherein the target response profile
comprises a representation of the level of expression and/or secretion of one or more immune
mediators associated (e.g., determined, measured, observed) with the plurality of antigens; c.

providing, preparing, or obtaining a subject response profile, wherein the subject response profile



WO 2018/175505 PCT/US2018/023442
38

comprises a representation of the level of expression and/or secretion of one or more immune
mediators associated (e.g., determined, measured, observed) with the plurality of antigens; d.
comparing the target response profile to the subject response profile; e. selecting one or more
antigens based on the comparison; and f. formulating at least a portion of one or more antigenic
compositions comprising the one or more selected antigens as a pharmaceutical composition.
[00107] In some embodiments, the selecting step comprises selecting one or more antigens
that increase expression or secretion of immune mediators associated with a beneficial response
to cancer, and/or one or more antigens that inhibit and/or suppress expression or secretion of
immune mediators associated with deleterious or not beneficial responses to cancer. In some
embodiments, the plurality of antigenic compositions are in solution, lyophilized, or on a
synthetic matrix.

[00108] In another aspect, the disclosure features a method of manufacturing an immunogenic
composition for administration to a subject in need thereof, the method comprising: preparing
one or more antigens, or fragments thereof, identified by any of the method described herein;
combining one or more antigens, or fragments thereof, wherein the one or more antigens or
fragments thereof are selected according to the subject’s response profile; and formulating the
immunogenic composition as a pharmaceutical composition.

[00109] In another aspect, the disclosure features a method of manufacturing an immunogenic
composition for administration to a subject in need thereof, the method comprising: preparing
one or more antigens, or fragments thereof, identified by any method described herein;
combining one or more antigens, or fragments thereof, wherein the one or more antigens or
fragments thereof are selected according to whether or not the one or more antigens have been
shown to stimulate, inhibit and/or suppress and/or have minimal effect on level of expression
and/or secretion of one or more immune mediators by the subject’s lymphocytes; and
formulating the immunogenic composition as a pharmaceutical composition.

[00110] In another aspect, the disclosure features a method of manufacturing an immunogenic
composition for administration to a subject in need thereof, the method comprising: preparing
one or more antigens, or fragments thereof, identified by any method described herein;

[00111] combining one or more antigens, or fragments thereof, wherein the one or more
antigens or fragments thereof are selected according to the subject’s response profile; and

formulating the immunogenic composition as a pharmaceutical composition.
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BRIEF DESCRIPTION OF THE DRAWINGS

[00112] The present teachings described herein will be more fully understood from the
following description of various illustrative embodiments, when read together with the
accompanying drawings. It should be understood that the drawings described below are for
illustration purposes only and are not intended to limit the scope of the present teachings in any

way.

[00113] Figure 1 is a graph showing IFNYy secreted in supernatants by T cells from a
representative melanoma patient who received immune checkpoint blockade therapy. The T
cells were co-cultured with autologous antigen presenting cells pulsed with £. coli expressing

various tumor-associated antigens.

[00114] Figure 2 is a graph showing the number of T cell antigens that stimulated cytokine
secretion in supernatants by CD4" T cells from melanoma patients who were non-responders or
responders to immune checkpoint blockade therapy. The T cells were co-cultured with
autologous antigen presenting cells pulsed with £. coli expressing various tumor associated

antigens.

[00115] Figure 3is a graph showing the number of T cell antigens that stimulated cytokine
secretion in supernatants by CD8" T cells from melanoma patients who were non-responders or
responders to immune checkpoint blockade therapy. The T cells were co-cultured with
autologous antigen presenting cells pulsed with £. coli expressing various tumor-associated

antigens.

[00116] Figure 4 is a scatter plot showing good alignment between replicate measurements
for cytokines secreted by T cells from a representative NSCLC patient after stimulation by

autologous antigen presenting cells pulsed with £. coli expressing putative neoantigens.

[00117] Figure 5 is a graph showing results for IFNy and TNFa secretion from CDS8" T cells
from a representative NSCLC patient, collected pre- and post-checkpoint blockade therapy, after
co-culture with autologous antigen presenting cells pulsed with £. coli expressing putative

neoantigens.
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[00118] Figure 6 is a graph showing results for IFNy and TNFa secretion from CD4" T cells
from a representative NSCLC patient, collected pre- and post-checkpoint blockade therapy, after
co-culture with autologous antigen presenting cells pulsed with £. coli expressing putative

neoantigens.

[00119] Figure 7 is a Venn diagram showing limited overlap between CD8 -specific T cell
neoantigens from a representative NSCLC patient, identified using methods of the disclosure and

epitope prediction algorithms.

[00120] Figure 8 is a schematic showing epitope predictions had a high false positive rate,

missed relevant antigens and failed to identify suppressive and/or inhibitory neoantigens.

[00121] Figure 9 is a graph showing IFNy and TNF-a secreted in supernatants by T cells
from a representative patient with colorectal cancer. The T cells were co-cultured with
autologous antigen presenting cells pulsed with £. coli expressing various tumor-associated

antigens. NG =neon green.

[00122] Figure 10 is a graph showing the percentage of colorectal cancer patients who
responded to each TAA, as measured by IFNY secretion that exceeded three standard deviations

of the mean negative control response.

[00123] Figure 11 is a graph showing results for IFNy and TNF-a secretion from CD8" T
cells from a patient with colorectal carcinoma after co-culture with antigen presenting cells

pulsed with £. coli expressing 31 mutations unique to the patient.

[00124] Figures 12A and 12B are Venn diagrams representing the limited overlap between
CD8"-specific T cell neoantigens identified by ATLAS and epitope prediction algorithms.

Figure 12A represents epitopes predicted that had binding affinity projected to be below S00nM
for the mutant peptide (neoantigen) but not for its wild-type counterpart, and an IEDB percentile
rank of <1 for the mutant peptide but not for wild-type. Figure 12B represents epitopes predicted
to have binding affinity below 500nM or an IEDB percentile rank of <1, irrespective of the wild-

type counterpart predictions.

[00125] Figures 13A and 13B are Venn diagrams representing the limited overlap between
CDS8"-specific T cell inhibitory and/or suppressive neoantigens identified by ATLAS and epitope
prediction algorithms. Figure 13 A represents epitopes predicted that had binding affinity
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projected to be below 500nM for the mutant peptide (neoantigen) but not for its wild-type
counterpart, and an IEDB percentile rank of <1 for the mutant peptide but not for wild-type.
Figure 13B represents epitopes predicted to have binding affinity below 500nM or an IEDB

percentile rank of <1, irrespective of the wild-type counterpart predictions.

[00126] Figure 14 is a graph showing response profiles to 25 CRC-associated TAAs across
CRC patients with all stages of disease using TNF-a and IFN-y secretion as an indicator for a

recall response to a putative antigen.

[00127] Figures 15A and 15B are graphs showing the high frequency of T cell stimulatory
responses to three novel ATLAS-identified TAAs in comparison to three TAAs that are or were

in clinical development as a therapeutic vaccine.

[00128] Figure 16 is a graph showing stimulatory response rates to 4 selected TAAs for both
CD4" and CD8" T cell subsets from CRC patients with early or late stage disease and TNF-q and
IFN-y cytokine release.

[00129] Figure 17 is a graph showing normalized cytokine concentrations released in
response to 4 selected TAAs in healthy individuals and donors with various disease states

(polyps or CRC) for CD4" and CD8" T cell subsets and for TNF-a and IFN-y release.

[00130] Figure 18 is a graph showing an exemplary empirical determination of T cell
responses to profiled TAAs. Exemplary data is shown for a single lung cancer patient. T cell
responses are reported as natural log concentrations extrapolated from the MSD standard curve

and normalized to the patient’s response to a negative control protein.

[00131]  Figure 19 is a graph showing shows frequent CD4" T cell responses to two novel
TAAs compared to previously described TAAs (NY-ESO-1, MUCI1, and MAGEA3). Each
point represents a patient’s response to that TAA, normalized to the patient’s response to a

negative control protein. Stimulatory responses are colored black.

[00132] Figure 20 is a graph showing CD4" and CD8" T cell responses to a broad range of

TAAs from lung cancer patients.

[00133] Figure 21 is a graph showing inhibitory and/or suppressive T cell responses detected

in most profiled TAAs across lung cancer patients.
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[00134] Figure 22 is a graph showing a neoantigen screen with ATLAS identifying patient-
specific CD4" and CD8" T cell responses. Each dot represents a technical replicate. Horizontal
dotted lines indicate the cutoffs used to define stimulatory neoantigens and inhibitory and/or

suppressive neoantigens at +3 and -3 Median Absolute Deviations (MADs), respectively.

[00135] Figures 23A, 23B, 23C, and 23D show that algorithm prediction of MHC Class I
binding does not accurately predict CD8™ T cell responses or types of response. Figures 23A and
23C show the total numbers and overlap of neoantigens predicted by algorithm and observed in
ATLAS. Figures 23B and 23D show the break-down of predictions by strong binding (<
150nM), weak binding (< 500nM), or non-binding (>= 500nM). There is no enrichment of
either stimulatory or inhibitory and/or suppressive responses in CD8" T cells across binding

prediction groups.

[00136]  Figures 24A and 24B are graphs showing that CD8" T cell responses identified by

ATLAS to candidate neoantigens are not enriched for any mutation type.

[00137] Figures 25A and 25B are graphs showing DNA mutant allele frequency is not

associated with CD8" T cell response frequency.

[00138] Figures 26A and 26B are graphs showing detection of a mutation in RNA does not

predict whether the candidate neoantigen elicits a recall response in CDS" T cells.

[00139] Figures 27A and 27B are graphs showing that CD8+ T cell responses identified by

ATLAS to candidate neoantigens do not correlate with gene expression.

[00140] Figure 28 is a graph illustrating the different cytokine response profiles elicited by 6

representative neoantigens in a screen of CD8" T cells from a single patient.

[00141]  Figure 29 is a graph showing CD8" T cell data for healthy donors and cancer
patients. When analyzed by IFNYy secretion, there was a large inhibitory response in the healthy
donor cohort, that greatly exceeded the inhibitory responses in the cancer patient cohort.
Conversely, there was a greater median inhibitory response in the cancer cohort when TNFo

secretion was considered.
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DEFINITIONS

[00142] Activate: As used herein, a peptide presented by an antigen presenting cell (APC)
“activates” a lymphocyte if lymphocyte activity is detectably modulated after exposure to the
peptide presented by the APC under conditions that permit antigen-specific recognition to occur.
Any indicator of lymphocyte activity can be evaluated to determine whether a lymphocyte is
activated, e.g., T cell proliferation, phosphorylation or dephosphorylation of a receptor, calcium
flux, cytoskeletal rearrangement, increased or decreased expression and/or secretion of immune
mediators such as cytokines or soluble mediators, increased or decreased expression of one or

more cell surface markers.

[00143] Administration: As used herein, the term “administration” typically refers to the
administration of a composition to a subject or system. Those of ordinary skill in the art will be
aware of a variety of routes that may, in appropriate circumstances, be utilized for administration
to a subject, for example a human. For example, in some embodiments, administration may be
systemic or local. In some embodiments, administration may be enteral or parenteral. In some
embodiments, administration may be by injection (e.g., intramuscular, intravenous, or
subcutaneous injection). In some embodiments, injection may involve bolus injection, drip,
perfusion, or infusion. In some embodiments administration may be topical. Those skilled in the
art will be aware of appropriate administration routes for use with particular therapies described
herein, for example from among those listed on www.fda.gov, which include auricular (otic),
buccal, conjunctival, cutaneous, dental, endocervical, endosinusial, endotracheal, enteral,
epidural, extra-amniotic, extracorporeal, interstitial, intra-abdominal, intra-amniotic, intra-
arterial, intra-articular, intrabiliary, intrabronchial, intrabursal, intracardiac, intracartilaginous,
intracaudal, intracavernous, intracavitary, intracerebral, intracisternal, intracorneal, intracoronal,
intracorporus cavernosum, intradermal, intranodal, intradiscal, intraductal, intraduodenal,
intradural, intraepidermal, intraesophageal, intragastic, intragingival, intralesional, intraluminal,
intralymphatic, intramedullary, intrameningeal, intramuscular, intraocular, intraovarian,
intrapericardial, intraperitoneal, intrapleural, intraprostatic, intrapulmonary, intrasinal,
intraspinal, intrasynovial, intratendinous, intratesticular, intrathecal, intrathoracic, intratubular,
intratumor, intratympanic, intrauterine, intravascular, intravenous, intravenous bolus, intravenous
drip, intraventricular, intravitreal, laryngeal, nasal, nasogastric, ophthalmic, oral, oropharyngeal,

parenteral, percutaneous, periarticular, peridural, perineural, periodontal, rectal, respiratory (e.g.,
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inhalation), retrobulbar, soft tissue, subarachnoid, subconjunctival, subcutaneous, sublingual,
submucosal, topical, transdermal, transmucosal, transplacental, transtracheal, ureteral, urethral,
or vaginal. In some embodiments, administration may involve electro-osmosis, hemodialysis,
infiltration, iontophoresis, irrigation, and/or occlusive dressing. In some embodiments,
administration may involve dosing that is intermittent (e.g., a plurality of doses separated in
time) and/or periodic (e.g., individual doses separated by a common period of time) dosing. In

some embodiments, administration may involve continuous dosing.

[00144] Antigen: The term “antigen”, as used herein, refers to a molecule (e.g., a polypeptide)
that elicits a specific immune response. Antigen-specific immunological responses, also known
as adaptive immune responses, are mediated by lymphocytes (e.g., T cells, B cells, NK cells) that
express antigen receptors (e.g., T cell receptors, B cell receptors). In certain embodiments, an
antigen is a T cell antigen, and elicits a cellular immune response. In certain embodiments, an
antigen is a B cell antigen, and elicits a humoral (i.e., antibody) response. In certain
embodiments, an antigen is both a T cell antigen and a B cell antigen. As used herein, the term
“antigen” encompasses both a full-length polypeptide as well as a portion or immunogenic
fragment of the polypeptide, and a peptide epitope within the polypeptides (e.g., a peptide
epitope bound by a Major Histocompatibility Complex (MHC) molecule (e.g., MHC class I, or
MHC class II)).

[00145] Antigen presenting cell: An “antigen presenting cell” or “APC” refers to a cell that
presents peptides on MHC class I and/or MHC class II molecules for recognition by T cells.
APC include both professional APC (e.g., dendritic cells, macrophages, B cells), which have the
ability to stimulate naive lymphocytes, and non-professional APC (e.g., fibroblasts, epithelial
cells, endothelial cells, glial cells). In certain embodiments, APC are able to internalize (e.g.,
endocytose) members of a library (e.g., cells of a library of bacterial cells) that express

heterologous polypeptides as candidate antigens.

[00146] Autolysin polypeptide: An “autolysin polypeptide” is a polypeptide that facilitates or
mediates autolysis of a cell (e.g., a bacterial cell) that has been internalized by a eukaryotic cell.
In some embodiments, an autolysin polypeptide is a bacterial autolysin polypeptide. Autolysin
polypeptides include, and are not limited to, polypeptides whose sequences are disclosed in

GenBank® under Acc. Nos. NP _388823.1, NP 266427.1, and POAGC3.1.
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[00147] Cancer: As used herein, the term “cancer” refers to a disease, disorder, or condition
in which cells exhibit relatively abnormal, uncontrolled, and/or autonomous growth, so that they
display an abnormally elevated proliferation rate and/or aberrant growth phenotype characterized
by a significant loss of control of cell proliferation. In some embodiments, a cancer may be
characterized by one or more tumors. Those skilled in the art are aware of a variety of types of
cancer including, for example, adrenocortical carcinoma, astrocytoma, basal cell carcinoma,
carcinoid, cardiac, cholangiocarcinoma, chordoma, chronic myeloproliferative neoplasms,
craniopharyngioma, ductal carcinoma in situ, ependymoma, intraocular melanoma,
gastrointestinal carcinoid tumor, gastrointestinal stromal tumor (GIST), gestational trophoblastic
disease, glioma, histiocytosis, leukemia (e.g., acute lymphoblastic leukemia (ALL), acute
myeloid leukemia (AML), chronic lymphocytic leukemia (CLL), chronic myelogenous leukemia
(CML), hairy cell leukemia, myelogenous leukemia, myeloid leukemia), lymphoma (e.g., Burkitt
lymphoma [non-Hodgkin lymphoma], cutaneous T cell lymphoma, Hodgkin lymphoma, mycosis
fungoides, Sezary syndrome, AIDS-related lymphoma, follicular lymphoma, diffuse large B-cell
lymphoma), melanoma, merkel cell carcinoma, mesothelioma, myeloma (e.g., multiple
myeloma), myelodysplastic syndrome, papillomatosis, paraganglioma, pheochromacytoma,
pleuropulmonary blastoma, retinoblastoma, sarcoma (e.g., Ewing sarcoma, Kaposi sarcoma,
osteosarcoma, rhabdomyosarcoma, uterine sarcoma, vascular sarcoma), Wilms’ tumor, and/or
cancer of the adrenal cortex, anus, appendix, bile duct, bladder, bone, brain, breast, bronchus,
central nervous system, cervix, colon, endometrium, esophagus, eye, fallopian tube, gall bladder,
gastrointestinal tract, germ cell, head and neck, heart, intestine, kidney (e.g., Wilms’ tumor),
larynx, liver, lung (e.g., non-small cell lung cancer, small cell lung cancer), mouth, nasal cavity,
oral cavity, ovary, pancreas, rectum, skin, stomach, testes, throat, thyroid, penis, pharynx,

peritoneum, pituitary, prostate, rectum, salivary gland, ureter, urethra, uterus, vagina, or vulva.

[00148] Cytolysin polypeptide: A “cytolysin polypeptide” is a polypeptide that has the ability
to form pores in a membrane of a eukaryotic cell. A cytolysin polypeptide, when expressed in
host cell (e.g., a bacterial cell) that has been internalized by a eukaryotic cell, facilitates release
of host cell components (e.g., host cell macromolecules, such as host cell polypeptides) into the
cytosol of the internalizing cell. In some embodiments, a cytolysin polypeptide is bacterial
cytolysin polypeptide. In some embodiments, a cytolysin polypeptide is a cytoplasmic cytolysin

polypeptide. Cytolysin polypeptides include, and are not limited to, polypeptides whose
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sequences are disclosed in U.S. Pat. No. 6,004,815, and in GenBank® under Acc. Nos.
NP 463733.1, NP_979614, NP_834769, YP_ 084586, YP_ 895748, YP 694620, YP 012823
NP 346351, YP_597752, BAB41212.2, NP_561079.1, YP_ 001198769, and NP 359331.1.

2

[00149] Cytoplasmic cytolysin polypeptide: A “cytoplasmic cytolysin polypeptide” is a
cytolysin polypeptide that has the ability to form pores in a membrane of a eukaryotic cell, and
that is expressed as a cytoplasmic polypeptide in a bacterial cell. A cytoplasmic cytolysin
polypeptide is not significantly secreted by a bacterial cell. Cytoplasmic cytolysin polypeptides
can be provided by a variety of means. In some embodiments, a cytoplasmic cytolysin
polypeptide is provided as a nucleic acid encoding the cytoplasmic ccytolysin polypeptide. In
some embodiments, a cytoplasmic cytolysin polypeptide is provided attached to a bead. In some
embodiments, a cytoplasmic cytolysin polypeptide has a sequence that is altered relative to the
sequence of a secreted cytolysin polypeptide (e.g., altered by deletion or alteration of a signal
sequence to render it nonfunctional). In some embodiments, a cytoplasmic cytolysin polypeptide
is cytoplasmic because it is expressed in a secretion-incompetent cell. In some embodiments, a
cytoplasmic cytolysin polypeptide is cytoplasmic because it is expressed in a cell that does not
recognize and mediate secretion of a signal sequence linked to the cytolysin polypeptide. In

some embodiments, a cytoplasmic cytolysin polypeptide is a bacterial cytolysin polypeptide.

[00150] Heterologous: The term “heterologous”, as used herein to refer to genes or
polypeptides, refers to a gene or polypeptide that does not naturally occur in the organism in
which it is present and/or being expressed, and/or that has been introduced into the organism by
the hand of man. In some embodiments, a heterologous polypeptide is a tumor antigen described

herein.

[00151] Immune mediator: As used herein, the term “immune mediator” refers to any
molecule that affects the cells and processes involved in immune responses. Immune mediators

include cytokines, chemokines, soluble proteins, and cell surface markers.

[00152] Improve, increase, inhibit, stimulate, suppress, or reduce: As used herein, the terms

2%
2

2% ¢ 29 LC

“improve”, “increase”, “inhibit”, “stimulate”, “suppress”, “reduce”, or grammatical equivalents
thereof, indicate values that are relative to a baseline or other reference measurement. In some
embodiments, an appropriate reference measurement may be or comprise a measurement in a

particular system (e.g., in a single individual) under otherwise comparable conditions absent
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presence of (e.g., prior to and/or after) a particular agent or treatment, or in presence of an
appropriate comparable reference agent. The effect of a particular agent or treatment may be
direct or indirect. In some embodiments, an appropriate reference measurement may be or may
comprise a measurement in a comparable system known or expected to respond in a particular
way, in presence of the relevant agent or treatment. In some embodiments, a peptide presented
by an antigen presenting cell (APC) “stimulates” or is “stimulatory” to a lymphocyte if the
lymphocyte is activated to a phenotype associated with beneficial responses, after exposure to
the peptide presented by the APC under conditions that permit antigen-specific recognition to
occur, as observed by, e.g., T cell proliferation, phosphorylation or dephosphorylation of a
receptor, calcium flux, cytoskeletal rearrangement, increased or decreased expression and/or
secretion of immune mediators such as cytokines or soluble mediators, increased or decreased

expression of one or more cell surface markers, relative to a control. In some embodiments, a

2
2

peptide presented by an antigen presenting cell “suppresses”, “inhibits” or is “inhibitory” to a
lymphocyte if the lymphocyte is activated to a phenotype associated with deleterious or non-
beneficial responses, after exposure to the peptide presented by the APC under conditions that
permit antigen-specific recognition to occur, as observed by, e.g., phosphorylation or
dephosphorylation of a receptor, calcium flux, cytoskeletal rearrangement, increased or
decreased expression and/or secretion of immune mediators such as cytokines or soluble

mediators, increased or decreased expression of one or more cell surface markers, relative to a

control.

[00153] Invasin polypeptide: An “invasin polypeptide” is a polypeptide that facilitates or
mediates uptake of a cell (e.g., a bacterial cell) by a eukaryotic cell. Expression of an invasin
polypeptide in a noninvasive bacterial cell confers on the cell the ability to enter a eukaryotic
cell. In some embodiments, an invasin polypeptide is a bacterial invasin polypeptide. In some
embodiments, an invasin polypeptide is a Yersinia invasin polypeptide (e.g., a Yersinia invasin

polypeptide comprising a sequence disclosed in GenBank® under Acc. No. YP _070195.1).

[00154] Listeriolysin O (LLO): The terms “listeriolysin O” or “LLO” refer to a listeriolysin O
polypeptide of Listeria monocytogenes and truncated forms thereof that retain pore-forming
ability (e.g., cytoplasmic forms of LLO, including truncated forms lacking a signal sequence). In

some embodiments, an LLO is a cytoplasmic LLO. Exemplary LLO sequences are shown in

Table 1, below.
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[00155] Polypeptide: The term “polypeptide”, as used herein, generally has its art-recognized
meaning of a polymer of at least three amino acids. Those of ordinary skill in the art will
appreciate, however, that the term “polypeptide” is intended to be sufficiently general as to
encompass not only polypeptides having the complete sequence recited herein (or in a reference
or database specifically mentioned herein), but also to encompass polypeptides that represent
functional fragments (i.e., fragments retaining at least one activity) and immunogenic fragments
of such complete polypeptides. Moreover, those of ordinary skill in the art understand that
protein sequences generally tolerate some substitution without destroying activity. Thus, any
polypeptide that retains activity and shares at least about 30-40% overall sequence identity, often
greater than about 50%, 60%, 70%, or 80%, and further usually including at least one region of
much higher identity, often greater than 90% or even 95%, 96%, 97%, 98%, or 99% in one or
more highly conserved regions, usually encompassing at least 3-4 and often up to 20 or more
amino acids, with another polypeptide of the same class, is encompassed within the relevant term
“polypeptide” as used herein. Other regions of similarity and/or identity can be determined by

those of ordinary skill in the art by analysis of the sequences of various polypeptides.

[00156] Primary cells: As used herein, “primary cells” refers to cells from an organism that
have not been immortalized in vifro. In some embodiments, primary cells are cells taken directly
from a subject (e.g., a human). In some embodiments, primary cells are progeny of cells taken
from a subject (e.g., cells that have been passaged in vifro). Primary cells include cells that have
been stimulated to proliferate in culture.

[00157] Response: As used herein, in the context of a subject (a patient or experimental
organism), “response”, “responsive”, or “responsiveness’ refers to an alteration in a subject’s
condition that occurs as a result of, or correlates with, treatment. In certain embodiments, a
response is a beneficial response. In certain embodiments, a beneficial response can include
stabilization of a subject’s condition (e.g., prevention or delay of deterioration expected or
typically observed to occur absent the treatment), amelioration (e.g., reduction in frequency
and/or intensity) of one or more symptoms of the condition, and/or improvement in the prospects
for cure of the condition, etc. In certain embodiments, for a subject who has cancer, a beneficial
response can include: the subject has a positive clinical response to cancer therapy or a
combination of therapies; the subject has a spontaneous response to a cancer; the subject is in

partial or complete remission from cancer; the subject has cleared a cancer; the subject has not



WO 2018/175505 PCT/US2018/023442
49

had a relapse, recurrence or metastasis of a cancer; the subject has a positive cancer prognosis;
the subject has not experienced toxic responses or side effects to a cancer therapy or combination
of therapies. In certain embodiments, for a subject who had cancer, the beneficial responses

occurred in the past, or are ongoing.

[00158] In certain embodiments, a response is a deleterious or non-beneficial response. In
certain embodiments, a deleterious or non-beneficial response can include deterioration of a
subject’s condition, lack of amelioration (e.g., no reduction in frequency and/or intensity) of one
or more symptoms of the condition, and/or degradation in the prospects for cure of the condition,
etc. In certain embodiments, for a subject who has cancer, a deleterious or non-beneficial
response can include: the subject has a negative clinical response to cancer therapy or a
combination of therapies; the subject is not in remission from cancer; the subject has not cleared
a cancer; the subject has had a relapse, recurrence or metastasis of a cancer; the subject has a
negative cancer prognosis; the subject has experienced toxic responses or side effects to a cancer
therapy or combination of therapies. In certain embodiments, for a subject who had cancer, the
deleterious or non-beneficial responses occurred in the past, or are ongoing.

[00159] Asused herein, in the context of a cell, organ, tissue, or cell component, e.g., a
lymphocyte, “response”, “responsive”, or “responsiveness” refers to an alteration in cellular
activity that occurs as a result of, or correlates with, administration of or exposure to an agent,
e.g. atumor antigen. In certain embodiments, a beneficial response can include increased
expression and/or secretion of immune mediators associated with positive clinical responses or
outcomes in a subject. In certain embodiments, a beneficial response can include decreased
expression and/or secretion of immune mediators associated with negative clinical response or
outcomes in a subject. In certain embodiments, a deleterious or non-beneficial response can
include increased expression and/or secretion of immune mediators associated with negative
clinical responses or outcomes in a subject. In certain embodiments, a deleterious or non-
beneficial response can include decreased expression and/or secretion of immune mediators
associated with positive clinical responses or outcomes in a subject. In certain embodiments, a
response is a clinical response. In certain embodiments, a response is a cellular response. In

certain embodiments, a response is a direct response. In certain embodiments, a response is an

2% ¢
2

indirect response. In certain embodiments, “non-response”, “non-responsive”, or “non-

responsiveness” mean minimal response or no detectable response. In certain embodiments, a
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“minimal response” includes no detectable response. In certain embodiments, presence, extent,
and/or nature of response can be measured and/or characterized according to particular criteria.
In certain embodiments, such criteria can include clinical criteria and/or objective criteria. In
certain embodiments, techniques for assessing response can include, but are not limited to,
clinical examination, positron emission tomography, chest X-ray, CT scan, MRI, ultrasound,
endoscopy, laparoscopy, presence or level of a particular marker in a sample, cytology, and/or
histology. Where a response of interest is a response of a tumor to a therapy, ones skilled in the
art will be aware of a variety of established techniques for assessing such response, including, for
example, for determining tumor burden, tumor size, tumor stage, etc. Methods and guidelines
for assessing response to treatment are discussed in Therasse et al., J. Natl. Cancer Inst., 2000,
92(3):205-216; and Seymour et al., Lancet Oncol., 2017, 18:¢143-52. The exact response
criteria can be selected in any appropriate manner, provided that when comparing groups of
tumors, patients or experimental organism, and/or cells, organs, tissues, or cell components, the
groups to be compared are assessed based on the same or comparable criteria for determining

response rate. One of ordinary skill in the art will be able to select appropriate criteria.

[00160] 7umor: As used herein, the term “tumor” refers to an abnormal growth of cells or
tissue. In some embodiments, a tumor may comprise cells that are precancerous (e.g., benign),
malignant, pre-metastatic, metastatic, and/or non-metastatic. In some embodiments, a tumor is
associated with, or is a manifestation of, a cancer. In some embodiments, a tumor may be a

disperse tumor or a liquid tumor. In some embodiments, a tumor may be a solid tumor.

DETAILED DESCRIPTION

[00161] Recent advances in immune checkpoint inhibitor therapies such as ipilimumab,
nivolumab, and pembrolizumab for cancer immunotherapy have resulted in dramatic efficacy in
subjects suffering from NSCLC, among other indications. Nivolumab and pembroluzimab have
been approved by the Food and Drug Administration (FDA) and European Medicines Agency
(EMA) for use in patients with advanced NSCLC who have previously been treated with
chemotherapy. They have solidified the importance of T cell responses in control of tumors.
Neoantigens, potential cancer rejection antigens that are entirely absent from the normal human

genome, are postulated to be relevant to tumor control; however, attempts to define them and
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their role in tumor clearance has been hindered by the paucity of available tools to define them in
a biologically relevant and unbiased way (Schumacher and Schreiber, 2015 Science 348:69-74,
Gilchuk et al., 2015 Curr Opin Immunol 34:43-51)

[00162] Taking non-small cell lung carcinoma (NSCLC) as an example, whole exome
sequencing of NSCLC tumors from patients treated with pembrolizumab showed that higher
non-synonymous mutation burden in tumors was associated with improved objective response,
durable clinical benefit, and progression-free survival (Rizvi ef al., (2015) Science 348(6230):
124-8). In this study, the median non-synonymous mutational burden of the discovery cohort
was 209 and of the validation cohort was 200. However, simply because a mutation was
identified by sequencing, does not mean that the epitope it creates can be recognized by a T cell
or serves as a protective antigen for T cell responses (Gilchuk er al., 2015 Curr Opin Immunol
34:43-51), making the use of the word neoantigen somewhat of a misnomer. With 200 or more
potential targets of T cells in NSCLC, it is not feasible to test every predicted epitope to
determine which of the mutations serve as neoantigens, and which neoantigens are associated
with clinical evidence of tumor control. Recently, a study by McGranahan et al., showed that
clonal neoantigen burden and overall survival in primary lung adenocarcinomas are related.
However, even enriching for clonal neoantigens results in potential antigen targets ranging from
50 to approximately 400 (McGranahan et al., 2016 Science 351:1463-69). Similar findings have
been described for melanoma patients who have responded to ipilimumab therapy (Snyder et al.,
2015 NEJM; Van Allen et al., 2015 Science) and in patients with mismatch-repair deficient

colorectal cancer who were treated with pembrolizumab (Le ef al., 2015 NEJM).

[00163] The present disclosure provides methods and systems for the rapid identification of
tumor antigens (e.g., tumor specific antigens (TSAs, or neoantigens), tumor associated antigens
(TAAs), or cancer/testis antigens (CTAs)) that elicit T cell responses and particularly that elicit
human T cell responses, as well as polypeptides that are potential tumor antigens. For purposes
of this disclosure, “tumor antigens” includes both tumor antigens and potential tumor antigens.
As described herein, methods of the present disclosure identified stimulatory tumor antigens that
were not identified by known algorithms. Further, methods of the present disclosure identified
suppressive and/or inhibitory tumor antigens that are not identifiable by known algorithms.
Methods of the present disclosure also identified polypeptides that are potential tumor antigens,

i.e., polypeptides that activate T cells of non-cancerous subjects, but not T cells of subjects
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suffering from cancer. The present disclosure also provides methods of selecting tumor antigens
and potential tumor antigens, methods of using the selected tumor antigens and potential tumor
antigens, immunogenic compositions comprising the selected tumor antigens and potential tumor
antigens, and methods of manufacturing immunogenic compositions. The present disclosure
also provides methods of evaluating an immune response in a cancer subject, e.g., for identifying
or selecting subjects for initiation, continuation, modification, and/or discontinuation of cancer

therapy.
Library generation

[00164] A library is a collection of members (e.g., cells or non-cellular particles, such as virus
particles, liposomes, or beads (e.g., beads coated with polypeptides, such as in vifro translated
polypeptides, e.g., affinity beads, e.g., antibody coated beads, or NTA-Ni beads bound to
polypeptides of interest). According to the present disclosure, members of a library include (e.g.,
internally express or carry) polypeptides of interest described herein. In some embodiments,
members of a library are cells that internally express polypeptides of interest described herein.
In some embodiments, members of a library which are particles carry, and/or are bound to,
polypeptides of interest. Use of a library in an assay system allows simultaneous evaluation in
vitro of cellular responses to multiple candidate antigens. According to the present disclosure, a
library is designed to be internalized by human antigen presenting cells so that peptides from
library members, including peptides from internally expressed polypeptides of interest, are

presented on MHC molecules of the antigen presenting cells for recognition by T cells.

[00165] Libraries can be used in assays that detect peptides presented by human MHC class |
and MHC class II molecules. Polypeptides expressed by the internalized library members are
digested in intracellular endocytic compartments (e.g., phagosomes, endosomes, lysosomes) of
the human cells and presented on MHC class II molecules, which are recognized by human
CD4" T cells. In some embodiments, library members include a cytolysin polypeptide, in
addition to a polypeptide of interest. In some embodiments, library members include an invasin
polypeptide, in addition to the polypeptide of interest. In some embodiments, library members
include an autolysin polypeptide, in addition to the polypeptide of interest. In some
embodiments, library members are provided with cells that express a cytolysin polypeptide (i.e.,

the cytolysin and polypeptide of interest are not expressed in the same cell, and an antigen
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presenting cell is exposed to members that include the cytolysin and members that include the
polypeptide of interest, such that the antigen presenting cell internalizes both, and such that the
cytolysin facilitates delivery of polypeptides of interest to the MHC class I pathway of the
antigen presenting cell). A cytolysin polypeptide can be constitutively expressed in a cell, or it
can be under the control of an inducible expression system (e.g., an inducible promoter). In
some embodiments, a cytolysin is expressed under the control of an inducible promoter to

minimize cytotoxicity to the cell that expresses the cytolysin.

[00166] Once internalized by a human cell, a cytolysin polypeptide perforates intracellular
compartments in the human cell, allowing polypeptides expressed by the library members to gain
access to the cytosol of the human cell. Polypeptides released into the cytosol are presented on

MHC class I molecules, which are recognized by CD8" T cells.

[00167] A library can include any type of cell or particle that can be internalized by and
deliver a polypeptide of interest (and a cytolysin polypeptide, in applications where a cytolysin
polypeptide is desirable) to, antigen presenting cells for use in methods described herein.
Although the term “cell” is used throughout the present specification to refer to a library
member, it is understood that, in some embodiments, the library member is a non-cellular
particle, such as a virus particle, liposome, or bead. In some embodiments, members of the
library include polynucleotides that encode the polypeptide of interest (and cytolysin
polypeptide), and can be induced to express the polypeptide of interest (and cytolysin

polypeptide) prior to, and/or during internalization by antigen presenting cells.

[00168] In some embodiments, the cytolysin polypeptide is heterologous to the library cell in
which it is expressed, and facilitates delivery of polypeptides expressed by the library cell into
the cytosol of a human cell that has internalized the library cell. Cytolysin polypeptides include
bacterial cytolysin polypeptides, such as listeriolysin O (LLO), streptolysin O (SLO), and
perfringolysin O (PFO). Additional cytolysin polypeptides are described in U.S. Pat. 6,004,815.
In certain embodiments, library members express LLO. In some embodiments, a cytolysin
polypeptide is not significantly secreted by the library cell (e.g., less than 20%, 10%, 5%, or 1%
of the cytolysin polypeptide produced by the cell is secreted). For example, the cytolysin
polypeptide is a cytoplasmic cytolysin polypeptide, such as a cytoplasmic LLO polypeptide (e.g.,

a form of LLO which lacks the N-terminal signal sequence, as described in Higgins et al., Mol.
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Microbiol. 31(6):1631-1641,1999). Exemplary cytolysin polypeptide sequences are shown in
Table 1. The listeriolysin O (A3-25) sequence shown in the second row of Table 1 has a deletion
of residues 3-25, relative to the LLO sequence in shown in the first row of Table 1, and is a
cytoplasmic LLO polypeptide. In some embodiments, a cytolysin is expressed constitutively in a
library host cell. In other embodiments, a cytolysin is expressed under the control of an
inducible promoter. Cytolysin polypeptides can be expressed from the same vector, or from a

different vector, as the polypeptide of interest in a library cell.

Table 1. Exemplary Cytolysin Polypeptides

Polypeptide Name Polypeptide Polypeptide Sequence
Accession No.
(species)
GI No.

listeriolysin O NP 463733.1 MKKIMLVFITLILVSLPIAQQTEAKDASAFNKENSISSMAPPASP
GI:16802248 PASPKTPIEKKHADEIDKYIQGLDYNKNNVLVYHGDAVTINVPPRK
(Listeria GYKDGNEYIVVEKKKKSINQNNADIQVVNAISSLTYPGALVKANS
monocytogenes) ELVENQPDVLPVKRDSLTLSIDLPGMTNQDNKIVVKNATKSNVNN
AVNTLVERWNEKYAQAYPNVSAKIDYDDEMAYSESQLIAKFGTAF
KAVNNSLNVNFGAISEGKMQEEVISFKQIYYNVNVNEPTRPSRFF
GKAVTKEQLOQALGVNAENPPAYISSVAYGRQVYLKLSTNSHSTKV
KAAFDAAVSGKSVSGDVELTNIIKNSSFKAVIYGGSAKDEVQIID
GNLGDLRDILKKGATFNRETPGVPIAYTTNFLKDNELAVIKNNSE
YIETTSKAYTDGKINIDHSGGYVAQFNISWDEVNYDPEGNEIVQH
KNWSENNKSKLAHFTSSIYLPGNARNINVYAKECTGLAWEWWRTV
IDDRNLPLVKNRNISIWGTTLYPKYSNKVDNPIE (SEQ ID
NO:1)

listeriolysin O MKDASAFNKENSISSMAPPASPPASPKTPIEKKHADEIDKYIQGL
(A3-25) DYNKNNVLVYHGDAVTNVPPRKGYKDGNEY IVVEKKKKSINQNNA
DIQVVNAISSLTYPGALVKANSELVENQPDVLPVKRDSLTLSIDL
PGMTNQDNKIVVKNATKSNVNNAVNTLVERWNEKYAQAYPNVSAK
IDYDDEMAYSESQLIAKFGTAFKAVNNSLNVNFGAISEGKMQEEV
ISFKQIYYNVNVNEPTRPSRFFGKAVTKEQLOALGVNAENPPAYI
SSVAYGRQVYLKLSTNSHSTKVKAAFDAAVSGKSVSGDVELTNIT
KNSSFKAVIYGGSAKDEVQIIDGNLGDLRDILKKGATFNRETPGV
PIAYTTNFLKDNELAVIKNNSEYIETTSKAYTDGKINIDHSGGYV
AQFNISWDEVNYDPEGNEIVQOHKNWSENNKSKLAHFTSSIYLPGN
ARNINVYAKECTGLAWEWWRTVIDDRNLPLVKNRNISIWGTTLYP
KYSNKVDNPIE (SEQ ID NO:2)

streptolysin O BAB41212.2 MSNKKTFKKYSRVAGLLTAALTIIGNLVTANAESNKONTASTETTT
GI:71061060 TSEQPKPESSELTIEKAGQKMDDMLNSNDMIKLAPKEMPLESAEK
(Streptococcus EEKKSEDKKKSEEDHTEEINDKIYSLNYNELEVLAKNGETIENFV
pyogenes) PKEGVKKADKFIVIERKKKNINTTPVDISIIDSVTDRTYPAALQL
ANKGFTENKPDAVVTKRNPQKIHIDLPGMGDKATVEVNDPTYANV
STAIDNLVNQWHDNYSGGNTLPARTQYTESMVYSKSQIEAATLNVN
SKILDGTLGIDFKSISKGEKKVMIAAYKQIFYTVSANLPNNPADV
FDKSVTFKDLQRKGVSNEAPPLFVSNVAYGRTVFVKLETSSKSND
VEAAFSAALKGTDVKTNGKYSDILENSSFTAVVLGGDAAEHNKVV
TKDFDVIRNVIKDNATFSRKNPAYPISYTSVFLKNNKIAGVNNRT
EYVETTSTEYTSGKINLSHQGAYVAQYEILWDEINYDDKGKEVIT
KRRWDNNWYSKTSPFSTVIPLGANSRNIRIMARECTGLAWEWWRK
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VIDERDVKLSKEINVNISGSTLSPYGSITYK (SEQ ID NO:3)

perfringolysin O NP 561079.1 MIRFKKTKLIASIAMALCLFSQPVISFSKDITDKNQSIDSGISSL
GI:18309145 SYNRNEVLASNGDKIESFVPKEGKKTGNKFIVVERQKRSLTTSPV
(Clostridium DISIIDSVNDRTYPGALQLADKAFVENRPTILMVKRKPININIDL
perfringens) PGLKGENSIKVDDPTYGKVSGAIDELVSKWNEKYSSTHTLPARTQ
YSESMVYSKSQISSALNVNAKVLENSLGVDFNAVANNEKKVMILA
YKQIFYTVSADLPKNPSDLFDDSVTFNDLKQKGVSNEAPPLMVSN
VAYGRTIYVKLETTSSSKDVQAAFKALIKNTDIKNSQQYKDIYEN
SSFTAVVLGGDAQEHNKVVTKDFDEIRKVIKDNATFSTKNPAYPT
SYTSVFLKDNSVAAVHNKTDYIETTSTEYSKGKINLDHSGAYVAQ
FEVAWDEVSYDKEGNEVLTHKTWDGNYQDKTAHYSTVIPLEANAR
NIRIKARECTGLAWEWWRDVISEYDVPLTNNINVSIWGTTLYPGS
SITYN (SEQ ID NO:4)

Pneumolysin NP 359331.1 MANKAVNDFILAMNYDKKKLLTHQGESIENRFIKEGNQLPDEFVV

GI:933687 IERKKRSLSTNTSDISVTATNDSRLYPGALLVVDETLLENNPTLL
(Streptococcus AVDRAPMTYSIDLPGLASSDSFLQVEDPSNSSVRGAVNDLLAKWH
pneumoniae) ODYGQVNNVPARMQYEKITAHSMEQLKVKFGSDFEKTGNSLDIDF

NSVHSGEKQIQIVNFKQIYYTVSVDAVKNPGDVFQDTVTVEDLKQ
RGISAERPLVYISSVAYGROQVYLKLETTSKSDEVEAAFEALIKGV
KVAPQTEWKQILDNTEVKAVILGGDPSSGARVVTGKVDMVEDLIQ
EGSRFTADHPGLPISYTTSFLRDNVVATFONSTDYVETKVTAYRN
GDLLLDHSGAYVAQYYITWDELSYDHQGKEVLTPKAWDRNGQDLT
AHFTTSIPLKGNVRNLSVKIRECTGLAWEWWRTVYEKTDLPLVRK
RTISIWGTTLYPQVEDKVEND (SEQ ID NO:5)

[00169] In some embodiments, a library member (e.g., a library member which is a bacterial
cell) includes an invasin that facilitates uptake by the antigen presenting cell. In some
embodiments, a library member includes an autolysin that facilitates autolysis of the library
member within the antigen presenting cell. In some embodiments, a library member includes
both an invasin and an autolysin. In some embodiments, a library member which is an £. coli
cell includes an invasin and/or an autolysin. In various embodiments, library cells that express
an invasin and/or autolysin are used in methods that also employ non-professional antigen
presenting cells or antigen presenting cells that are from cell lines. Isberg et al. (Cell, 1987,
50:769-778), Sizemore ef al. (Science, 1995, 270:299-302) and Courvalin ef al. (C.R. Acad. Sci.
Paris, 1995, 318:1207-12) describe expression of an invasin to effect endocytosis of bacteria by
target cells. Autolysins are described by Cao et al., Infect. Immun. 1998, 66(6): 2984-2986;
Margot et al., J. Bacteriol. 1998, 180(3):749-752; Buist et al., Appl. Environ. Microbiol., 1997,
63(7):2722-2728; Yamanaka et al., FEMS Microbiol. Lett., 1997, 150(2): 269-275; Romero et
al., FEMS Microbiol. Lett., 1993, 108(1):87-92; Betzner and Keck, Mol. Gen. Genet., 1989,
219(3): 489-491; Lubitz et al., J. Bacteriol., 1984, 159(1):385-387; and Tomasz et al., J.
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Bacteriol., 1988, 170(12): 5931-5934. In some embodiments, an autolysin has a feature that
permits delayed lysis, e.g., the autolysin is temperature-sensitive or time-sensitive (see, e.g.,
Chang et al., 1995, J. Bact. 177, 3283-3294; Raab et al., 1985, J. Mol. Biol. 19, 95-105; Gerds et
al., 1995, Mol. Microbiol. 17,205-210). Useful cytolysins also include addiction
(poison/antidote) autolysins, (see, e.g., Magnuson R, ef al., 1996, J. Biol. Chem. 271(31), 18705-
18710; Smith A S, et al., 1997, Mol. Microbiol. 26(5), 961-970).

[00170] In some embodiments, members of the library include bacterial cells. In certain
embodiments, the library includes non-pathogenic, non-virulent bacterial cells. Examples of
bacteria for use as library members include £. coli, mycobacteria, Listeria monocytogenes,

Shigella flexneri, Bacillus subtilis, or Salmonella.

[00171] In some embodiments, members of the library include eukaryotic cells (e.g., yeast
cells). In some embodiments, members of the library include viruses (e.g., bacteriophages). In
some embodiments, members of the library include liposomes. Methods for preparing liposomes
that include a cytolysin and other agents are described in Kyung-Dall et al., U.S. Pat. No.
5,643,599. In some embodiments, members of the library include beads. Methods for preparing
libraries comprised of beads are described, e.g., in Lam et al., Nature 354: 82-84, 1991, U.S. Pat.
Nos. 5,510,240 and 7,262,269, and references cited therein.

[00172] In certain embodiments, a library is constructed by cloning polynucleotides encoding
polypeptides of interest, or portions thereof, into vectors that express the polypeptides of interest
in cells of the library. The polynucleotides can be synthetically synthesized. The
polynucleotides can be cloned by designing primers that amplify the polynucleotides. Primers
can be designed using available software, such as Primer3Plus (available the following URL:
bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi; see Rozen and Skaletsky, In: Krawetz S,
Misener S (eds) Bioinformatics Methods and Protocols: Methods in Molecular Biology. Humana
Press, Totowa, NJ, pp. 365-386, 2000). Other methods for designing primers are known to those
of skill in the art. In some embodiments, primers are constructed so as to produce polypeptides
that are truncated, and/or lack hydrophobic regions (e.g., signal sequences or transmembrane
regions) to promote efficient expression. The location of predicted signal sequences and
predicted signal sequence cleavage sites in a given open reading frame (ORF) sequence can be

determined using available software, see, e.g., Dyrlov ef al., J. Mol. Biol., 340:783-795, 2004,
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and the following URL: cbs.dtu.dk/services/SignalP/). For example, if a signal sequence is
predicted to occur at the N-terminal 20 amino acids of a given polypeptide sequence, a primer is
designed to anneal to a coding sequence downstream of the nucleotides encoding the N-terminal

20 amino acids, such that the amplified sequence encodes a product lacking this signal sequence.

[00173] Primers can also be designed to include sequences that facilitate subsequent cloning
steps. ORFs can be amplified directly from genomic DNA (e.g., genomic DNA of a tumor cell),
or from polynucleotides produced by reverse transcription (RT-PCR) of mRNAs expressed by
the tumor cell. RT-PCR of mRNA is useful, e.g., when the genomic sequence of interest
contains intronic regions. PCR-amplified ORFs are cloned into an appropriate vector, and size,

sequence, and expression of ORFs can be verified prior to use in immunological assays.

[00174] In some embodiments, a polynucleotide encoding a polypeptide of interest is linked
to a sequence encoding a tag (e.g., an N-terminal or C-terminal epitope tag) or a reporter protein
(e.g., a fluorescent protein). Epitope tags and reporter proteins facilitate purification of
expressed polypeptides, and can allow one to verify that a given polypeptide is properly
expressed in a library host cell, e.g., prior to using the cell in a screen. Useful epitope tags
include, for example, a polyhistidine (His) tag, a V5 epitope tag from the P and V protein of
paramyxovirus, a hemagglutinin (HA) tag, a myc tag, and others. In some embodiments, a
polynucleotide encoding a polypeptide of interest is fused to a sequence encoding a tag which is
a known antigenic epitope (e.g., an MHC class I- and/or MHC class II-restricted T cell epitope of
a model antigen such as an ovalbumin), and which can be used to verify that a polypeptide of
interest is expressed and that the polypeptide-tag fusion protein is processed and presented in
antigen presentation assays. In some embodiments a tag includes a T cell epitope of a murine T
cell (e.g., amurine T cell line). In some embodiments, a polynucleotide encoding a polypeptide
of interest is linked to a tag that facilitates purification and a tag that is a known antigenic
epitope. Useful reporter proteins include naturally occurring fluorescent proteins and their
derivatives, for example, Green Fluorescent Protein (Aequorea Victoria) and Neon Green
(Branchiostoma lanceolatum). Panels of synthetically derived fluorescent and chromogenic

proteins are also available from commercial sources.

[00175] Polynucleotides encoding a polypeptide of interest are cloned into an expression

vector for introduction into library host cells. Various vector systems are available to facilitate
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cloning and manipulation of polynucleotides, such as the Gateway® Cloning system (Invitrogen).
As is known to those of skill in the art, expression vectors include elements that drive production
of polypeptides of interest encoded by a polynucleotide in library host cells (e.g., promoter and
other regulatory elements). In some embodiments, polypeptide expression is controlled by an
inducible element (e.g., an inducible promoter, e.g., an IPTG- or arabinose- inducible promoter,
or an IPTG-inducible phage T7 RNA polymerase system, a lactose (/ac) promoter, a tryptophan
(trp) promoter, a tac promoter, a frc promoter, a phage lambda promoter, an alkaline phosphatase
(phoA) promoter, to give just a few examples; see Cantrell, Meth. in Mol. Biol., 235:257-276,
Humana Press, Casali and Preston, Eds.). In some embodiments, polypeptides are expressed as
cytoplasmic polypeptides. In some embodiments, the vector used for polypeptide expression is a
vector that has a high copy number in a library host cell. In some embodiments, the vector used
for expression has a copy number that is more than 25, 50, 75, 100, 150, 200, or 250 copies per
cell. In some embodiments, the vector used for expression has a ColE1 origin of replication.
Useful vectors for polypeptide expression in bacteria include pET vectors (Novagen), Gateway *
pDEST vectors (Invitrogen), pGEX vectors (Amersham Biosciences), pPRO vectors (BD
Biosciences), pPBAD vectors (Invitrogen), pLEX vectors (Invitrogen), pMAL™ vectors (New
England BioLabs), pPGEMEX vectors (Promega), and pQE vectors (Qiagen). Vector systems for
producing phage libraries are known and include Novagen T7Select” vectors, and New England

Biolabs Ph.D.™ Peptide Display Cloning System.

[00176] In some embodiments, library host cells express (either constitutively, or when
induced, depending on the selected expression system) a polypeptide of interest to at least 10%,
20%, 30%, 40%, 50%, 60%, or 70% of the total cellular protein. In some embodiments, the level
a polypeptide available in or on a library member (e.g., cell, virus particle, liposome, bead) is
such that antigen presenting cells exposed to a sufficient quantity of the library members are
presented on MHC molecules polypeptide epitopes at a density that is comparable to the density
presented by antigen presenting cells pulsed with purified peptides.

[00177] Methods for efficient, large-scale production of libraries are available. For example,
site-specific recombinases or rare-cutting restriction enzymes can be used to transfer
polynucleotides between expression vectors in the proper orientation and reading frame (Walhout
et al., Meth. Enzymol. 328:575-592, 2000; Marsischky et al., Genome Res. 14:2020-202, 2004,
Blommel et al., Protein Expr. Purif. 47:562-570, 2006).
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[00178] For production of liposome libraries, expressed polypeptides (e.g., purified or
partially purified polypeptides) can be entrapped in liposomal membranes, e.g., as described in
Wassef ef al., U.S. Pat. No. 4,863,874; Wheatley ef al., U.S. Pat. No. 4,921,757; Huang et al.,
U.S. Pat. No. 4,925,661; or Martin ef al., U.S. Pat. No. 5,225,212.

[00179] A library can be designed to include full length polypeptides and/or portions of
polypeptides. Expression of full length polypeptides maximizes epitopes available for
presentation by a human antigen presenting cell, thereby increasing the likelihood of identifying
an antigen. However, in some embodiments, it is useful to express portions of polypeptides, or
polypeptides that are otherwise altered, to achieve efficient expression. For example, in some
embodiments, polynucleotides encoding polypeptides that are large (e.g., greater than 1,000
amino acids), that have extended hydrophobic regions, signal peptides, transmembrane domains,
or domains that cause cellular toxicity, are modified (e.g., by C-terminal truncation, N-terminal
truncation, or internal deletion) to reduce cytotoxicity and permit efficient expression a library
cell, which in turn facilitates presentation of the encoded polypeptides on human cells. Other
types of modifications, such as point mutations or codon optimization, may also be used to

enhance expression.

[00180] The number of polypeptides included in a library can be varied. For example, in
some embodiments, a library can be designed to express polypeptides from at least 5%, 10%,
15%, 20%, 25%, 35%, 40%, 45%, 50%, 55%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%,
98%, 99%, or more, of ORFs in a target cell (e.g., tumor cell). In some embodiments, a library
expresses at least 10, 15, 20, 25, 30, 40, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1000, 2500, 5000, 10,000, or more different polypeptides
of interest, each of which may represent a polypeptide encoded by a single full length

polynucleotide or portion thereof.

[00181] In some embodiments, assays may focus on identifying antigens that are secreted
polypeptides, cell surface-expressed polypeptides, or virulence determinants, e.g., to identify

antigens that are likely to be targets of both humoral and cell mediated immune responses.

[00182] In addition to polypeptides of interest, libraries can include tags or reporter proteins
that allow one to easily purify, analyze, or evaluate MHC presentation, of the polypeptide of

interest. In some embodiments, polypeptides expressed by a library include C-terminal tags that



WO 2018/175505 PCT/US2018/023442
60

include both an MHC class I and an MHC class II-restricted T cell epitope from a model antigen,
such as chicken ovalbumin (OVA). Library protein expression and MHC presentation is
validated using these epitopes. In some embodiments, the epitopes are OV Az47.265s and OV Ass.
265 respectfully, corresponding to positions in the amino acid sequence found in GenBank®™ under
Acc. No. NP 990483. Expression and presentation of linked ORFs can be verified with antigen
presentation assays using T cell hybridomas (e.g., B3Z T hybridoma cells, which are H2-K®
restricted, and KZO T hybridoma cells, which are H2-A" restricted) that specifically recognize

these epitopes.

[00183] Sets of library members (e.g., bacterial cells) can be provided on an array (e.g., on a
solid support, such as a 96-well plate) and separated such that members in each location express

a different polypeptide of interest, or a different set of polypeptides of interest.

[00184] Methods of using library members for identifying T cell antigens are described in
detail below. In addition to these methods, library members also have utility in assays to identify
B cell antigens. For example, lysate prepared from library members that include polypeptides of
interest can be used to screen a sample comprising antibodies (e.g., a serum sample) from a
subject (e.g., a subject who has been exposed to an infectious agent of interest, a subject who has
cancer, and/or a control subject), to determine whether antibodies present in the subject react
with the polypeptide of interest. Suitable methods for evaluating antibody reactivity are known

and include, e.g., ELISA assays.

Polypepftides of Interest

[00185] In some embodiments, methods and compositions described herein can be used to
identify and/or detect immune responses to a polypeptide of interest. In some embodiments, a
polypeptide of interest is encoded by an ORF from a target tumor cell, and members of a library
include (e.g., internally express or carry) ORFs from a target tumor cell. In some such
embodiments, a library can be used in methods described herein to assess immune responses to
one or more polypeptides of interest encoded by one or more ORFs. In some embodiments,
methods of the disclosure identify one or more polypeptides of interest as stimulatory antigens
(e.g., that stimulate an immune response, e.g., a T cell response, e.g., expression and/or secretion

of one or more immune mediators). In some embodiments, methods of the disclosure identify
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one or more polypeptides of interest as antigens or potential antigens that have minimal or no
effect on an immune response (e.g., expression and/or secretion of one or more immune
mediators). In some embodiments, methods of the disclosure identify one or more polypeptides
of interest as inhibitory and/or suppressive antigens (e.g., that inhibit, suppress, down-regulate,
impair, and/or prevent an immune response, e.g., a T cell response, e.g., expression and/or
secretion of one or more immune mediators). In some embodiments, methods of the disclosure
identify one or more polypeptides of interest as tumor antigens or potential tumor antigens, e.g.,
tumor specific antigens (TSAs, or neoantigens), tumor associated antigens (TAAs), or

cancer/testis antigens (CTAS).

[00186] In some embodiments, a polypeptide of interest is a putative tumor antigen, and
methods and compositions described herein can be used to identify and/or detect immune
responses to one or more putative tumor antigens. For example, members of a library include
(e.g., internally express or carry) putative tumor antigens (e.g., a polypeptide previously
identified (e.g., by a third party) as a tumor antigen, e.g., identified as a tumor antigen using a
method other than a method of the present disclosure). In some embodiments, a putative tumor
antigen is a tumor antigen described herein. In some such embodiments, such libraries can be
used to assess whether and/or the extent to which such putative tumor antigen mediates an
immune response. In some embodiments, methods of the disclosure identify one or more
putative tumor antigens as stimulatory antigens. In some embodiments, methods of the
disclosure identify one or more putative tumor antigens as antigens that have minimal or no
effect on an immune response. In some embodiments, methods of the disclosure identify one or

more putative tumor antigens as inhibitory and/or suppressive antigens.

[00187] In some embodiments, a polypeptide of interest is a pre-selected tumor antigen, and
methods and compositions described herein can be used to identify and/or detect immune
responses to one or more pre-selected tumor antigens. For example, in some embodiments,
members of a library include (e.g., internally express or carry) one or more polypeptides
identified as tumor antigens using a method of the present disclosure and/or using a method other
than a method of the present disclosure. In some such embodiments, such libraries can be used
to assess whether and/or the extent to which such tumor antigens mediate an immune response
by an immune cell from one or more subjects (e.g., a subject who has cancer and/or a control

subject) to obtain one or more response profiles described herein. In some embodiments,
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methods of the disclosure identify one or more pre-selected tumor antigens as stimulatory
antigens for one or more subjects. In some embodiments, methods of the disclosure identify one
or more pre-selected tumor antigens as antigens that have minimal or no effect on an immune
response for one or more subjects. In some embodiments, methods of the disclosure identify one
or more pre-selected tumor antigens as inhibitory and/or suppressive antigens for one or more

subjects.

[00188] In some embodiments, a polypeptide of interest is a known tumor antigen, and
methods and compositions described herein can be used to identify and/or detect immune
responses to one or more known tumor antigens. For example, in some embodiments, members
of a library include (e.g., internally express or carry) one or more polypeptides identified as a
tumor antigen using a method of the present disclosure and/or using a method other than a
method of the present disclosure. In some such embodiments, such libraries can be used to
assess whether and/or the extent to which such tumor antigens mediate an immune response by
an immune cell from one or more subjects (e.g., a subject who has cancer and/or a control
subject) to obtain one or more response profiles described herein. In some embodiments,
methods of the disclosure identify one or more known tumor antigens as stimulatory antigens for
one or more subjects. In some embodiments, methods of the disclosure identify one or more
known tumor antigens as antigens that have minimal or no effect on an immune response for one
or more subjects. In some embodiments, methods of the disclosure identify one or more known

tumor antigens as inhibitory and/or suppressive antigens for one or more subjects.

[00189] In some embodiments, a polypeptide of interest is a potential tumor antigen, and
methods and compositions described herein can be used to identify and/or detect immune
responses to one or more potential tumor antigens. For example, in some embodiments,
members of a library include (e.g., internally express or carry) one or more polypeptides
identified as being of interest, e.g., encoding mutations associated with a tumor, using a method
of the present disclosure and/or using a method other than a method of the present disclosure. In
some such embodiments, such libraries can be used to assess whether and/or the extent to which
such polypeptides mediate an immune response by an immune cell from one or more subjects
(e.g., a subject who has cancer and/or a control subject) to obtain one or more response profiles
described herein. In some embodiments, methods of the disclosure identify one or more

polypeptides as stimulatory antigens for one or more subjects. In some embodiments, methods
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of the disclosure identify one or more polypeptides as antigens that have minimal or no effect on
an immune response for one or more subjects. In some embodiments, methods of the disclosure
identify one or more polypeptides as inhibitory and/or suppressive antigens for one or more

subjects.

Tumor Antigens

[00190] Polypeptides of interest used in methods and systems described herein include tumor
antigens amd potential tumor antigens, e.g., tumor specific antigens (TSAs, or neoantigens),
tumor associated antigens (TAAs), and/or cancer/testis antigens (CTAs). Exemplary tumor
antigens include, e.g., MART-1/MelanA (MART-I or MLANA), gp100 (Pmel 17 or SILV),
tyrosinase, TRP-1, TRP-2, MAGE-1, MAGE-3 (also known as HIP8), BAGE, GAGE-1, GAGE-
2, p15, Calcitonin, Calretinin, Carcinoembryonic antigen (CEA), Chromogranin, Cytokeratin,
Desmin, Epithelial membrane protein (EMA), Factor VIII, Glial fibrillary acidic protein (GFAP),
Gross cystic disease fluid protein (GCDFP-15), HMB-45, Human chorionic gonadotropin (hCG),
inhibin, lymphocyte marker, MART-1 (Melan-A), Myo D1, muscle-specific actin (MSA),
neurofilament, neuron-specific enolase (NSE), placental alkaline phosphatase (PLAP), prostate-
specific antigen, PTPRC (CD45), S100 protein, smooth muscle actin (SMA), synaptophysin,
thyroglobulin, thyroid transcription factor-1, Tumor M2-PK, vimentin, p53, Ras, HER-2/neu,
BCR-ABL, E2A-PRL, H4-RET, IGH-IGK, MYL-RAR, Epstein Barr virus antigens (e.g.,
EBNAT1), human papillomavirus (HPV) antigen E6 or E7 (HPV_E6 or HPV_E7), TSP-180,
MAGE-4, MAGE-5, MAGE-6, RAGE, NY-ESO-1 (also known as CTAG1B), erbB, p185erbB2,
p180erbB-3, c-met, nm-23H1, PSA, TAG-72, CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras,
beta-Catenin, CDK4, Mum-1, p 15, p 16, 43-9F, 5T4, 791Tgp72, alpha-fetoprotein (AFP), beta-
HCG, BCA225, BTAA, CA 125, CA 15-3\CA 27.29\BCAA, CA 195, CA 242, CA-50, CAMA43,
CD68\P1, CO-029, FGF-5, G250, Ga733\EpCAM, HTgp-175, M344, MA-50, MG7-Ag,
MOV18, NB/70K, NY-CO-1, RCAS1, SDCCAG16, TA-90\Mac-2 binding protein\cyclophilin
C-associated protein, TAAL6, TAG72, TLP, MUC16, IL13Ra2, FRa, VEGFR2, Lewis Y, FAP,
EphA2, CEACAMS, EGFR, CA6, CA9, GPNMB, EGP1, FOLRI1, endothelial receptor,
STEAP1, SLC44A4, Nectin-4, AGS-16, guanalyl cyclase C, MUC-1, CFCI1B, integrin alpha 3
chain (of a3b1, a laminin receptor chain), TPS, CD19, CD20, CD22, CD30, CD31, CD72,
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CD180, CD171 (LICAM), CD123, CD133, CD138, CD37, CD70, CD79a, CD79, CD56,
CD74, CD166, CD71, CD34, CD99, CD117, CD80, CD28, CD13, CD15, CD25, CD10, CLL-
1/CLEC12A, RORI1, Glypican 3 (GPC3), Mesothelin, CD33/IL3Ra, c-Met, PSCA, PSMA,
Glycolipid F77, EGFRvVIII, BCMA, GD-2, PSAP, prostein (also known as P501S), PSMA,
Survivin (also known as BIRCS), and MAGE-A3, MAGEA2, MAGEA4, MAGEA6, MAGEAO9,
MAGEA10, MAGEA12, BIRC5, CDH3, CEACAM3, CGB _isoform2, ELK4, ERBB2, HPSEI,
HPSE2, KRAS isoform1, KRAS isoform2, MUC1, SMAD4, TERT,2. TERT.3, TGFBR2,
EGAGO9 isoforml1, TP53, CGB _isoform1, IMPDH2, LCK, angiopoietin-1 (Angl) (also known
as ANGPTT1), XIAP (also known as BIRC4), galectin-3 (also known as LGALS3), VEGF-A
(also known as VEGF), ATP6S1 (also known as ATP6AP1), MAGE-A1, cIAP-1 (also known as
BIRC2), macrophage migration inhibitory factor (MIF), galectin-9 (also known as LGALS9),
progranulin PGRN (also known as granulin), OGFR, MLIAP (also known as BIRC7), TBX4
(also known as ICPPS, SPS or T-Box4), secretory leukocyte protein inhibitor (Slpi) (also known
as antileukoproteinase), Ang2 (also known as ANGPT2), galectin-1 (also known as LGALS1),
TRP-2 (also known as DCT), hTERT (telomerase reverse transcriptase) tyrosinase-related
protein 1 (TRP-1, TYRP1), NOR-90/UBF-2 (also known as UBTF), LGMN, SPA17, PRTN3,
TRRAP_1, TRRAP 2, TRRAP 3, TRRAP 4, MAGEC2, PRAME, SOX10, RAC1, HRAS,
GAGE4, AR, CYP1B1, MMP8, TYR, PDGFRB, KLK3, PAX3, PAXS, ST3GALS, PLACI,
RhoC, MYCN, REG3A, CSAG2, CTAG2-1a, CTAG2-1b, PAGE4, BRAF, GRM3, ERBB4,
KIT, MAPK1, MFI2, SART3, ST8SIA1, WDR46, AKAP-4, RGSS, FOSL1, PRM2, ACRBP,
CTCFL, CSPG4, CCNB1, MSLN, WT1, SSX2, KDR, ANKRD30A, MAGED1, MAP3KO9,
XAGEI1B, PREX2, CD276, TEK, AIM1, ALK, FOLH1, GRIN2A MAP3KS5 and one or more
isoforms of any preceding tumor antigens. Exemplary tumor antigens are provided in the

accompanying list of sequences.

[00191] Tumor specific antigens (TSAs, or neoantigens) are tumor antigens that are not
encoded in normal host genome (see, e.g., Yarchoan et al., Nat. Rev. Cancer. 2017 Feb 24. doi:
10.1038/nrc.2016.154; Gubin et al., J. Clin. Invest. 125:3413-3421 (2015)). In some
embodiments, TSAs arise from somatic mutations and/or other genetic alterations. In some
embodiments, TSAs arise from missense or in-frame mutations. In some embodiments, TSAs
arise from frame-shift mutations or loss-of-stop-codon mutations. In some embodiments, TSAs

arise from insertion or deletion mutations. In some embodiments, TSAs arise from duplication
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or repeat expansion mutations. In some embodiments, TSAs arise from splice variants or
improper splicing. In some embodiments, TSAs arise from gene fusions. In some embodiments,
TSAs arise from translocations. In some embodiments, TSAs include oncogenic viral proteins.
For example, as with Merkel cell carcinoma (MCC) associated with the Merkel cell
polyomavirus (MCPyV) and cancers of the cervix, oropharynx and other sites associated with the
human papillomavirus (HPV), TSAs include proteins encoded by viral open reading frames. For
purposes of this disclosure, the terms “mutation” and “mutations” encompass all mutations and
genetic alterations that may give rise to an antigen encoded in the genome of a cancer or tumor
cell of a subject, but not in a normal or non-cancerous cell of the same subject. In some
embodiments, TSAs are specific (personal) to a subject. In some embodiments, TSAs are shared
by more than one subject, e.g., less than 1%, 1-3%, 1-5%, 1-10% , or more of subjects suffering
from a cancer. In some embodiments, TSAs shared by more than one subject may be known or

pre-selected.

[00192] In some embodiments, a TSA is encoded by an open reading frame from a virus. For
example, a library can be designed to express polypeptides from one of the following viruses: an
immunodeficiency virus (e.g., a human immunodeficiency virus (HIV), e.g., HIV-1, HIV-2), a
hepatitis virus (e.g., hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis A virus, non-A
and non-B hepatitis virus), a herpes virus (e.g., herpes simplex virus type I (HSV-1), HSV-2,
Varicella-zoster virus, Epstein Barr virus, human cytomegalovirus, human herpesvirus 6 (HHV-
6), HHV-7, HHV-8), a poxvirus (e.g., variola, vaccinia, monkeypox, Molluscum contagiosum
virus), an influenza virus, a human papilloma virus, adenovirus, rhinovirus, coronavirus,
respiratory syncytial virus, rabies virus, coxsackie virus, human T cell leukemia virus (types I, II
and III), parainfluenza virus, paramyxovirus, poliovirus, rotavirus, thinovirus, rubella virus,
measles virus, mumps virus, adenovirus, yellow fever virus, Norwalk virus, West Nile virus, a
Dengue virus, Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV), bunyavirus,
Ebola virus, Marburg virus, Eastern equine encephalitis virus, Venezuelan equine encephalitis
virus, Japanese encephalitis virus, St. Louis encephalitis virus, Junin virus, Lassa virus, and
Lymphocytic choriomeningitis virus. Libraries for other viruses can also be produced and used

according to methods described herein.

[00193] Tumor specific antigens are known in the art, any of which can be used in methods

described herein. In some embodiments, gene sequences encoding polypeptides that are
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potential or putative neoantigens are determined by sequencing the genome and/or exome of
tumor tissue and healthy tissue from a subject having cancer using next generation sequencing
technologies. In some embodiments, genes that are selected based on their frequency of
mutation and ability to encode a potential or putative neoantigen are sequenced using next-
generation sequencing technology. Next-generation sequencing applies to genome sequencing,
genome resequencing, transcriptome profiling (RNA-Seq), DNA-protein interactions (ChIP-
sequencing), and epigenome characterization (de Magalhaes et al. (2010) Ageing Research
Reviews 9 (3): 315-323; Hall N (2007) J. Exp. Biol. 209 (Pt 9): 1518-1525; Church (2006) Sci.
Am. 294 (1): 46-54; ten Bosch et al. (2008) Journal of Molecular Diagnostics 10 (6): 484-492;
Tucker T et al. (2009) The American Journal of Human Genetics 85 (2): 142-154). Next-
generation sequencing can be used to rapidly reveal the presence of discrete mutations such as
coding mutations in individual tumors, e.g., single amino acid changes (e.g., missense mutations,
in-frame mutations) or novel stretches of amino acids generated by frame-shift insertions,
deletions, gene fusions, read-through mutations in stop codons, duplication or repeat expansion
mutations, and translation of splice variants or improperly spliced introns, and translocations

(e.g., “neoORFs”).

[00194] Another method for identifying potential or putative neoantigens is direct protein
sequencing. Protein sequencing of enzymatic digests using multidimensional MS techniques
(MSn) including tandem mass spectrometry (MS/MS)) can also be used to identify neoantigens.
Such proteomic approaches can be used for rapid, highly automated analysis (see, e.g., Gevaert
et al., Electrophoresis 21:1145-1154 (2000)). High-throughput methods for de novo sequencing
of unknown proteins can also be used to analyze the proteome of a subject’s tumor to identify
expressed potential or putative neoantigens. For example, meta shotgun protein sequencing may
be used to identify expressed potential or putative neoantigens (see e.g., Guthals et al. (2012)

Molecular and Cellular Proteomics 11(10):1084-96).

[00195] Potential or putative neoantigens may also be identified using MHC multimers to
identify neoantigen-specific T cell responses. For example, high-throughput analysis of
neoantigen-specific T cell responses in patient samples may be performed using MHC tetramer-
based screening techniques (see e.g., Hombrink et al. (2011) PLoS One; 6(8): €22523; Hadrup et
al. (2009) Nature Methods, 6(7):520-26; van Rooij et al. (2013) Journal of Clinical Oncology,
31:1-4; and Heemskerk et al. (2013) EMBO Journal, 32(2):194-203).
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[00196] In some embodiments, one or more known or pre-selected tumor specific antigens, or
one or more potential or putative tumor specific antigens identified using one of these methods,

can be included in a library described herein.

[00197] Tumor associated antigens (TAAs) include proteins encoded in a normal genome
(see, e.g., Ward et al., Adv. Immunol. 130:25-74 (2016)). In some embodiments, TAAs are
either normal differentiation antigens or aberrantly expressed normal proteins. Overexpressed
normal proteins that possess growth/survival-promoting functions, such as Wilms tumor 1

(WT1) (Ohminami et al., Blood 95:286-293 (2000)) or Her2/neu (Kawashima et al., Cancer Res.
59:431-435 (1999)), are TAAs that directly participate in the oncogenic process. Post-
translational modifications, such as phosphorylation, of proteins may also lead to formation of
TAAs (Doyle, J. Biol. Chem. 281:32676-32683 (2006); Cobbold, Sci. Transl. Med. 5:203ral25
(2013)). TAAs are generally shared by more than one subject, e.g., less than 1%, 1-3%, 1-5%, 1-
10%, 1-20%, or more of subjects suffering from a cancer. In some embodiments, TAAs are
known or pre-selected tumor antigens. In some embodiments, with respect to an individual
subject, TAAs are potential or putative tumor antigens.Cancer/testis antigens (CTAs) are
expressed by various tumor types and by reproductive tissues (for example, testes, fetal ovaries
and trophoblasts) but have limited or no detectable expression in other normal tissues in the adult
and are generally not presented on normal reproductive cells, because these tissues do not
express MHC class I molecules (see, e.g., Coulie et al., Nat. Rev. Cancer 14:135-146 (2014);
Simpson et al., Nat. Rev. Cancer 5:615-625 (2005); Scanlan et al., Immunol. Rev. 188:22-32
(2002)). Library Screens

Human Cells for Antigen Presentation

[00198] The present invention provides, inter alia, compositions and methods for identifying
tumor antigens recognized by human immune cells. Human antigen presenting cells express
ligands for antigen receptors and other immune activation molecules on human lymphocytes.
Given differences in MHC peptide binding specificities and antigen processing enzymes between
species, antigens processed and presented by human cells are more likely to be physiologically
relevant human antigens iz vivo than antigens identified in non-human systems. Accordingly,
methods of identifying these antigens employ human cells to present candidate tumor antigen

polypeptides. Any human cell that internalizes library members and presents polypeptides
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expressed by the library members on MHC molecules can be used as an antigen presenting cell
according to the present disclosure. In some embodiments, human cells used for antigen
presentation are primary human cells. The cells can include peripheral blood mononuclear cells
(PBMC) of a human. In some embodiments, peripheral blood cells are separated into subsets
(e.g., subsets comprising dendritic cells, macrophages, monocytes, B cells, or combinations
thereof) prior to use in an antigen presentation assay. In some embodiments, a subset of cells
that expresses MHC class Il is selected from peripheral blood. In one example, a cell population
including dendritic cells is isolated from peripheral blood. In some embodiments, a subset of
dendritic cells is isolated (e.g., plasmacytoid, myeloid, or a subset thereof). Human dendritic cell
markers include CD1c, CD1a, CD303, CD304, CD141, and CD209. Cells can be selected based
on expression of one or more of these markers (e.g., cells that express CD303, CDl¢, and

CD141).

[00199] Dendritic cells can be isolated by positive selection from peripheral blood using
commercially available kits (e.g., from Miltenyi Biotec Inc.). In some embodiments, the
dendritic cells are expanded ex vivo prior to use in an assay. Dendritic cells can also be produced
by culturing peripheral blood cells under conditions that promote differentiation of monocyte
precursors into dendritic cells in vifro. These conditions typically include culturing the cells in
the presence of cytokines such as GM-CSF and IL-4 (see, e.g., Inaba et al., Isolation of dendritic
cells, Curr. Protoc. Immunol. May; Chapter 3: Unit 3.7, 2001). Procedures for in vitro
expansion of hematopoietic stem and progenitor cells (e.g., taken from bone marrow or
peripheral blood), and differentiation of these cells into dendritic cells in vifro, is described in
U.S. Pat. No. 5,199,942, and U.S. Pat. Pub. 20030077263. Briefly, CD34" hematopoietic stem
and progenitor cells are isolated from peripheral blood or bone marrow and expanded in vifro in

culture conditions that include one or more of Fit3-L, IL-1, IL-3, and c-kit ligand.

[00200] In some embodiments, immortalized cells that express human MHC molecules (e.g.,
human cells, or non-human cells that are engineered to express human MHC molecules) are used
for antigen presentation. For example, assays can employ COS cells transfected with human

MHC molecules or Hela cells.

[00201] In some embodiments, both the antigen presenting cells and immune cells used in the

method are derived from the same subject (e.g., autologous T cells and APC are used). In these
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embodiments, it can be advantageous to sequentially isolate subsets of cells from peripheral
blood of the subject, to maximize the yield of cells available for assays. For example, one can
first isolate CD4" and CD8" T cell subsets from the peripheral blood. Next, dendritic cells (DC)
are isolated from the T cell-depleted cell population. The remaining T- and DC-depleted cells
are used to supplement the DC in assays, or are used alone as antigen presenting cells. In some
embodiments, DC are used with T- and DC-depleted cells in an assay, at a ratio of 1:2, 1:3, 1:4,
or 1:5. In some embodiments, the antigen presenting cells and immune cells used in the method

are derived from different subjects (e.g., heterologous T cells and APC are used).

[00202] Antigen presenting cells can be isolated from sources other than peripheral blood.

For example, antigen presenting cells can be taken from a mucosal tissue (e.g., nose, mouth,
bronchial tissue, tracheal tissue, the gastrointestinal tract, the genital tract (e.g., vaginal tissue), or
associated lymphoid tissue), peritoneal cavity, lymph nodes, spleen, bone marrow, thymus, lung,
liver, kidney, neuronal tissue, endocrine tissue, or other tissue, for use in screening assays. In
some embodiments, cells are taken from a tissue that is the site of an active immune response
(e.g., an ulcer, sore, or abscess). Cells may be isolated from tissue removed surgically, via

lavage, or other means.

[00203] Antigen presenting cells useful in methods described herein are not limited to
“professional” antigen presenting cells. In some embodiments, non-professional antigen
presenting cells can be utilized effectively in the practice of methods of the present disclosure.
Non-professional antigen presenting cells include fibroblasts, epithelial cells, endothelial cells,
neuronal/glial cells, lymphoid or myeloid cells that are not professional antigen presenting cells

(e.g., T cells, neutrophils), muscle cells, liver cells, and other types of cells.

[00204] Antigen presenting cells are cultured with library members that express a polypeptide
of interest (and, if desired, a cytolysin polypeptide) under conditions in which the antigen
presenting cells internalize, process and present polypeptides expressed by the library members
on MHC molecules. In some embodiments, library members are killed or inactivated prior to
culture with the antigen presenting cells. Cells or viruses can be inactivated by any appropriate
agent (e.g., fixation with organic solvents, irradiation, freezing). In some embodiments, the

library members are cells that express ORFs linked to a tag (e.g., a tag which comprises one or
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more known T cell epitopes) or reporter protein, expression of which has been verified prior to

the culturing.

[00205] In some embodiments, antigen presenting cells are incubated with library members at
37°C for between 30 minutes and 5 hours (e.g., for 45 min. to 1.5 hours). After the incubation,
the antigen presenting cells can be washed to remove library members that have not been
internalized. In certain embodiments, the antigen presenting cells are non-adherent, and washing
requires centrifugation of the cells. The washed antigen presenting cells can be incubated at
37°C for an additional period of time (e.g., 30 min. to 2 hours) prior to exposure to lymphocytes,
to allow antigen processing. In some embodiments, it is desirable to fix and kill the antigen
presenting cells prior to exposure to lymphocytes (e.g., by treating the cells with 1%

paraformaldehyde).

[00206] The antigen presenting cell and library member numbers can be varied, so long as the
library members provide quantities of polypeptides of interest sufficient for presentation on
MHC molecules. In some embodiments, antigen presenting cells are provided in an array, and
are contacted with sets of library cells, each set expressing a different polypeptide of interest. In
certain embodiments, each location in the array includes 1 x 10° — 1 x 10° antigen presenting

cells, and the cells are contacted with 1 x 10° — 1 x 10® library cells which are bacterial cells.

[00207] In any of the embodiments described herein, antigen presenting cells can be freshly
isolated, maintained in culture, and/or thawed from frozen storage prior to incubation with

library cells, or after incubation with library cells.

Human Lymphocytes

[00208] In methods of the present disclosure, human lymphocytes are tested for antigen-
specific reactivity to antigen presenting cells, e.g., antigen presenting cells that have been
incubated with libraries expressing polypeptides of interest as described above. The methods of
the present disclosure permit rapid identification of human antigens using pools of lymphocytes
isolated from an individual, or progeny of the cells. The detection of antigen-specific responses
does not rely on laborious procedures to isolate individual T cell clones. In some embodiments,

the human lymphocytes are primary lymphocytes. In some embodiments, human lymphocytes
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are NKT cells, gamma-delta T cells, or NK cells. Just as antigen presenting cells may be
separated into subsets prior to use in antigen presentation assays, a population of lymphocytes
having a specific marker or other feature can be used. In some embodiments, a population of T
lymphocytes is isolated. In some embodiments, a population of CD4" T cells is isolated. In
some embodiments, a population of CD8" T cells is isolated. CD8" T cells recognize peptide
antigens presented in the context of MHC class I molecules. Thus, in some embodiments, the
CDS8" T cells are used with antigen presenting cells that have been exposed to library host cells
that co-express a cytolysin polypeptide, in addition to a polypeptide of interest. T cell subsets
that express other cell surface markers may also be isolated, e.g., to provide cells having a
particular phenotype. These include CLA (for skin-homing T cells), CD25, CD30, CD69,
CD154 (for activated T cells), CD45RO (for memory T cells), CD294 (for Th2 cells), /6 TCR-
expressing cells, CD3 and CD56 (for NK T cells). Other subsets can also be selected.

[00209] Lymphocytes can be isolated, and separated, by any means known in the art (e.g.,
using antibody-based methods such as those that employ magnetic bead separation, panning, or
flow cytometry). Reagents to identify and isolate human lymphocytes and subsets thereof are

well known and commercially available.

[00210] Lymphocytes for use in methods described herein can be isolated from peripheral
blood mononuclear cells, or from other tissues in a human. In some embodiments, lymphocytes
are taken from tumors, lymph nodes, a mucosal tissue (e.g., nose, mouth, bronchial tissue,
tracheal tissue, the gastrointestinal tract, the genital tract (e.g., vaginal tissue), or associated
lymphoid tissue), peritoneal cavity, spleen, thymus, lung, liver, kidney, neuronal tissue,
endocrine tissue, peritoneal cavity, bone marrow, or other tissues. In some embodiments, cells
are taken from a tissue that is the site of an active immune response (e.g., an ulcer, sore, or

abscess). Cells may be isolated from tissue removed surgically, via lavage, or other means.

[00211] Lymphocytes taken from an individual can be maintained in culture or frozen until
use in antigen presentation assays. In some embodiments, freshly isolated lymphocytes can be
stimulated in vifro by antigen presenting cells exposed to library cells as described above. In
some embodiments, these lymphocytes exhibit detectable stimulation without the need for prior
non-antigen specific expansion. However, primary lymphocytes also elicit detectable antigen-

specific responses when first stimulated non-specifically in vitro. Thus, in some embodiments,
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lymphocytes are stimulated to proliferate in vifro in a non-antigen specific manner, prior to use
in an antigen presentation assay. Lymphocytes can also be stimulated in an antigen-specific
manner prior to use in an antigen presentation assay. In some embodiments, cells are stimulated
to proliferate by a library (e.g., prior to use in an antigen presentation assay that employs the
library). Expanding cells in vifro provides greater numbers of cells for use in assays. Primary T
cells can be stimulated to expand, e.g., by exposure to a polyclonal T cell mitogen, such as
phytohemagglutinin or concanavalin, by treatment with antibodies that stimulate proliferation, or
by treatment with particles coated with the antibodies. In some embodiments, T cells are
expanded by treatment with anti-CD2, anti-CD3, and anti-CD28 antibodies. In some
embodiments, T cells are expanded by treatment with interleukin-2. In some embodiments,
lymphocytes are thawed from frozen storage and expanded (e.g., stimulated to proliferate, e.g., in
a non-antigen specific manner or in an antigen-specific manner) prior to contacting with antigen
presenting cells. In some embodiments, lymphocytes are thawed from frozen storage and are not
expanded prior to contacting with antigen presenting cells. In some embodiments, lymphocytes
are freshly isolated and expanded (e.g., stimulated to proliferate, e.g., in a non-antigen specific

manner or in an antigen-specific manner) prior to contacting with antigen presenting cells.

Antigen Presentation Assays

[00212] In antigen presentation assays, T cells are cultured with antigen presenting cells
prepared according to the methods described above, under conditions that permit T cell
recognition of peptides presented by MHC molecules on the antigen presenting cells. In some
embodiments, T cells are incubated with antigen presenting cells at 37°C for between 12-48
hours (e.g., for 24 hours). In some embodiments, T cells are incubated with antigen presenting
cells at 37°C for 3, 4, 5, 6, 7, or 8 days. Numbers of antigen presenting cells and T cells can be
varied. In some embodiments, the ratio of T cells to antigen presenting cells in a given assay is
1:10, 1:5, 1:2, 1:1, 2:1, 5:1, 10:1, 20:1, 25:1, 30:1, 32:1, 35:1 or 40:1. In some embodiments,
antigen presenting cells are provided in an array (e.g., in a 96-well plate), wherein cells in each
location of the array have been contacted with sets of library cells, each set including a different
polypeptide of interest. In certain embodiments, each location in the array includes 1 x 10° — 1 x

10° antigen presenting cells, and the cells are contacted with 1 x 10° — 1 x 10° T cells.
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[00213] After T cells have been incubated with antigen presenting cells, cultures are assayed
for activation. Lymphocyte activation can be detected by any means known in the art, e.g., T
cell proliferation, phosphorylation or dephosphorylation of a receptor, calcium flux, cytoskeletal
rearrangement, increased or decreased expression and/or secretion of immune mediators such as
cytokines or soluble mediators, increased or decreased expression of one or more cell surface
markers. In some embodiments, culture supernatants are harvested and assayed for increased
and/or decreased expression and/or secretion of one or more polypeptides associated with
activation, e.g., a cytokine, soluble mediator, cell surface marker, or other immune mediator. In
some embodiments, the one or more cytokines are selected from TRAIL, IFN-gamma, IL-
12p70, IL-2, TNF-alpha, MIP1-alpha, MIP1-beta, CXCL9, CXCL10, MCP1, RANTES, IL-1
beta, IL-4, IL-6, IL-8, IL-9, IL-10, IL-13, IL-15, CXCL11, IL-3, IL-5, IL-17, IL-18, IL-21, IL-
22, IL-23A, IL-24, IL-27, IL-31, IL-32, TGF-beta, CSF, GM-CSF, TRANCE (also known as
RANK L), MIP3-alpha, and fractalkine. In some embodiments, the one or more soluble
mediators are selected from granzyme A, granzyme B, sFas, sFasL, perforin, and granulysin. In
some embodiments, the one or more cell surface markers are selected from CD107a, CD107b,
CD25, CD69, CD45RA, CD45R0, CD137 (4-1BB), CD44, CD62L, CD27, CCR7, CD154
(CD40L), KLRG-1, CD71, HLA-DR, CD122 (IL-2RB), CD28, IL7Ra (CD127), CD38, CD26,
CD134 (0X-40), CTLA-4 (CD152), LAG-3, TIM-3 (CD366), CD39, PD1 (CD279), FoxP3,
TIGIT, CD160, BTLA, 2B4 (CD244), and KLRG1. Cytokine secretion in culture supernatants
can be detected, e.g., by ELISA, bead array, e.g., with a Luminex® analyzer. Cytokine
production can also be assayed by RT-PCR of mRNA isolated from the T cells, or by ELISPOT
analysis of cytokines released by the T cells. In some embodiments, proliferation of T cells in
the cultures is determined (e.g., by detecting *H thymidine incorporation). In some
embodiments, target cell lysis is determined (e.g., by detecting T cell dependent lysis of antigen
presenting cells labeled with Na, *'CrO,). Target cell lysis assays are typically performed with
CD8" T cells. Protocols for these detection methods are known. See, e.g., Current Protocols In
Immunology, John E. Coligan et al. (eds), Wiley and Sons, New York, N.Y ., 2007. One of skill
in the art understands that appropriate controls are used in these detection methods, e.g., to adjust
for non-antigen specific background activation, to confirm the presenting capacity of antigen

presenting cells, and to confirm the viability of lymphocytes.
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[00214] In some embodiments, antigen presenting cells and lymphocytes used in the method
are from the same individual. In some embodiments, antigen presenting cells and lymphocytes

used in the method are from different individuals.

[00215] In some embodiments, antigen presentation assays are repeated using lymphocytes
from the same individual that have undergone one or more previous rounds of exposure to
antigen presenting cells, e.g., to enhance detection of responses, or to enhance weak initial
responses. In some embodiments, antigen presentation assays are repeated using antigen
presenting cells from the same individual that have undergone one or more previous rounds of
exposure to a library, e.g., to enhance detection of responses, or to enhance weak initial
responses. In some embodiments, antigen presentation assays are repeated using lymphocytes
from the same individual that have undergone one or more previous rounds of exposure to
antigen presenting cells, and antigen presenting cells from the same individual that have
undergone one or more previous rounds of exposure to a library, e.g., to enhance detection of
responses, or to enhance weak initial responses. In some embodiments, antigen presentation
assays are repeated using antigen presenting cells and lymphocytes from different individuals,
e.g., to identify antigens recognized by multiple individuals, or compare reactivities that differ

between individuals.

Methods of Identifying Tumor Antigens

[00216] One advantage of methods described herein is their ability to identify clinically
relevant human antigens. Humans that have cancer may have lymphocytes that specifically
recognize tumor antigens, which are the product of an adaptive immune response arising from
prior exposure. In some embodiments, these cells are present at a higher frequency than cells
from an individual who does not have cancer, and/or the cells are readily reactivated when re-
exposed to the proper antigenic stimulus (e.g., the cells are “memory” cells). Thus, humans that
have or have had cancer are particularly useful donors of cells for identifying antigens in vitro.
The individual may be one who has recovered from cancer. In some embodiments, the
individual has been recently diagnosed with cancer (e.g., the individual was diagnosed less than
one year, three months, two months, one month, or two weeks, prior to isolation of lymphocytes

and/or antigen presenting cells from the individual). In some embodiments, the individual was
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first diagnosed with cancer more than three months, six months, or one year prior to isolation of

lymphocytes and/or antigen presenting cells.

[00217] In some embodiments, lymphocytes are screened against antigen presenting cells that
have been contacted with a library of cells whose members express or carry polypeptides of
interest, and the lymphocytes are from an individual who has not been diagnosed with cancer. In
some embodiments, such lymphocytes are used to determine background (i.e., non-antigen-
specific) reactivities. In some embodiments, such lymphocytes are used to identify antigens,

reactivity to which exists in non-cancer individuals.

[00218] Cells from multiple donors (e.g., multiple subjects who have cancer) can be collected
and assayed in methods described herein. In some embodiments, cells from multiple donors are
assayed in order to determine if a given tumor antigen is reactive in a broad portion of the
population, or to identify multiple tumor antigens that can be later combined to produce an

immunogenic composition that will be effective in a broad portion of the population.

[00219] Antigen presentation assays are useful in the context of both infectious and non-
infectious diseases. The methods described herein are applicable to any context in which a rapid
evaluation of human cellular immunity is beneficial. In some embodiments, antigenic reactivity
to polypeptides that are differentially expressed by neoplastic cells (e.g., tumor cells) is
evaluated. Sets of nucleic acids differentially expressed by neoplastic cells have been identified
using established techniques such as subtractive hybridization. Methods described herein can be
used to identify antigens that were functional in a subject in which an anti-tumor immune
response occurred. In other embodiments, methods are used to evaluate whether a subject has

lymphocytes that react to a tumor antigen or set of tumor antigens.

[00220] In some embodiments, antigen presentation assays are used to examine reactivity to
autoantigens in cells of an individual, e.g., an individual predisposed to, or suffering from, an
autoimmune condition. Such methods can be used to provide diagnostic or prognostic indicators
of the individual’s disease state, or to identify autoantigens. For these assays, in some
embodiments, libraries that include an array of human polypeptides are prepared. In some
embodiments, libraries that include polypeptides from infectious agents which are suspected of
eliciting cross-reactive responses to autoantigens are prepared. For examples of antigens from

infectious agents thought to elicit cross-reactive autoimmune responses, see Barzilai ez al., Curr
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Opin Rheumatol., 19(6):636-43, 2007, Ayada et al., Ann N Y Acad Sci., 1108:594-602, 2007,
Drouin et al., Mol Immunol., 45(1):180-9, 2008; and Bach, J Autoimmun., 25 Suppl:74-80, 2005.

[00221]  As discussed, the present disclosure includes methods in which polypeptides of
interest are included in a library (e.g., expressed in library cells or carried in or on particles or
beads). After members of the library are internalized by antigen presenting cells, the
polypeptides of interest are proteolytically processed within the antigen presenting cells, and
peptide fragments of the polypeptides are presented on MHC molecules expressed in the antigen
presenting cells. The identity of the polypeptide that stimulates a human lymphocyte in an assay
described herein can be determined from examination of the set of library cells that were
provided to the antigen presenting cells that produced the stimulation. In some embodiments, it
is useful to map the epitope within the polypeptide that is bound by MHC molecules to produce
the observed stimulation. This epitope, or the longer polypeptide from which it is derived (both
of which are referred to as an “antigen” herein) can form the basis for an immunogenic

composition, or for an antigenic stimulus in future antigen presentation assays.

[00222] Methods for identifying peptides bound by MHC molecules are known. In some
embodiments, epitopes are identified by generating deletion mutants of the polypeptide of
interest and testing these for the ability to stimulate lymphocytes. Deletions that lose the ability
to stimulate lymphocytes, when processed and presented by antigen presenting cells, have lost
the peptide epitope. In some embodiments, epitopes are identified by synthesizing peptides
corresponding to portions of the polypeptide of interest and testing the peptides for the ability to
stimulate lymphocytes (e.g., in antigen presentation assays in which antigen presenting cells are
pulsed with the peptides). Other methods for identifying MHC bound peptides involve lysis of
the antigen presenting cells that include the antigenic peptide, affinity purification of the MHC
molecules from cell lysates, and subsequent elution and analysis of peptides from the MHC

(Falk, K. et al. Nature 351:290, 1991, and U.S. Pat. No. 5,989,565).

[00223] In other embodiments, it is useful to identify the clonal T cell receptors that have been
expanded in response to the antigen. Clonal T cell receptors are identified by DNA sequencing
of the T cell receptor repertoire (Howie et al, 2015 Sci Trans Med 7:301). By identifying TCR
specificity and function, TCRs can be transfected into other cell types and used in functional

studies or for novel immunotherapies.
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In other embodiments, it is useful to identify and isolate T cells responsive to a tumor antigen in
a subject. The isolated T cells can be expanded ex vivo and administered to a subject for cancer

therapy or prophylaxis.

Methods of Identifying Immune Responses of a Subject

[00224] The disclosure provides methods of identifying one or more immune responses of a
subject (e.g., a test subject, or a target subject). In some embodiments, one or more immune
responses of a subject (e.g., a test subject or a target subject) are determined by a) providing a
library described herein that includes a panel of tumor antigens (e.g., known tumor antigens,
tumor antigens described herein, or tumor antigens, potential tumor antigens, and/or other
polypeptides of interest identified using a method described herein); b) contacting the library
with antigen presenting cells from the subject; ¢) contacting the antigen presenting cells with
lymphocytes from the subject; and d) determining whether one or more lymphocytes are
stimulated by, inhibited and/or suppressed by, activated by, or non-responsive to one or more
tumor antigens presented by one or more antigen presenting cells. In some embodiments, the
library includes about 1, 3, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, or more tumor

antigens.

[00225] In some embodiments, a test subject is (i) a cancer subject who has not received a
cancer therapy; (i1) a cancer subject who has not responded and/or is not responding and/or has
responded negatively, clinically to a cancer therapy; or (iii) a subject who has not been diagnosed

with a cancer.

[00226] In some embodiments, a target subject is (i) a cancer subject who responds or has
responded positively clinically (“responsive subject”) to a cancer therapy; (ii) a cancer subject
who has not responded and/or is not responding and/or has responded negatively, clinically
(“non-responsive subject”) to a cancer therapy; (iii) a cancer subject who responds or has
responded spontaneously to a cancer (“spontaneous target subject”); or (vi) a subject who has not

been diagnosed with a cancer (“normal subject”).

[00227] In some embodiments, lymphocyte stimulation, non-stimulation, inhibition and/or

suppression, activation, and/or non-responsiveness is determined by assessing levels of one or
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more expressed or secreted cytokines or other immune mediators described herein. In some
embodiments, levels of one or more expressed or secreted cytokines that is at least 20%, 40%,
60%, 80%, 100%, 120%, 140%, 160%, 180%, 200% or more, higher than a control level
indicates lymphocyte stimulation. In some embodiments, a level of one or more expressed or
secreted cytokines that is at least 1, 2, 3, 4 or 5 standard deviations greater than the mean of a
control level indicates lymphocyte stimulation. In some embodiments, a level of one or more
expressed or secreted cytokines that is at least 1, 2, 3, 4 or 5 median absolute deviations (MADs)
greater than a median response level to a control indicates lymphocyte stimulation. In some
embodiments, a control is a negative control, for example, a clone expressing Neon Green (NG).
In some embodiments, a level of one or more expressed or secreted cytokines that is at least
20%, 40%, 60%, 80%, 100%, 120%, 140%, 160%, 180%, 200% or more, lower than a control
level indicates lymphocyte inhibition and/or suppression. In some embodiments, a level of one
or more expressed or secreted cytokines that is at least 1, 2, 3, 4 or 5 standard deviations lower
than the mean of a control level indicates lymphocyte inhibition and/or suppression. In some
embodiments, a level of one or more expressed or secreted cytokines that is at least 1,2, 3, 4 or 5
median absolute deviations (MADs) lower than a median response level to a control indicates
lymphocyte inhibition and/or suppression. In some embodiments, a control is a negative control,
for example, a clone expressing Neon Green (NG). In some embodiments, levels of one or more
expressed or secreted cytokines that is at least 20%, 40%, 60%, 80%, 100%, 120%, 140%,
160%, 180%, 200% or more, higher or lower than a control level indicates lymphocyte
activation. In some embodiments, a level of one or more expressed or secreted cytokines that is
at least 1, 2, 3, 4 or 5 standard deviations greater or lower than the mean of a control level
indicates lymphocyte activation. In some embodiments, a level of one or more expressed or
secreted cytokines that is at least 1, 2, 3, 4 or 5 median absolute deviations (MADs) greater or
lower than a median response level to a control indicates lymphocyte activation. In some
embodiments, a control is a negative control, for example, a clone expressing Neon Green (NG).
In some embodiments, a level of one or more expressed or secreted cytokines that is within about
20%, 15%, 10%, 5%, or less, of a control level indicates lymphocyte non-responsiveness or non-
stimulation. In some embodiments, a level of one or more expressed or secreted cytokines that is
less than 1 or 2 standard deviations higher or lower than the mean of a control level indicates

lymphocyte non-responsiveness or non-stimulation. In some embodiments, a level of one or
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more expressed or secreted cytokines that is less than 1 or 2 median absolute deviations (MADs)
higher or lower than a median response level to a control indicates lymphocyte non-
responsiveness or non-stimulation. In some embodiments, a subject response profile can include
a quantification, identification, and/or representation of a panel of different cytokines (e.g., 1, 2,
3,4,5,6,7,8,9, 10, 12, 14, 16, 18, 20, or more cytokines) and of the total number of tumor
antigens (e.g., of all or a portion of different tumor antigens from the library) that stimulate, do
not stimulate, inhibit and/or suppress, activate, or have no or minimal effect on production,

expression or secretion of each member of the panel of cytokines.

Method of Obtaining a Subject Response Profile

[00228] The disclosure provides methods for obtaining a subject response profile from a test

subject (a “subject response profile”).

[00229] In some embodiments, the subject response profile of a test subject is obtained by a)
providing a library described herein that includes a panel of tumor antigens (e.g., known tumor
antigens, tumor antigens described herein, or tumor antigens, potential tumor antigens, and/or
other polypeptides of interest identified using a method described herein); b) contacting the
library with antigen presenting cells from the test subject; ¢) contacting the antigen presenting
cells with lymphocytes from the test subject; and d) determining whether one or more
lymphocytes are stimulated by, inhibited and/or suppressed by, activated by, or non-responsive
to one or more tumor antigens presented by one or more antigen presenting cells, to obtain the
subject response profile. In some embodiments, the library includes about 1, 3, 5, 10, 15, 20, 25,

30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 500, 1000, or more tumor antigens.

[00230] The subject response profile can include a quantification, identification, and/or
representation of all or a portion of the panel of tumor antigens, identified by the methods of the
disclosure, that stimulate lymphocytes, that do not stimulate lymphocytes, that inhibit and/or
suppress lymphocytes, that activate lymphocytes, or to which lymphocytes are non-responsive.
In some embodiments, the subject response profile further includes a quantification,
identification, and/or representation of the level of expression or secretion of one or more

immune mediators, e.g., one or more cytokines.
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[00231] In some embodiments, the subject response profile includes a quantification,
identification, and/or representation of all or a portion of the panel of tumor antigens, identified
by the methods of the disclosure, that stimulate expression or secretion of one or more immune
mediators, that inhibit and/or suppress expression or secretion of one or more immune mediators,
and/or which do not, or minimally, affect expression or secretion of immune mediators. In some
embodiments, the subject response profile further includes a quantification, identification, and/or
representation of the level of expression or secretion of one or more immune mediators, e.g., one

or more cytokines.

Methods of Obtaining a Target Response Profile

[00232] In some embodiments, a subject response profile is compared to a corresponding
response profile from a target subject, e.g. a cancer subject who responds and/or has responded
clinically to acancer therapy; a cancer subject who does not and/or has not responded clinically
to a cancer therapy; a subject who has, or has had, spontaneous response to a cancer; or a subject

who has not been diagnosed with a cancer (a “target response profile”of a target subject).

[00233] The disclosure provides methods for obtaining a target response profile from a target
subject. The target response profile of a target subject is obtained by a) providing a library
described herein that includes all or a portion of the same panel of tumor antigens (e.g., known
tumor antigens, tumor antigens described herein, or tumor antigens, potential tumor antigens,
and/or other polypeptides of interest identified using a method described herein) used to generate
the subject response profile; b) contacting the library with antigen presenting cells from the
target subject; ¢) contacting the antigen presenting cells with lymphocytes from the targetsubject;
and d) determining whether one or more lymphocytes are stimulated by, inhibited and/or
suppressed by, activated by, or non-responsive to, one or more tumor antigens presented by one

or more antigen presenting cells, to obtain the target response profile.

[00234] The target response profile includes a quantification, identification, and/or
representation of the immune response of cells from the target subject to the same panel of tumor

antigens included in the subject response profile.
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[00235] In some embodiments, the target response profile includes a quantification,
identification, and/or representation of all or a portion of the panel of tumor antigens that
stimulate lymphocytes, that do not stimulate lymphocytes, that inhibit and/or suppress
lymphocytes, that activate lymphocytes, and/or to which lymphocytes are non-responsive. In
some embodiments, the subject response profile further includes a quantification, identification,
and/or representation of the level of expression or secretion of one or more immune mediators,

e.g., one or more cytokines.

[00236] In some embodiments, the target response profile includes a quantification,
identification, and/or representation of all or a portion of the panel of tumor antigens identified
by the methods of the disclosure, that stimulate expression and/or secretion of one or more
immune mediators, that inhibit and/or suppress expression or secretion of one or more immune
mediators, and/or which do not, or minimally, affect expression and/or secretion of immune
mediators. In some embodiments, the subject response profile further includes a quantification,
identification, and/or representation of the level of expression or secretion of one or more

immune mediators, e.g., one or more cytokines.

Comparison of a Subject Response Rrofile to a Target Response Profile

Lymphocytes

[00237] In some embodiments, a subject response profile is similar to the target response
profile if the identified tumor antigens that stimulate lymphocytes in the subject response profile
differ by no more than 1, 2, 3, 4, 5, 10, 15, 20, or 25 from the identified tumor antigens that
stimulate lymphocytes in the target response profile; if the identified tumor antigens that do not
stimulate lymphocytes in the subject response profile differ by no more than 1, 2, 3, 4, 5, 10, 15,
20, or 25 from the identified tumor antigens that do not stimulate lymphocytes in the target
response profile; if the identified tumor antigens that inhibit and/or suppress lymphocytes in the
subject response profile differ by no more than 1, 2, 3, 4, 5, 10, 15, 20, or 25 from the identified
tumor antigens that inhibit and/or suppress lymphocytes in the target response profile; if the
identified tumor antigens that activate lymphocytes in the subject response profile differ by no
more than 1,2, 3,4, 5, 10, 15, 20, or 25 from the identified tumor antigens that activate

lymphocytes in the target response profile; and/or if the identified tumor antigens that do not
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stimulate lymphocytes or to which lymphocytes are non-responsive in the subject response
profile differ by no more than 1, 2, 3, 4, 5, 10, 15, 20, or 25 from the identified tumor antigens to

which lymphocytes are not, or are minimally, responsive in the target response profile.

[00238] In some embodiments, a subject response profile is dissimilar from the target
response profile if the identified tumor antigens that stimulate lymphocytes in the subject
response profile differ by more than 5, 6, 7, 8, 9, 10, 20, or more, from the identified tumor
antigens that stimulate lymphocytes in the target response profile; if the identified tumor antigens
that do not stimulate lymphocytes in the subject response profile differ by more than 5, 6, 7, 8, 9,
10, 20, or more, from the identified tumor antigens that do not stimulate lymphocytes in the
target response profile; if the identified tumor antigens that inhibit and/or suppress lymphocytes
in the subject response profile differ by more than 5, 6, 7, 8, 9, 10, 20, or more, from the
identified tumor antigens that inhibit and/or suppress lymphocytes in the target response profile;
if the identified tumor antigens that activate lymphocytes in the subject response profile differ by
more than 5, 6, 7, 8, 9, 10, 20, or more, from the identified tumor antigens that activate
lymphocytes in the target response profile; and/or if the identified tumor antigens that do not
stimulate lymphocytes or to which lymphocytes are non-responsive in the subject response
profile differ by more than 5, 6, 7, 8, 9, 10, 20, or more, from the identified tumor antigens to

which lymphocytes are not, or are minimally, responsive in the target response profile.

[00239] In some embodiments, a subject response profile is similar to the target response
profile if the identified tumor antigens that stimulate lymphocytes in the subject response profile
differ by no more than 1%, 2%, 3%, 4%, 5%, 10%, 15%,20%, or 25% from the identified tumor
antigens that stimulate lymphocytes in the target response profile; if the identified tumor antigens
that do not stimulate lymphocytes in the subject response profile differ by no more than 1%, 2%,
3%, 4%, 5%, 10%, 15%, 20%, or 25% from the identified tumor antigens that do not stimulate
lymphocytes in the target response profile; if the identified tumor antigens that inhibit and/or
suppress lymphocytes in the subject response profile differ by no more than 1%, 2%, 3%, 4%,
5%, 10%, 15%, 20%, or 25% from the identified tumor antigens that inhibit and/or suppress
lymphocytes in the target response profile; if the identified tumor antigens that activate
lymphocytes in the subject response profile differ by no more than 1%, 2%, 3%, 4%, 5%, 10%,
15%, 20%, or 25% from the identified tumor antigens that activate lymphocytes in the target

response profile; and/or if the identified tumor antigens that do not stimulate lymphocytes or to
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which lymphocytes are non-responsive in the subject response profile differ by no more than 1%,
2%, 3%, 4%, 5%, 10%, 15%, 20%, or 25% from the identified tumor antigens to which

lymphocytes are not, or are minimally, responsive in the target response profile.

[00240] In some embodiments, a subject response profile is dissimilar from the target
response profile if the identified tumor antigens that stimulate lymphocytes in the subject
response profile differ by more than 5%, 6%, 7%, 8%, 9%, 10%, 20%, or more, from the
identified tumor antigens that stimulate lymphocytes in the target response profile if the
identified tumor antigens that do not stimulate lymphocytes in the subject response profile differ
by more than 5%, 6%, 7%, 8%, 9%, 10%, 20% ,or more, from the identified tumor antigens that
do not stimulate lymphocytes in the target response profile; and/or if the identified tumor
antigens that inhibit and/or suppress lymphocytes in the subject response profile differ by more
than 5%, 6%, 7%, 8%, 9%, 10%, 20%, or more, from the identified tumor antigens that inhibit
and/or suppress lymphocytes in the target response profile; if the identified tumor antigens that
activate lymphocytes in the subject response profile differ by more than 5%, 6%, 7%, 8%, 9%,
10%, 20%, or more, from the identified tumor antigens that activate lymphocytes in the target
response profile; and/or if the identified tumor antigens that do not stimulate lymphocytes or to
which lymphocytes are non-responsive in the subject response profile differ by more than 5%,
6%, 7%, 8%, 9%, 10%, 20%, or more, from the identified tumor antigens to which lymphocytes

are not, or are minimally, responsive in the target response profile.

Cytokines

[00241] In some embodiments, the target response profile can include a quantification,
identification, and/or representation of one or more cytokines and the total number of tumor
antigens (e.g., of the same tumor antigens included in the subject response profile) that stimulate,
do not stimulate, inhibit and/or suppress, or have no or minimal effect on cytokine production,
expression and/or secretion. In some embodiments, the target response profile can include a
quantification, identification, and/or representation of a panel of different cytokines (e.g., 1, 2, 3,
4,5,6,7,8,9,10, 12, 14, 16, 18, 20, or more (e.g., all) of the cytokines included in the subject
response profile) and the total number of tumor antigens (e.g., of the same tumor antigens

included in the subject response profile) that stimulate, do not stimulate, inhibit and/or suppress,
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or have no or minimal effect on production, expression and/or secretion of the panel of

cytokines.

[00242] In some embodiments, a subject response profile is similar to the target response
profile if the total number of antigens that stimulate expression and/or secretion of one or more
cytokines included in the subject response profile differs by no more than 1, 2, 3, 4, 5, 10, 15, 20,
or 25 from the total number of antigens that stimulate the same one or more cytokines included
in the target response profile; if the total number of antigens that do not stimulate expression
and/or secretion of one or more cytokines included in the subject response profile differs by no
more than 1, 2, 3, 4, 5, 10, 15, 20, or 25 from the total number of antigens that do not stimulate
the same one or more cytokines included in the target response profile; if the total number of
antigens that inhibit and/or suppress one or more cytokines included in the subject response
profile differs by no more than 1, 2, 3, 4, 5, 10, 15, 20, or 25 from the total number of antigens
that inhibit and/or suppress expression and/or secretion of the same one or more cytokines
included in the target response profile; and/or if the total number of antigens that have no or
minimal effect on expression and/or secretion of one or more cytokines included in the subject
response profile differs by no more than 1, 2, 3, 4, 5, 10, 15, 20, or 25 from the total number of
antigens that that have no or minimal effect on the same one or more cytokines included in the

target response profile.

[00243] In some embodiments, a subject response profile is dissimilar from the target
response profile if the total number of antigens that stimulate expression and/or secretion of one
or more cytokines included in the subject response profile differs by more than 5, 6, 7, 8, 9, 10,
20, or more, from the total number of antigens that stimulate the same one or more cytokines
included in the target response profile; if the total number of antigens that do not stimulate
expression and/or secretion of one or more cytokines included in the subject response profile
differs by more than 5, 6, 7, 8, 9, 10, 20, or more, from the total number of antigens that do not
stimulate the same one or more cytokines included in the target response profile ; if the total
number of antigens that inhibit and/or suppress expression and/or secretion of one or more
cytokines included in the subject response profile differs by more than 5, 6, 7, 8, 9, 10, 20, or
more, from the total number of antigens that inhibit and/or suppress the same one or more
cytokines included in the target response profile; and/or if the total number of antigens that have

no or minimal effect on expression and/or secretion of one or more cytokines included in the
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subject response profile differs by more than 5, 6, 7, 8, 9, 10, 20, or more, from the total number
of antigens that that have no or minimal effect on the same one or more cytokines included in the

target response profile.

[00244] The foregoing methods apply to subject response profiles and target response profiles
obtained with libraries encoding polypeptides that are potential tumor antigens, as well as tumor

antigens.

Methods of Identifying/Selecting Subjects for Cancer Therapy

[00245] The disclosure provides methods of identifying a test subject, e.g., a cancer subject,
for initiation, continuation, modification, and/or discontinuation or in some cases non-initiation
of a cancer therapy (e.g., a cancer therapy described herein). Generally, such methods include
comparing one or more immune responses of a cancer subject who has not received a cancer
therapy (or who has not responded and/or is not responding and/or has responded negatively,
clinically to a cancer therapy) to one or more immune responses of a target subject, who may be:
(1) a cancer subject who responds or has responded positively clinically (“responsive subject”) to
the cancer therapy; (i1) a cancer subject who has not responded and/or is not responding and/or
has responded negatively, clinically (“non-responsive subject”) to the cancer therapy; (iii) a
cancer subject who responds or has responded spontaneously to a cancer (“spontaneous

subject”); and/or (vi) a subject who has not been diagnosed with a cancer (“normal subject”).

[00246] One or more immune responses of the test subject that are the same or similar to one
or more immune responses of a responsive subject and/or dissimilar to one or more immune
responses of a non-responsive subject indicates that the test subject should initiate and/or
continue and/or modity (e.g., increase and/or combine with one or more other modalities) the
cancer therapy. One or more immune responses of the test subject that are dissimilar to one or
more immune responses of a responsive subject and/or similar to (or same as) one or more
immune responses of a non-responsive subject indicates that the cancer subject should not
initiate and/or should discontinue and/or should modify (e.g., reduce and/or combine with one or
more other modalities) the cancer therapy, and/or should initiate an alternative cancer therapy, or

in some cases, no cancer therapy.
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[00247] In some embodiments, a subject response profile that is similar to a target response
profile (of a responsive subject) indicates the test subject should initiate and/or continue and/or
modify (e.g., increase and/or combine with one or more other modalities) the cancer therapy. In
some embodiments, methods described herein include selecting a test subject for initiation and/or
continuation and/or modification (e.g., increase and/or combine with one or more other
modalities) of the cancer therapy if the subject response profile is similar to a target response
profile (of a responsive subject). In some embodiments, methods described herein include
initiating and/or continuing and/or modifying (e.g., increasing and/or combining with one or
more other modalities) administration of the cancer therapy to a test subject if the subject
response profile is similar to a target response profile (of a responsive subject). In some
embodiments, methods described herein include administering the cancer therapy to a test
subject if the subject response profile is similar to a target response profile (of a responsivet
subject). In some embodiments, methods described herein include modifying (e.g., increasing
and/or combining with one or more other modalities) administration of the cancer therapy to a
test subject if the subject response profile is similar to a target response profile (of a responsive

subject).

[00248] In some embodiments, a subject response profile that is dissimilar to a target response
profile (of a responsive subject) indicates the test subject should not initiate and/or should
modify (e.g., reduce and/or combine with one or more other modalities) and/or should
discontinue the cancer therapy, and/or should initiate an alternative cancer therapy. In some
embodiments, methods described herein include not selecting a test subject for initiation and/or
selecting a test subject for modification (e.g., reduction and/or combination with one or more
other modalities) and/or discontinuation of the cancer therapy and/or initiation of an alternative
cancer therapy, if the subject response profile is dissimilar to a target response profile (of a
responsive subject). In some embodiments, methods described herein include not initiating
and/or modifying (e.g., reducing and/or combining with one or more other modalities) and/or
discontinuing administration of the cancer therapy to a test subject and/or initiation of an
alternative cancer therapy, if the subject response profile is dissimilar to a target response profile
(of a responsive subject). In some embodiments, methods described herein include not
administering the cancer therapy to a test subject if the subject response profile is dissimilar to a

target response profile (of a responsive subject). In some embodiments, methods described
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herein include modifying (e.g., reducing and/or combining with one or more other modalities)
administration of the cancer therapy to a test subject if the subject response profile is dissimilar
to a target response profile (of a responsive subject). In some embodiments, methods described
herein include administering an alternative cancer therapy to a test subject if the subject response

profile is dissimilar to a target response profile (of a responsive subject).

[00249] In some embodiments, a subject response profile is compared to a corresponding
response profile from a cancer subject who has not responded and/or is not responding and/or
responds negatively, clinically to the cancer therapy (a “target response profile” of a non-
responsive subject). In some embodiments, the target response profile (of a non-responsive
subject) is obtained by providing a library described herein that includes all or a portion of the
same panel of tumor antigens (e.g., known tumor antigens, tumor antigens described herein or
identified using a method described herein) used to generate the subject response profile;
contacting the library with antigen presenting cells from the non-responsive subject; contacting
the antigen presenting cells with lymphocytes from the non-responsive subject; and determining
whether one or more lymphocytes are stimulated, inhibited and/or suppressed by, or non-
responsive to, one or more tumor antigens presented by one or more antigen presenting cells.
The target response profile (of a non-responsive subject) includes a quantification, identification,
and/or representation of the immune response of cells from the non-responsive cancer subject to

the same panel of tumor antigens included in the subject response profile.

[00250] Methods for comparing a subject response profile to a target response profile, and
parameters for determining similarity and dissimilarily of a subject response profile to a target

response profile are provided in the disclosure.

[00251] In some embodiments, the target response profile (of a non-responsive subject)
includes a quantification, identification, and/or representation of all or a portion of the panel of
tumor antigens that stimulate lymphocytes, that do not stimulate lymphocytes, and/or that inhibit
and/or suppress lymphocytes. In some embodiments, a subject response profile is similar to the
target response profile (of a nonresponsive subject) if the identified tumor antigens that stimulate
lymphocytes in the subject response profile differ by no more than 1, 2, 3, 4, 5, 10, 15, 20, or 25
from the identified tumor antigens that stimulate lymphocytes in the target response profile (of a

nonresponsive subject); if the identified tumor antigens that do not stimulate lymphocytes in the
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subject response profile differ by no more than 1, 2, 3, 4, 5, 10, 15, 20, or 25 from the identified
tumor antigens that do not stimulate lymphocytes in the target response profile (of a
nonresponsive subject); and/or if the identified tumor antigens that inhibit and/or suppress
lymphocytes in the subject response profile differ by no more than 1, 2, 3, 4, 5, 10, 15, 20, or 25
from the identified tumor antigens that inhibit and/or suppress lymphocytes in the target response
profile (of a nonresponsive subject). In some embodiments, a subject response profile is
dissimilar from the target response profile if the identified tumor antigens that stimulate
lymphocytes in the subject response profile differ by more than 5, 6, 7, 8, 9, 10, 20, or more,
from the identified tumor antigens that stimulate lymphocytes in the target response profile (of a
nonresponsive subject); if the identified tumor antigens that do not stimulate lymphocytes in the
subject response profile differ by more than 5, 6, 7, 8, 9, 10, 20, or more, from the identified
tumor antigens that do not stimulate lymphocytes in the target response profile (of a
nonresponsive subject); and/or if the identified tumor antigens that inhibit and/or suppress
lymphocytes in the subject response profile differ by more than 5, 6, 7, 8, 9, 10, 20, or more,
from the identified tumor antigens that inhibit and/or suppress lymphocytes in the target response
profile (of a nonresponsive subject). In some embodiments, a subject response profile is similar
to the target response profile (of a nonresponsive subject) if the identified tumor antigens that
stimulate lymphocytes in the subject response profile differ by no more than 1%, 2%, 3%, 4%,
5%, 10%, 15%, 20%, or 25% from the identified tumor antigens that stimulate lymphocytes in
the target response profile (of a nonresponsive subject); if the identified tumor antigens that do
not stimulate lymphocytes in the subject response profile differ by no more than 1%, 2%, 3%,
4%, 5%, 10%, 15%, 20%, or 25% from the identified tumor antigens that do not stimulate
lymphocytesin the target response profile (of a nonresponsive subject); and/or if the identified
tumor antigens that inhibit and/or suppress lymphocytes in the subject response profile differ by
no more than 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, or 25% from the identified tumor antigens
that inhibit and/or suppress lymphocytes in the target response profile (of a non-responsive
subject). In some embodiments, a subject response profile is dissimilar from the target response
profile (of a non-responsive subject) if the identified tumor antigens that stimulate lymphocytes
in the subject response profile differ by more than 5%, 6%, 7%, 8%, 9%, 10%, 20%, or more,
from the identified tumor antigens that stimulate lymphocytes in the target response profile (of a

non-responsive subject); if the identified tumor antigens that do not stimulate lymphocytes in the
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subject response profile differ by more than 5%, 6%, 7%, 8%, 9%, 10%, 20%, or more, from the
identified tumor antigens that do not stimulate lymphocytes in the target response profile (of a
nonresponsive subject); and/or if the identified tumor antigens that inhibit and/or suppress
lymphocytes in the subject response profile differ by more than 5%, 6%, 7%, 8%, 9%, 10%,
20%, or more, from the identified tumor antigens that inhibit and/or suppress lymphocytes in the

target response profile (of a non-responsive subject).

[00252] In some embodiments, the target response profile (of a non-responsive subject) can
include a quantification, identification, and/or representation of one or more cytokines and the
total number of tumor antigens (e.g., of the same tumor antigens included in the subject response
profile) that stimulate, do not stimulate, and/or inhibit and/or suppress cytokine production,
expression and/or secretion. In some embodiments, the target response profile (of a
nonresponsive subject) can include a quantification, identification, and/or representation of a
panel of different cytokines (e.g., 1,2,3,4,5,6,7,8,9, 10, 12, 14, 16, 18, 20, or more (e.g., all),
of the cytokines included in the subject response profile) and the total number of tumor antigens
(e.g., of the same tumor antigens included in the subject response profile) that stimulate, do not
stimulate, and/or inhibit and/or suppress production, expression and/or secretion of the panel of
cytokines. In some embodiments, a subject response profile is similar to the target response
profile (of a nonresponsive subject) if the total number of antigens that stimulate one or more
cytokines included in the subject response profile differs by no more than 1, 2, 3, 4, 5, 10, 15, 20,
or 25 from the total number of antigens that stimulate the same one or more cytokines included
in the target response profile (of a non-responsive subject); if the total number of antigens that do
not stimulate one or more cytokines included in the subject response profile differs by no more
than 1, 2, 3, 4, 5, 10, 15, 20, or 25 from the total number of antigens that do not stimulate the
same one or more cytokines included in the target response profile (of a nonresponsive subject),
and/or if the total number of antigens that inhibit and/or suppress one or more cytokines included
in the subject response profile differs by no more than 1, 2, 3, 4, 5,10, 15, 20, or 25 from the total
number of antigens that inhibit and/or suppress the same one or more cytokines included in the
target response profile (of a non-responsive subject). In some embodiments, a subject response
profile is dissimilar from the target response profile (of a non-responsive subject) if the total
number of antigens that stimulate one or more cytokines included in the subject response profile

differs by more than 5, 6, 7, 8, 9, 10, or more, from the total number of antigens that stimulate
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the same one or more cytokines included in the target response profile (of a non-responsive
subject); if the total number of antigens that not stimulate one or more cytokines included in the
subject response profile differs by more than 5, 6, 7, 8, 9, 10, or more, from the total number of
antigens that do not stimulate the same one or more cytokines included in the target response
profile (of a non-responsive subject); and/or if the total number of antigens that inhibit and/or
suppress one or more cytokines included in the subject response profile differs by more than 5, 6,
7, 8,9, 10, 20, or more, from the total number of antigens that inhibit and/or suppress the same

one or more cytokines included in the target response profile (of a non-responsive subject).

[00253] In some embodiments, a subject response profile that is dissimilar to a target response
profile (of a non-responsive subject) indicates the test subject should initiate and/or continue
and/or modify (e.g., increase and/or combine with one or more other modalities) the cancer
therapy. In some embodiments, methods described herein include selecting a test subject for
initiation and/or continuation and/or modification of (e.g., increasing and/or combining with one
or more other modalities) the cancer therapy if the subject response profile is dissimilar to a
target response profile (of a non-responsive subject). In some embodiments, methods described
herein include initiating and/or continuing and/or modifying (e.g., increasing and/or combining
with one or more other modalities) administration of the cancer therapy to a test subject if the
subject response profile is dissimilar to a target response profile (of a non-responsive subject). In
some embodiments, methods described herein include administering the cancer therapy to a test
subject if the subject response profile is dissimilar to a target response profile (of a non-
responsive subject). In some embodiments, methods described herein include modifying (e.g.,
increasing and/or combining with one or more other modalities) administration of the cancer
therapy to a test subject if the subject response profile is dissimilar to a target response profile (of

a non-responsive subject).

[00254] In some embodiments, a subject response profile that is similar to a target response
profile (of a non-responsive subject) indicates the test subject should not initiate, and/or should
modify (e.g., reduce and/or combine with one or more other modalities), and/or should
discontinue the cancer therapy, and/or should initiate an alternative cancer therapy. In some
embodiments, methods described herein include not selecting a test subject for initiation and/or
selecting a test subject for modification (e.g., reduction and/or combination with one or more

other modalities) and/or discontinuation of the cancer therapy and/or initiation of an alternative
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cancer therapy, if the subject response profile is similar to a target response profile (of a non-
responsive subject). In some embodiments, methods described herein include not initiating
and/or modifying (e.g., reducing and/or combining with one or more other modalities) and/or
discontinuing administration of the cancer therapy to a test subject and/or initiating an alternative
cancer therapy, if the subject response profile is similar to a target response profile (of a non-
responsive subject). In some embodiments, methods described herein include not administering
the cancer therapy to a test subject if the subject response profile is similar to a target response
profile (of a non-responsive subject). In some embodiments, methods described herein include
modifying (e.g., reducing and/or combining with one or more other modalities) administration of
the cancer therapy to a test subject if the subject response profile is similar to a target response
profile (of a non-responsive subject). In some embodiments, methods described herein include
administering an alternative cancer therapy to a test subject if the subject response profile is

similar to a target response profile (of a non-responsive subject).

[00255] In some embodiments, a subject response profile described herein is compared to one
ormore (e.g., 1,2, 3,4,5,6,7,8,9, 10, or more) target response profiles of one or more
responsive subjects and/or of one or more (e.g., 1,2,3,4,5,6,7,8,9, 10, or more) non-
responsive subjects. In some embodiments, a target response profile described herein (e.g., of a
responsive subject or non-responsive subject) includes an average of one or more immune
responses (described herein) from a population of responsive or non-responsive subjects,
respectively. In some embodiments, one or more (e.g., 1,2,3,4,5,6,7, 8,9, 10, or more)
subject response profiles of the test subject are obtained (e.g., before, during, and/or after

initiation, modification, and/or discontinuation of administration of the cancer therapy).

Methods of Selecting Tumor Antigens and Methods of Inducing an Immune Response in a

Subject

[00256] In general, immune responses can be usefully defined in terms of their integrated,
functional end-effects. Dhabar et al. (2014) have proposed that immune responses can be
categorized as being immunoprotective, immunopathological, and immunoregulatory/inhibitory.
While these categories provide useful constructs with which to organize ideas, an overall in vivo
immune response is likely to consist of several types of responses with varying amounts of

dominance from each category. Immunoprotective or beneficial responses are defined as
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responses that promote efficient wound healing, eliminate infections and cancer, and mediate
vaccine-induced immunological memory. These responses are associated with cytokines and
mediators such as IFN-gamma, IL-12, IL-2, Granzyme B, CD107, etc. Immunopathological or
deleterious responses are defined as those that are directed against self (autoimmune disease like
multiple sclerosis, arthritis, lupus) or innocuous antigens (asthma, allergies) and responses
involving chronic, non-resolving inflammation. These responses can also be associated with
molecules that are implicated in immunoprotective responses, but also include immune
mediators such as TNF-alpha, IL-10, IL-13, IL-17, IL-4, IgE, histamine, etc. Immunoregulatory
responses are defined as those that involve immune cells and factors that regulate (mostly down-
regulate) the function of other immune cells. Recent studies suggest that there is an arm of the
immune system that functions to inhibit immune responses. For example, regulatory
CD4"CD25+FoxP3" T cells, IL-10, and TGF-beta, among others have been shown to have
immunoregulatory/inhibitory functions. The physiological function of these factors is to keep
pro-inflammatory, allergic, and autoimmune responses in check, but they may also suppress anti-
tumor immunity and be indicative of negative prognosis for cancer. In the context of tumors, the
expression of co-stimulatory molecules often decreases, and the expression of co-inhibitory
ligands increases. MHC molecules are often down-regulated on tumor cells, favoring their
escape. The tumor micro-environment, including stromal cells, tumor associated immune cells,
and other cell types, produce many inhibitory factors, such as, IL-10, TGF-B, and IDO.
Inhibitory immune cells, including T regs, Tr1 cells, immature DCs (iDCs), pDCs, and MDSC
can be found in the tumor microenvironment. (Y Li UT GSBS Thesis 2016). Examples of

mediators and their immune effects are shown in Table 2.

Table 2: Inmune Mediators

. . Beneficial Outcomes Deleterious Outcomes
Cytokine Function Secreted by
Cancer ID Al Cancer ID Al
Induces apoptosis of
t Ils, ind
TRAIL 'umor cells, induces Most cells X X 2 X 2 2
immune suppressor
cells
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Beneficial Outcomes

Deleterious Outcomes

Cytokine Function Secreted by
Cancer ID Al Cancer ID Al
Critical for innate
and adaptive
IEN- immunity to T cells, NK
pathogens, inhibits cells, NKT X X ? X ? X
gamma . .
viral replication, cells
increases MHC Class
| expression
Th1 differentiation;
stimulates T cell DCs, macro-
growth, induces IFN- phages,
IL-12 gamma/TNF-alpha neutron- X X i X i X
secretion from T phils
cells, enhances CTLs
T cell proliferation,
differentiation into
IL-2 effector and T cells, APCs X X X ? ? ?
memory T cells and
regulatory T cells
Induces fevers,
TNE- apoptosis, Macro-
alpha inflammation, phages, X X ? X ? X
inhibits viral APCs
replication
Chemotactic/pro-
alpha ! phages, DCs, X X ? ? ? X
granulocytes,
. . T cells
induces secretion of
IL-1/1L6/ TNF-alpha
Chemotactic/pro-
beta ! phages, DCs, X X ? ? ? X
granulocytes,
. . T cells
induces secretion of
IL-1/1L6/ TNF-alpha
T cell
CXCL9 chemoattractant,
induced by IFN- APCs X X i X i X
gamma
Chemoattractant for
T cells,
CXCL10 macrophages, NK APCs X X 5 5 5 X
and DCs, promotes T
cell adhesion to
endothelial cells
Recruits monocytes,
MCP-1 memory T cells and most cells X X ? X ? X
DCS
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Cytokine

Function

Secreted by

Beneficial Outcomes

Deleterious Outcomes

Cancer

ID

Al

Cancer ID Al

RANTES

Recruits T cells,
eosinophils,
basophils, induces
proliferation/activati
on of NK cells, T cell
activation marker

T cells

CXCL11

Chemoattractant for
activated T cells

APCs

IL-3

Stimulates
proliferation of
myeloid cells,
induces growth of T
cells

T cells, APCs

IL-17

Produced by Th17
cells, induces
production of IL6,
GCSF, GMCSF, IL1b,
TGF-beta, TNF-alpha,
chemokines

T cells

IL-18

Pro-inflammatory,
induces cell-
mediated immunity,
production of IFN-
gamma

Macro-
phages

IL-21

Induces
proliferation,
upregulated in
Th2/Th17 TFh

CDA T cells

IL-22

Cell-mediated
immunity, pro-
inflammatory

NK cells, T
cells

IL-23

Pro-inflammatory

APCs

IL-24

Controls survival and
proliferation

Monocytesm
acro-
phages, Th2
cells

IL-27

Induces
differentiation of T
cells, upregulates IL-
10, can be pro-or
anti-inflammatory;
promotes Th1/Trl,
inhibits Th2/Th17/
regulatory T cells

APCs, T cells
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Beneficial Outcomes

Deleterious Outcomes

Cytokine Function Secreted by
Cancer ID Al Cancer ID Al
Pro-inflammatory,
increases secretion
IL-32 of inflammatory T cells, NK X X ? X ? X
. cells
cytokines and
chemokines
Induces myeloid
CSF cells to proliferate APCs X X X ? ? ?
and differentiate
Promotes
e | oot
GM-CSF osInop macro- X X ? ? ? X
proliferation and hages
maturation, growth phag
factor
Helps DC
maturation/survival,
TRANCe | | cell activation T cells ? X ? X ? ?
marker, anti-
apoptotic, stimulates
osteoclast activity
MIP-3 Chemotactic for T X X 5 5 5 X
alpha cells, DCs
fractalkin Chemotactic for T Endothelial X X 5 5 5 X
e cells and monocytes cells
Stimulates B cells,
Th2 proliferation,
plasma cell
differentiation, IgE Th2 cells
IL-4 re ! ? X ? X X X
upregulates MHC basophils
Class Il expression,
decreases IFN-
gamma production
Downregulates Thl Monocvtes
cytokines/MHC Class Tho ce\:Is
IL-10 Il expression/Co- ! X ? X X X X
. regulatory T
stimulatory molecule
. cells
expression
Stimulates B cells, Ig
! Th2 cell
IL-5 secretion, eosinophil cells, ? X ? X X X
Vo mast cells
activation
Similar to L4, Th2 cells, NK
induces IgE cells, mast
IL-13 es '8 cells, ? X ? X X X
production, Th2 . .
cvtokine eosinophils,
¥ basophils
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. . Beneficial Outcomes Deleterious Outcomes
Cytokine Function Secreted by
Cancer ID Al Cancer ID Al
Inhibits T cell
proliferation,
TGE-beta activity, function; regulatory T 5 5 X X X 5
blocks effects of pro- cells
inflammatory
cytokines
Induces fevers, pro- Macro-
IL-1 beta ) P phages X X ? X ? X
inflammatory
ives steocser | Teell
IL-6 . . macro- ? X ? X X X
formation, drives hages
Th17 phag
Macro-
Recruits neutrophils phages,
- ? ? ?
IL-8 to site of infection epithelial ) X ) X ) X
cells
Cell-mediated Th2 cells,
IL-31 immunity, pro- macro- X X ? X ? X
inflammatory phages, DCs
IL-15 T cell prollfe'ratlon T cells, NK X X X 5 5 5
and survival cells
. . T cells,
IL-9 Th2 proliferation, - |\ oohils, | 2 ? X X X ?
cytokine secretion
mast cells

ID = Infectious disease
IA = Autoimmune disease
[00257] In some embodiments, a tumor antigen stimulates one or more lymphocyte responses
that are beneficial to the subject. In some embodiments, a tumor antigen inhibits and/or
suppresses one or more lymphocyte responses that are deleterious or non-beneficial to the
subject. Examples of immune responses that may lead to beneficial anti-tumor responses include
but are not limited to 1) cytotoxic CD8™ T cells which can effectively kill cancer cells and release
the mediators perforin and/or granzymes to drive tumor cell death; and 2) CD4" Th1 T cells
which play an important role in host defense and can secrete IL-2, IFN-gamma and TNF-alpha.
These are induced by IL-12, IL-2, and IFN gamma among other cytokines.

[00258] In some embodiments, a tumor antigen stimulates one or more lymphocyte responses
that are deleterious or non-beneficial to the subject. In some embodiments, a tumor antigen

inhibits and/or suppresses one or more lymphocyte responses that are beneficial to the

subject. Examples of immune responses that may lead to deleterious or non-beneficial anti-
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tumor responses include but are not limited to 1) T regulatory cells which are a population of T
cells that can suppress an immune response and secrete immunosuppressive cytokines such as
TGF-beta and IL-10 and express the molecules CD25 and FoxP3; and 2) Th2 cells which target
responses against allergens but are not productive against cancer. These are induced by
increased IL-4 and IL-10 and can secrete IL-4, IL-5, IL-6, IL-9 and IL-13.

[00259] The disclosure provides methods and systems for identifying and selecting tumor
antigens. In some embodiments, methods and systems described herein can identify and select
one or more tumor antigens to which one or more immune responses are stimulated in a cancer
subject who has not received a cancer therapy (or who has not responded and/or is not
responding, clinically to a cancer therapy). In some embodiments, methods and systems
described herein can identify and select one or more tumor antigens to which one or more
immune responses are not stimulated in a cancer subject who has not received a cancer therapy
(or who has not responded and/or is not responding, clinically to a cancer therapy). In some
embodiments, methods and systems described herein can identify and select one or more tumor
antigens to which one or more immune responses are inhibited and/or suppressed in a cancer
subject who has not received a cancer therapy (or who has not responded and/or is not
responding, clinically to a cancer therapy). In some embodiments, methods and systems
described herein can identify and select one or more tumor antigens which elicit no or minimal
immune responses in a cancer subject who has not received a cancer therapy (or who has not
responded and/or is not responding, clinically to a cancer therapy).

[00260] In some embodiments, a composition comprising the one or more selected tumor
antigens is administered to a cancer subject before, during, and/or after administration of a
cancer therapy.

[00261] The disclosure provides methods for selecting tumor antigens identified by the
methods herein based on comparison of a subject response profile to a target response profile.
The disclosure also provides methods for selecting (or de-selecting) tumor antigens identified by
the methods herein, based on association with desirable or beneficial responses. The disclosure
also provides methods for selecting (or de-selecting) tumor antigens identified by the methods
herein, based on association with undesirable, deleterious or non-beneficial responses. In some
embodiments, the methods for selecting tumor antigens are combined. The methods may be

combined in any order, e.g. selection may be carried out by comparison of a subject response
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profile to a target response profile, followed by selection based on association with a desirable
(or undesirable) response; or, selection may be carried out based on association with a desirable
(or undesirable) response, followed by comparison of the subject response profile to a target
response profile.

[00262] Methods for identifying tumor antigens and potential tumor antigens are provided
herein. Methods for generating or obtaining a subject response profile are provided herein.
Methods for generating or obtaining a target response profile, e.g. a population-based or
composite target response profile, are provided herein. Methods for comparison of a subject
response profile to a target response profile are provided herein. Methods for determining
whether a subject response profile is similar to a target response profile are provided herein.
[00263] In some embodiments, a subject response profile and target response profile are
generated or obtained using the same plurality of polypeptides of interest. In some
embodiments, a subject response profile and target response profile are generated or obtained
using the same plurality of tumor antigens.

[00264] The target response profile includes a quantification, identification, and/or
representation of one or more tumor antigens that stimulate lymphocytes, that do not stimulate
lymphocytes, that inhibit and/or suppress lymphocytes, that activate lymphocytes, and/or to
which lymphocytes are non-responsive.

[00265] In some embodiments, one or more tumor antigens are identified as inhibiting and/or
suppressing lymphocytes in the test subject (e.g., identified from the subject response profile),
and the same one or more tumor antigens are identified as stimulating lymphocytes in the target
subject (e.g., identified from the target response profile). In some embodiments, one or more
tumor antigens are identified as stimulating lymphocytes in the test subject (e.g., identified from
the subject response profile) and the same one or more tumor antigens are identified as inhibiting
and/or suppressing lymphocytes in the target subject (e.g., identified from the target response
profile). In some embodiments, one or more tumor antigens or potential tumor antigens are
identified as eliciting minimal or no response from lymphocytes in the test subject (e.g.,
identified from the subject response profile), and the same one or more tumor antigens are
identified as stimulating, or inhibiting and/or suppressing lymphocytes in the target subject (e.g.,
identified from the target response profile). In some embodiments, one or more tumor antigens

are identified as stimulating, or inhibiting and/or suppressing, lymphocytes in the test subject
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(e.g., identified from the subject response profile), and the same one or more tumor antigens are
identified as eliciting minimal or no response from lymphocytes in the target subject (e.g.,
identified from the target response profile).

[00266] Tumor antigens may be identified and/or selected on the basis of similarity or
dissimilarity of a subject response profile to a target response profile. Tumor antigens may be
identified and/or selected (or de-selected) based on association with desirable or beneficial
responses. Tumor antigens may be identified and/or selected (or de-selected) based on
association with undesirable, deleterious or non-beneficial responses. Tumor antigens may be
identified and/or selected (or de-selected) based on a combination of the preceding methods,
applied in any order.

All Positive Responders

[00267] In some embodiments, a subject response profile is compared to a corresponding
response profile from a cancer subject who responds and/or has responded clinically to a cancer
therapy (a “target response profile” of a responsive subject described herein). In some
embodiments, a subject response profile is compared to a target response profile from a target
subject who has not been diagnosed with cancer. In some embodiments, a subject response
profile is compared to a target response profile from a target subject who has (or had) a
beneficial response to cancer. In some embodiments, the subject has (or had) a positive clinical
response to a cancer therapy or combination of therapies. In some embodiments, the subject had
a spontaneous response to a cancer. In some embodiments, the subject is in partial or complete
remission from cancer. In some embodiments, the subject has cleared a cancer. In some
embodiments, the subject has not had a relapse, recurrence or metastasis of a cancer. In some
embodiments, the subject has a positive cancer prognosis. In some embodiments, the subject has
not experienced toxic responses or side effects to a cancer therapy or combination of therapies.
[00268] In some embodiments, one or more tumor antigens of the subject response profile
which elicit responses that are different from, or dissimilar to, responses elicited by the same
tumor antigens of the target response profile are selected. In some embodiments, one or more
tumor antigens are selected (or de-selected) based on association with desirable or beneficial
immune responses. In some embodiments, one or more tumor antigens are selected (or de-
selected) based on association with undesirable, deleterious, or non-beneficial immune

responses.



WO 2018/175505 PCT/US2018/023442
100

[00269] Responses whereby tumor antigens or immunogenic fragments thereof (i) stimulate
lymphocyte responses that are beneficial to the subject, (i1) stimulate expression of cytokines that
are beneficial to the subject, (ii1) inhibit and/or suppress lymphocyte responses that are
deleterious or non-beneficial to the subject, or (iv) inhibit and/or suppress expression of
cytokines that are deleterious or non-beneficial to the subject, are termed “beneficial responses”.
[00270] In some embodiments, a selected tumor antigen stimulates one or more lymphocyte
responses that are beneficial to the subject. In some embodiments, a selected tumor antigen
inhibits and/or suppresses one or more lymphocyte responses that are deleterious or non-
beneficial to the subject.

[00271] In some embodiments, a selected tumor antigen increases expression and/or secretion
of cytokines that are beneficial to the subject. In some embodiments, a selected tumor antigen
inhibits and/or suppresses expression of cytokines that are deleterious or non-beneficial to the
subject.

[00272] In some embodiments, administration of one or more selected tumor antigens to the
subject elicits an immune response of the subject. In some embodiments, administration of one
or more selected tumor antigens to the subject elicits a beneficial immune response of the
subject. In some embodiments, administration of one or more selected tumor antigens to the
subject elicits a beneficial response of the subject. In some embodiments, administration of one
or more selected tumor antigens to the subject improves clinical response of the subject to a
cancer therapy.

All Negative Responders

[00273] In some embodiments, a subject response profile is compared to a corresponding
response profile from a cancer subject who does not respond and/or has not responded clinically
to a cancer therapy (a “target response profile” of a non-responsive subject described herein). In
some embodiments, a subject response profile is compared to a target response profile from a
target subject who has (or had) a deleterious or non-beneficial response to cancer. In some
embodiments, the subject has (or had) a negative clinical response to a cancer therapy or
combination of therapies. In some embodiments, the subject has not cleared a cancer. In some
embodiments, the subject has had a relapse, recurrence or metastasis of a cancer. In some
embodiments, the subject has a negative cancer prognosis. In some embodiments, the subject

has experienced toxic responses or side effects to a cancer therapy or combination of therapies.
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[00274] Responses whereby tumor antigens or immunogenic fragments thereof (i) stimulate
lymphocyte responses that are deleterious or not beneficial to the subject, (i1) stimulate
expression of cytokines that are deleterious or not beneficial to the subject, (iii) inhibit and/or
suppress lymphocyte responses that are beneficial to the subject, or (iv) inhibit and/or suppress
expression of cytokines that are beneficial to the subject, are termed “deleterious or non-
beneficial responses”.

[00275] In some embodiments, one or more tumor antigens of the subject response profile
which elicit responses that are the same as, or similar to, responses elicited by the same tumor
antigens of the target response profile are selected. In some embodiments, one or more tumor
antigens are selected (or de-selected) based on association with desirable or beneficial immune
responses. In some embodiments, one or more tumor antigens are selected (or de-selected) based
on association with undesirable, deleterious, or non-beneficial immune responses.

[00276] In some embodiments, a selected tumor antigen stimulates one or more lymphocyte
responses that are deleterious or non-beneficial to the subject. In some embodiments, a selected
tumor antigen inhibits and/or suppresses one or more lymphocyte responses that are beneficial to
the subject.

[00277] In some embodiments, a selected tumor antigen increases expression and/or secretion
of cytokines that are deleterious or non-beneficial to the subject. In some embodiments, a
selected tumor antigen inhibits and/or suppresses expression of cytokines that are beneficial to
the subject.

[00278] In some embodiments, the one or more tumor antigens are de-selected by the methods
herein.

[00279] In some embodiments, the one or more selected tumor antigens are excluded from

administration to a subject.

Methods of Selecting Potential Tumor Antigens

[00280] In well-established tumors, activation of endogenous anti-tumor T cell responses is
often insufficient to result in complete tumor regression. Moreover, T cells that have been
educated in the context of the tumor microenvironment sometimes are sub-optimally activated,
have low avidity, and ultimately fail to recognize the tumor cells that express antigen. In

addition, tumors are complex and comprise numerous cell types with varying degrees of
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expression of mutated genes, making it difficult to generate polyclonal T cell responses that are
adequate to control tumor growth. As a result, researchers in the field have proposed that it is
important in cancer subjects to identify the mutations that are “potential tumor antigens” in
addition to those that are confirmed in the cancer subject to be recognized by their T cells.
[00281] There are currently no reliable methods of identifying potential tumor antigens in a
comprehensive way. Computational methods have been developed in an attempt to predict what
is an antigen, however there are many limitations to these approaches. First, modeling epitope
prediction and presentation needs to take into account the greater than 12,000 HLA alleles
encoding MHC molecules, with each subject expressing as many as 14 of them, all with different
epitope affinities. Second, the vast majority of predicted epitopes fail to be found presented by
tumors when they are evaluated using mass spectrometry. Third, the predictive algorithms do not
take into account T cell recognition of the antigen, and the majority of predicted epitopes are
incapable of eliciting T cell responses even when they are present. Finally, the second arm of
cellular immunity, the CD4+ T cell subset, is often overlooked; the majority of in silico tools
focus on MHC class I binders. The tools for predicting MHC class II epitopes are under-
developed and more variable.

[00282] The present disclosure provides methods to a) identify polypeptides that are potential
tumor antigens in antigen presentation assays of the disclosure, and b) select polypeptides on the
basis of their antigenic potential. The methods are performed without making predictions about
what could be a target of T cell responses or presented by MHC, and without the need for
deconvolution. The methods can be expanded to explore antigenic potential in healthy subjects
who share the same MHC alleles as a subject, to identify those potential tumor antigens that
would be most suitable to include in an immunogenic composition or vaccine formulation. The
methods ensure that the potential tumor antigen is processed and presented in the context of
subject MHC molecules, and that T cells can respond to the potential tumor antigen if they are
exposed to the potential tumor antigen under the right conditions (e.g., in the context of a vaccine
with a strong danger signal from an adjuvant or delivery system).

[00283] The preceding methods for selection of tumor antigens may be applied to selection of
potential tumor antigens, that is, polypeptides encoding one or more mutations present or

expressed in a cancer or tumor cell of a subject.



WO 2018/175505 PCT/US2018/023442
103

Immunogenic Compositions and Uses thereof

[00284] The present disclosure provides compositions that include a tumor antigen or tumor
antigens identified or selected by methods described herein, nucleic acids encoding the tumor
antigens, and methods of using the compositions. In some embodiments, a composition includes
tumor antigens that are peptides 8-40 amino acids, 8-60 amino acids, 8-100. 8-150,or 8-200
amino acids in length (e.g., MHC binding peptides, e.g., peptides 23-29, 24-28, 25-27, 8-30, 8-
29, 8-28, 8-27, 8-26, 8-25, 8-24, 8-23, 8-22, 8-21, 8-20, 8-15, 8-12 amino acids in length). In
some embodiments, a composition includes one or more tumor antigens that are about 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% of the length of the full-length
polypeptides. In some embodiments, a composition includes one or more tumor antigens that are
truncated by about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or more amino acids, relative to
the full-length polypeptides. The compositions can include tumor antigens that are, or that
comprise, MHC class I-binding peptides, MHC class II-binding peptides, or both MHC class I
and MHC class II-binding peptides. Compositions can include a single tumor antigen, or
multiple tumor antigens. In some embodiments, a composition includes a set of two, three, four,
five, six, seven, eight, nine, ten, or more tumor antigens. In some embodiments, a composition
includes ten, fifteen, twenty, twenty-five, thirty, or more tumor antigens. In some embodiments,
the tumor antigens or peptides are provided as one or more fusion proteins. In some
embodiments, a composition comprises nucleic acids encoding the tumor antigens or peptides.

In some embodiments, the nucleic acids encoding the tumor antigens or peptides are provided as

one or more fusion constructs.

{80285] The present disclosure provides immunogenic compositions comprising any
combination of two or three TAAs: HPSE1 (SEQ ID NO: 6), HPSE2 (SEQ ID NO: 7), and/or
SMAD4 (SEQ ID NO: 8).

{60286] HPSE encodes Heparinase, an endoglycosidase that cleaves heparan sulfate
proteogiyeans (HSPGs) into heparan sulfate side chains and core proteoglycans. HPSE
participates in extracellular matrix {ECM) degradation and remodeling. There is a single
functional heparinase: HPSE isoform 1 (HPSED), a 543 amino acid protein. The splice variant
HPSE isoform 2 (HPSEZ2) has no enzymatic activity, but may regulate HPSE activity. The

active protein form of HPSE! is a heterodimer of 8 and 50kDa subunits which are non-
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covalently linked. The TIM barrel fold domain contains the active site, and the C-terminal
domain of the protein is involved 1n nonenzymatic signaling and secretory functions. Potential
T-cell epitopes within HPSE have been described {Tang. In vifro and ex vivo evaluation of a
multi-epitope heparinase vaccine for various malignancies. Cancer Sci 105 (2014) 9-17). The
protein sequences of HPSE1 and HPSE2 may be found by searching in the publicly available
database, UniProt (on the World Wide Web, at http://www.uniprot.org/uniprot/Q9Y251} and
http://www uniprot.org/uniprot/Q8WWQ2 respectively}. The DNA sequence of HPSET and
HPSE2 may be found by searching in the publicly available database, Entrez (on the World Wide
Web https://www.ncbi.nlm.nih.gov/gene/10855 and https://www.ncbi.nlm.nih.gov/gene/60495

respectively).

{00287)  SMADM4 encodes Mothers against decapentaplegic homolog 4, a signal transduction
protein and tumor suppressor gene, which is a central mediator of downstream transcriptional
output in TGFb signaling pathways. SMAD4 is a 552 amino acid, 60.4 KDa protein. SMAD4
exists as a monomer in the absence of TGF-beta activation, and a heterodimer on TGF-beia
activation. SMAD4 is composed of two molecules of a C-terminally phosphorylated R-SMAD
molecule, SMAD2Z or SMAD3, and one molecule of SMAD4 to form the transcriptional active
SMADZ/SMADZ-SMADM4 complex. SMADM4 regulates transcription of a number of target genes
through binding to DNA, recognizing an 8-bp palindromic sequence (GTCTAGAC) called the
Smad-binding element (3BE). The protein acis as a tumor suppressor and tnhibits epithelial cell
proliferation. The protein and DNA sequences of SMAD4 may be found by searching in the
publicly available databases, UniProt and Entrez (on the World Wide Web, at

http://www .uniprot.org/uniprot/Q13485 and https://www.ncbi.nlm.nih.gov/gene/4089

respectively),

[00288] The disclosure also provides nucleic acids encoding the tumor antigens. The nucleic
acids can be used to produce expression vectors, e.g., for recombinant production of the tumor

antigens, or for nucleic acid-based administration in vivo (e.g., DNA vaccination).

[00289] In some embodiments, tumor antigens are used in diagnostic assays. For these
assays, compositions including the tumor antigens can be provided in kits, e.g., for detecting

antibody reactivity, or cellular reactivity, in a sample from an individual.
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[00290] In some embodiments, tumor antigen compositions are used to induce an immune
response in a subject. In some embodiments, the subject is a human. In some embodiments, the
subject is a non-human animal. The tumor antigen compositions can be used to raise antibodies
(e.g., in a non-human animal, such as a mouse, rat, hamster, or goat), e.g., for use in diagnostic
assays, and for therapeutic applications. For an example of a therapeutic use, a tumor antigen
discovered by a method described herein may be a potent T cell and/or B cell antigen.
Preparations of antibodies may be produced by immunizing a subject with the tumor antigen and
isolating antiserum from the subject. Methods for eliciting high titers of high affinity, antigen-
specific antibodies, and for isolating the tumor antigen-specific antibodies from antisera, are
known in the art. In some embodiments, the tumor antigen compositions are used to raise

monoclonal antibodies, e.g., human monoclonal antibodies.

[00291] In some embodiments, a tumor antigen composition is used to induce an immune
response in a human subject to provide a therapeutic response. In some embodiments, a tumor
antigen composition is used to induce an immune response in a human subject that redirects an
undesirable immune response. In some embodiments, a tumor antigen composition elicits an
immune response that causes the subject to have a positive clinical response described herein,
e.g., as compared to a subject who has not been administered the tumor antigen composition. In
some embodiments, a tumor antigen composition elicits an immune response that causes the
subject to have an improved clinical response, e.g., as compared to a subject who has not been
administered the tumor antigen composition. In some embodiments, a tumor antigen
composition is used to induce an immune response in a human subject for palliative effect. The

response can be complete or partial therapy.

[00292] In some embodiments, a tumor antigen composition is used to induce an immune
response in a human subject to provide a prophylactic response. The response can be complete

or partial protection.

[00293] In some embodiments, immunogenicity of a tumor antigen is evaluated in vivo. In
some embodiments, humoral responses to a tumor antigen are evaluated (e.g., by detecting
antibody titers to the administered tumor antigen). In some embodiments, cellular immune
responses to a tumor antigen are evaluated, e.g., by detecting the frequency of antigen-specific

cells in a sample from the subject (e.g., by staining T cells from the subject with MHC/peptide
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tetramers containing the antigenic peptide, to detect antigen-specific T cells, or by detecting
antigen-specific cells using an antigen presentation assay such as an assay described herein). In
some embodiments, the ability of a tumor antigen or antigens to elicit protective or therapeutic
immunity is evaluated in an animal model. In some embodiments, the ability of a tumor antigen

or antigens to stimulate or to suppress and/or inhibit immunity is evaluated in an animal model.

[00294] In some embodiments, the composition includes a pharmaceutically acceptable carrier
or excipient. An immunogenic composition may also include an adjuvant for enhancing the
immunogenicity of the formulation, (e.g., oil in water, incomplete Freund's adjuvant, aluminum
phosphate, aluminum hydroxide, saponin adjuvants, toll-like receptor agonists, or muramy]l

dipeptides). Other adjuvants are known in the art.

[00295] In some embodiments, an immunogenic composition includes a tumor antigen linked
to a carrier protein. Examples of carrier proteins include, e.g., toxins and toxoids (chemical or
genetic), which may or may not be mutant, such as anthrax toxin, PA and DNI (PharmAthene,
Inc.), diphtheria toxoid (Massachusetts State Biological Labs; Serum Institute of India, Ltd.) or
CRM 197, tetanus toxin, tetanus toxoid (Massachusetts State Biological Labs; Serum Institute of
India, Ltd.), tetanus toxin fragment Z, exotoxin A or mutants of exotoxin A of Pseudomonas
aeruginosa, bacterial flagellin, pneumolysin, an outer membrane protein of Neisseria
meningitidis (strain available from the ATCC (American Type Culture Collection, Manassas,
Va.)), Pseudomonas aeruginosa Hepl protein, F. coli heat labile enterotoxin, shiga-like toxin,
human LTB protein, a protein extract from whole bacterial cells, and any other protein that can
be cross-linked by a linker. Other useful carrier proteins include high density lipoprotein (HDL),
bovine serum albumin (BSA), P40, and chicken riboflavin. Many carrier proteins are

commercially available (e.g., from Sigma Aldrich.).

[00296] In some embodiments, an immunogenic composition including a tumor antigen
identified by a method described herein is used in conjunction with an available vaccine. For
example, an antigen identified as described herein can be used as a supplemental component of a

vaccine formulation, or as a boosting antigen in a vaccination protocol.

[00297] In some embodiments, an immunogenic composition is in a volume of about 0.5 mL

for subcutaneous injection, 0.1 mL for intradermal injection, or 0.002-0.02 mL for percutaneous
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administration. A 0.5 ml dose of the composition may contain approximately 2-500 ug of the

tumor antigen.

[00298] In some embodiments an immunogenic composition is administered parenterally (for
instance, by subcutaneous, intramuscular, intravenous, or intradermal injection). In some
embodiments, delivery by a means that physically penetrates the dermal layer is used (e.g., a

needle, airgun, or abrasion).

[00299] In some embodiments, an immunogenic composition is administered to a subject,
e.g., by intramuscular injection, intradermal injection, or transcutaneous immunization with
appropriate immune adjuvants. Compositions can be administered, one or more times, often
including a second administration designed to boost an immune response in a subject. The
frequency and quantity of dosage of the composition can vary depending on the specific activity
of the composition and clinical response of the subject, and can be determined by routine

experimentation.

[00300] The formulations of immunogenic compositions can be provided in unit-dose or
multi-dose containers, for example, sealed ampoules and vials and may be stored in a freeze-
dried (lyophilized) condition requiring only the addition of the sterile liquid carrier immediately

prior to use.
Production of Tumor Antigens

[00301] A tumor antigen suitable for use in any method or composition of the disclosure may
be produced by any available means, such as recombinantly or synthetically (see, e.g., Jaradat
Amino Acids 50:39-68 (2018); Behrendt et al., J. Pept. Sci. 22:4-27 (2016)). For example, a
tumor antigen may be recombinantly produced by utilizing a host cell system engineered to
express a tumor antigen-encoding nucleic acid. Alternatively or additionally, a tumor antigen
may be produced by activating endogenous genes. Alternatively or additionally, a tumor antigen

may be partially or fully prepared by chemical synthesis.

[00302] Where proteins are recombinantly produced, any expression system can be used. To
give but a few examples, known expression systems include, for example, E.coli, egg,

baculovirus, plant, yeast, or mammalian cells.
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[00303] In some embodiments, recombinant tumor antigen suitable for the present invention
are produced in mammalian cells. Non-limiting examples of mammalian cells that may be used
in accordance with the present invention include BALB/c mouse myeloma line (NSO/l, ECACC
No: 85110503); human retinoblasts (PER.C6, CruCell, Leiden, The Netherlands); monkey
kidney CV1 line transtformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney
line (HEK293 or 293 cells subcloned for growth in suspension culture, Graham et al., J. Gen
Virol., 36:59,1977); human fibrosarcoma cell line (e.g., HT1080); baby hamster kidney cells
(BHK21, ATCC CCL 10); Chinese hamster ovary cells +/-DHFR (CHO, Urlaub and Chasin,
Proc. Natl. Acad. Sci. USA, 77:4216, 1980); mouse sertoli cells (TM4, Mather, Biol. Reprod.,
23:243-251, 1980); monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney
cells (VERO-76, ATCC CRL-1 587); human cervical carcinoma cells (HeLa, ATCC CCL 2);
canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL
1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse
mammary tumor (MMT 060562, ATCC CCLS51); TRI cells (Mather et al., Annals N.Y. Acad.
Sci., 383:44-68, 1982); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2).

[00304] In some embodiments, the present invention provides recombinant tumor antigen
produced from human cells. In some embodiments, the present invention provides recombinant

tumor antigen produced from CHO cells or HT1080 cells.

[00305]  Typically, cells that are engineered to express a recombinant tumor antigen may
comprise a transgene that encodes a recombinant tumor antigen described herein. It should be
appreciated that the nucleic acids encoding recombinant tumor antigen may contain regulatory
sequences, gene control sequences, promoters, non-coding sequences and/or other appropriate
sequences for expressing the recombinant tumor antigen. Typically, the coding region is

operably linked with one or more of these nucleic acid components.

[00306] The coding region of a transgene may include one or more silent mutations to
optimize codon usage for a particular cell type. For example, the codons of a tumor antigen
transgene may be optimized for expression in a vertebrate cell. In some embodiments, the
codons of a tumor antigen transgene may be optimized for expression in a mammalian cell. In
some embodiments, the codons of a tumor antigen transgene may be optimized for expression in

a human cell.
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Methods of Manufacturing Immunogenic Compositions

[00307] In some embodiments, the disclosure provides methods of manufacturing an
immunogenic composition for administration to a subject in need thereof, the method
comprising: a) providing, preparing, or obtaining a plurality of antigenic compositions
comprising a plurality of antigens, each composition comprising a different antigen; b)
providing, preparing, or obtaining a target response profile, wherein the target response profile
comprises a representation of the level of expression and/or secretion of one or more immune
mediators associated (e.g., determined, measured, observed) with the plurality of antigens; c)
providing, preparing, or obtaining a subject response profile, wherein the subject response profile
comprises a representation of the level of expression and/or secretion of one or more immune
mediators associated (e.g., determined, measured, observed) with the plurality of antigens; d)
comparing the target response profile to the subject response profile; e) selecting one or more
antigens based on the comparison; and f) formulating at least a portion of one or more antigenic

compositions comprising the one or more selected antigens as a pharmaceutical composition.

[00308] In some instances, about 1, 2, 5, 10, 20, 40 , 60 , 80, 100, 150, 200 or more, antigenic
compositions are provided, prepared, or obtained. For example, a plurality of antigens can be
produced using a method described herein, e.g., recombinantly or synthetically. The antigens
can be provided in a suitable composition, such as a solution or lyophilized composition. In
some instances, the antigens are synthetically produced. In some instances, a synthetically
produced antigen remains attached to a solid support. In some instances, formulating an antigen
includes aliquoting a portion of the antigenic composition, reconstituting at least a portion of a
lyophilized antigenic composition, and/or releasing a synthetically produced antigen from a solid

support.

[00309] Antigenic compositions may be prepared or obtained and stored in a variety of forms,
such as in a suspension, in solution, or lyophilized. Antigenic compositions may be stored at a
temperature ranging from less than -80 °C to about room temperature, for example at about -80
°C, about -20 °C, about -15 °C, about -10 °C, about 4 °C or at about room temperature. In some
embodiments, antigenic compositions may include a carrier, excipient, stabilizer, preservative

and/or adjuvant.



WO 2018/175505 PCT/US2018/023442
110

[00310] A plurality of antigens can be derived from a target response profile wherein the
target response profile comprises a representation of the level of expression and/or secretion of
one or more immune mediators associated with (e.g., determined, measured, observed) with the

plurality of antigens.

[00311] A plurality of antigens can be derived from a subject response profile wherein the
subject response profile comprises a representation of the level of expression and/or secretion of
one or more immune mediators associated with (e.g., determined, measured, observed) with the

plurality of antigens.

[00312] In some embodiments, a target response profile and subject response profile are
compared and one or more antigens are selected based on the comparision. In some
embodiments, one or more antigens are selected that increase expression or secretion of immune
mediators associated with a beneficial response to cancer, and/or one or more antigens that
inhibit and/or suppress expression or secretion of immune mediators associated with deleterious
or not beneficial responses to cancer. The selected antigens, or a portion of the selected antigens

may be formulated as a pharmaceutical composition.

Cancer and Cancer Therapy

[00313] The present disclosure provides methods and systems related to subjects having or
diagnosed with cancer, such as a tumor. In some embodiments, a tumor is or comprises a
hematologic malignancy, including but not limited to, acute lymphoblastic leukemia, acute
myeloid leukemia, chronic lymphocytic leukemia, chronic myelogenous leukemia, hairy cell
leukemia, AIDS-related lymphoma, Hodgkin lymphoma, non-Hodgkin lymphoma, Langerhans

cell histiocytosis, multiple myeloma, or myeloproliferative neoplasms.

[00314] In some embodiments, a tumor is or comprises a solid tumor, including but not
limited to breast carcinoma, a squamous cell carcinoma, a colon cancer, a head and neck cancer,
ovarian cancer, a lung cancer, mesothelioma, a genitourinary cancer, a rectal cancer, a gastric

cancer, or an esophageal cancer.
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[00315] In some particular embodiments, a tumor is or comprises an advanced tumor, and/or a
refractory tumor. In some embodiments, a tumor is characterized as advanced when certain
pathologies are observed in a tumor (e.g., in a tissue sample, such as a biopsy sample, obtained
from a tumor) and/or when cancer patients with such tumors are typically considered not to be
candidates for conventional chemotherapy. In some embodiments, pathologies characterizing
tumors as advanced can include tumor size, altered expression of genetic markers, invasion of
adjacent organs and/ or lymph nodes by tumor cells. In some embodiments, a tumor is
characterized as refractory when patients having such a tumor are resistant to one or more known
therapeutic modalities (e.g., one or more conventional chemotherapy regimens) and/or when a
particular patient has demonstrated resistance (e.g., lack of responsiveness) to one or more such

known therapeutic modalities.

[00316] In some embodiments, the present disclosure provides methods and systems related to
cancer therapy. The present disclosure is not limited to any specific cancer therapy, and any
known or developed cancer therapy is encompassed by the present disclosure. Known cancer
therapies include, e.g., administration of chemotherapeutic agents, radiation therapy, surgical
excision, chemotherapy following surgical excision of tumor, adjuvant therapy, localized
hypothermia or hyperthermia, anti-tumor antibodies, and anti-angiogenic agents. In some
embodiments, cancer and/or adjuvant therapy includes a TLR agonist (e.g., CpG, Poly I.C, etc.,
see, e.g., Wittig et al., Crit. Rev. Oncol. Hematol. 94:31-44 (2015); Huen et al., Curr. Opin.
Oncol. 26:237-44 (2014), Kaczanowska et al., J. Leukoc. Biol. 93:847-863 (2013)), a STING
agonist (see, e.g., US20160362441; US20140329889; Fu et al., Sci. Transl. Med. 7:283ra52
(2015); and W0O2014189805), a non-specific stimulus of innate immunity, and/or dendritic cells,
or administration of GM-CSF, Interleukin-12, Interleukin-7, Flt-3, or other cytokines. In some
embodiments, the cancer therapy is or comprises oncolytic virus therapy, e.g., talimogene
leherparepvec. (see, e.g., Fukuhara et al., Cancer Sci. 107:1373-1379 (2016)). In some
embodiments, the cancer therapy is or comprises bi-specific antibody therapy (e.g., Choi et al.,
2011 Expert Opin Biol Ther; Huehls et al., 2015, Immunol and Cell Biol). In some
embodiments, the cancer therapy is or comprises cellular therapy such as chimeric antigen
receptor T (CAR-T) cells, TCR-transduced T cells, dendritic cells, tumor infiltrating
lymphocytes (TIL), or natural killer (NK) cells (e.g., as reviewed in Sharpe and Mount, 2015,
Dis Model Mech 8:337-50).
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Anti-tumor antibody therapies (i.e., therapeutic regimens that involve administration

of one or more anti-tumor antibody agents) are rapidly becoming the standard of care for

treatment of many tumors. Antibody agents have been designed or selected to bind to tumor

antigens, particularly those expressed on tumor cell surfaces. Various review articles have been

published that describe useful anti-tumor antibody agents (see, for example, Adler et al.,
Hematol. Oncol. Clin. North Am. 26:447-81 (2012); Li et al., Drug Discov. Ther. 7:178-84
(2013); Scott et al., Cancer Immun. 12:14 (2012); and Sliwkowski et al., Science 341:1192-1198

(2013)). The below Table 8 presents a non-comprehensive list of certain human antigens

targeted by known, available antibody agents, and notes ¢

[00318]

useful:

Table 8:

Certain cancer indications for which the antibody agents have been proposed to be

Human Antigen

Antibody (commercial or

scientific name)

Cancer indication

CD2 Siplizumab Non-Hodgkin’s Lymphoma

CD3 UCHTI1 Peripheral or Cutaneous T-cell Lymphoma
CD4 HuMax-CD4

CD19 SAR3419, MEDI-551 Diffuse Large B-cell Lymphoma

CDI19 and CD3 or
CD22

Bispecific antibodies such as

Blinatumomab, DT2219ARL

Non-Hodgkin’s Lymphoma

CD20 Rituximab, Veltuzumab, B cell malignancies (Non-Hodgkin's
Tositumomab, Ofatumumab, lymphoma, Chronic lymphocytic leukemia)
Ibritumomab, Obinutuzumab,

CD22 (SIGLEC2) Inotuzumab, tetraxetan, CAT- Chemotherapy-resistant hairy cell leukemia,
8015, DCDT2980S, Bectumomab | Hodgkin’s lymphoma

CD30 Brentuximab vedotin

CD33 Gemtuzumab ozogamicin Acute myeloid leukemia
(Mylotarg)

CD37 16 Chronic lymphocytic leukemia

CD38 mumab Multiple myeloma, hematological tumors

CD40 mumab Non-Hodgkin’s lymphoma
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Human Antigen

Antibody (commercial or

scientific name)

Cancer indication

CD52 Alemtuzumab (Campath) Chronic lymphocytic leukemia
CD56 (NCAM1) Lorvotuzumab Small Cell Lung Cancer
CD66e (CEA) Labetuzumab Breast, colon and lung tumors
CD70 SGN-75 Non-Hodgkin’s lymphoma
CD74 Milatuzumab Non-Hodgkin’s lymphoma
CD138 (SYNDI) BTO062 Multiple Myeloma

CD152 (CTLA-4) Ipilimumab Metastatic melanoma

CD221 (IGF1R)

AVE1642, IMC-A12, MK-0646,
R150, CP 751871

Glioma, lung, breast, head and neck,

prostate and thyroid cancer

CD254 (RANKL)

Denosumab

Breast and prostate carcinoma

CD261 (TRAILR1)

Mapatumumab

CD262 (TRAILR2)

HGS-ETR2, CS-1008

Colon, lung and pancreas tumors and

haematological malignancies

CD326 (Epcam)

Edrecolomab, 17-1A, IGN101,

Catumaxomab, Adecatumumab

Colon and rectal cancer, malignant ascites,

epithelial tumors (breast, colon, lung)

CD309 (VEGFR2)

IM-2C6, CDP791

Epithelium-derived solid tumors

CD319 (SLAMF7)

HuLuc63

Multiple myeloma

CD340 (HER2)

Trastuzumab, Pertuzumab, Ado-

trastuzumab emtansine

Breast cancer

CAIX (CA9)

c¢(G250

Renal cell carcinoma

EGFR (c-erbB)

Cetuximab, Panitumumab,

nimotuzumab and 806

Solid tumors including glioma, lung, breast,

colon, and head and neck tumors

EPHA3 (HEK) KB004, 11TA4 Lung, kidney and colon tumors, melanoma,
glioma and haematological malignancies

Episialin Epitumomab Epithelial ovarian tumors

FAP Sibrotuzumab and F19 Colon, breast, lung, pancreas, and head and
neck tumors

HLA-DR beta Apolizumab Chronic lymphocytic leukemia, non-
Hodkin’s lymphoma

FOLR-1 Farletuzumab Ovarian tumors

5T4 Anatumomab Non-small cell lung cancer

GD3/GD2 3F8, ch14.18, KW-2871 Neuroectodermal and epithelial tumors
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Human Antigen Antibody (commercial or Cancer indication
scientific name)
gpA33 huA33 Colorectal carcinoma
GPNMB Glembatumumab Breast cancer
HER3 (ERBB3) MM-121 Breast, colon, lung, ovarian, and prostate
tumors
Integrin a V3 Etaracizumab Tumor vasculature
Integrin a5p1 Volociximab Tumor vasculature
Lewis-Y antigen hu3S5193, [gN311 Breast, colon, lung and prostate tumors
MET (HGFR) AMG 102, METMAB, SCH900103 Breast, ovary and lung tumors
Mucin-1/CanAg Pemtumomab, oregovomab, Breast, colon, lung and ovarian tumors
Cantuzumab
PSMA ADC, J591 Prostate Cancer
Phosphatidylserine Bavituximab Solid tumors
TAG-72 Minretumomab Breast, colon and lung tumors
Tenascin 81Co6 Glioma, breast and prostate tumours
VEGF Bevacizumab Tumor vasculature
PD-L1 Avelumab Non-small cell lung cancer, MCC
CD274 Durvalumab Non-small cell lung cancer
IDO enzyme IDO inhibitors Multiple

[00319] In some embodiments, a cancer therapy is or comprises immune checkpoint blockade
therapy (see, e.g., Martin-Liberal et al., Cancer Treat. Rev. 54:74-86 (2017); Menon et al
Cancers (Basel) 8:106 (2016)), or immune suppression blockade therapy. Certain cancer cells
thrive by taking advantage of immune checkpoint pathways as a major mechanism of immune
resistance, particularly with respect to T cells that are specific for tumor antigens. For example,
certain cancer cells may overexpress one or more immune checkpoint proteins responsible for
inhibiting a cytotoxic T cell response. Thus, immune checkpoint blockade therapy may be
administered to overcome the inhibitory signals and permit and/or augment an immune attack
against cancer cells. Immune checkpoint blockade therapy may facilitate immune cell responses

against cancer cells by decreasing, inhibiting, or abrogating signaling by negative immune
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response regulators (e.g., CTLA-4). In some embodiments, a cancer therapy or may stimulate or

enhance signaling of positive regulators of immune response (e.g., CD28).

[00320] Examples of immune checkpoint blockade and immune suppression blockade therapy
include agents targeting one or more of A2AR, B7-H4, BTLA, CTLA-4, CD28, CD40, CD137,
GITR, IDO, KIR, LAG-3, PD-1, PD-L1, 0X40, TIM-3, and VISTA. Specific examples of
immune checkpoint blockade agents include the following monoclonal antibodies: ipilimumab
(targets CTLA-4), tremelimumab (targets CTLA-4); atezolizumab (targets PD-L1);
pembrolizumab (targets PD-1); nivolumab (targets PD-1); avelumab; durvalumab; and

cemiplimab.

[00321] Specific examples of immune suppression blockade agents include: Vista (B7-HS, v-
domain Ig suppressor of T cell activation) inhibitors; Lag-3 (lymphocyte-activation gene 3,
CD223) inhibitors; IDO (indolemamine-pyrrole-2,3,-dioxygenase-1,2) inhibitors; KIR receptor
family (killer cell immunoglobulin-like receptor) inhibitors; CD47 inhibitors; and Tigit (T cell

immunoreceptor with Ig and ITIM domain) inhibitors.

[00322] In some embodiments, a cancer therapy is or comprises immune activation therapy.
Specific examples of immune activators include: CD40 agonists; GITR (glucocorticoid-induced
TNF-R-related protein, CD357) agonists; OX40 (CD134) agonists; 4-1BB (CD137) agonists;
ICOS (inducible T cell stimulator); CD278 agonists; IL-2 (interleukin 2) agonists; and interferon

agonists.

[00323] In some embodiments, cancer therapy is or comprises a combination of one or more
immune checkpoint blockade agents, immune suppression blockade agents, and/or immune
activators, or a combination of one or more immune checkpoint blockade agents, immune

suppression blockade agents, and/or immune activators, and other cancer therapies.

[00324] As discussed herein, in some embodiments, the present disclosure provides methods
and systems related to subjects who do not respond and/or have not responded; or respond and/or
have responded (e.g., clinically responsive, e.g., clinically positively responsive or clinically
negatively responsive) to a cancer therapy. In some embodiments, subjects respond and/or have
responded positively clinically to a cancer therapy. In some embodiments, subjects respond
and/or have responded negatively clinically to a cancer therapy. In some embodiments, subjects

do not respond and/or have not responded (e.g., clinically non-responsive) to a cancer therapy.
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[00325] Whether a subject responds positively, responds negatively, and/or fails to respond to
a cancer therapy can be measured and/or characterized according to particular criteria. In certain
embodiments, such criteria can include clinical criteria and/or objective criteria. In certain
embodiments, techniques for assessing response can include, but are not limited to, clinical
examination, positron emission tomography, chest X-ray, CT scan, MRI, ultrasound, endoscopy,
laparoscopy, presence or level of a particular marker in a sample, cytology, and/or histology. A
positive response, a negative response, and/or no response, of a tumor to a therapy can be
assessed by ones skilled in the art using a variety of established techniques for assessing such
response, including, for example, for determining one or more of tumor burden, tumor size,
tumor stage, etc. Methods and guidelines for assessing response to treatment are discussed in
Therasse et al., J. Natl. Cancer Inst., 2000, 92(3):205-216; and Seymour et al., Lancet Oncol.,
2017, 18:e143-52.

[00326] In some embodiments, a responsive subject exhibits a decrease in tumor burden,
tumor size, and/or tumor stage upon administration of a cancer therapy. In some embodiments, a
non-responsive subject does not exhibit a decrease in tumor burden, tumor size, or tumor stage
upon administration of a cancer therapy. In some embodiments, a non-responsive subject
exhibits an increase in tumor burden, tumor size, or tumor stage upon administration of a cancer

therapy.

[00327] In some embodiments, a cancer subject is identified and/or selected for administration
of a cancer therapy as described herein. In some embodiments, the cancer therapy is
administered to the subject. In some embodiments, upon administration of the cancer therapy,
the subject exhibits a positive clinical response to the cancer therapy, e.g., exhibits an
improvement based on one or more clinical and/or objective criteria (e.g., exhibits a decrease in
tumor burden, tumor size, and/or tumor stage). In some embodiments, the clinical response is
more positive than a clinical response to the cancer therapy administered to a cancer subject who
is identified (using a method described herein) as a cancer subject who should not initiate, and/or
should modity (e.g., reduce and/or combine with one or more other modalities), and/or should

discontinue the cancer therapy, and/or should initiate an alternative cancer therapy.

[00328] Methods described herein can include preparing and/or providing a report, such as in

electronic, web-based, or paper form. The report can include one or more outputs from a method
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described herein, e.g., a subject response profile described herein. In some embodiments, a
report is generated, such as in paper or electronic form, which identifies the presence or absence
of one or more tumor antigens (e.g., one or more stimulatory and/or inhibitory and/or
suppressive tumor antigens, or tumor antigens to which lymphocytes are not responsive,
described herein) for a cancer patient, and optionally, a recommended course of cancer therapy.
In some embodiments, the report includes an identifier for the cancer patient. In one

embodiment, the report is in web-based form.

[00329] In some embodiments, additionally or alternatively, a report includes information on
prognosis, resistance, or potential or suggested therapeutic options. The report can include
information on the likely effectiveness of a therapeutic option, the acceptability of a therapeutic
option, or the advisability of applying the therapeutic option to a cancer patient, e.g., identified in
the report. For example, the report can include information, or a recommendation, on the
administration of a cancer therapy, e.g., the administration of a pre-selected dosage or in a pre-
selected treatment regimen, e.g., in combination with one or more alternative cancer therapies, to
the patient. The report can be delivered, e.g., to an entity described herein, within 7, 14, 21, 30,
or 45 days from performing a method described herein. In some embodiments, the report is a

personalized cancer treatment report.

[00330] In some embodiments, a report is generated to memorialize each time a cancer subject
is tested using a method described herein. The cancer subject can be reevaluated at intervals,
such as every month, every two months, every six months or every year, or more or less
frequently, to monitor the subject for responsiveness to a cancer therapy and/or for an
improvement in one or more cancer symptoms, e.g., described herein. In some embodiments, the

report can record at least the treatment history of the cancer subject.

[00331] In one embodiment, the method further includes providing a report to another party.
The other party can be, for example, the cancer subject, a caregiver, a physician, an oncologist, a

hospital, clinic, third-party payor, insurance company or a government office.

[00332] All publications, patent applications, patents, and other references mentioned herein
are incorporated by reference in their entirety. In addition, the materials, methods, and examples

are illustrative only and not intended to be limiting. Unless otherwise defined, all technical and
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scientific terms used herein have the same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the present

invention, suitable methods and materials are described herein.

[00333] The disclosure is further illustrated by the following examples. The examples are
provided for illustrative purposes only. They are not to be construed as limiting the scope or

content of the disclosure in any way.

EXAMPLES

Example 1. Immune responses to the ATLAS melanoma tumor associated antigen (TAA)
library — single patient responses
Generation of the ATLAS melanoma TAA library

[00334] 23 full-length genes (labelled as Un001-023, encoding known TAAs as shown below
in Table 3) were obtained from the DNA Resource Core at Harvard Medical School, recloned
into the ATLAS expression vector (Genocea Biosciences), and sequence-verified. Each TAA
was recombinantly expressed in . coli. Protein expression was verified using a surrogate T cell
assay (the B3Z hybridoma) which recognizes the CS7BL/6 mouse T cell epitope SIINFEKL,
which is inserted at the C-terminus of each open reading frame, upstream of the stop codon.
Proteins that induced B3Z responses that exceeded 5% of the positive control (the minimal

SIINFEKL epitope pulsed onto antigen presenting cells) were considered expressed.

Table 3. ATLAS melanoma TAA library

Code | Antigen Alias Long Name OMIM | GenelD
Name
Un001 | MAGEAS3 HIP8;, HYPD, MAGE family member A3 300174 | 4102
CT1.3;
MAGE3;
MAGEAG6,
MAGE-A3 (G-
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2544)

Un002

NY-ESO-1

CTAG; ESOI,;
CTo6.1; CTAGI,
LAGE-2;
LAGE2B; NY-
ESO-1

cancer/testis antigen 1B

300156

1485

Un003

ANGPT1

AGP1, AGPT,
ANGI1

Angiopoietin-1

601667

284

Un004

XIAP

API3; ILPI,

MIHA; XLP2;
BIRC4; IAP-3;
hIAP3; hIAP-3

X-linked inhibitor of

apoptosis

300079

331

Un005

LGALS3

L31; GAL3;
MAC2; CBP35;
GALBP;
GALIG;
LGALS2

Galectin-3

153619

3958

Un006

VEGF-A

VPF; VEGF;
MVCDI1

vascular endothelial growth

factor A

192240

7422

Un007

ATP6API

16A; CF2;
Ac45; XAP3;
XAP-3;
ATP6ST,;
VATPSI,
ATP6IP1

ATPase H+ transporting

accessory protein 1

300197

537

Un008

MAGEA1

CT1.1; MAGEI1

MAGE family member Al

300016

4100

Un009

BIRC2

API1; MIHB;
HIAP2; RNF48;
clAP1; Hiap-2;
c-IAP1

baculoviral IAP repeat

containing 2

601712

329
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Un010 | MIF GIF; GLIF; Macrophage migration 153620 | 4282
MMIF, MIF inhibitory factor
UnO11 | LGALS9 HUAT;, Galectin-9 601879 | 3965
LGALS9A
UnO12 | PMEL P1; SI; SIL; premelanosome protein 155550 | 6490
ME20; P100;
SILV; ME20M;
gpl00; ME20-
M; PMEL17,
DI12SS3E
UnO13 | GRN GEP; GP88; Progranulin 138945 | 2896
PEPI; PGRN;
CLN11;
PCDGF
Un014 | OGFR opioid growth factor receptor | 606459 | 11054
UnO15 | BIRCS API4; EPR-1; Surviving 603352 | 332
survivin, BIRCS
UnO16 | BIRC7 KIAP; LIVIN; | baculoviral IAP repeat 79444
MLIAP; containing 7
RNF50; ML-
IAP
UnO17 | TBX4 SPS T-box 4 601719 | 9496
Un018 | SLPI ALP; MPI; Secretory leukocyte protein 107285 | 6590
ALK1; BLPI, inhibitor
HUSI;, WAP4;
WFDC4; HUSI-
I
UnO19 | ANGPT2 AGPT2, ANG2 | Angiopoietin-2 601922 | 285
Un020 | LGALSI GBP; GAL1 Galectin-1 150570 | 3956
Un021 | DCT TRP-2; TYRP2, | dopachrome tautomerase 191275 | 1638
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Unl100 , TYRP-2

Un022 | MLANA MARTI; Melan-A 605513 | 2315
MART-1

Un023 | TERT TP2; TRT; telomerase reverse 187270 | 7015
CMMO; EST2; | transcriptase
TCS1; hTRT;
DKCAZ2;
DKCB4;
hEST2;
PFBMFTI

Un024 | LGMN AEP; LGMNI1; | legumain 602620 | 5641
PRSCI1

Un025 | SPA17 CT22; SP17, sperm surface protein Sp17 608621 | 53340
SP17-1

Un026 | HPV_E7 HPV E7 oncoprotein 1489079

Un027 | TP53 P53; BCCT7; cellular tumor antigen p53 191170 | 7157
LFSI1; TRPS3

Un028 | CEACAM3 | CEA; CGM1; carcinoembryonic antigen- 609142 | 1084
W264; W282; related cell adhesion molecule
CD66D 3

Un029 | PRTN3 MBN; MBT, myeloblastin precursor 177020 | 5657
NP4; P29; PR3;
ACPA; AGP7,
NP-4; PR-3;
CANCA; C-
ANCA

Un030 | TRRAP PAF350/400, transformation/transcription 603015 | 8295

Un031 PAF400, domain associated protein

Un046 STAF40, TR-

Un092 AP, Tral
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Un032 | MAGEA12 | CT1.12; melanoma-associated antigen | 300177 | 4111
MAGEI12 12

Un033 | MAGEA2 CT1.2; melanoma-associated antigen | 300173 | 4101
MAGE2; 2
MAGEA2A

Un034 | MAGEAS CT1.9; MAGE9 | melanoma-associated antigen | 300342 | 4108

9

Un035 | MAGEC2 CT10; melanoma-associated antigen | 300468 | 51438
HCAS587, C2
MAGEEI

Un036 | PRAME MAPE; OIP4; melanoma antigen 606021 | 23532
CT130; OIP-4 | preferentially expressed in

tumors

Un037 | SOX10 DOM; WS4, transcription factor SOX-10 602229 | 6663
PCWH; WS2E;
WS4C

Un038 | MUC1 EMA; MCD; mucin-1 158340 | 4582
PEM; PUM;
KL-6; MAMGO;
MCKD; PEMT;
CD227;
H23AG;
MCKDI; MUC-
1; ADMCKD:;
ADMCKDI,;
CA 15-3; MUC-
1/X;
MUCI1/ZD;
MUC-1/SEC

Un039 | RACI MIGS; Rac-1; ras-related C3 botulinum 602048 | 5879
TC-25; p21- toxin substrate 1 isoform
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Racl

Raclb

Un040

HRAS

CTLO;
HAMSV;
HRASTI;
RASHI; p21ras;
C-H-RAS; H-
RASIDX; C-
BAS/HAS; C-
HA-RASI1

GTPase HRas

190020

3265

Un041

GAGE4

CT4.4

G antigen 121

300597

2576

Un042

BAGE

BAGEI; CT2.1

B melanoma antigen 1

precursor

605167

574

Un043

KD; AIS; ARS;
TFM;, DHTR;
SBMA;
HYSPI;
NR3C4;
SMAXI,
HUMARA

androgen receptor

313700

367

Un044

CYPI1B1

CP1B; GLC3A;
CYPIBI;
P4501B1

cytochrome P450 1B1

601771

1545

Un045

CA9

MN; CAIX

carbonic anhydrase 9

precursor

603179

768

Un047

MMPS8

HNC; CLGI;
MMP-8;
PMNL-CL

neutrophil collagenase

120355

4317

Un048

GAGEI1

CT4.1;, GAGE-1

G antigen 1

300594

2543

Un049

TYR

ATN; CMMS;
OCAL;

tyrosinase precursor

606933

7299
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OCAIlA;
OCAIA; SHEP3
Un050 | HPV_E6 HPYV EG6 oncoprotein 1489078
UnO51 | Ber-abl BCR/ABL fusion protein 107963955
el4aS, (peptide atlas
A6MFJ9)
Un052 | PDGFRB IMF1; IBGC4; | platelet-derived growth factor | 173410 | 5159
JTK12; receptor beta
PDGFR;
CD140B;
PDGFRI,;
PDGFR-1
Un053 | KLK3 KLKBI, KLK3, | Plasma kallikrein 176820 | 354
PSA
Un054 | PAXS ALL3; BSAP paired box protein Pax-5 167414 | 5079
Un055 | ST3GALS SATI; SIATY; lactosylceramide alpha-2,3- 604402 | 8869
ST3GalV; sialyltransferase
SIATGM3S
Un056 | PLACI CT92; OOSP2L | placenta-specific protein 1 300296 | 10761
precursor
Un057 | PSCA PRO232 prostate stem cell antigen 602470 | 8000
preproprotein
Un058 | RhoC H9; ARHOY; rtho-related GTP-binding 165380 | 389
ARHC; RHOH9 | protein RhoC precursor
Un059 | MYCN NMYC,; ODED; | N-myc proto-oncogene 164840 | 4613
MODED; N- protein
myc; bHLHe37
Un060 | EpCAM ESA; KSA; epithelial cell adhesion 185535 | 4072
M4S1; MK-1; molecule
DIARS; EGP-2;
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EGP40; KS1/4;
MIC18;
TROPI;
EGP314;
HNPCCS;
TACSTDI

Un061

REG3A

HIP; PAP;
PAP1; REGS3;
INGAP; PAP-
H; PBCGF;
HIP/PAP; REG-
I

regenerating islet-derived

protein 3-alpha precursor

167805

5068

Un062

EphA2

ECK; CTPA;
ARCC2;
CTPPI,
CTRCT6

ephrin type-A receptor 2

176946

1969

Un063

CSAG2

TRAG3;
CSAG3B;
CT24.2; TRAG-
3

chondrosarcoma-associated

gene 2/3 protein

102723547

Un064

CTAG2-1a

CT2; ESO2;
CAMEL;
CT6.2; CT6.2a;
CTo6.2b; LAGE-
1, LAGE2B

cancer/testis antigen 2 isoform

LAGE-1a

30848

Un065

PAGE4

IM27; IM-27,
CT16.7; GAGE-
9; GAGECI;
PAGE-1;
PAGE-4

P antigen family member 4

300287

9506
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Un066 | BRAF NS7; BRAFI,; serine/threonine-protein 164757 | 673
RAFBI1; B- kinase B-raf
RAF1

Un067 | FAP FAPA; SIMP; prolyl endopeptidase FAP 600403 | 2191
DPPIV

Un068 | GRM3 GLUR3; metabotropic glutamate 601115 | 2913
mGlu3; receptor 3
GPRCIC,;
MGLUR3

Un069 | ERBB4 HER4; ALS19; | receptor tyrosine-protein 600543 | 2066
p180erbB4 kinase erbB-4

Un070 | KIT PBT; SCFR; C- | mast/stem cell growth factor 164920 | 3815
Kit; CD117 receptor Kit

Un071 | LCK LSK; YT16; tyrosine-protein kinase Lck 153390 | 3932
IMD22; p56lck;
ppS8ick

Un072 | MAGEA10 | CT1.10; melanoma-associated antigen | 300343 | 4109
MAGEI10 10

Un073 | MAGEA4 CT1.4; melanoma-associated antigen | 300175 | 4103
MAGE4; 4
MAGEA4A;
MAGE4B;
MAGE-41;
MAGE-X2

Un074 | MAGEAG6 CTl1.6; melanoma-associated antigen | 300176 | 4105
MAGES,; 6
MAGE3B;
MAGE-3b

Un075 | MAPK1 ERK; p38; p40; | mitogen-activated protein 176948 | 5594
p41; ERK2; kinase 1
ERT1; ERK-2;
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MAPK2;
PRKMIT,;
PRKM2;
P42MAPK;
p41mapk; p42-
MAPK

Un0O76

MFI2

MTf, MTF1;
CD228; MAP97

melanotransferrin

155750

4241

Un077

SART3

P100; p110;
DSAPI;
TIP110;
p110(nrb);
RP11-13G14

squamous cell carcinoma
antigen recognized by T-cells

3

611684

9733

Un078

ST8SIAI

GD3S; SIATS;
STIATSA,
STIATS-A;
ST8Sial

alpha-N-acetylneuraminide

alpha-2,8-sialyltransferase

601123

6489

Un079

WDR46

UTP7; BING4;
FP221; Céorf11

WD repeat-containing protein

46

611440

9277

Un080

AKAP-4

AKAP 82,
AKAP-4,
AKAPS2,
CT99, FSCI1,
HI, PRKA4,
hAKAPS2, p8,
AKAP4

A-kinase anchoring protein 4

300185

8852

Un081

RGSS5

MST092;
MST106;
MST129;
MSTP032;
MSTP092;

regulator of G-protein

signaling 5

603276

8490
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MSTP106;
MSTP129

Un082 | CTAG2-1b | CT2; ESO2; cancer/testis antigen 2 isoform
CAMEL,; LAGE-1b
CT6.2; CT6.2a,
CT6.2b; LAGE-
1; LAGE2B

UnO83 | FOSL1 FRA; FRAT; fos-related antigen 1 136515 | 8061
fra-1

Un084 | PRM2 MAD-CT-1; protamine-2 182890 | 5620
CT94.2

Un085 | ACRBP CT23; SP32; acrosin-binding protein 608352 | 84519
OY-TES-1 precursor

Un086 | AFP AFPD, FETA, alpha-fetoprotein 104150 | 174
HPAFP

Un087 | CTCFL CT27;, BORIS; | transcriptional repressor 607022 | 140690
CTCF-T; CTCFL
HMGBILI;
dJ579F20.2

UnO88 | CSPG4 NG2; MCSP; chondroitin sulfate 601172 | 1464
MCSPG; proteoglycan 4 precursor
MSK16; HMW-
MAA; MEL-
CSPG

Un089 | PAX3 WSI; WS3; paired box protein Pax-3 606597 | 5077
CDHS; HUP2

Un090 | CCNBI1 CCNB G2/mitotic-specific cyclin-B1 | 123836 | 891

Un091 | MSLN Mesotheline; mesothelin 601051 | 10232
MPF; SMRP

Un093 | EGFR ERBB; HER1; | epidermal growth factor 131550 | 1956
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mENA; receptor
ERBBI1; PIG61;
NISBD2
Un0%4 | WT1 GUD; AWTI, Wilms tumor protein 607102 | 7490
WAGR; WT33;
NPHS4; WIT-2;
EWS-WTI
Un095 | SSX2 SSX; HD21, protein SSX2 300192 | 6757
CT5.2; CTS5.2A,;
HOM-MEL-40
Un096 | KDR FLK1; CD309; | vascular endothelial growth 191306 | 3791
VEGFR; factor receptor 2 precursor
VEGFR2
Un097 | ANKRD30A | NY-BR-1 ankyrin repeat domain- 610856 | 91074
containing protein 30A
Un098 | MAGED1 NRAGE; melanoma-associated antigen | 300224 | 9500
DLXIN-1 D1
Un099 | CEACAMS | CEA; CD66e carcinoembryonic antigen- 114890 | 1048
related cell adhesion molecule
5
UnlO1 | MAP3K9 MLKI; mitogen-activated protein 600136 | 4293
MEKKO9; kinase kinase kinase 9
PRKE1
Unl02 | XAGEIB CTP9; XAGEIl; | X antigen family member 1 300742 | 653220
CT12.1;
GAGED2;
XAGE-1;
XAGEI1A;
CTI12.1A;

CTI12.1B
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Unl03 | PREX2 DEP 2; phosphatidylinositol 3,4,5- 612139 | 80243
DEPDC2; P- trisphosphate-dependent Rac
REX2; exchanger 2 protein
PPP1R129;
6230420N16Rik
Unl04 | ERBB2 NEU; NGL,; receptor tyrosine-protein 164870 | 2064
HER2; TKR1; kinase erbB-2
CD340; HER-2;
MLN 19; HER-
2/neu
Unl05 | CD276 B7H3; B7-H3;, | CD276 antigen 605715 | 80381
B7RP-2; 4lg-
B7-H3
UnlO6 | TEK TIE2; VMCM; | angiopoietin-1 receptor 600221 | 7010
TIE-2;
VMCMI,
CD202B
Unl07 | AIM1 ST4, CRYBGI1 | absent in melanoma 1 protein | 601797 | 202
Unl08 | ALK CD246; ALK tyrosine kinase receptor | 613014 | 238
NBLST3
Unl09 | PSMA FOLH1 Glutamate carboxypeptidase 2 | 600934 | 2346
Unl10 | GRIN2A LKS; EPND; glutamate receptor ionotropic, | 138253 | 2903
FESD; NR2A; | NMDA 2A
GIluN2A;
NMDAR2A
Unlll | MAP3KS ASK1; mitogen-activated protein 602448 | 4217
MEKKS5; kinase kinase kinase 5
MAPKKKS5
Unll12 | HPSEI heparanase isoform 1 604724 | 10855
Unl13 | HPSE2 heparanase isoform 2 604724 | 10855
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Unll14 | SAGE CT14 sarcoma antigen 1 300359 | 55511

OMIM = Online Mendelian Inheritance in Man database
GenelD = NCBI database

ATLAS library screening

[00335] A peripheral blood sample was collected from a consented melanoma patient who had
previously undergone therapy with a checkpoint inhibitor (pembrolizumab) and responded to
therapy. Peripheral blood mononuclear cells (PBMC) were enriched by density gradient
centrifugation. CD4™ and CD8" T cells were sorted using antibody-conjugated magnetic beads
and non-specifically expanded with anti-CD3 and anti-CD28 stimulation. Monocytes were

differentiated into dendritic cells (MDDC).

[00336] Library clones were screened in replicates using 5,000 MDDC and 80,000 T cells, at
an F. coli:MDDC ratio of 100:1. After 24 hours incubation, assay supernatants were harvested
and stored at -80°C. Supernatant cytokines were analyzed using a Meso Scale Discovery V-

PLEX Proinflammatory Panel 1 (human) Kit.

Data analysis

[00337] Clones that induced mean IFNy responses that were statistically different from
background (Wilcoxon Rank Sum, p<0.05) and exceeded 3 standard deviations (SD) of the mean

of the negative control GFP clones (N=10) were considered antigens.

[00338] Figure 1 shows representative results for a single melanoma patient. Clones that
induced mean IFNy responses that were statistically different from background (Wilcoxon Rank
Sum, p<0.05) and exceeded 3 standard deviations (SD) of the mean of the negative control GFP
clones (N=10) were considered antigens (indicated by horizontal dotted line). CEF = positive
control peptide pool. GFP = green fluorescent protein. Each symbol represents an individual

measurement, horizontal line = mean. Un022 & Un023 were not included in the CD8" library.
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Example 2. Cohort-specific T cell responses to TAAs associated with protective immunity

in melanoma patients after checkpoint blockade therapy

[00339] Dozens of subjects were recruited into the study and cohorted based upon their
clinical outcome after checkpoint inhibitor therapy. Subjects who had stable disease or tumor
regression were considered protected; those who had worsening disease (tumor growth) were

considered not protected. Clinical determinations were made by tumor imaging scans.

[00340] Briefly, blood samples were collected from 32 consented melanoma patients who had
previously undergone checkpoint inhibitor therapy (one subject had two separate collections).
Peripheral blood mononuclear cells (PBMC) were enriched by density gradient centrifugation.
CD4" and CD8" T cells were sorted and non-specifically expanded using anti-CD3 and anti-
CD28-coated microbeads, and CD14” monocytes were differentiated into dendritic cells
(MDDC). Library clones comprising known TAAs (labelled as Un001-023, as shown above in
Table 3) were screened in duplicate using 5,000 MDDC and 80,000 T cells, at an £. coli:MDDC
ratio of 100:1; ten replicates of F. coli expressing GFP were included as negative controls.
Assay supernatants were harvested at 24 hours and stored at -80°C. Supernatant cytokines were

analyzed using Meso Scale Discovery V-PLEX Proinflammatory Panel 1 (human) Kit.

Data analysis

[00341] Clones that induced mean cytokine responses that were statistically different from
background (Wilcoxon Rank Sum, p<0.05) and exceeded 3 standard deviations (SD) of the mean
responses to the negative control GFP clones (N=10) were considered antigens. The mean
number of antigens to which each cohort responded with each cytokine were compared to
determine if differences existed between protected (Responder) and non-protected (Non-

responder) cohort.

[00342] Figure 2 shows cohort data for the CD4™ T cell subset. Subjects were cohorted into
“Responder” (gray bars) or “Non-Responder” (black bars) groups based on clinical evaluation of
disease. Using a cutoff of 3SD above the mean of the negative control response per patient for
each cytokine evaluated, the number of TAAs to which each subject responded with their CD4”
T cell subset is represented. In contrast to the Responder cohort, the Non-Responder group had

minimal discernable CD4" T cell responses, by the majority of cytokines evaluated, to any of the
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TAAs included in the library. Data are shown as the mean number (= SE) of TAAs to which

each cohort responded with each cytokine measured.

[00343] Figure 3 shows cohort data for the CDS™ T cell subset. Subjects were cohorted into
“Responder” (gray bars) or “Non-Responder” (black bars) groups based on clinical evaluation of
disease. Using a cutoff of 3SD above the mean of the negative control response per patient for
each cytokine evaluated, the number of TAAs to which each subject responded with their CD8"
T cell subset is represented. CD8™ T cells secreting IFNy were undetectable in Non-Responders,
but Responders had responses to a mean of ~ two TAAs. Data are shown as the mean number (£

SE) of TAAs to which each cohort responded with each cytokine measured.

Example 3. Immune responses to neoantigens identified using ATLAS in a non-small cell
lung cancer (NSCLC) patient
Generation of the ATLAS neoantigen library

[00344] ATLAS (Genocea Biosciences) was applied to screen the entire complement of
mutations identified in the tumor of a consented NSCLC patient who was successfully treated
with pembrolizumab (aPD-1 antibody (Ab), every other week starting on day 0). An ATLAS
library was built that expressed 201 of 202 mutations unique to this patient. Each clone
contained 113 amino acids with the mutation positioned near the center of the construct and
sequence-verified. Each clone was recombinantly expressed in £. coli. Protein expression was
verified using a surrogate T cell assay (the B3Z hybridoma) which recognizes the C57BL/6
mouse T cell epitope SIINFEKL, which is inserted at the C-terminus of each open reading frame,
upstream of the stop codon. Proteins that induced B3Z responses that exceeded 5% of the
positive control (the minimal SIINFEKL epitope pulsed onto antigen presenting cells) were

considered expressed.

ATLAS library screening

[00345] Peripheral blood samples were collected from the NSCLC patient before and after
checkpoint blockade therapy. Peripheral blood mononuclear cells (PBMC) were enriched by
density gradient centrifugation. CD4" and CD8" T cells were sorted using antibody-conjugated
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magnetic beads and non-specifically expanded with anti-CD3 and anti-CD28 stimulation.

Monocytes were differentiated into dendritic cells (MDDC).

[00346] CD4" and CD8" T cells from Day 0 and Day 42 (after 3" injection) of treatment were
screened, respectively, against 195 and 201 of the 201 library clones, as well as against 20
negative control clones expressing Neon Green (NG). Library clones were screened in duplicate
using 2,000 MDDC and 80,000 T cells, at an £. coli:MDDC ratio of 250:1. After 24h
incubation, assay supernatants were harvested and stored at -80°C. Supernatant cytokines were

analyzed using a Meso Scale Discovery V-PLEX Proinflammatory Panel 1 (human) Kit.

Data analysis

[00347] Clones that induced mean cytokine responses that were statistically different from
background (Wilcoxon Rank Sum, p<0.05) and exceeded 3 standard deviations (SD) of the mean
responses to the negative control Neon Green clones (N=20) were considered antigens (indicated

by horizontal dotted line).

[00348] Figure 4 shows good alignment between duplicate measurements of the cytokines
IFNy and TNFo, for CD8” T cell response, with over 74% of replicates falling within 1.5-fold of

one another.

[00349] Figure 5 shows results for IFNy and TNFo for CD8" T cells pre- and post-treatment
(left and right panels respectively). In this NSCLC patient, 5% of mutations screened (9 of 201)
were identified as neoantigens recognized by his/her peripheral blood CD8" T cells taken pre-
and post-treatment. Only 1% of the identified neoantigens were found both pre- and post-
treatment. Points above the top dotted line indicate neoantigens that stimulate CD8” T cell
responses. Points below the lower dotted line indicate neoantigens that suppress and/or inhibit

CDS8" T cell responses.

[00350] Figure 6 shows results for IFNy and TNFo for CD4" T cells pre- and post-treatment
(left and right panels respectively). In this NSCLC patient, 10% of mutations screened (20 of
195) were identified as neoantigens recognized by his/her peripheral blood CD4" T cells taken
pre-treatment, increasing to 17% of mutations screened (33 of 195) post-treatment. Five percent

of the identified neoantigens were found both pre- and post-treatment. Points above the top
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dotted line indicate neoantigens that stimulate CD4" T cell responses. Points below the lower
dotted line indicate neoantigens that suppress and/or inhibit CD4" T cell responses. These
results show increased breadth of CD4" T cell responses to neoantigens following checkpoint

inhibitor therapy, particularly with respect to IFNy.

Table 4 summarizes results shown in Figures S and 6.

T cell responses Pre-treatment Post-treatment Both
CDS8” 5% 5% 1%
CD4” 10% 17% 5%

[00351] Figure 7 shows the limited overlap between CD8 -specific T cell neoantigens
identified by ATLAS and epitope prediction algorithms. MHC class I epitopes were predicted
for all screened neoantigens from the NSCLC patient using three commonly used algorithms:
NetMHC, NetCTLpan and IEDB, and using patient-specific haplotypes HLA-A*02:01/*32:01,
HLA-B*40:01:02/%45:01:01, HLAC*06:02/%03:041 (see Rizvi et al., (2015) Science.
348(6230): 124-8). Eight of the antigens identified by ATLAS were not predicted by any of
NetMHC, NetCTLpan, or IEDB. (Note that MHC class II epitopes cannot be effectively

predicted using currently available algorithms.)

[00352] Figure 8 further shows that epitope predictions have a high false positive rate, miss
relevant stimulatory neoantigens, and are not able to identify suppressive and/or inhibitory
neoantigens. Of the 137 neoantigens predicted by at least one algorithm, only 15 (or 11%) were
confirmed by ATLAS to effect a CD8" T cell response in the NSCLC patient. Six of these 15
neoantigens were found to be suppressive and/or inhibitory. Altogether, ATLAS identified 9 + 8
stimulatory neoantigens, and 6 + 3 suppressive and/or inhibitory neoantigens. Thus, 47% of
stimulatory antigens found by ATLAS were missed by algorithms, and 33% of suppressive
and/or inhibitory neoantigens found by ATLAS failed to be identified by algorithms.
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Example 4. Immune responses to the ATLAS colorectal cancer (CRC) tumor associated
antigen (TAA) library — single patient response
Generation of the ATLAS colorectal cancer TAA library

[00353] Twenty-six TAA genes (representing 23 unique genes; labelled as “taal-26” and
shown below in Table 5) were cloned into the ATLAS expression vector (Genocea Biosciences),
and sequence-verified. Each TAA was recombinantly expressed in F. coli. Protein expression
was verified using a surrogate T cell assay (the B3Z hybridoma) which recognizes the C57BL/6
mouse T cell epitope SIINFEKL, which is inserted at the C-terminus of each open reading frame,
upstream of the stop codon. Proteins that induced B3Z responses that exceeded 5% of the
positive control (the minimal SIINFEKL epitope pulsed onto antigen presenting cells) were

considered expressed.

ATLAS library screening

[00354] A frozen peripheral blood mononuclear cell (PBMC) vial was purchased from
Bioreclamation IVT. The PBMC were derived from a 50 year-old Caucasian male who had
stage IV colorectal cancer. CD8" T cells were sorted using antibody-conjugated magnetic beads
and non-specifically expanded with anti-CD3 and anti-CD28 stimulation. Monocytes were
differentiated into dendritic cells (MDDC).

[00355] Library clones were screened in replicates using 5,000 MDDC and 80,000 T cells, at
an F. coli:MDDC ratio of 100:1. After 24h incubation, assay supernatants were harvested and
stored at -80°C. Negative controls included 13 replicates of E. coli expressing neon green (NG).
Supernatant cytokines were analyzed using a Meso Scale Discovery V-PLEX Proinflammatory

Panel 1 (human) Kit.

Data analysis

[00356] Measurements that were below the lower limit of detection for the standard curve of
each cytokine were masked. Clones that induced mean IFNy or TNFa responses that exceeded 3
standard deviations (SD) of the mean of the negative control neon green (NG) clones (N=13)
were considered antigens.

[00357] Figure 9 shows representative results for a single CRC patient. Clones that induced
mean IFNy and/or TNFa responses that exceeded 3 standard deviations (SD) of the mean of the
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negative control NG clones (N=10) were considered antigens (indicated by horizontal dotted
line, black symbols). NG = neon green. Each symbol represents an individual measurement,
small horizontal line = mean of duplicate measurements. TAA coding conventions are shown in

Table 5 below.

Example S. T cell responses to CRC TAAs in a cohort of CRC patients

[00358] PBMC from 21 CRC patients were screened against a library of 26 known TAAs
(shown in Table 5). CD4" and CD8" T cells were sorted and non-specifically expanded using
anti-CD3 and anti-CD28-coated microbeads, and CD14™ monocytes were differentiated into
dendritic cells (MDDC). Library clones were screened in duplicate using 5,000 MDDC and
80,000 T cells, at an £. coli:MDDC ratio of 100:1; 13 replicates of . coli expressing neon green
(NG) were included as negative controls. Assay supernatants were harvested at 24 hours and
stored at -80°C. Supernatant cytokines were analyzed using Meso Scale Discovery V-PLEX

Proinflammatory Panel 1 (human) Kit.

Data analysis

[00359] Clones that induced mean cytokine responses that exceeded 3 standard deviations
(SD) of the mean responses to the negative control NG clones (N=10) were considered antigens.
[00360] Figure 10 shows data for both the CD4 " (grey bars) and CD8" (black bars) T cell
subsets. The percentage of subjects who responded to each TAA, as measured by IFNYy secretion
that exceeded three standard deviations of the mean negative control (NG) response, is
represented. Overall, nine of 26 antigens induced a CD8" T cell response from at least one of the
CRC patients. Three TAAs (HPSE1, HPSE2, SMAD4) were antigens for CD8" T cells from
nearly all subjects screened; two TAAs (HPSE1, HPSE2) were also antigens for each subject’s
CD4" T cell subset. Results are summarized in Table 5 below.

Table 5:

Table 5. Summary of T cell response rates to TAAs in the ATLAS colorectal

cancer library

Code TAA CD4 CDS

taal BIRCS 0 0
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taa2 CDH3 0 0
taa3 CEACAM3 0 0
taad CEACAMS 0 0
taa$ CGB 5 0 0
taab COA1l 0 0
taa7 EBAGY 0 0
taa8 EGFR 0 0
taa9 ELK4 0 0
taalO ERBB2 0 0
taall EpCAM 0 8%
taal2 HPSE1 100% 92%
taal3 HPSE2 100% 77%
taal4 KRAS isoforml 0 31%
taals KRAS isoform2 0 0
taal6 MAGEA3 0 0
taal7 MUCI1 0 0
taal8 SMAD4 0 100%
taal9 TERT.2 0 31%
taa20 TERT 3 0 31%
taa2l TGFBR2 0 8%
taa22 EBAG9 _isoforml 0 0
taa23 TPS3 0 15%
taa24 CGB 3 0 0
taa25 IMPDH2 0 0
taa26 LCK 0 0

Example 6. Immune responses to neoantigens identified using ATLAS in a colorectal
cancer (CRC) patient
Generation of the ATLAS neoantigen library

[00361] ATLAS was applied to screen the entire complement of mutations identified in

the tumor of a consented colorectal cancer patient. An ATLAS library was built that expressed
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31 mutations unique to this patient. Each clone contained 113 amino acids with the mutation
positioned near the center of the construct and sequence-verified. Each clone was recombinantly

expressed in £. coli and protein expression was verified using Western Blot.

ATLAS library screening

[00362] Frozen peripheral blood mononuclear cells (PBMC) were purchased from
Conversant Bio. After thaw, CD8" T cells were sorted using antibody-conjugated magnetic
beads and non-specifically expanded with anti-CD3 and anti-CD28 stimulation. CD14+
monocytes were also sorted using antibody-conjugated magnetic beads and differentiated in vitro
into dendritic cells (MDDC).

[00363] CD8" T cells were screened against the 31 library clones, as well as against 2
negative control clones expressing Neon Green (NG). Library clones were screened using 1,500
MDDC and 80,000 T cells, at an £. coli:MDDC ratio of 333:1. After 24h incubation, assay
supernatants were harvested and stored at -80°C. Supernatant cytokines were analyzed using a

Meso Scale Discovery custom plate.

Data analysis

[00364] Clones that induced median cytokine responses that exceeded 3 median absolute
deviations (MAD) of the median responses to the negative control Neon Green clones (N=2)
(indicated by horizontal dotted line in Figure 11) were considered antigens. Clones that reduced
median cytokine responses to 3 MAD below the median negative control responses were
considered inhibitory and/or suppressive antigens.

[00365] Figure 11 shows results for IFNy and TNFo, from the patient’s CD8" T cells. The
X indicates the median response to the negative controls. Points above the top dotted line
indicate neoantigens that stimulate CD8" T cell responses (black circles). Points below the lower
dotted line indicate neoantigens that inhibit and/or suppress CD8" T cell responses (black
squares). In this patient, 16% of mutations screened (5 of 31) were identified as neoantigens
recognized by his/her peripheral blood CD8" T cells. Additionally, 13% (4 of 31) of mutations
screened were identified as inhibitory and/or suppressive neoantigens. There was no overlap of
the neoantigens that induced IFNycompared with TNFa, but two of the inhibitory neoantigens
suppressed both IFNy and TNFa.
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[00366] Figures 12A and 12B show Venn diagrams representing the limited overlap
between CD8 -specific T cell neoantigens identified by ATLAS and epitope prediction
algorithms. MHC class I epitopes were predicted for all screened neoantigens using three
commonly used algorithms: NetMHC, NetCTLpan and IEDB, and using patient-specific
haplotypes HLA-A*30:02/%32:01, B*18:01/*14:01, C*05:01/*08:02. Figure 12A represents
epitopes predicted that had binding affinity projected to be below 500nM for the mutant peptide
(neoantigen) but not for its wild-type counterpart, and an IEDB percentile rank of <1 for the
mutant peptide but not for wild-type. Figure 12B represents epitopes predicted to have binding
affinity below 500nM or an IEDB percentile rank of <1, irrespective of the wild-type counterpart
predictions. In the former case, none of the neoantigens that were identified by ATLAS were
predicted by algorithms, and there were six epitopes predicted that were not identified
empirically (100% false positive and 100% false negative rate). For the latter, there was one
neoantigen that was identified using ATLAS that was also predicted by all three algorithms used.
The remaining four neoantigens were not predicted by any algorithm. There were 26 epitopes
predicted that could not be confirmed by ATLAS (therefore the algorithms had a 96% false
positive rate and an 80% false negative rate).

[00367] Figures 13A and 13B show Venn diagrams representing the limited overlap
between CD8 -specific T cell inhibitory and/or suppressive neoantigens identified by ATLAS
and epitope prediction algorithms. Epitope predictions do not discriminate between stimulatory
or inhibitory and/or suppressive antigens, therefore the same MHC predictions used for Figure
12A and 12B were applied for the inhibitory and/or suppressive, rather than stimulatory
neoantigens. Figure 13 A represents epitopes predicted that had binding affinity projected to be
below 500nM for the mutant peptide (neoantigen) but not for its wild-type counterpart, and an
IEDB percentile rank of <1 for the mutant peptide but not for wild-type. Figure 13B represents
epitopes predicted to have binding affinity below 500nM or an IEDB percentile rank of <1,
irrespective of the wild-type counterpart predictions. In the former case, none of the inhibitory
and/or suppressive neoantigens that were identified by ATLAS were predicted by algorithms,
and there were six epitopes predicted that were not identified empirically (100% false positive
and 100% false negative rate). For the latter, there was one neoantigen that was identified using

ATLAS that was also predicted by one of the three algorithms (netMHCpan MT). The
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remaining three neoantigens identified empirically with ATLAS were not predicted by any

algorithm. Once again, there were 26 epitopes predicted that could not be confirmed by ATLAS.

Example 7. T cell response profiling in colorectal carcinoma patients reveals an
enrichment in responses to specific tumor-associated antigens

Generation of an ATLAS Tumor Assciated Antigen library

[00368] ATLAS™ was applied to profile T cell recall responses to a set of Tumor
Associated Antigens (TAAs) in 34 subjects with various stages of CRC and pre-malignant
lesions in an HLA-independent manner. Twenty-six TAA genes (representing 23 unique genes,
shown in Table 5) were cloned into the ATLAS expression vector and sequence verified. Each
TAA was recombinantly expressed in F. coli, with expression verified using Western Blot

analysis.

Table 6. ATLAS colorectal cancer TAA library

Antigen Name Alias long name OMIM | GenelD
CDH3 CDHP, HIMD, PCAD cadherin 3 114021 | 1001
CEACAM3 CEA; CGM1,; W264; carcinoembryonic antigen- | 609142 | 1084
W282; CD66D related cell adhesion
molecule 3
CEACAMS CEA; CDo66e carcinoembryonic antigen- | 114890 | 1048
related cell adhesion
molecule 5
CGB 3 CGB, CGBS5, CGBY7, chorionic gonadotropin 118860 | 1082
CGB8, hCGB beta subunit 3
CGB 5§ CGB, HCG, hCGB chorionic gonadotropin 608825 | 93659

beta subunit 5

COA1 C7orf44, MITRACIS5 cytochrome c oxidase 614769 | 55744

assembly factor 1 homolog

EBAGY EB9, PDAF estrogen receptor binding | 605772 | 9166

site associated, antigen, 9
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EGFR ERBB; HER1; mENA; epidermal growth factor 131550 | 1956
ERBBI; PIG61; NISBD2 | receptor
ELK4 SAP1 ETS transcription factor 600246 | 2005
EpCAM ESA; KSA; M4S1; MK- | epithelial cell adhesion 185535 | 4072
1, DIARS; EGP-2; molecule precursor
EGP40; KS1/4; MIC18,;
TROP1; EGP314;
HNPCCS8; TACSTDI
ERBB2 NEU; NGL; HER2; receptor tyrosine-protein 164870 | 2064
TKR1; CD340; HER-2; kinase erbB-2
MLN 19; HER-2/neu
HPSE1 heparanase isoform 1 604724 | 10855
HPSE2 heparanase isoform 2
IMPDH2 IMPD2, IMPDH-II inosine monophosphate 146691 | 3615
dehydrogenase 2
KRAS C-K-RAS, CFC2, K- KRAS proto-oncogene, 190070 | 3845
RAS2A, K-RAS2B, K- GTPase
RAS4A, K-RAS4B, K-
Ras, K
LCK LSK; YTI16; IMD22; tyrosine-protein kinase 153390 | 3932
pSolck; pp58lck Lck
MAGEA3 HIP8; HYPD; CT1.3; MAGE family member A3 | 300174 | 4102
MAGES3; MAGEAG®,
MAGE-A3 (G-2544)
MUCI EMA; MCD; PEM; mucin-1 isoform 14 158340 | 4582
PUM; KL-6; MAMG6; precursor
MCKD; PEMT; CD227,
H23AG; MCKD1; MUC-
1; ADMCKD;
ADMCKDI; CA 15-3;
MUC-1/X; MUC1/ZD,;
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MUC-1/SEC

SMADA4 DPC4, JIP, MADH4, SMAD family member 4 600993 | 4089
MYHRS

BIRCS API4; EPR-1; survivin, survivin 603352 | 332
BIRCS

TERT TP2; TRT; CMMO9; telomerase reverse 187270 | 7015
EST2; TCSI1; hTRT; transcriptase

DKCA2; DKCB4;
hEST2; PFBMFTI

TGFBR2 AAT3, FAA3, LDSIB, transforming growth factor | 190182 | 7048
LDS2, LDS2B, MFS2, beta receptor 2
RIIC, TAAD2, TGFR-2,

TP53 P53; BCC7; LFS1; cellular tumor antigen p53 | 191170 | 7157
TRPS53

OMIM = Online Mendelian Inheritance in Man database
GenelD = NCBI database

ATLAS library screening

[00369] Frozen peripheral blood mononuclear cells (PBMC) were purchased from
Conversant Bio (Alabama) or obtained from a collaborator at Mayo Clinic. After thaw, CD8" T
cells were sorted using antibody-conjugated magnetic beads and non-specifically expanded with
anti-CD3 and anti-CD28 stimulation. CD14+ monocytes were also sorted using antibody-
conjugated magnetic beads and differentiated in vifro into dendritic cells (MDDCs).

[00370] Frozen peripheral blood mononuclear cells (PBMC) were purchased from
Conversant Bio (Alabama) or obtained from a collaborator at Mayo Clinic. After thaw, CD8" T

cells were sorted using antibody-conjugated magnetic beads and non-specifically expanded with
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anti-CD3 and anti-CD28 stimulation. CD14+ monocytes were also sorted using antibody-
conjugated magnetic beads and differentiated in vifro into dendritic cells (MDDCs).

[00371] CD4" and CD8" T cells were screened against the 26 library clones, as well as
against 10 negative control clones expressing Neon Green (NG). Library clones were screened
using 1,000-5,000 MDDCs and 80,000 T cells, at an £. coli:MDDC ratio of 333:1. After 24h
incubation, assay supernatants were harvested and stored at -80°C. Supernatant cytokines levels

were analyzed using a Meso Scale Discovery custom plate.

Data analysis

[00372] Clones that induced median cytokine responses that exceeded 2 median absolute
deviations (MAD) of the median responses to the negative control Neon Green (NG) clones
(N=10) (indicated by a vertical dotted line in Figure 14 and a horizonatal dotted line in Figure
17) were considered antigens. Clones that reduced median cytokine responses to 2 MAD below
the median negative control responses were considered inhibitory and/or suppressive antigens. In
CRC patients, the breadth of recall responses to the 26 testedTAAs varied, but there was a strong
enrichment of CD4" and CD8™ T cell responses to a subset of 3 TAAs, which was absent in

healthy individuals.

[00373] Figure 14 shows response profiles to 25 CRC-associated TAAs across CRC
patients. CD4" and CD8" T cells from CRC patients across all stages of disease were profiled
for responses to 25 TAAs, using TNF-o and IFN-y secretion as an indicator for a recall response
to a putative antigen. Distributions of normalized cytokine concentrations released in response
to each antigen are shown, each row represents one antigen. Dashed vertical lines indicate 2
MADs from median cytokine release in response to the NG negative control antigen. Positive
values, indicated by a shift toward the right side of the plot, indicate stimulatory T cell recall
responses. Negative values, indicated by a shift toward the left side of the plot, indicate
inhibitory and/or suppressive T cell recall responses.

[00374] Figures 15A and 15B shows the high frequency of T cell responses to three TAAs
not previously identified by algorithm. Response rates in individuals with CRC to three
ATLAS-identified TAAs in comparison to three TAAs that are or were in clinical development

as a therapeutic vaccine. Figure 15A shows response rate of CD4 " and CD8" T cells for HPSE1
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and HPSE2, in comparison to MUC1, MAGEA3, and TP53. Figure 15B shows response rate of
CD8" T cells for HPSE1, HPSE2 and SMAD4, in comparison to MUC1, MAGEA3, and TP53.
Stimulatory (top panels) and inhibitory and/or suppressive (bottom panels) T cell recall
responses are shown.

[00375] Figure 16 shows T cell responses to selected TAAs in CRC patients with early or
late stage disease (NR, no responders). Stimulatory response rates to four selected TAAs are
shown for both CD4" and CD8" T cell subsets and TNF-a and IFN-y cytokine release (Panel
A=HPSE1; Panel B=HPSE2; Panel C=TP53; Panel D=MAGEA3). Patients were grouped by
stage of disease with early stage representing stages I and II, i.e., locoregional disease, and late
stage representing stages III and IV, i.e., with metastasis to lymph nodes or distant sites. There
was no significant difference between response rates in early and late disease for either
stimulatory responses (shown) or inhibitory and/or suppressive responses (not shown). Stage of
cancer did not impact the T cell response signature.

[00376] Figure 17 shows T cell responses to selected TAAs in healthy individuals and
donors with various disease states. Normalized cytokine concentrations released in response to
the four selected TAAs in the three cohorts are shown for CD4 ™ and CD8" T cell subsets and for
TNF-a and IFN-y release (Panel A=HPSE1; Panel B=HPSE2; Panel C=TP53; Panel
D=MAGEA3). Each data point represents one individual. IFN-y release in different cohorts was
compared using a Wilcoxon rank sum test. Asterisks indicate statistical significance in
comparison to cytokine release in healthy donors unless otherwise indicated. * p < 0.05; ** p <
0.01; *** p <0.001. Significant differences based on TNF-a levels were detected across the
same groups (not shown). Importantly, T cell responses to a subset of TAAs (HPSE1, HPSE2,
SMADA4) in individuals with pre-malignant adenomatous polyps were similar to those in CRC
patients and clearly distinguishable from the rare responses in healthy individuals. This pattern
was not observed for responses to TAAs currently or previously investigated as therapeutic

vaccines (MUCI1, TP53, MAGEA3).
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Example 8. Profiling of T cell responses to Tumor-Associated Antigens in lung cancer

patients treated with checkpoint inhibitors

Generation of an ATLAS Tumor Associated Antigen library

[00377]

ATLAS was applied to characterize and profile T cell responses to Tumor

Associated Antigens (TAAs) in a diverse sample of lung cancer patients undergoing ICI therapy.

Seventy-six TAA genes (representing 74 unique genes, shown in Table 7) were cloned into the

ATLAS expression vector and sequence verified. Each TAA was recombinantly expressed in £.

coli, with expression verified using Western Blot analysis.

Table 7. ATLAS lung cancer TAA library

Gene Name Alias Long Name OMIM | GenelD
ACTN4 ACTININ-4, FSGS, actinin alpha 4 604638 | 81
FSGS1
ACVRI ACTRIA, ACVRLK2, activin A receptor type 1 102576 | 90
ALK2, FOP, SKR1,
TSRI, ACVRI,
ACTIVIN
ADHIC ADH3 alcohol dehydrogenase 1C | 103730 | 126
(class I), gamma
polypeptide
ADORA2A A2aR, ADORA2, RDCS, | adenosine A2a receptor 102776 | 135
A2AR
AKAP-4 AKAP 82, AKAP-4, A-kinase anchoring protein | 300185 | 8852
AKAP82, CT99, FSC1, |4
HI, PRKA4, hAKAPS2,
p8, AKAP4
ARHGEF16 GEF16, NBR Rho guanine nucleotide 27237
exchange factor 16
BAGE BAGE]L; CT2.1 B melanoma antigen 1 605167 | 574
precursor
BLNK AGM4, BASH-S, LYS57, | B-cell linker 604515 | 29760
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SLP-65, SLP65, bca,
BLNK
BNC1 BNC, BSN1, HsT19447 | basonuclin 1 601930 | 646
BPIFALI LUNX, NASG, PLUNC, | BPI fold containing family | 607412 | 51297
SPLUNCI, SPURT, A member 1
bA49G10.5
CACNB3 CAB3, CACNLB3 calcium voltage-gated 601958 | 784
channel auxiliary subunit
beta 3
CASP3 CPP32, CPP32B, SCA-1, | caspase 3 600636 | 836
CASPASE-3
CAV1 BSCL3, CGL3, LCCNS, | caveolin 1 601047 | 857
MSTPO85, PPH3, VIP21
CDHI1 Arc-1, BCDS1, CD324, | cadherin 1 192090 | 999
CDHE, ECAD, LCAM,
Uvo
COX8C COX8-3 cytochrome c oxidase 616855 | 341947
subunit 8C
CPTIA CPT1, CPTI-L, L-CPT1 | carnitine 600528 | 1374
palmitoyltransferase 1A
CTAGIA CTe6.1, ESO1, LAGE-2, | cancer/testis antigen 1A 300657 | 246100
LAGE2A, NY-ESO-1
CTCFL CT27, BORIS; CTCF-T, | transcriptional repressor 607022 | 140690
HMGBILI; dJ579F20.2 | CTCFL
CXCL13 ANGIE, ANGIE2, BCA- | C-X-C motif chemokine 605149 | 10563
1, BCA1, BLC, BLRIL, |ligand 13
SCYB13
DGKH DGKeta diacylglycerol kinase eta 604071 | 160851
EEF2 EEF-2, EF-2, EF2, eukaryotic translation 130610 | 1938
SCA26 elongation factor 2
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EGFR ERBB; HER1; mENA; epidermal growth factor 131550 | 1956
ERBBI1; PIG61; receptor
NISBD2
EIFSA EIF-5A1, eIFSAI EIFSA | eukaryotic translation 600187 | 1984
initiation factor SA
FN1 CIG, ED-B, FINC, FN, fibronectin 1 135600 | 2335
FNZ, GFND, GFND2,
LETS, MSF, Fibronectin
GAGEI1 CT4.1; GAGE-1 G antigen 1 300594 | 2543
GAGE4 CT4.4 G antigen 121 300597 | 2576
HLA-DRBI major histocompatibility 142857 | 3123
complex, class I, DR beta
1
HLA-DRB5S major histocompatibility 604776 | 3127
complex, class I, DR beta
5
HPSE1 heparanase isoform 1 604724 | 10855
HPSE2 heparanase isoform 2
HSD17B3 EDH17B3, SDR12C2 hydroxysteroid 17-beta 605573 | 3293
dehydrogenase 3
IDE INSULYSIN insulin degrading enzyme | 146680 | 3416
IDO1 IDO, IDO-1, INDO indoleamine 2,3- 147435 | 3620
dioxygenase 1
IGFBP5 IBP5 insulin like growth factor 146734 | 3488
binding protein 5
IGFBP7 AGM, FSTL2, IBP-7, insulin like growth factor 602867 | 3490
IGFBP-7, IGFBP-7v, binding protein 7
IGFBPRP1, MAC2S,
PSF,
KCNK1 DPK, HOHO, K2P1, potassium two pore 601745 | 3775
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K2pl.1, KCNOI, TWIK- | domain channel subfamily
1, TWIK1 K member 1

LAMP3 CD208, DC LAMP, DC- | lysosomal associated 605883 | 27074
LAMP, DCLAMP, membrane protein 3
LAMP, LAMP-3,
TSC403

MAGEALI CT1.1; MAGE1 MAGE family member A1 | 300016 | 4100

MAGEA3 HIP8; HYPD; CT1.3; MAGE family member A3 | 300174 | 4102
MAGES3; MAGEAG®,
MAGE-A3 (G-2544)

MAGEB2 CT3.2, DAM6, MAGE- | MAGE family member B2 | 300098 | 4113
XP-2

MAPK13 MAPK 13, MAPK-13, mitogen-activated protein | 602899 | 5603
PRKM13, SAPK4, kinase 13
p38delta

MARCO SCARA2, SR-A6 macrophage receptor with | 604870 | 8685

collagenous structure
MEI1 HUMNDME, MES malic enzyme 1 154250 | 4199
MIIP [1P45, IGFBP-2 migration and invasion 608772 | 60672
inhibitory protein

MMP12 HME, ME, MME, MMP- | matrix metallopeptidase 12 | 601046 | 4321
12

MMP7 MMP-7, MPSL1, matrix metallopeptidase 7 | 178990 | 4316
PUMP-1

MPZL1 MPZLI1b, PZR, PZR1b, | myelin protein zero like 1 | 604376 | 9019
PZRa, PZRb

MSRI1 CD204, SCARALI, SR-A, | macrophage scavenger 153622 | 4481
SR-AI SR-AII, SR-AIII, | receptor 1
SRA, phSR1, ph
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MUCI EMA; MCD; PEM; mucin-1 isoform 14 158340 | 4582
PUM; KL-6; MAMG6; precursor
MCKD; PEMT; CD227,
H23AG; MCKDI;
MUC-1; ADMCKD;
ADMCKDI; CA 15-3;
MUC-1/X; MUC1/ZD,;
MUC-1/SEC

MYNN OSZF, SBBIZ1, myoneurin 606042 | 55892
ZBTB31, ZNF902

NAGK GNK, HSA242910 N-acetylglucosamine 606828 | 55577

kinase

NAPSA KAP, Kdap, NAP1, napsin A aspartic peptidase | 605631 | 9476
NAPA, SNAPA

NFYC CBF-C, CBFC, nuclear transcription factor | 605344 | 4802
H1TF2A, HAPS, HSM, | Y subunit gamma
NF-YC

NKRF ITBA4, NRF NFKB repressing factor 300440 | 55922

PLAU ATF, BDPLTS, QPD, plasminogen activator, 191840 | 5328
UPA, URK, u-PA urokinase

ROR1 NTRKRI1, dJ537F10.1 receptor tyrosine kinase 602336 | 4919

like orphan receptor 1

RUNXI1 AML1, AML1-EVI-1, runt related transcription 151385 | 861
AMLCRI1, CBF2alpha, factor 1
CBFA2, EVI-1,
PEBP2aB,

SFTPA1 COLECH4, PSAP, PSP-A, | surfactant protein Al 178630 | 653509
PSPA, SFTP1B, SP-A,
SP-A1, SPA, SPAI,

SFTPA2 COLECS, PSAP, PSP-A, | surfactant protein A2 178642 | 729238

PSPA, SFTPIB, SP-2A,
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SP-A, SPA2, SPAII

SFTPB PSP-B, SFTB3, SFTP3, surfactant protein B 178640 | 6439
SMDPI1, SP-B
SFTPC BRICD®6, PSP-C, SFTP2, | surfactant protein C 178620 | 6440
SMDP2, SP-C
SFTPD COLEC7, PSP-D, surfactant protein D 178635 | 6441
SFTP4, SP-D
SLC2AS5 GLUT-5, GLUTS, SGT1 | solute carrier family 2 138230 | 6518
member 5
SPAGY CT89, HLC-6, HL.C4, sperm associated antigen 9 | 605430 | 9043
HLCeo, JIP-4, JIP4, JLP,
PHET, PIG6
SSX2 SSX; HD21; CT5.2; protein SSX2 300192 | 6757
CT5.2A; HOM-MEL-40
SUGT1 SGTI1 SGT1 homolog, MIS12 604098 | 10910
kinetochore complex
assembly cochaperone
SULTI1C2 ST1Cl1, ST1C2, sulfotransferase family 1C | 602385 | 6819
SULTI1C1, humSULTC2 | member 2
TGFBR2 AAT3, FAA3, LDSIB, transforming growth factor | 190182 | 7048
LDS2, LDS2B, MFS2, beta receptor 2
RIIC, TAAD2, TGFR-2,
TMEMS52B transmembrane protein 120939
52B
TP53 P53; BCC7; LFS1, cellular tumor antigen p53 | 191170 | 7157
TRP53 isoform a
VEGF-A VPF; VEGF; MVCD1 vascular endothelial 192240 | 7422
growth factor A
XPO7 EXP7, RANBP16 exportin 7 606140 | 23039
YESI HsT441, P61-YES, Yes, | YES proto-oncogene 1, 164880 | 7525
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c-yes Src family tyrosine kinase
CCDCS80 DROI1, SSG1, URB, coiled-coil domain 608298 | 151887
okuribin containing 80

OMIM = Online Mendelian Inheritance in Man database
GenelD = NCBI database

ATLAS library screening

[00378] Blood samples were collected from 13 consenting patients undergoing ICI
therapy. Frozen peripheral blood mononuclear cells (PBMC) were purchased from
Bioreclamation (New York). After thaw, CD4" and CD8" T cells were sorted using antibody-
conjugated magnetic beads and non-specifically expanded with anti-CD3 and anti-CD28
stimulation. CD14™ monocytes were also sorted using antibody-conjugated magnetic beads and
differentiated in vitro into dendritic cells (MDDCs).

[00379] CD4" and CD8" T cells were screened against the 76 library clones, as well as
against 10 negative control clones expressing Neon Green (NG). Library clones were screened
using 1,000-5,000 MDDCs and 80,000 T cells, at an £. coli:MDDC ratio of 333:1. After 24h
incubation, assay supernatants were harvested and stored at -80°C. Supernatant cytokines levels

were analyzed using a Meso Scale Discovery custom plate.

Data analysis

[00380] Clones that induced median cytokine responses that exceeded 2 median absolute
deviations (MADs) of the median responses to the negative control Neon Green clones (N=10)
(indicated by a horizontal dotted line in Figure 18 and Figure 19) were considered antigens.
Clones that reduced median cytokine responses to two MADs below the median negative control
responses were considered inhibitory and/or suppressive antigens.

[00381] Figure 18 shows an exemplary empirical determination of T cell responses to
profiled TAAs. Exemplary data is shown for a single lung cancer patient. T cell responses were
reported as natural log concentrations back-calculated from the MSD standard curve and

normalized to the patient’s response to a negative control protein. A stimulatory response was
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defined as a TAA with a median concentration greater than two MADs above the median of the
negative control replicates. This threshold is shown as the upper dashed horizontal line, and
stimulatory responses are shown as filled circles. An inhibitory and/or suppressive response was
defined as a TAA with a median concentration greater than two MADs of the negative control
replicates below the median of the negative control replicates. This threshold is shown as the
lower dashed horizontal line, and inhibitory and/or suppressive responses are shown as filled
triangles.

[00382] Figure 19 shows frequent CD4 " T cell responses to novel TAAs compared to
previously described TAAs. Across patients, IFN-y CD4" T cell responses to two novel TAAs
(Novel TAA1 =HPSET; Novel TAA2 = HPSE2) appeared to be stronger than responses to NY-
ESO-1, MUC1, and MAGEA3, three TAAs that have been utilized in cancer vaccines in clinical
trials for treatment of lung cancer patients. Each point represents a patient’s response to that
TAA, normalized to the patient’s response to an irrelevant negative control protein. Stimulatory
responses, those that fall above the 2xMAD cutoff indicated by the upper horizontal dotted line,
are colored black. Both the median normalized concentration and the proportion of stimulatory
responses to these two TA As were higher than those of the three other TAAs. CD8+ responses
to these five TAAs were more similar across patients (not shown).

[00383] Figure 20 shows that lung cancer patients develop CD4" and CD8" T cell
responses to a broad range of TAAs. Across lung cancer patients, stimulatory CD4 "™ and/or
CD8" T cell responses were observed in at least one individual to a clear majority of the 76
profiled TAAs. The percent of patients that developed a stimulatory T cell response to each
TAA is shown separately for CD4" (grey bars) and CD8" (black bars) T cells. IFN-y responses
are displayed in the top two panels, and TNF-o responses are displayed in the bottom two panels.
Antigens to which patients developed both a CD4" and a CD8™ T cell response (left panels) were
differentiated from antigens to which patients developed either a CD4™ or a CD8" T cell response
(right panels).

[00384] Figure 21 shows that inhibitory and/or suppressive T cell responses were detected
in most profiled TAAs. Inhibitory and/or suppressive T cell responses to TAAs were observed
frequently across the profiled lung cancer patients. For each profiled TAA, the percent of
patients that developed an inhibitory and/or suppressive T cell response, defined as a response

that is two MADs lower than the response to the negative control protein, are shown for CD4"
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(white bars) and CD8" (grey bars) T cells. IFN-y responses are displayed in the top two panels,
and TNF-a responses are displayed in the bottom two panels. Antigens to which patients
developed both a CD4" and a CD8" T cell response (left panels) were differentiated from
antigens to which patients developed either a CD4" or a CD8" T cell response (right panels).

Example 9. Neoantigen identification using ATLAS" across multiple tumor types

Generation of the ATLAS neoantigen library

[00385] ATLAS was applied to characterize and profile pre-existing T cell responses to
tumor specific mutations in a diverse set of cancer patients. Tumor biopsy and normal tissue
samples were collected from 19 consenting patients. Whole exome and RNA sequencing of the
tumor sample and whole exome sequencing of the matched normal sample identified mutations
which are unique to the tumor and not present in the germline of the patient. Each somatic
protein altering mutation was expressed as individual clones in the ATLAS expression vector
and sequence verified. Each clone was recombinantly expressed in £. coli, with expression

verified using Western Blot analysis.

ATLAS library screening

[00386] Blood samples were collected from 19 consenting patients and PBMCs isolated
using standard procedures. Frozen peripheral blood mononuclear cells (PBMCs) were purchased
from Conversant (Alabama) or obtained from collaborators. After thaw, CD4” and CD8" T cells
were sorted using antibody-conjugated magnetic beads and non-specifically expanded with anti-
CD3 and anti-CD28 stimulation. CD14" monocytes were also sorted using antibody-conjugated
magnetic beads and differentiated in vitro into myeloid derived dendritic cells (MDDCs).

[00387] CD4" and CD8" T cells were screened against the individuals’ specific library
clones, as well as against multiple negative control clones expressing Neon Green (NG). Library
clones were screened using 1,000-5,000 MDDCs and 80,000 T cells, at an £. coli:MDDC ratio of
333:1. After 24h incubation, assay supernatants were harvested and stored at -80°C.

Supernatant cytokines levels were analyzed using a Meso Scale Discovery custom plate.
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Data analysis
[00388] Clones that induced median cytokine responses that exceeded 2 median absolute

deviations (MADs) of the median responses to the negative control Neon Green clones
(indicated by horizontal dotted line in Figure 22) were considered stimulatory neoantigens.
Clones that reduced median cytokine responses to 2 MADs below the median negative control
responses were considered inhibitory and/or suppressive neoantigens.

[00389] Figure 22 shows an exemplary neoantigen screen with ATLAS identifying
patient-specific CD4" and CD8" T cell responses. For one pancreatic cancer subject, displayed
are the CD4+ and CD8+ T cell responses observed in response to each candidate neoantigen.
Each dot represents a technical replicate. Horizontal dotted lines indicate the cutoffs used to
define stimulatory neoantigens and inhibitory and/or suppressive neoantigens at +3 and -3
Median Absolute Deviations (MADs), respectively.

[00390] Figures 23A, 23B, 23C, and 23D show that an algorithm predicting MHC Class |
binding did not accurately predict CD8" T cell responses or type of response. The diagrams
compare MHC class I algorithm-based binding predictions (NetMHCpan predictions with
binding affinity cutoff of <500nM) and T cell responses observed in ATLAS across 11 initial
subjects and across all 19 subjects. Figures 23A and 23C show the total numbers and overlap of
neoantigens predicted by algorithm and observed in ATLAS for the 11 initial subjects and for all
19 subjects, respectively. Figures 23B and 23D show the break-down of predictions by strong
binding (< 150nM), weak binding (< 500nM), or non-binding (>= 500nM) for the 11 initial
subjects and for all 19 subjects, respectively. There was no enrichment of either stimulatory or
inhibitory and/or suppressive responses in CD8" T cells across binding prediction groups.
[00391] Figures 24A and 24B show that CD8" T cell responses identified by ATLAS to
candidate stimulatory neoantigens were not enriched for any mutation type. In Figure 24A,
mutation types for the 11 initial subjects were defined as missense, in-frame, or frameshift. In
Figure24B, mutation types for all 19 subjects were defined as short variant (a combination of
missense and in-frame mutations resulting in 1-2 amino acid changes relative to wild-type gene
sequence) and neoORF (a combination of frameshift and loss-of-stop-codon mutations resulting
in 3 or more amino acid changes relative to wild-type gene sequence). In this example,
candidate inhibitory and/or suppressive neoantigens were somewhat more frequently associated

with missense or short variant mutations.
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[00392] Figures 25A and 25B show that lower DNA mutant allele frequency has a
moderate association with CD8" T cell response frequency (P-value = 0.037). Mutant DNA
allele frequency was derived from whole exome sequencing and compared to response type
observed. Figure 25A shows results for the 11 initial subjects. Figure 25B shows results for all
19 subjects.

[00393] Figures 26A and 26B show that detection of a mutation in RNA did not predict
whether the candidate stimulatory or inhibitory/suppressive antigen has a recall response in
CD8" T cells. RNA-seq was performed on the tumor material. Somatic mutations were
identified via whole exome sequencing, and the RNA-seq data was interrogated for the presence
or absence of mutations identified in DNA. Figure 26A shows results for 8 of the 11 initial
subjects. Figure 26B shows results for all 19 subjects.

[00394] Figures 27A and 27B show that CD8+ T cell responses identified by ATLAS to
candidate neoantigens did not correlate with gene expression. RNA-seq was performed on the
tumor material; quantitative gene expression values were calculated for each gene harboring a
candidate neoantigen and compared to normalized cytokine measurements. Figure 27A shows

results for 10 of the 11 initial subjects. Figure 27B shows results for all 19 subjects.

Example 10. Different cytokine responses to different neoantigens identified using ATLAS
in a pancreatic cancer patient

Generation of the ATLAS neoantigen library

[00395] ATLAS was applied to screen the entire complement of mutations identified in
the tumor of a consented pancreatic cancer patient. An ATLAS library was built that expressed
22 mutations unique to this patient. Each clone contained 113 amino acids with the mutation
positioned near the center of the construct and sequence-verified. Each clone was recombinantly

expressed in £. coli and protein expression was verified using Western Blot.

ATLAS library screening _

[00396] Frozen peripheral blood mononuclear cells (PBMC) were purchased from
Conversant Bio. After thaw, CD8" T cells were sorted using antibody-conjugated magnetic

beads and non-specifically expanded with anti-CD3 and anti-CD28 stimulation. CD14+



WO 2018/175505 PCT/US2018/023442
157

monocytes were also sorted using antibody-conjugated magnetic beads and differentiated in vitro
into dendritic cells (MDDC).

[00397] CDS8" T cells were screened against the 22 library clones, as well as against a
negative control clones expressing Neon Green (NG). Library clones were screened using 5,000
MDDC and 80,000 T cells, at an E. coli:MDDC ratio of 333:1. After 19.5 h incubation, assay
supernatants were harvested and stored at -80°C. Supernatant cytokines CM-CSF, IFNy, IL-10,
MIF, TNFa, and TRAIL were analyzed using a Meso Scale Discovery custom plate.

Data analysis

[00398] Figure 28 shows the different CM-CSF, IFNy, IL-10, MIF, TNFa, and TRAIL
response profiles elicited by six representative neoantigens in a screen of CD8" T cells from the
patient. Each panel corresponds to one neoantigen (denoted G-3618, G-3624, G-3620, G-3627,
G-3617, and G-3632). The horizontal line in each panel indicates the median response to the
negative controls. Bars above the horizontal line indicate stimulation of cytokine secretion. Bars
below the horizontal line indicate inhibition and/or suppression of cytokine secretion. The

panels illustrate the different cytokine responses elicited by each neoantigen.

Example 11. T cell responses to VEGF in a cohort of cancer patients and healthy donors

[00399] PBMC from eight cancer patients (seven lung cancer, one colorectal cancer) and
13 healthy donors were screened in duplicate against VEGF, a known TAA. CD8" T cells were
sorted and non-specifically expanded using anti-CD3 and anti-CD28-coated microbeads, and
CD14" monocytes were differentiated into dendritic cells (MDDC). Library clones were
screened in duplicate using 5,000 MDDC and 80,000 T cells, at an £. coli: MDDC ratio of 100:1;
replicates of £. coli expressing neon green (NG) were included as negative controls. Assay
supernatants were harvested at 24hr and stored at -80°C. Supernatant cytokines were analyzed

using Meso Scale Discovery V-PLEX Proinflammatory Panel 1 (human) Kit.

Data analysis

[00400] Clones that induced mean cytokine responses that exceeded 2 median average
deviations (MAD) of the median responses to the negative control NG clones (N=10) were

considered antigens. Figure 29 shows CD8" T cell data for healthy donors (black bars) and
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cancer patients (white bars). The median log cytokine response normalized to neon green are
indicated for each subject cohort. When analyzed by IFNY secretion, there was a large inhibitory
response in the healthy donor cohort, that greatly exceeded the inhibitory responses in the cancer
patient cohort. Conversely, there was a greater median inhibitory response in the cancer cohort

when TNFo secretion was considered.

Example 12. In vitro immunization using combination of 3 TAAs

Protocol for in vitro immunization

[00401] PBMCs from healthy donors are enriched using standard protocols. Washed
PBMCs are resuspended in supplemented RPMI-1640 medium. 100uL cells (2x10°cell/mL) are
added into each well of a 96-well flat-bottom assay plate. Overlapping peptides corresponding
to TAAs HPSE1, HPSE2, SMAD4, MUC1, MAGEA3, and TP53 were added to cultures at a
final concentration of 50 ug/mL. Cultures are incubated for 5 days, the peptide-containing
medium removed, then cultures provided with human IL-2 (10 U/mL) for 11 days, with IL-2-
containing medium being replenished every 3 days. The incubation time of 5 days with peptide
plus 11 days with IL-2 constitutes one cycle. Primary cultures are subsequently restimulated
with the same peptides (50 ng/mL) on day 16 to begin the next cycle. Irradiated (4000 rad)
autologous peripheral blood mononuclear cells (5 x 10%) are added in a volume of 50 pL in
complete medium as APCs. An ELISPOT is performed on an aliquot of cells at the end of each

cycle to observe de novo responses to the peptides.
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pplmlllligp
flillgspkl
sippdveekl
llrtadlgwn
kllrkstfkn
Inpdvldifi
vkegdltlya
dgtlpplmek

lgplspgalp
rtlarglspa
rlewpygeql
ssnagllldy
aklygpdvgqg
ssvgkviqgvv
mrgvifgagn
dnprykegdl
kmvddgtlpp

lgplspgalp
rtlarglspa
rlewpygeql
ssnagllldy
aklygpdvgg
ssvagkviqgdy
inlhnvtkyl
plrpgsslgl

NP 001092010.1,

rpagaqgdvvd
ylrfggtktd
llrehygkk£
csskgynisw
prrktakmlk
estrpgkkvw
vhlvdenfdp
tlyainlhnv
Imekplrpgs

NP_001159970.1 (

rpagaqgdvvd
ylrfggtktd
llrehygkk£
csskgynisw
prrktakmlk
wlsllfkklv
rlpypfsnkqg
pafsysffvi

PCT/US2018/023442

NP _006656.2

1dfftgeplh
flifdpkkes
knstysrssv
elgnepnsfl
sflkaggevi
lgetssaygg
lpdywlsllf
tkylrlpypt
slglpafsys

SEQ ID NO:
1dfftgeplh
flifdpkkes
knstysrssv
elgnepnsfl
sflkaggevi
gtkvlmasvg
vdkyllrplg
rnakvaaci

, mothers against decapentaplegic homolog 4

tsndaclsiv
cvtigrtldg
vhyervvspg
stetystpal
ngftggpaty
gppisnhpap
hrteaierar
psayikvfdl
gvddlrrlci
1d

isoform 1 preproprotein,

1111gvewlg
ddftvrnget
lksnkdrdtk
ngasvedpmn
gvvaysihsq
tavavveild
gddgdhftit
vedvneapvE
dsggvtavgt
rgiticngsp
kgdtydvhls
1vllllvrkk
rndvaptiip
slssltssas

isoform 2 precursor,

hslmchrggg
rlgvagrkgt
idlsgltlgs
lapsesnats
hhnstttwtg
eywcsiayfe
lhigkgvgle
rgchrgmggq
lrmsfvkgwg

caasepcrav
vgerrslker
ifysitgpga
isiivtdgnd
epkdphdlmf
andnapmfdp
thpesnqggil
vppskvvevg
ldredeqfvr
vrgvlnitdk
lsdhgnkeqgl
rkikeplllp
tpmyrprpan
dgdgdydyln

esetfakrai
phviyarlwr
napssmmvkd
tanfpnipva
srtapytpnl
mdvgvgetfk
ckgegdvwvr
aatagaaaaa
pdyprgsike

NP 001784.2

freaevtlea
nplkifpskr
dsppegviav
hkpkftgdtf
tihrstgtis
gkyeahvpen
ttrkgldfea
egiptgepvc
nniyevmvla
dlsphtspfqg
tviratvedc
eddtrdnviy
pdeignfiie
ewgsrfkkla

NP 001304124.1
1 mglprgplas 1llllgvcwlg caasepcrav freaevtlea

eslvkklkek
wpdlhknelk
eyvhdfegqgp
stsqgpasilg
phhganghlgh
vpsscpivtv
clsdhavfvqg
gaaavagnip
tpcwieihlh

ggaegepgga
ilrrhkrdwv
eketgwllln
rgsvlegvlp
vissgldrek
avghevqgrlt
knghtlyvev
vytaedpdke
mdngsppttg
agltddsdiy
hghvetcpgp
ygeegggeed
nlkaantdpt
dmygggedd

ggaegepgga

7

(SEQ ID NO:

lvspsflsvt
tfeersywgs
dvlytfancs
kkadifings
dsvtwhhyyl
gapllsdtfa
kklvgtkvlm
snkgvdkyll
ffvirnakva

7)

lvspsflsvt
tfeersywgs
dvlytfancs
kkadifings
dsvtwhhyyl
gskrrklrvy
phgllsksvg

NP 005350.

kdeldslita
hvkycgyafd
slsteghsiq
gshsegllqgi
hppmpphpgh
dgyvdpsggd
syyldreagr
gpgsvggiap
ralglldevl

lgkvEmgcpg
vapisvpeng
kpldreeiak
gtsvmgvtat
vpeytltiqga
vtdldapnsp
tneapfvlkl
ngkisyrilr
tgtllltlid
wtaevneegd
wkggfilpvl
gdyditglhr
appydtllvE

lgkvEmgcpg
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61
121
181
241
301
361
421
481
541
601
661
721
781

Cadherin 3,

1
61
121
181
241
301
361
421
481
541
601
661
721

Chorionic gonadotropin beta subunit 3,

1
61
121

Chorionic gonadotropin beta subunit 5,

1
61
121

gepalfstdn
kgpfpgring
yelfghavse
deddaiytyn
tdmdgdgstt
awratylimg
ptstativvh
dpagwlamdp
vndhgpvpep
tvvlslkkfl
gavlallfll
glearpevvl
trrs

mgcpggepal
vpengkgpfp
eeiakyelfg
gvtatdedda
ltigatdmdg
apnspawrat
fvlklptsta
yrilrdpagw
1tlidvndhg
neegdtvvls
ilpvlgavla
tglhrglear
tllvfdyegs

isoform 3,

ddftvrnget
lksnkdrdtk
ngasvedpmn
gvvaysihsq
tavavveild
gddgdhftit
vedvneapvE
dsggvtavgt
rgiticngsp
kgdtydvhls
1vllllvrkk
rndvaptiip

fstdnddftv
grlnglksnk
havsengasv
iytyngvvay
dgstttavav
ylimggddgd
tivvhvedvn
lamdpdsgqgv
pvpeprgiti
lkkflkgdty
11£111v111
pevvlrndva
gsdaaslssl

160

vgerrslker
ifysitgpga
isiivtdgnd
epkdphdlmf
andnapmfdp
thpesnqggil
vppskvvevg
ldredeqfvr
vrgvlnitdk
lsdhgnkeqgl
rkikeplllp
tpmyrprpan

NP 001304125.1

rngetvgerr
drdtkifysi
edpmnisiiv
sihsgepkdp
veildandna
hftitthpes
eapvivppsk
tavgtldred
cngspvrgvl
dvhlslsdhg
lvrkkrkike
ptiiptpmyr
tssasdgdgd

precursor,

nplkifpskr
dsppegviav
hkpkftgdtf
tihrstgtis
gkyeahvpen
ttrkgldfea
egiptgepvc
nniyevmvla
dlsphtspfqg
tviratvedc
eddtrdnviy
pdeignfiie

slkernplki
tgpgadsppe
tdgndhkpkf
hdlmftihrs
pmfdpgkyea
nggilttrkg
vvevgegipt
eqfvrnniye
nitdkdlsph
nkegltvira
plllpeddtr
prpanpdeig
ydylnewgsr

PCT/US2018/023442

ilrrhkrdwv
eketgwllln
rgsvlegvlp
vissgldrek
avghevqgrlt
knghtlyvev
vytaedpdke
mdngsppttg
agltddsdiy
hghvetcpgp
ygeegggeed
grgergsgrg

fpskrilrrh
gvfaveketg
tgdtfrgsvl
tgtisvissg
hvpenavghe
ldfeaknght
gepvcvytae
vmvlamdngs
tspfqgaqgqltd
tvcdchghve
dnvfyygeeg
nfiienlkaa
fkkladmygg

NP 000728.1

memfgglll]l 11llsmggtwa skeplrprcr pinatlavek egcpvcitvn
mtrvlggvlp alpgvvenyr dvrfesirlp geprgvnpvv syavalscgc
ggpkdhpltc ddprfqgdsss skapppslps psrlpgpsdt pilpg

memfggllll

ggpkdhpltc

Cytochrome ¢ oxidase

NP 001308127.1,
NP 001337854.1,

1
61
121

mmwgkyagsr
gealgpplni
flelkdgggi

Cytochrome ¢ oxidase

1
61
121

mplgarilfh
lklidrenfv
fklsgengde

Cytochrome ¢ oxidase

NP 001308132.1,

61

Cytochrome ¢ oxidase assembly factor 1 homolog,

gnt

precursor,

NP 149032.1

111smggtwa skeplrprcr pinatlavek egcpvecitvn
mtrvlggvlp alpgvvenyr dvrfesirlp geprgvnpvv syavalscgc
ddprfgdsss skapppslps psrlpgpsdt pilpg

assembly factor 1 homolog,
NP 001308129.1,
NP 001337856.1,

NP 001308128.1,
NP 001337855.1,

isoform a,
NP 001337853.1,
NP 060694.2

vapisvpeng
kpldreeiak
gtsvmgvtat
vpeytltiqga
vtdldapnsp
tneapfvlkl
ngkisyrilr
tgtllltlid
wtaevneegd
wkggfilpvl
gdyditglhr
ngglglargr

krdwvvapis
wlllnkpldr
egvlpgtsvm
ldrekvpeyt
vgrltvtdld
lyvevtneap
dpdkengkis
ppttgtgtll
dsdiywtaev
tcepgpwkggt
ggeedgdydi
ntdptappyd
gedd

tticagycpt
alcrrsttde

tticagycpt
alcrrsttde

NP _001308126.1,

remplgaril fhgvfyaggf aivyyligkf hsralyykla veqlgshpea
hylklidren fvdivdaklk ipvsgskseg llyvhssrgg pfgrwhldev

pviklsgeng

assembly factor 1 homolog,

devkke

isoform b, NP _001308130.1

gvfyaggfai vyyligkfhs ralyyklave glgshpeage algpplnihy
divdaklkip vsgsksegll yvhssrggpf grwhldevfl elkdgqqgipv

vkke

assembly factor 1 homolog,
NP 001308133.1,

NP 001308134.1
1 mmwgkyagsr rsmplgaril fhgvfyaggf aivyyliqgsk ypasrlrpdl llacscssir

isoform c,

NP 001308131.1,

isoform d, NP _001337857.1
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161

1 mgeagggclw eggsfstvces mpgalplcit
61 plnihylkli drenfvdivd aklkipvsgs
121 gggipvfkls gengdevkke

Estrogen receptor binding site associated,

NP _004206.
1

61

121

181

ETS transcription factor,

1
61
121
181
241
301
361
421

ETS transcription factor,

1
61
121
181
241
301
361

Receptor tyrosine-protein kinase erbB-2,

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201

Receptor tyrosine-protein kinase erbB-2,

1,
maitgfrlfk
tswdedapts
pdgstgfssr
rekraaeqqr

mdsaitlwgf
ralryyyvkn
enggkdkppg
pgeptpsvik
sasnvmtafa
kdgdsvllek
tpiiltpspl
pgpfspdlgk

mdsaitlwgf
ralryyyvkn
enggkdkppg
pgeptpsvik
sasnvmtafa
kdgdsvllek
vacslfmvsp

melaalcrwg
eltylptnas
dplnnttpvt
ltlidtnrsr
aagctgpkhs
ynylstdvgs
igefagckki
dlsvfgnlqgv
pwdglfrnph
veecrvlqgl
psgvkpdlsy
illvvvlgvv
rkvkvlgsga
yvsrllgicl
lvhrdlaarn
hgsdvwsygv
idsecrprfr
eeylvpgqgt
agsdvfdgdl
ngpdvrpgpp
ggaapgphpp

NP 936056.1,

fcteclatveEs
vkieggngnv
laatqgdlpfi
kkmekeaqrl

11gllgkpgn
iikkvnggkf
pgaktssrnd
fvttpskkpp
ttppissipp
dkvnnssrsk
1ssihfwstl
t

11gllgkpgn
iikkvnggkf
pgaktssrnd
fvttpskkpp
ttppissipp
dkvnnssrsk
1llsficpfkqg

111allppga
lsflgdigev
gaspgglrel
achpcspmck
dclaclhfnh
ctlveplhng
fgslaflpes
irgrilhnga
gallhtanrp
preyvnarhc
mpiwkfpdee
fgilikrrqq
fgtvykgiwi
tstvglvtgl
v1vkspnhvk
tvwelmtfga
elvsefsrma
fcpdpapgag
gmgaakglgs
spregplpaa
pafspafdnl

isoform a,

NP 001308129.1,

flkrlicrsg
atqgnsleqgl
hgsselgdld
mkkegnkigv

khmicwtsnd
vykfvsypei
yihsglyssf
vepvaatisi
lgepprtpsp
kpkglelapt
spvaplspar

khmicwtsnd
vykfvsypei
yihsglyssf
vepvaatisi
lgepprtpsp
kpkglelapt
ignlytgvef

astgvectgtd
ggyvliahng
glrslteilk
gsrcwgesse
sgicelhcpa
evtaedgtgr
fdgdpasnta
ysltlgglgi
edecvgegla
lpchpecgpg
gacgpcpinc
kirkytmrrl
pdgenvkipv
mpygclldhv
itdfglarll
kpydgipare
rdpgrfvvig
gmvhhrhrss
lpthdpsplg
rpagatlerp
yywdgdpper

sfkfhsraly
ksegllyvhs

antigen, 9,
rgrklsgdqgi
epdyfkdmtp
twgentnawe
kls

NP 001964.2

ggfkllgaee
Inmdpmtvgr
tlnslnssnv
gpsispssee
plsshpdidt
lvitssdpsp
lggantlfgf

isoform b, NP 068567.1

ggfkllgaee
Inmdpmtvgr
tlnslnssnv
gpsispssee
plsshpdidt
lvitssdpsp
111lrfvlerl

isoform a precursor,

mklrlpaspe
vrgqvplgrlr
ggvligrnpqg
dcgsltrtve
lvtyntdtfe
cekcskpcar
plgpeqlgvE
swlglrslre
chglcarghc
ngsvtcfgpe
thscvdlddk
lgetelvepl
aikvlrents
renrgrlgsqg
dideteyhad
ipdllekger
nedlgpaspl
strsgggdlt
rysedptvpl
ktlspgkngv
gappstfkgt

PCT/US2018/023442

vklaveqglgs
srggpfqrwh

hpeagealgp
ldevflelkd

NP _001265867.1,

tlpttvdyss
tirktgkivi
eeedaawgae

varlwgirkn
iegdceslnf
klfklikten
tigaletlvs
didsvasgpm
lgilspslpt
psvlnshgpf

varlwgirkn
iegdceslnf
klfklikten
tigaletlvs
didsvasgpm
lgilspslpt
cvtvm

thldmlrhly
ivrgtglfed
leygdtilwk
aggcarckgp
smpnpegryt
veyglgmehl
etleeitgyl
lgsglalihh
wgpgptgcvn
adqgcvacahy
gcpaegrasp
tpsgampnga
pkankeilde
dllnwcmgia
ggkvpikwma
lpgppictid
dstfyrslle
lglepseeea
psetdgyvap
vkdvfafgga
ptaenpeylg

isoform b, NP _001005862.

1 mklrlpaspe thldmlrhly ggcgvvggnl eltylptnas lsflqgdigev
61 vrgvplgrlr ivrgtglfed nyalavldng dplnnttpvt gaspgglrel
121 ggvligrnpg lcygdtilwk difhknngla ltlidtnrsr achpcspmck

vpkgtdveew
kkreplnfgi
evlrqgklad

kpnmnydkls
sevsssskdv
paeklaekks
pklpsleapt
elpenlslep
asltpaffsqg
tlsgldgpst

kpnmnydkls
sevsssskdv
paeklaekks
pklpsleapt
elpenlslep
asltpaffsqg

NP 004439.2

ggcqgvvggnl
nyalavldng
difhknngla
lptdccheqge
fgascvtacp
revravtsan
yisawpdslp
nthlcfvhtv
csgflrggec
kdppfcvarc
ltsiisavvg
gmrilketel
ayvmagvgsp
kgmsyledvr
lesilrrrft
vymimvkcwm
dddmgdlvda
prsplapseg
ltespgpeyv
venpeyltpg
1dvpv

1

ggyvliahng
glrslteilk
gsrcwgesse
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181
241
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901
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Receptor tyrosine-protein kinase erbB-2,

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201

Receptor tyrosine-protein kinase erbB-2,

1
61
121
181
241
301
361
421
481
541
601
661
721
781

dcgsltrtve
lvtyntdtfe
cekcskpcar
plgpeqglgvE
swlglrslre
chglcarghc
ngsvtcfgpe
thscvdlddk
lgetelvepl
aikvlrents
renrgrlgsqg
dideteyhad
ipdllekger
nedlgpaspl
strsgggdlt
rysedptvpl
ktlspgkngv
gappstfkgt

mprgswkpqv
digevggyvl
glrelglrsl
spmckgsrcw
lhfnhsgice
plhngevtae
flpesfdgdp
lhngaysltl
tanrpedecv
narhclpchp
fpdeegacqp
krrggkirky
kgiwipdgen
1lvtglmpygc
pnhvkitdfg
mt fgakpydg
fsrmardpgqr
apgaggmvhh
kglgslpthd
plpaarpaga
afdnlyywdg

melaalcrwg
eltylptnas
dplnnttpvt
ltlidtnrsr
aagctgpkhs
ynylstdvgs
igefagckki
dlsvfgnlqgv
pwdglfrnph
veecrvlqgl
psgvkpdlsy
illvvvlgvv
rkvkvlgsga
yvsrllgicl

aggcarckgp
smpnpegryt
veyglgmehl
etleeitgyl
lgsglalihh
wgpgptgcvn
adqgcvacahy
gcpaegrasp
tpsgampnga
pkankeilde
dllnwcmgia
ggkvpikwma
lpgppictid
dstfyrslle
lglepseeea
psetdgyvap
vkdvfafgga
ptaenpeylg

ctgtdmklrl
iahngvrgvp
teilkggvli
gessedcgsl
lhecpalvtyn
dgtgrcekcs
asntaplgpe
gglgiswlgl
geglachqglc
ecqgpgngsvt
cpincthscv
tmrrllgete
vkipvaikvl
lldhvrenrg
larlldidet
ipareipdll
fvvignedlg
rhrssstrsg
psplgrysed
tlerpktlsp
dppergapps

111allppga
lsflgdigev
gaspgglrel
achpcspmck
dclaclhfnh
ctlveplhng
fgslaflpes
irgrilhnga
gallhtanrp
preyvnarhc
mpiwkfpdee
fgilikrrqq
fgtvykgiwi
tstvglvtgl

162

lptdccheqge
fgascvtacp
revravtsan
yisawpdslp
nthlcfvhtv
csgflrggec
kdppfcvarc
ltsiisavvg
gmrilketel
ayvmagvgsp
kgmsyledvr
lesilrrrft
vymimvkcwm
dddmgdlvda
prsplapseg
ltespgpeyv
venpeyltpg
1dvpv

paspethldm
lgrlrivrgt
grnpglcyqd
trtvcaggca
tdtfesmpnp
kpcarvecygl
glgvfetlee
rslrelgsgl
arghcwgpgp
cfgpeadgcv
dlddkgcpae
lvepltpsga
rentspkank
rlgsqdllnw
eyvhadggkvp
ekgerlpgpp
paspldstfy
ggdltlglep
ptvplpsetd
gkngvvkdvE
tfkgtptaen

astgvectgtd
ggyvliahng
glrslteilk
gsrcwgesse
sgicelhcpa
evtaedgtgr
fdgdpasnta
ysltlgglgi
edecvgegla
lpchpecgpg
gacgpcpinc
kirkytmrrl
pdgenvkipv
mpygclldhv

isoform c,

aagctgpkhs
ynylstdvgs
igefagckki
dlsvfgnlqgv
pwdglfrnph
veecrvlqgl
psgvkpdlsy
illvvvlgvv
rkvkvlgsga
yvsrllgicl
lvhrdlaarn
hgsdvwsygv
idsecrprfr
eeylvpgggt
agsdvfdgdl
ngpdvrpgpp
ggaapgphpp

1lrhlyggecqv
glfednyala
tilwkdifhk
rckgplptdc
egrytfgasc
gmehlrevra
itgylyisaw
alihhnthlc
tgcvnesqgfl
acahykdppf
graspltsii
mpngagmril
eildeayvma
cmgiakgmsy
ikwmalesil
ictidvymim
rslledddmg
seeeaprspl
gyvapltcsp
afggavenpe
peylgldvpv

isoform d precursor,

mklrlpaspe
vrgqvplgrlr
ggvligrnpqg
dcgsltrtve
lvtyntdtfe
cekcskpcar
plgpeqlgvE
swlglrslre
chglcarghc
ngsvtcfgpe
thscvdlddk
lgetelvepl
aikvlrents
renrgrlgsqg

PCT/US2018/023442

dclaclhfnh
ctlveplhng
fgslaflpes
irgrilhnga
gallhtanrp
preyvnarhc
mpiwkfpdee
fgilikrrqq
fgtvykgiwi
tstvglvtgl
v1lvkspnhvk
tvwelmtfga
elvsefsrma
fcpdpapgag
gmgaakglgs
spregplpaa
pafspafdnl

NP 001276865.

vggnleltyl
vldngdplnn
nnglaltlid
chegcaagct
vtacpynyls
vtsanigefa
pdslpdlsvE
fvhtvpwdgl
rggecveecr
cvarcpsgvk
savvgillvv
ketelrkvkv
gvgspyvsrl
ledvrlvhrd
rrrfthgsdv
vkcewmidsec
dlvdaeeylv
apsegagsdv
gpeyvngpdv
yltpgggaap

NP_
thldmlrhly
ivrgtglfed
leygdtilwk
aggcarckgp
smpnpegryt
veyglgmehl
etleeitgyl
lgsglalihh
wgpgptgcvn
adqgcvacahy
gcpaegrasp
tpsgampnga
pkankeilde
dllnwcmgia

sgicelhcpa
evtaedgtgr
fdgdpasnta
ysltlgglgi
edecvgegla
lpchpecgpg
gacgpcpinc
kirkytmrrl
pdgenvkipv
mpygclldhv
itdfglarll
kpydgipare
rdpgrfvvig
gmvhhrhrss
lpthdpsplg
rpagatlerp
yywdgdpper

1

ptnaslsflqg
ttpvtgaspg
tnrsrachpc
gpkhsdclac
tdvgsctlve
gckkifgsla
gnlgvirgri
frnphgallh
vligglpreyv
pdlsympiwk
vigvvfgili
lgsgafgtvy
lgicltstvqg
laarnvlvks
wsygvtvwel
rprfrelvse
paggffcpdp
fdgdlgmgaa
rpgppspreg
gphpppafsp

001276866.1
ggcqgvvggnl
nyalavldng
difhknngla
lptdccheqge
fgascvtacp
revravtsan
yisawpdslp
nthlcfvhtv
csgflrggec
kdppfcvarc
ltsiisavvg
gmrilketel
ayvmagvgsp
kgmsyledvr
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841
901
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Receptor tyrosine-protein kinase erbB-2,

1
61
121
181
241
301
361
421
481
541
601

Inosine monophosphate dehydrogenase 2 ,

1
61
121
181
241
301
361
421
481

lvhrdlaarn
hgsdvwsygv
idsecrprfr

eeylvpgqgt

mklrlpaspe
vrgqvplgrlr
ggvligrnpqg
dcgsltrtve
lvtyntdtfe
cekcskpcar
plgpeqglgvE
swlglrslre
chglcarghc
ngsvtcfgpe
ths

madylisggt
lktplvsspm
lspkdrvrdv
kredlvvapa
kkgllcgaai
ggnvvtaaga
viadggiqnv
dkhlssgnry
ammysgelkf

KRAS proto-oncogene,

1
61
121
181

mteyklvvvg
geeysamrdg
psrtvdtkga
vkikkciim

KRAS proto-oncogene,

1
61
121
181

mteyklvvvg
geeysamrdg
psrtvdtkga
sktkcvim

v1vkspnhvk
tvwelmtfga
elvsefsrma

fepdpapgag

thldmlrhly
ivrgtglfed
leygdtilwk
aggcarckgp
smpnpegryt
veyglgmehl
etleeitgyl
lgsglalihh
wgpgptgcvn
adqgcvacahy

syvpddglta
dtvteagmai
feakarhgfc
gitlkeanei
gtheddkyrl
knlidagvda
ghiakalalg
fseadkikva
ekrtssagve

GTPase,
aggvgksalt

isoform a,

163

itdfglarll
kpydgipare
rdpgrfvvig
gmvhhrhrss

ggcqgvvggnl
nyalavldng
difhknngla
lptdccheqge
fgascvtacp
revravtsan
yisawpdslp
nthlcfvhtv
csgflrggec
kdppfcvarc

NP

isoform e,

dideteyhad
ipdllekger
nedlgpaspl
strnm

eltylptnas
dplnnttpvt
ltlidtnrsr
aagctgpkhs
ynylstdvgs
igefagckki
dlsvfgnlqgv
pwdglfrnph
veecrvlqgl
psgvkpdlsy

000875.2

gglfnecgdgl
amaltggigf
gipitdtgrm
lgrskkgklp
dllagagvdv
lrvgmgsgsi
astvmmgsll
ggvsgavgdk
ggvhslhsye

NP

tyndflilpg
ihhnctpefq
gsrlvgiiss
ivneddelva
vvldssqggns
citgevlacg
aatteapgey
gsihkfvpyl
krlf

203524.1

iglignhfvd

eydptiedsy

ymrtgegflc vfainntksf edihhyreqi
gdlarsygip fietsaktrq rvedafytlwv

GTPase,

isoform b, NP 004976.2

aggvgksalt igligqnhfvd eydptiedsy

ymrtgegflc
gdlarsygip

Transforming growth factor beta
NP 001020018.1

1
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181
241
301
361
421
481
541

mgrgllrglw
mivtdnngav
tletvchdpk
snpdlllvif
caiileddrs
vkifpyeeya
yltrhviswe
cdfglslrld
emtsrcnavg
tltecwdhdp

plhivliwtri
kfpglckfcd
lpyhdfiled
gvtgisllpp
disstcanni
swktekdifs
dlrklgssla
ptlsvddlan
evkdyeppfg
earltaqcva

Transforming growth factor beta
1 mgrgllrglw plhivlwtri
61 cdngkscmsn csitsicekp

vfainntksf
fietsaktrqg

receptor 2,

astipphvgk
vrfstcdngk
aaspkcimke
lgvaisviii
nhntellpie
dinlkhenil
rgiahlhsdh
sggvgtarym
skvrehpcve
erfselehld

receptor 2,
astipphvgk
gevcvavwrk

edihhyreqi
gvddafytlv

isoform A

sdvemeagkd
scmsncsits
kkkpgetffm
fycyrvnrqq
ldtlvgkgrt
gfltaeerkt
tpcgrpkmpi
apevlesrmn
smkdnvlrdr
rlsgrscsee

isoform B
gvnndmivtd
ndenitletv

PCT/US2018/023442

ggkvpikwma
lpgppictid
dstfyrslle

NP 001276867.

lsflgdigev
gaspgglrel
achpcspmck
dclaclhfnh
ctlveplhng
fgslaflpes
irgrilhnga
gallhtanrp
preyvnarhc
mpiwkfpdee

yidftadgvd
anevrkvkky
rdidflkeee
iiartdlkkn
ifginmikyi
rpgatavykv
ffsdgirlkk
iagighscqgd

rkgvvidget
krvkdsedvp
reirqgyrlkk

rkgvvidget
krvkdsedvp
reirkhkekm

precursor,

eiicpscnrt
icekpgevev
cscssdecnd
klsstwetgk
aevykaklkg
elgkgywlit
vhrdlkssni
lenvesfkgt
grpeipsfwl
kipedgslnt

precursor,
nngavkfpgl
chdpklpyhd

lesilrrrft
vymimvkcwm
dddmgdlvda

1

ggyvliahng
glrslteilk
gsrcwgesse
sgicelhcpa
evtaedgtgr
fdgdpasnta
ysltlgglgi
edecvgegla
lpchpecgpg
gacgpcpinc

ltsaltkkit
eqgfitdpvv
hdcfleeimt
rdyplaskda
kdkypnlgvi
seyarrfgvp
yrgmgsldam
igaksltgvr

clldildtag
mvl1lvgnkcdl
iskeektpgc

clldildtag
mvl1lvgnkcdl
skdgkkkkkk

ahplrhinnd
avwrkndeni
niifseeynt
trklmefseh
ntseqgfetva
afhakgnlqge
1vkndltccl
dvysmalvlw
nhggigmvce
tk

NP 003233.4
ckfedvrfst
filedaaspk
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Actinin alpha 4,

1
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Actinin alpha 4,

1
61
121
181
241
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361
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Activin A

NP 001334593.1,

1
61
121
181
241
301
361
421
481

cimkekkkpg
sviiifyecyr
llpieldtlv
henilgflta
lhsdhtpcgr
tarymapevl
hpcvesmkdn
lehldrlsgr

mvdyhaangs
nshlrkagtqg
skgvklvsig
knvnvgnfhi
ldaedivnta
lasdllewir
gtklrlsnrp
kasiheawtd
neldyydshn
nnwmesamed
nhiklsgsnp
vgpwigtkme
dnkhtnytme
hggalgpeef
dtdtadgvia
fstalygesd

mvdyhaangs
nshlrkagtqg
skgvklvsig
knvnvgnfhi
ldaedivgtl
lasdllewir
gtklrlsnrp
kasiheawtd
neldyydshn
nnwmesamed
nhiklsgsnp
vgpwigtkme
dnkhtnytme
gtgsmdsddf
dgviasfkvl
ygesdl

receptor type 1,
NP 001334594.1,

mvdgvmilpv
dgfhvygkgc
hlevgliils
adlldhscts
dekswfrete
dtvsclrivl
hsgstngldv
ngivedykpp
npsarltalr

isoform 1,

isoform 2,

etffmecscss
vnrggklsst
gkgrfaevyk
eerktelgkqg
pkmpivhrdl
esrmnlenve
vlrdrgrpei
scseekiped

yqygpssagn
ienidedfrd

aeeivdgnak
swkdglafna
rpdekaimty
rtipwledrv
afmpsegkmv
gkeamlkhrd
vntrcgkicd
lgdmfivhti
yttvtpgiin
eigrisiemn
hirvgweqll
kaclislgyd
sfkvlagdkn
1

yqygpssagn
ienidedfrd

aeeivdgnak
swkdglafna
rpdekaimty
rtipwledrv
afmpsegkmv
gkeamlkhrd
vntrcgkicd
lgdmfivhti
yttvtpgiin
eigrisiemn
hirvgweqll
rallistgys
agdknfitae

limialpsps
fgvyeggkmt
vviavcllac
gsgsglpflv
lyntvmlrhe
siasglahlh
gnnprvgtkr
fydvvpndps
ikktltkidn

NP 001096.1,

164

decndniifs
wetgktrklm
aklkgntseq
ywlitafhak
kssnilvknd
sfkgtdvysm
psfwlnhggi
gslnttk

NP 004915.2

gaggggsmgd
glklmlllev
mtlgmiwtii
lihrhrpeli
vssfyhafsg
paktigemqq
sdinngwghl
yetatlsdik
gwdalgslth
eeieglisah
skwekvqglv
gtledglshl
ttiartinev
vendrggeae
fitaeelrre

NP 001308962.1

gaggggsmgd
glklmlllev
mtlgmiwtii
lihrhrpeli
vscfyhafsg
paktigemqq
sdinngwghl
yetatlsdik
gwdalgslth
eeieglisah
skwekvqglv
gtledglshl
ttiartinev
lgeaefnrim
elrrelppdqg

medekpkvnp
cktppspgga
llgvalrkfk
grtvargitl
nilgfiasdm
ieifgtggkp
ymapevldet
fedmrkvvev
sldklktdc

eeyntsnpdl
efsehcaiil
fetvavkifp
gnlgeyltrh
ltecclcedfgl
alvlwemtsr
gmvcetltec

ymageddwdr
isgerlpkpe
lrfaiqgdisv
eydklrkddp
agkaetaanr
kledfrdyrr
eqgaekgyeew
alirkheafe
srrealekte
dgfkstlpda
pkrdhallee
kgyersivdy
engiltrdak
fnrimslvdp
lppdgaeyci

ymageddwdr
isgerlpkpe
lrfaiqgdisv
eydklrkddp
agkaetaanr
kledfrdyrr
eqgaekgyeew
alirkheafe
srrealekte
dgfkstlpda
pkrdhallee
kgyersivdy
engiltrdak
slvdpnhsgl
aeyciarmap

NP 001104537.1,
NP 001334595.1,

klymcvcegl
veccggdwen
rrngerlnpr
lecvgkgryg
tsrhsstglw
aiahrdlksk
igvdcfdsyk
dggrpnipnr

PCT/US2018/023442

llvifgvtgi
eddrsdisst
yeeyaswkte
viswedlrkl
slrldptlsv
cnavgevkdy
wdhdpearlt

dllldpawek
rgkmrvhkin
eetsakegll
vtnlnnafev
ickvlavnge
vhkppkvgek
llneirrler
sdlaahqgdrv
kgleaidqglh
drereailai
gskqggsnehl
kpnldlleqqg
gisgegmgef
nhsglvtfga

armapyqgpd

dllldpawek
rgkmrvhkin
eetsakegll
vtnlnnafev
ickvlavnge
vhkppkvgek
llneirrler
sdlaahqgdrv
kgleaidqglh
drereailai
gskqggsnehl
kpnldlleqqg
gisgegmgef
vtfgafidfm
yggpdavpga

scgnedhceg
rnitaqlptk
dveygtiegl
evwrgswgge
lithyhemgs
nilvkknggc
rvdiwafglv
wfsdptltsl

sllpplgvai
canninhnte
kdifsdinlk
gsslargiah
ddlansgqgvg
eppfgskvre
agcvaerfse

ggrktftawc
nvnkaldfia
lwegrktapy
aekyldipkm
nehlmedyek
cqleinfntl
ldhlaekfrg
eqiaaiaqel
leyakraapf
hkeaqgriaes
rrgfasqanv
hgligealif
rasfnhfdkd
fidfmsrett
avpgaldyks

ggrktftawc
nvnkaldfia
lwegrktapy
aekyldipkm
nehlmedyek
cqleinfntl
ldhlaekfrg
eqiaaiaqel
leyakraapf
hkeaqgriaes
rrgfasqanv
hgligealif
rasfnhfdkk
srettdtdta
ldyksfstal

NP 001334592.1,
NP 001334596.1

ggcfsslsin
gksfpgtgnt
ittnvgdstl
nvavkifssr
lydylglttl
ciadlglavm
lwevarrmvs
aklmkecwyqg
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Alcochol dehydrogenase 1C

1
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Adenosine A2a receptor,
NP 001265428.1,

1
61
121
181
241
301
361

mstagkvikc
plpvilghea
rgtlqgdgtrr
ygsavkvakv
cinpgdykkp
nlsinpmlll
dllrsgksir

mpimgssvyi
pfaitistgf
akgiiaicwv
nffacvlvpl
1falcwlplh
kiirshvlrg
yvalglvsggs

(class
kaavlwelkk
agivesvgeg
ftesgkpihh
tpgstcavig
igevlkemtd
tgrtwkgaif
tvltE

tvelaiavla
caachgclfi
lsfaigltpm
1lmlgvylri
iincftffcp
gepfkaagts
agesqgntgl

Rho guanine nucleotide exchange

1
61
121
181
241
301
361
421
481
541
601
661

B-cell linker,

1
61
121
181
241
301
361
421

B-cell linker,

1
61
121
181
241
301
361
421

B-cell linker,

magrhsdssl
rppgheepwp
dpkllpapst
aeepsgphtr
pegtgkvdat
hslsilveef
dileehaekh
ilpmgrvtrl
lhtgldfskv
kseesymvqgd
ssdsasdrar
gedgwlyger

mdklnkitvp
eeqgwsddfds
dnrssgrhsp
pvedndenyi
apsplpragk
kgihgkpipl
hrsnkdgsfl
svaeilirnhg

mdklnkitvp
eeqgwsddfds
dnrssgrhsp
pvedndenyi
ggnassvcee
plpsfssnst
tlvvEfnkrv
kdstrlkyav

isoform 1,

isoform 2,

isoform 3,

eekllghrfh
ivlstespaa
slddmdvdkd
spaknkktlg
ivvksyrpaq
lgskelratv
fhpyiaycsn
pllmdtlclk
kslplisasr
yagqmnhigve
wivalthser
lrdgetgwfp

asgklrglgk
dyenpdehsd
pfsktlpskp
hptesssppp
kpttplkttp
prfteggnpt
irkssghdsk
hsplvlidsg

asgklrglgk
dyenpdehsd
pfsktlpskp
hptesssppp
kpipaerhrg
isegeagvlc
ynipvrfiea
kvs

NP 000666.2,
NP 001265429.1

165

1),
pfsieeveva
vttvkpgdkv
fvgvstfsqy
lggvglsvvm
ggvdfsfevi
ggfkskesvp

ilgnvlvcwa
acfvlvltgs
lgwnncggpk
flaarrqlkg
dcshaplwlm
arvlaahgsd
pdvellshel

factor 16,
selrldaggn
lklgtgglip
pggmlrrnlr
rkrghkgsfk
vtwsglpevv
tgmehhhlfs
evyqqrtlgk
tgghservyka
wllkrgelfl
kiepselplp
gwqglsskgd
edfarfitsr

NP 037446.1

mvhdiknneg
semyvmpaee
swpsekarlt
ekapmvnrst
vasqqnassv
vdgplpsfss
geytlvvifn
nntkdstrlk

NP 001107566.1

mvhdiknneg
semyvmpaee
swpsekarlt
ekgrnsgawe
sshrgeavgs
kpwyagacdr
tkgyalgrkk

NP 001245369.1

1 mdklnkitvp asgklrglgk mvhdiknneg
61 eegwsddfds dyenpdehsd semyvmpaee
121 dnrssqrhsp pfsktlpskp swpsekarlt

gamma polypeptide,

ppkahevrik
iplftpgcgk
tvvdenavak
gckaagaari
grldtmmasl
klvadfmakk

NP 001265426.1,

vwlnsnlgnv
gsifsllaiai
egknhsqggcg
mesgplpger
ylaivlshtn
geqvslrlng

kgvcpeppgl

NP 055263.
pasglpmvrg
kslavaskak
ngsyraamkg
ddpgqlygeiq
elgildglst
nildvlgasqg
lissnaafre
asralkaisk
veetglfrki
gggnrsssvp
lpgveitkaf
vavegnvrrm

gimnkikklk
naddsyeppp
stlpaltalg
kpnsstpasp
ceekpipaer
nstisegeag
krvynipvrf
yavkvs

gimnkikklk
naddsyeppp
stlpaltalg
tkspppaaps
pvippagkqgi
ksaeealhrs
ngeeyfgsva

gimnkikklk
naddsyeppp
stlpaltalg

PCT/US2018/023442

mvaagicrsd
cricknpesn
idaasplekv
iavdinkdkf
lccheacgts
fsldalitni

NP 000660.

1

ehvvsgnlvt
yclkndlgnp
cligegfstg
akakelgate
vivgvppdsqg
1lpfekinegf

NP 001265427.1,

tnyfvvslaa
dryiairipl
eggvaclfed
arstlgkevh
svvnpfiyay
hppgvwangs
ddplagdgag

2
sprvrddaaf
tparhgsfga
lgkpggggda
erglntsges
eerkrgeamf
rffedlegrh
alreierrpa
lvrgcnegah
asrptcylfl
hpfgvtllrn
fakgadevtl
erlrvetdv

vkappsvprr
veqgetrpvhp
kpgvppkpkg
pgtasgrnsg
hrgsshrqgea
v1ckpwyaga
ieatkqgyalg

vkappsvprr
veqgetrpvhp
kpgvppkpkg
plpragkkpt
hgkpiplprf
nkdgsflirk
eiirnhghsp

vkappsvprr
veqgetrpvhp
kpgvppkpkg

adiavgvlai
rynglvtgtr
vvpmnymvy £
aakslaiivg
rirefrqtfr
aphperrpng
vs

gegvpappdp
avlsreaarr

iglspklgal
dddildesss
eiltsefsyqg
kagvlvedis
cgglpmlsfl
rmermeqmyt
fndvlvvtkk
segrgeqlll
ggadvvlvlg

dyasespade
alpfargeyi
lledeadyvv
awetkspppa
vgspvippag
cdrksaeeal
rkkngeeyfg

dyasespade
alpfargeyi
lledeadyvv
tplkttpvas
teggnptvdg
ssghdskgpy
lvlidsgnnt

dyasespade
alpfargeyi
lledeadyvv
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B-cell linker,

1
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B-cell linker,
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Basonuclin 1,
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Basonuclin 1,

1
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pvedndenyi
apsplpragk
kgihgkpipl
hrsnkyfgsv

mdklnkitvp
eeqgwsddfds
dnrssgrhsp
pvedndenyi
ggnassvcee
plpsfssnst
lidsgnntkd

mdklnkitvp
eeqgwsddfds
grnsgawetk
hrqgeavgspv
wyagacdrks

mrrrppsrgg
hgwvahalsk

gdevlgilha
elmaiqgekee
tfmlpfgffn
kdgclnecpda
acektfydkg
nrdkdlrnsl
nlktvgpvlp
smpikiekea
pfpegerpch
gmepgvpisd
gcdickktfk
gealessedh
slesynsgpl
pgedeypicv
pgcntmfssv

mrcrnmffsf
lsklrippmy
lhaldwtlgd
keegsiiipp
ffnplppali
pdaitkkeds
dkgtlkihyn
nslnlassen
vipfyrspat
keaveianek
pchresvies
fsdymelqqgr
tfknacsvki
edhfraayll
gplsegtild
icvlmekadqg

isoform 4,

isoform 5,

isoform a,

hptesssppp
kpttplkttp
prfteggnpt
aeiirnhghs

asgklrglgk
dyenpdehsd
pfsktlpskp
hptesssppp
kpipaerhrg
isegeagvlc
strlkyavkv

asgklrglgk
dyenpdehsd
spppaapspl
fppagkgihg
aeealhrsnk

rgaararetr
lrippmypts
ldwtlgdyir
gsiiippsta
plppaligsl
itkkedsthl
tlkihynavh
nlassenykc
fyrspatpae
veianekrhn
resviessga
ymelggrlla
nacsvkihhk
fraayllkdv
segtildlst
Imekadqgsla
rsrnrhsqnp

kaslcgcgaa
ptsgveivgs
yirgyvlgda
stanvdiraf
gslpegymle
thlsdsssyn
avhlkikhkc
vkcpgftvts
paevantpgi
rhnlssdedm
sgaisqgtpeq
llagglfsal
hhknmhvkem
kdvakeayqd
lsttssmkse
slaslpsglp

166

ekapmvnrst
vasqqnassv
vdgplpsfss
plvlidsgnn

NP 001245370.1

mvhdiknneg
semyvmpaee
swpsekarlt
ekgrnsgawe
sshrgeavgs
kpwyagacdr
S

NP 001245371.1

mvhdiknneg
semyvmpaee
pragkkpttp
kpiplprfte
yfgsvaeiir

NP 001708.3

rgprhrsgrr
gveivgsnvv
gyvlgdasgk
nvdirafies
pegymleqggh
sdsssynivt
lkikhkctie
pgftvtspdc
vantpgilps
lssdedmplg
isgtpegath
gglfsalsnr
nmhvkemhtc
akeaygdvaf
tssmksesss
slpsglpitc
nlhkslassp

isoform b, NP _001288135.1

tapsltaisc
nvvfdisslm
sgkvldhwsi
iescshrsss
gghdgsgdpk
ivtkfertqgl
tiegenmvfs
pdcrpppsyp
lpslpllsss
plgvvsedeq
athnserete
snrgmafpcl
htctvegcna
vaftggasqgt
ssshsswdsd
itchlegkty

kpnsstpasp
ceekpipaer
nstisegeag
tkdstrlkya

gimnkikklk
naddsyeppp
stlpaltalg
tkspppaaps
pvippagkqgi
ksaeealhrs

gimnkikklk
naddsyeppp
lkttpvasqq
ggnptvdgpl
nhghsplvli

maeaisctln
fdisslmlyg
vldhwsimts
cshrssslpt
dgsgdpkgev
kfertglspe
genmvisslr
rpppsypgsg
lpllsssipe
vvsedegeac
nsereteqtp
gmafpcleds
tvegcnatfp
tggasqgtsvi
hsswdsdgvs
hlcgktysnk
shlg

tlncscgstk
lygtgaipvr
mtseeevatl
lptpvdkgnp
gevhgpfpds
speakvkper
slrsrnrhsa
gsgedskggp
ipeqglisnem
eacspgshrv
gtpalimvpr
edskelehvg
tfpsrrsrdr
svifkgtsrm
gvseegtvlm
snkgtfrahy
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pgtasgrnsg
hrgsshrqgea

v1ckpwyaga
vkvs

vkappsvprr
veqgetrpvhp
kpgvppkpkg
plpragkkpt
hgkpiplprf
nkyfgsvaei

vkappsvprr
veqgetrpvhp
nassvceekp
psfssnstis
dsgnntkdst

cscgsfkpgk
tgaipvrlki
eeevatlqgqgt
pvdkgnpssi
hgpfpdssfl
akvkpernsl
srnrhsanpn
edskggpafp
glisnempfd
spgshrvsee
alimvpreve
kelehvggha
srrsrdrhss
fkgtsrmgsl
eegtvlmeds
gtfrahyktv

pgkinhrgecd
lkilldrlfs
ggflrfgetk
ssihpfenli
sfltssstpf
nslgtkkgrv
npnprlhmpm
afpnigqngv
pfdalpkkks
seeghvqgsgg
evedgghehy
ghalargiee
hssnlnlhgk
gslvypitqgv
edsdgncegs
ktvhlrglhk

awetkspppa

vgspvippag
cdrksaeeal

dyasespade
alpfargeyi
lledeadyvv
tplkttpvas
teggnptvdg
irnhghsplv

dyasespade
alpfargtas
ipaerhrgss
eqgeagvlckp
rlkyavkvs

inhrqgecdgck
1ldrlfsvlk
lrfgetksiv
hpfenlisnm
tssstpfgve
gtkkgrvict
prlhmpmnrn
niggngvlfp
alpkkksrks
ghvgsgglgk
dgghehyftp
largieenrf
nlnlhgkals
vypitgvhsa
dgncegsslv
hlrglhkckv

gckhgwvaha
vlkgdevlgi
sivelmaiqge
snmtfmlpfg
gvekdgclnc
fctacektfy
nrnnrdkdlr
1fpnlktvgp
rkssmpikie
lgkpfpeger
ftpgmepgvp
nrfgcdickk
alsgealess
hsaslesyns
slvpgedeyp
ckvpgentmt
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961 ssvrsrnrhs gnpnlhksla sspshlqg

BPI fold containing family A member 1,
NP 570913.1

NP _057667.
1

61

121

181

241

Calcium voltage-gated channel auxiliary subunit beta 3,

NP 000716.
1

61

121

181

241

301

361

421

481

Calcium voltage-gated channel auxiliary subunit beta 3,

1,
mfgtggliveE
sggllgilen
vgspdghrly
thepgslgis
divnmlihgl

2
myddsyvpgf
afavrtnvsy
parlesirlk
v1ivgpslkgy
ssarssiaev
grlirsrgks
hhpapgpgll
ssrhleedya
kdsy

NP 001193844.1

1
61
121
181
241
301
361
421

Calcium voltage-gated channel auxiliary subunit beta 3,

myddsyvpgf
dwwigrlvke
gkgaehvppy
slakrsvlnn
ktelapiive
ledacehlae
psdeasessr
gdsehnhsdr

NP 001193845.1

1
61
121
181
241
301
361
421
481

Calcium voltage-gated channel auxiliary subunit beta 3,

msfsdssatf
favrtnvsyc
grlesirlkqg
1lvgpslkgye
sarssiaevq
rlirsrgksqg
hpapgpgllg
srhleedyad
dsy

NP 001193846.1

1
61
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181
241
301
361
421

megsadsyts
ldeecpvqgs
karrsgnpss
dmmgkalfdf
ierifelaks
hltvgmmayd
saipglanqq
gdlygphrgh

precursor,

PCT/US2018/023442

NP _001230122.1,

yvgllagtmaq fgglpvpldg tlplnvnpal plsptglags
1plldilkpg ggtsggllgg llgkvtsvip glnniidikv
vtiplgiklg vntplvgasl lrlavkldit aeilavrdkqg
11dglgplpi gglldsltgi 1lnkvlpelvqg gnvcplvnev

gfvikv

edseagsads
cgvldeecpv
gegkarrsgn
evtdmmgkal
gseierifel
gmkhltvgmm
gppsaipglqg
daygdlygph

edseagsads
ggdiafipsp
dvvpsmrpvv
pogkrtiiers
vkvsspkvlg
ylevywrath
gawtgssqgrs
nwgrnrpwpk

llnegsadsy
gvldeecpvg
egkarrsgnp
vtdmmgkalf
seierifela
mkhltvgmma
ppsaipglan
aygdlygphr

rpsldsdvsl
gvnfeakdfl
lsdignrrsp
lkhrfdgris
lglvvldadt
klvgcppest
llgergeehs
tsglpsangh

ytsrpsldsd
ggsgvnfeak
psslsdignr
fdflkhrfdg
akslglvvld
aydklvgcpp
ngqllgerge
rghtsglpsa

ytsrpsldsd
grlesirlkqg
1lvgpslkgye
sarssiaevq
rlirsrgksg
hpapgpgllg
srhleedyad
dsy

tsrpsldsdv
gsgvnfeakd
sslsdignrr
dflkhrfdgr
kslglvvlda
ydklvgcppe
ggllgergee
ghtsglpsan

eedresarre
hikekysndw
pprslakgkgk
itrvtadlsl
inhpaglakt
dvildengle
plerdslmps
dpgdrllaqgd

vsleedresa
dflhikekys
rspppslakqg
risitrvtad
adtinhpaql
esfdvilden
ehsplerdsl
nghdpgdrll

vsleedresa
egkarrsgnp
vtdmmgkalf
geierifela
mkhltvgmma
ppsaipglgn
ayqdlygphr

sleedresar
flhikekysn
spppslakgk
isitrvtadl
dtinhpaqgla
sfdvildeng
hsplerdslm
ghdpgdrlla

vesgadgqqle
wigrlvkegg

gaehvppydv
akrsvlnnpg
slapiivivk
dacehlaeyl
deasessrqga
sehnhsdrnw

rrevesgaqq
ndwwigrlvk
kgkgaehvpp
l1slakrsvln
aktslapiiv
gledacehla
mpsdeasess
agdsehnhsd

rrevesgaqq
sslsdignrr
dflkhrfdgr
kslglvvlda
ydklvgcppe
ggllgergee
ghtsglpsan

revesqadqqq
dwwigrlvke

gkgaehvppy
slakrsvlnn
ktslapiive
ledacehlae
psdeasessr
gdsehnhsdr

rakhkpvafa
diafipspqgr
vpsmrpvvlv
krtiierssa
vsspkvlqgrl
evywrathhp
wtgssgrssr
grnrpwpkds

ltnalsngll
tdpgllelgl
erihlvlgdc
lrglditlvh

isoform 1,

glerakhkpv
eggdiafips
ydvvpsmrpv
npgkrtiier
fvkvsspkvl
eylevywrat
rgawtgssdgr
rnwgrnrpwp

isoform 2,

glerakkysn
spppslakgk
isitrvtadl
dtinhpaqgla
sfdvildeng
hsplerdslm
ghdpgdrlla

isoform 3,

lerakhkpva
ggdiafipsp
dvvpsmrpvv
pogkrtiiers
vkvsspkvlg
ylevywrath
gawtgssqgrs
nwgrnrpwpk

isoform 4,

vrtnvsycgv
lesirlkgeq
gpslkgyevt
ressiaevgse
irsrgksgmk
apgprgllgpp
hleedyaday

Yy
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Caspase 3,
NP 116786
1

61

121

181

241

Caspase 3,
1

61

121

181

241

Caspase 3,
1

61

121

181

Caspase 3,
1

61

121

181

Caspase 3,
1

61

121

Caveolin 1,

preproprotein,
L1

mentensvds
mtsrsgtdvd
hgeegiifgt
dmachkipve
rkvatefest

isoform b,
mdsgisldns
nkndltreei
rcrsltgkpk
rnskdgswfi
smltkelyfy

isoform c,
mentensvds
mtsrsgtdvd
hgeegiifgt
pc

isoform d,
msdalikvsm
nknfhkstgm
sgsfvevllsh
apgsssrivp

isoform e,
mdsgisldns
nkndltreei

ksiknlepki
aanlretfrn
ngpvdlkkit
adflyaysta
sfdatfhakk

NP 001341708.1,

yvkmdypemgl
velmrdvske
1fiigacrgt
gslcamlkqgy
h

NP 001341710.1,

168

NP 001341706.1,

ihgsesmdsg
lkyevrnknd
nffrgdrcrs
pgyyswrnsk
gipcivemlt

NPOO
ciiinnknfh
dhskrssfvc
eldcgietds
adklefmhil

NPOO

NP _001341707.1,

isldnsykmd
ltreeivelm
ltgkpklfii
dgswfigslc
kelyfyh

1341709.1
kstgmtsrsg
v1lshgeegi
gvdddmachk
trvnrkvate

1341711.1

ksiknlepki ihgsesmdsg isldnsykmd
aanlretfrn lkyevrnknd ltreeivelm

ngpvdlkkit

nffrgdrcrs

NP 001341712.1

entensvdsk
tsrsgtdvda
geegiifgtn
c

siknlepkii
anlretfrnl
gpvdlkkitn

NP 001341713.1

yvkmdypemgl
velmrdvske

ciiinnknfh
dhskrssfvc

recrsltgkpk 1fiigviilg eigrmapgss

isoform alpha,

NP 001744.2

1 msggkyvdse ghlytvpire ggniykpnnk
61 ddvvkidfed viaepegths fdgiwkasft
121 ilsflhiwav vpciksflie iqecisrvysi

Caveolin 1,

isoform beta,

NP 001166366.1,

ltgkpklfii

hgsesmdsgi
kyevrnkndl
ffrgdrcrsl

kstgmtsrsg
v1lshgeegi
srfvpc

amadelsekqg
tftvtkywty
yvhtvedplf

NP 001166367.1,

PCT/US2018/023442

ypemglciii
rdvskedhsk
gacrgteldc
amlkgyadkl

tdvdaanlre
ifgtngpvdl
ipveadflya
fesfsfdatf

ypemglciii
rdvskedhsk
gviilgeiqgr

sldnsykmdy
treeivelmr
tgkpklfiig

tdvdaanlre
ifgtngpvdl

vydahtkeid
rllsalfgip
eavgkifsnv

NP 004346.3,

nnknfhkstg
rssfvevlls
gietdsgvdd
efmhiltrvn

tfrnlkyevr
kkitnffrgd

ystapgyysw
hakkgipciv

nnknfhkstg
rssfvevlls
mapgsssriv

pemglciiin
dvskedhskr
viilgeigrm

tfrnlkyevr
kkitnffrgd

lvnrdpkhln
maliwgiyfa
rinlgkei

NP 001166368.1

1 madelsekgv ydahtkeidl wvnrdpkhlnd dvvkidfedv iaepegthsf dgiwkasftt
61 ftvtkywfyr llsalfgipm aliwgiyfai lsflhiwavv pciksfliei
121 vhtvedplfe avgkifsnvr inlgkei

Cadherin 1,

1
61
121
181
241
301
361
421
481
541
601
661
721
781

mgpwsrslsa
tgrgrtayfs
hhhrppphga
nkdkegkvfy
avedpmeili
aytilsqgdpe
avitvtdtnd
ggfvvttnpv
neapifvppe
aistraeldr
ffcernpkpg
gdykinlklm
1i14i11111€
evtrndvapt

isoform 1 preproprotein,

11111gvssw
ldtrfkvgtd
svsgigaell
sitgggadtp
tvtdgndnkp
lpdknmftin
nppifnptty
nndgilktak
krvevsedfg
edfehvknst
viniidadlp
dngnkdgvtt
lrrravvkep
Imsvprylpr

NP_00
lcgepepchp
gvitvkrplr
tfpnsspglr
pvgvfiiere
eftgevfkgs
rntgvisvvt
kggvpenean
gldfeakqqy
vggeitsyta
ytaliiatdn
pntspftael
levsvcdceg
llppeddtrd
panpdeignf

4351.1
gfdaesytft
fhnpgihflv
rgkrdwvipp
tgwlkvtepl
vmegalpgts
tgldresfpt
vvittlkvtd
ilhvavtnvv
gepdtfmegk
gspvatgtgt
thgasanwti
aagverkaqgp

nvyyydeegg
idenlkaadt

vprrhlergr
yawdstyrkEf
iscpenekgp
dreriatytl
vmevtatdad
ytlvvgaadl
adapntpawe
pfevslttst
ityriwrdta
111ilsdvnd
gyndptgesi
veaglgipai
geedgdfdls
dptappydsl

gcisrvysiy

vlgrvnfedc
stkvtlntvg
fpknlvgiks
fshavssngn
ddvntynaai
ggeglsttat
avytilnddg
atvtvdvldv
nwleinpdtg
napipeprti
ilkpkmalev
lgilggilal
glhrgldarp
lvfdyegsgs
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169

841 eaaslsslns sesdkdgdyd ylnewgnrfk kladmyggge

Cadherin 1,

1
61
121

mgpwsrslsa
tgrgrtayfs
hhhrppphga

isoform 2 precursor,

11111gvssw
ldtrfkvgtd
svsgigaell

181 nkdkegkvfy sitgggadtp

241
301

avedpmeili
aytilsqgdpe

tvtdgndnkp
lpdknmftin

361 avitvtdtnd nppifnpttg
421 eapifvppek rvevsedfgv

481

istraeldre

dfehvknsty

541 fcernpkpgv iniidadlpp
601 dykinlklmd ngnkdgvttl

661
721
781

Cadherin 1,

i14i11111€1
vtrndvaptl
aaslsslnss

isoform 3,

rrravvkepl
msvprylprp
esdkdgdydy

1 megkityriw rdtanwlein

61
121

gtgtlllils
nwtigyndpt

dvndnapipe
gesiilkpkm

181 kagpveaglg ipailgilgg
241 eegggeedqgd fdlsglhrgl

301
361

Cadherin 1,

1
61
121
181

aadtdptapp
gggedd

malevgdyki
gilallilil
ldarpevtrn
egsgseaasl

Cytochrome ¢ oxidase

1
61

Carnitine
1
61
121
181
241
301
361
421
481
541
601
661
721

Carnitine
1

61

121

181

mpllrgrcpa
yvlgnlkqgfr

palmitoyltransferase 1A,

maeahgavaf
swlivvvgvm
tmryslkvll
dtvnrylgsv
yv1lrgrgplmv
iplcsagwer
ggmgrildnt
deteegyrse
vahlweyvms
andvdfhsfp
rtetvrsctt
yvvskylave
gvsyilvgen

palmitoyltransferase 1A,

isoform 4,

ydsllvfdye

nlklmdngnk
1111 flrrra
dvaptlmsvp
sslnssesdk

subunit 8C,

rrhyrrlall
rn

gftvtpdgid
ttmyakidps
syhgwmfteh
rplmkeedfk
nsnyyamdll
mfntsripge
sepgpgearl
dpdtsmdsya
idslglgyae
fvafgkgiik
escdfvramv
spflkevlse
linfhisskf

NP 001304113.1

lcgepepchp
gvitvkrplr
tfpnsspglr
pvgvfiiere
eftgevfkgs
rntgvisvvt
ldfeakqgqgyi
ggeitsytaq
taliiatdng
ntspftaelt
evsvcdcega
lppeddtrdn
anpdeignfi
Inewgnrfkk

NP 001304114.1

pdtgaistra
prtiffcern
alevgdykin
ilallil1ill
darpevtrnd
gsgseaasls

NP 001304115.1

dgvttlevsv
vvkepllppe
rylprpanpd
dgdydylnew

NP_ 892016
glgpaprfah

isoform
lrlshealrqg
lgiiakinrt
gkmsratkiw
rmtalaqgdfa
yilpthigaa
etdtighmrd
aaltagdrvp
ksllhgrcyd
dghckgdinp
kcrtspdafv
dpagtveqrl
pwrlstsqgtp
scpetdshrf

isoform

maeahgavaf gftvtpdgid lrlshealrg
swlivvvgvm ttmyakidps lgiiakinrt
tmryslkvll syhgwmfteh gkmsratkiw
dtvnrylgsv rplmkeedfk rmtalagdfa

gfdaesytft
fhnpgihflv
rgkrdwvipp
tgwlkvtepl
vmegalpgts
tgldresfpt
lhvavtnvvp
epdtfmeqgki
spvatgtgtl
hgasanwtig
agvcerkagpv
vyyydeeggg
denlkaadtd
ladmyggged

eldredfehv
pkpgviniid
1k1lmdngnkd
111flrrrav
vaptlmsvpr
slnssesdkd

cdcegaagvc
ddtrdnvyyy
eignfidenl
gnrfkkladm

.1

sgpprgrpls

1,
iylsglhswk
letancmssg
mgmvkifsgr
vglgprlgwy
ragnaihail
skhivvyhrg
warcrgayfg
rwfdksftfv
nipyptrlgw
glalglahyk
klfklasekh
ggqgvelfdle
grhlkeamtd

2,
iylsglhswk
letancmssg
mgmvkifsgr
vglgprlgwy

PCT/US2018/023442

dd

vprrhlergr
yawdstyrkEf
iscpenekgp
dreriatytl
vmevtatdad
ytlvvgaadl
fevslttsta
tyriwrdtan
11ilsdvndn
yndptgesii
eaglgipail
eedqgdfdlsqg
ptappydsll
d

knstytalii
adlppntspf
gvttlevsve
vkepllpped
ylprpanpde
gdydylnewg

rkagpveagl
deegggeedq
kaadtdptap

ygggedd

aaemavglvv

NP 001867.2

kkfirfkngi
tknvvsgvlt
kpmlysfqgts
lklkswwatn
lyrrkldree
ryfkvwlyhd
rgknkgslda
vikngkmgln
dipgecgevi
dmgkfcltye
ghmyrlamtg
nnpeyvssgg
iitlfglssn

NP 001027017.1

kkfirfkngi
tknvvsgvlt
kpmlysfqgts
lklkswwatn

vlgrvnfedc
stkvtlntvg
fpknlvgiks
fshavssngn
ddvntynaai
ggeglsttat
tvtvdvldvn
wleinpdtga
apipeprtif
lkpkmalevg
gilggilall
lhrgldarpe
vidyegsgse

atdngspvat
taelthgasa
dcegaagvcr
dtrdnvyyyd
ignfidenlk
nrfkkladmy

gipailgilg
dfdlsglhrg
pydsllvidy

ffttfltpaa

itgvypasps
gtglwvaliv
lprlpvpavk
yvsdwweeyil
ikpirllgst
grllkpreme
vekaaffvtl
aehswadapi
etslntanll
asmtrlfreg
sgidrhlfcl

gfgpvaddgy
skk

itgvypasps
gtglwvaliv
lprlpvpavk
yvsdwweeyil
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241
301
361
421
481
541
601
661
721

yv1lrgrgplmv
iplcsagwer
ggmgrildnt
deteegyrse
vahlweyvms
andvdfhsfp
rtetvrsctt
yvvskylave
gvsyilvgen

nsnyyamdll
mfntsripge
sepgpgearl
dpdtsmdsya
idslglgyae
fvafgkgiik
escdfvramv
spflkevlse
linfhisskf

170

yilpthigaa
etdtighmrd
aaltagdrvp
ksllhgrcyd
dghckgdinp
kcrtspdafv
dpagtveqrl
pwrlstsqgtp
scpetgiisqg

Cancer/testis antigen 1A, NP_640343.1
1 mgaegrgtgg stgdadgpgg pgipdgpggn
61 prgphggaas glngccrcga rgpesrllef
121 vllkeftvsg niltirltaa dhrglglsis

C-X-C motif chemokine ligand 13,

NP 006410.

1 mkfistslll mllvsslspv ggvlevyyts
61 prkeiivwkk nksivcvdpg aewigrmmev

Diacylglycerol kinase eta,

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141

Diacylglycerol kinase eta,

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

magaggghhp
irtktsikeg
knannsftii
csharptfcn
edgvamphgw
ggckvsiipp
gvidlmnggp
ndlarvlgwg
eefymtiyed
davaskesvl
ddvtkpssgk
tdeskeeakd
cpglraglaa
akislefnnk
slggiavlni
hriagertvk
dkgkcdsgkp
ahavnacsha
vsnalhsvev

gktssqgpgsg

magaggghhp
irtktsikeg
knannsftii
csharptfcn
edgvamphgw
ggckvsiipp
gvidlmnggp
ndlarvlgwg
eefymtiyed
davaskesvl
ddvtkpssgk
tdeskeeakd
cpglraglaa
akislefnnk
slggiavlni

pgaaggaaag
gllkgtssfqg

tpfrrimlca
vcreslsgvt
legnlpvsak
ialnstdsdg
hlglrlfqgkf
gsydddtqglp
svathltkil
neklegllga
avkpreimlr
dgakesitvk
siagssiink
reehpekcrs
psyaggtnfw
itifgdegvp
vlrthlyihh
Inkanprcpe
elgklteipw
dtesgscean

pgaaggaaag
gllkgtssfqg

tpfrrimlca
vcreslsgvt
legnlpvsak
ialnstdsdg
hlglrlfqgkf
gsydddtqglp
svathltkil
neklegllga
avkpreimlr
dgakesitvk
siagssiink
reehpekcrs
psyaggtnfw

isoform 1,

isoform 2,

agaavtsaaa
rwkkryfklr
enrkemedwi
shglscevck
cavcdktegs
fecratfsfev
dnfrilvegg
gilekleras
nsdehavvis
lhtdsgaapv
anslkkavrg
taprspdara
mllanidpfg
rtknlmwygv
ggtkeddifa
vgvdgeawvqg
aidlateevs
sltrdtatei
lyyilhpned
spgn

agaavtsaaa
rwkkryfklr
enrkemedwi
shglscevck
cavcdktegs
fecratfsfev
dnfrilvegg
gilekleras
nsdehavvis
lhtdsgaapv
anslkkavrg
taprspdara
mllanidpfg
rtknlmwygv
ggtkeddifa

ragnaihail
skhivvyhrg
warcrgayfg
rwfdksftfv
nipyptrlgw
glalglahyk
klfklasekh
ggqgvelfdle
gpssdt

aggpgeagat
ylampfatpm
sclgglsllm

1
lrcrcvgess
lrkrssstlp

NP 001191433.1,

sagpgedssd
grtlyyakds
sslksvqgtre
fkahkrcavr
vlrlgdwkecl
spllvfvnsk
dgsvgwvlse
tkmldrwsim
saktlcetvk
lpglsplive
vieeagkvmd
syghsgtdsv
atpfidpdld
lgtrellqgrs
apsfddkile
ppgiikivhk
gmglcsgaae
ainvkalyne
eeppmdctkr

NP 821077.1

sagpgedssd
grtlyyakds
sslksvqgtre
fkahkrcavr
vlrlgdwkecl
spllvfvnsk
dgsvgwvlse
tkmldrwsim
saktlcetvk
lpglsplive
vieeagkvmd
syghsgtdsv
atpfidpdld
lgtrellqgrs
apsfddkile

PCT/US2018/023442

lyrrkldree
ryfkvwlyhd
rgknkgslda
vikngkmgln
dipgecgevi
dmgkfcltye
ghmyrlamtg

nnpeyvssgg

ggrgprgaga
eaelarrsla
witgecflpveE

viiprrfidr
vpvikrkip

NP 690874.2

seaedgegpgk
kslifdevdl
pyevagfnve
atnnckwttl
wcktmvhtac
sgdnggvk£fl
idklnlnkgc
tyelklppka
dfvakvekty
edavesssee
dptvhpcepa
pgpavaaske
svdgysekcv
vknleqgrvgl
vvaifdsmgm
nragmltrdr
elitricdaa
tesllvgrvp
nnrstvfriv

seaedgegpgk
kslifdevdl
pyevagfnve
atnnckwttl
wcktmvhtac
sgdnggvk£fl
idklnlnkgc
tyelklppka
dfvakvekty
edavesssee
dptvhpcepa
pgpavaaske
svdgysekcv
vknleqgrvgl
vvaifdsmgm

ikpirllgst
grllkpreme
vekaaffvtl
aehswadapi
etslntanll
asmtrlfreg
sgidrhlfcl

gfgpvaddgy

arasgpggga
gdapplpveg
lagppsggrr

igilprgngc

lirkvstsgqg
sdasvaeast
hfsgmhnwya
asigkdiied
kdlyhpicpl
rrfkqgllnpa
glgvlplgtg
sllpgppeas
dktlenavva
slgeskeqlg
ngssdydste
nlpvlntrii
mnnyfgigld
ecdggyiplp
averviklgh
afestlkswe
tihclleqgel
lglespheer
pkfkkekvgk

lirkvstsgqg
sdasvaeast
hfsgmhnwya
asigkdiied
kdlyhpicpl
rrfkqgllnpa
glgvlplgtg
sllpgppeas
dktlenavva
slgeskeqlg
ngssdydste
nlpvlntrii
mnnyfgigld
ecdggyiplp
averviklgh
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Diacylglycerol kinase eta,

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081

Diacylglycerol kinase eta,

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081

Diacylglycerol kinase eta,

1
61
121
181
241
301
361

hriagertvk
dkgkcdsgkp
ahavnacsha
vsnalhsvev
gktssgpvgk
vkrilggike

mlcaenrkem
sgvtshglsc
vsakcavedk
dsdgfcratf
fgkfdnfril
tglpgilekl
tkilnsdeha
llgalhtdsg
imlranslkk
itvktaprsp
iinkmllani
kcrsrtknlm
tnfwggtked
egvpvgvdge
yihhaidlat
rcpesltrdt
eipwlyyilh
aawldllnlg
vkrilggike

mlcaenrkem
sgvtshglsc
vsakcavedk
dsdgfcratf
fgkfdnfril
tglpgilekl
tkilnsdeha
llgalhtdsg
imlranslkk
itvktaprsp
iinkmllani
kcrsrtknlm
tnfwggtked
egvpvgvdge
yihhaidlat
rcpesltrdt
eipwlyyilh
aawldllnlg
gsev

mwnisggctt
siippialns
mnggphlglr
vilgwggsydd
tiyedsvath
kcsvlnekle
pssgkavkpr

itifgdegvp
vlrthlyihh
Inkanprcpe
elgklteipw
wgteevaawl
lgrstpgsev

edwisslksv
evckfkahkr
tcgsvlrlgd
sfcvspllvE
vaggdgsvgw
erastkmldr
vvissaktlc
aapvlpglsp
avrgvieeag
darasyghsqg
dpfgatpfid
wygvlgtrel
difaapsfdd
awvgppgiik
eevsgmglcs
ateiainvka
pnedeeppmd
eykdifirhd
lgrstpgsev

edwisslksv
evckfkahkr
tcgsvlrlgd
sfcvspllvE
vaggdgsvgw
erastkmldr
vvissaktlc
aapvlpglsp
avrgvieeag
darasyghsqg
dpfgatpfid
wygvlgtrel
difaapsfdd
awvgppgiik
eevsgmglcs
ateiainvka
pnedeeppmd
eykdifirhd

gtpaptpdpp
tdsdgfcrat
lfgkfdnfri
dtglpgilek
ltkilnsdeh
gllgalhtds
eimlranslk

isoform 3,

isoform 4,

isoform 5,

171

vgvdgeawvqg
aidlateevs
sltrdtatei
lyyilhpned
dllnlgeykd

gtrepyevaq
cavratnnck

wkclwcktmv
vnsksgdngg
vlseidklnl
wsimtyelkl
etvkdfvakv
liveedaves
kvmddptvhp
tdsvpgpava
pdldsvdgys
lgrsyknleq
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vdctclgegs
erhtsvgtts
mlctclgngv
nyeqdgkyst
nydadgkfgf
ysglrdgciv
gigdswekyv
napgpshisk
evtrfdfttt
rveyelseeg
pdappdptvd
gpgvgyniti
esavtgyrvd
aqgqttkldap
yplrnlgpas
prigfklgvr
vtplspptnl
sctfdnlspg
psidltnflv
rgrgktglds
nsitltnltp
pavtvryyri
skpisinyrt
gpdgtemtie
gwtppnvglt
srpaqgvvtt
ikpdvrsyti
vswgpprari
ksepligrkk
gggpsvggdm
yiischpvgt
nsvneglngp
hdngvnykig
ylgaicsctc
fmpldvgadr

NP 001293061.1

rqaggmvqgpq
peaeetcfdk
gdtwrrphet
vdctclgegs
erhtsvgtts
mlctclgngv
nyeqdgkyst
nydadgkfgf
ysglrdgciv
gigdswekyv
napgpshisk
evtrfdfttt
rveyelseeg
pdappdptvd
gpgvgyniti
esavtgyrvd
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spvavsqgskp
ytgntyrvgd
ggymlecvcl
gritctsrnr
sgsgpftdvr
scgetavtqgt
ctdhtvlvgt
cpmaaheeic
dditynvndt
hgvrygcycy
yilrwrpkns
ststpvtsnt
depgyldlps
gvddtsivvr
yvaveengest
vipvnlpgeh
tnlgfvnetd
eytvelvaik
psgggeapre
hleanpdtgv
leynvsvytv
ryspvkneed
ptgidfsdit
gteyvvsiva
tygetggnsp
eidkpsqmqgv
glgptveyvv
gyrvrvtpke
lenvspprra
tglgpgtdyk
tgyiikyekp
tdelpglvtl
ifeehgfrrt
deeplgfrvp
tddscfdpyt
ekwdrggeng
fgggrgwrcd
edsre

spvavsqgskp
ytgntyrvgd
ggymlecvcl
gritctsrnr
sgsgpftdvr
scgetavtqgt
ctdhtvlvgt
cpmaaheeic
dditynvndt
hgvrygcycy
yilrwrpkns
ststpvtsnt
depgyldlps
gvddtsivvr
yvaveengest
vipvnlpgeh

gcydngkhyqg
tyerpkdsmi
gngkgewtck
cndgdtrtsy
aavydgpgphp
yggnsngepc
rggnsngalc
ttnegvmyri
fhkrheeghm
grgigewhcq
vgrwkeatip
vtgettpfsp
tatsvnipdl
wsrpgapitg
pvviggettg
ggrlpisrnt
stvlvrwtpp
gngespkatg
vtsdsgsivv
ltvswerstt
kddkesvpis
vaelsispsd
ansftvhwia
Ingreespll
vgeftvpgsk
tdvgdnsisv
svyaqnpsge
ktgpmkeinl
rvtdatetti
iylytlndna
gspprevvpr
phpnlhgpei
tppttatpir
gtstsatltg
vshyavgdew
gmmsctclgn

ncrrpggeps

gcydngkhyqg
tyerpkdsmi
gngkgewtck
cndgdtrtsy
aavydgpgphp
yggnsngepc
rggnsngalc
ttnegvmyri
fhkrheeghm
grgigewhcq
vgrwkeatip
vtgettpfsp
tatsvnipdl
wsrpgapitg
pvviggettg
ggrlpisrnt
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Major histocompatibility complex,

faevtglspg
ragitgyrlt
vittlgpgss
sgltpgveyv
pditgyritt
dtiipavppp
navvltnllp
pratitgyri
igqgstvsdv
statisglkp
kwlpssspvt
sgplvgtavt
apdsssvvvs
tiswrtktet
respvvidas
prpgvteati
lpgtsgqgps
gdtseyiisc
vvtvgnsvne
ssrwchdngv
gwgkeylgai
cpiecfmpld

NP 001230894.1

1
61
121
181
241

Major histocompatibility complex,

mvclrlpggs
hngeenvrfd
grrvhpkvtv
dwtfgtlvml
flgaglfiyf

NP 001346122.1

1
61
121
181
241

Major histocompatibility complex,

mvclklpggs
yngeefvrfd
grrvhpevtv
dwtfgtlvml
flgaglfiyf

NP 001346123.1

1
61
121
181
241

Major histocompatibility complex,

1
61
121
181
241

Major histocompatibility complex,

mvclkfpggs
vhgeeyvrfd
grrvypevtv
dwtfgtlvml
flgaglfiyf

mvclklpggs
yngeesvrfd
grrvgpkvtv
dwtfgtlvml
flgaglfiyf

vtyyfkviav
vgltrrgqgpr
ippyntevte
ytigvlrdgg
tptnggqggans
tdlrftnigp
gteyvvsvss
rhhpehfsgr
prdlevvaat
gvdytitvya
gyrvtttpkn
tipaptdlkf
glmvatkyev
itgfgvdavp
taidapsnlr
tglepgteyt
vgggmifeeh
hpvgtdeepl
glngptddsc
nykigekwdr
csctefggqgr
vgadredsre

cmavltvtlm
sdvgefravt
ypsktgplgh
etvprsgevy
rngkghsglqg

cmaaltvtlm
sdvgeyravt
ypaktgplgh
etvprsgevy
rngkghsglqg

cmaaltvtlm
sdvgeyravt
ypaktgplgh
etvprsgevy
rngkghsglqg

cmtaltvtlm
sdvgefravt
ypsktgplgh
etvprsgevy
rngkghsglqg

179

shgreskplt
gynvgpsvsk
ttivitwtpa
erdapivnkv
leevvhadgs
dtmrvtwapp
vyeghestpl
predrvphsr
ptslliswda
vtgrgdspas
gpgptktkta
tgvtptslsa
svyalkdtlt
anggtpiqgrt
flattpnsll
iyvialknng
gfrrttpptt
gfrvpgtsts
fdpytvshya
ggenggmmsc
gwrcdncrrp

class II

vlssplalag
elgrpdaeyw
hnllvesvsg
tcgvehpsvt
prgfls

class II

vlssplalag
elgrpvaesw
hnllvesvsg
tcgvehpsvm
ptgfls

class II

vlssplalag
elgrpdaeyw
hnllvesvng
tcgvehpslt
ptgfls

class II
vlssplalsg
elgrpdaeyw
hnllvesvsg
tcgvehpsvt
ptgfls

class II

1 mvclklpggs ymakltvtlm vlssplalag
61 yngeedlrfd sdvgeyravt elgrpdaeyw nsgkdfledr raavdtycrh nygvgesftv

7

7

7

7

7

aqgqttkldap
yplrnlgpas
prigfklgvr
vtplspptnl
sctfdnlspg
psidltnflv
rgrgktglds
nsitltnltp
pavtvryyri
skpisinyrt
gpdgtemtie
gwtppnvglt
srpaqgvvtt
ikpdvrsyti
vswgpprari
ksepligrkk
atpirhrprp
atltgltrga
vgdewermse
tclgngkgef
ggepspegtt

DR beta 1,

dtrprfleys
nsgkdllegk
fypgsievrw
spltvewrar

DR beta 1,

dtgprflwqg
nsgkdiledr
fypgsievrw
spltvewrar

DR beta 1,

dtrprfleqgv
nsgkdlleqr
fypgsievrw
spltvewrar

DR beta 1,
dtrprflwqgp
nsgkdileqga
fypgsievrw
spltvewrar

DR beta 5,
dtrprflggd

PCT/US2018/023442

tnlgfvnetd
eytvelvaik
psgggeapre
hleanpdtgv
leynvsvytv
ryspvkneed
ptgidfsdit
gteyvvsiva
tygetggnsp
eidkpsqmqgv
glgptveyvv
gyrvrvtpke
lenvspprra
tglgpgtdyk
tgyiikyekp
tvgktpfvth
yppnvggeal
tyniivealk
sgfkllcqgcl
kcdpheatcy

ggsynqysgr

precursor

tsechffngt
rgrvdnycrh
frnggeektg
sesagskmls

precursor

kykchffngt
rggvdtverh
frnggeekag
sesagskmls

precursor

khechffngt
raevdtycrh
frnggeektg
sesagskmls

precursor
krechffngt
raavdtycrh
flnggeekag
sesagskmls

precursor
kyechffngt

7

7

stvlvrwtpp
gngespkatg
vtsdsgsivv
ltvswerstt
kddkesvpis
vaelsispsd
ansftvhwia
Ingreespll
vgeftvpgsk
tdvgdnsisv
svyaqnpsge
ktgpmkeinl
rvtdatetti
iylytlndna
gspprevvpr
pgydtgngiq
sqttiswapf
dggrhkvree
gfgsghfrcd
ddgktyhvge
vhgrtntnvn

ervryldryf
nygvvesftv
vvstglihng
gvggfvlgll

ervgflerlf
nygvgesftv
vvstgliqng
gvggfvlgll

ervrfldryf
nygvvesftv
vvstgliqng
gvggfvlgll

NP 002115.
ervrfldryf
nygvvesftv
mvstgliqng
gvggfvlgll

NP _00211e.
ervrflhrdi
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121 grrvepkvtv ypartqgtlgh hnllvesvng fypgsievrw
181 dwtfgtlvml etvprsgevy tcqvehpsvt spltvewraq
241 flgaglfiyf kngkghsglh ptglvs

Hydroxysteroid 17-beta dehydrogenase 3,

1
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Insulin degrading enzyme,
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Insulin degrading enzyme,
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Insulin degrading enzyme,

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

mgdvlegffi
gkaysfelak
agleigilvn
lnissgialf
tnvitktade
aylklntkvr

mryrlawllh
kreyrglela
ypkeneysqgf
revnavdseh
llkfhsayys
lykivpikdi
gggkegargt
afrfkdkerp
vsksfegktd
ekeatpypal
kdslneyaya
iikeaymrsl
srlhieallh
grnevhnncg
ngigglrfii
saecakywge
remdscpvvg

msklwfkgdd
lsydlgntiy
egphghamyy
gaalgimgmv
gtdmgstsen
phylesrvea
ynfdrdntev
ndinlsqgapa

mryrlawllh
kreyrglela
ypkeneysqgf
revnavdseh
llkfhsayys
lykivpikdi
gggkegargt
afrfkdkerp
vsksfegktd
ekeatpypal
kddlkeytya
iikeaymrsl
srlhieallh
grnevhnncg
ngigglrfii

ltgllvclac
rglnvvlisr
nvgmlpnllp
pwplysmysa
fvkeslnyvt

palpstfrsv
ngikvllisd
lsehagssna
eknvmndawr
snlmavevlg
rnlyvtfpip
mffiinvdlt
rgytskiagi
rteewygtqy
ikdtamsklw
aelaglsydl
nnfraegphg
gnitkgaalg
ieiyyqgtdmg
gsekpphyle
iisqgynfdr
efpcgndinl

kfflpkacln
gmylsvkgyn
Irllmtevaw
edtliehaht
mflelfcgii
flitmeksie
aylktltked
lpgpevignm

palpstfrsv
ngikvllisd
lsehagssna
eknvmndawr
snlmavevlg
rnlyvtfpip
mffiinvdlt
rgytskiagi
rteewygtqy
ikdtamsklw
arlsglsygi
nnfraegphg
gnitkgaalg
ieiyyqgtdmg
gsekpphyle

isoform 1,

isoform 2,

isoform 3,

lakcvrfsrc
tlekleaiat
shflnapdei
skafvcafsk
iggetcgcla

lgarlppper
pttdkssaal
ftsgehtnyy
1fglekatgn
reslddltnl
dlgkyyksnp
eegllhvedi
lhyypleevl
kgeaipdevi
fkgddkfflp
gntiygmyls
hamyylrllm
imgmvedtli
stsenmflel
srveaflitm
dntevaylkt

sgapalpgpe

feffspfayv
dkgpillkki
tkdelkeald
kpllpsqglvr
sepcfntlrt
dmteeafgkh
iikfykemla
tefkrglplf

lgarlppper
pttdkssaal
ftsgehtnyy
1fglekatgn
reslddltnl
dlgkyyksnp
eegllhvedi
lhyypleevl
kgeaipdevi
fkgddkfflp
asgmnaills
hamyylrllm
imgmvedtli
stsenmflel
srveaflitm

NP _

000188.1

v1llnywkvlp
eierttgrsv
gslihcnits
algeevykake
heilagflsl

NP 004960.2

lcgfgkktys
dvhigslsdp
fdvshehleg
pkhpfskfgt
vvklfseven
ghylghligh
ilhmfgyigk
taeylleefr
kkwgnadlng
kaclnfeffs
vkgyndkgpi
tevawtkdel
ehahtkpllp
fcgiisepct
eksiedmtee
ltkediikfy
vignmtefkr

NP 001159418.1

dplhcnmayl
iekmatfeid
dvtlprlkaf
yrevdglpdrg
keqlgyivfs
igalairrld
vdaprrhkvs
plvkphinfm

NP 001309722.1

lcgfgkktys
dvhigslsdp
fdvshehleg
pkhpfskfgt
vvklfseven
ghylghligh
ilhmfgyigk
taeylleefr
kkwgnadlng
kaclnfeffs
vkgyndkgpi
tevawtkdel
ehahtkpllp
fcgiisepct
eksiedmtee
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frnsgeekag
sesagskmls

ksflrsmgqw
kiigadftkd
vvkmtglilk
viigvltpya
ipawafysga

kmnnpaikri
pniaglshfc
aldrfaqffl
gnkytletrp
knvplpefpe
egpgsllsel
lraegpgewv
pdliemvldk
kfklptknef
pfayvdplhc
11lkkiiekma
kealddvtlp
sqlvryrevg
ntlrtkeqlg
afgkhigala
kemlavdapr
glplfplvkp

ylellkdsln
ekrfeiikea
ipgllsrlhi
wivyggrnev
gprrangiqg
kpkklsaeca
vhvlaremds
aakl

kmnnpaikri
pniaglshfc
aldrfaqffl
gnkytletrp
knvplpefpe
egpgsllsel
lraegpgewv
pdliemvldk
kfklptknef
ryiyadplhc
11lkkiiekma
kealddvtlp
sqlvryrevg
ntlrtkeqlg
afgkhigala

vvstgliqng
gvggfvlgll

avitgagdgi
diyehikekl
hmesrgkgli
vstamtkyln
fgrlllthyv

gnhitksped
ehmlflgtkk
cplfdesckd
ngegidvrge
hpfgeehlkqg
kskgwvntlv
fgeckdlnav
lrpenvrvai
iptnfeilpl
nmaylylell
tfeidekrfe
rlkafipqgll
lpdrgwfvyg
yivisgprra
irrldkpkkl
rhkvsvhvla
hinfmaakl

eyayaaelag
ymrslnnfra
eallhgnitk
hnnegieiyy
lrfiigsekp
kywgeiisqqg
cpvvgefpcq

gnhitksped
ehmlflgtkk
cplfdesckd
ngegidvrge
hpfgeehlkqg
kskgwvntlv
fgeckdlnav
lrpenvrvai
iptnfeilpl
nmtylfirll
tfeidekrfe
rlkafipqgll
lpdrgwfvyg
yivisgprra
irrldkpkkl
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Insulin degrading enzyme,

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

Insulin degrading enzyme,
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Insulin degrading enzyme,

1
61
121
181
241
301
361
421

mryrlawllh
kreyrglela
ypkeneysqgf
revnavdseh
nknvplpefp
hegpgsllse
klraegpgew
rpdliemvld
gkfklptkne
spfayvdplh
illkkiiekm
lkealddvtl
psglvryrev
fntlrtkeqgl
eafgkhiqgal
yvkemlavdap
rglplfplvk

mnnpaikrig
niaglshfce
ldrfagfflc
nkytletrpn
nvplpefpeh
gpgsllselk
raegpgewvE
dliemvldkl
fklptknefi
fayvdplhcn
lkkiiekmat
ealddvtlpr
glvryrevgl
tlrtkeqlgy
fgkhigalai
emlavdaprr
lplfplvkph

msklwfkgdd
lsygiasgmn
egphghamyy
gaalgimgmv
gtdmgstsen
phylesrvea
ynfdrdntev
ndinlsqgapa

isofo
palpstfrsv
ngikvllisd
lsehagssna
eknvmndawr
ehpfqgeehlk
lkskgwvntl
vigeckdlna
klrpenvrva
fiptnfeilp
cnmaylylel
atfeidekrf
prlkafipqgl
glpdrgwfvy
gyivisgprr
airrldkpkk
rrhkvsvhvl
phinfmaakl

isofo
nhitkspedk
hmlflgtkky
plfdesckdr
gegidvrgel
pfgeehlkgl
skgwvntlvg
geckdlnava
rpenvrvaiv
ptnfeilple
maylylellk
feidekrfei
lkafipglls
pdrgwivyqq
ivfsgprran
rrldkpkkls
hkvsvhvlar
infmaakl

isofo
kfflpkacln
aillsvkgyn
lrllmtevaw
edtliehaht
mflelfcgii
flitmeksie
aylktltked
lpgpevignm

Indoleamine 2,3-dioxygenase 1,

1
61
121
181
241

mahamenswt
klnmlsidhl
ppilvyadcv
iptvikamgm
pglsdglvye

iskeyhidee
tdhksgrlar
lanwkkkdpn
gerdtllkal
gfwedpkefa

rm 4,
lgarlppper
pttdkssaal
ftsgehtnyy
1fglekatgn
glykivpikd
vgggkegarg
vafrfkdker
ivsksfegkt
lekeatpypa
lkdslneyay
eiikeaymrs
1srlhieall
ggrnevhnnc
angiqgglrfi
lsaecakywg
aremdscpvv

rm 5,
reyrglelan
pkeneysqfl
evnavdsehe
lkfhsayyss
vkivpikdir
ggkegargfm
frfkdkerpr
sksfegktdr
keatpypali
dslneyayaa
ikeaymrsln
rlhieallhg
rnevhnnecgi
gigglrfiiq
aecakywgei
emdscpvvge

rm 6,
feffsryiya
dkgpillkki
tkdelkeald
kpllpsqglvr
sepcfntlrt
dmteeafgkh
iikfykemla
tefkrglplf

NP 002155.1
vgfalpnpge
lvlgcitmay
kpltyenmdv
leiascleka

ggsagqgssvE

NP 001309723.1

lcgfgkktys
dvhigslsdp
fdvshehleg
pkhpfskfgt
irnlyvtfpi
fmffiinvdl
prgytskiag
drteewygtqg
likdtamskl
aaelaglsyd
Innfraegph
hgnitkgaal
gieiyygtdm
igsekpphyl
eiisqqgynfd
gefpcgndin

NP 001309724.1,

gikvllisdp
sehagssnaf
knvmndawrl
nlmavevlgr
nlyvtfpipd
ffiinvdlte
gytskiagil
teewygtqgyk
kdtamsklwt
elaglsydlqg
nfraegphgh
nitkgaalgi
eiyyqgtdmgs
sekpphyles
isqgynfdrd
fpcgndinls

NP 001309726.1

dplhcnmtyl
iekmatfeid
dvtlprlkaf
yrevdglpdrg
keqlgyivfs
igalairrld
vdaprrhkvs
plvkphinfm

nlpdfyndwm
vwgkghgdvr
l1fsfrdgdcs
1gvfhgihdh
gcfdvllgig
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kemlavdapr
glplfplvkp

kmnnpaikri
pniaglshfc
aldrfaqffl
greslddltn
pdlgkyyksn
teegllhved
ilhyypleev
vkgeaipdev
wfkgddkffl
Igntiygmyl
ghamyylrll
gimgmvedtl
gstsenmfle
esrveaflit
rdntevaylk

lsgapalpgp

rhkvsvhvla
hinfmaakl

gnhitksped
ehmlflgtkk
cplfdesckd
lvvklfseve
pghylghlig
iilhmfqgyiqg
ltaeylleef
ikkwgnadln
pkaclnfeff
svkgyndkqgp
mtevawtkde
iehahtkpll
1fcgiisepc
meksiedmte
tltkediikf
evigqnmtefk

NP 001309725.1

ttdkssaald
tsgehtnyyf
fglekatgnp
eslddltnlv
lgkyyksnpg
egllhvedii
hyypleevlt
geaipdevik
kgddkfflpk
ntiygmylsv
amyylrllmt
mgmvedtlie
tsenmflelf
rveaflitme
ntevaylktl

gapalpgpev

firllkddlk
ekrfeiikea
ipgllsrlhi
wivyggrnev
gprrangiqg
kpkklsaeca
vhvlaremds
aakl

fiakhlpdli
kvlprniavp
kgfflvsllv
vnpkaffsvl

gtaggghaaqg

vhigslsdpp
dvshehlega
khpfskfgtg
vklfsevenk
hylghlighe
lhmfgyigkl
aeylleefrp
kwgnadlngk
aclnfeffsp
kgyndkgpil
evawtkdelk
hahtkpllps
cqgiisepctn
ksiedmteea
tkediikfyk
ignmtefkrg

eytyaarlsg
ymrslnnfra
eallhgnitk
hnnegieiyy
lrfiigsekp
kywgeiisqqg
cpvvgefpcq

esgglrerve
yceqglskklel
elaaasaikv
riylsgwkgn
flgdmrrymp
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301 pahrnflcsl esnpsvrefv lskgdaglre
361 gpkenktsed pskleakgtg gtdlmnflkt

Insulin like growth factor binding protein

1
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mvlltavlll
laeggscgvy
epttsemaee

pemrgesedg
cwevdkygmk

laayagpags
tercaqglrc
tyspkifrpk
pcrrhmeasl
lpgmeyvdgd

lgsfvhcepc
lprgdeekpl
htriselkae
gelkasprmv
fgchtfdssn

Insulin like growth factor binding protein

NP 001544.

1
61
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181
241

1

merpslrall
pmcargegep
gsdgttypsg
cevigiptpv
edageyecha

lgaaglllll
¢ggg9g9agray
cglraasgra
liwnkvkrgh
snsgggasas

lplssssssd
capgmecvks
esrgekaitqg
ygvgrtellp
akitvvdalh

Insulin like growth factor binding protein
NP 001240764.1

1
61
121
181
241

Potassium
1

61

121

181

241

301

Lysosomal
1

61

121

181

241

301

361

MAGE family member B2,

1
61
121
181
241
301

Mitogen-activated protein kinase 13,

1
61
121
181

merpslrall
pmcargegep
gsdgttypsg
cevigiptpv
edageyecha

two pore domain channel subfamily K member 1,

mlgslagssc
rrfleehecl
ghtvplsdgg
ivhavllgfv
frelykigit
fssitdgaag

associated
mprglsaaaa
hgtlaarfmd
tevtvgpsla
tggkpvgpth
emgiqlivgd
yyisevgayl
gafdfeddhtf

mprggksklr
epgrapttaa
fllykykikk
idkvdltdee
fgepwklitk
cafpthyeea

lgaaglllll
¢ggg9g9agray
cglraasgra
liwnkvkrgh
snsgggasas

vrlverhrsa
seqqgleqflg
kafciiysvi
tvecfffipa
cylllgliam
mkedgkgnep

membrane protein 3,

1faslavilh
ghitfgtaat
pyslpptitp
apgttaaahn
kesvisprry
tvedpetiyg
gnvdecssdy

arekrrkard
aaaagvsstk
svtkgemlki
sllsswdfpr
dlvgekyley
lkdeekagv

lplssssssd
capgmecvks
esrgekaitqg
ygvgrtellp
akitvvdalh

wcfgflvlgy
rvleasnygv
gipftllflt
avisvleddw
lvvletfcel
fvatgssacv

dgsgmrakaf
vkiptttpat
pahttgtsss
ttrtaapast
fnidpnatqga
gikhavvmfqg
tivlpvigai

NP 002355.2

etrglnvpgv
skkgakshgg
vgkrfrehfp
rkllmpllgv
kgvpssdppr

precursor,

PCT/US2018/023442

aydacvkalv slrsyhlgiv tkyilipasqg

vrestteksll

51
dekalsmcpp
hallhgrgvc
avkkdrrkkl
pravylpncd
ve
7, isoform
tcgpcepasc
rkrrkgkaga
vskgtceqgp
gdrdnlaiqgt
eipvkkgega
7, isoform
tcgpcepasc
rkrrkgkaga
vskgtceqgp
gdrdnlaiqgt
eipvkkgtg

llylvfgavv
svlsnasgnw
avvgritvhv
nflesfyfcf
helkkfrkmf
dgpanh

petrdysqgpt
tkntattspi
tvshttgntt
vpgptlapgp
sgncgtrksn
tavghsfkecv
vvglclmgmg

teaeeeeapc
eknasssgas
eilkkasegl
iflngnsate
fgflwgpray

NP 002745.1

mslirkkgfy kgdvnktawe lpktyvspth vgsgaygsve
gseifakray rellllkhmg henviglldv ftpasslrnf
efseekiqyl vygmlkglky ihsagvvhrd lkpgnlavne
gyvvtrwyra pevilswmhy ngtvdiwsvg cimaemltgk

precursor,

keg

splgcelvke
lneksyreqv
tgskfvggae
rkgfykrkgc

NP 000590.1

pgcgccmtca
kierdsrehe
ntahpriisa
kpsrgrkrgi

1 precursor,

pplpplgcll
aaggpgvsgv
sivtppkdiw
rggpekhevt
el

getrdacgcc
cvecksrypve
nvtgagvyls
gwvlvsplsk

2 precursor,

pplpplgcll
aaggpgvsgv
sivtppkdiw
rggpekhevt

fssvelpyed
nwdftsalff
trrpvlyfhi
islstiglgd
yvkkdkdedg

NP _055213.2

aaatvgdikk
tytlvttgat
gpsngttlpa
ssvktgiyqgv
111nfgggfv
segslglsah
vykirlrcgs

csssvsggaa
tstkspsedp
svviglelnk
eeiweflnml
aetskmkvle

saidkrsgek
ydfylvmpfm
dcelkildfg
t1lfkgkdyld

getrdacgcc
cvecksrypve
nvtgagvyls
gwvlvsplsk

NP 002236.1

llrgelrklk
astvlsttgy
rwgfskgvva
yvpgegyngk
vhiiehdqgls

pvagpakgap
pnnshtappv
tlsialhkst
Ingsrlcika
nltftkdees
lgvkttdvgl

sgyqri

ssspaagipq
ltrksgslvg
vnpnghtytf
gvydgeehsv
flakvngttp

vaikklsrpf
gtdlgkimgm
larhadaemt
gltgilkvtg
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241 vpgtefvgkl ndkaaksyiq slpgtprkdf tglfpraspq aadllekmle
301 galthpffep frdpeeetea ggpfddsleh ekltvdewkq hiykeivnfs

361

Macrophage receptor with collagenous structure,

1
61
121
181
241
301
361
421
481

Malic
1
61
121
181
241
301
361
421
481
541

Migration
1

61

121

181

241

301

361

Matrix metallopeptidase 12,
NP 002417.

1
61
121
181
241
301
361
421

Matrix metallopeptidase 7,

1
61
121
181
241

Myelin protein zero like 1,

enzyme 1,

sgmkl

mrnkkilked ellsetqggaa
gllvvgvlnl garlrvlemy
twvrvshehl lqgrvdnftqgn
gamgrdgatg psgpdgppgv
getgtkgekg dlglpgskgd
ggqpglagvpg ppgavghpga
grkgesgvpg pagvkgeqgs
svsvrivgss nrgraevyys
iwldnvgcrg testlwsctk

mepeaprrrh thgrgylltr
nfehlnsdfd rylllmdlgd
rglfitihdr ghiasvlnaw
ggmnpgeclp vildvgtene
ligfedfanv nafrllnkyr
gageaalgia hlivmaleke
mknleaivge ikptaligva
vkitkgraif asgspfdpvt
taeviaqqvs dkhleegrly
reqmystdyd qgilpdcyswp

fhgiamepfe
flndtlaaed
pogmfrikgeq
kgeaglggpg
rgmkgdagvm
kgepgsagsp
pglagpkgap
gtwgticdde
nswghhdcsh

NADP-dependent malic enzyme,

nphlnkdlaf
rneklfyrvl
pedvikaivv
ellkdplyig
ngyctfnddi
glpkekaikk
aiggafseqi
lpnggtlypg
pplntirdvs
eevgkigtkv

and invasion inhibitory protein,

mveaeelaql
slstscprgr
slrdpepsgr
iagsldtsss
yeyrvnrrlf
rksfdasdtl
aspmgmlppt

2

mkfllilllqg
kekigemghf
ytpdmnredv
lahafgpgsg
kyvdintfrl
fkdrffwlkv
epnypksihs
nfggigpkid

mrltvlcave
emgkffglpi
phitvdrlvs
apgtglggda
panfklsgdd

rllnlellrqg
ssvwgppdac
lgdpgpgeaq
itsgpeaffs
pvpvdpgtpc
alprhcllgw
ptwsvpgvpr

atasgalpln
lglkvtggld
dyairkafqv
iggdahfded
saddirgigs
serpktsvnl
fgfpnfvkki
aviysknkyy

llpgslalpl
tgmlnsrvie
kalnmwgkei
hfdederwtd
ikgigklygk

precursor, NP 003944.1
1 maasagagav laapdsrrwl wsvlaaalgl

lwvggdavrr
rgdlrdvars
tpresilaqqgs
klgefretnk
rlcrtprdqq
difppkseks

phvprgkp

sstsleknnv
tstlemmhap
wsnvtplkfs
efwtthsggt
lygdpkengr
isslwptlps
daavinprfy
yvifggsnqgfe

pgeaggmsel
imgkprcgvp
plhfrkvvwg
gsslginfly
rsnsrkk

myelin protein

NP_00
invpkpkrrn
spsfsllgsa
gapglgghkg
gapgkggatg
gppgaggskg
graglpgspg
ggaggkgdgg
wagnsdaivfc
eedagvecsv

NP 00238
tleergqlni
tediekfmpi
tdgerilglg
lrgrrvrgse
ggtasvavag
iwlvdskgli
lkdmaafner
ggnnsyvipg
lkiaekivkd
dg

6761.1
gvnfslavvv
hpgehlagga
amgmpgapgp
tpgpggekgs
dfgrpgppgl
spgatglkgs
vkgssgeqgv
rmlgyskgra

6.1
hgllppsfns
vytptvglac
dlgcngmgip
yddfldefme
llaalritkn
vkgrasltge
piifalsnpt
valgvvacgl
ayqgektatvy

NP 068752.2

svaraasess
gvaslppakc
klskprvtfs
eecicshpep

gpgtlagpah
saprnldlws

lfgerylekf
rcgvpdvhhf
kintgmadil
nlfltavhei
lpnpdnsepa
gieaayeiea
rtyffvdnqgy
ydfllgritk

matrilysin preproprotein,

lessssynse
ghgeslgrpr
eesavpkrsw
dglpglressg
vrvsiplsil
svsaeaghgk

ygleinklpv
rempggpvwr
vviargahgd
ghslglghss
lcdpnlsfda
rngvilfkdd
wryderrgmm
tlksnswfgc

NP 002414.1

gweqaqdylk rfylydsetk
dvaeyslfpn spkwtskvvt
tadimigfar gahgdsypfd
aathelghsl gmghssdpna

ldvdkrltaa
piarkdsrrr

iylilltaga
srlgvlgagl
pgppaeckgak
kgdggligpk
agfpgakgdg
kgdtglggag
kgekgergen
lykvgagtgg

geigvlrvvk
ggyslvirkp
vgklalytac
avsskygmnc
klsedgtilfqg
kekfahehee
skaecsaeqc
rgitdniflt
pepqnkeafv

tpstpetsst
phsapslgts
rlrpylgydw
sgveedhecv
epphryhihr
lsgtsspfhp

macrophage metalloelastase preproprotein,

tkmkysgnlm
khyityrinn
fhafdgkggi
dpkavmfpty
vttvgnkiff
kywlisnlrp
dpgypklitk

nansleaklk
yrivsytrdl
gpgntlahaf
vmyptygngd

zero-like protein 1 isoform a

ltagvsalev ytpkeifvan

gtggkltckf
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61
121
181
241

Myelin protein zero like 1,

precursor,
1
61
121
181

Myelin protein zero like 1,

precursor,

Macrophage scavenger receptor 1,
isoform type 1,

1
61
121
181
241
301
361
421

Macrophage scavenger receptor 1,
isoform type 2,

1
61
121
181
241
301

Macrophage scavenger receptor 1,
isoform type 3,

1
61
121
181
241
301
361

Myoneurin,

1

61

121

181

241

301

361

421

481

184

kststtgglt svswsfqgpeg adttvsffhy
nienmgfihn gtyicdvknp pdivvgpghi
1lismilavl yrrknskrdy tgcstsesls
yvagldhsggh hsdkinkses vvyadirkn

NP 078845.
maasagagav
kststtgglt
nienmgfihn
1lismilavl

3

iaapdsrrwl
svswsfqgpeg
gtyicdvknp
yrrknskrdy

NP 001139663.1
1 maasagagav laapdsrrwl wsvlaaalgl
61 kststtgglt svswsfgpeg adttvsgpvi

megqwdhfhng
favlipligi
mekrighild
islnttlldl
kgevkvlnni
ppglkgdrga
grveilhsgqg
gressieeck

megqwdhfhng
favlipligi
mekrighild
islnttlldl
kgevkvlnni

prglkgdrga

megqwdhfhng
favlipligi
mekrighild
islnttlldl
kgevkvlnni
ppglkgdrga
ssieeckirqg

isoform A,
mgyshhcehl
vildgsqgvka
ianpssteis
kkkkafnspk
vent fpagdi
kpmcentcecgkv
elcdkgfagk
ggrfagastl
issgelnkhf

NP 619729.1

gedtdscses
vaaqllkwet
meanlmdteh
glnienlngk
tndlrlkdwe
igfpgsrglp
wgticddrwe
irgwgtracs

NP 002436.1

gedtdscses
vaaqllkwet
meanlmdteh
glnienlngk
tndlrlkdwe
igfpgsrglp

NP 619730.1

gedtdscses
vaaqllkwet
meanlmdteh
glnienlngk
tndlrlkdwe
igfpgsrglp
wgtracshse

NP 001172047.1,

lerlnkqgrea
dgfgkllefi
sitgnielng
tggnktvgyp
vhtvtvkrkr
fseasslrrh
cglvihsrmh
tyhvrrhtge
rshtgerpfi

myelin protein

wsvlaaalgl
adttvsffhy
pdivvgpghi
tgagsymhs

myelin protein

PCT/US2018/023442

sqgqvylgny ppfkdriswa gdldkkdasi
rlyvvekenl pvfpvwvvvg ivtavvlglt
pvkgaprksp sdteglvksl psgshqgpvi

zero-like protein 1 isoform b

ltagvsalev ytpkeifvan gtqggkltckf
sqgqvylgny ppfkdriswa gdldkkdasi
rlyvvekenl pvfpvwvvvg ivtavvlglt

zero-like protein 1 isoform c

ltagvsalev
yagldhsggh

macrophage scavenger

vkfdarsmta
kncsvsstna
fgnfsmttdg
igentfkqgge
hsgtlrnitl
gyagrpgansg
vrvgqvvers
hsedagvtct

1lppnpknsp
nditgsltgk
rfndillqgls
eiskleervy
iggppgppge
pkggkgekgs
lgypgvgavh
1

macrophage scavenger

vkfdarsmta
kncsvsstna
fgnfsmttdg
igentfkqgge
hsgtlrnitl
gyagrpgansg

1lppnpknsp
nditgsltgk
rfndillqgls
eiskleervy
iggppgppge
pkggkgekgs

macrophage scavenger

vkfdarsmta
kncsvsstna
fgnfsmttdg
igentfkqgge
hsgtlrnitl
gyagrpgansg
dagvtetl

gflcdetivi
ytgtlnldsw
gtclltlrdy
sdilenasve
gksgpncalk
mrihkgvkpy
hgeekpykcd
kpyvedtcgk
celcgnsytd

1lppnpknsp
nditgsltgk
rfndillqgls
eiskleervy
iggppgppge
pkggkgekgs

NP 061127.1

gefgfkahrn
nvkeihgaad
nnreksevst
1fldanklpt
ehsmsniasv
vchlcgkaft
venlgfatss
afavssslit
iknlkkhktk

ytpkeifvan
hsdkinkses

receptor types I and II

slgeklksfk
gndseeemrf
tlfssvgghg
nvsaeimamk
kgdrgptges
gntltpftkv
kaahfgggtg

receptor types I and II

slgeklksfk
gndseeemrf
tlfssvgghg
nvsaeimamk
kgdrgptges
gntlrpvqglt

receptor types I and II

slgeklksfk
gndseeemrf
tlfssvgghg
nvsaeimamk
kgdrgptges
gntlstgpiw

vlasfseyfg
ylkveevvtk
dliganpkqgg
pvvegvagin
kspyeaensg
gcnglkthvr
nlkiharkhs
hsrkhtgekp
vhsgadktld

gtggkltckf
vvyadirkn

aalialyllv
gevimehmsn
naideisksl
eeqvhleqgei
gprgfpgpig
rlvggsgphe
piwlnevfct

aalialyllv
gevimehmsn
naideisksl
eeqvhleqgei
gprgfpgpig
dhiragps

aalialyllv
gevimehmsn
naideisksl
eeqvhleqgei
gprgfpgpig
Inevfcfgre

aiyrstsenn
ckikmedfaf
alakkssgtk
dnseleltsv
eeldqgryska
thtgekpykc
gekpyvecdrc
yicgicgkst
ssaedhtlse
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541 gdsigkspls etmdvkpsdm tlplalplgt

601

Myoneurin,

pagliflgqly

isoform B, NP _001172048.1

1 mgyshhcehl lerlnkqgrea

61 vfldgsgvka dgfgkllefi
121 ianpssteis sitgnielng
181 kkkkafnspk tggnktvgyp
241 ventfpaqdi vhtvtvkrkr
301 kpmentcgkv fseasslrrh
361 eledkgfagk cqglvfhsrmh
421 ggrfagastl tyhvrrhtge
481 issgelnkhf rshtgadktl
541 tedhhmllpv tdtgsptsdt

N-acetylglucosamine kinase,

1
61
121
181
241
301
361

N-acetylglucosamine kinase,

1
61
121
181
241

Napsin A aspartic peptidase,

1
61
121
181
241
301
361

Nuclear transcription factor Y subunit gamma,

1
61
121
181
241
301

Nuclear transcription factor Y subunit gamma,

1
61
121
181
241
301

Nuclear transcription factor Y subunit gamma,

mrtrtgsqgla
sevllvsedg
lsggdgedag
npdgsesgcg
pdrlgilthl
pvlfggkigl
gaslgarhig

mvnrakrkag
iatatpdggv
dnleaaphdi
ryifrkagem
eiqaqnffss

mspppllgpl
pgdkpifvpl
rfdpkassst
ahfdgilglg
ahyippltfv
aaiggiplla
ldvpppagpt

msteggfggt
isaeapvlfa
delkppkrge
agpgqagttp
vglnagglqgy
vgaggqafsqg

msteggfggt
isaeapvlfa
delkppkrge
agpgqgqgttp
vglnagglqgy
iqgvtmpagq

arevtgsgav
kilaeadgls
rilieelrdr
gwghmmgdeg
yrdfdkcrfa
pilcvgsvwk
hllpmdysan

vdplvplrsl
vlisgtgsnc

isoform 1,

isoform 2,

gflcdetivi
ytgtlnldsw
gtclltlrdy
sdilenasve
gksgpncalk
mrihkgvkpy
hgeekpykcd
kpyvedtcgk
dssaedhtls
llrstvngys

prglegrrcg
tnhwligtdk
fpylsesyli
saywiahgav
gfcrkiaega
swellkegfl
aiafysytfs

glslsggdge
rlinpdgses

edhhmllpvt

gefgfkahrn
nvkeihgaad
nnreksevst
1fldanklpt
ehsmsniasv
vchlcgkaft
venlgfatss
afavssslit
eqdsigkspl
epqgqliflqql

NP 060037.3

agrdanggts
cverinemvn
ttdaagsiat
kivfdsidnl
qqgdplsryi
laltqggreiq

NP 001317354.1

dagrilieel
gcggwghmmg

gyvkgamfhy fgvpdrlgil thlyrdfdkc

lgrhivavlp
ftlmklrhss

1111pllnve
snyrdvqgyfg
gangtkfaiqg
fpilsvegvr
pvtvpaywgi
geyiilcsei
wilgdvflgt

sssdaqgqgslg
kaagifitel
evrgsvtpae
vtmgvgegqq
irlagpvsgt
ftdgqglyqi

sssdaqgqgslg
kaagifitel
evrgsvtpae
vtmgvgegqq
irlagpvsgt
dlagpmfigs

eidpvlfqggk
alggaslgar

preproprotein,

psgatlirip
eiglgtppgn
ygtgrvdgil
ppmdvlveqg
hmervkvgpg
pklpavsfll
yvavidrgdm

sfwprvmeei
tlrawihted
pvgyyftlag
vgivgagqpgg
gvvgggiqgtl
ggvtmpagqd

sfwprvmeei
tlrawihted

pvgyyftlag
vgivgagqpgg
gvvgggiqgtl
angpsdgdgap

iglpilcvgs
highllpmdy

NP 004842
lhrvgpgrri
ftvafdtgss
sedkltiggi
11dkpvisfty
ltlcakgcaa
ggvwfnltah
kssarvglar

isoform
rnltvkdfrv
nkrrtlgrnd
gptavgvqaq
qaggagsgtg
atnaggggrn
lagpmfigsa

isoform
rnltvkdfrv
nkrrtlgrnd

gptavgvqaq
qaggagsgtg
atnaggitgt
gvtgd

isoform

7
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dtgsptsdtl

vlasfseyfg
ylkveevvtk
dliganpkqgg
pvvegvagin
kspyeaensg
gcnglkthvr
nlkiharkhs
hsrkhtgekp
setmdvkpsd

Yy

sdgsssmaai
rakrkagvdp
atpdggvvli
eaaphdigyv
frkagemlgr
agnffssftl

lrstvngyse

aiyrstsenn
ckikmedfaf
alakkssgtk
dnseleltsv
eeldqgryska
thtgekpykc
gekpyvecdrc
yicgicgkst
mtlplalplg

yggvegggtr
lvplrslgls

sgtgsncrli
kgamfhyfqv
hivavlpeid
mklrhssalg

NP 001317355.1

rdrfpylses
degsaywiah
rfagfecrkia
vwkswellke
sanaiafysy

.1

Inllrgwrep
nlwvpsrrch
kgasvifgea
Inrdpeepdg
ildtgtslit
dyvigttrng
artrgadlgw

1,
gelplarikk
iamaitkfdqg
qggqgttsst
gtmgvmgqgii
asqgkprrcl
ngpsdggapq

2,
gelplarikk
iamaitkfdqg
qggqgttsst
gtmgvmgqgii
evgggqqgts

3 !

ylittdaags
gavkivfdsi
egagqgdpls
gfllaltqgr
tfs

aelpklgaps
ffsvpcwlhh
lwepslvfaf
gelvlggsdp
gpteeiralh
vrlclsgfga

getagagfpg

NP 001136060.1

imkldedvkm
fdflidivpr
ttigpggiii
tntgeiqqgip
ketlgitgte
vtgd

NP _055038.2

imkldedvkm
fdflidivpr
ttigpggiii
tntgeiqqgip
gftdggglyqg

NP 001136059.1
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1
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Nuclear transcription factor Y subunit gamma,

1
61
121
181
241

Nuclear transcription factor Y subunit gamma,

1
61
121
181
241
301

Nuclear transcription factor Y subunit gamma,

1
61
121
181
241
301
361
421

Nuclear transcription factor Y subunit gamma,

1
61
121
181
241
301
361
421

NFKB repressing factor,

1
61
121
181
241
301
361
421
481
541
601
661

NFKB repressing factor,

msteggfggt
isaeapvlfa
delkppkrge
agpgqgqgttp
vglnagglqgy
ggvtmpaggd

msteggfggt
ndiamaitkf
9ggggqgtts
tggtmgvmgqg
gtevgqgqaq

msteggfggt
isaeapvlfa
delkppkrge
agpqgggtmg
qgitgtevaq
d

msteggfggt
isaeapvlfa
delkppkrge

agpgqagttp
vglnagglqgy
vgggqadatisg
ascveesqpqg

lygiqggvtmp

msteggfggt
isaeapvlfa
delkppkrge

agpgqgqgttp
vglnagglqgy
ggarvseltg
dalgwvvvev
figsanqgpsd

mgfmlplifr
gagskfharp
sigdgnsqgyc
vvaekgyfie
padipknkkl
kfkhtfgedl
andaigilnn
lkilgktgpt
veyvyermtg
avedvisrne
hkreglgldv
kskshgvghd

sssdaqgqgslg
kaagifitel
evrgsvtpae
vtmgvgegqq
irlagpvsgt
lagpmfigsa

sssdaqgqgslg
dgfdflidiv
stttigpggi
iitntgeiqq
fsgftdgqgl

sssdaqgqgslg
kaagifitel
evrgsvtpae
vmggiitntg
ggaggfsgftd

sssdaqgqgslg
kaagifitel
evrgsvtpae
vtmgvgegqq
irlagpvsgt
ftdggrnsvg

gsstspppsd
agqdlagpmf

sssdaqgqgslg
kaagifitel
evrgsvtpae
vtmgvgegqq
irlagpvsgt
eaeprevkat
sgtpngleth
ggapgvtgd

isoform
ysprlmekil
rfepvhfvas
dssgfiltkd
kltatiwknl
ltdgyacevr
vvcgigmssy
sasfnkmsie
ypsvkssqgch
lrwkckvile
iqgrsaeeay
ervnkiakrd
rylvvgrkrr

isoform

186

sfwprvmeei
tlrawihted
pvgyyftlag
vgivgagqpgg
gvvgggiqgtl
ngpsdggapq

sfwprvmeei
prdelkppkr
iiagpgqgqt
ipvglnagqgl
ygiggvtmpa

sfwprvmeei
tlrawihted

pvgyyftlag
eiqgipvgln
gaqlygiggv

sfwprvmeei
tlrawihted
pvagyyftlag
vgivgagqpgg
qvvgggiqgtl
garvseltge
alqwvvvevs
igsangpsdg

sfwprvmeei
tlrawihted
pvagyyftlag
vgivgagqpgg
qvvgggiqgtl
gnstpctssl
relhaplpgm

1,
gmaegidige
sskdergedp
gpvtanmyfd
snpemtsgsd
cqniylttgy
efppalkppe
vkyemmpnrt
tgssprgsgk
seviaeavgv
kggikednig
iegiirnyar
kedlldglkg

2 !

NP 001166959.1,

rnltvkdfrv
nkrrtlgrnd
gptavgvqaq
qaggagsgtg
atnaggitgt
vtgd

isoform
rnltvkdfrv
geevrgsvtp
tpvtmgvgeg
gyirlaqgpvs
ggdlagpmfi

isoform
rnltvkdfrv
nkrrtlgrnd
gptavgvqaq
agglqgyirla
tmpaggdlaqg

isoform
rnltvkdfrv
nkrrtlgrnd

gptavgvqaq
qaggagsgtg
atnaggggrn
aeprevkatg
gtpnglethr
gapgvtgd

isoform
rnltvkdfrv
nkrrtlgrnd

gptavgvqaq
qaggagsgtg
atnaggitgt
ptthppshra
tslsplhpsqg

NP 001166958.1

mpsydlvlsk
ygpgtkevne
sgnpapstts
kinytymltr
agskngsrdr
dlvvlgkdas
wrcrvilgdh
kkdikdlvvy
kktvkyeaag
ngllrkmgwt
seshtdltfs
eggvghyelv

NP _

PCT/US2018/023442

gelplarikk
iamaitkfdqg
gggqgttsst
gtmgvmgqgii
evqqgqqafs

4,
gelplarikk
aepvqyyftl
agvgivgaqp
gtqgvvggqgiq
gsangpsdgq

5,
gelplarikk
iamaitkfdqg
qggqgttsst
gpvsgtgvvqg
pmfigsangp

6,
gelplarikk
iamaitkfdqg
qggqgttsst
gtmgvmgqgii
asqgkprrcl
nstpctsslp
elhaplpgmt

7,
gelplarikk
iamaitkfdqg
gggqgttsst
gtmgvmgqgii
evqqgqqafs
gascvceesgp

glygiggvtm

pskggkrhls
gthfasmprd
ggansgstpe
ciqacktnpe
atelavkllqg
ggpifnasak
claegygtkk
enssnpvetl
eavktlkktqg
ggglgksgeg
reltnderkqg
mpgan

060014.2

imkldedvkm
fdflidivpr
ttigpggiii
tntgeiqqgip
gftdgglyqgi

NP 001136061.1

imkldedvkr
aggptavqvqg
gggqaqgadgsg
tlatnaqqgit
apqgvtgd

NP 001136062.1

imkldedvkm
fdflidivpr
ttigpggiii
ggigtlatna
sdggapqvtg

NP 001295043.1

imkldedvkm
fdflidivpr
ttigpggiii
tntgeiqqgip
ketlgitgte
tthppshrag
slsplhpsqqgq

NP 001295044.1

imkldedvkm
fdflidivpr
ttigpggiii
tntgeiqqgip
gftdggrnsv
ggsstsppps
paggdlagpm

tcdggnppkk
iyqgdytqgdsft
pspsgtfpes
yiyaplkeip
krievrvvrr
hwtnfviten
tskhaaadea
ndtagfnrmt
ptvinnlkkg
irepisvkeq
ihgiagkygl
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1
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181
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541
601
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Plasminogen activator,
preproprotein,

isoform 1
1

61

121

181

241

301

361

421

Plasminogen activator,
isoform 2,

1
61
121
181
241
301
361

Plasminogen activator,
isoform 3,

1
61
121
181
241
301

Receptor tyrosine kinase like orphan receptor 1,

mekilgmaeg
hfvassskde
iltkdgpvta
iwknlsnpem
acevreqniy
gmssyefppa
kmsieykyem
ssgchtgssp
kvilesevia
aeeaykqqik
iakrdieqgii
grkrrkedll

mrallarlll
hceidksktc
yernpdnrrr
ggefttieng
rsrlnsntqgg
psmyndpgfg
caadpgwktd
shtkeengla

idigempsyd
rgedpygpgt
nmyfdsgnpa
tegsdkinyt
lttgyagskn
lkppedlvvl
mpnrtwrcrv
rgsgkkkdik
eavgvkktvk
ednigngllr
rnyarsesht
dglkgegqgvg

cvlvvsdskg
yvegnghfyrg
pwcyvgvglk
pwfaaiyrrh
emkfevenli
tesceitgfgk
scqgdsggpl
1

NP 001138503.1

mvEhlrtrye
yrgkastdtm
glkplvgecm
rrhrggsvty
nlilhkdysa
fgkenstdyl
gplveslqggr

gancdclngg
grpclpwnsa
vhdcadgkkp
veggslispe
dtlahhndia
ypeqlkmtvv
mtltgivswg

NP 001306120.1

mgrpclpwns
mvhdcadgkk
yvcggslisp
adtlahhndi
lypeqglkmtv
rmtltgivsw

kinase transmembrane

1
61
121
181
241
301
361
421
481
541
601
661

mhrprrrgtr
depmnnitts
ldttdtgyfg
fignrtvyme
vpkprdlcrd
ipmadpinkn
ycernpgngke
1ffficvcrn
ecafgkivykg
avtgegpvecm
agmeylsshf
peaimygkfs

atvlggtyha
pssppeelkf
cwvisathcf
allkirskeg
vklishrecq
grgcalkdkp

receptor ROR1 isoform 1 precursor,

ppllallaal
lggtaelhck
cvatngkevv
slhmggeien
eceilenvlc
hkcynstgvd
apwcftlden
ngksssapvqg
hlylpgmdha
l1feyinggdl
fvhkdlaarn
sdsdiwsfgv

urokinase,
NP 002649.1

urokinase,

urokinase,

187

1vlskpskgqg
kevneqgthfa
psttsggans
ymltrcigac
gsrdratela
gkdasggpif
flgdhclaeg
dlvvyenssn
yeaageavkt
kmgwtggglg
dltfsreltn
hyelvmpgan

snelhgvpsn
kastdtmgrp
plvgecmvhd
rggsvtyvecg
lhkdysadtl
enstdylype
veslggrmtl

tcvsnkyfsn
tvlggtyhah
ssppeelkfqg
wvisathcfi
llkirskegr
klishrecqqg
rgcalkdkpg

hrsdalglgl
gcggktlrpr
idypkkedyi
rcagpsrtig

gphyygsevt
gvytrvshfl

llaargaaaq
vsgnppptir
sstgvlfvkE
gitaaftmig
gteyifarsn
yrgtvsvtks
fksdlcdipa
rgpkhvrggn
glvaiktlkd
heflimrsph
iligeglhvk
viweifsfgl

krhlstcdgg
smprdiyqdy
gstpepspsq
ktnpeyiyap
vkllgkriev
nasakhwtnf
ygtkktskha
pvctlndtag
lkktgptvin
ksgegirepi
derkgihgia

cdclnggtev
clpwnsatvl
cadgkkpssp
gslispcwvi
ahhndiallk
glkmtvvkli
tgivswgrgc

ihwenepkkf
rsdalglglg
cggktlrprt
dypkkedyiv
cagpsrtiqt
phyygsevtt
vytrvshflp

gkhnycrnpd
fkiiggeftt
vylgrsrlns
ticlpsmynd
tkmlcaadpqg
pwirshtkee

etelsvsael
wfkndapvvg
gppptaspgy
tsshlsdkes
pmilmrlklp
grgcgpwrisq
cdskdskekn
vemsmlnayk
ynnpggwtef
sdvgcssded
isdlglsrei

gpyygfsnge
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nppkkgagsk
tgdsfsiqgdg
tfpesvvaek
lkeippadip
rvvrrkfkht
vitenandai
aadealkilg
fnrmtveyvy
nlkkgavedv
svkeghkreg
gkyglksksh

snkyfsnihw
ggtyhahrsd
peelkfgcgg
sathcfidyp
irskegrcaq
shrecqgphy
alkdkpgvyt

ggghceidks
khnycrnpdn
kiiggeftti
ylgrsrlnsn
iclpsmyndp
kmlcaadpgw
wirshtkeen

Nrrrpwcyvq
iengpwfaai
ntggemkfev
pafgtsceit
wktdscqggds
nglal

vptsswniss
eprrlsfrst
sdeyeedgfc
gfaipslchy
ncedlpgpes
yphthtftal
kmeilyilvp
pkskakelpl
ggeaslmael
gtvkssldhg
ysadyyrvgs
viemvrkrqgl

fharprfepv
nsqycdssgf
gyfiekltat
knkklltdgy
fgedlvveqgi
gilnnsasfn
ktgptypsvk
ermtglrwkc
isrneiggrs
lgldvervnk
gvghdrylvv

urokinase-type plasminogen activator

cncpkkfggqg
alglglgkhn
ktlrprfkii
kkedyivylg
psrtigticl
ygsevttkml
rvehflpwir

urokinase-type plasminogen activator

ktcyegnghtf
rrrpwcyvgv
engpwfaaiy
tggemkfeve
gfgtsceitg
ktdscggdsg
glal

urokinase-type plasminogen activator

vglkplvqgec
yrrhrggsvt
enlilhkdys
gfgkenstdy

ggplveslgg

inactive tyrosine-protein
NP _005003.2

elnkdsyltl
iygsrlrirn
gpyrgiacar
afpycdetss
peaancirig
rfpelngghs
svaiplaial
savrfmeelg
hhpnivellg
dflhiaiqgia
ksllpirwmp
lpcsedcppr
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721
781
841
901

Receptor tyrosine kinase like orphan receptor 1,

188

myslmtecwn eipsrrprfk dihvrlrswe
lsnprypnym fpsqgitpgg giagfigppi
pprvighcpp pksrspssas gststghvts
vignksgkpy kidskgasll gdanihghte

kinase transmembrane

1
61
121
181
241
301
361

Runt related transcription factor 1,

isoform AMLla, NP _001116079.1

1
61
121
181
241

Runt related transcription factor 1,

mhrprrrgtr
depmnnitts
ldttdtgyfg
fignrtvyme
vpkprdlcrd
ipmadpinkn
ycernpgngke

mripvdasts
elvrtdspnt
taamkngvar
gklddgtkpg
geedtapwrc

receptor ROR1 isoform 2 precursor,

ppllallaal
lggtaelhck
cvatngkevv
slhmggeien
eceilenvlc
hkcynstgvd
apwcftlden

rrftppstal

llaargaaaq
vsgnppptir
sstgvlfvkE
gitaaftmig
gteyifarsn
yrgtvsvtks
fksdlcdipa

spgkmsealp
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glsshtsstt psggnattgt tslsaspvsn

pangrfipin gypippgyaa fpaahygptg
lpssgsngea nipllphmsi pnhpggmgit

smigael

etelsvsael
wfkndapvvg
gppptaspgy
tsshlsdkes
pmilmrlklp
grgcgpwrisq
cgk

lgapdagaal

lesvlpthwr cnktlpiafk vvalgdvpdg

frndlrfvgrs
slsfserlse

isoform AML1b, NP _001001890.1

1
61
121
181
241
301
361
421

Runt related transcription factor 1,
isoform AMLlc,

1
61
121
181
241
301
361
421

Surfactant protein Al,
NP 001158116.1,

precursor,
1
61
121
181
241

Surfactant protein Al,

precursor,

mripvdasts
elvrtdspnt
taamkngvar
gklddgtkpg
qdtrgigpsp
tafsdprgfp
ssqaqggpfqg
ngsdvveaeg

masdsifesf
pdagaalagk
lgdvpdgtlv
tnppgvatyh
hhpaptpnpr
pispgrasgm
tegigigmsa
gerspprilp

mwlcplalnl
gppgempcpp
trgalslggs
yntyayvglt
srlticef

rrftppstal
lesvlpthwr
frndlrfvgrs
slsfserlse
pwsydgsyqy
alpsisdprm
asspsyhlyy
shsnsptnma

NP 001745.2

psypgcfmre
lrsgdrsmve

tvmagndeny
raikitvdgp
aslnhstafn
ttlsaelssr
mgsatryhty
pctnastgsa

ilmaasgavc
gndglpgapg
imtvgekvfs
egpspgdfry

NP 001087239.2
1 mrpcgvpgaa tgpramwlcp lalnlilmaa sgavcevkdv cvgspgipgt pgshglpgrd

61 grdglkgdpg ppgpmgppge mpcppgndgl pgapgipgec gekgepgerg ppglpahlde

grgksftlti
leglrrtamr

spgkmsealp
cnktlpiafk
grgksftlti
leglrrtamr
lgsiaspsvh
hypgaftysp
gasagsyqfs
psarleeavw

cilgmnpsrd
vladhpgelv
saelrnataa
reprrhrgkl
papgsgmgdt
lstapdltaf

lpppypgssq
llnpslpngs

evkdvcvgsp
ipgecgekge
snggsitfda
sdgtpvnytn

tvitnppgva
vsphhpaptp

lgapdagaal
vvalgdvpdg
tvitnppgva
vsphhpaptp
patpispgra
tpvtegigig
mvggersppr
roy

vhdastsrrf
rtdspnflcs
mkngvarfnd
ddgtkpgsls
rgigpsppws
sdprgfpalp
agggpfqgass
dvveaegshs

gipgtpgshg
pgergppglp
igeacaragg

wyrgepagrg

vptsswniss
eprrlsfrst
sdeyeedgfc
gfaipslchy
ncedlpgpes
yphthtftal

agklrsgdrs
tlvtvmagnd
tyhraikitv
npraslnhst

agklrsgdrs
tlvtvmagnd
tyhraikitv
npraslnhst
sgmttlsael
msamgsatry
ilppctnast

tppstalspg
vlpthwrcnk
lrfvgrsgrg
fserlseleq
ydgsyqylgs
sisdprmhyp
psvyhlyygas
nsptnmapsa

lpgrdgrdgl
ahldeelqgat
riavprnpee
keqcvemytd

inactive tyrosine-protein
NP 001077061.1

elnkdsyltl
iygsrlrirn
gpyrgiacar
afpycdetss
peaancirig
rfpelngghs

runt-related transcription factor 1

mvevladhpg
enysaelrna
dgpreprrhr

afnpgpgsgm

runt-related transcription factor 1

mvevladhpg
enysaelrna
dgpreprrhr

afnpgpgsgm
ssrlstapdl

htylpppypg
gsallnpslp

runt-related transcription factor 1

kmsealplga
tlpiafkvva
ksftltitvef
lrrtamrvsp
iaspsvhpat
gaftysptpv
agsyqfsmvg
rleeavwrpy

pulmonary surfactant-associated protein Al isoform 1
NP 001158119.1, NP_005402.3

kgdpgppgpm
lhdfrhgilqg
neaiasfvkk
ggwndrncly

pulmonary surfactant-associated protein Al isoform 2
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121 elgatlhdfr hgilgtrgal slggsimtvg ekvfssngqgs itfdaigeac araggriavp
181 rnpeeneaia sfvkkyntya yvgltegpsp gdfrysdgtp vnytnwyrge pagrgkegcv
241 emytdgqwnd rnclysrlti cef

Surfactant protein Al,

precursor,
1
61
121
181

Surfactant protein Al,

precursor,
1
61
121
181

Surfactant protein A2,
NP 001092138.1,

precursor,
1
61
121
181
241

Surfactant protein A2,

precursor,
1
61
121
181
241

NP 001158117.1

mrpcgvpgaa
gppglpahld
caraggriav
epagrgkeqc

tgpramwlcp
eelgatlhdf
prnpeeneai
vemytdggwn

NP 001158118.1
mwlcplalnl ilmaasgave evkdvevgtp gipgecgekg epgergppgl pahldeelga
tlhdfrhqgil gtrgalslqgg simtvgekvf ssnggsitfd aiqeacarag griavprnpe
eneaiasfvk kyntyayvgl tegpspgdfr ysdgtpvnyt nwyrgepagr gkegcvemyt

dggwndrncl

mwlcplaltl
gppgetpcpp
trgalslggs
yntyayvglt
srlticef

ysrlticef

ilmaasgaac
gnnglpgapg
imtvgekvfs
egpspgdfry

NP 001307743.1

mpgaatgpra
kgdpgppgpm
lhdfrhgilqg
neaiasfvkk
ggwndrncly

mwlcplaltl
gppgetpcpp
trgalslggs
yntyayvglt
srlticef

Surfactant protein B, pulmonary

NP _ 000533
1

61

121

181

241

301

361

.3,

mhgagypgcr
cralghclge

mpgcngvldd
pdplldklvl
vavaqvcrvv
tgewlprdse
lvprgwdaht

NP 942140.2

gamaeshllqg
vwghvgaddl
yviplvidyfqg
pvlpgalgar
plvaggicgc
chlcmsvttqg
tcgalgvegt

Surfactant protein C, pulmonary

precursor,
1
61
121
181

NP 001165881.1,

mdvgskevlm
sgkhtemvle
cyimkiapes
lgmavstlcg

lalnlilmaa
rhgilgtrga
asfvkkynty
drnclysrlt

evkdvcvgsp
vpgergekge
snggsitfda
sdgtpvnytn

ilmaasgaac
gnnglpgapg
imtvgekvfs
egpspgdfry

surfactant-

wlllllptlc
cqgecedivhi
ngtdsngicm
pgphtgdlse
laerysvill
agnssegaip
mssplgcihs

surfactant-
NP 003009.2

pulmonary surfactant-associated protein Al isoform 3

sgavcevkdv cvgtpgipge cgekgepger
1slggsimtv gekvfssngqg sitfdaiqea
ayvgltegps pgdfrysdgt pvnytnwyrg

icef

gipgtpgshg
agergppglp
igeacaragg
wyrgepagrg

evkdvcvgsp
vpgergekge
snggsitfda
sdgtpvnytn

associated

gpgtaawtts
Inkmakeaif
hlglcksrqgp
qqfpiplpyc
dtllgrmlpg
gamlgacvgs
pdl

associated

esppdysaap rgrfgipccp vhlkrllivv
msigapeaqq rlalsehlvt tatfsigstg
ipslealtrk vhnfgmecsl gakpavptsk

evplyyi

lpgrdgrdgv
ahldeelqgat
riavprnpee
keqcvemytd

gipgtpgshg
agergppglp
igeacaragg
wyrgepagrg

pulmonary surfactant-associated protein Al isoform 4

pulmonary surfactant-associated protein A2 isoform 1
NP 001307742.1

kgdpgppgpm
lhdfrhgilqg
neaiasfvkk
ggwndrncly

pulmonary surfactant-associated protein A2 isoform 2

lpgrdgrdgv
ahldeelqgat
riavprnpee
keqcvemytd

protein B precursor,

slacaggpef
gdtmrkfleq
epegepgmsd
wlcralikri
lverlvlres
wldrekckgf

wcgsleqgalqg
ecnvlplkll
plpkplrdpl
gamipkgala
mddsagprsp
veghtpgllt

protein C isoform 1

vvvvlivvvi
lvvydyqqll
lggaegrdag

vgallmglhm
iaykpapgtc
sapsggdpatf

Surfactant protein C, pulmonary surfactant-associated protein C isoform 2
NP 001304709.1

1 mdvgskevlm esppdysaap rgrfgipccp vhlkrllivv vvvvlivvvi vgallmglhm
61 sgkhtemvle msigapeaqq rlalsehlvt tatfsigstg lvvydyqgll iaykpapgtc
121 cyimkiapes ipslealtrk vhnfgakpav ptsklggaeg rdagsapsgg dpaflgmavs

precursor,

NP 001165828.1,

NP 001304707.1,
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181 tlcgevplyy 1

Surfactant protein C, pulmonary
NP 001304708.1

1 mdvgskevlm esppvlemsi
61 kpapgtccyi mkiapesips
121 sggdpaflgm avstlcgevp

precursor,

Surfactant protein D, pulmonary

NP _003010.

1
61
121
181
241
301
361

Solute carrier family 2 member 5,
glucose transporter member 5 isoform 1,

1
61
121
181
241
301
361
421
481

Solute carrier family 2 member 5,
glucose transporter member 5 isoform 2,

1
61
121
181
241

Solute carrier family 2 member 5,
glucose transporter member 5 isoform 3,

1
61
121
181
241
301
361
421

Solute carrier family 2 member 5,
glucose transporter member 5 isoform 4,

1
61
121
181
241
301

4

mllfllsalv
gekgdpglpg
gplgkggnig
gaagsagamg
lgaafsqgykk
gglvvaknea
ndracgekrl

meqqgdgsmke
fmedfpltll
vatsfeliii
glrnllanvd
dsvdrevaei
dgiylsagvp
aalalgdtvs
lsnftvglif
vsevypekee

lltgplgyle
aagqagmpgq
pagkpgpkge
pggspgargp
velfpnggsv
aflsmtdskt
vvcef

grltlvlala
wsvtvsmipf
srllvgicag
gwpillgltg
rgedeaekaa
eehvqgyvtag
wmpyisivev
pfigeglgpy
lkelppvtse

190

surfactant-

gapeadgqrla
lealtrkvhn

lyyi

surfactant-

aemktyshrt
agpvgpkgdn
agpkgevgap
pglkgdkgip
gekifktagf
egkftyptge

tliaafgsst
ggfigsllvg
vssnvvpmyl
vpaalgllll
gfisvlklfr
tgavnvvmtt
isyvighalg
sfivfavicl
q

associated

lsehlvttat
fgmecslgak

associated

mpsactlvme
gsvgepgpkg
gmggsagarg
gdkgakgesg
vkpfteaqll
slvysnwapg

gsolute carrier family 2,
NP 001315548.1,

gygynvaavn
plvnkfgrkg
gelapknlrg
pffpespryl
mrslrwglls
cavivvellg
pspipallit
lttiyifliv

gsolute carrier family 2,
NP 001129057.1
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protein C isoform 3

fsigstglvv
pavptsklgg

ydygglliay
aegrdagsap

protein D precursor,

ssvesglpgr
dtgpsgppgp
lagpkgergv
lpdvaslrqqgq
ctgaggglas
epnddggsed

spallmqgfy
allfnnifsi
algvvpglfi
ligkkdeaaa
iivlimggqgqgl
rrlllllgfs
eiflgssrps
petkaktfie

meggdgsmke grltlvlala tliaafgssf gygynvaavn spallmggfy
fmedfpltll wsvtvsmfpf ggfigsllvg plvnkfgrkg allfnnifsi
vatsfeliii srllvgicag vssnvvpmyl gelapknlrg algvvpglfi
glrnllanvd gefrtsrehp hpftttlgpl lvifgshhhrt glsadwsllt

pept

mgttwllstp
nnifsivpai
vpglfitvgi
kdeaaakkal
mgggglsgvn
111gfsicli
gssrpsafmv
aktfieingi

mylgelapkn
111pffpesp
lfrmrslrwg
mtfcavivve
algpspipal
icllttiyif

ghwtgefmed
Imgcsrvats
lvagifglrn
gtlrgwdsvd
aiyyyadgiy
accvltaala
ggsvhwlsnf
ftkmnkvsev

lrgalgvvpg
rylligkkde
11siivlimgg
11grrl1111
liteiflgss
livpetkakt

fpltllwsvt
feliiisrll
llanvdgwpi
revaeirged
lsagvpeehv
lgdtvswmpy
tvglifpfig
ypekeelkel

1fitvgilva
aaakkalqgtl
gqglsgvnaiy
gfsicliacc
rpsafmvggs
fieingiftk

gsolute carrier family 2,
NP 001315549.1

vesmfpfggfi
vgicagvssn
llgltgvpaa
eaekaagfis
gyvtagtgav
igivevisyv
eglgpysfiv
ppvtseqg

gsolute carrier family 2,
NP 001315550.1

gifglrnlla
rgwdsvdrev
yyadgiylsa
vltaalalqgd
vhwlsnftvg
mnkvsevype

gsllvgplvn
vvpmylgela
1gllllpffp
vlklfrmrsl
nvvmtfcaveE
ighalgpspi
faviclltti

nvdgwpillg
aeirgedeae
gvpeehvqgyv
tveswmpyisi
lifpfigegl
keelkelppv

dgrdgregpr
pgvpgpagre
pgergvpgnt
vealgggvgh
prsaaenaal
cveiftngkw

facilitated
NP 003030.1

netyygrtge
vpailmgcsr
tvgilvaqif
kkalgtlrgw
sgvnaiyyya
icliaccvlt
afmvggsvhw
ingiftkmnk

facilitated

netyygrtge
vpailmgcsr
tvgilvaqif
gwmslggpsc

facilitated

kfgrkgallf
pknlrgalgv
esprylligk
rwgllsiivl
vvellgrrll
palliteifl
yiflivpetk

facilitated

ltgvpaalgl
kaagfisvlk
tagtgavnvv
vevisyvigh
gpysfivfav
tseq
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Sperm associated antigen 9,

isoform 1,
1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

Sperm associated antigen 9,

isoform 2,
1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

Sperm associated antigen 9,
NP 003962.

isoform 3,

NP 001124000.1

meledgvvyq
ldsvfaqgdge
veslesqgtrqg
glsgsdgles
rshtslkvsn
fvkvtdapnk
kgsstptkgi
letknalniv
edargkakdd
npamgekkrs
gdkskafdfl
ggenkmknlp
tegskqgrsas
ildsftvecns
gitvvgcsae
saedtvdisqg
eagkmssllp
tlaifhrgvd
sfdahprkes
lgfsfvrita
vtpgtfipyc
gsqgtplksml
e

eepggsgavm
hgvelellrd

lelkaknyad
tahsrirker
spepgkaveq
seiskhievqg
enkafdrnte
kndliakvde
ddsdiptaqgr
siwqgffsrlf
seeteaslas
vpvylrplde
gssldkldge
hvlciasvpg
gvtgaatsps
tgvytehvft
tmwlgaqngc
ggwdlsnyhl
gvrglawvgd
Imvscnrlwv
smahaglcfh

visggegyid

NP 001123999.1

meledgvvyq
ldsvfaqgdge
veslesqgtrqg
glsgsdgles
rshtslkdel
khievgvage
fdrnteslfe
iakvdeltce
iptagrkrft
fvptrfsrlf
seeteaslas
vpvylrplde
gssldkldge
hvlciasvpg
gvtgaatsps
tgvytehvft
tmwlgaqngc
ggwdlsnyhl
gvrglawvgd
Imvscnrlwv
smahaglcfh

visggegyid

eepggsgavm
hgvelellrd

lelkaknyad
tahsrirker
sdvsgggska
trnvstgsae
elssagsgli
kdvlggelea
rvemarvlime
ssssnttkkp
rregkreqyr
kdtsmklwca
lkeggkelkn
aretdypage
tngaspvmdk
dplgvgiped
lyvhssvaqw
ldlgrphhsi
gvwvsirlds
gtgngviisi
ghrdavkffv
frmgdegges

3

191

servsglags
dneqlitgye
gisrleerea
pislgifplp
edelsdvsqgg
vagetrnvst
slfeelssag
ltcekdvlgg
krftrvemar
ssssnttkkp
rregkreqyr
kdtsmklwca
lkeggkelkn
aretdypage
tngaspvmdk
dplgvgiped
lyvhssvaqw
ldlgrphhsi
gvwvsirlds
gtgngviisi
ghrdavkffv
frmgdegges

servsglags
dneqlitgye
gisrleerea
pislgifplp
ttpastansd
neeksevgai
gdvdegadll
vkgaklklee
rngykerlme
eppvnlkyna
gvkahvgked
vgvnlsggkt
geelsslvwi
dlsesggvdk
ppemeaense
lspvygssnd
rkclhsiklk
remtvvhdkv
tlrlyhahty
pltetnktsg
avpggqvispgq
ellgedlple

iyreferlig
rekalrkhae
elkkeynalh
agdglltpda
gskattpast
gsaeneekse
sgligdvdeg
eleavkgakl
vimerngyke
eppvnlkyna
gvkahvgked
vgvnlsggkt
geelsslvwi
dlsesggvdk
ppemeaense
lspvygssnd
rkclhsiklk
remtvvhdkv
tlrlyhahty
pltetnktsg
avpgqvispgq
ellgedlple

iyreferlig
rekalrkhae
elkkeynalh
agdglltpda
vatiptdtpl
iestpeldmd
gmgrevenli
knreleeelr
lgeavrwtem
ptshvtpsvk
grvgafgwsl
rdggsvvgas
ctsthsatkv
aslcgsmtsn
vdenvptaee
sdaykdgisv
dsilsivhvk
wegyrnkiyv
ghlgdvdiep
vpgnrpgsvi
ssssgtdltg
psvtkaersh

PCT/US2018/023442

rydeevvkel
ekfiefedsqg
grhtemihny
gkggetpgse
ansdvatipt
vgailiestpe
adllgmgrev
kleeknrele
rlmelgeavr
ptshvtpsvk
grvgafgwsl
rdggsvvgas
ctsthsatkv
aslcgsmtsn
vdenvptaee
sdaykdgisv
dsilsivhvk
wegyrnkiyv
ghlgdvdiep
vpgnrpgsvi
ssssgtdltg
psvtkaersh

rydeevvkel
ekfiefedsqg
grhtemihny
gkggetpgse
keenegfvkv
kdlsgykgss
lentglletk
karaeaedar
irasrenpam
krsstlsqglp
pakykgvtng
viykdvagld
liidavgpgn
ssaetdsllg
ateategnag
lpneqgdlvre
givlvaladg
vgpkamkiek
yvskmlgtgk
rvygdensdk
dkagpsadgep
livwgvmygn

C-Jun-amino-terminal kinase-interacting protein 4

mplvvavlen
eqgekkdlgtr
mehlertklh
gwkfgelsqgp
dtplkeeneg
1ldmdkdlsgy
enlilentql
eelrkaraea
wtemirasre
krsstlsqglp
pakykgvtng
viykdvagld
liidavgpgn
ssaetdsllg
ateategnag
lpneqdlvre
givlvaladg
vgpkamkiek
yvskmlgtgk
rvygdensdk
dkagpsadgep
livwgvmygn

C-Jun-amino-terminal kinase-interacting protein

mplvvavlen
eqgekkdlgtr
mehlertklh
gwkfgelsqgp
tdapnkseis
tptkgienka
nalnivkndl
gkakddddsd
gekkrssiwg
gdkskafdfl
ggenkmknlp
tegskqgrsas
ildsftvecns
gitvvgcsae
saedtvdisqg
eagkmssllp
tlaifhrgvd
sfdahprkes
lgfsfvrita
vtpgtfipyc
gsqgtplksml
e

C-Jun-amino-terminal kinase-interacting protein

1 meledgvvyq eepggsgavm servsglags iyreferlig rydeevvkel mplvvavlen
61 ldsvfagdge hgvelellrd dneglitgye rekalrkhae ekfiefedsqg egekkdlgtr
121 veslesgtrg lelkaknyad gisrleerea elkkeynalh grhtemihny mehlertklh
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Sperm associated antigen 9,
isoform 4,

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141

SGT1 homolog,

glsgsdgles
rshtslkdel
khievgvage
fdrnteslfe
iakvdeltce
iptagrkrft
ffsrlfssss
easlasrreq
lrpldekdts
dkldgelkeq
iasvpgaret
aatspstnga
tehvftdplg
gaqngclyvh
lsnyhlldlg
lawvgdgvwv
cnrlwvgtgn
aglcfhghrd
gegyidfrmg

tahsrirker
sdvsgggska
trnvstgsae
elssagsgli
kdvlggelea
rvemarvlime
nttkkpeppv
kregyrgvka
mklwcavgvn
gkelkngeel
dypagedlse
spvmdkppem
vgipedlspv
ssvagwrkcl
rphhsircmt
sirldstlrl
gviisiplte
avkffvavpg
deggesellg

NP 001238900.1

mspgcmllfv
lgifplpagd
astansdvat
ksevgaiies
degadllgmg
aklkleeknr
vkerlmelge
ynaptshvtp
kedgrvgafg
gktrdggsvv
vwictsthsa
vdkaslcgsm
nsevdenvpt
sndsdaykdg
klkdsilsiv
dkvwegyrnk
htyghlgdvd
lhggrllglr
avkffvavpg
deggesellg

fgfvggavvi
glltpdagkg
iptdtplkee
tpeldmdkdl
revenlilen
eleeelrkar
avrwtemira
svkkrsstls
wslpgkykqgv
gasviykdva
tkvliidavg
tsnssaetds
aeeateateg
isvlpneqgdl
hvkgivlval
iyvvgpkamk
iepyvskmlg
anktsgvpgn
gvispgssss
edlplepsvt

MIS12 kinetochore

homolog isoform A, NP _006695.1

1
61
121
181
241
301

SGT1 homolog,

maaaaagtat
ycvavadakk
rcgeaqngse
psgedynlkl
vknlypsssp
mesggtvlst

sqrffgsfsd
slelnpnnst
sevwthgski
ellhpiipeq
ytrnwdklvg
nwsdvgkrkv

MIS12 kinetochore

homolog isoform B, NP 001124384
1 maaaaagtat sqrffgsfsd

61 ycvavadakk slelnpnnst

121 glglltssdp paldsgsagi

192

pislgifplp
ttpastansd
neeksevgai
gdvdegadll
vkgaklklee
rngykerlme
nlkynaptsh
hvgkedgrvg
lsggktrdgg
sslvwictst
sggvdkaslc
eaensevden
ygssndsday
hsiklkdsil
vvhdkvwcgy
vhahtyghlg
tnktsgvpgn
gvispgssss
edlplepsvt

nsailvslsv
getpgseqgwk
negfvkvtda
sgykgsstpt
tglletknal
aeaedargka
srenpamgek
glpgdkskaf
tngggenkmk
gldtegskqgr
pognildsftv
llggitvvgce
nagsaedtvd
vreeagkmss
adgtlaifhr
ieksfdahpr
tgklgfsfvr
rpgsvirvyg
gtdltgdkag
kaershlivw

complex assembly cochaperone,

alidedpgaa
amlrkgicey
kydwygtesqg
stfkvlstki
eikeeeknek
einppddmew

complex assembly cochaperone,
L1

agdglltpda
vatiptdtpl
iestpeldmd
gmgrevenli
knreleeelr
lgeavrwtem
vtpsvkkrss
afgwslpgky
svvgasviyvk
hsatkvliid
gsmtsnssae
vptaeeatea
kdgisvlpne
gsivhvkgivl
rnkiyvvgpk
dvdiepyvsk
rpgsvirvyg
gtdltgdkag
kaershlivw

111lvhfsist
fgelsgprsh
pnkseiskhi
kgienkafdr
nivkndliak
kddddsdipt
krssiwgffs
dflseeteas
nlpvpvylrp
sasgssldkl
cnshvlcias
saegvtgaat
isgtgvyteh
llptmwlgag
gvdggwdlsn
kesgvrglaw
italmvscnr
densdkvtpg
psagepgsgt
gvmygne

leeltkaleq
heknyaaale
vvitlmiknv
eiklkkpeav
legdaalnrl
kky

PCT/US2018/023442

gkggetpgse
keenegfvkv
kdlsgykgss
lentglletk
karaeaedar
irasrenpam
tlsglpgdks
kgvtngggen
dvagldtegs
avgpgnilds
tdellggitv
tegnagsaed
gdlvreeagk
valadgtlai
amkieksfda
mlgtgklgfs
densdkvtpg
psagepgsqt
gvmygne

gvpaltqgnlp
tslkdelsdv
evgvagetrn
nteslfeels
vdeltcekdv
agrkrftrve
rlfssssntt
lasrregkre
ldekdtsmkl
dgelkeqgke
vpgaretdyp
spstngaspv
vitdplgvgi
ngclyvhssv
yvhlldlgrph
vgdgvwvsir
lwvgtgngvi
tfipycsmah
plksmlvisg

kpddaqgyyecg
tfteggklds
gkndvnvefs
rweklegggd
fqgiysdgsd

gwkfgelsqgp
tdapnkseis
tptkgienka
nalnivkndl
gkakddddsd
gekkrssiwg
kafdflseet
kmknlpvpvy
kgrsasgssl
ftvenshvlce
vgcsaegvtg
tvdisqtgvy
mssllptmwl
fhrgvdggwd
hprkesgvrg
fvritalmvs
tfipycsmah
plksmlvisg

C-Jun-amino-terminal kinase-interacting protein 4

rilrkerpis
sqgggskattp
vstgsaenee
sagsgligdv
lggeleavkg
marvlmerng
kkpeppvnlk
gyrgvkahvg
wcavgvnlsg
lkngeelssl
agedlsesgqg
mdkppemeae
pedlspvygs
agwrkclhsi
hsircmtvvh
ldstlrlyha
isipltetvi
aglcfhghrd
gegyidfrmg

protein SGT1

raychillgn
adanfsvwik
ekelsalvkl
vptpkgfvad
evkramnksf

protein SGT1

alidedpgaa leeltkaleq kpddaqgyycqg raychillgn
amlrkgicey heknyaaale tfteggkldi etgfhrvgga
tgadanfsvw ikrcqgeaqng sesevwthgs kikydwygte
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SGT1 homolog,

1
61
121
181
241

Sulfotransferase family 1C member 2,
NP 001047.

1
61
121
181
241

Sulfotransferase family 1C member 2,
NP_ 789795.

1
61
121
181
241
301

Transmembrane protein 52B,

sgqvvitlmik
kieiklkkpe
eklegdaaln
ewkky

mlsgkevava
vwikrcgeaq
1lvklpsgedy
fvadvknlyp
nksfmesggt

1

maltsdlgkg
miegngdvek
ennckflyva
wemkdrhgil
rstvsksild

1
maltsdlgkg
miegngdvek
kitdllppsf
wgswfdhvkg
fekmkenpmt
infcmel

nvgkndvnve
avrweklegqg
rlfggiysdg

MIS12 kinetochore
homolog isoform C, NP _001307760.

dakkslelnp
ngsesevwth
nlklellhpi
ssspytrnwd
vlstnwsdvg

iklkevegtl
cqgraiighrh
rnakdcmvsy
flfyedikrd
gsissfmrkg

iklkevegtl
cqgraiighrh
wennckflyv
wwemkdrhgi
nrstvsksil

isoform 1,

193
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fsekelsalv klpsgedynl klellhpiip eqstfkvlst
gdvptpkgfv advknlypss spytrnwdkl vgeikeeekn
sdevkramnk sfmesggtvl stnwsdvgkr kveinppddm

complex assembly cochaperone,

1

nnstamlrkg
gskikydwyg
ipegstfkvl
klvgeikeee
krkveinppd

lgpatvdnws
pfiewarppq
yvhfgrmnhml
pkheirkvmg
tvgdwknhft

lgpatvdnws
pfiewarppq
arnakdcmvs
1flfyedikr
dgsissfmrk

iceyheknya
tesqvvitlm
stkieiklkk
kneklegdaa
dmewkky

sulfotransferase

gigsfeakpd
psgvekakam
pdpgtweeyf
fmgkkvdetv
vagnerfdei

sulfotransferase

gigsfeakpd
psetgfhhva
yyhfgrmnhm
dpkheirkvm
gtvgdwknhf

NP 694567.1

1 mswrpgpcci sscclttdwv hlwyiwllvv igallllegl
61 pppcevtvia fdhdstlgst itslgsvfgp aarrilavah
121 alhmsrftva mcggkapdlp pvpeekqlpp tekestrivd

Transmembrane protein 52B,

1
61
121
181

Exportin 7,

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

isoform 2 precursor,

aaletftegqg
iknvgkndvn
peavrwekle
Inrlfggiys

protein SGT1

kldsadanfs
vefsekelsa
gggdvptpkg
dgsdevkram

1C2 isoform a,

dllictypka
psprilkthl
etfingkvvw
ldkivgetst
yrrkmegtsi

gttwigeivd
stgllppsfw
gswfdhvkgw
ekmkenpmtn
nfcmel

1C2 isoform b,

dllictypka
gaglkllsss
lpdpgtweey
gfmgkkvdet
tvagnerfde

tslcfrcecl
shsslgqglps
swn

NP 001073283.1

mgvrvhvvaa sallyfills gtrceencgn pehclttdwv hlwyiwllvv

tslecfrcecl
shsslgqglps
swn

madhvgslaqg
1laatcltkl
fdegkddyvE
frdsslfdif
ddlctvgipt
akflshlvdg
nftvtslghw
vhiilrdgle
aspmdiavge
agneklelam
kywgrcepit
dmrcrttfyt
glvrdlrgia
nrsqrlgfdv
aalsgsyvnt

srgqngedgg
sldtlpgyee

NP 055839.3

lenlckqglye
vsrtnnplpl
rnaitdvtrf
tlscnllkga
swrsafldss
vkrilenpgs
efapnsvhyl
dpledtglvg
grltwlvyii
lsffeqgfrki
sktlgllndl
algrllmvdl
fafnaktsfm
sspngillfr
gvirlygdda

pppcevtvia
alhmsrftva

ttdtttrlga
eqridirnyv
lgdsveycii
sgknlnlnde
tlglffdlyh
lsdpnnyhef
lslwgrlaas
ggldglstig
gaviggrvst
yigdgvgkss
sigyssvrkl
gededgyeqf
mlfewiypsy
etskmitmyg
ldnalgtfik

fdhdstlqgst
mcggkapdlp

ekalveftns
Inylatrpkl
gvtilsgltn
sghgllmgll
sippsfsplv
crllarlksn
vpyvkateph
rceyektcal
astdegdamd
klyrrlsevl
vklsavgfml
mlpltaafea
mpilgraiel
nriltlgevp
111siphsdl

itslgsvigp
pvpeekqglpp

pdclskcqll
atfvtgalig
eingadtthp
klthnclnfd
lsclvgiasv
yglgelvkve
mletytpevt
lvglfdgsaqg
gelvcrvlgl
glndetmvls
nnhtsehfsf
vaqmfstnst
wyhdpacttp
kdgvyalklk
ldypklsgsy

gttwigeivd
nppastsgsa
fetfingkvv
vldkivgets
iyrrkmegts

srggqngedgg
sldtlpgyee

igallllecgl
aarrilavah
tekestrivd

lergsssysq
lyaritklgw
ltkhrkiass
figtstdess
rrslfnnaer
nypevirlia
kayitsrles
sygellqgsas
mnltdsrlaqg
viigkiitnl
lginngsnlt
neqgeakrtlv
vlklmaelvh
gisicfsmlk
ysllevltqgd
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YES proto-oncogene 1,
NP _005424.1

Yes,
1
61
121
181
241
301
361
421
481
541

Coiled-coil domain containing 80,
NP 955806.1

NP 955805.
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

194
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hmnfiaslep hvimyilssi segltaldtm vctgccscld hivtylfkgl srstkkrttp
Ingesdrflh imgghpemiq gmlstvlnii ifedcrngws msrpllglil lnekyfsdlr
nsivnsgppe kggamhlcfe nlmegiernl ltknrdrftqg nlsafrrevn dsmknstygv

nsndmms

mgcikskenk
pfggssgvtp
inntegdwwe
iflvresett
tehadglchk
kvaiktlkpg
kegdgkylkl
iedneytarq
vlegvergyr
enl

1,
mtwrmgprft
ierstleepn
egssarsrml
erhiqqgivlf
tlgveerypy
agrpslgsek
vtrstsravt
dghrerpqtt
vpgppkpake
eklekpekek
nkhftgspkk
tifgpvnnst
lrvkgyyevp
llvisapnde
eredvpahlv

gemaiqggslg

Src family tyrosine kinase,

spaikyrpen
fggasssfsv
arsiatgkng
kgayslsird
lttveptvkp
tmmpeaflge
pglvdmaaqgi
gakfpikwta
mpcpggcpes

mllamwlvecg
lgplgrrrsv
rfpsgssspn
hgageeggkv
pvrleamyev
kkedprragv
vaarpmttta
rrpskatsle
kppkkkagdk
kkkmknenad
svadllgsfe
mkidhfgldn
itmksvEidli
dwaysqgqglsa
kdirnyfqgvs
mrcpedeyag

tpepvstsvs
vpssypaglt
yipsnyvapa
wdeirgdnvk
gtgglakdaw
agimkklrhd
adgmayierm
peaalygrft
lhelmnlcwk

sephphatir
pvlrlarpte
ilasfagknr
rritsegqgil
idggpirrie
pptresrvkv
fpttgrpwtp
sftnapptti
ilsneyeeky
kllksekgmk
gkrrlllita
ekpmrvvdde
dtfgsrikdm
lsggacnfgl
peyfsmllvg

ygyhsyhggy

hygaepttvs
ggvtifvaly
dsigaeewyf
hykirkldng
eipreslrle
klvplyavvs
nyihrdlraa
iksdvwsfgi
kdpderptfe

gshggrkvpl
pparsdinga
vwvisaphas
eqpldpslip
kirgkgfvgk
lrklaatapa
spshrppttt
sepstraagp
dlsrptasqgl
ksekkskgek
pkaennmyvg
dlvdgrlise
ekgkkegive
rhitilkllg
kdgnvkswyp

gdgygddyrh

Acrosin-binding protein precursor NP_115878.2

1
61
121
181
241
301
361
421
481
541

Alpha-fetoprotein,

1
61
121
181
241
301
361

mrkpaagflp
rlrathgcrn
vlcsgpvsil
gsslslggge
greavsglgt
iydensywrn
cdslgrrhms
gspesgrfyg
vigypnyest
afg

mkwvesifli
kevskmvkda
rhncflahkk
waarydkiip
tklsgkftkv
eccklttler
rhpglavsvi

sllkvlllpl
ptlvgldgye
spntlkeiea
gapehkgeqg
dsepkfhses
anpgsllglp
tcaledfesl
1dlygglhmd
ksqgclmrnr

fllnftesrt
ltaiekptgd
ptpasiplfq
scckaenave
nfteigklvl
ggciihaend
lrvakgyqgel

apaaaqgdstqg
nhglvpdgav
saevspttmt
vehrgeptge
lssnpssfap
hteallvlcy
klegchseas
fwecarlatkg
nrkvsrmrcl

isoform 1 NP_001125.1

lhrneygias
egssgcleng
vpepvtscea
cfgtkaatvt
dvahvhehcc
ekpeglspnl
lekcfgtenp

astpgsplsp
csnlpyaswt
spisphftvt
hkgeeggkge
rvrevestpm
siventciit
lgrggcdtsh
cedvrvsgwl
gnetysalsp

ildsyqgctae
lpafleelch
yeedretfmn
kelresslln
rgdvldeclgd
nrflgdrdfn
lecgdkgeee

pcpsssakgt
dyearttedl
gkmgrkdaer
gyyittragf
vklgggcfge
eepiyivtef
nilvgenlve
lgtelvtkgr
yigsfledyf

vspdssrpar
avrpegrpaa
egyyrlmmsl
klmsflklek
ckasgvegqgv
lpgppstpra
evitarrpsv
grfrdnrmdr
edelqgvgnvp
ekskkkkggk
grdeylesfc
lrkeygmtyn
kedkkgslen
vgeevggvle
spmwsmvivy
hesyhhgypy

teyerffall
esfcqfthyr
ergtfgpwpe
egeeegeeeg
imenigelir
ptakawkyme
ktpfvsplla
gteflsfgdg
gksedvvlrw

isladlatif
ekeilekygh
kfiyeiarrh
ghacavmknf
gekimsyics
gfssgeknif
lgkyigesqga

tyrosine-protein kinase

avnfsslsmt
sfkkgerfqgi
111npgngrg
dtlgklvkhy
vwmgtwngtt
mskgslldfl
kiadfglarl
vpypgmvnre

tatepqyqpg

coiled-coil domain-containing 80 precursor,

flrhtgrsrg
rgspremird
lkddvycela
gkfgmvllkk
vaegndgggg
ttlppapatt
senlyppsrk
rehghrdpnv
lkkakeskkh
teqgdgygkpt
kmatrkisvi
dffmvltdvd
flsrfrwrrr
1fpingssvv
dlidsmglrr

tptwkaettc
csnhvyyakr
rlsnnveell
kgeegqggtke
sageidemne
eeilgfgksv
sgslsigngv
dfptkicdtd
sgefstltlg

fagfvgeaty
sdccsgseeg
pflyaptill
gtrtfgaitv
ggdtlenkit
lasfvheysr
lakrscglfg
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Alpha-fetoprotein,

1
61
121
181
241
301
361
421

Abgent in
1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101

A-kinase anchoring protein 4,

klgeyylgna
ighlcirhem
ggvalgtmkg
sktraalgv

mnkfiyeiar
Inghacavmk
gdgerimsyi
fngfssgekn
eelgkyiqges
atccqlsedk
etyvppafsd
lekccgggeq

melanoma 1
mplsppaggd
dvvdgkyvvr
klgtlftagr
Seegsprenp
egepfpdatt
tgerpagglg
dctarpkgha
rrgsgkstds
aaspeskpsp
ppkrvpdpsp
ggrsrelgra
lgnehnpfsqg
kkakemeqgpe
pngddkadvg
tvdtkdlppt
dlkvsenhkg
vlipvestgdv
laaksgpgvi
gdspasllni
ppihedhlek
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isoform 2 NP_001341646.1

rhpflyapti llwaarydki ipscckaena
nfgtrtfgai tvtklsgkft kvnfteigkl
ceqgdtlsnk iteccklttl erggciihae
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protein NP _001615.2
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ilntvskekf tgvweamvly t

isoform 1 NP_003877.2
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ALK tryrosine kinase
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receptor,
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isoform 2 NP _647450.1
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isoform 1 NP_004295.2
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mmirpldf

mtdynpnyct
vktlpevcse
retrprpsgp
gdfgmardiy
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swftekptkk
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isoform a NP_001138.1

nfrksmdsig
gvlenimenn
kltdveagvl
khiiglgsik
mmstsnsakd
gwtiigrred
neayslyehf
ltggwwfdac

isoform b NP_001112359.1

nfrksmdsig
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isoform ¢ NP_001112360.1
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isoform 2 NP _001340694.1
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isoform 1 precursor NP _001137.2
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isoform 3 precursor
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isoform 2 precursor NP 001186788.1
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Ankyrin repeat domain-containing protein 30A NP _443723.2
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isoform 1
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1
61
121
181
241
301
361

Androgen receptor,

1
61
121
181
241
301
361
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481
541
601

Androgen receptor,

1
61
121
181
241
301
361
421
481
541
601

Androgen receptor,

1
61
121
181
241
301
361
421
481
541

ATPase H+
1

61

121

181

241

milwlhslet
kylcasrndc
teettgkltv
1vhvvkwaka
eyrmhksrmy
mnyikeldri
pemmaeiisv

mevglglgrv
99999999499
salechperg
lkdilseast
kavsvsmglg
kstedtaeys
srdyynfpla
gpgsgspsaa
ygytrppggl
etardhvlpi
dctidkfrrk

mevglglgrv
99999999499
salechperg
lkdilseast
kavsvsmglg
kstedtaeys
srdyynfpla
gpgsgspsaa
ygytrppggl
etardhvlpi
dctidkfrrk

mevglglgrv
99999999499
salechperg
lkdilseast
kavsvsmglg
kstedtaeys
srdyynfpla
gpgsgspsaa
ygytrppggl
trrkrlwkli

isoform 2 NP_

ardhvlpidy
tidkfrrknc
shiegyecqgp
lpgfrnlhvd
sqgevrmrhls
iackrknpts
gvpkilsgkv

isoform 3 NP_

yprppsktyr
a9999999499q
cvpepgaava

mgllgggqgge
vealehlspg
pfkggytkgl
lagppppppp
assswhtlft
aggesdftap

dyyfppgktc
ncpscrlrke

isoform 4 NP_

yprppsktyr
a9999999499q
cvpepgaava

mgllggggge
vealehlspg
pfkggytkgl
lagppppppp
assswhtlft
aggesdftap

dyyfppgktc
ncpscrlrke

isoform 5 NP_

yprppsktyr
a9999999499q
cvpepgaava

mgllggggge
vealehlspg
pfkggytkgl
lagppppppp
assswhtlft
aggesdftap
irsinscics

199

tpgeflcmka
tklldsvqgpi

001011645.1

vippgktcli
pscrlrkeye
iflnvleaie
dgmaviqysw
gefgwlgitp
csrrfyqgltk
kpiyfhtqg

001334990.1

gafqnlfqgsv
etsprqgqqqq
askglpgglp
avsegsssgr
eqglrgdcmya
egeslgcsgs
phpharikle
aeegglygpc
dvwypggmvs
licgdeasgc
yeagmtlgek

0013349%92.1

gafqnlfqgsv
etsprqgqqqq
askglpgglp
avsegsssgr
eqglrgdcmya
egeslgcsgs
phpharikle
aeegglygpc
dvwypggmvs
licgdeasgc
yeagmtlgaa

001334993.1

gafqnlfqgsv
etsprqgqqqq
askglpgglp
avsegsssgr
eqglrgdcmya
egeslgcsgs
phpharikle
aeegglygpc
dvwypggmvs
pretevpvrg

transporting accessory protein 1

mmaamatarv
adtheghits
enaldlapss
lpytassglm

grgllgkgpv

rmgprcadgal
dlglstyldp
lvlpavdwya
aprevltgnd
spvihppvsy

wrmpwlpvEl
alelgprnvl
vstlttylge
eviggvlstl
ndtaprilfw

111fsiipvd
arelhgftfd

cgdeasgchy
agmtlgarkl
pgvvcaghdn
mglmvEamgw
geflcmkall
lldsvgpiar

reviqnpgpr
ggedgspgah
appdeddsaa
areasgapts
pllgvppavr
aaagssgtle
npldygsawa
9999999999
rvpypsptcv
hygaltcgsc
frvgnckhlk

reviqnpgpr
ggedgspgah
appdeddsaa
areasgapts
pllgvppavr
aaagssgtle
npldygsawa
9999999999

rvpypsptcv
hygaltcgsc
vvvserilrv

reviqnpgpr
ggedgspgah
appdeddsaa
areasgapts
pllgvppavr
aaagssgtle
npldygsawa
9999999999
rvpypsptcv
gk

NP 001174.2

slaaaaaaaa
1flgdklsie
klgasplhvd
ksedvpytaa
agnfsvaykd
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glkngkffde
1likshmvsv

galtcgsckv
kklgnlklge
ngpdsfaall
rsftnvnsrm
1fsiipvdgl
elhgftfdll

hpeaasaapp
rrgptgylvl
pstlsllgpt
skdnylggts
ptpcaplaec
lpstlslyks
aaaaqcrygd
9999999999
ksemgpwmds
kvffkraaeg
mtrp

hpeaasaapp
rrgptgylvl
pstlsllgpt
skdnylggts
ptpcaplaec
lpstlslyks
aaaaqcrygd
9999999999
ksemgpwmds
kvffkraaeg
fgvsewlp

hpeaasaapp
rrgptgylvl
pstlsllgpt
skdnylggts
ptpcaplaec
lpstlslyks
aaaaqcrygd

9999999999
ksemgpwmds

aeqqvplvlw
dftayggvig
latlrelkln
ltavrpsrva
gwedltpltf

lrmnyikeld
dfpemmaeii

ffkraaegkqg
egeassttsp
sslnelgerqg
lyfapdlvin
kngkffdelr
ikshmvsvdf

gasllllqgqqg
deeqgpsgpg
fpglsscsad
tisdnakelc
kgsllddsag
galdeaaayq
laslhgagaa
gggeagavap

ysgpygdmrl
kgkylcasrn

gasllllqgqqg
deeqgpsgpg
fpglsscsad
tisdnakelc
kgsllddsag
galdeaaayq
laslhgagaa
gggeagavap

ysgpygdmrl
kgkylcasrn

gasllllqgqqg
deeqgpsgpg
fpglsscsad
tisdnakelc
kgsllddsag
galdeaaayq
laslhgagaa
gggeagavap
ysgpygdmrn

ssdrdlwapa
nkgdsafsnl
aslpalllir
rdvavvaggl
gvgelnltgs
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301
361
421

fwndsfarls
vtgpsiysth
ffspgiwmgl

B melanoma antigen 1

1

maaraviflal

ltyerlfgtt
ceyvsslskk
ltslfmlfif

200

vtfkfilanr
gsllvartqgp
tyglhmilsl

precursor NP_001178.1

sagllgarlm

keespvvswr

BCR/ABL fusion protein el4ab NG 050673.1

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

gcacctgcag
tttgatggga
tctectecceca
gggtggttga
cagatgctct
gctacctgcce
cagtcacaca
catcacccecg
cctgtattgt
tttttggccc
ccggatggtt
agaagctgac
tgaatgtcat
g99a99a999
gtgtggggaa
tggagtgttt
ctgeccetcete
gatcgagtaa
agtgtggggt
atttggctgce
gggtctcccce
ctgtgtaagt
aggctgaggc
gaaaccctgt
tcacaactgc
agtgagccga
aaaaaaaaaa
attgttgggg
ttaggtgaga
ctaaaattct
ttcataacat
tcecetegtgg
agcgtgacac
ctttctttet
ttattcatgg
ccaccegeat
catcagtgag
ccetggtett
atccceccagtce
agcccagecc
ctccagcact
ctttgcccceca
atggctgccce
accagtgcag
gaacgaatgt
gcaggggcat
taaaaagaaa
cctgetcetta
ttctceecac

ggagggcagyg
ctagtggact
ggagtggaca
ggagatgcac
gtgccttgga
agccggcact
cacagcatac
acccectetg
gaaaccagct
atgacactgg
gattttgaag
ctctttgatc
cgtccactca
ttgcagcggc
acagggaggat
gtgctggttyg
ccctagectg
ttgcaggggt
ccaagccagd
tctgtcgagce
cagctactgg
ttctecgaggce
aggtggatcg
gtctactaaa
ttgggaggct
gcttgtgcca
aaaaaagttc
aatggggttyg
gcagtgtcgt
ttaaacccta
aatctttctce
gcctecetge
cctacgcetgce
atctcttecet
accccaaact
ggccaagcca
gcttecttagt
tgtagctctg
tcaggtagtt
actcttctec
gagctgcttce
tagtacagcg
tctgetgtgg
ggcccttete
tgtgggaagt
cgcatgaggt
gttacaacct
cagaccatgt
agatctgtac

cagctagcct
ttggttcaga
aggtgggtta
ggcttectgtt
tctggcceccea
tttggtcaag
gctatgcaca
ctgtececttgg
ggatcctgag
cttaccttgt
cagagttagc
tcttgcgcag
gccactggat
cgageccaggg
tgttcagatg
atgccttctg
tctcagatcc
ttggcaagga
agggctgtca
tggatggata
agctgtcaga
cgggcgcagt
cttgagctca
aatacaaaga
gagggaagag
ctgcattcca
ctagaaacag
ggagagagga
gaaaagactg
cacttggaat
ctgggcecect
atccctgeat
ccegtggtec
tgceceegtge
tgttcetctt
gaaaccgtgg
catctectggce
gatatccctg
tttctaaaat
aggcctecgcec
ctgtgcccca
gggtctgctce
catcactgtg
atcgtagggg
ccegtttece
gctggtgttce
ttttttttta
gggtgatgtg
tgcaccctgg

lypvsarhwt
spwgmmlqgdf
ktmdrfddhk

lepedgtalc

gaaggctgat
aggaagagct
ggagcagttt
cctagtcaca
ctcececgtect
ctgttttgca
tgtgtccaca
aaccttatta
atccccaaga
gccaggcaga
ttgtcacctg
atgatgagtc
ttaagcagag
tctccaccea
accacgggac
ggtgtggaat
tgggagctgg
ctttgacaga
gcagtgcacc
ctactttttt
acagtgaagg
ggctcatgcc
ggagttggag
ttagcecgggce
aatcgcttga
gcctgggcga
caaaatgtgg
ctaactgcag
tggtgctgtt
ggatgaatta
gtctctggcet
ctcecteecgg
cgggcettgtce
actcaacctt
atgtcctgtce
tctgctetece
tgcctggceca
cagaaagggt
gcaaacccca
tceceteectt
cagtggcctg
tgattgtagg
taacaatggc
ctttagctgg
agccgcaccc
acgccagacc
tttttatttt
gaaaagacct
aggtggattc
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tmerlevhsn
gigafnvmge
gptisltgiv

fif

ccececcettece
atgcttgtta
ctcecctgagt
aggctgcagc
cccageectce
ttcactgttg
cacacceccac
cacttcgagt
cagaaatcat
tggcagccac
cctecettte

tcecggggcetce
ttcaagtaag

ggaaggactc
acctttgacc
tgtttttcece
tgagctgcecce
catccccagg
ttcacceccac
tttectttece
ctggtaacac
tgtaatccca
accagcctga
taggcagtgg
acccaggagyg
cagagcaaga
agacagaaag
atgaacccaa
tgcgctcaca
catgacatgc
gcctcataaa
gtcctgtcectg
tctecttgece
gcatccccaa
cctttgaggg
ctcecgttaaa
ggcccectgget
cccecactacce
ccctgecaact
ccecectgeac
gagtcececcett
ggcttcccac
gtgtacacct
ggtttgtgga
agggaaattc
acaattaggt
ttctgattct
gtgaccttct
ctttgggtat

gsvayfnasqg
gfsyasdcas

tgttagcact
gggcctcettyg
ggctgctget
agacgctect
ctctcctecea
cacatatgct
ccacatccca
cactggtttg
gatgagtatg
acagtgtcca
ccgggacaac
tatgggtttc
tactggtttg
atcgggcagg
ctggcegetg
ggagtggcct
cctgcaggtg
ggtgcccggg
agcagagcag
ctctaagtgg
atgagttgca
gcactttggg
ccaacatggt
gcacctgtaa
cggaggttgc
ctcecgectea
cttaccaggg
gggggacttt
tttacatttc
agattgcacc
cgctggtgtt
tgagcaatac
tcecetgttac
accaaaccta
gcaccaccat
tgccattctce
gtggcctect
aggcctcectcece
taccgcecccac
cccacgactt
tgccttaact
atcccccagg
ctctgtecce
tcgactgagt
cacagagcggd
gtttaatttt
gcaaataaca
ccatgtccac
tttgtgaata
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2941 aagcaaagac gcgcgtctac

Serine/threonine-protein kinase

1
61
121
181
241
301
361
421
481
541
601
661
721

maalsggggg
iealldkfgg

tsssssslsv
lkkalmmrgl
tfftlafcdf
pgeeaslaet
drsssapnvh
gpgrerksss
avkmlnvtap
lhiietkfem
ksrwsgshqgf
nrdgiifmvg
lpkihrsase

gaepggalfn
ehnppsiyle
lpsslsviqgqn
ipeccavyri
crkllfqggfr
altsgsspsa
intiepvnid
ssedrnrmkt
tpgglgafkn
iklidiargt
eqlsgsilwm
rgylspdlsk
pslnragfgt

Serine/threonine-protein kinase

1
61
121
181
241
301
361
421
481
541
601
661
721

maalsggggg
iealldkfgg

tsssssslsv
lkkalmmrgl
tfftlafcdf
pgeeaslaet
drsssapnvh
gpgrerksss
avkmlnvtap
lhiietkfem
ksrwsgshqgf
nrdgiifmvg
lpkihrsase

Carbonic anhydrase 9

1
61
121
181
241
301
361
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G/mitotic-specific cyclin-B1,

1
61
121
181
241
301
361
421

G/mitotic-specific cyclin-B1,

1
61
121
181

maplcpspwl
geedlpseed
dpgepgnnah
ellgfqglppl
veghrfpaei
eegsetqvpg
dtlwgpgdsr
gllfavtsva

malrvtrnsk
pmkkeakpsa
lvdtaspspm
leeeqgavrpk
kkmlglvgvt
lplhflrras
wtptlghyls
alvgdlakav

malrvtrnsk
pmkkeakpsa
lvdtaspspm
leeeqgavrpk

gaepggalfn
ehnppsiyle
lpsslsviqgqn
ipeccavyri
crkllfqggfr
altsgsspsa
intiepvnid
ssedrnrmkt
tpgglgafkn
iklidiargt
eqlsgsilwm
rgylspdlsk
pslnragfgt

201

agggacacag

B-raf,
gdmepeagag
ayeeytskld
ptdvarsnpk
gdgekkpigw
cqgtcgykfhg
pasdsigpgi
dlirdggfrg
lgrrdssddw
evgvlrktrh
aggmdylhak
apevirmgdk
vrsncpkamk
edfslyacas

ctgagcca

agaaassaad
alqgreqqll
spgkpivrveE
dtdiswltge
rcstevplme
ltspspsksi
dggsttglsa
eipdggitvg
vnillfmgys
gsiihrdlksn
npysfgsdvy
rlmaeclkkk
pktpigaggy

B-raf,
gdmepeagag agaaassaad
ayeeytskld alggreqgqll
ptdvarsnpk spgkpivrvE
gdgekkpigw dtdiswltge
cgtcgykfhg rcstevplme
pasdsigpgi ltspspsksi
dlirdggfrg dggsttglsa
lgrrdssddw eipdggitvg
evgvlrktrh vnillfmgys
aggmdylhak siihrdlksn
apevirmgdk npysfqgsdvy
vrsncpkamk rlmaeclkkk
edfslyacas pktpigaggy

precursor NP 001207.2

pllipapapg
spreedppge
rdkegddgsh
pelrlrnngh
hvvhlstafa
ldisallpsd
lglnfratqgp
flvgmrrghr

inaenkakin
tgkvidkklp
etsgcapaee
yllgrevtgn
amfiaskyee
kigevdveqgh
yteesllpvm
akv

inaenkakin
tgkvidkklp
etsgcapaee
yllgrevtgn

1tvglllsll 1lvpvhpqgrl
edlpgeedlp geedlpevkp
wryggdppwp rvspacagrf
svgltlppgl emalgpgrey
rvdealgrpg glavlaafle
fsryfgyegs lttppcaggv
Ingrvieasf pagvdsspra
rgtkggvsyr paevaetga

isoform 1 NP _114172.1

magakrvpta paatskpglr
kplekvpmlv pvpvsepvpe
dlcgafsdvi lavndvdaed
mrailidwlv gvgmkfrllg
myppeigdfa fvtdntytkh
tlakylmelt mldydmvhfp
ghlaknvvmv nggltkhmtv

isoform 2 NP_001341773.1

magakrvpta paatskpglr
kplekvpmlv pvpvsepvpe
dlcgafsdvi lavndvdaed
mrailidwlv gvgmkfrllg
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isoform 1 NP_004324.2

paipeevwni
eslgngtdfs
lpnkgrtvvp
elhvevlenv
vnydgldllf
pipgpfrpad
tppaslpgsl
grigsgsfgt
tkpglaivtg
niflhedltv
afgivlyelm
rderplfpqgi
gafpvh

isoform 2 NP_001341538.1

paipeevwni
eslgngtdfs
lpnkgrtvvp
elhvevlenv
vnydgldllf
pipgpfrpad
tppaslpgsl
grigsgsfgt
tkpglaivtg
niflhedltv
afgivlyelm
rderplfpqgi
gefaafk

prmgedsplg
kseeegslkl
gspvdirpgl
ralglhlhwg
egpeensaye
iwtvEngtvm
aepvqglnscl

prtalgdign
pepepepepv
gadpnlcsey
etmymtvsii
girgmemkil
psgiaagafc
knkyatskha

prtalgdign
pepepepepv
gadpnlcsey
etmymtvsii

kgmikltgeh
vsssasmdtv
arcgvtvrds
pltthnfvrk
vskffehhpi
edhrngfgqr
tnvkalgksp
vykgkwhgdv
wcegsslyhh
kigdfglatv
tgglpysnin
lasiellars

kgmikltgeh
vsssasmdtv
arcgvtvrds
pltthnfvrk
vskffehhpi
edhrngfgqr
tnvkalgksp
vykgkwhgdv
wcegsslyhh
kigdfglatv
tgglpysnin
lasiellars

ggssgeddpl
edlptveapg
aafcpalrpl
aagrpgseht
gllsrleeia
l1sakglhtls
aagdilalvf

kvseglgakm
keeklspepi
vkdiyaylrg
drfmgnncvp
ralnfglgrp
lalkildnge
kistlpglns

kvseglgakm
keeklspepi
vkdiyaylrg
drfmgnncvp
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241 kkmlglvgvt amfiaskyee myppeigdfa fvtdntytkh girgmemkil
301 1lplhflrras kigevdvegh tlakylmelt mldydmvhfp psqgiaagafc
361 wtvknkyats khakistlpg lnsalvgdla kavakv

G/mitotic-specific cyclin-B1,

1
61
121
181
241
301
361

Ch276,
1

61

121

181

241

301

361

421

481

Ch276,
1

61

121

181

241

301

Ch276,
1

61

121

181

241

301

361

Carcinoembryonic antigen-related cell adhesion molecule 3,
NP 001806.2

precursor
1

61

121

181

241

Carcinoembryonic antigen-related cell adhesion molecule 3,

precursor
1

61

121

181

malrvtrnsk
pmkkeakpsa
lvdtaspspm
lenncvpkkm
nfglgrplpl
kildngewtp
tlpglnsalv

mlrrrgspgm
aglnliwglt
tecfveirdfg
gqgvpltgnv
rsptgavevqg
rdggsayanr
skpsmtlepn
dvhsvlrvvl
lvalafvcwr

mlrrrgspgm
aglnliwglt
tecfveirdfg
gqgvpltgnv
pmtfppealw
plkhsdsked

mtlepnkdlr
ilrvvlgang
rcsfspepgt
lgrvrvadeg
rgypeaeviw
gdahgsvtit
dgegegskta

mgppsasphr
hlfgyswykg
tlgvikesdlv
rteigrdlke
ycrmdhkaev

inaenkakin
tgkvidkklp
etsgcapaee
lglvgvtamf
hflrraskig
tlghylsyte
gdlakavakv

gvhvgaalga
dtkglvhsfa
saavslgvaa
ttsgmaneqg
vpedpvvalv
talfpdllaqg
kdlrpgdtvt
gangtysclv
kikgsceeen

gvhvgaalga
dtkglvhsfa
saavslgvaa
ttsgmaneqg
vtvglsveli
dggeia

isoform ¢ NP_001316558.1

pgdtvtitcs
tysclvrnpv
slaglnliwqg
sftcfvsird
gdgggvpltg
ggpmtfppea
lgplkhsdsk

ecipwgglll
ervdgnsliv
neeatggfhv

ggpgalapgr
as

NP 001264092.1
mgppsasphr ecipwgglll tasllnfwnp pttaklties mplsvaegke v1llvhnlpg
hlfgyswykg ervdgnsliv gyvigtqgat pgaaysgret iytnaslliq nvtqndigfy
tlgviksdlv neeatgqgfhv ygenapglpv gavagivtgv lvgvalvaal vcflllaktg
rpwslpglcl ldvpslhcpg pptgpgdssf hl

isoform 3 NP_001341774.1

magakrvpta paatskpglr
kplekvpmlv pvpvsepvpe
dlcgafsdvi lavndvdaed
iaskyeemyp peigdfafvt
evdveghtla kylmeltmld
esllpvmghl aknvvmvngg

isoform a precursor NP 001019907.1

lwfcltgale vgvpedpvva
eggdqgsaya nrtalfpdll
pyskpsmtle pnkdlrpgdt
1fdvhsilrv vlgangtysc
gtdatlrcsf spepgfslaqg
gnaslrlqrv rvadegsftc
itcssyrgyp eaevfwgdgqg
rnpvlggdah gsvtitggpm
agaedgdgeg egsktalgpl

isoform b precursor NP 001316557.1, NP_079516.1

lwfcltgale vgvpedpvva
eggdqgsaya nrtalfpdll
pyskpsmtle pnkdlrpgdt
1fdvhsvlrv vlgangtysc
allvalafve wrkikgscee

syqgypeaev fwgdggqgvpl
lggdahssvt itpgrsptga
ltdtkglvhs ftegrdggsa
fgsaavslgv aapyskpsmt
nvttsgmane gglfdvhsvl
lwvtvglsve liallvalaf
eddggeia

tasllnfwnp pttaklties
gyvigtggat pgaaysgret
ygenapglpv gavagivtgv
gpshssafsm splstagapl

prtalgdign
pepepepepv
gadpnlcsey
dntytkhgir
ydmvhfppsg
ltkhmtvknk

lvgtdatlcc
aggnaslrlqg
vtitcssyqg
lvrnpvlggd
Inliwgltdt
fvsirdfgsa
gvpltgnvtt
tfppealwvt
khsdskeddg

lvgtdatlcc
aggnaslrlqg
vtitcssyrg
lvrnpvlggd
enagaedqdg

tgnvttsgma
vevgvpedpv
yanrtalfpd
lepnkdlrpg
rvvlgangty
vewrkikgsc

mplsvaegke
iytnaslliqg
lvgvalvaal
pnprtaasiy

ralnfglgrp
lalkildnge

kvseglgakm
keeklspepi
vkdiyaylrg
gmemkilral
iaagafclal
yatskhakis

sfspepgfsl
rvrvadegst
ypeaeviwqgd
ahssvtitpg
kglvhsfteg
avslgvaapy
sqmaneqglf
vglsveclial
geia

sfspepgfsl
rvrvadegst
ypeaeviwqgd
ahgsvtitgg
egegsktalqg

neqglfdvhs
valvgtdatl
llaggnaslr
dtvtitcssy
sclvrnpvlg
eeenagaeddq

isoform 1

v1llvhnlpg
nvtgndigfy
vecflllaktg
eellkhdtni

isoform 2
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Carcinoembryonic antigen-related cell adhesion molecule 5,

203

preprotein NP _001278413.1, NP _ 004354.3

1
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Carcinoembryonic antigen-related cell adhesion molecule 5,

mespsapphr
hlfgyswykg
tlhviksdlv
nngslpvspr
tisplntsyr
ahnsdtglnr
gslpvsprlg
Spsytyyrpg
nsasghsrtt
lpvsprlqgls
pdssylsgan
atgrnnsivk

wcipwgrlll
ervdgnrqgii
neeatgqgfrv
lglsngnrtl
sgenlnlsch
ttvttitvya
lsndnrtltl
vnlslschaa
vktitvsael
ngnrtltlfn
Inlschsasn
sitvsasgts

preprotein NP _001295327.1

1
61
121
181
241
301
361
421
481
541
601
661

Baculoviral IAP repeat containing 2,

1
61
121
181
241
301
361
421
481
541
601

Baculoviral IAP repeat containing 2,

1
61
121
181
241
301
361
421
481
541

Chondrosarcoma-associated gene 2/3 protein,

mespsapphr
hlfgyswykg
tlhviksdlv
nngslpvspr
tisplntsyr
ahnsdtglnr
slpvsprlgl
psytyyrpgv
sasghsrttv
pvsprlglsn
dssylsganl
tgrnnsivks

mhktasqgrlf
pvserslara
lgstskntsp
msteearflt
rrhfpncpfl
nddvkcfced
stsdttgeen
genyktvndi
nllkanvink
vdknmkyipt
kcpicrgiik

mstystfpag
cefignlvsa
sssrtnpysy
wepkddamse
lasagfyyvg
gryphlleqgl
kgtvgskilt
ggltcevlpil
eidstlyknl
vvegecapsl

wcipwgrlll
ervdgnrqgii
neeatgqgfrv
lglsngnrtl
sgenlnlsch
ttvttitvye
sndnrtltll
nlslschaas
ktitvsaelp
gnrtltlfnv
nlschsasnp
itvsasgtsp

pgpsyqniks
gfyytgvndk
mrnsfahsls
yvhmwpltfls
ensletlrfs
gglrcwesgd
adppiihfgp
vsallnaede
gehdiikgkt
edvsglslee
gtvrtfls

vpvserslar
slgstsknts
amsteearfl
hrrhfpncpf
rnddvkecfecc
lstsdttgee
tgenyktvnd
dnllkanvin
fvdknmkyip
rkecpicrgii

taslltfwnp
gyvigtggat
ypelpkpsis
tlfnvtrndt
aasnppaqys
eppkpfitsn
lsvtrndvgp
snppagyswl
pkpsissnns
vtrndarayv
pspgyswrin
pglsagatvg

taslltfwnp
gyvigtggat
ypelpkpsis
tlfnvtrndt
aasnppaqys
ppkpfitsnn
svtrndvgpy
nppaqgyswli
kpsissnnsk
trndarayvc
spqyswring
glsagatvgi

imedstilsd
vkecfccglml
ptlehsslfs
pselaragfy
isnlsmgtha
dpwvehakwf
gesssedavm
kreeekekqga
giplgareli
glrrlgeert

agfyytgvnd
pmrnsfahsl
tyhmwpltfl
lensletlrf
dgglrcwesg
nadppiihfg
ivsallnaed
kgehdiikgk
tedvsglsle
kgtvrtfls

pttaklties
pgpaysgrei
snnskpvedk
asykcetgnp
wfvngtfqgs
nsnpvededa
yecgignels
idgniqghtqg
kpvedkdava
cgignsvsan
gipgghtgvl
imigvlvgva

pttaklties
pgpaysgrei
snnskpvedk
asykcetgnp
wfvngtfqgs
snpvededav
ecgiqnelsv
dgnigghtge
pvedkdavaf
gignsvsanr
ipgghtgvlf
migvlvgval

wtnsnkgkmk
dnwklgdspi
gsysslspnp
yigpgdrvac
armrtfmywp
prceflirmk
mntpvvksal
eemasddlsl
dtilvkgnaa
ckvemdkevs

kvkcfcecglm
sptlehsslf
spselaragf
sisnlsmgth
ddpwvehakw
pgesssedav
ekreeekekqg
tgiplgarel
eqglrrlgeer
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tpfnvaegke
iypnaslliq
davaftcepe
vsarrsdsvi
tgelfipnit
valtcepeiq
vdhsdpviln
elfisnitek
ftcepeagnt
rsdpvtldvl
fiakitpnnn
1i

tpfnvaegke
iypnaslliq
davaftcepe
vsarrsdsvi
tgelfipnit
altcepeiqn
dhsdpvilnv
1fisnitekn
tcepeagntt
sdpvtldvly
iakitpnnng
i

ydfscelyrm
gkhkglypsc
Insravedis
facggklsnw
ssvpvgpeqgl
ggefvdeiqg
emgfnrdlvk
irknrmalfqg
anifknclke
vviipcghlv

isoform 2 NP_001243095.1

ldnwklgdsp
sgsysslspn
yyigpgdrva
aarmrtfmyw
fprceflirm
mmntpvvksa
aeemasddls
idtilvkgna
tckvemdkev

isoform 1

v1llvhnlpg
niigndtgfy
tgdatylwwv
Invlygpdap
vnnsgsytcg
nttylwwvnn
vlygpddpti
nsglytcgan
tylwwvnggs
ygpdtpiisp
gtyacfvsnl

isoform 2

v1llvhnlpg
niigndtgfy
tgdatylwwv
Invlygpdap
vnnsgsytcg
ttylwwvnng
lygpddptis
sglytcgann
ylwwvnggsl
gpdtpiispp
tyacfvsnla

isoform 1 NP_001157.1, NP _001243092.1

stystfpagv
sfignlvsas
ssrtnpysya
epkddamseh
asagfyyvgr
ryphlleqll
gtvgskiltt
gltcvlpild
idstlyknlf
vcegecapslr

igkhkglyps
plnsravedi
cfacggklsn
pssvpvgpeq
kggefvdeiqg
lemgfnrdlv
lirknrmalf
aanifknclk
svviipcghl

isoform X1 XP _006724920.1
1 mwmgliglve gvkrkdggfl ekefyhktni kmrceflacw paftvlgeaw rdgvdwsrll
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61 rdtglvkmsr kprassplsn nhpptpkrrg sgrhplnpgp ealskfprgp grekgpikev

121

pgtkgsp

Chondrosarcoma-associated gene 2/3 protein,
1 mwmgliglve gvkrkdggfl ekefyhktni kmrceflacw paftvlgeaw rdgvdwsrll
61 rdtglvkmsr kprassplsn nhpptpkrfp rgpgrekgpi kevpgtkgsp

isoform X2 XP 016885512.1

Chondroitin sulfate proteoglycan 4 precursor NP _001888.2

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281

mgsgprpplp
eallllaagp
atlsvdgfln
lrpltpdvhe
fgaggrrgdf
dgypthtsnr
ngqrrglrea
lppvianftg
leldipgaqga
llpigvnpvn
lpverrdgpg
paigihrstg
egaewwatga
ratvwmlrle
lsdgggftgd
vlitnvllvvp
tnedllrgrl
gtisrifhva
ftgedlrkrr
gggtidtavl
hngslsprdt
gleaageavp
lhsrpeawsd
rvsgpyfptl
tdsfvlmana
dgdsgsedlv
sdgehtspgh
rvvrgpqlgr
ppardvaatl
grsehdvlfqg
rahlqggpaga
pdsapgeiey
msdgaspplp
liggpgyghl
vtvrallhvw
rtepggsglv
atepynaarp
nmfsviipmc
ggaipltavp

apglalaltl
adhlllglys
assavpgapl
gcaeefsasd
iyvdifeghl
gvlsyleprg
lltrnmaagc
lltisplvva
rkmftlldvv
dpphiifphg
epatefscre
lrlaggsamp
fhgrdveqgr
plhtgntqge
digagrvtyg
eggegvlsad
vyghddsett
rggrrllttd
v1lfvhsgadr
hldtnldirs
mafsveagpv
padivfsvks
afsldvasgl
lglslgvlep
semdrgshpv
ytiegpsngr
ffrvtagkqgv
1fhaggdstg
avavsfeaac
vtgfpsrggl
svagpgtsea
evgraphngt
mslavdilps
lvggrptsat
aggpwpggat
eqgftqgdled
ysvallsvpe
1v1l11lalil

ga9IpPPragqap

Cancer/testis antigen 2 isoform
1 mgaegrgtgg stgdadgpgg

61 prgphggaas agdgrcpcga

121 avlkdftvsg nllfirltaa

Cancer/testis antigen 2 isoform
1 mgaegrgtgg stgdadgpgg

61 prgphggaas agdgrcpcga

121 avlkdftvsg nllfmsvrdg

tmlarlasaa
grlgvrlvlg
evpyglfvgg
dvalgfsgph
ravvekgqggt
slllggldae
rleeeeyedd
eggtawlewr
nrkarfihdg
slmvilehtq
leagslvyvh
ilpanlsvet
vrylstdpgh
tlttahleat
ataraseave
hlfvkslnsa
eddipfvatr
dvafsdadsg
gwiglgvsdg
gdevhyhvta
htdatlgvti
ppsagylvmv
gaplegvlve
pghgalgked
aftvtvlpvn
vvlrgapgte
11slkgsqtl
ealvnftqgae
pgrpshlwkn
lvseeplhag
faitvrdvne
lslvggglgp
aievglrapl
sqfgidggev
lrldptvlda
grlglevgrp
aarteagkpe
pllfylrkrn
dpellgfcrt

LAGE-1la NP_
pgipdgpggn
rrpdsrllel
dhrglglsis

LAGE-1b NP_
pgipdgpggn
rrpdsrllel
dregagrmrv

sffgenhlev
geelrlgtpa
tgtlglpylr
slaafpawgt
v1llhnsvpva
asrhlgehrl
ayghyeafst
hvgptldlme
sedtsdglvl
kplgpeviqga
rggpaqdltt
navgqgdvsvl
haydtvenla
leeagpsppt
dtfrfrvtap
sylyevmerp
ggessgdmaw
fadaglvltr
ghgatallev
gprwgglvra
alegplaplk
srgaladepp
levlpaaipl
gpgartlsaf
dgppilttnt
vrsftgagld
tvepgsvgpl
vyagnilyeh
kglwvpegqr
gephflgsqgla
rppgpgasvp
vtrftgadvd
evpgalgrss
viaftnfsss
gelanrtgsv
egrapgpagd
sstptgepgp
ktgkhdvgvl
pnpalkngqgy

758965.2

aggpgeagat
hitmpfsspm
sclgglsllm

066274.2

aggpgeagat
hitmpfsspm
vgwglgsasp

pvataltdid
etllsdsiph
gtsrplrgcl
gdegtleftl
dggphevsvh
gltpeatnas
lapeawpame
aelrksqgvlf
evsvtarvpm
ydpdsacegl
rvsdglgasp
frvtgalgfg
levgvggeil
fhyevvqgapr
pyfsplytfp
rhgrlawrgt
eevrgvirva
kdllfgsiva
gasepylrva
ggpatafsqqg
lvrhkkiyveE
sldpvgsfsg
eagnfsvpeg
swrmveeqli
glgmwegata
gglvlfshrg
ssqtlrasss
emppepfwea
aritvaalda
agglvyahgg
lrltrgsrap
sgrlafvang
lsggglrvvs
hdhfrvlala
prfrllegpr
sltlelwaqg
masspepava
takprnglag
wv

ggrgprgaga
eaelvrrils
witgecflpveE

ggrgprgaga
eaelvrrils
eggkardlrt

lglgfstsqgp
tvvltvvegw
haatlngrsl
ttgsrgapla
inahrleisv
llgcmedlsv
lpepcvpepg
svtrgarhge
psclrrggty
tfgvlgtssg
patlkvvair
elgkggaggv
snlsfpvtiqg
kgnlglggtr
ihiggdpdap
gdkttmvtst
igpvndhapv
vdeptrpiyr
ngsslvvpgqg
dlldgavlys
ggeaaeirrd
eavdtgrvly
gsltlappll
ryvhdgsetl
pipaealrst
tldggfrfrl
agtdpgllly
hdtlelqglss
snllasvpsp
ggtggdgfhf
israqglsvvd
ssvagifqgls
dreepeaayr
rgvnasavvn
hgrvvrvpra
vppavasldf
kggflsflea
dtetfrkvep

arasgprgga
rdaaplprpg

lagapsggrr

arasgprgga
rdaaplprpg
pkhkvseqrp
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181 gtpgppppreg aggdgcrgva fnvmfsaphi

Transcriptional repressor CTCFL,

NP 542185.

1
61
121
181
241
301
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2
maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
vrshtgerpf
hgenvpkyqgc
knekrfkckh
fiptvykesk
eaakgwkeaa
mdk

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
gccgcesyasr
phcatiiark
csyackgerh
cgkgfsrwin
ngdeaaaeea

Transcriptional repressor CTCFL

1
61
121
181
241
301
361
421
481
541
601
661

maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
vrshtgerpf
hgenvpkyqgc
knekrfkckh
fiptvykesk
eaakgwkeaa
dk

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
gccgcesyasr
phcatiiark
csyackgerh
cgkgfsrwin
ngdaaaeeas

Transcriptional repressor CTCFL

1
61
121
181
241
301
361
421
481
541
601
661

maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
vrshtgerpf
hgenvpkyqgc
knekrfkckh
fiptvykesk
eaakgwkeaa
mdnsagctgr

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
gccgcesyasr
phcatiiark
csyackgerh
cgkgfsrwin
ngdeaaaeea
mmlvsawllg

Transcriptional repressor CTCFL

1
61
121
181
241
301
361
421
481
541
601

maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
vrshtgerpf
hgenvpkyqgc
knekrfkckh
fiptvykesk
eaakgwkeaa

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
gccgcesyasr
phcatiiark
csyackgerh
cgkgfsrwin
ngdgvisahr

1

1

1

isoform 1

Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
dtyklkrhmr
sdlrvhmrnl
mtahirthtg
lhrhsekcgs
sttkgeqfpg

isoform 2
Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
dtyklkrhmr
sdlrvhmrnl
mtahirthtg
lhrhsekcgs
ttkgeqgfpge

isoform 3
Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
dtyklkrhmr
sdlrvhmrnl
mtahirthtg
lhrhsekcgs
sttkgeqfpg
rpgetynqgr

isoform 4
Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
dtyklkrhmr
sdlrvhmrnl
mtahirthtg
lhrhsekcgs
nlcllgssds

NP _001255969.1,

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
thsgekpyec
haysaaelkc
ekpftclscn
geaksaasgk
emfpvacret
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hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
hichtrftgs
rycsaviher
kcfrgkglln
grrtrkrkgt
tarvkeevde

NP 001255971.1

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
thsgekpyec
haysaaelkc
ekpftclscn
geaksaasgk
mfpvacrett

hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
hichtrftgs
rycsaviher
kcfrgkglln
grrtrkrkgt
arvkeevdeg

NP 001255972.1

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
thsgekpyec
haysaaelkc
ekpftclscn
geaksaasgk
emfpvacret
rrrgsrrvtw

hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
hichtrftgs
rycsaviher
kcfrgkglln
grrtrkrkgt
tarvkeevde

NP 001255973.1

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
thsgekpyec
haysaaelkc
ekpftclscn
geaksaasgk
hasvsgagit

hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
hichtrftgs
rycsaviher
kcfrgkglln
grrtrkrkgt
darhhawliv

NP _001255970.1,

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
sveasklkrh
gtmkihilgk
yalighgkth
ahfrkyhdan
ilkeatkggk
gvtcemllnt

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
sveasklkrh
gtmkihilgk
yalighgkth
ahfrkyhdan
ilkeatkggk
vtcemllntm

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
sveasklkrh
gtmkihilgk
yalighgkth
ahfrkyhdan
ilkeatkggk
gvtcemllnt

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
sveasklkrh
gtmkihilgk
yalighgkth
ahfrkyhdan
ilkeatkggk
11flvemgfy
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hvshs

Transcriptional repressor CTCFL,

1
61
121
181
241
301
361
421
481
541
601

maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
vrshtgerpf
hgenvpkyqgc
knekrfkckh
fiptvykesk
plpgglrhtt

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
gccgcesyasr
phcatiiark
csyackgerh
cgkgfsrwil
agtglssllqg

Transcriptional repressor CTCFL

1
61
121
181
241
301
361
421
481
541
601

maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
vrshtgerpf
yalighgkth
ahfrkyhdan
ilkeatkggk
gvtcemllnt

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
gccgcesyasr
knekrfkckh
fiptvykesk
eaakgwkeaa
mdk

Transcriptional repressor CTCFL

1
61
121
181
241
301
361
421
481
541

maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
vrshtgerpf
hgenvpkyqgc
knekrfkckh
fiptvykesk

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
gccgcesyasr
phcatiiark
csyackgerh
cgkgfsrwit

Transcriptional repressor CTCFL

1
61
121
181
241
301
361
421
481

maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
irthtgekpf
sevaelggpg
raa

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
telsenkefr
sgpllrlgsg

Transcriptional repressor CTCFL

1
61
121
181
241

msgdersdei
ssrmssfnrh
gelvrhrryk
krhmrthsge
hmrnlhaysa

vltvsnsnve
mkthtsekph
hthekpfkcs
kpyechicht
aelkcrycsa

1

1

1

1

206

isoform 5
Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
dtyklkrhmr
sdlrvhmrnl
mtahirthtg
wvgnsevael
gplcraa

isoform 6
Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
dtyklkrhmr
csyackgerh
cgkgfsrwin
ngdeaaaeea

isoform 7
Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
dtyklkrhmr
sdlrvhmrnl
mtahirthtg
skwsglkpgt

isoform 8
Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
gkgllnahfr
cppglhhpka

isoform 9
egedgptagq
lchlclktfr
mckyasveas
rftgsgtmki
vfheryaliq

PCT/US2018/023442

NP 001255974.1

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
thsgekpyec
haysaaelkc
ekpftclscn

ggpgsgpllr

hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
hichtrftgs
rycsaviher
kcfrgkglln

lgsgcppglh

NP 001255975.1

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
thsgvhmrnl
mtahirthtg
lhrhsekcgs
sttkgeqfpg

hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
haysaaelkc
ekpftclscn
geaksaasgk
emfpvacret

NP 001255976.1

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
thsgekpyec
haysaaelkc
ekpftclscn
fit

hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
hichtrftgs
rycsaviher
kcfrgkglln

NP 001255977.1

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
kyhdanfipt
glgpedplpg

hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
vykeskcgkg
glrhttagtg

NP 001255978.1

adaekakstk
tvtllrnhvn
klkrhvrsht
hilgkhgenv
hgkthknekr

ngrktkgakg
thtgtrpykc
gerpfgccqce
pkygcphcat
fkckhecsyac

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
sveasklkrh
gtmkihilgk
yalighgkth
ahfrkyhdan
hpkaglgped

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
sveasklkrh
rycsaviher
kcfrgkglln
grrtrkrkgt
tarvkeevde

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
sveasklkrh
gtmkihilgk
yalighgkth
ahfrkyhdan

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
sveerhmtah
fsrwilwvgn
lssllggplc

tfhecdvemft
ndcnmafvts
syasrdtykl
iiarksdlrv
kgerhmtahi
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301 rthtgekpft clscnkecfrqg
361 ekcgsgeaks aasgkgrrtr
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msgdersdei
ssrmssfnrh
gelvrhrryk
krhmrthsge
hmrnlhaysa
rthtgekpft

evaelggpgs
aa

vltvsnsnve
mkthtsekph
hthekpfkcs
kpyechicht
aelkcrycsa
clscnkefrqg
gpllrlqgsgce

Transcriptional repressor CTCFL
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maateisvls
leeevelvla
wleegprgsl
kleeegekng
akstkngrkt
rnhvnthtgt
klhgilveaa

eqftkikele
pseesekyil
ggcvaisiqqg
llaertkeqgl
kgakgtfhcd
rpykcendcenm
vgvtpsvtns

Transcriptional repressor CTCFL

1
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mftssrmsst
vtsgelvrhr
yvklkrhmrth
lrvhmrnlha
ahirthtgek
rhsekcgsge
cllgssdsha

nrhmkthtse
rykhthekpf
sgekpyechi
ysaaelkcry
pftclscnke
aksaasgkgr
svsgagitda

Transcriptional repressor CTCFL

1
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mftssrmsst
vtsgelvrhr
yvklkrhmrth
lrvhmrnlha
ahirthtgek

nrhmkthtse
rykhthekpf
sgekpyechi
ysaaelkcry
pftclscnke

Cytochrome P450 1B1 NP _000095.2
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mgtslspndp
gnaaavggaa
asfrvvsggr
lvrgsadgatf
vdvmpwlqgy£f
ekkaagdshg
dgvvgrdrlp
fvngwsvnhd
flfisilahg
tcg

growth factor receptor,

mrpsgtagaa
vlignleityv
vlsnydankt
gnhlgscgkc
tgpresdclv

wplnplsiqq
hlsfarlarr
smafghyseh
ldprpltvva
pnpvrtvire
ggarldlenv
cmgdgpnlpy
plkwpnpent
cdfranpnep

llallaalcp
grnydlsflk
glkelpmrnl
dpscpngscw
crkfrdeatc

1

1

1

1
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kgllnahfrk yhdanfiptv ykcskcgkgf
krkgtilkea tkggkeaakg wkeaangdgv

awlivllflv

emgfyhvshs

isoform 10 NP _001255979.1

egedgptagq
lchlclktfr
mckyasveas
rftgsgtmki
vfheryaliq
kgllnahfrk

prpglhhpkag

adaekakstk
tvtllrnhvn
klkrhvrsht
hilgkhgenv
hgkthknekr
vhdanfiptv

lgpedplpgq

ngrktkgakg
thtgtrpykc
gerpfgccqce
pkygcphcat
fkckhecsyac
vkeskcgkgt
lrhttagtgl

srwinlhrhs
isahrnlcll

tfhedvemft
ndcnmafvts
syasrdtykl
iiarksdlrv
kgerhmtahi
srwilwvgns
ssllggplcr

isoform 11 NP _001255980.1, NP _001255981.1

Impekglkee
tlgtvhftse
elyspgemev
ffvetmsgde
vemftssrms
afvtsgelvr
ricykgafyy

ekdgvcrekd
avelgdmsll
lgfhaleenv
rsdeivltvs
sfnrhmktht
hrrykhthek
sykiyagnnm

hrspseleae
sigggegvgv
mvasedskla
nsnveedgedq
sekphlchlc
pfkecsmckya
hsll

isoform 12 NP _001255983.1

kphlchlclk
kcsmckyasv
chtrftgsgt
csavfherya
frgkgllnah
rtrkrkgtil
rhhawlivll

tfrtvtllrn
easklkrhvr
mkihilgkhg
lighgkthkn
frkyhdanfi
keatkggkea
flvemgfyhv

hvnthtgtrp
shtgerpfqgc
envpkyqcph
ekrfkckhecs
ptvykcskeg
akgwkeaang
shs

isoform 13 NP _001255984.1

kphlchlclk
kcsmckyasv
chtrftgsgt
csavfherya
frgkgllnah

ttlllllsvl
ygdvigirlg
wkvgrraahs
vanvmsavcE
feqlnrnfsn
patitdifga
vlaflyeamr
dparfldkdg
akmnfsyglt

asraleekkv
tigevagyvl
geilhgavrf
gageencgkl
kdtcpplmly

tfrtvtllrn
easklkrhvr
mkihilgkhg
lighgkthkn
frkyhdanfi

atvhvgqgrll
scpivvlnge
mmrnfftrgp
gcryshddpe
fildkflrhc
sqgqdtlstalg
fesfvpvtip
linkdltsrv
ikpksfkvnv

isoform a precursor

cggtsnkltqg
ialntverip
snnpalcnve
tkiicaqqcs
npttygmdvn

hvnthtgtrp
shtgerpfqgc
envpkyqcph
ekrfkckhecs
ptvykcskeg

rgrrrqglrsa
raihgalvqqg
rsrqgvleghv
frellshnee
eslrpgaapr
wllllftryp
hattantsvl
mifsvgkrrc
tlresmelld

NP _005219.2

lgtfedhfls
lenlgiirgn
sigwrdivss
grcrgkspsd
pegkysfgat

rtsgafqgdsv
vvggpgpgll
vslaettgli
ptaggadaek
lktfrtvtll
svevkpfldl

yvkendcenmaf
cgcesyasrdt
catiiarksd
yackgerhmt
kgfsrwinlh
dgvisahrnl

yvkendcenmaf
cgcesyasrdt
catiiarksd
yackgerhmt
kgfsrwvly

ppogpfawpli
gsafadrpaf

lsearelval
fgrtvgagsl
dmmdafilsa
dvgtrvgael
gyhipkdtvv
igeelskmqgl
savgnlqgake

lgrmfnncev
myyensyala
dflsnmsmdf
cchnqgcaagce
cvkkecprnyv
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vtdhgscvra
nctsisgdlh
enleiirgrt
fgtsggktki
llegeprefv
genntlvwky
algiglfmrr
gafgtvykgl
cltstvglit
rnvlvktpgh
gvtvwelmtf
freliiefsk
ggffsspsts
siddtflpvp
tvgptcvnst
apgssefiga

growth factor receptor,

mrpsgtagaa
vlignleityv
vlsnydankt
gnhlgscgkc
tgpresdclv
vtdhgscvra
nctsisgdlh
enleiirgrt
fgtsggktki
llegeprefv
genntlvwky

growth factor receptor,

mrpsgtagaa
vlignleityv
vlsnydankt
gnhlgscgkc
tgpresdclv
vtdhgscvra
nctsisgdlh

growth factor receptor,

mrpsgtagaa
vlignleityv
vlsnydankt
gnhlgscgkc
tgpresdclv
vtdhgscvra
nctsisgdlh
enleiirgrt
fgtsggktki
llegeprefv
genntlvwky
paagesclgw

growth factor receptor,

cgadsyemee
ilpvafrgds
kghggfslav
isnrgensck
enseciqchp
adaghvchlc
rhivrkrtlr
wipegekvki
glmpfgclld
vkitdfglak
gskpydgipa
mardpgrylv
rtpllsslsa
eyingsvpkr
fdspahwagk

llallaalcp
grnydlsflk
glkelpmrnl
dpscpngscw
crkfrdeatc
cgadsyemee
ilpvafrgds
kghggfslav
isnrgensck
enseciqchp
adaghvchlc

llallaalcp
grnydlsflk
glkelpmrnl
dpscpngscw
crkfrdeatc
cgadsyemee
ilpvafrgds

llallaalcp
grnydlsflk
glkelpmrnl
dpscpngscw
crkfrdeatc
cgadsyemee
ilpvafrgds
kghggfslav
isnrgensck
enseciqchp
adaghvchlc
ipsllpsefq
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dgvrkckkce
fthtppldpg
vslnitslgl
atggvchalc
eclpgamnit
hpnctygcectg
rllgerelve
pvaikelrea
yvrehkdnig
llgaeekeyh
seissilekg
iggdermhlp
tsnnstvaci
pagsvgnpvy
gshgisldnp

asraleekkv
tigevagyvl
geilhgavrf
gageencgkl
kdtcpplmly
dgvrkckkce
fthtppldpg
vslnitslgl
atggvchalc
eclpgamnit
hpnctygs

asraleekkv
tigevagyvl
geilhgavrf
gageencgkl
kdtcpplmly
dgvrkckkce
fthtppldpg

asraleekkv
tigevagyvl
geilhgavrf
gageencgkl
kdtcpplmly
dgvrkckkce
fthtppldpg
vslnitslgl
atggvchalc
eclpgamnit

hpnectygpgn
lgwggcshlh

gpcrkvengi
eldilktvke
relkeisdgd
spegcwgpep
ctgrgpdnci
pglegcptng
pltpsgeapn
tepkankeil
sqyllnwcvg
aeggkvpikw
erlpgppict
sptdsnfyra
drnglgscpi
hngplnpaps
dyqqgdffpke

isoform b precursor

cggtsnkltqg
ialntverip
snnpalcnve
tkiicaqqcs
npttygmdvn
gpcrkvengi
eldilktvke
relkeisdgd
spegcwgpep
ctgrgpdnci

isoform ¢ precursor

cggtsnkltqg
ialntverip
snnpalcnve
tkiicaqqcs
npttygmdvn
gpcrkvengi
eldilktvke

isoform d precursor

cggtsnkltqg
ialntverip
snnpalcnve
tkiicaqqcs
npttygmdvn
gpcrkvengi
eldilktvke
relkeisdgd
spegcwgpep
ctgrgpdnci
eslkamlfcl
awpsasviit

isoform e precursor

mrpsgtagaa llallaalcp asraleekkv cqgtsnkltg
vlignleityv grnydlsflk tigevagyvl ialntverip
vlsnydankt glkelpmrnl gggkcdpscp ngscwgagee
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gigefkdsls
itgflligaw
viisgnknlc
rdcvscrnvs
gcahyidgph
pkipsiatgm
gallrilket
deayvmasvd
iakgmnyled
malesilhri
idvymimvke
Imdeedmddv
kedsflqgrys
rdphyqgdphs
akpngifkgs

NP 958439.1

lgtfedhfls
lenlgiirgn
sigwrdivss
grcrgkspsd
pegkysfgat
gigefkdsls
itgflligaw
viisgnknlc
rdcvscrnvs
gcahyidgph

NP 958440.1

lgtfedhfls
lenlgiirgn
sigwrdivss
grcrgkspsd
pegkysfgat
gigefkdsls
itgls

NP 958441.1

lgtfedhfls
lenlgiirgn
sigwrdivss
grcrgkspsd
pegkysfgat
gigefkdsls
itgflligaw
viisgnknlc
rdcvscrnvs
gcahyidgph
fklsscngsn
assch

inatnikhfk
penrtdlhaf
yantinwkkl
rgrecvdkecn
cvktceopagvm
vgalllllvv
efkkikvlgs
nphverllgi
rrlvhrdlaa
ythgsdvwsy
wmidadsrpk
vdadeylipg
sdptgalted
tavgnpeyln
taenaeylrv

lgrmfnncev
myyensyala
dflsnmsmdf
cchnqgcaagce
cvkkecprnyv
inatnikhfk
penrtdlhaf
yantinwkkl
rgrecvdkecn
cvktceopagvm

lgrmfnncev
myyensyala
dflsnmsmdf
cchnqgcaagce
cvkkecprnyv
inatnikhfk

lgrmfnncev
myyensyala
dflsnmsmdf
cchnqgcaagce
cvkkecprnyv
inatnikhfk
penrtdlhaf
yantinwkkl
rgrecvdkecn
cvktceopagvm
dgsvshgsgs

NP 001333826.1

lgtfedhfls
lenlgiirgn
ncgkltkiic

lgrmfnncev
myyensyala

aggcsgrcrg
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kspsdcchng
sfgatcvkke
kdslsinatn
ligawpenrt
nknlcyanti
crnvsrgrec
idgphcvktc
iatgmvgall
ilketefkki
masvdnphvce
nyledrrlvh
ilhriythgs
imvkcwmida
dmddvvdade
lgryssdptg
egetvadlgt

growth factor receptor,

mrpsgtagaa
vlignleityv
vlsnydankt
gnhlgscgkc
tgpresdclv
vtdhgscvra
nctsisgdlh
enleiirgrt
fgtsggktki
llegeprefv
genntlvwky
algiglfmrr
gafgtvykgl
cltstvglit
rnvlvktpgh
gvtvwelmtf
freliiefsk
ggffsspsts
siddtflpvp

growth factor receptor,

mrpsgtagaa
vlignleityv
vlsnydankt
kspsdcchng
sfgatcvkke
kdslsinatn
ligawpenrt
nknlcyanti
crnvsrgrec
idgphcvktc
iatgmvgall
ilketefkki
masvdnphvce
nyledrrlvh
ilhriythgs
imvkcwmida
dmddvvdade
lgryssdptg

caagctgpre
prnyvvtdhg
ikhfknctsi
dlhafenlei
nwkklfgtsg
vdkcnllege
pagvmgennt
111lvvalgig
kvlgsgafgt
rllgicltst
rdlaarnvlv
dvwsygvtvw
dsrpkfreli

ylipgggffs
altedsiddt

q

llallaalcp
grnydlsflk
glkelpmrnl
dpscpngscw
crkfrdeatc
cgadsyemee
ilpvafrgds
kghggfslav
isnrgensck
enseciqchp
adaghvchlc
rhivrkrtlr
wipegekvki
glmpfgclld
vkitdfglak
gskpydgipa
mardpgrylv
rtpllsslsa
gewlvwkqgsc

llallaalcp
grnydlsflk
glkelpmrnl
caagctgpre
prnyvvtdhg
ikhfknctsi
dlhafenlei
nwkklfgtsg
vdkcnllege
pagvmgennt
111lvvalgig
kvlgsgafgt
rllgicltst
rdlaarnvlv
dvwsygvtvw
dsrpkfreli

ylipgggffs
altedsiddt
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sdclverkfr
scvracgads
sgdlhilpva
irgrtkghgqg
gktkiisnrg
prefvensec
lvwkyadagh
lfmrrrhivr
vykglwipeg
vglitglmpf
ktpghvkitd
elmtfgskpy
iefskmardp
spstsrtpll
flpvpgewlv

asraleekkv
tigevagyvl
geilhgavrf
gageencgkl
kdtcpplmly
dgvrkckkce
fthtppldpg
vslnitslgl
atggvchalc
eclpgamnit
hpnctygcectg
rllgerelve
pvaikelrea
yvrehkdnig
llgaeekeyh
seissilekg
iggdermhlp
tsnnstvaci
sstssthsaa

asraleekkv
tigevagyvl
gggkecdpscp
sdclverkfr
scvracgads
sgdlhilpva
irgrtkghgqg
gktkiisnrg
prefvensec
lvwkyadagh
lfmrrrhivr
vykglwipeg
vglitglmpf
ktpghvkitd
elmtfgskpy
iefskmardp
spstsrtpll
flpvpeying

deatckdtcp
yemeedgvrk
frgdsfthtp
fslavvslni
ensckatgqgv
igchpeclpqg
vchlchpncet
krtlrrllqge
ekvkipvaik
gclldyvreh
fglakllgae
dgipaseiss
grylviggde
sslsatsnns
wkgscsstss

isoform f precursor

cggtsnkltqg
ialntverip
snnpalcnve
tkiicaqqcs
npttygmdvn
gpcrkvengi
eldilktvke
relkeisdgd
spegcwgpep
ctgrgpdnci
pglegcptng
pltpsgeapn
tepkankeil
sqyllnwcvg
aeggkvpikw
erlpgppict
sptdsnfyra
drnglgscpi
aslgcpsgvl

isoform g precursor

cggtsnkltqg
ialntverip
ngscwgagee
deatckdtcp
yemeedgvrk
frgdsfthtp
fslavvslni
ensckatgqgv
igchpeclpqg
vchlchpncet
krtlrrllqge
ekvkipvaik
gclldyvreh
fglakllgae
dgipaseiss
grylviggde
sslsatsnns
svpkrpagsv
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plmlynptty
ckkcegpcrk
pldpgeldil
tslglrslke
chalcspegc
amnitctgrg
ygctgpgleg
relvepltps
elreatspka
kdnigsqgyll
ekeyhaeggk
ilekgerlpq
rmhlpsptds
tvacidrngl
thsaaaslgc

gmdvnpegky
vengigigef
ktvkeitgfl
isdgdviisg
wgpeprdcvs
pdncigcahy
cptngpkips
geapngallr
nkeildeayv
nwcvgiakgm
vpikwmales
ppictidvym
nfyralmdee
gscpikedsf
psqgvlppasp

NP 001333827.1

lgtfedhfls
lenlgiirgn
sigwrdivss
grcrgkspsd
pegkysfgat
gigefkdsls
itgflligaw
viisgnknlc
rdcvscrnvs
gcahyidgph
pkipsiatgm
gallrilket
deayvmasvd
iakgmnyled
malesilhri
idvymimvke
Imdeedmddv
kedsflqgrys

ppraspegetv

lgrmfnncev
myyensyala
dflsnmsmdf
cchnqgcaagce
cvkkecprnyv
inatnikhfk
penrtdlhaf
yantinwkkl
rgrecvdkecn
cvktceopagvm
vgalllllvv
efkkikvlgs
nphverllgi
rrlvhrdlaa
ythgsdvwsy
wmidadsrpk
vdadeylipg
sdptgalted
adlgtg

NP 001333828.1

lgtfedhfls
lenlgiirgn
ncgkltkiic
plmlynptty
ckkcegpcrk
pldpgeldil
tslglrslke
chalcspegc
amnitctgrg
ygctgpgleg
relvepltps
elreatspka
kdnigsqgyll
ekeyhaeggk
ilekgerlpq
rmhlpsptds
tvacidrngl

gnpvyhngpl

lgrmfnncev
myyensyala
aggcsgrcrg
gmdvnpegky
vengigigef
ktvkeitgfl
isdgdviisg
wgpeprdcvs
pdncigcahy
cptngpkips
geapngallr
nkeildeayv
nwcvgiakgm
vpikwmales
ppictidvym
nfyralmdee
gscpikedsf
npapsrdphy
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gdphstavgn peylntvqgpt cvnstfdspa hwagkgshgi sldnpdyqqgd
ifkgstaena eylrvapgss efiga

growth factor receptor,

mfnncevvlg
ensyalavls
snmsmdfgnh
nqgcaagctgp
kcprnyvvtd
tnikhfknct
rtdlhafenl
tinwkklfgt
ecvdkenlle
tcpagvmgen
11111vvalg
kikvlgsgaf
verllgiclt
vhrdlaarnv
gsdvwsygvt
dadsrpkfre
deylipgqggf
tgaltedsid
gnpeylntvg
naeylrvapqg

growth factor receptor,

mrpsgtagaa
kcegpcrkve
dpgeldilkt
lglrslkeis
alcspegcwg
nitctgrgpd
ctgpglegep
lvepltpsge
reatspkank
nigsgyllnw
eyvhaeggkvp
ekgerlpgpp
hlpsptdsnt
acidrnglgs
pvyhngplnp
dnpdygqgdff

nleityvgrn
nydanktglk
lgscgkcdps
resdclverk
hgscvracga
sisgdlhilp
eiirgrtkgh
sggktkiisn
geprefvens
ntlvwkyada
iglfmrrrhi
gtvykglwip
stvglitglm
1lvktpghvki
vwelmtfgsk
liiefskmar
fsspstsrtp
dtflpvpeyi
ptcvnstfds
ssefiga

llallaalcp
ngigigefkd
vkeitgflli
dgdviisgnk
peprdcvscr
ncigcahyid
tngpkipsia
apngallril
eildeayvma
cvgiakgmny
ikwmalesil
ictidvymim
yralmdeedm
cpikedsflg
apsrdphyqgd
pkeakpngif

ydlsflktiq
elpmrnlgei
cpngscwgag
frdeatckdt
dsyemeedgv
vafrgdsfth
ggfslavvsl
rgensckatg
ecigchpecl
ghvchlchpn
vrkrtlrrll
egekvkipva
pfgclldyvr
tdfglakllg
pydgipasei
dpgrylviqg
llsslsatsn
ngsvpkrpag
pahwagkgsh

asraleekkg
slsinatnik
gawpenrtdl
nlcyantinw
nvsrgrecvd
gphcvktcepa
tgmvgallll
ketefkkikv
svdnphverl
ledrrlvhrd
hriythgsdv
vkcecwmidads
ddvvdadeyl
ryssdptgal
phstavgnpe
kgstaenaey

evagyvlial
lhgavrfsnn
eencgkltki
cpplmlynpt
rkckkcegpc
tppldpgeld
nitslglrsl
gvchalcspe
pgamnitctg
ctygetgpgl
gerelveplt
ikelreatsp
ehkdnigsqy
aeekeyhaeg
gssilekgerl
dermhlpspt
nstvacidrn
svanpvyhng
gisldnpdyg

isoform i precursor

nyvvtdhgsc
hfknctsisg
hafenleiir
kklfgtsggk
kcnllegepr
gvmgenntlv
lvvalgiglf
lgsgafgtvy
lgicltstvqg
laarnvlvkt
wsygvtvwel
rpkfreliie
ipgggffssp
tedsiddtfl
ylntvgptcev
lrvapgssef

Epithelial cell adhesion molecule NP 002345.2
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Ephrin type-A receptor 2,
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mappgvlafg
klaakclvmk
tagvrrtdkd
itsilyennv
dldpgqgqtliy
eikemgemhr

melgaaract
dmpiymysvce
lyyaesdldy
afgdigacva
eeprmhcavd

ll1laaatatt
aemngsklgr
teitcservr
itidlvgnss
yvdekapefs
elna

allwgcalaa
nvmsgdgdnw
gtnfgkrlft
1l1svrvyykk
gewlvpiggc

aaageecvce
rakpegalqgn
tywiiielkh
gktgndvdia
mgglkagvia

aaaaqgkevv
lrtnwvyrge
kidtiapdei
cpellgglah
lcgagyekve

nyklavncfv
ndglydpdcd
karekpydsk
dvayyfekdv
vivvvviavv

ll1dfaaagge
aerifielkf
tvssdfearh
fpetiagsda
dacgacspgtf

isoform h NP_001333829.1

ntveriplen
palcnvesiq
icaqgcsgre
tygmdvnpeg
rkvengigig
ilktvkeitg
keisdgdvii
gcwgpeprdc
rgpdnciqca
egcptngpki
psgeapngal
kankeildea
llnwcvgiak
gkvpikwmal
padppictidv
dsnfyralmd
glgscpiked
plnpapsrdp
gdffpkeakp

ffpkeakpng

lgiirgnmyy
wrdivssdfl
rgkspsdcch
kysfgatcvk
efkdslsina
flligawpen
sgnknlcyan
vscrnvsrgr
hyidgphecvk
psiatgmvga
lrilketefk
yvmasvdnph
gmnyledrrl
esilhriyth
ymimvkcowmi
eedmddvvda
sflgryssdp
hygdphstav
ngifkgstae

NP 001333870.1

vracgadsye
dlhilpvafr
grtkghgqfs
tkiisnrgen
efvenseciqg
wkyadaghvc
mrrrhivrkr
kglwipegek
litglmpfgc
paghvkitdfg
mt £gskpydg
fskmardpgqr
stsrtpllss
pvpeyingsv
nstfdspahw
iga

nnnrgcgcts
esglfkakgc
slrtalgkei
kgeslfhskk
agivvlvisr

isoform 1 precursor NP _004422.2

lgwlthpygk
tvrdensfpg
vklnveersv
pslatvagtc
fkfeasespc

meedgvrkck
gdsfthtppl
lavvslnits
sckatggvch
chpeclpgam
hlchpnctyg
tlrrllgere
vkipvaikel
l1ldyvrehkd
lakllgaeek
ipaseissil
ylviggderm
lsatsnnstv
pkrpagsvqn
agkgshgisl

vgagntvics
ngtsmcwecvn
ttryqldpkt
mdltvngeql
kkrmakyeka

gwdlmgnimn
gasscketfn
gpltrkgfyl
vdhavvppgg
lecpehtlps
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Ephrin type-A receptor 2,

1
61
121
181
241
301
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421
481
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601
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Receptor-tyrosine-protein kinase erbB-2,

1

61
121
181
241
301
361
421
481
541
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661
721
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1021
1081
1141
1201

Receptor-tyrosine-protein kinase erbB-2,

pegatscece
vysvtceqcw
lvtsrsfrta
synvrrtegf
vavgvvlllv
vlkftteihp
lgeagimggf
rgiaagmkyl
irwtapeais
dcpsaiyglm
segvpfrtvs
sllglkdgvn

mgnimndmpi
cketfnlyya
rkgfylafqgd
vvppggeepr
ehtlpspega
ggredivysv
rngvsglvts
kkgdsnsynv
laviggvavg
edpngavlkt
kgrvdflgea
glvgmlrgia
sggkipirwt
rlptpmdcps
lpstsgsegv
gkriaysllg

melaalcrwg
eltylptnas
dplnnttpvt
ltlidtnrsr
aagctgpkhs
ynylstdvgs
igefagckki
dlsvfgnlqgv
pwdglfrnph
veecrvlqgl
psgvkpdlsy
illvvvlgvv
rkvkvlgsga
yvsrllgicl
lvhrdlaarn
hgsdvwsygv
idsecrprfr
eeylvpgqgt
agsdvfdgdl
ngpdvrpgpp
ggaapgphpp

egffrapqgdp
pesgecgpce
svsingtepp
svtlddlapd
lagvgffihr
scvtrgkvig
shhniirleg
anmnyvhrdl
yrkftsasdv
mgcwggerar
ewlesikmgqg
tvgipi

ymysvcenvms
esdldygtnt
igacvallsv
mhcavdgewl
tsceceegff
tceqcwpesg
rsfrtasvsi
rrtegfsvtl
vvlllvlagv
tteihpscvt
gimggfshhn
agmkylanmn
apeaisyrkf
aiyglmmgcw
pfrtvsewle
lkdgvntvgi

111allppga
lsflgdigev
gaspgglrel
achpcspmck
dclaclhfnh
ctlveplhng
fgslaflpes
irgrilhnga
gallhtanrp
preyvnarhc
mpiwkfpdee
fgilikrrqq
fgtvykgiwi
tstvglvtgl
v1vkspnhvk
tvwelmtfga
elvsefsrma
fcpdpapgag
gmgaakglgs
spregplpaa
pafspafdnl

211

asmpctrpps
asvrysepph
kvrlegrstt
ttylvgvgal
rrknqgrargs
agefgevykg
viskykpmmi
aarnilvnsn
wsfgivmwev
rpkfadivsi
ytehfmaagy

gdgdnwlrtn
gkrlftkidt
rvyykkcpel
vpiggclcga
rapgdpasmp
ecgpceasvr
ngteppkvrl
ddlapdttyl
gffihrrrkn
rgkvigagef
iirlegvisk
yvhrdlaarn
tsasdvwsfg
ggerarrpkf
sikmgqgyteh

Pr1

astgvectgtd
ggyvliahng
glrslteilk
gsrcwgesse
sgicelhcpa
evtaedgtgr
fdgdpasnta
ysltlgglgi
edecvgegla
lpchpecgpg
gacgpcpinc
kirkytmrrl
pdgenvkipv
mpygclldhv
itdfglarll
kpydgipare
rdpgrfvvig
gmvhhrhrss
lpthdpsplg
rpagatlerp
yywdgdpper

aphyltavgm
gltrtsvtvs
slsvswsipp
tgegqgagsk
pedvyfskse
mlktssgkke
iteymengal
lvckvsdfgl
mtygerpywe
ldklirapds
taiekvvgmt

isoform 2 NP_001316019.1

wvyrgeaeri
iapdeitvss
lgglahfpet
gyekvedacqg
ctrppsaphy
ysepphgltr
egrsttslsv
vgvgaltgeg
grargspedv
gevykgmlkt
vkpmmiitey
ilvnsnlvck
ivmwevmtyg
adivsildkl
fmaagytaie

mklrlpaspe
vrgqvplgrlr
ggvligrnpqg
dcgsltrtve
lvtyntdtfe
cekcskpcar
plgpeqlgvE
swlglrslre
chglcarghc
ngsvtcfgpe
thscvdlddk
lgetelvepl
aikvlrents
renrgrlgsqg
dideteyhad
ipdllekger
nedlgpaspl
strsgggdlt
rysedptvpl
ktlspgkngv
gappstfkgt

PCT/US2018/023442

gakvelrwtp
dlephmnytf
pggsrvwkye
vhefgtlspe
glkplktyvd
vpvaiktlka
dkflrekdge
srvleddpea
lsnhevmkai
lktladfdpr
nddikrigvr

fielkftvrd
dfearhvkln
iagsdapsla
acspgffkfe
ltavgmgakv
tsvtvsdlep
swsipppqgs
ggagskvhef
yvEiskseqlkp
ssgkkevpva
mengaldkfl
vsdfglsrvl
erpywelsnh
irapdslktl
kvvgmtnddi

thldmlrhly
ivrgtglfed
leygdtilwk
aggcarckgp
smpnpegryt
veyglgmehl
etleeitgyl
lgsglalihh
wgpgptgcvn
adqgcvacahy
gcpaegrasp
tpsgampnga
pkankeilde
dllnwcmgia
ggkvpikwma
lpgppictid
dstfyrslle
lglepseeea
psetdgyvap
vkdvfafgga
ptaenpeylg

isoform b NP_001005862.1

pagdsggredi
tvearngvsg
vtyrkkgdsn
gsgnlavigg
phtyedpnga
gytekgrvdf
fsvlglvgml
tytteggkip
ndgfrlptpm
vsirlpstsg
lpghgkriay

cnsfpggass
veersvgplt
tvagtcvdha
asespclecp
elrwtppgds
hmnytftvea
rvwkyevtyr
gtlspegsgn
lktyvdphty
iktlkagyte
rekdgefsvl
eddpeatytt
evmkaindgf
adfdprvsir
krigvrlpgh

isoform a precursor NP 004439.2

ggcqgvvggnl
nyalavldng
difhknngla
lptdccheqge
fgascvtacp
revravtsan
yisawpdslp
nthlcfvhtv
csgflrggec
kdppfcvarc
ltsiisavvg
gmrilketel
ayvmagvgsp
kgmsyledvr
lesilrrrft
vymimvkcwm
dddmgdlvda
prsplapseg
ltespgpeyv
venpeyltpg
1dvpv

1 mklrlpaspe thldmlrhly ggcgvvqgnl eltylptnas lsflgdigev ggyvliahng
61 vrgqvplgrlr ivrgtglfed nyalavldng dplnnttpvt gaspgglrel glrslteilk
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Receptor-tyrosine-protein kinase erbB-2,

1
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301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201

Receptor-tyrosine-protein kinase erbB-2,

1
61
121
181
241
301
361
421
481
541
601
661
721

ggvligrnpqg
dcgsltrtve
lvtyntdtfe
cekcskpcar
plgpeqglgvE
swlglrslre
chglcarghc
ngsvtcfgpe
thscvdlddk
lgetelvepl
aikvlrents
renrgrlgsqg
dideteyhad
ipdllekger
nedlgpaspl
strsgggdlt
rysedptvpl
ktlspgkngv
gappstfkgt

mprgswkpqv
digevggyvl
glrelglrsl
spmckgsrcw
lhfnhsgice
plhngevtae
flpesfdgdp
lhngaysltl
tanrpedecv
narhclpchp
fpdeegacqp
krrggkirky
kgiwipdgen
1lvtglmpygc
pnhvkitdfg
mt fgakpydg
fsrmardpgqr
apgaggmvhh
kglgslpthd
plpaarpaga
afdnlyywdg

melaalcrwg
eltylptnas
dplnnttpvt
ltlidtnrsr
aagctgpkhs
ynylstdvgs
igefagckki
dlsvfgnlqgv
pwdglfrnph
veecrvlqgl
psgvkpdlsy
illvvvlgvv
rkvkvlgsga

leygdtilwk
aggcarckgp
smpnpegryt
veyglgmehl
etleeitgyl
lgsglalihh
wgpgptgcvn
adqgcvacahy
gcpaegrasp
tpsgampnga
pkankeilde
dllnwcmgia
ggkvpikwma
lpgppictid
dstfyrslle
lglepseeea
psetdgyvap
vkdvfafgga
ptaenpeylg

ctgtdmklrl
iahngvrgvp
teilkggvli
gessedcgsl
lhecpalvtyn
dgtgrcekcs
asntaplgpe
gglgiswlgl
geglachqglc
ecqgpgngsvt
cpincthscv
tmrrllgete
vkipvaikvl
lldhvrenrg
larlldidet
ipareipdll
fvvignedlg
rhrssstrsg
psplgrysed
tlerpktlsp
dppergapps

111allppga
lsflgdigev
gaspgglrel
achpcspmck
dclaclhfnh
ctlveplhng
fgslaflpes
irgrilhnga
gallhtanrp
preyvnarhc
mpiwkfpdee
fgilikrrqq
fgtvykgiwi

212

difhknngla
lptdccheqge
fgascvtacp
revravtsan
yisawpdslp
nthlcfvhtv
csgflrggec
kdppfcvarc
ltsiisavvg
gmrilketel
ayvmagvgsp
kgmsyledvr
lesilrrrft
vymimvkcwm
dddmgdlvda
prsplapseg
ltespgpeyv
venpeyltpg
1dvpv

paspethldm
lgrlrivrgt
grnpglcyqd
trtvcaggca
tdtfesmpnp
kpcarvecygl
glgvfetlee
rslrelgsgl
arghcwgpgp
cfgpeadgcv
dlddkgcpae
lvepltpsga
rentspkank
rlgsqdllnw
eyvhadggkvp
ekgerlpgpp
paspldstfy
ggdltlglep
ptvplpsetd
gkngvvkdvE
tfkgtptaen

astgvectgtd
ggyvliahng
glrslteilk
gsrcwgesse
sgicelhcpa
evtaedgtgr
fdgdpasnta
ysltlgglgi
edecvgegla
lpchpecgpg
gacgpcpinc
kirkytmrrl
pdgenvkipv

ltlidtnrsr
aagctgpkhs
ynylstdvgs
igefagckki
dlsvfgnlqgv
pwdglfrnph
veecrvlqgl
psgvkpdlsy
illvvvlgvv
rkvkvlgsga
yvsrllgicl
lvhrdlaarn
hgsdvwsygv
idsecrprfr
eeylvpgggt
agsdvfdgdl
ngpdvrpgpp
ggaapgphpp

isoform ¢ NP

1lrhlyggecqv
glfednyala
tilwkdifhk
rckgplptdc
egrytfgasc
gmehlrevra
itgylyisaw
alihhnthlc
tgcvnesqgfl
acahykdppf
graspltsii
mpngagmril
eildeayvma
cmgiakgmsy
ikwmalesil
ictidvymim
rslledddmg
seeeaprspl
gyvapltcsp
afggavenpe
peylgldvpv

isoform d NP

mklrlpaspe
vrgqvplgrlr
ggvligrnpqg
dcgsltrtve
lvtyntdtfe
cekcskpcar
plgpeqlgvE
swlglrslre
chglcarghc
ngsvtcfgpe
thscvdlddk
lgetelvepl
aikvlrents
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achpcspmck
dclaclhfnh
ctlveplhng
fgslaflpes
irgrilhnga
gallhtanrp
preyvnarhc
mpiwkfpdee
fgilikrrqq
fgtvykgiwi
tstvglvtgl
v1lvkspnhvk
tvwelmtfga
elvsefsrma
fcpdpapgag
gmgaakglgs
spregplpaa
pafspafdnl

 001276865.1

vggnleltyl
vldngdplnn
nnglaltlid
chegcaagct
vtacpynyls
vtsanigefa
pdslpdlsvE
fvhtvpwdgl
rggecveecr
cvarcpsgvk
savvgillvv
ketelrkvkv
gvgspyvsrl
ledvrlvhrd
rrrfthgsdv
vkcewmidsec
dlvdaeeylv
apsegagsdv
gpeyvngpdv
yltpgggaap

 001276866.1

thldmlrhly
ivrgtglfed
leygdtilwk
aggcarckgp
smpnpegryt
veyglgmehl
etleeitgyl
lgsglalihh
wgpgptgcvn
adqgcvacahy
gcpaegrasp
tpsgampnga
pkankeilde

gsrcwgesse
sgicelhcpa
evtaedgtgr
fdgdpasnta
ysltlgglgi
edecvgegla
lpchpecgpg
gacgpcpinc
kirkytmrrl
pdgenvkipv
mpygclldhv
itdfglarll
kpydgipare
rdpgrfvvig
gmvhhrhrss
lpthdpsplg
rpagatlerp
yywdgdpper

ptnaslsflqg
ttpvtgaspg
tnrsrachpc
gpkhsdclac
tdvgsctlve
gckkifgsla
gnlgvirgri
frnphgallh
vligglpreyv
pdlsympiwk
vigvvfgili
lgsgafgtvy
lgicltstvqg
laarnvlvks
wsygvtvwel
rprfrelvse
paggffcpdp
fdgdlgmgaa
rpgppspreg
gphpppafsp

ggcqgvvggnl
nyalavldng
difhknngla
lptdccheqge
fgascvtacp
revravtsan
yisawpdslp
nthlcfvhtv
csgflrggec
kdppfcvarc
ltsiisavvg
gmrilketel
ayvmagvgsp
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Receptor-tyrosine-protein kinase erbB-2,
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Receptor tyrosine-protein kinase erbB-4,
L1

NP 005226
1
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Receptor tyrosine-protein kinase erbB-4,

yvsrllgicl
lvhrdlaarn
hgsdvwsygv
idsecrprfr

eeylvpgqgt

mklrlpaspe
vrgqvplgrlr
ggvligrnpqg
dcgsltrtve
lvtyntdtfe
cekcskpcar
plgpeqglgvE
swlglrslre
chglcarghc
ngsvtcfgpe
ths

mkpatglwvw
gnleitsieh
Inyrkdgnfg
ngssgcgrch
pkdtdcfacm
ssscvracps
kingnliflv
vtiggrvlys
ingrivirdn
gefrefengs
nsfifkyadp
1filvivglt
vkvlgsgafg
vrllgvclsp
hrdlaarnvl
sdvwsygvti
adsrpkfkel
eylvpgafni
yraptstipe
prgeldeegy
eyvneplyln
eystkyfvykqg

NP 001036064.1

1
61
121
181
241
301
361
421
481
541
601

mkpatglwvw
gnleitsieh
Inyrkdgnfg
ngssgcgrch
pkdtdcfacm
ssscvracps
kingnliflv
vtiggrvlys
ingrivirdn
gefrefengs
nsfifkyadp

tstvglvtgl
v1vkspnhvk
tvwelmtfga
elvsefsrma

fepdpapgag

thldmlrhly
ivrgtglfed
leygdtilwk
aggcarckgp
smpnpegryt
veyglgmehl
etleeitgyl
lgsglalihh
wgpgptgcvn
adqgcvacahy

vsllvaagtv
nrdlsflrsv
lgelglknlt
ksctgrcwgp
nfndsgacvt
skmeveengi
tgihgdpyna
glsllilkqgq
rkaenctaeg
icvecdpgce
drechpchpn
favyvrrksi
tvykgiwvpe
tiglvtglmp
vkspnhvkit
welmtfggkp
aaefsrmard
pppiytsrar
apvaqggatae
mtpmrdkpkg
tfantlgkae
ngrirpivae

vsllvaagtv
nrdlsflrsv
lgelglknlt
ksctgrcwgp
nfndsgacvt
skmeveengi
tgihgdpyna
glsllilkqgq
rkaenctaeg
icvecdpgce
drechpchpn
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mpygclldhv
itdfglarll
kpydgipare
rdpgrfvvig
gmvhhrhrss

renrgrlgsqg
dideteyhad
ipdllekger
nedlgpaspl
strnm
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dllnwcmgia
ggkvpikwma
lpgppictid
dstfyrslle

ggcgvvggnl eltylptnas lsflqgdigev
nyalavldng dplnnttpvt gaspgglrel
difhknngla 1ltlidtnrsr achpcspmck
lptdccheqe aagctgpkhs dclaclhfnh
fgascvtacp ynylstdvgs ctlveplhng
revravtsan iqgefagckki fgslaflpes
yisawpdslp dlsvfqgnlgv irgrilhnga
nthlcfvhtv pwdglfrnph gallhtanrp
csgflrggec veecrvlqggl preyvnarhc
kdppfcvarc psgvkpdlsy mpiwkfpdee

gpsdsgsvca
revtgyvlva
eilnggvyvd
tenhcgtltr
gcpgtfvynp
kmckpctdic
ieaidpekln
gitslgfgsl
mvcnhlessd
kmedglltch
ctggcngpts
kkkralrrfl
getvkipvai
hgclleyvhe
dfglarlleg
ydgiptreip
parylviggd
idsnrseigh
ifddscecngt
eylnpveenp
ylknnilsmp
npeylsefsl

gpsdsgsvca
revtgyvlva
eilnggvyvd
tenhcgtltr
gcpgtfvynp
kmckpctdic
ieaidpekln
gitslgfgsl
mvcnhlessd
kmedglltch

ctggcngpts

igoform JTM-a/

igoform

/

gtenklssls
Ingfrylple
gnkflcyadt
tvcaeqecdgr
ttfglehnfn
pkacdgigtg
virtvreitg
keisagniyi
gcwgpgpdge
gpgpdnctke
hdciyypwtg
etelvepltp
kilnettgpk
hkdnigsqgll
dekeynadgg
dllekgerlp
drmklpspnd
spppraytpms
lrkpvaphvg
fvsrrkngdl
ekakkafdnp

kpgtvlpppp
JM-a8/

gtenklssls
Ingfrylple
gnkflcyadt
tvcaeqecdgr
ttfglehnfn
pkacdgigtg
virtvreitg
keisagniyi
gcwgpgpdge
gpgpdnctke
hdciyypwtg

VT2

CVT -1

dleqqgyralr
nlriirgtkl
ihwgdivrnp
cygpyvsdcc
akytygafcv
slmsagtvds
flnigswppn
tdnsnlcyyh
lscrrfsrgr
shfkdgpncv
hstlpghart
sgtapngaqgl
anvefmdeal
lnwecvgiakg
kmpikwmale
gppictidvy
skffgnllde
gnqfvyrdgg
edsstgrysa
galdnpeyhn
dywnhslppr
yrhrntvv

prac

dleqqgyralr
nlriirgtkl
ihwgdivrnp
cygpyvsdcc
akytygafcv
slmsagtvds
flnigswppn
tdnsnlcyyh
lscrrfsrgr
shfkdgpncv
hstlpghart

isoform e NP _001276867.1

L

kgmsyledvr
lesilrrrft
vymimvkcwm
dddmgdlvda

ggyvliahng
glrslteilk
gsrcwgesse
sgicelhcpa
evtaedgtgr
fdgdpasnta
ysltlgglgi
edecvgegla
lpchpecgpg
gacgpcpinc

pregQursor

kyyencevvm
yedryalaif
wpsnltlvst
hrecaggcsg
kkcphnfvvd
snidkfinct
mtdfsvisnl
tinwttlfst
iciescnlyd
ekcpdglgga
pliaagvigg
rilketelkr
imasmdhphl
mmyleerrlv
cihyrkfthg
mvmvkcwmid
edledmmdae
faaeqggvsvp
dptvfapers
asngppkaed
stlghpdylg

IS0y

kyyencevvm
yedryalaif
wpsnltlvst
hrecaggcsg
kkcphnfvvd
snidkfinct
mtdfsvisnl
tinwttlfst
iciescnlyd
ekcpdglgga
pliaagvigg
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1filvivglt
vkvlgsgafg
vrllgvclsp
hrdlaarnvl
sdvwsygvti
adsrpkfkel
eylvpgafni
ataeifddsc
kpkgeylnpv
gkaeylknni
ivaenpeyls

Prolyl endopeptidase

1
61
121
181
241
301
361
421
481
541
601
661
721

mktwvkivEg
wisggeylhg
lwrysytaty
fgitfngren
deqgyprtini
derveclgwlk
aisyykifsd
rrniyrisig
tdgeikilee
yggpcsgsvr
itavrkfiem
terfmglptk
gvdfgamwys

Prolyl endopeptidase

1
61
121
181
241
301
361
421
481
541
601
661
721

Glutamate
1
61
121
181
241
301
361
421
481
541
601
661
721

mktwvkivEg
wisggeylhg
lprpigylcw
latkyalwws
iidttypayv
dwgtwdcpkt
naigitsgkw
ercgyytast
eeikklevde
gmvialvdgr
ggyvsslala
aeyfrnvdyl
thmthflkgc

carboxypeptidase 2,

mwnllhetds
fldelkaeni
nkthpnyisi
rtedffkler
sypdgwnlpg
dagkllekmg
tlrgavepdr
wdaeefgllg
lkspdegfeg
wetnkfsgyp
avvlrkyadk
lrmmndglmf
pskawgevkr

favyvrrksi
tvykgiwvpe
tiglvtglmp
vkspnhvkit
welmtfggkp
aaefsrmard
pppiytsrar
cngtlrkpva
eenpfvsrrk
lsmpekakka
efslkpgtvl

FAP,
vatsavlall
sadnnivlyn
yiydlsngef
kifngipdwv
pypkagaknp
rvgnvsvlsi
kdgykhihyi
syppskkcvt
nkelenalkn
svfavnwisy
gfidekriai
ddnlehykns
dgnhglsgls

FAP,
vatsavlall
sadnnivlyn
spvgsklayv
pngkflayae
gpgevpvpam
gehieesrtg
eainifrvtg
sdyakyyalv
itlwykmilp
gtafggdkll
sgtglfkecgi
lihgtaddnv
fslsd

avatarrprw
kkflynftqgi
inedgneifn
dmkincsgki
ggvgrgniln
gsappdsswr
yvilgghrds
stewaeensr
kslyeswtkk
lyhsvyetye
iysismkhpqg
lerafidplg
giyvaaftvg

214

kkkralrrfl
getvkipvai
hgclleyvhe
dfglarlleg
ydgiptreip
parylviggd
idsnrngfvy
phvgedsstqg
ngdlgaldnp
fdnpdywnhs
ppppyrhrnt

vmcivlrpsr
ietggsytil
vrgnelprpi
yeeemlatky
vvrifiidtt
cdfredwgtw
kdtvenaiqi
chlrkercqy
iglpkeeikk
laskegmvia
Wgwsyggyvs
tvmaraeyfr
tnhlythmth

vmcivlrpsr
ietggsytil
yagnniylkqgr
fndtdipvia
iassdyyfsw
waggffvstp
dslfyssnef
cygpgipist
pgfdrskkyp
yvavyrklgvy
avapvsswey
hfgnsaqiak

lcagalvlag
phlagteqnt
tslfeppppg
viarygkvfr
Ingagdpltp
gslkvpynvg
wvfggidpgs
llgergvayi
spspefsgmp
lvekfydpmf
emktysvsfd
lpdrpfyrhv
aaaetlseva

etelvepltp
kilnettgpk
hkdnigsqgll
dekeynadgg
dllekgerlp
drmklpspnd
rdggfaaeqg
rysadptvfa
eyhnasngpp
lpprstlghp
vV

isoform 1 NP_004451.2

vhnseentmr
snrtmksvna
gylcwspvgs
alwwspngkf
ypayvgpgev
dcpktgehie
tegkweaini
ytasfsdyak
levdeitlwy
lvdgrgtafg
slalasgtgl
nvdyllihgt
flkgcfslsd

isoform 2 NP_001278736.1

vhnseentmr
snrtmlwrys
pgdppfqitt
ysyygdeqyp
ltwvtderve
visydaisyy
eeypgrrniy
lhdgrtdgei
1ligvyggpec
evedqgitavr
yasvyterfm
alvnagvdfqg

isoform 1 NP _004467.1

gffllgflfg
glakgigsqw
yenvsdivpp
gnkvknaqla
gypaneyayr
pgftgnfstqg
gaavvheivr
nadssiegny
risklgsgnd
kyhltvagvr
slfsavknft
iyapsshnky
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sgtapngaqgl
anvefmdeal
lnwecvgiakg
kmpikwmale
gppictidvy
skffgnllde
vsvpyrapts
persprgeld
kaedeyvnep
dylgeystky

altlkdilng
snyglspdrg
klayvygnni
layaefndtd
pvpamiassd
esrtgwaggt
frvtgdslfy
yyalveygpg
kmilppgfdr
gdkllyavyr
fkcgiavapv
addnvhfqgns

altlkdilng
ytatyyiydl
ngrenkifng
rtinipypka
lgwlkrvgnv
kifsdkdgvk
risigsypps
kileenkele
sgsvrsviav
kfiemgfide
glptkddnle
amwysdgnhg

wfikssneat
kefgldsvel
fsafspqgmp
gakgvilysd
rgiaeavglp
kvkmhihstn
sfgtlkkegw
tlrvdctplm
fevifqgrlgi
ggmvfelans
eiaskfserl
agesfpgiyd

rilketelkr
imasmdhphl
mmyleerrlv
cihyrkfthg
mvmvkcwmid
edledmmdae
tipeapvaqg
eegymtpmrd
lylntfantl
fykgngrirp

tfsyktffpn
fvylesdysk
ylkgrpgdpp
ipviaysyyg
yyfswltwvt
fvstpvisyd
ssnefeeypg
ipistlhdgr
skkyplligv
klgvyevedg
ssweyyasvy
agiakalvna

tfsyktffpn
sngefvrgne
ipdwvyeeem
gaknpvvrif
svlsicdfre
hihyikdtve
kkevtchlrk
nalkniqglpk
nwisylaske
kriaiwgwsy
hyknstvmar
lsglstnhly

nitpkhnmka
ahydvllsyp
egdlvyvnya
padyfapgvk
sipvhpigyy
evtriynvig
rprrtilfas
yslvhnltke
asgrarytkn
ivlpfdcrdy
gdfdksnpiv
alfdieskvd
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Glutamate
1

61

121

181

241

301

361

421

Glutamate
1

61

121

carboxypeptidase 2,

mwnllhetds
fldelkaeni
nkthpnyisi
rtedffkler
sypdgwnlpg
dagkllekmg
tlrgavepdr
wdaeefgllg
lkspdegfeg
wetnkfsgyp
avvlrkyadk
yapsshnkya

carboxypeptidase 2,

mtagssyplf
nftgiphlag
neifntslfe
cegkiviary
gnilnlngag
dsswrgslkv
ghrdswvigg
eensrllger
swtkkspspe
yetyelvekf
mkhpgemkty
idplglpdrp
aftvgaaaet

carboxypeptidase 2,

mtagssyplf
nftgiphlag
neifntslfe
cegkiviary
gnilnlngag
dsswrgslkv
ghrdswvigg
eensrllger
swtkkspspe
yetyelvekf
mkhpgemkty
giydalfdie

carboxypeptidase 2,

mggsappdss
dryvilgghr
lgstewaeen
egkslyeswt
yplyhsvyet
dkiysismkh
mflerafidp
krgiyvaaft

carboxypeptidase 2,

avatarrprw
kkflynftqgi
inedgneifn
dmkincsgki
ggvgrgniln
gsappdsswr
yvilgghrds
stewaeensr
kslyeswtkk
lyhsvyetye
iysismkhpqg
gesfpgiyda

laayactgcl
tegnfglakqg
ppppgyenvs
gkvfrgnkvk
dpltpgypan
pynvgpgftg
idpgsgaavv
gvayinadss
fegmpriskl
ydpmfkyhlt
svsfdslfsa
fyrhviyaps
lseva

laayactgcl
tegnfglakqg
ppppgyenvs
gkvfrgnkvk
dpltpgypan
pynvgpgftg
idpgsgaavv
gvayinadss
fegmpriskl
ydpmfkyhlt
svefdslfsa
skvdpskawg

wrgslkvpyn
dswvfggidp
srllgergva
kkspspefsg
yelvekfydp
pgemktysvs
lglpdrpfyr
vgaaaetlse

215

isoform 2 NP_001014986.1

lcagalvlag gffllgflfg
phlagtegnf glakgigsqgw
telfeppppg yenvsdivpp
viarygkvfr gnkvknaqgla
Ingagdpltp gypaneyayr
gslkvpynvg pgftgnfstqg
wvfggidpgs gaavvheivr
llgergvayi nadssiegny
spspefsgmp risklgsgnd
lvekfydpmf kyhltvagvr
emktysvsfd slfsavknft
1fdieskvdp skawgevkrg

isoform 3 NP_001180400.1

aerlgwfiks sneatnitpk
igsgwkefgl dsvelahydv
divppfesafs pggmpegdlv
naglagakgv ilysdpadyf
eyayrrgiae avglpsipvh
nfstgkvkmh ihstnevtri
heivrsfgtl kkegwrprrt
iegnytlrvd ctplmyslvh
gsgndfevff grlgiasgra
vagvrggmvf elansivlpf
vknfteiask fserlqgdfdk
shnkyagesf pgiydalfdi

isoform 4 NP_001180401.1

aerlgwfiks sneatnitpk
igsgwkefgl dsvelahydv
divppfesafs pggmpegdlv
naglagakgv ilysdpadyf
eyayrrgiae avglpsipvh
nfstgkvkmh ihstnevtri
heivrsfgtl kkegwrprrt
iegnytlrvd ctplmyslvh
gsgndfevff grlgiasgra
vagvrggmvf elansivlpf
vknfteiask fserlqgdfdk
evkrgiyvaa ftvgaaaetl

isoform 5 NP_001180402.1

vgpgftgnfs tgkvkmhihs
gsgaavvhei vrsfgtlkke
yinadssieg nytlrvdctp
mprisklgsg ndfevffqgrl
mfkyhltvaq vrggmvfela
fdslfsavkn fteiaskfse
hviyapsshn kyagesfpgi
va

isoform 6 NP_001338165.1
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wfikssneat
kefgldsvel
fsafspqgmp
gakgvilysd
rgiaeavglp
kvkmhihstn
sfgtlkkegw
tlrvdctplm
fevifqgrlgi
ggmvfelans
eiaskfserl
iyvaaftvqga

hnmkafldel
1l1lsypnkthp
yvnyartedf
apgvksypdg
pigyydagkl
ynvigtlrga
ilfaswdaee
nltkelkspd
rytknwetnk
dcrdyavvlr
snpivlrmmn
eskvdpskaw

hnmkafldel
1l1lsypnkthp
yvnyartedf
apgvksypdg
pigyydagkl
ynvigtlrga
ilfaswdaee
nltkelkspd
rytknwetnk
dcrdyavvlr
skhviyapss
seva

tnevtriynv
gwrprrtilf
Imyslvhnlt
giasgraryt
nsivlpfdcr
rlgdfdksnp
ydalfdiesk

mkafldelka enikkflynf tgiphlagte gnfqglakqiq sqgwkefglds
sypnkthpny isiinedgne ifntslfepp ppgyenvsdi vppfsafspqg
nyartedffk lerdmkincs gkiviarygk vfrgnkvkna glagakgvil

nitpkhnmka
ahydvllsyp
egdlvyvnya
padyfapgvk
sipvhpigyy
evtriynvig
rprrtilfas
yslvhnltke
asgrarytkn
ivlpfdcrdy
gdfdkskhvi
aaetlseva

kaenikkfly
nyisiinedg
fklerdmkin
wnlpgggvgr
lekmggsapp
vepdryvilg
fgllgstewa
egfegkslye
fsgyplyhsv
kyadkiysis
dglmfleraf
gevkrgiyva

kaenikkfly
nyisiinedg
fklerdmkin
wnlpgggvgr
lekmggsapp
vepdryvilg
fgllgstewa
egfegkslye
fsgyplyhsv
kyadkiysis
hnkyagesfp

igtlrgavep
aswdaeefgl
kelkspdegf
knwetnkfsg
dyavvlrkya
ivlrmmndgl
vdpskawgev

velahydvll
gmpegdlvyv
ysdpadyfap



WO 2018/175505

181
241
301
361
421
481
541
601
661

Fos-related antigen 1,

1
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121
181
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Fos-related antigen 1,

1
61
121
181

Fos-related antigen 1,

gvksypdgwn
gyydagklle
vigtlrgave
faswdaeefg
tkelkspdeg
tknwetnkfs
rdyavvlrky
hviyapsshn
va

mfrdfgepgp
pssyprplty
kcrnrrkelt
gdtgstsgts
pepcasahrk

lpgggvgrgn
kmggsappds
pdryvilggh
llgstewaee
fegkslyesw
gyplyhsvye
adkiysismk
kyagesfpgi

559ng99y9g
paysppdgprp
dflgaetdkl
sppapcrpvp
sssssgdpss

216

ilnlngagdp
swrgslkvpy
rdswvfggid
nsrllgergv
tkkspspefs
tyelvekfyd
hpgemktysv
ydalfdiesk

isoform 1 NP _005429.

pagppaaada
gviralgppp
edeksglgre
cislspgpvl
dplgsptlla

mfrdfgepgp ssgngggydyg pagppaaada

pssyprplty pgysppgprp gviralgppp
gkerlelvle ahrpickipe gakegdtgst

tptlmttpsl tpftpslvit ypstpepcas

ltpgypaney
nvgpgftgnt

pgsgaavvhe
ayinadssie
gmprisklgs
pmfkyhltva
sfdslfsavk
vdpskawgev

1
aqggkfhlvps
gvrrrpceqgi
ieelgkgker
epealhtptl
1

isoform 2 NP_001287773.1

aqggkfhlvps
gvrrrpcedge
sgtssppapc
ahrksssssg

isoform 3 NP_001287784.1

1 mfrdfgepgp ssgngggygg padppaaada aqgkfhlvps

61 pssyprplty pqysppgprp gviralgppp gvrrrpcegp
121 dgepeegtdrl paggd

Fos-related antigen 1,

1
61
121
181

Fos-related antigen 1,

1
61
121

G antigen
1
61

G antigen
1
61

Galectin-1 NP _002296.

1
61
121

mfrdfgepgp
keltdflqgae
sgtssppapc
ahrksssssg

isoform 4 NP_001287785.1

ssgngggygg pagppaaada agdispeeee
tdkledeksg lgreieelgk gkerlelvle

rpvpcislsp gpvlepealh tptlmttpsl

dpssdplgsp

tllal

isoform 5 NP_001287786.1

mfrdfgepgp ssgngggygg padppaaada aqgetdkled
lvleahrpic kipegakegd tgstsgtssp

tpsltpftps

lvftypstpe

1 NP 001035753.1

mswrgrstyy
degasagggp

wWprprryvgp
kpeadsgeqg

12T NP _001465.1

mswrgrstyy
degasagggp

macglvasnl
cnskdggawg
maadgdfkik

Galectin-3 isgoform 1

1
61
121
181

madnfslhda
gaypgapgay
plpggvvprm
wgreerqgsvE

wWprprryvgp
kpeadsgeqg

1
nlkpgeclrv
teqgreavipt
cvafd

NP 002297.2

lsgsgnpnpqg
pgapapgvyp
litilgtvkp
pfesgkpfki

pcasahrkss

pemigpmrpe
hpgtgceced

pemigpmrpe
hpgtgceced

rgevapdaks
gpgsvaevci

gwpgawgngp
gppsgpgayp
nanrialdfqg
gvlvepdhfk

papcrpvpci
sssgdpssdp

gfsdevepat
gpdggemdpp

gfsdevepat
gpdggemdpp

fvlnlgkdsn
tfdganltvk

agaggypgas

ssggpsatga
rgndvafhfn

vavndahllqg
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ayrrgiaeav
stgkvkmhih
ivrsfgtlkk
gnytlrvdct
gndfevifqr
gvrggmviel
nfteiaskfs
krgiyvaaft

intmsgsgel
Speeeerrrv
lelvleahrp
mttpsltpft

intmsgsgel
tdkledeksg
rpvpcislsp
dpssdplgsp

intmsgsgel
ggrgappska

rrrvrrernk
ahrpickipe
tpftpslvft

eksglgreie

slspgpvlep
lgsptllal

peegepatgr
npeevktpee

peegepatgr
npeevktpee

nlclhfnprf
lpdgyefkfp

ypgaypgqap

ypatgpygap
prinennrrv

ynhrvkklne

glpsipvhpi
stnevtriyn
egwrprrtil
plmyslvhnl
lgiasgrary
ansivlpfdc
erlqgdfdksk
vgaaaetlse

gwnvgphflg
rrernklaaa
ickipegake
pslvitypst

gwnvgphflg
lgreieelgk
gpvlepealh
tllal

gwnvgphflg
raegagcgqv

laaakcrnrr
gakegdtgst
vpstpepcas

elgkgkerle
ealhtptlmt

gdpaaagege
geggsqgc

gdpaaagege
gekgsqgc

nahgdantiv
nrlnleainy

pgaypggapp
agplivpynl
iventkldnn
isklgisgdi
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Galectin-3,

1
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241

dltsasytmi

mhsktpcgef
ggappgaypg
ygapagpliv
nrrviventk
klneisklgi

kpwkmadnfs
gappgaypga
pynlplpggv
ldnnwgreer
sgdidltsas

Galectin-9 short NP 002299.2

1
61
121
181
241
301

mafsgsgapy
hfnprfedgg
gyfhrvpfhr
ippmmyphpa
denavvrntqg
lrnlptinrl

lspavpfsgt
yvventrgng
vdtisvngsv
ypmpfittil
idnswgseer
evggdiqglth

Galectin-9 long NP _033665.1

1
61
121
181
241
301

mafsgsgapy
hfnprfedgg
gyfhrvpfhr
ppgvwpanpa
illsgtvlps
vrggsfsvwi

Galectin-9 isoform 3

1
61
121
181
241

Premelanosome protein,

1
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Premelanosome protein,

1
61
121
181
241
301
361
421
481
541

mafsgsgapy
hfnprfedgg
gyfhrvpfhr
ippmmyphpa
Inttia

mdlvlkrcll
wrgggvslkv
vypdgetddac
thtmevtvyh
alglhdpsgy
cgsspvpgtt
tapvgmptae
tewvettare
gsfsvtldiv
cgpvlpspac
ggvplivgil
pllsgggv

mdlvlkrcll
rsfvyvwktw
ftitdgvpfs
gtlisralvv
vpttevvgtt
ttlaemstpe
tesitgslgp
gdafeltvsc
Invsladtns
vpglphsssh

lspavpfsgt
yvventrgng
vdtisvngsv
pitgtvihtv
agrfhinlecs
lceahclkva

217

isoform 3 NP_001344607.1

lhdalsgsgn
pgaypgapap
vprmlitilg
gsvipfesgk
ytmi

iggglqgdglq
swgpeerkth
glsyisfgpp
gglypsksil
slprkmpfvr
vqgt

iggglqdglqg
swgpeerkth
glsyisfqgnp
gsapggqmfst
gnhiafhlnp
vdgghlfeyy

NP 001317092.1

lspavpfsgt
yvventrgng
vdtisvngsv
ypmpfittil

hlavigalla
sndgptliga
ifpdggpeps
rrgsrsyvpl
laeadlsytw
dghrptaeap
stgmtpekvp
lpipepegpd
ggiesaeilqg
glvlhgilkg
lvlimavvlas

hlavigalla
ggqywgvlggp
vsvsglrald
thtylepgpv
pggaptaeps
atgmtpaevs
lldgtatlrl
ggglpkeacm
lavvstglim
wlrlprifcs

iggglqdglqg
swgpeerkth
glsyisfqgpp
gglypsksil

vgatkvprng
nasfsialnf
gswsgkrsfv
ahsssaftit
dfgdssgtli
nttaggvptt
vsevmgttla
assimstesi
avpsgegdaf
gsgtyclnvs
liyrrrlmkqg

isoform 2 precursor

vgatkgsqgvw
vsglsigtgr
ggnkhflrng
taqgvvlgaai
gttsvgvptt
ivvlsgttaa
vkrgvpldev
eisspgcgpp
pggeaglggv
cpigenspll

pnpggwpgaw
gvypgppsgp
tvkpnanria
pfkigvlvep

itvngtvlss
mpfgkgmpfd
gvwpanpapi
lsgtvlpsaqg
ggsfsvwilc

itvngtvlss
mpfgkgmpfd
rtvpvgpafs
paippmmyph
rfdenavvrn
hrlrnlptin

itvngtvlss
mpfgkgmpfd
gvwpanpapi
lsgtvlpsaqg

dwlgvsrglr
pgsgkvlpdg
yvwktwgqgyw
dgvpfsvsvs
sralvvthty
evvgttpgga
emstpeatgm
tgslgplldg
eltvscgggl
ladtnslavv
dfsvpglphs
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gngpagaggy
gaypssggps
ldfgrgndva
dhfkvavnda

sgtrfavnfqg
lcflvgssdf
tgtvihtvgs
rfhinlecsgn
eahclkvavd

sgtrfavnfqg
lcflvgssdf
tvpfsqgpvet
paypmpfitt
tgidnswgse
rlevggdiql

sgtrfavnfqg
lcflvgssdf
tgtvihtvgs
rcgscvklta

isoform 1 preprotein NP 001186983.1

tkawnrglyp
gviwvnntii
gvlggpvsgl
glraldggnk
lepgpvtaqgv
ptaepsgtts
tpaevsivvl
tatlrlvkrqg
pkeacmeiss
stqlimpvpg
gsshwlrlpri

NP 001186982.1

gggpvypget
amlgthtmev

pltfalglhd
pltscgsspv
evistapvgm
gvtttewvet
lyrygsfsvt
agrlcgpvlp
plivgillvl
sgqgv

ddacifpdgg
tvyhrrgsrs
psgylaeadl
pgttdghrpt
ptaestgmtp
tarelpipep
ldivggiesa
spacglvlhg
mavvlasliy

pgasypgayp
atgaypatgp
fhfnprfnen
hllgynhrvk

tgfesgndiaf
kvmvngilfv
apggmfstpa
hiafhlnprf
gghlfeyyhr

tgfesgndiaf
kvmvngilfv
pprprgrrgk
ilgglypsks
erslprkmpt
thvgt

tgfesgndiaf
kvmvngilfv
apggmfstpa
srwpwmvstc

ewteaqgrldc
ngsgvwgggp
sigtgramlg
hflrngpltf
vlgaaiplts
vgvpttevis
sgttaagvtt
vpldevlyry
pgcgppagrl
illtggeagl
fcscpigens

pcpsgswsgk
yvplahsssa
sytwdfgdss
aeapnttagq
ekvpvsevmg
egpdassims
eilgavpsge
ilkggsgtyc
rrrlmkgdfs



WO 2018/175505

Premelanosome protein,

1
61
121
181
241
301
361
421
481
541
601
661

Premelanosome protein,

1
61
121
181
241
301
361
421
481
541
601

Premelanosome protein,

1
61
121
181
241
301
361
421
481
541
601

Glutamate receptor ionotropic,NMDA 224,

mdlvlkrcll
wrgggvslkv
vypdgetddac
thtmevtvyh
alglhdpsgy
cgsspvpgtt
tapvgmptae
tewvettare
gsfsvtldiv
cgpvlpspac
gillvlmavv
v

mdlvlkrcll
wrgggvslkv
vypdgetddac
thtmevtvyh
alglhdpsgy
cgsspvpgtt
tapvgmptae
tlrlvkrgvp
eacmeisspg
glimpvpgil
hwlrlprifc

mdlvlkrcll
wrgggvslkv
vypdgetddac
thtmevtvyh
alglhdpsgy
cgsspvpgtt
tapvgmptae
tlrlvkrgvp
eacmeisspg
glimpggeag
ifcscpigen

NP 001127879.1

1
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181
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781

mgrvgywtll
aglpldvnvv
fvpilgihgg
refisfvktt
searslgltg
taassmlekf
lvvivlinkdr
didpltetcv
tngkhgkkvn
ngtvspsafl
igkaiwllwg
gvtglsdkkf
ktgkldafiy
gfvgdgemee

hlavigalla
sndgptliga
ifpdggpeps
rrgsrsyvpl
laeadlsytw
dghrptaeap
stgmtpekvp
lpipepegpd
ggiesaeilqg
glvlhgilkg
lasliyrrrl

hlavigalla
sndgptliga
ifpdggpeps
rrgsrsyvpl
laeadlsytw
dghrptaeap
staaqgvttte
ldevlyrygs
cgppagrlegq
ltggeaglgg
scpigenspl

hlavigalla
sndgptliga
ifpdggpeps
rrgsrsyvpl
laeadlsytw
dghrptaeap
staaqgvttte
ldevlyrygs
cgppagrlegq
lggvplivgi
spllsgqgqgv

vlipallvwrg
allmnrtdpk
asmimadkdp
vdnsfvgwdm
ydffwivpsl
syipeakasc
ewekvgkwen
rntvpcerkfv
nvwngmigev
epfsasvwvm
lvfnnsvpvg
grphdysppf
daavlnykag
letlwltgic
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vgatkvprng
nasfsialnf
gswsgkrsfv
ahsssaftit
dfgdssgtli
nttaggvptt
vsevmgttla
assimstesi
avpsgegdaf
gsgtyclnvs
mkgdfsvpgl

vgatkvprng
nasfsialnf
gswsgkrsfv
ahsssaftit
dfgdssgtli
nttaggvptt
wvettarelp
fsvtldivqgg
pvlpspacqgl
vplivgillv
lsgggv

vgatkvprng
nasfsialnf
gswsgkrsfv
ahsssaftit
dfgdssgtli
nttaggvptt
wvettarelp
fsvtldivqgg
pvlpspacqgl
1lvlimavvla

papsaaaekg
slithvedlm
tstffqgfgas
gnvitldtsf
vsgntelipk
yggmerpevp
htlslrhavw
kinnstnegm
vygravmavg
mfvmllivsa
npkgttskim
rfgtvpngst
rdegcklvti
hneknevmss

dwlgvsrglr
pgsgkvlpdg
yvwktwgqgyw
dgvpfsvsvs
sralvvthty
evvgttpgga
emstpeatgm
tgslgplldg
eltvscgggl
ladtnslavv
phssshwlrl

dwlgvsrglr
pgsgkvlpdg
yvwktwgqgyw
dgvpfsvsvs
sralvvthty
evvgttpgga
ipepegpdas
iesaeilqgav
vlhgilkggs
Imavvlasli

dwlgvsrglr
pgsgkvlpdg
yvwktwgqgyw
dgvpfsvsvs
sralvvthty
evvgttpgga
ipepegpdas
iesaeilqgav
vlhgilkggs
sliyrrrlmk

ppalniavml
sgarihglvf
igggatvmlk
edaktgvglk
efpsglisvs
mhtlhpfmvn
pryksfsdce
nvkkcckgfc
sltineerse
iavivfeyfs
vsvwaffavi
ernirnnypy
gsgyifattg
gldidnmagv
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isoform 3 preprotein NP 008859.1

tkawnrglyp
gviwvnntii
gvlggpvsgl
glraldggnk
lepgpvtaqgv
ptaepsgtts
tpaevsivvl
tatlrlvkrqg
pkeacmeiss
stqglimpgge
prifcscpig

isoform 4 preprotein NP _001307050.1

tkawnrglyp
gviwvnntii
gvlggpvsgl
glraldggnk
lepgpvtaqgv
ptaepsgtts
simstesitg
psgegdafel
gtyclnvsla
yrrrlmkqgdf

isoform 5 preprotein NP 001307051.1

tkawnrglyp
gviwvnntii
gvlggpvsgl
glraldggnk
lepgpvtaqgv
ptaepsgtts
simstesitg
psgegdafel
gtyclnvsla
gdfsvpglph

ghshdvtere
gddtdgeava
imgdydwhvf
kihssvilly
yddwdyslea
vtwdgkdlsf
pddnhlsivt
idilkklsrt
vvdfsvpfve
pvgynrnlak
flasytanla
mhgymtkfng
vgialgkgsp
fymlaaamal

ewteaqgrldc
ngsgvwgggp
sigtgramlg
hflrngpltf
vlgaaiplts
vgvpttevis
sgttaagvtt
vpldevlyry
pgcgppagrl
aglggvpliv
enspllsgqqg

ewteaqgrldc
ngsgvwgggp
sigtgramlg
hflrngpltf
vlgaaiplts
vgvpttevis
slgplldgta
tvscqgglpk
dtnslavvst
svpglphsss

ewteaqgrldc
ngsgvwgggp
sigtgramlg
hflrngpltf
vlgaaiplts
vgvpttevis
slgplldgta
tvscqgglpk
dtnslavvst
ssshwlrlpr

isoform 1 precursor NP _000824.1,

lrtlwgpega
gmldfissht
slvttifpgy
cskdeavlil
rvrdgigilt
teegyqgvhpr
leeapfvive
vkftydlylv
tgisvmvsrs
gkaphgpsft
afmigeefvd
kgvedalvsl
wkrgidlall
slitfiwehl
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841

901

961
1021
1081
1141
1201
1261
1321
1381
1441

Glutamate
1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

fywklrfceft
aknissmsnm
nelgtfvanr
irqgdslsqgnp
ktkdnfkrsv
lpenvdfpdp
setseryrgn
atgegvygqd
egnfygslfs
rcpsdpykhs
tprvlnscsn

receptor ilonotropic,NMDA 234,

mgrvgywtll
aglpldvnvv
fvpilgihgg
refisfvktt
searslgltg
taassmlekf
lvvivlinkdr
didpltetcv
tngkhgkkvn
ngtvspsafl
igkaiwllwg
gvtglsdkkf
ktgkldafiy
gfvgdgemee
fywklrfceft
aknissmsnm
nelgtfvanr
irqgdslsqgnp
ktkdnfkrsv
lpenvdfpdp
setseryrgn
nawllgdapr

gvesdrpgll
nssrmdspkr
gkdnlnnyvf
vsqrdeatae
askypkdcse
yqdpsenfrk
sthcrsclsn
waqnnalglg
vpssklsgkk
lpsgavndsy
rrvykkmpsi

vlipallvwrg
allmnrtdpk
asmimadkdp
vdnsfvgwdm
ydffwivpsl
syipeakasc
ewekvgkwen
rntvpcerkfv
nvwngmigev
epfsasvwvm
lvfnnsvpvg
grphdysppf
daavlnykag
letlwltgic
gvesdrpgll
nssrmdspkr
gkdnlnnyvf
vsqrdeatae
askypkdcse
yqdpsenfrk
sthcrsclsn
tltntrchpr

Metabotropic glutamate receptor

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

mkmltrlqgvl
nedrgiqgrle
deaeymcpdg
ksrydyfart
iataekvgrs
dgwgagesii
cslgnkrnhr
amkildgkkl
lkvghwaetl
adeftcmdcg
hnntplvkas
tktnciarif
ekretvilkc
iwlaflpify
Inrfsvsgtg

HPV E6 concoprotein,

1
61
121

mhgkrtamfqg
yrdgnpyavc
ekgrhldkkqg

tlalfskgfl
amlfaidein
syaigenipl
vppdfygaka
nirksydsvi
kgsehvayga
rvcedkhlaid
ykdyllkinf
sldvnsihws
sggwptadlt
grelcyillf
dgvkngagrp
nvkdssmlis
vtssdyrvgt
ttysgssast

NP 041325.1

dpgerprklp
dkclkfyski
rfhnirgrwt

219

fesisrgiysc
aadfiqgrgsl
ggghpltlne
nrthslkspr
vertylktks
gdstlpmnrn
mptysghftm
knklrisrgh
sslfpggled
lrsslrstas
esdv

papsaaaekg
slithvedlm
tstffqgfgas
gnvitldtsf
vsgntelipk
yggmerpevp
htlslrhavw
kinnstnegm
vygravmavg
mfvmllivsa
npkgttskim
rfgtvpngst
rdegcklvti
hneknevmss
fesisrgiysc
aadfiqgrgsl
ggghpltlne
nrthslkspr
vertylktks
gdstlpmnrn
mptysghftm
r

3 precursor NP_000831.

l1slgdhnflr
kddyllpgvk
liagviggsy
maeilrffnw
rellgkpnar
itlelasqgpv
ssnyeqgeski
tapfnpnkda
rnsvptsgcs
gcydlpedyi
gvglsycmtf
kfispssgvf
ltydvilvil
ttmcisvsls
yvptvcngre

glctelgtti
seyrhycysl
grcmsccrss

ihgvhieekk
imdmvsdkgn
snpntvevav
ylpeemahsd
gssprdkiyti
plhneeglsn
rspfkcdacl
sydnivdkpr
skrsksllpd
ycsrdsrghn

ppalniavml
sgarihglvf
igggatvmlk
edaktgvglk
efpsglisvs
mhtlhpfmvn
pryksfsdce
nvkkcckgfc
sltineerse
iavivfeyfs
vsvwaffavi
ernirnnypy
gsgyifattg
gldidnmagv
ihgvhieekk
imdmvsdkgn
snpntvevav
ylpeemahsd
gssprdkiyti
plhneeglsn
rspfkcdacl

reikiegdlv
lgvhildtecs
gssvsigvanl
tyvstvaseg
vvvlfmrsdd
rgfdryfgsl
mfvvnavyam
dsivkfdtfg
dpcapnemkn
rwedawaigp
ffiakpspvi
iclglilvgi
ctvyafktrk
gfvvlgclfa
vldsttssl

hdiilecvyc

ygttleqggyn
rtrretgl
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kspdfnltgs
Imysdnrsfqg
steskansrp
isetsnratc
dgekepgfhl
ndgyklyskh
rmgnlydide
eldlsrpsrs
htsdnpflhs
dvyisehvmp

ghshdvtere
gddtdgeava
imgdydwhvf
kihssvilly
yddwdyslea
vtwdgkdlsf
pddnhlsivt
idilkklsrt
vvdfsvpfve
pvgynrnlak
flasytanla
mhgymtkfng
vgialgkgsp
fymlaaamal
kspdfnltgs
Imysdnrsfqg
steskansrp
isetsnratc
dgekepgfhl
ndgyklyskh
rmgnlydide

2

lgglfpinek
rdtyalegsl
lrlfgipgis
dygetgieaf
sreliaaasr
npynnhrnpw
ahalhkmgrt
dgmgrynvin
mgpgdvcecwi
vtiaclgfmec
calrrlglgs
vimvsvwlile
cpenfneakt
pkvhiilfqgp

kggllrrevy
kplcdllirc

gsnmlkllrs
gkesifgdnm
rglwkksvds
hrepdnsknh
dppgfvenvt
ftlkdkgsph
dgmlgetgnp
islkdrerll
hrddgrlvig
yaanknnmys

isoform 2 precursor NP 001127880.1

lrtlwgpega
gmldfissht
slvttifpgy
cskdeavlil
rvrdgigilt
teegyqgvhpr
leeapfvive
vkftydlylv
tgisvmvsrs
gkaphgpsft
afmigeefvd
kgvedalvsl
wkrgidlall
slitfiwehl
gsnmlkllrs
gkesifgdnm
rglwkksvds
hrepdnsknh
dppgfvenvt
ftlkdkgsph
dgmlgetgmt

gtgteecgri
efvrasltkv
yastsaklsd
eqearlrnic
anasftwvas
frdfweqgkfg
lcpnttkled
faqnvggkysy
cipcepyeyl
temvvtviik
sfaicysall
apgtrrytla
igftmyttei
gknvvthrlh

dfafrdlciv
incgkplcpe
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HPV E7 Oncoprotein,

1
61

GTPase HRas,

1
61
121
181

GTPase HRas,

1
61

GTPase HRas,

1
61
121

mhgdtptlhe
cdstlrlcvqg

isoform
mteyklvvvg
geeysamrdg
aartvesrga
cmsckevls

isoform
mtcpwecwwgt
rdpcdpaapr

isoform
mteyklvvvg
geeysamrdg
aartvesrga

Vascular endothelial

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

Mast/stem
1
61
121
181
241
301
361
421
481
541
601

mgskvllava
wlwpnngsgs
yrspfiasvs
skkgftipsy
klvlnctart
dgglytcaas
eikwykngip
pgigekslis
pceewrsved
rvisfhvtrg
pvcknldtlw
vlervaptit
nltirrvrke
1lviilrtvk
grgafggvie
llgactkpgg
rrldsitssqg
srkcihrdla
vytigsdvws
dcwhgepsqr
cmeeeevedp
gmvlaseelk
seeaellkli

cell growth acor receptor KIT,

mrgargawdf
pogfvkwtfei
drslygkedn
rlclhecsvdg
svystwkren
vtttlevvdk
dypksenesn
lvngmlqgcva
safkhngtve
miltykylgk
gkvveatayg

NP 041326.1

220

ymldlgpett dlycyeqlnd sseeedeidg
sthvdirtle dllmgtlgiv cpicsgkp

1 NP 001123914.1,

aggvgksalt
ymrtgegflc
gdlarsygip

iglignhfvd
vfainntksf
yietsaktrg

3 NP _001304983.1

svtwlhalwn
agvedafytl

lgrlrtspea
vreirghklr

2 NP _789765.1

aggvgksalt
ymrtgegflc
gdlarsygip

iglignhfvd
vfainntksf
yietsaktrg

NP 005334.1

eydptiedsy
edihgyreqi
gvedafytlv

tasptsrprp
klnppdesgp

eydptiedsy
edihgyreqi
gsrsgsssss

PCT/US2018/023442

paggaepdra

rkgvvidget
krvkdsddvp
reirghklrk

rpgraaalal
gcmsckevls

rkgvvidget
krvkdsddvp
gtlwdppgpm

hynivtfeck

clldildtag
mvl1lvgnkcdl

Inppdesgpg

apapgpsgtp

clldildtag
mvl1lvgnkcdl

growth factor receptor 2 precursor NP _002244.1

lwlcvetraa
egrvevtecs
dghgvvyite
misyagmvfc
elnvgidfnw
sglmtkknst
lesnhtikag
pvdsygygtt
fqggnkievn
peitlgpdmg
klnatmfsns
gnlengttsi
deglytcgac
ranggelktg
adafgidkta
plmvivefck
ssassgfvee
arnillsekn
fgvllweifs
ptfselvehl
kfhydntagi
tledrtklsp
eigvgtgsta

levlllllry
ldetnenkgn
dtlvrcpltd
egksvlsekf
sqtklgekyn
gfinifpmin
iryvselhlt
agfpeptidw
ckayndvgkt
pmyevgwkvy
liksdaamtv

svglpsvsld
dglfcktlti
nknktvvipc
eakindesyqg
eypsskhghk
fvrvhekpfv
hvltimevse
gtltctvyai
kngfaliegk
ptegesvslw
tndilimelk
gesievscta
svlgcakvea
ylsivmdpde
tertvavkml
fgnlstylrs
kslsdveeee
vvkicdfgla
lgaspypgvk
gnllganaqqg
sqylgnskrk
sfggmvpsks
gilgpdsgtt

gtgssgpsvs
ewitekaeat
pevtnyslkg
ilkvrpafka
swhhgdfnye
ttvivndgen
rlkgteggty
yvicpgteqrc
sayfnfafkg
eeingnnyvy
avkmlkpsah

lprlsigkdi
pkvigndtga
lgsisnlnvs
simyivvvvg
klvnrdlktg
afgsgmeslv
rdtgnytvil
ppphhihwyw
nktvstlviqg
ctadrstfen
naslgdggdy
sgnpppgimw
ffiiegaqgek
lpldehcerl
kegathsehr
krnefvpykt
apedlykdfl
rdiykdpdyv
ideefcrrlk
dgkdyivlpi
srpvsvktfe
resvasegsn
lssppv

pgepsppsih
ntgkytctnk
cggkplpkdl
vpvvsvskas
rgatltissa
vdliveyeaf
tflvsnsdvn
sasvlpvdvg
nnkegihpht
idptglpydh
lterealmse

ltikanttlqg
vkefyretdl
lcarypekrt
yriydvvlsp
sgsemkkfls
eatvgervri
tnpiskekqgs
gleeecanep
aanvsalykc
ltwyklgpgp
vclagdrktk
fkdnetlved
tnleiiilvg
pydaskwefp
almselkili
kgarfrggkd
tlehlicysf
rkgdarlplk
egtrmrapdy
setlsmeeds
dipleepevk
gtsgygsgyh

pogksdlivrv
hglsnsiyvf
rfipdpkagi
yllregeeft
rvndsgvimec
pkpehggwiy
aaiafnvyvn
tlnssgppfg
1ftplligfv
kwefprnrls
lkvlsylgnh

itcrggrdld
asviyvyvgd
vpdgnriswd
shgielsvge
tltidgvtrs
pakylgyppp
hvvslvvyvp
sgavsvtnpy
eavnkvgrge
lpihvgelpt
krhcvvrglt
sgivlkdgnr
taviamffwl
rdrlklgkpl
highhlnvvn
yvgaipvdlk
gvakgmefla
wmapetifdr
ttpemygtml
glslptspvs
vipddngtds
sddtdttvys

isoform 1 precursor NP _000213.1

gdeirllctd
vrdpaklflv
miksvkrayh
vtctikdvss
yanntfgsan
mnrtftdkwe
tkpeiltydr
klvvgssids
ivagmmciiv
fgktlgagaf
mnivnllgac
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661
721
781
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Mast/stem
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

tiggptlvit
ymdmkpgvsy
aflaskncih
ifncvytfes
dimktcwdad
gstasssqpl

cell growth acor receptor KIT,

mrgargawdf
pogfvkwtfei
drslygkedn
rlclhecsvdg
svystwkren
vtttlevvdk
dypksenesn
lvngmlqgcva
safkhngtve
vkylgkpmye
eataygliks
ptlviteycc
kpgvsyvvpt
skncihrdla
vytfesdvws
tcwdadplkr
sssgpllvhd

eyccygdlln
vvptkadkrr
rdlaarnill
dvwsygiflw
plkrptfkgi
1vhddv

levlllllry
ldetnenkgn
dtlvrcpltd
egksvlsekf
sqtklgekyn
gfinifpmin
iryvselhlt
agfpeptidw
ckayndvgkt
vagwkvveein
daamtvavkm
ygdllnflrr
kadkrrsvri
arnillthgr
ygiflwelfs
ptfkgivgli
dv

221

flrrkrdsfi
svrigsyier
thgritkied
elfslgsspy
vgliekgise

gtgssgpsvs
ewitekaeat
pevtnyslkg
ilkvrpafka
swhhgdfnye
ttvivndgen
rlkgteggty
yvicpgteqrc
sayfnfafke
gnnyvyidpt
lkpsahlter
krdsficskg
gsyierdvtp
itkicdfgla
lgsspypgmp
ekgisestnh

cskgedhaea
dvtpaimedd
fglardiknd
pgmpvdskfy
stnhiysnla

pgepsppsih
ntgkytctnk
cggkplpkdl
vpvvsvskas
rgatltissa
vdliveyeaf
tflvsnsdvn
sasvlpvdvg
gihphtlftp
glpydhkwef
ealmselkvl
edhaeaalyk
aimeddelal
rdikndsnyv
vdskfykmik
iysnlancsp

Plasma kallikrein isoform 1 preprotein NP 001639.1

1
61
121
181
241

mwvpvvEiltl
ltaahcirnk
Imllrlsepa
ndvcagvhpqg
slytkvvhyr

svtwigaapl
svillgrhsl
eltdavkvmd
kvtkfmlcag
kwikdtivan

ilsrivggwe
fhpedtggvE
lptgepalgt
rwtggkstcs
p

cekhsgpwgv
gvshsfphpl
tcyasgwgsi
gdsggplven

Plasma kallikrein isoform 3 preprotein NP 001025218.1

1
61
121
181

mwvpvvEiltl
ltaahcirnk
Imllrlsepa
ndvcagvhpqg

svtwigaapl
svillgrhsl
eltdavkvmd
kvtkfmlcag

ilsrivggwe
fhpedtggvE
lptgepalgt
rwtggkstcs

cekhsgpwgv
gvshsfphpl
tcyasgwgsi
wviliteltm

Plasma kallikrein isoform 4 preprotein NP 001025219.1

1
61
121
181

Tyrosine-protein kinase LCK,

1
61
121
181
241
301
361
421
481

Tyrosine-protein kinase LCK,

mwvpvvEiltl
ltaahcirkp
efltpkklgc

ggitswgsep

mgcgcsshpe
lgdnlvialh
slepepwffk
vkirnldngg
pretlklver
vrlyavvtge
ihrdlraani
sdvwsfgill
pedrptfdyl

svtwigaapl
gddsshdlml
vdlhvisndv
calperpsly

ddwmenidvc
syepshdgdl
nlsrkdaerqg
fyispritfp
lgaggfgevw
piyviiteyme
lvsdtlscki
teivthgrip
rsvledffta

ilsrivggwe
lrlsepaelt
cagvhpgkvt
tkvvhyrkwi

enchypivpl
gfekgeqglri
llapgnthgs
glhelvrhyt
mgyynghtkv
ngslvdflkt
adfglarlie
ypgmtnpevi

tegqyqpgp

cekhsgpwgv
davkvmdlpt
kfmlcagrwt
kdtivanp

isoform a NP_001036236.1,

dgkgtllirn
legsgewwka
fliresesta
nasdglctrl
avkslkggsm
psgikltink
dneytarega
gnlergyrmv

isoform b NP_001317397.1
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alyknllhsk
elaldledll
snyvvkgnar
kmikegfrml
ncspnrgkpv

pogksdlivrv
hglsnsiyvf
rfipdpkagi
yllregeeft
rvndsgvimec
pkpehggwiy
aaiafnvyvn
tlnssgppfg
1ligfvivag
prnrlsfgkt
sylgnhmniv
nllhskessc
dledllsfsy
vkgnarlpvk
egfrmlspeh
nrgkpvvdhs

lvasrgravce
ydmsllknrf
epeefltpkk
gvlggitswg

lvasrgravce
ydmsllknrf
epeefltpkk
palpmvlhgs

lvasrgravce
gepalgttcy
ggkstcsgds

NP 005347.

gsevrdplvt
gslttggegf
gsfslsvrdf
srpcqtgkpqg
spdaflaean
lldmaagiae
kfpikwtape
rpdncpeely

esscsdstne
sfsygvakgm
lpvkwmapes
spehapaemy
vdhsvrinsv

isoform 2 precursor NP 001087241.1

gdeirllctd
vrdpaklflv
miksvkrayh
vtctikdvss
yanntfgsan
mnrtftdkwe
tkpeiltydr
klvvgssids
mmciivmilt
lgagafgkvv
nllgactigg
sdstneymdm
gvakgmafla
wmapesifnc
apaemydimk
vrinsvgsta

ggvlvhpgwv
lrpgddsshd
lgcvdlhvis
sepcalperp

ggvlvhpgwv
lrpgddsshd
lgcvdlhvis
1lvpwrggv

ggvlvhpgwv
asgwgsiepe
ggplvengvl

3

yegsnppasp
ipfnfvakan
dgnggevvkh
kpwwedewev
Imkglghqgrl
gmafieerny
ainygtftik
glmrlcwker
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1
61
121
181
241
301
361
421

mgcgcsshpe
lgdnlvialh
slepepwffk
vkirnldngg
mkglghgrlv
mafieernyi
inygtftiks
Imrlcwkerp

ddwmenidvc
syepshdgdl
nlsrkdaerqg
fyispritfp
rlyavvtgep
hrdlraanil
dvwsfgillt
edrptfdylr

222

enchypivpl
gfekgeqglri
llapgnthgs
glhelvrhyt
iyiiteymen
vsdtlsckia
eivthgripy
svledfftat

dgkgtllirn
legsgewwka
fliresesta
ryynghtkva
gslvdflktp
dfglarlied
pgmtnpevigq
egqydgpdgp

Legumain preprotein NP_001008530.1, NP_005597.3

1
61
121
181
241
301
361
421

mvwkvavfls
ipdeqgivvmm
aeavkgigsg
kmvfyieace
sdvedltket
hldltpspdv
aeveqllser
iklsmdhvcl

Macrophage migration

1
61

MAGE family member Al NP 004979.

1
61
121
181
241
301

mpmfivntnv
slhsigkigg

msleqgrslhc
asafpttinf
epvtkaemle
gllgdngimp
gdlvgekyle
alreeeegv

valgigavpi
yddiaysedn
kvlksgpgdh
sgsmmnhlpd
lhkgyhlvks
pltimkrklm
apltghscyp
ghy

inhibitory
prasvpdgfl
agnrsyskll

kpeealeaqqg
trgrgpsegs
sviknykhcf
ktgfliivlv
yrgvpdsdpa

ddpedggkhw
ptpgivinrp
viiyftdhgs
ninvyattaa
htntshvmqgy
ntndleesrqg
eallhfrthe

vvivagsngw
ngtdvyggvp
tgilvfpned
npressyacy
gnktistmkv
lteeigrhld
fnwhsptyey

factor NP _002406.1

seltgglaga
cgllaerlri

3

ealglvecvga
ssreeegpst
peifgkases
miamegghap
ryeflwgpra

tgkppqgyiav
spdrvyinyy

atssssplvl
scileslfra
1glvfgidvk
eeeiweelsv
laetsyvkvl
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gsevrdplvt
gslttggegf
gsfslsvrdf
vkslkggsms
sgikltinkl
neytaregak
nlergyrmvr

ynyrhgadac
kdytgedvtp
lhvkdlneti
ydekrstylg
mgfggmkrka
arhlieksvr
alrhlyvlvn

hvvpdglmaf
dmnaanvgwn

gtleevptag
vitkkvadlv
eadptghsyv
mevydgrehs
eyvikvsarv

yegsnppasp
ipfnfvakan
dgnggevvkh
pdaflaeanl
ldmaagiaeg
fpikwtapea
pdncpeelyqg

haygiihrng
gnflavlrgd
hymykhkmyr
dwysvnwmed
sspvplppvt
kivsllaase
lcekpyplhr

ggssepcalc
nstfa

stdppaspag
gflllkyrar

lvtclglsyd
aygeprkllt
rfffpslrea

Melanoma-associated antigen 10 NP_001011543.2, NP _001238757.1, NP 066386.2

1
61
121
181
241
301
361

mprapkrqrc
sscyplipst
gvlpdseslp
ecmllvfgid
tpeeviweal
rahaeirkms
atgsfsype

mpeedlgsgs
peevsaddet
rseidekvtd
vkevdptghs
nmmglydgme
11kflakvng

etgglegaqga
pnppgsagia
1lvgfllfkyg
fvlvtslglt
hliygeprkl
sdprsfplwy

plaveedass
csspsvvasl
mkepitkaei
ydgmlsdvgs
ltgdwvgeny
eealkdeeer

ststsssfps
pldgsdegss
lesvirnyed
mpktgilili
leyrgvpgsd
agdriattdd

sfpsssssss
sgkeespstl
hfpllfseas
lsiifiegyc
paryeflwgp
ttamasasss

Melanoma-associated antigen 12 NP_001159858.1, NP _001159859.1, NP 005358.2

1
61
121
181
241
301

mplegrsghc
pphspggast
llkyrarepf
clglsydgll
hprklltgdl
ypplhewafr

kpeegleaqg
lpttinytlw
tkaemlgsvi
gdngivpktg
vgenyleyrqg
egee

ealglvgaqga
sgsdegssne
rnfqgdffpvi
1liivlaiia
vpgsdpacye

pateegetas
egegpstfpd
fskaseylqgl
kegdcapeek
flwgpralve

ssstlvevtl
letsfqgvals
vigievvevv
iweelsvlea
tsyvkvlhhl

revpaaesps
rkmaelvhfl
righlyilvt
sdgredsvfa
lkisggphis

Melanoma-associated antigen 2 NP _001269430.1, NP _001269431.1, NP 001269433.1,

NP 001269434.1,

1
61
121
181
241
301

mplegrsghc
pphspggass
llkyrarepv
clglsydgll
hprkllmgdl
ypplheralr

NP 005352.1,

kpeeglearg
fsttinytlw
tkaemlesvl
gdngvmpktg
vgenyleyrqg
egee

NP _

786884 .1,

ealglvgaqga
rgsdegssng
rneqdffpvi
1liivlaiia
vpgsdpacye

NP 786885.1

pateeqgtas
eeegprmfpd
fskaseylqgl
iegdcapeek
flwgpralie

ssstlvevtl
lesefqgaais
vigievvevv
iweelsmlev
tsyvkvlhht

gevpaadsps
rkmvelvhfl
pishlyilvt
fegredsvfa
lkiggephis
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MAGE family member A3 NP_005353
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181
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mplegrsghc
ppgspggass
llkyrarepv
clglsydgll
dpkklltghf
ypplhewvlr

kpeeglearg
lpttmnyplw
tkaemlgsvv
gdngimpkag
vgenyleyrqg
egee
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ealglvgaqga
sgsyedssng
gnwgyffpvi
1liivlaiia
vpgsdpacye

Melanoma-associated antigen 4 NP 001011548

NP 002353.

1
61
121
181
241
301

3

mssegksghc
gppdspggas
llrkyrakel
tclglsydgl
geprklltqgd
aypslreaal

kpeegveaqge
alpttisftc
vtkaemlerv
lgnngifpkt
wvgenyleyr
leeeegv

ealglvgaqga
wrgpnegsss
iknykrcfpv
glliivlgti
gvpgsnpary

Melanoma-associated antigen 6 NP_005354.1,

1
61
121
181
241
301

mplegrsghc
ppgspggass
llkyrarepv
clglsydgll
dpkklltgyf
ypllhewalr

kpeeglearg
lpttmnyplw
tkaemlgsvv
gdngimpktg
vgenyleyrqg
egee

ealglvgaqga
sgsyedssng
gnwgyffpvi
fliiilaiia
vpgsdpacye

Melanoma-associated antigen 9 NP 005356.1

1
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181
241
301

mslegrsphc
pagggasssis
hkyrvkepvt
lglscdsmlg
prklltgdwv
pslyeevlge

kpdedleaqg
vyytlwsqgfd
kaemlesvik
dghsmpkaal
genyleyrqgv
eqgegv

edlglmgage
egsssgeeee
nykryfpvif
liivligvilt
pgsdpahyef

Melanoma-associated antigen C2 NP _057333.1

1
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181
241
301
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mppvpgvpfr
lilggpeeee
gedtgtcqgl
ilkrarefme
gncaseeviw
wgprahsesi
slsvmssnvs

nvdndsptsv
vpsgvipnlt
pdsessftyt
l1fglaliev
evlnavgvya
kkkvleflak
fse

Melanoma-associated antigen D1,

1
61
121
181
241
301
361
421
481
541
601
661
721
781

magkmdcgag
yctplgaspa
igvsaaaarp
aydfsqgaatt
ndttkaptad
rgkrtrkinn
psgwgngtar
pvvwpnplaw
ppdwipadwp
kdytkvpikr
eslagilgtt
klltyefvkg
gfmeaadeal
dpwsripftf

llgfgnpdac
paeasvedsa
ksafkvgnat
gelaanksem
tgtgnvngak
Inveenssgd
qtppargspp
qnppgwgtpp
ippdwgnlrp
semlrdiire
kdtpklglll
kyldyrrvpn
daldaaaaea
waryhgnars

eledwvdagh
esipssppdg
ldekvaelve
gpdhfcvfan
grehfvygep
Inntvpssfp

.1,

pateegeaas
eeegpstfpd
fskassslqgl
regdcapeek
flwgpralve

ptteegeaav
geeegpstsp
ifgkaseslk
amegdsasee
eflwgprala

NP 787064.1

pateegeaas
eeegpstfpd
fskasdslgl
kegdcapeek
flwgpralie

ptgeeeetts
psssvdpaqgl
gkasefmgvi
kdncapeevi
lwgskahaet

ptdeeeeeas
ppagpsgspl
flllkyeaee
tvgltdegsd
relltkvwvqg
swykdalkdv

NP 001011549.1,
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ssstlvevtl
lesefgaals
vigielmevd
iweelsvlev
tsyvkvlhhm

ssssplvpgt
daeslfreal
mifgidvkev
eiweelgvmg
etsyvkvleh

ssstlvevtl
lesefgaals
vigielmevd
iweelsvlev
tsyvkvlhhm

ssdskeeevs
efmfgealkl
fgtdvkevdp
wealsvmgvy
syekvinylwv

sasstlylvE
ssccssfsws
pvteaemlmi
degmpensll
ghyleyrevp
eervgatidt

isoform a NP_001005333.1

ravchplpgp
1lmgtlmeai
tkgpngvydf
afkagqnattk
matsgadiet
grraplaagt
argtppawgn
gwqtppgwqg
spnlrpspns
ytdvypeiie
vilgvifmng
snppeyeflw
earaeartrm
rfpgtfagpi

pastlplsaf
giseapptng
sgahnakdvp
vgpnatynfs
dpgisepdga
wrsapvpvtt
pvawgnpviw
ppdwggppdw
rasgnpgaag
racfvlekkf
nraseavlwe
glrsyhetsk
gigdeavsgp
igpggtasan

ptlcdppysqg
ataaaspgss

ntgpkaafks
gslnandlan
tagtsadgsqg
grippgappnv
pnpviwgnpv
plppdwplpp
prdvallger
giglkeidke
alrkmglrpg
mkvlrfiaev
wswddiefel
faanfgaigf

NP _

gevpaaespd
rkvaelvhfl
pighlyifat
fegredsilg
vkisggphis

leevpaaesa
snkvdelahf
dpasntytlv
vydgrehtvy
vvrvnarvri

gevpaaespd
rkvaklvhfl
pighvyifat
fegredsifg
vkisggpris

aagsssppgs
kvaelvhfll

aghsyilvta
vgkehmfyge
mlnarepicy

spssfstsss
sfseesssgk
vikykdyfpv
iiilsvifik
hssppyyefl
addatvmase

lrdppavlsc
gpptanemad
gnatpkgpna
srpktpfkaw
agnlesrtii
lwgtplawqgn
iwpnpivwpg
dwplptdwpl
anklvkylml
ehlyilistp
vrhpllgdlr
gkrdprdwta
ltwdeegdfg
fwve

001011550.1,
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Melanoma-associated antigen D1,

1
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181
241
301
361
421
481
541
601
661
721

magkmdcgag
emadiqvsaa
gpnaaydfsqg
fkawndttka
rtiirgkrtr
awgnpsgwqn
VWpgpvVvVwpn
dwplppdwip
ylmlkdytkv
istpeslagi
gdlrklltye
dwtagfmeaa
gdfgdpwsri

llgfgaeasv
aarpksafkv
aattgelaan
ptadtgtgnv
kinnlnveen
gtargtppar
plawgnppgw
adwpippdwg
pikrsemlrd
lgttkdtpkl
fvkgkyldyr
dealdaldaa
pftfwaryhg

224

PCT/US2018/023442

isoform b NP_001005332.1, NP _008917.3

edsallmgtl
gnattkgpng
ksemafkaqn
ngakmatsga
ssgdgrrapl
gspparqgtpp
qtppgawgtpp
nlrpspnlrp
iireytdvyp
glllvilgvi
rvpnsnppey
aaeaearaea
narsrfpqtf

meaigiseap
vydfsgahna
attkvgpnat
dietdpgise
aagtwrsapv
awgnpvawqn
gwggppdwgg
spnsrasgnp
eiieracfvl
fmngnrasea
eflwglrsyh
rtrmgigdea
agpiigpggt

ptngataaas
kdvpntgpka
ynfsgslnan
pdgataqgtsa
pvttgnppga
pviwpnpviw
ppdwplppdw
gaagprdval
ekkfgiqglke
vliwealrkmg
etskmkvlrf
vsgpwswddi
asanfaanfg

Mitogen-activated protein kinase kinase kinase 5 NP _005914.1

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

Mitogen-activated protein kinase kinase kinase 9,

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

msteadegit
aapgigcpaa
etvgatletl
iilycdtnsd
nfelllgpic
grvdnievlt
rrnlpgdrak
kafeseptlqg
flgasvland
fwmdflveat
ewnfsassvr
teegdcesdl
plheeialhk
gfytkgileg
gtlgymapei
peipesmsae
ylrsislpvp
pdenfedhsa
klkwehittl
vlrnhnikph
gesngtvrrp
rkekelgall
gadedtisrf

mepsrallgc
feyeaagede
cgpggedpsc
isgtienvrqg
ilvnwavgia
whrttkmsaa
vamnklalpi
clgdnwkhei
erelniiihg
slinsrsspp
pgtlggkela
rsspalpgft
edgdgpssdg
fdlleagkcqg
dpsasltlls

fsvppfapsg
tssssatrgr
hfgkldfget
slgslkeiic
1plvdrfiqgl
adivinllls
aldimipmvg
sginyavlll
hmrvigasek
ktdvtvvrip
gvsiskfeer
leydyeyden
hlkhknivqgy
lkylhdngiv
idkgprgygk
akafilkcfe
vlvedtssss
ppspeekdsg
iaslrefvrs
wmfaldsiir
gaviedavat
hraieekdge
laedytlldv

lasaaaaapp
ltlrlgdvve
yppiglleid
eaklfamlkh
rgmnylhdea
gtyawmapev
pstcpepfak
gemfdglrak
lcgekprvkk
asptiiprlr
sgdegspgrr
slmemallaa
iheeptpvns
llpleepepp
lssisecnst

fctipeggic
gssvgggsrr
tvldrfynad
gkntmectgny
lkvagasssqg
yrdigdydsi
seggvasdmy
aaghgfesst
1fklktpawy
vlileptkiy
ccflyvlhns
gdrvvlgkgt
lgsfsengfi
hrdikgdnvl
aadiwslgct
pdpdkracan
eygsvspdte
ffmlrkdser
tdrkiiattl
kavgtaitil
sgvstlsstv
ikhlklksgp
lyyvtrddlk

gedgagagae
vlskdsqgvsg
faeltleeii
pniialrgve
ivpiihrdlk
irasmfskgs
Imedcwnpdp
ekelrtweee
rkgkfrksrl
aigltpgess
ekanglstps
swvvpidiee
atstpgltpt
areekkrreg
rsllrsdsde

rrggaaavge
ttvayvinea
iavvemsdaf
tfvpymitph
yfresilndi
vklvetlekl
clvgriykdm
elrkvgvkls
lksivetili
gpsylsinne
ddfgiyfcte
ygivyagrdl
kifmeqgvpgg
intysgvlki
iiematgkpp
dllvdeflkv
lkvdpfsfkt
ratlhrilte
sklkleldfd
vpelrphfsl
shdsgsahrs
ieipelpvth
clrlrggmlc

eeeeeeeeaa
degwwtggln
giggfgkvyr
lkepnlclvm
ssnililgkv
dvwsygvllw
hsrpsftnil
ltraalqgkn
klkdgnrisl
ktwgrssvvp
esphfhlglk
dedsegpgsg
nslkrggahh
lfgrssrprr
ivvyempvsp

geehqlpppp
sqgglvvaes

rgpslfyhlg
nkvyccdsst
rkarnlytgk
ptfdlashhh
fldsnftdte
sllgkkgnle
yvkhfvkltte
veektisiwh
lhckkffemv
sngvriaike
slsallrskw
sdfgtskrla
fyelgepgaa
sskkkktgpk
rakscgerdv
dgdkivrnlm
shgisqgvgvv
asesdtadge
Invglgrmki
Inssgtnted
tlwkaiidfr

aavgpgelgc
grvgifpsny
afwigdevav
efarggplnr
engdlsnkil
elltgevpfr
dglttieesg
geellrrreq
psdfghkftv
keegeeeekr
slvdgykqws
esrlghspsqg
rrcevallgc
stsppsrklf
veapplspct

pgssgpptan
afksgnatpk

dlansrpktp
dgsgaqnles
ppnvlwgtpl
gnpviwpnpi
plppdwplpt
lgeranklvk
idkeehlyil
lrpgvrhpll
iaevgkrdpr
efelltwdee
aigffwve

pgsfwnvesa
ealgslreac
vresfsmann
mkgltelmgp
elaaelarir
vkfhyafaln
srdhgaswfk
klgsywevgf
gpvakgelvd
v1pddkkgih
ntiteekgrs
iperdsrysq
gplkdneqgti
ginpctetft
mfkvgmfkvh
lsalsagsne
kgirtlflgi
eslaqgaeep
1fgfgdavnk
dldveddhee
etnrlleelv
seltdwlrvn
nkgt

isoform 1 NP_149132.2

daplpywtav
vtprsafssr
kaarhdpded
vlsgkrippd
kitdfglare
gidglavayg
ffempkdsfh
elaereidil
gasptmdkrk
apkkkgrtwg
ssapnlvkgp
sylcipfprg
gavlaatglg
kkeepmlllg
hnplvnvrve
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Mitogen-activated protein kinase kinase kinase 9,

1
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661
721
781
841
901
961
1021
1081

Mitogen-activated protein kinase kinase kinase 9,

1
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361
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481
541
601
661
721
781
841

Mitogen-activated protein kinase kinase kinase 9,

1
61
121
181
241
301
361
421
481
541
601
661
721

rfkrdpngsl
ktpspsrdpg
wwEfvspshar
11dldaeggs

mepsrallgc
feyeaagede
cgpggedpsc
isgtienvrqg
ilvnwavgia
whrttkmsaa
vamnklalpi
clgdnwkhei
erelniiihg
slinsrsspp
pgtlggkela
rsspalpgft
ptpvnsatst
eepepparee
secnstrsll
vtlttpsqgps
lpdpnvvipp
anssstetps
vplcraelnt

meltgleval
smfskgsdvw
dcwnpdphsr
lrtweeeltr
kfrksrlklk
cetvsqgiswg
ssvvpkeege
gprsspalpg
rgedgdgpss
lgfdlleagk
lgdpsasltl
verfkrdpng
mlktpspsrd
dpwwfvspsh
rtlldldaeg

msaagtyawm
alpipstcpe
kheigemfdg
iihglcgekp
ssppasptii
iymhiltpge
1lvdgykqgwss
srlghspsqgs
rcevallgcg
tsppsrklfk
eapplspcth
asrspssngl
tleflprprp

tpthvtlttp
efprlpdpnv
stspanssst
gdstvplcra

lasaaaaapp
ltlrlgdvve
yppiglleid
eaklfamlkh
rgmnylhdea
gtyawmapev
pstcpepfak
gemfdglrak
lcgekprvkk
asptiiprlr
sgdegspgrr
slmemededs
pgltptnslk
kkrreglfqgr
redsdeivvy
shrrtpsdga
tprrwntggd
nldscfasss

hrpapyeiqq

v1lilgkveng
sygvllwell
psftnildgl
aalqggkngee
dgnrislpsd
gntgghlspa
eeekrapkkk
ftslmemall
dgiheeptpv
cgllpleepe
lslssisecn
sltpthvtlt
pgefprlpdp
arstspanss
gsqdstvplc

apevirasmf
pfaklmedcw
lrakekelrt
rvkkrkgkfr
prlraigcet
ssktwgrssv
sapnlvkgpr
ylcipfprge
avlaatglgf
keepmlllgd
nplvnvrver
spspgagmlk
sanrgrldpw
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sqgpsshrrtp
vipptprrwn
etpsnldsct
elnthrpapy

gedgagagae
vlskdsqgvsg
faeltleeii
pniialrgve
ivpiihrdlk
irasmfskgs
Imedcwnpdp
ekelrtweee
rkgkfrksrl
aigltpgess
ekanglstps
egpgsgesrl
rggahhrrce
SSrprrstsp
empvspveap
lkpetllasr
stlerpktle
stveerpglp
efws

dlsnkilkit
tgevpfrgid
ttieesgffe
llrrreqgela
fghkftvqgas
lsshrlvgac
grtwgpgtlg
aaswvvpidi
nsatstpqlt
ppareekkrr
strsllrsds
tpsgpsshrr
nvvipptprr
stetpsnlds
raelnthrpa

skgsdvwsyg
npdphsrpst
weeeltraal
ksrlklkdgn
vsgiswggnt
vpkeegeeee
sspalpgfts
dgdgpssdgi
dlleagkcqgl
psasltllsl
fkrdpngslt
tpspsrdpge
wfvspshars
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sdgalkpetl lasrspssng lspspgagml
tggdstlerp ktleflprpr psanrgrldp
asssstveer pglpallpfqg agplpptert

eiqgefws

eeeeeeeeaa
degwwtggln
giggfgkvyr
lkepnlclvm
ssnililgkv
dvwsygvllw
hsrpsftnil
ltraalqgkn
klkdgnrisl
ktwgrssvvp
esphfhlglk
ghspsgsylc
vallgcgavl
psrklfkkee
plspcthnpl
spssnglsps
flprprpsan
allpfgagpl

dfglarewhr
glavaygvam
mpkdsfhclg
ereidilere
ptmdkrksli
sihnfchlss
gkelasgdeg
eededsegpg
ptnslkrgga
eglfqrssrp
deivvyempv
tpsdgalkpe
wntggdstle
cfasssstve

pyeiggefws

vllwelltge
tnildgltti
ggkngeellr
rislpsdfgh
gghlspalss
krapkkkgrt
Imemallaas
heeptpvnsa
lpleepeppa
ssisecnstr
pthvtlttps
fprlpdpnvv
tspanssste

aavgpgelgc
grvgifpsny
afwigdevav
efarggplnr
engdlsnkil
elltgevpfr
dglttieesg
geellrrreq
psdfghkftv
keegeeeekr
slvdgykqws
ipfprgedgd
aatglgfdll
pmlllgdpsa
vnvrverfkr
pgagmlktps
rgrldpwwtv
pptertlldl

ttkmsaagty
nklalpipst
dnwkheigem
Iniiihglecq
nsrssppasp
tmciymhilt
lkslvdgykg
sgesrlghsp
hhrrcevall
rrstsppsrk
spveapplsp
tllasrspss
rpktleflpr
erpglpallp

vpfrgidgla
eesgffempk
rregelaere
kftvgasptm
hrlvgacsih
wgpgtlggke
wvvpidieed
tstpgltptn
reekkrregl
sllrsdsdei
gpsshrrtps
fpptprrwnt
tpsnldscfa

isoform 2 NP_001271159.1

daplpywtav
vtprsafssr
kaarhdpded
vlsgkrippd
kitdfglare
gidglavayg
ffempkdsfh
elaereidil
gasptmdkrk
apkkkgrtwg
ssapnlvkgp
gpssdgihee
eagkcqgllpl
sltllslssi
dpngsltpth
psrdpgefpr
spsharstsp
daeggsqgdst

isoform 3 NP_001271160.1

awmapevira
cpepfaklme
fdglrakeke
ekprvkkrkg
tiiprlraiqg
pgessktwgr
wsssapnlvk
sgsylcipfp
gcgavlaatg
1fkkeepmll
cthnplvnvr
nglspspgag
prpsanrqrl
fgagplppte

isoform 4 NP_001271161.1

vaygvamnkl
dsfhclgdnw
idilerelni
dkrkslinsr
nfchlsstmc
lasgdeglks
edsegpgsge
slkrggahhr
fgrssrprrs
vvyempvspv
dgalkpetll
ggdstlerpk
sgssstveerp
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781 glpallpfga gplpptertl

Mitogen-activated protin kinase
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maaaaaagag
hgtyecqgrtlr
lsndhicyfl
tgflteyvat
lgilgspsge
rievegalah

Melan-A NP_005502.1

1
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Melanotransferrin,

1
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541
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Melanotransferrin,

1
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181
241
301

Baculoviral IAP repeat containing 7,

1
61
121
181
241

Baculoviral IAP repeat containing 7,

1
61
121
181
241

Neutrophil collagenase,

1
61
121
181
241

mpredahfiy
slhvgtqgcal

mrgpsgalwl
dhcvgliaaqg
idtlkgvksc
yseslcrlcr
lpswggalls
rlfshegsst
rlppylrwev
sgediytagk
gspagwdvpv
grnkcvgnsg
llcpngarae
fdssnyhgqgd
llplllpala

mrgpsgalwl
dhcvgliaaqg
idtlkgvksc
yseslcrlcr
srrgtwtrse

lg

mgpkdsakcl
plteeeeeeg
kvrcffcygg
eepedaapva
aglrrlqgeer

mgpkdsakcl
plteeeeeeg
kvrcffcygg
eepedaapva
avsivfvpecg

mfslktlpfl
eklkemgrff
tpglseaeve

ahafgpgggi
fretsnyslp

pemvrggvid
eikillrfrh
ygilrglkyi
rwyrapeiml
dlnciinlka
pylegyydps

gypkkghghs
trrcpgegfd

llalrtvlgg
eadaitldgg
htginrtvgw
gdssgegvcd
gdfellcrdg
gmfsseaygqg
lstpeigkecg
tyglvpaage
galiqgrgfir
eryygyrgat
vsqfaacnla
11fkdatvra
arllppal

llalrtvlgg
eadaitldgg
htginrtvgw
gdssgegvcd
eeegecpahe

hrgpgpshwa
agatlsrgpa
lgswkrgddp
psvpasgype
tckveldrav

hrgpgpshwa
agatlsrgpa
lgswkrgddp
psvpasgype
hlvcaecapg

isoform
111lhvgiska
glnvtgkpne
raikdafelw
ggdahfdaee
gddidgigai
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ldldaeggsqg dstvplcrae lnthrpapye

1 NP 002736.3,

vgprytnlsy
eniigindii
hsanvlhrdl
nskgytksid
rnyllslphk
depiaeapfk

yttaeeaagi
hrdskvslge

mevrwcatsd
aiyeagkehg
nvpvgylves
kspleryydy
sradvtewrqg
kdl1fkdsts
dmavafrrqr
hyapedssns
pkdcdvltav
rclvenagdv
gipphavmvr
vpvgekttyr

mevrwcatsd
aiyeagkehg
nvpvgylves
kspleryydy
earrtmrssa

agdgptgerc
fpgmgseelr
wtehakwfps
lptprrevgs
sivfvpcghl

agdgptgerc
fpgmgseelr
wtehakwfps
lptprrevgs
lglcpicrap

igegaygmvc
raptieqmkd
kpsnlllntt
iwsvgcilae
nkvpwnrlfp
fdmelddlpk

giltvilgvl
kncepvvpna

isoform 1 preprotein NP _005920.2

peghkcgnms
lkpvvgevyd
grlsvmgcdv
sgafrclaeg
chlarvpaha
elvpiatqgqty
lkpeigcvsa
yyvvavvrrd
seffnascvp
afvrhttvEd
pdtniftvyg
gwlgldyvaa

isoform 2 precursor NP _201573.1

peghkcgnms
lkpvvgevyd
grlsvmgcdv
sgafrclaeg
ggawkwapvh

isoform alpha NP

NP 620407.1

saydnvnkvr
vyivgdlmet
cdlkicdfgl
mlsnrpifpg
nadskaldll
eklkelifee

lligcwycrr
ppayeklsae

eafreagiqp
gevgtsyyav
lkavsdyfgg
agdvafvkhs
vvvradtdgg
eawlgheylh
kspghcmeri
sshaftldel
vnnpknypss
ntnghnsepw
l1ldkagdlfg
legmssqqcs

eafreagiqp
gevgtsyyav
lkavsdyfgg
agdvafvkhs
rpgdesdkge

647478.1
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isoform beta NP_071444.1
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1 preprotein NP_002415.1
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afygrdhgdn
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Mesothelin,
1 malptarpll
61 lsprgllgfp
121 dlllflnpda
181 dvralgglac
241 svstmdalrg
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361 pggypesviqg
421 grggldkdtl
481 rlafgnmngs
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Mucin-1,
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reipggivaa
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isoform 1 precursor NP _002447.4

vtgsghasst
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isoform 2 precursor NP 001018016.1
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isoform 9 precursor NP 001191214.1
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isoform 10 precursor NP _001191215.
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clsvppkelr aaghlsspgy lpsyervphl

isoform 13 precursor NP 001191218

mtpgtgspff 11111tvlta ttapkpatvv
naiykgggfl glsnikfrpg svvvgltlaf
dvsvedvpfp fsaqsgagvp gwgiallvlv
pardtyhpms eyptyhthgr yvppsstdrs

isoform 14 precursor NP _001191219.

mtpgtgspff
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isoform 15 precursor NP _001191220.
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naflgivkgg gflglsnikf
tisdvsvsdv pfpfsagsga
difpardtyh pmseyptyht
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ttapkpatvv
rpgsvvvglt
gvpgwgiall
hgryvppsst

isoform 16 precursor NP _001191221.
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isoform 17 precursor NP 001191222
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isoform 18 precursor NP 001191223
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isoform 19 precursor NP 001191224

mtpgtgspff 11111tvlta ttapkpatvv
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isoform 20 precursor NP _001191225.
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isoform 21 precursor NP _001191226.
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isoform 1 NP_
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vekrrsssnt
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errrnhnile
llekeklgar

agtvairghp
kavttftitv
seasprplks
vknekaakvv

deddfyfggp
paeedafglg
gagaaspagr
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edeeeeidvv
nyaapspyve
rgrrndlrss
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isoform 2 NP_001280160.1

rppgppgdtr
rpknaalgpg

vippkaksls
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isoform 3 NP_001280162.1
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Cancer/testis antigen 1B NP _001318.1
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receptor NP 031372.2
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family member 4 NP_001305806.1, NP _008934.1
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mttlagavpr
emahhgirpc
vkrenpgmfs
ekkakhsidg

mttlagavpr
emahhgirpc
krenpgmfsw
kkakhsidgi
hypdiytree
lptyglsets
gfssytdsfv

isoform PAX3a NP _000429.2
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ekkakhsidg
thypdiytre
tlptyglset

mmrpgpggny
visrglrvsh

weirdkllkd
ilsergkalv

mmrpgpggny
visrglrvsh

weirdkllkd
ilserasapq
elagraklte
sygptsipga
vppsgpsripm
grldhmksld

mmrpgpggny
visrglrvsh

weirdkllkd
ilserasapq
elagraklte
sygptsipga
vppsgpsripm
grldhmksld

mmrpgpggny
visrglrvsh

weirdkllkd
ilserasapq
elagraklte
sygptsipga
vppsgpsripm
grldhmksld
ntfdkssgee

mmrpgpggny
visrglrvsh

weirdkllkd
ilserasapq
elagraklte
syqptsipga
vppsgpsnpm

mmrpgpggny
visrglrvsh

weirdkllkd
ilserasapq
elagraklte

syqptsipga

isoform PAX3b NP 039230.1

prsgfplevs tplgggrvng
gcvskilcry getgsirpga
avedrntvps vessisrilrs
sgvssh

isoform PAX3 NP_852122.1

prsgfplevs tplgggrvng
gcvskilcry getgsirpga
avedrntvps vessisrilrs
sdegsdidse pdlplkrkgr
arvgvwisnr rarwrkgaga
vsdpsstvhr pgplppstvh
nptignglsp gvmglltnhg
slptsgsycp ptysttgysm

isoform PAX3d NP 852123.1

prsgfplevs tplgggrvng
gcvskilcry getgsirpga
avedrntvps vessisrilrs
sdegsdidse pdlplkrkgr
arvgvwisnr rarwrkgaga
vsdpsstvhr pgplppstvh
nptignglsp gvmglltnhg
slptsgsycp ptysttgysm

isoform PAX3e NP 852124.1

prsgfplevs tplgggrvng
gcvskilcry getgsirpga
avedrntvps vessisrilrs
sdegsdidse pdlplkrkgr
arvgvwisnr rarwrkgaga
vsdpsstvhr pgplppstvh
nptignglsp gvmglltnhg
slptsgsycp ptysttgysm
edleq

isoform PAX3h NP 852125.1

prsgfplevs tplgggrvng
gcvskilcry getgsirpga
avedrntvps vessisrilrs
sdegsdidse pdlplkrkgr
arvgvwisnr rarwrkgaga
vsdpsstvhr pgplppstvh
nptignglsp gvpfiissqgi

isoform PAX3g NP 852126.1

prsgfplevs tplgggrvng
gcvskilcry getgsirpga
avedrntvps vessisrilrs
sdegsdidse pdlplkrkgr
arvgvwisnr rarwrkgaga
vsdpsstvhr pgplppstvh
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pvtayqygqy

lggviingrp
iggskpkgvt
kfgkgeeeea

lggviingrp
iggskpkgvt
kfgkgeeeea
rsrttftaeq
nglmafnhli
gstipsnpds
gvphgpgtdy
dpvtgydygq

lggviingrp
iggskpkgvt
kfgkgeeeea
rsrttftaeq
nglmafnhli
gstipsnpds
gvphgpgtdy
dpvtgydygq

lggviingrp
iggskpkgvt
kfgkgeeeea
rsrttftaeq
nglmafnhli
gstipsnpds
gvphgpgtdy
dpvtgyqaygq

lggviingrp
iggskpkgvt
kfgkgeeeea
rsrttftaeq
nglmafnhli
gstipsnpds
slgfksf

lggviingrp
iggskpkgvt
kfgkgeeeea
rsrttftaeq
nglmafnhli
gstipsnpds

ggsafhylkp

lpnhirhkiv
tpdvekkiee
dlerkeaees

lpnhirhkiv
tpdvekkiee
dlerkeaees
leelerafer
pggfpptamp
ssayclpstr
alspltggle

yggskpwt £

lpnhirhkiv
tpdvekkiee
dlerkeaees
leelerafer
pggfpptamp
ssayclpstr
alspltggle
yggsafhylk

lpnhirhkiv
tpdvekkiee
dlerkeaees
leelerafer
pggfpptamp
ssayclpstr
alspltggle
yggsafhylk

lpnhirhkiv
tpdvekkiee
dlerkeaees
leelerafer

pggfpptamp
ssayclpstr

lpnhirhkiv
tpdvekkiee
dlerkeaees
leelerafer

pggfpptamp
ssayclpstr
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Paired box protein Pax-5,

mdleknyptp
shgcvskilg
ervcdndtvp
isgilgitsp
ferghysdif
ivtgrdlast
pnpgllgspy

mdleknyptp
shgcvskilg
ervcdndtvp
isgilgitsp
ferghysdif
ivtgsefsgs

mdleknyptp
shgcvskilg
ervcdndtvp
isgilgitsp
ferghysdif
ivtgrdlast
rh

mdleknyptp
shgcvskilg
ervcdndtvp
isgilgitsp
ferghysdif
epphlgpplp

mdleknyptp
shgcvskilg
ervcdndtvp
isgilgitsp
ferghysdif

rtsrtghggv
ryyetgsikp
svssinriir
sadtnkrkrd
tttepikpeq
tlpgypphvp
yysaaargaa

rtsrtghggv
ryyetgsikp
svssinriir
sadtnkrkrd
tttepikpeq
pyshpgyssy

rtsrtghggv
ryyetgsikp
svssinriir
sadtnkrkrd
tttepikpeq
tlpgypphvp

rtsrtghggv
ryyetgsikp
svssinriir
sadtnkrkrd
tttepikpeq
mtvtdpwsga

rtsrtghggv
ryyetgsikp
svssinriir
sadtnkrkrd
tttepikpeq

nglggvivng
gviggskpkv
tkvggppngp
egigespvpn
tteysamasl
pagggsysap
ppaaataydr

nglggvivng
gviggskpkv
tkvggppngp
egigespvpn
tteysamasl
ndswrfpnpg

nglggvivng
gviggskpkv
tkvggppngp
egigespvpn
tteysamasl
pagggsysap

nglggvivng
gviggskpkv
tkvggppngp
egigespvpn
gvsfpgvpta
gtkh

nglggvivng
gviggskpkv
tkvggppngp
egigespvpn
apptiialpp

1 mfaweirdrl laervcdndt vpsvssinri
61 svstdsagss ysisgilgit spsadtnkrk
121 ftggglevld rvferghysd iftttepikp

181 igssvpgpds ypivtgspyy ysaaargaap

Paired box protein Pax-5,
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mdleknyptp
shgcvskilg
ervcdndtvp
isgilgitsp
ferghysdif
ivtgspyyys

rtsrtghggv
ryyetgsikp
svssinriir
sadtnkrkrd
tttepikpeq
aaargaappa

nglggvivng
gviggskpkv
tkvggppngp
egigespvpn
tteysamasl
aataydrh

isoform 1 NP _057953.1

rplpdvvrgr
atpkvvekia
vpasshsivs
ghslpgrdfl
agglddmkan
tltgmvpgse
h

isoform 2 NP _001267476.1

rplpdvvrgr
atpkvvekia
vpasshsivs
ghslpgrdfl
agglddmkan

llgspyyysa

isoform 3 NP_001267477.1

rplpdvvrgr
atpkvvekia
vpasshsivs
ghslpgrdfl
agglddmkan
tltgmvpgsp

isoform 4 NP_001267478.1

rplpdvvrgr
atpkvvekia
vpasshsivs
ghslpgrdfl
tlsiprtttp

isoform 5 NP_001267479.1

rplpdvvrgr
atpkvvekia
vpasshsivs
ghslpgrdfl

eepphlgppl

isoform 6 NP _001267480.1

irtkvqggppn
rdegigespv
egtteysama
paaataydrh

isoform 7 NP_001267481.1

rplpdvvrgr
atpkvvekia
vpasshsivs
ghslpgrdfl
agglddmkan
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srk

ivelahggvr
eykrgnptmt
tgsvtqgvssv
rkgmrgdlft
lasptpadig
fsgspyshpqg

ivelahggvr
eykrgnptmt
tgsvtqgvssv
rkgmrgdlft
lasptpadig
aargaappaa

ivelahggvr
eykrgnptmt
tgsvtqgvssv
rkgmrgdlft
lasptpadig
yyysaaarga

ivelahggvr
eykrgnptmt
tgsvtqgvssv
rkgmrgdlft

ggsptrgcla

ivelahggvr
eykrgnptmt
tgsvtqgvssv
rkgmrgdlft
pmtvtdpwsg

gpvpasshsi
pnghslpgrd
slagglddmk

ivelahggvr
eykrgnptmt
tgsvtqgvssv
rkgmrgdlft
lasptpadig

pcdisrglrv
aweirdrlla
stdsagssys
ggqlevldrv

S8VPgpgsyp
yssyndswrf

pcdisrglrv
aweirdrlla
stdsagssys
ggqlevldrv

S8VPgpgsyp
ataydrh

pcdisrglrv
aweirdrlla
stdsagssys
ggqlevldrv

S8VPgpgsyp
appaaatayd

pcdisrglrv
aweirdrlla
stdsagssys
ggqlevldrv

pptiialppe

pcdisrglrv
aweirdrlla
stdsagssys
ggqlevldrv
agtkh

vstgsvtqgvs
flrkgmrgdl
anlasptpad

pcdisrglrv
aweirdrlla
stdsagssys
ggqlevldrv

S8VPgpgsyp
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Platelet-derived growth factor receptor beta,
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Platelet-derived growth factor receptor beta,

1
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181
241

mdleknyptp
shgcvskilg
ervcdndtvp
mrgdlftgqqg
ptpadigssv
saaargaapp

mdleknyptp
shgcvskilg
ervcdndtvp
mrgdlftgqqg
ptpadigssv
spyshpqyss

mdleknyptp
shgcvskilg
itspsadtnk
sdiftttepi

fsgspyshpq

mfaweirdrl
svstdsagss
ftggglevld

igssvpgpgs
pgyssyndsw

mrlpgampal
vwermsgepp
pdptvgflpn
gifedrsyic
evvnfewtyp
gdekainitv
sageialstr
elseshpdsg
tyweeeqgefe
lvvltiisli
vlgrtlgsga
hlnvvnllga
pvglplpshv
sapertcrat
kicdfglard
gtpypelpmn
llgegykkky
yiiplpdpkp
epepeleqlp

msgeppgema
vgflpndaee

drsyicktti
fewtyprkes
ainitvvesg

rtsrtghggv
ryyetgsikp
svssinriir
levldrvfer

pgpdgsypivt
aaataydrh

rtsrtghggv
ryyetgsikp
svssinriir
levldrvfer

pgpgsypivt
yndswrfpnp

rtsrtghggv
riirtkvqgqp
rkrdegiqges
kpegtteysa
yssyndswrf

laervecdndt
ysisgilgit
rvferghysd
ypivtgrdla
rfpnpgllgs

alkgelllls
gemakaqgdgt
daeelfiflt
kttigdrevd
rkesgrlvep
vesgyvrllg
nvsetryvse
egtvrcrgrg
vvstlrlghv
ilimlwgkkp
fggvveatah
ctkggpiyii
sltgesdggy
linespvlsy
imrdsnyisk
eqfynaikrg
ggvdeeflrs
evadegpleg
dsgcpaprae

kaqgdgtfssv
1fiflteite
gdrevdsday
grlvepvtdf
yvrllgevgt
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nglggvivng
gviggskpkv
tkvggppngp
ghysdifttt
grdlasttlp

nglggvivng
gviggskpkv
tkvggppngp
ghysdifttt
grdlasttlp
gllgspyyys

nglggvivng
pngpvpassh
pvpnghslpg
maslaggldd
pnpgllgspy

vpsvssinri
spsadtnkrk
iftttepikp
sttlpgypph
pyyysaaarg

1111lepgis
fssvltltnl
eiteitiper
sdayyvyrlg
vtdflldmpy
evgtlgfael
ltlvrvkvae
mpgpniiwsa
drplsvrctl
ryeirwkvie
glshsgatmk
teycrygdlv
mdmskdesvd
mdlvgfsyqv
gstflplkwm
yrmagpahas
dhpailrsga
spslasstln
aedsfl

ltltnltgld
itipcrvtdp
yvyrlgvssi
1ldmpyhirs
lgfaelhrsr

isoform 8 NP _001267482.1

rplpdvvrgr
atpkvvekia
vpasshsigi
epikpeqgtte
gypphvppag

isoform 9 NP _001267483.1

rplpdvvrgr
atpkvvekia
vpasshsigi
epikpeqgtte
gypphvppag
aaargaappa

isoform 10 NP _001267484.1

rplpdvvrgr
sivstgsvtqg
rdflrkqmrg
mkanlasptp
yysaaargaa

isoform 11 NP _001267485.1

irtkvqggppn
rdegigespv
egtteysama
vppagqgsys
aappaaatay

isoform
gglvvtppgp
tgldtgeyfc
vtdpglvvtl
vssinvsvna
hirsilhips
hrsrtlgvvE
aghytmrafh
crdlkrcpre
rnavgqgdtge
svssdgheyi
vavkmlksta
dylhrnkhtf
yvpmldmkgd
angmeflask
apesifnsly
deiyeimgkc
rlpgfhglrs
evntsstisc

isoform
tgeyfcthnd
glvvtlhekk
nvsvnavqgtv
ilhipsaele
tlgvvfeayp
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ivelahggvr
eykrgnptmt
gespvpnghs
ysamaslagg
ggsysaptlt

ivelahggvr
eykrgnptmt
gespvpnghs
ysamaslagg
ggsysaptlt
aataydrh

ivelahggvr
vssvstdsag
dlftggqglev
adigssvpgp
ppaaataydr

gpvpasshsi
pnghslpgrd
slagglddmk
aptltgmvpg
drh

pcdisrglrv
aweirdrlla
lpgrdflrkg
lddmkanlas

gMVPISpYYy

pcdisrglrv
aweirdrlla
lpgrdflrkg
lddmkanlas

gmvpgsefsg

pcdisrglrv
ssysisgilg
ldrvferghy
gsypivtgse
h

vstgsvtqgvs
flrkgmrgdl
anlasptpad
sefsgspysh

1 NP 002600.1

elvlnvsstf
thndsrglet
hekkgdvalp
vgtvvrggen
aeledsgtyt
eayppptvlw
edaevglsfqg
lpptllgnss
vivvphslpf
yvdpmglpyd
rssekgalms
lghhsdkrrp
vkyadiessn
ncvhrdlaar
ttlsdvwsfg
weekfeirpp
pldtssvlyt
dsplepgdep

vltcsgsapv
derkrlyifv
vpydhgrgfs
itlmcivign
cnvtesvndh
fkdnrtlgds
lginvpvrvl
eeesqgletnv
kvvvisaila
stwelprdgl
elkimshlgp
psaelysnal
ymapydnyvp
nvlicegklv
illweiftlg
fsglvlller
avgpnegdnd
epepqlelqgv

2 NP _001341945.1

srgletderk
gdvalpvpyd
vrggenitlm
dsgtytcnvt
pptvlwfkdn

rlyifvpdpt
hgrgfsgife
civignevvn
esvndhqgdek
rtlgdssage
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Platelet-derived growth factor receptor beta,
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ialstrnvse
shpdsgeqgtv
eegefevvst
tiisliilim
tlgsgafgqgv
vnllgactkg
plpshvsltg
rtcratline
fglardimrd
pelpmnegfy
gykkkyggvd
lpdpkpevad
eleglpdsgc

mitnvaflvs
gtvvrggeni
eledsgtytc
ayppptvlwt
daevqglsfqgl
pptllgnsse
ivvphslpfk
vdpmglpyds
ssekgalmse
ghhsdkrrpp
kyadiessny
cvhrdlaarn
tlsdvwsfgi
eekfeirppf
ldtssvlyta
splepgdepe

tryvseltlv
rergrgmpgp
lrlghvdrpl
lwgkkpryei
veatahglsh
gpiyiiteyc
esdggymdms
spvlsymdlv
snyiskgstf
naikrgyrma
eeflrsdhpa
egplegspsl
papraeaeds

lrteatsakp
tlmcivigne
nvtesvndhg
kdnrtlgdss
ginvpvrvle
eesgletnvt
vvvisailal
twelprdglv
lkimshlgph
saelysnalp
mapydnyvps
vlicegklvk
llweiftlgg
sglvlllerl
vgpnegdndy
pepglelqgve

234

rvkvaeaghy
niiwsacrdl
svrctlrnav
rwkviesvss
sgatmkvavk
rygdlvdylh
kdesvdyvpm
gfsygvangm
lplkwmapes
gpahasdeiy
ilrsgarlpg
asstlnevnt
fl

plgtgrwilm
vvnfewtypr
dekainitvv
ageialstrn
lseshpdsge
yweeegefev
vvltiislii
lgrtlgsgatf
Invvnllgac
vglplpshvs
apertcratl
icdfglardi
tpypelpmne
lgegykkkyq
iiplpdpkpe
pepeleglpd

tmrafhedae
krcprelppt
ggdtgevivv
dgheyiyvdp
mlkstarsse
rnkhtflghh
ldmkgdvkya
eflasknecvh
ifnslyttls
eimgkcweek
fhglrspldt
sstiscdspl

isoform
ptmstdsrvs
kesgrlvepv
esgyvrllge
vsetryvsel
gtvrcrgrgm
vstlrlghvd
limlwgkkpr
ggvveatahg
tkggpiyiit
ltgesdggym
inespvlsym
mrdsnyiskg
gfynaikrgy
gvdeeflrsd
vadegplegs
sgcpapraea

Placenta-specific protein 1 precursor NP_001303816.1,

NP 001303818.1,

1
61
121
181

mkvfkfiglm
cppnhvgpha
spwltkpcsm

agageagplqg

NP 068568.1

illtsafsag
yqftyrvtec
rvasksrata
pshfldised

Melanoma antigen preferentially

NP 001278644.1,
.1,

NP 996838
1

61

121

181

241

301

361

421

481

merrrlwgsi
fdgrhsqtlk
vldlrknshg
1flkegacde
tctwklptla
lyvdslfflr
ltdvspeplg
salgsllghl
wlsanpcphc

NP_001278645.1,
NP 996839.1

gsryismsvw
amvgawpftc
dfwtvwsgnr
lfsyliekvk
kfspylggmi
grldgllrhv
allerasatl
iglsnlthvl
gdrtfydpep

Melanoma antigen preferentially

NP 001278646.1,

NP 001278648.1,

1 msvwtsprrl velaggsllk
61 pftclplgvl mkgghlhlet
121 sgnraslysf pepeaagpmt

sggspmtvlc
girakavsqgd
gkdekcyevf
wslhtddmig

gsidwfmvtvh
mviysteihy
slsgssqrpn
sm

expressed in tumors,

NP 006106.1,

tsprrlvela
lplgvlmkgg
aslysfpepe
rkknvlrlece
nlrrlllshi
mnpletlsit
gdlvfdecgi
ypvplesyed
ilcpcfmpn

ggsllkdeal
hlhletfkav
aaqgpmtkkrk
kklkifampm
hassyispek
ncrlsegdvm
tddgllallp
ihgtlhlerl

expressed in tumors,

NP _001305055.1,

NP 996836.1,
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vglsfglgin
llgnsseees
phslpfkvvv
mglpydstwe
kgalmselki
sdkrrppsae
diessnymap
rdlaarnvli
dvwsfgillw
feirppfsqgl
ssvlytavqgp
epgdepepep

vpvrvlelse
gletnvtywe
isailalvvl
lprdglvlgr
mshlgphlnv
lysnalpvgl
ydnyvpsape
cegklvkicd
eiftlggtpy
vlllerllge
negdndyiip
glelgvepep

3 NP _001341946.1

plsglmlsrv
tdflldmpyh
vgtlgfaelh
tlvrvkvaea
papniiwsac
rplsvrctlr
yeirwkvies
lshsgatmkv
eycrygdlvd
dmskdesvdy
dlvgfsyqgva
stflplkwma
rmagpahasd
hpailrsgar
pslasstlne
edsfl

ssinvsvnav
irsilhipsa
rsrtlgvvfe
ghytmrafhe
rdlkrcprel
navggdtgev
vssdgheyiy
avkmlkstar
ylhrnkhtfl
vpmldmkgdv
ngmeflaskn
pesifnslyt
eiyeimgkcw
lpgfhglrsp
vntsstiscd

NP 001303817.1,

pfmlnndvev
sskgtpskfv
cdcppcvise

isoform a
NP 996837.1,

aiaalellpr
ldgldvllag
vdglsteaeq
gdikmilkmv
eeqyiaqfts
hlsgspsvsg
slshesqgltt
aylharlrel

isoform b
NP 001305056.1

dealaiaale 1llprelfppl fmaafdgrhs
fkavldgldv llagevrprr wklgvldlrk
kkrkvdglst eaeqpfipve vlvdlflkeg

hfhelhlglg
ipvscaapgk
eehtqgvpchg

elfpplfmaa
evrprrwklqg
pfipvevlvd
gldsiedlev
gflslgclqga
lsvlslsgvm
lsfygnsisi
lcelgrpsmv

gtlkamvgaw
nshgdfwtvw
acdelfsyli
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ekvkrkknvl
ggminlrrll
lrhvmnplet
satlgdlvEfd
thvlypvple
dpepilcpct

Phosphatidylinositol

isoform a
1

61
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241
301
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541
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661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

NP 079146.2

msedsrgdsr
vdknvteetv
eycsnhekaqg
kellkrtprk
dtctemlmcg
ntevmevenv
errkglklgm
eigeihrpee
kgvrlycrlh
dngfmhhvle
gsygfgledk
nsrkplrvlv
kvnginvske
gdafdckvee
epkgffslta
ssykkfsrvl
gldsrkhnsh
etgqdiygkll
nskrvcfnva
gdelplsvri
ggemepklsc
lrrdmvfcgt
gsllspnltd
fyidsyhfeq
vkgyngklra
tacsasgvgl
gatdvmrkqg

Phosphatidylinositol

isoform b
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

NP 079446.3

msedsrgdsr
vdknvteetv
eycsnhekaqg
kellkrtprk
dtctemlmcg
ntevmevenv
errkglklgm
eigeihrpee
kgvrlycrlh
dngfmhhvle
gsygfgledk
nsrkplrvlv
kvnginvske
gdafdckvee
epkgffslta
ssykkvqgase
cipedlpsqge

rlcckklkif
l1shihassyi
lsitncrlse
ecgitddqgll
syedihgtlh
mpn
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ampmgdikmi
spekeeqgyia
gdvmhlsgsp
allpslshcs
lerlaylhar

lkmvgldsie
gftsqflslg
svsglsvlsl
glttlsfygn
lrellcelgr

3,4,5-triphosphate-dependent Rac

aesakdlekg
kmlfsniedi
klllelnkir
hsdyaavmea
vllkissgni
ddgtadfhss
eqdtwvmise
gvhlggalle
slftpvirdk
ksefkdepll
nkvpiiklve
stkpretvki
thasviahvt
vidkfntmai
kilealaksd
knrawptfkqg
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3,4,5-triphosphate-dependent Rac
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1 NP 002753.2
ershevyrqgq lhggegghhg
hrscrrrkrr scrhrrrhrr

2 NP _001273285.1
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Myeloblastin precursor NP _002768.3
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Prostate stem cell antigen preportein NP _005663.2
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Ras-related C3 botulinum toxin substrate 1
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Regenerating islet-derived protein 3-alpha
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isoform Raclb NP 061485.1
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precursor NP 002571.1,
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isoform 1 NP _003608.1
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of G-protein signaling 5,
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of G-protein signaling 5,
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Rho-related GTP-binding protein
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yatithsvre ekmesgkpgt
enngpgpsyd lstvlpglty
vppafinmaa tgvssmstrd
gsstitrdlyv tathsvheek
hdigeeemen dqtppdgfls
snefavgtkn ysvsagdppv
nyerifille evggsmkvkr
mrkr

Squamous cell carcinoma antigen
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RhoC precursor NP _001036143.1,
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leukocyte protein inhibitor NP_003055.1
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Sperm

maeegdlsev
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SOX-10 NP _008872.1
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surface protein Spl7 NP _059121.1
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Lactosylceramide alpha-2,3-sialyltransferase,
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Lactosylceramide alpha-2,3-sialyltransferase,
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Lactosylceramide alpha-2,3-sialyltransferase,

NP 001341153.1, NP 001341155.1,

NP 001341177.1
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Lactosylceramide alpha-2,3-sialyltransferase,
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Lactosylceramide alpha-2,3-sialyltransferase,
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isoform
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Alpha-N-acetylneuraminide alpha-2,8-sialyltransferase,
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Alpha-N-acetylneuraminide alpha-2,8-sialyltransferase,
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isoform 1 NP_001159.2
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isoform 2 NP_001012270.1
mgaptlppaw gpflkdhris tfknwpfleg
fkelegwepd ddpmgrkpti rrknlrklrr

glfpgatslp

vgplams

isoform 3 NP_001012271.1

mgaptlppaw gpflkdhris tfknwpfleg
fkelegwepd ddpigpgtva yacntstlgg
lgeflkldre raknkiaket nnkkkefeet

isoform 1 NP_001308049.1

ytkdvgsksg
rvyytlsdvg
gfwpfsvnmh
pts

cactpermae
kgfeeltlge

cactpermae
kcavpssswl

cactpermae
rggritreeh
aekvrraieq

PCT/US2018/023442

skvgtllell
gysehvgnkt
1ffwkgvaek
athledevsl
dlsggidref
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EQUIVALENTS

[00402] It is to be understood that while the disclosure has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims:
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CLAIMS
We claim:
1. A method of obtaining or generating a subject response profile, the method
comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads of the library with antigen presenting cells
(APCs) from a subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators; and

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have minimal effect on a level of expression and/or secretion of one or more immune mediators,
to obtain or generate a subject response profile.

2. The method of claim 1, wherein the subject response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators
associated with the plurality of tumor antigens.

3. A method of obtaining or generating a target response profile, the method
comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads of the library with antigen presenting cells
(APCs) from a subject who exhibits or previously exhibited a response to cancer, wherein the
APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for

activation of lymphocytes by a tumor antigen presented by one or more APCs;
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d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators; and

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain or generate a target response profile.

4. The method of claim 3, wherein the subject exhibits or previously exhibited at
least one beneficial response to cancer.

5. The method of claim 4, wherein the beneficial response comprises a positive
clinical response, e.g., one or more positive clinical endpoints, to a cancer therapy or
combination of therapies.

6. The method of claim 4, wherein the beneficial response comprises a spontaneous
response to a cancer.

7. The method of claim 4, wherein the beneficial response comprises clearance of a
cancer, e.g., a level of one or more clinical measures associated with clearance of a cancer.

8. The method of claim 4, wherein the beneficial response comprises a lack of a
relapse, recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at
least1,2,3,4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2, 3,4,5,6,7,8,9, 10, 11, 12 months,
oratleast 1,2, 3,4,5,6,7,8,9,10, 11, 12 years).

9. The method of claim 4, wherein the beneficial response comprises a positive
cancer prognosis.

10. The method of claim 4, wherein the beneficial response comprises a lack of
measurable toxic responses or side effects to a cancer therapy or combination of therapies.

11. The method of claim 3, wherein the subject exhibits or previously exhibited at
least one deleterious or non-beneficial response to cancer.

12. The method of claim 11, wherein the deleterious response comprises a negative
clinical response and/or a failure to respond, to a cancer therapy or combination of therapies.

13. The method of claim 11, wherein the deleterious response comprises a lack of
clearance of a cancer, e.g., a level of one or more clinical measures associated with lack of

clearance of a cancer.
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14. The method of claim 11, wherein the deleterious response comprises at least one
relapse, recurrence, and/or metastasis of a cancer.

15.  The method of claim 11, wherein the deleterious response comprises a negative
cancer prognosis.

16. The method of claim 11, wherein the deleterious response comprises one or more
toxic responses or side effects (e.g., one or more measurable toxic responses or side effects) to a
cancer therapy or combination of therapies.

17.  The method of any one of claims 3-16, wherein the library used to obtain the
target response profile is the same library used to obtain a subject response profile according to
claim 1.

18.  The method of any one of claims 3-17, further comprising the step of repeating
steps a) through e) with antigen presenting cells (APCs) and/or lymphocytes from additional
subjects, to obtain a population-based or composite target response profile.

19. The method of any one of claims 2-18, wherein the target response profile
comprises a representation of the level of expression and/or secretion of the one or more immune
mediators associated with the plurality of tumor antigens.

20. A method of identifying a subject as a candidate for cancer therapy, the method
comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression

and/or secretion of one or more immune mediators;



WO 2018/175505 PCT/US2018/023442
256

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain or generate a subject response profile; and

f) comparing the subject response profile to a target response profile to select the subject
as a candidate subject for initiation, continuation, modification, discontinuation or non-initiation
of a cancer therapy.

21. The method of claim 20, wherein the subject response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators
associated with the plurality of tumor antigens.

22. The method of claim 20 or 21, further comprising generating the target response
profile by a method comprising:

g) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a
target subject, wherein the APCs internalize the bacterial cells or beads;

h) contacting the APCs with lymphocytes from the target subject, under conditions
suitable for activation of lymphocytes by a tumor antigen presented by one or more APCs;

1) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators; and

j) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain or generate the target response profile.

23. The method of claim 22, wherein the target response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators
associated with the plurality of tumor antigens.

24, The method of any one of claims 20-23, wherein the target response profile is
from one or more target subjects who exhibit or previously exhibited at least one beneficial
response to cancer.

25.  The method of claim 24, wherein the beneficial response comprises a positive

clinical response to a cancer therapy or combination of therapies.
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26. The method of claim 24, wherein the beneficial response comprises a spontaneous
response to a cancer.
27. The method of claim 24, wherein the beneficial response comprises clearance of a

cancer, e.g., a level of one or more clinical measures associated with clearance of a cancer.

28. The method of claim 24, wherein the beneficial response comprises a lack of a
relapse, recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at
least1,2,3,4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2, 3,4,5,6,7,8,9, 10, 11, 12 months,
oratleast 1,2, 3,4,5,6,7,8,9,10, 11, 12 years).

29. The method of claim 24, wherein the beneficial response comprises a positive
cancer prognosis.

30. The method of claim 24, wherein the beneficial response comprises a lack of one
or more toxic responses and/or side effects (e.g., one or more measurable toxic responses or side
effects) to a cancer therapy or combination of therapies.

31 The method of any one of claims 20-23, wherein the target response profile is
from one or more target subjects who exhibit or previously exhibited one or more deleterious
and/or non-beneficial response to cancer.

32. The method of claim 31, wherein the deleterious and/or non-beneficial response
comprises a negative clinical response and/or a failure to respond, to a cancer therapy or
combination of therapies.

33. The method of claim 31, wherein the deleterious and/or non-beneficial response
comprises a lack of clearance of a cancer, e.g., a level of one or more clinical measures
associated with lack of clearance of a cancer.

34. The method of claim 31, wherein the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer.

35.  The method of claim 31, wherein the deleterious and/or non-beneficial response
comprises a negative cancer prognosis.

36. The method of claim 31, wherein the deleterious and/or non-beneficial response
comprises one or more toxic responses and/or side effects (e.g., one or more measurable toxic
responses and/or side effects) to a cancer therapy or combination of therapies.

37 The method of any of claims 20-36, further comprising selecting the candidate

subject for initiation of a cancer therapy or combination of cancer therapies.
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38. The method of any of claims 20-36, further comprising selecting the candidate
subject for continuation of a cancer therapy or combination of cancer therapies.

39. The method of claim 37 or claim 38, comprising selecting the subject as a
candidate subject (1) if the subject response profile is similar to the target response profile from a
target subject who exhibits or previously exhibited one or more beneficial responses to the
cancer therapy or combination, and/or (ii) if the subject response profile is dissimilar to the target
response profile from a target subject who exhibits or previously exhibited one or more
deleterious responses to the cancer therapy or combination.

40. The method of any of claims 20-36, further comprising selecting the candidate
subject for modification of a cancer therapy.

41. The method of any of claims 20-36, further comprising selecting the candidate
subject for discontinuation or non-initiation of a cancer therapy.

42. The method of claim 40 or 41, comprising selecting the subject as a candidate
subject for modification, discontinuation, and/or non-initiation of a cancer therapy (i) if the
subject response profile is similar to the target response profile from a target subject who
exhibits or previously exhibited one or more deleterious responses to the cancer therapy, and/or
(11) if the subject response profile is dissimilar to the target response profile from a target subject
who exhibits or previously exhibited one or more beneficial responses to the cancer therapy.

43. The method of any one of claims 37-39, further comprising administering the
cancer therapy or combination of cancer therapies to the candidate subject.

44. The method of any one of claims 40-42, further comprising modifying the cancer
therapy administered to the candidate subject.

45. The method of any one of claims 40-42, further comprising discontinuing or not
initiating the cancer therapy to the candidate subject.

46. A method of selecting tumor antigens, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a

subject, wherein the APCs internalize the bacterial cells or beads;
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¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level )e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators;

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have minimal effect on a level of expression and/or secretion of one or more immune mediators,
to obtain or generate a subject response profile;

f) comparing the subject response profile to a target response profile; and

g) selecting one or more tumor antigens based on the comparison.

47. The method of claim 46, wherein the subject response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators
associated with the plurality of tumor antigens.

48. The method of claim 46 or 47, further comprising generating the target response
profile by a method comprising:

h) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a
target subject, wherein the APCs internalize the bacterial cells or beads;

1) contacting the APCs with lymphocytes from the target subject, under conditions
suitable for activation of lymphocytes by a tumor antigen presented by one or more APCs;

) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators; and

k) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain or generate the target response profile.

49. The method of claim 48, wherein the target response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators

associated with the plurality of tumor antigens.
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50. The method of any one of claims 46-49, wherein the target response profile is
from one or more target subjects who exhibit or previously exhibited one or more beneficial
response to cancer.

51.  The method of claim 50, wherein the beneficial response comprises a positive
clinical response to a cancer therapy or combination of therapies.

52. The method of claim 50, wherein the beneficial response comprises a spontaneous
response to a cancer.

53. The method of claim 50, wherein the beneficial response comprises clearance of a
cancer, e.g., a level of one or more clinical measures associated with clearance of a cancer.

54. The method of claim 50, wherein the beneficial response comprises a relapse,
recurrence, and/or metastasis of a cancer e.g., over a defined period of time (e.g., at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2,3,4,5,6,7,8,9, 10, 11, 12 months, or at least 1,
2,3,4,5,6,7,8,9, 10, 11, 12 years).

55. The method of claim 50, wherein the beneficial response comprises a positive
cancer prognosis.

56. The method of claim 50, wherein the beneficial response comprises a lack of one
or more toxic responses and/or side effects (e.g., one or more measurable toxic responses and/or
side effects) to a cancer therapy or combination of therapies.

57. The method of any one of claims 46-49, wherein the target response profile is
from one or more target subjects who exhibit or previously exhibited one or more deleterious or
non-beneficial response to cancer.

58. The method of claim 57, wherein the deleterious and/or non-beneficial response
comprises a negative clinical response and/or a failure to respond, to a cancer therapy or
combination of therapies.

59. The method of claim 57, wherein the deleterious and/or non-beneficial response
comprises a lack of clearance of a cancer, e.g., a level of one or more clinical measures
associated with lack of clearance of a cancer.

60. The method of claim 57, wherein the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer.

61.  The method of claim 57, wherein the deleterious and/or non-beneficial response

comprises a negative cancer prognosis.
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62. The method of claim 57, wherein the deleterious and/or non-beneficial response
comprises one or more toxic responses and/or side effects (e.g., one or more measurable toxic
responses and/or side effects) to a cancer therapy or combination of therapies.

63. The method of any one of claims 46-62, comprising selecting one or more tumor
antigens that increase level of expression and/or secretion of one or more immune mediators
associated with a beneficial response to cancer, and/or selecting one or more tumor antigens that
inhibit and/or suppress level of expression and/or secretion of one or more immune mediators
associated with deleterious or not beneficial responses to cancer.

64. The method of any one of claims 46-62, comprising selecting one or more tumor
antigens that increase level of expression and/or secretion of one or more immune mediators
associated with deleterious or not beneficial responses to cancer, and/or selecting one or more
tumor antigens that inhibit and/or suppress level of expression and/or secretion of one or more
immune mediators associated with beneficial responses to cancer.

65. The method of claim 63, further comprising administering to the first subject an
immunogenic composition comprising one or more of the selected antigens or immunogenic
fragments thereof.

60. The method of claim 64, further comprising administering to the first subject an
immunogenic composition that does not comprise one or more of the selected antigens or
immunogenic fragments thereof.

67.  The method of claims 65 or 66, further comprising administering to the first
subject a cancer therapy or combination of therapies.

68. A method of inducing an immune response in a subject , the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,

one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
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measuring) a level (e.g., an increased level or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators;

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain or generate a subject response profile;

f) comparing the subject response profile to a target response profile;

g) selecting one or more tumor antigens based on the comparison; and

h) administering to the subject an immunogenic composition comprising one or more of
the selected antigens or immunogenic fragment thereof.

69. The method of claim 68, wherein the subject response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators

associated with the plurality of tumor antigens.

70. The method of claim 68 or 69, further comprising generating the target response
profile by a method comprising:

1) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a
target subject, wherein the APCs internalize the bacterial cells or beads;

1) contacting the APCs with lymphocytes from the target subject, under conditions
suitable for activation of lymphocytes by a tumor antigen presented by one or more APCs;

k) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators; and

1) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain or generate the target response profile.

71. The method of claim 70, wherein the target response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators

associated with the plurality of tumor antigens.



WO 2018/175505 PCT/US2018/023442
263

72. The method of any one of claims 68-71, wherein the target response profile is
from one or more target subjects who exhibit or previously exhibited at least one beneficial
response to cancer.

73.  The method of claim 72, wherein the beneficial response comprises a positive
clinical response to a cancer therapy or combination of therapies.

74. The method of claim 72, wherein the beneficial response comprises a spontaneous
response to a cancer.

75. The method of claim 72, wherein the beneficial response comprises clearance of a
cancer, e.g., a level of one or more clinical measures associated with clearance of a cancer.

76. The method of claim 72, wherein the beneficial response comprises a lack of a
relapse, recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at
least1,2,3,4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2, 3,4,5,6,7,8,9, 10, 11, 12 months,
oratleast 1,2, 3,4,5,6,7,8,9,10, 11, 12 years).

77. The method of claim 72, wherein the beneficial response comprises a positive
cancer prognosis.

78. The method of claim 72, wherein the beneficial response comprises a lack of one
or more toxic responses and/or side effects (e.g., one or more measurable toxic responses or side
effects) to a cancer therapy or combination of therapies.

79. The method of any one of claims 68-78, comprising selecting and administering
(1) one or more tumor antigens that increase level of expression and/or secretion of one or more
immune mediators associated with one or more beneficial responses to cancer, and/or (i) one or
more tumor antigens that inhibit and/or suppress level of expression and/or secretion of one or
more immune mediators associated with one or more deleterious or not beneficial responses to
cancer.

80. A method of inducing an immune response in a subject, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a

subject, wherein the APCs internalize the bacterial cells or beads;
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¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators;

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain or generate a subject response profile;

f) comparing the subject response profile to a target response profile;

g) selecting one or more tumor antigens based on the comparison; and

h) administering to the subject an immunogenic composition that does not comprise one
or more of the selected antigens or immunogenic fragment thereof.

81. The method of claim 80, wherein the subject response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators
associated with the plurality of tumor antigens.

82. The method of claim 80 or 81, further comprising generating the target response
profile by a method comprising:

1) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a
target subject, wherein the APCs internalize the bacterial cells or beads;

1) contacting the APCs with lymphocytes from the target subject, under conditions
suitable for activation of lymphocytes by a tumor antigen presented by one or more APCs;

k) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators; and

1) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune

mediators, to obtain or generate the target response profile.
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83. The method of claim 82, wherein the target response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators
associated with the plurality of tumor antigens.

84. The method of any one of claims 80-83, wherein the target response profile is
from one or more target subjects who exhibit or previously exhibited one or more deleterious
and/or non-beneficial response to cancer.

85. The method of claim 84, wherein the deleterious and/or non-beneficial response
comprises a negative clinical response and/or a failure to respond, to a cancer therapy or
combination of therapies.

86. The method of claim 84, wherein the deleterious and/or non-beneficial response
comprises a lack of clearance of a cancer, e.g., a level of one or more clinical measures
associated with lack of clearance of a cancer.

87. The method of claim 84, wherein the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer.

88.  The method of claim 84, wherein the deleterious and/or non-beneficial response
comprises a negative cancer prognosis.

89. The method of claim 84, wherein the deleterious and/or non-beneficial response
comprises one or more toxic responses and/or side effects (e.g., one or more measurable toxic
responses and/or side effects) to a cancer therapy or combination of therapies.

90. The method of any one of claims 80-89, comprising selecting one or more tumor
antigens that increase expression or secretion of immune mediators associated with deleterious or
not beneficial responses to cancer, and/or one or more tumor antigens that inhibit and/or suppress
expression or secretion of immune mediators associated with beneficial responses to cancer.

91. The method of any one of claims 56-90, further comprising administering to the
subject a cancer therapy or combination of therapies.

92. A method of selecting tumor antigens, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a

subject, wherein the APCs internalize the bacterial cells or beads;
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¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by one or more tumor
antigens presented by one or more APCs by assessing (e.g., detecting or measuring) a level (e.g.,
an increased or decreased level, relative to a control) of expression and/or secretion of one or
more immune mediators;

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain a subject response profile; and

f) selecting from among the identified tumor antigens one or more antigens that increase
a level of expression and/or secretion of one or more immune mediators associated with at least
one beneficial response to cancer, and/or selecting one or more tumor antigens that inhibit and/or
suppress a level of expression and/or secretion of one or more immune mediators associated with
at least one deleterious and/or non-beneficial response to cancer.

93. The method of claim 92, further comprising comparing the subject response
profile to a target response profile, and selecting one or more tumor antigens based on the
comparison.

94.  The method of claim 93, wherein the target response profile is from one or more
target subjects who exhibit or previously exhibited at least one beneficial response to cancer.

95.  The method of claim 94, wherein the beneficial response comprises a positive
clinical response to a cancer therapy or combination of therapies.

96. The method of claim 94, wherein the beneficial response comprises a spontaneous
response to a cancer.

97. The method of claim 94, wherein the beneficial response comprises clearance of a
cancer, e.g., a level of one or more clinical measures associated with clearance of a cancer.

98. The method of claim 94, wherein the beneficial response comprises a lack of a
relapse, recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at
least1,2,3,4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2, 3,4,5,6,7,8,9, 10, 11, 12 months,
oratleast 1,2, 3,4,5,6,7,8,9,10, 11, 12 years).

99. The method of claim 94, wherein the beneficial response comprises a positive

cancer prognosis.
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100. The method of claim 94, wherein the beneficial response comprises a lack of one
or more toxic responses and/or side effects (e.g., one or more measurable toxic responses or side
effects) to a cancer therapy or combination of therapies.

101.  The method of any one of claims 92-101, further comprising administering to the
subject an immunogenic composition comprising one or more of the selected antigens or
immunogenic fragments thereof.

102. A method of selecting tumor antigens, the method comprises

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by one or more tumor
antigens presented by one or more APCs by assessing (e.g., detecting or measuring) a level (e.g.,
an increased or decreased level, relative to a control) of expression and/or secretion of one or
more immune mediators;

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain a subject response profile; and

f) selecting from among the identified tumor antigens (i) one or more antigens that
increase a level of expression and/or secretion of one or more immune mediators associated with
at least one deleterious and/or non-beneficial response to cancer, and/or (ii) one or more tumor
antigens that inhibit and/or suppress a level of expression and/or secretion of one or more
immune mediators associated with at least one beneficial response to cancer.

103. The method of claim 102, further comprising comparing the subject response
profile to a target response profile, and selecting one or more tumor antigens based on the

comparison.
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104. The method of claim 103, wherein the target response profile is from one or more
target subjects who exhibit or previously exhibited one or more deleterious and/or non-beneficial
response to cancer.

105. The method of claim 104, wherein the deleterious and/or non-beneficial response
comprises a negative clinical response and/or a failure to respond, to a cancer therapy or
combination of therapies.

106. The method of claim 104, wherein the deleterious and/or non-beneficial response
comprises a lack of clearance of a cancer, e.g., a level of one or more clinical measures
associated with lack of clearance of a cancer.

107.  The method of claim 104, wherein the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer.

108. The method of claim 104, wherein the deleterious and/or non-beneficial response
comprises a negative cancer prognosis.

109.  The method of claim 104, wherein the deleterious and/or non-beneficial response
comprises one or more toxic responses and/or side effects (e.g., one or more measurable toxic
responses and/or side effects) to a cancer therapy or combination of therapies.

110.  The method of any one of claims 102-109, further comprising administering to
the subject an immunogenic composition that does not comprise one or more of the selected
antigens or immunogenic fragments thereof.

111.  The method of claim 101 or 110, further comprising administering to the subject a
cancer therapy or combination of therapies.

112. A method of inducing an immune response in a subject, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,

one or more tumor antigens presented by one or more APCs, e.g., by assessing (e.g., detecting or
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measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators;

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on a level of expression and/or secretion of one or more immune
mediators, to obtain a subject response profile;

f) selecting from among the identified tumor antigens (i) one or more antigens that
increase level of expression and/or secretion of one or more immune mediators associated with at
least one beneficial response to cancer, and/or (i1) one or more tumor antigens that inhibit and/or
suppress level of expression and/or secretion of one or more immune mediators associated with
at least one deleterious or non-beneficial response to cancer; and

g) administering to the subject an immunogenic composition comprising one or more of
the selected antigens or immunogenic fragment thereof.

113.  The method of claim 112, further comprising comparing the subject response
profile to a target response profile and selecting one or more tumor antigens based on the
comparison, prior to administration of the immunogenic composition.

114,  The method of claim 113, wherein the target response profile is from one or more
target subjects who exhibit or previously exhibited at least one beneficial response to cancer.

115. The method of claim 113, wherein the beneficial response comprises a positive
clinical response to a cancer therapy or combination of therapies.

116. The method of claim 113, wherein the beneficial response comprises a
spontaneous response to a cancer.

117. The method of claim 113, wherein the beneficial response comprises clearance of
a cancer, e.g., a level of one or more clinical measures associated with clearance of a cancer.

118. The method of claim 113, wherein the beneficial response comprises a lack of a
relapse, recurrence, and/or metastasis of a cancer, e.g., over a defined period of time (e.g., at
least1,2,3,4,5,6,7,8,9,10, 11, 12 weeks, oratleast 1,2, 3,4,5,6,7,8,9, 10, 11, 12 months,
oratleast 1,2, 3,4,5,6,7,8,9,10, 11, 12 years).

119.  The method of claim 113, wherein the beneficial response comprises a positive

cancer prognosis.



WO 2018/175505 PCT/US2018/023442
270

120. The method of claim 113, wherein the beneficial response comprises a lack of one
or more toxic responses and/or side effects (e.g., one or more measurable toxic responses or side
effects) to a cancer therapy or combination of therapies.

121. A method of inducing an immune response in a subject, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a tumor antigen presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more tumor antigens presented by one or more APCs, e.g., by assessing e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control). of expression
and/or secretion of one or more immune mediators;

e) identifying one or more tumor antigens that stimulate, inhibit and/or suppress, and/or
have a minimal effect on level of expression and/or secretion of one or more immune mediators,
to obtain a subject response profile;

f) comparing the subject response profile to a target response profile;

g) selecting from among the identified tumor antigens (i) one or more antigens that
increase level of expression and/or secretion of one or more immune mediators associated with at
least one deleterious and/or non-beneficial response to cancer, and/or (ii) one or more tumor
antigens that inhibit and/or suppress level of expression and/or secretion of one or more immune
mediators associated with at least one beneficial response to cancer; and

h) administering to the subject an immunogenic composition that does not comprise one
or more of the selected antigens or immunogenic fragment thereof.

122, The method of claim 121, further comprising comparing the subject response
profile to a target response profile and selecting one or more tumor antigens based on the

comparison.
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123.  The method of claim 122, wherein the target response profile is from one or more
target subjects who exhibit or previously exhibited one or more deleterious and/or non-beneficial
response to cancer.

124.  The method of claim 122, wherein the deleterious and/or non-beneficial response
comprises a negative clinical response and/or a failure to respond, to a cancer therapy or
combination of therapies.

125.  The method of claim 122, wherein the deleterious and/or non-beneficial response
comprises a lack of clearance of a cancer, e.g., a level of one or more clinical measures
associated with lack of clearance of a cancer.

126.  The method of claim 122, wherein the deleterious and/or non-beneficial response
comprises at least one relapse, recurrence, and/or metastasis of a cancer.

127. The method of claim 122, wherein the deleterious and/or non-beneficial response
comprises a negative cancer prognosis.

128.  The method of claim 122, wherein the deleterious and/or non-beneficial response
comprises one or more toxic responses and/or side effects (e.g., one or more measurable toxic
responses and/or side effects) to a cancer therapy or combination of therapies.

129. The method of any one of claims 112, 113, 121 or 122, further comprising
administering to the subject a cancer therapy or combination of therapies.

130. A method of identifying tumor antigens, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads,
wherein each bacterial cell or bead of the library comprises a different heterologous polypeptide
comprising one or more mutations, splice variants, or translocations expressed in a cancer or
tumor cell of a subject;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a polypeptide presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression

and/or secretion of one or more immune mediators; and
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e) identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or
have a minimal effect on level of expression and/or secretion of one or more immune mediators,
wherein stimulation, inhibition and/or suppression indicate that the polypeptide is a tumor
antigen.

131. A method of selecting tumor antigens, the method comprising:

a) providing a library comprising bacterial cells or beads, wherein each bacterial cell or
bead of the library comprises a different heterologous polypeptide comprising one or more
mutations, splice variants, or translocations expressed in a cancer or tumor cell expressed in a
cancer or tumor cell of a subject;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a polypeptide presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators;

e) identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or
have a minimal effect on level of expression and/or secretion of one or more immune mediators,
wherein stimulation, inhibition and/or suppression indicate that the polypeptide is a tumor
antigen; and

f) selecting from among the identified tumor antigens (i) one or more tumor antigens that
increase level of expression and/or secretion of one or more immune mediators associated with at
least one beneficial response to cancer, and/or (i1) one or more tumor antigens that inhibit and/or
suppress level of expression and/or secretion of one or more immune mediators associated with
at least one deleterious and/or non-beneficial response to cancer.

132.  The method of claim 131, further comprising selecting from among the identified
polypeptides one of more polypeptides that have a minimal effect on level of expression and/or
secretion of one of more immune mediators.

133. A method of selecting potential tumor antigens, the method comprising:
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a) obtaining, providing, or generating a library comprising bacterial cells or beads,
wherein each bacterial cell or bead of the library comprises a heterologous polypeptide
comprising one or more mutations, splice variants, or translocations expressed in a cancer or
tumor cell expressed in a cancer or tumor cell of a subject;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a polypeptide presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators;

e) identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or
have a minimal effect on level of expression and/or secretion of one or more immune mediators,
and identifying one or more polypeptides that stimulate, inhibit, and/or suppress as a tumor
antigen; and

f) selecting from among the identified polypeptides one or more polypeptides that have a
minimal effect on level of expression and/or secretion of one or more immune mediators.

134, The method of claim 133, further comprising repeating steps b) through e), or
steps c) through e), with lymphocytes from the subject that have undergone one or more previous

rounds of exposure to APCs.

135, The method of claim 133 or 134, further comprising selecting from among the
identified tumor antigens (i) one or more tumor antigens that increase level of expression and/or
secretion of one or more immune mediators associated with at least one beneficial response to
cancer, and/or (i1) one or more tumor antigens that inhibit and/or suppress level of expression
and/or secretion of one or more immune mediators associated with at least one deleterious and/or
non-beneficial responses to cancer.

136. The method of any of claims 133-135, further comprising administering to the
subject an immunogenic composition comprising one or more of the selected tumor antigens or

selected polypeptides, or immunogenic fragments thereof.



WO 2018/175505 PCT/US2018/023442
274

137.  The method of any of claims 133-135, further comprising administering to the
subject an immunogenic composition comprising a combination of one or more of the selected
tumor antigens and selected polypeptides, or immunogenic fragments thereof.

138.  The method of claim 136 or 137, further comprising administering to the subject a
cancer therapy or combination of therapies.

139. A method of selecting tumor antigens, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads,
wherein each bacterial cell or bead of the library comprises a different heterologous polypeptide
comprising one or more mutations, splice variants, or translocations expressed in a cancer or
tumor cell expressed in a cancer or tumor cell of a subject;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a polypeptide presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators;

e) identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or
have a minimal effect on level of expression and/or secretion of one or more immune mediators,
and identifying one or more polypeptides that stimulate, inhibit, and/or suppress as a tumor
antigen; and

f) selecting from among the identified tumor antigens (1) one or more tumor antigens that
increase level of expression and/or secretion of one or more immune mediators associated with at
least one deleterious and/or non-beneficial response to cancer, and/or (i) one or more tumor
antigens that inhibit and/or suppress level of expression and/or secretion of one or more immune
mediators associated with at least one beneficial response to cancer.

140. The method of claim 139, further comprising administering to the subject an
immunogenic composition that does not comprise one or more of the selected tumor antigens or

immunogenic fragments thereof.
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141.  The method of claim 140, further comprising administering to the subject a cancer
therapy or combination of therapies.

142. The method of any one of claims 1-141, wherein the APCs are human APCs isolated
from the subject.

143. The method of any one of claims 1-142, wherein the bacterial cells further comprise
a cytolysin polypeptide.

144. The method of claim 143, wherein the cytolysin polypeptide is listeriolysin O
(LLO).

145. The method of any one of claims 1-144, wherein the APCs are provided in an array,
and wherein the APCs in each location of the array are contacted with a set of bacterial cells,
each set comprising a different tumor antigen.

146. The method of any one of claims 1-145, wherein the APCs and lymphocytes are
isolated from peripheral blood.

147. The method of any one of claims 1-145, wherein the APCs comprise immortalized
cells.

148. The method of any one of claims 1-147, wherein the lymphocytes are derived from
a cancer or tumor.

149. The method of any one of claims 1-148, wherein the tumor antigens comprise full
length polypeptides encoding mutations, splice variants, or translocations present in a cancer or
tumor.

150. The method of any one of claims 1-148, wherein the tumor antigens comprise
polypeptides that are fragments of full length polypeptides encoding mutations, splice variants,
or translocations present in a cancer or tumor.

151. The method of any one of claims 1-148, wherein the tumor antigens comprise full
length polypeptides encoded by a virus or other infectious agent present in a cancer or tumor.

152. The method of any one of claims 1-148, wherein the tumor antigens comprise
polypeptides that are fragments of full length polypeptides encoded by a virus or other infectious
agent present in a cancer or tumor.

153. The method of any one of claims 1-148, wherein the tumor antigens comprise full

length polypeptides encoding autoantigens associated with a cancer or tumor.
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154. The method of any one of claims 1-148, wherein the tumor antigens comprise
polypeptides that are fragments of full length polypeptides encoding autoantigens associated
with a cancer or tumor.

155. A method of inducing an immune response in a subject, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads,
wherein each bacterial cell or bead of the library comprises a different heterologous polypeptide
comprising one or more mutations, splice variants, or translocations expressed in a cancer or
tumor cell of a subject;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a polypeptide presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators;

e) identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or
have a minimal effect on level of expression and/or secretion of one or more immune mediators,
and identifying a polypeptide that stimulates, inhibits and/or suppresses as a tumor antigen;

f) selecting from among the identified tumor antigens (i) one or more tumor antigens that
increase level of expression and/or secretion of one or more immune mediators associated with at
least one beneficial response to cancer, and/or (i1) one or more tumor antigens that inhibit and/or
suppress level of expression and/or secretion of one or more immune mediators associated with
at least one deleterious and/or non-beneficial responses to cancer; and

g) administering to the subject an immunogenic composition comprising one or more of
the selected antigens or immunogenic fragment thereof.

156. A method of inducing an immune response in a subject, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads,
wherein each bacterial cell or bead of the library comprises a different heterologous polypeptide
comprising one or more mutations, splice variants, or translocations expressed in a cancer or

tumor cell of a subject;
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b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a polypeptide presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators;

e) identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or
have a minimal effect on level of expression and/or secretion of one or more immune mediators,
wherein stimulation, inhibition and/or suppression indicate that the polypeptide is a tumor
antigen;

f) selecting from among the identified polypeptides one or more polypeptides that have a
minimal effect on level of expression and/or secretion of one or more immune mediators; and

g) administering to the subject an immunogenic composition comprising one or more of
the selected polypeptides or immunogenic fragment thereof.

157. A method of inducing an immune response in a subject, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads,
wherein each bacterial cell or bead of the library comprises a different heterologous polypeptide
comprising one or more mutations, splice variants, or translocations expressed in a cancer or
tumor cell of a subject;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a polypeptide presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control), of expression
and/or secretion of one or more immune mediators;

e) identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or

have a minimal effect on level of expression and/or secretion of one or more immune mediators,
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wherein stimulation, inhibition and/or suppression indicate that the polypeptide is a tumor
antigen;

f) selecting from among the identified tumor antigens and polypeptides (i) one or more
polypeptides that have a minimal effect on level of expression and/or secretion of one or more
immune mediators, (ii) one or more tumor antigens that increase level of expression and/or
secretion of one or more immune mediators associated with at least one beneficial response to
cancer; and/or (ii1) one or more tumor antigens that inhibit and/or suppress level of expression
and/or secretion of one or more immune mediators associated with at least one deleterious and/or
non-beneficial response to cancer; and

g) administering to the subject an immunogenic composition comprising one or more of
the selected tumor antigens and polypeptides, or immunogenic fragments thereof.

158. A method of inducing an immune response in a subject, the method comprising:

a) obtaining, providing, or generating a library comprising bacterial cells or beads,
wherein each bacterial cell or bead of the library comprises a different heterologous polypeptide
comprising one or more mutations, splice variants, or translocations expressed in a cancer or
tumor cell of a subject;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from the
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the subject, under conditions suitable for
activation of lymphocytes by a polypeptide presented by one or more APCs;

d) determining whether one or more lymphocytes are activated by, or not responsive to,
one or more polypeptides presented by one or more APCs, e.g., by assessing (e.g., detecting or
measuring) a level (e.g., an increased or decreased level, relative to a control) of expression
and/or secretion of one or more immune mediators;

e) identifying one or more polypeptides that stimulate, inhibit and/or suppress, and/or
have a minimal effect on level of expression and/or secretion of one or more immune mediators,
and identifying a polypeptide that stimulates, inhibits and/or suppresses as a tumor antigen;

f) selecting from among the identified tumor antigens (i) one or more tumor antigens that
increase level of expression and/or secretion of one or more immune mediators associated with at

least one deleterious and/or non-beneficial response to cancer, and/or (ii) one or more tumor
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antigens that inhibit and/or suppress level of expression and/or secretion of one or more immune
mediators associated with at least one beneficial response to cancer; and

g) administering to the subject an immunogenic composition that does not comprise one
or more of the selected antigens or immunogenic fragment thereof.

159. The method of any one of claims 156-158, further comprising administering to
the subject a cancer therapy or combination of therapies.

160. The method of any one of claims 1-159, wherein the plurality of tumor antigens
comprises at least 1, 3, 5, 10, 15, 20, 25, 30, 50, 100, 150, 250, 500, 750, 1000 or more different
tumor antigens, or portions thereof.

161.  The method of any one of claims 1-160, wherein determining whether one or
more lymphocytes are activated by, or not responsive to, one or more tumor antigens comprises
measuring a level of one or more immune mediators.

162.  The method of any one of claims 1-161, wherein the one or more immune
mediators are selected from the group consisting of cytokines, soluble mediators, and cell surface
markers expressed by the lymphocytes.

163. The method of any one of claims 1-162, wherein the one or more immune
mediators are cytokines.

164. The method of claim 163, wherein the one or more cytokines are selected from
the group consisting of TRAIL, IFN-gamma, IL-12p70, IL-2, TNF-alpha, MIP1-alpha, MIP1-
beta, CXCL9, CXCL10, MCP1, RANTES, IL-1 beta, IL-4, IL-6, IL-8, IL-9, IL-10, IL-13, IL-15,
CXCLI11, IL-3, IL-5, IL-17, IL-18, IL-21, IL-22, IL-23A, IL-24, IL-27, IL-31, IL-32, TGF-beta,
CSF, GM-CSF, TRANCE (also known as RANK L), MIP3-alpha, and fractalkine.

165. The method of any one of claims 1-164, wherein the one or more immune
mediators are soluble mediators.

166. The method of claim 165, wherein the one or more soluble mediators are selected
from the group consisting of granzyme A, granzyme B, sFas, sFasL, perforin, and granulysin.

167.  The method of any one of claims 1-164, wherein the one or more immune
mediators are cell surface markers.

168. The method of claim 167, wherein the one or more cell surface markers are
selected from the group consisting of CD107a, CD107b, CD25, CD69, CD45RA, CD45RO,
CD137 (4-1BB), CD44, CD62L, CD27, CCR7, CD154 (CD40L), KLRG-1, CD71, HLA-DR,



WO 2018/175505 PCT/US2018/023442
280

CD122 (IL-2RB), CD28, IL7Ra (CD127), CD38, CD26, CD134 (0X-40), CTLA-4 (CD152),
LAG-3, TIM-3 (CD366), CD39, PD1 (CD279), FoxP3, TIGIT, CD160, BTLA, 2B4 (CD244),
and KLRGI.

169.  The method of any one of claims 1-168, wherein the lymphocytes comprise CD4+
T cells.

170. The method of any one of claims 1-168, wherein the lymphocytes comprise CD8+
T cells.

171.  The method of any one of claims 1-168, wherein the lymphocytes comprise NKT
cells, gamma-delta T cells, or NK cells.

172.  The method of any one of claims 1-168, wherein the lymphocytes comprise any
combination of CD4+ T cells, CD8+ T cells, NKT cells, gamma-delta T cells, and NK cells.

173.  The method of any one of claims 1-172, wherein lymphocyte activation is
determined by assessing a level of one or more expressed or secreted immune mediators that is at
least 20%, 40%, 60%, 80%, 100%, 120%, 140%, 160%, 180%, or 200% higher or lower than a
control level.

174.  The method of any one of claims 1-172, wherein lymphocyte activation is
determined by assessing a level of one or more expressed or secreted immune mediators that is at
least one, two, or three standard deviations greater or lower than the mean of a control level.

175.  The method of any one of claims 1-172, wherein lymphocyte activating is
determined by assessing a level of one or more expressed or secreted immune mediators that is at
least 1, 2, 3, 4 or 5 median absolute deviations (MADs) greater or lower than a median response
level to a control.

176.  The method of any one of claims 1-172, wherein lymphocyte non-responsiveness
is determined by assessing a level of one or more expressed or secreted immune mediators that is
within 5%, 10%,15%, or 20% of a control level.

177.  The method of any one of claims 1-172, wherein lymphocyte non-responsiveness
is determined by assessing a level of one or more expressed or secreted immune mediators that is
less than one or two standard deviation higher or lower than the mean of a control level.

178.  The method of any one of claims 1-172, wherein lymphocyte non-responsiveness

is determined by assessing a level of one or more expressed or secreted immune mediators that is
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less than one or two median absolute deviation (MAD) higher or lower than a median response
level to a control.

179.  The method of any one of claims 1-178, wherein the subject response profile
comprises one or more different tumor antigens that increase level of expression and/or secretion
of one or more immune mediators.

180. The method of any one of claims 1-178, wherein the subject response profile
comprises one or more different tumor antigens that inhibit and/or suppress level of expression
and/or secretion of one or more immune mediators.

181. The method of any one of claims 1-178, wherein the subject response profile
comprises one or more different tumor antigens that have a minimal effect on level of expression
and/or secretion of one or more immune mediators.

182. The method of any one of claims 1-178, wherein the subject response profile
comprises a combination of one or more different tumor antigens that stimulate, inhibit and/or
suppress, and/or have a minimal effect on level of expression and/or secretion of one or more
immune mediators.

183.  The method of any one of claims 1-182, wherein the target response profile
comprises one or more different tumor antigens that increase level of expression and/or secretion
of one or more immune mediators.

184.  The method of any one of claims 1-182, wherein the target response profile
comprises one or more different tumor antigens that inhibit and/or suppress level of expression
and/or secretion of one or more immune mediators.

185.  The method of any one of claims 1-182, wherein the target response profile
comprises one or more different tumor antigens that have a minimal effect on level of expression
and/or secretion of one or more immune mediators.

186. The method of any one of claims 1-182, wherein the target response profile
comprises a combination of one or more different tumor antigens that stimulate, inhibit and/or
suppress, and/or have a minimal effect on level of expression and/or secretion of one or more
immune mediators.

187. The method of any one of claims 1-182, wherein the target response profile
comprises an average number of different tumor antigens that increase level of expression and/or

secretion of one or more immune mediators, from a population of subjects who respond
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clinically to the cancer therapy, or from subjects who fail to respond clinically to the cancer
therapy.

188.  The method of any one of claims 1-182, wherein the target response profile
comprises an average number of different tumor antigens that inhibit and/or suppress level of
expression and/or secretion of one or more immune mediators, from a population of subjects
who respond clinically to the cancer therapy, or from subjects who fail to respond clinically to
the cancer therapy.

189.  The method of any one of claims 1-182, wherein the target response profile
comprises an average number of different tumor antigens that have a minimal effect on level of
expression and/or secretion of one or more immune mediators, from a population of subjects
who respond clinically to the cancer therapy, or from subjects who fail to respond clinically to
the cancer therapy.

190. The method of any one of claims 1-182, wherein the target response profile
comprises a combination of different tumor antigens that stimulate, inhibit and/or suppress,
and/or have a minimal effect on level of expression and/or secretion of one or more immune
mediators, from a population of subjects who respond clinically to the cancer therapy, or from a
population of subjects who fail to respond clinically to the cancer therapy.

191.  The method of any one of claims 1-190, wherein the subject response profile is
similar to the target response profile if the number of tumor antigens of the subject response
profile differs by no more than 1, 2, 3, 4, 5, or 10 from the number of antigens of the target
response profile.

192.  The method of any one of claims 1-191, wherein the subject response profile
comprises the number of different tumor antigens for each of a plurality of cytokines expressed
and/or secreted by activated and/or non-responsive lymphocytes.

193.  The method of claim 192, wherein the target response profile comprises the
number of antigens for each of the corresponding plurality of cytokines.

194,  The method of 192, wherein the target response profile comprises an average
number of antigens for each of the corresponding plurality of cytokines expressed and/or
secreted by activated and/or non-responsive lymphocytes from a population of subjects who

respond clinically to the cancer therapy.
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195. The method of claim 192, wherein the target response profile comprises an
average number of antigens for each of the corresponding plurality of cytokines expressed and/or
secreted by activated and/or non-responsive lymphocytes from a population of subjects who fail
to respond clinically to the cancer therapy.

196. The method of claim 192, wherein the target response profile comprises a
combination of antigens for each of the corresponding plurality of cytokines expressed and/or
secreted by activated and/or non-responsive lymphocytes from a population of subjects who
respond clinically to the cancer therapy, or from a population of subjects who fail to respond
clinically to the cancer therapy.

197.  The method of any one of claims 1-190, wherein the subject response profile is
similar to the target response profile if the number of tumor antigens for at least two of the
plurality of cytokines of the subject response profile differs by no more than 1, 2, 3, 4, 5, or 10
from the number of antigens for the corresponding plurality of cytokines of the target response
profile.

198.  The method of any one of claims 1-197, wherein a subject exhibits at least one
measure or indication of clinical responsiveness to the cancer therapy.

199.  The method of any one of claims 1-197, wherein a subject exhibits at least one
measure or indication of failure of clinical responsiveness to the cancer therapy.

200. The method of any one of claims 1-199, wherein the cancer therapy comprises
immune checkpoint blockade therapy.

201.  The method of claim 200, wherein the immune checkpoint blockade therapy
comprises administration of pembrolizumab, nivolumab, ipilimumab, atezolizumab, avelumab,
durvalumab, tremelimumab, or cemiplimab.

202. The method of claim 200 or 201, wherein the immune checkpoint blockade
therapy comprises administration of two or more immune checkpoint inhibitors.

203. The method of any one of claims 1-202, wherein the cancer therapy comprises
immune suppression blockade therapy.

204. The method of claim 203, wherein the immune suppression blockade therapy
comprises administration of Vista (B7-HS, v-domain Ig suppressor of T cell activation)
inhibitors, Lag-3 (lymphocyte-activation gene 3, CD223) inhibitors, IDO (indolemamine-

pyrrole-2,3,-dioxygenase-1,2) inhibitors, or KIR receptor family (killer cell immunoglobulin-like
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receptor) inhibitors, CD47 inhibitors, or Tigit (T cell immunoreceptor with Ig and ITIM domain)
inhibitors.

205. The method of claim 203 or 204, wherein the immune suppression blockade
therapy comprises administration of two or more immune suppression inhibitors.

206. The method of any one of claims 1-205, wherein the cancer therapy comprises
immune activation therapy.

207. The method of claim 206, wherein the immune activation therapy comprises
administration of CD40 agonists, GITR (glucocorticoid-induced TNF-R-related protein, CD357)
agonists, 0X40 (CD134) agonists, 4-1BB (CD137) agonists, ICOS (inducible T cell stimulator,
CD278) agonists, IL-2 (interleukin 2) agonists, or interferon agonists.

208. The method of claim 206 or 207, wherein immune activation comprises
administration of two or more immune activators.

209. The method of any one of claims 1-208, wherein the cancer therapy comprises
adjuvant therapy.

210. The method of claim 209, where the adjuvant therapy comprises administration of
a TLR agonist (e.g., CpG or Poly I:C), STING agonist, non-specific stimulus of innate immunity,
dendritic cells, GM-CSF, IL-12, IL-7, Flt-3, or other cytokines.

211.  The method of any one of claims 1-210, wherein the cancer therapy comprises
oncolytic virus therapy.

212. The method of claim 211, wherein the oncolytic viral therapy comprises
administration of talimogene leherparepvec.

213. The method of any one of claims 1-212, wherein the cancer therapy comprises
administration of one or more chemotherapeutic agents.

214. The method of any one of claims 1-213, wherein the cancer therapy comprises
radiation.

215. The method of any one of claims 1-214, wherein the cancer therapy comprises
surgical excision.

216. The method of any one of claims 1-215, wherein the cancer therapy comprises

cell-based therapy.
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217. The method of claim 216, wherein the cell-based therapy comprises
administration of dendritic cells, chimeric antigen receptor T (CAR-T) cells, T cell receptor-
transduced cells, tumor infiltrating lymphocytes (TIL), or natural killer (NK) cells.

218. The method of any one of claims 1-217, wherein the cancer therapy comprises
localized hyperthermia or hypothermia.

219. The method of any one of claims 1-218, wherein the cancer therapy comprises
administration of one or more anti-tumor antibodies.

220. The method of claim 219, wherein the anti-tumor antibodies comprise bi-specific
antibodies.

221. The method of any one of claims 1-220, wherein the cancer therapy comprises
administration of one or more anti-angiogenic agents.

222.  The method of any one of claims 1-221, wherein the cancer therapy comprises
any combination of immune checkpoint blockade, immune suppression blockade, immune
activation, adjuvant, oncolytic virus, chemotherapeutic, radiation, surgical, cell-based,
hyperthermia, hypothermia, anti-tumor antibody, and anti-angiogenic therapies.

223. A method of inducing an immune response in a subject with one or more selected
antigens, the method comprising:

a) obtaining, providing or generating a library comprising bacterial cells or beads
comprising a plurality of tumor antigens, wherein each bacterial cell or bead of the library
comprises a different tumor antigen;

b) contacting the bacterial cells or beads with antigen presenting cells (APCs) from a first
subject, wherein the APCs internalize the bacterial cells or beads;

¢) contacting the APCs with lymphocytes from the first subject, under conditions suitable
for stimulation or inhibition and/or suppression of lymphocytes by a tumor antigen presented by
one or more APCs;

d) identifying one or more stimulatory tumor antigens that stimulate lymphocytes and
identifying one or more non-stimulatory tumor antigens that do not stimulate lymphocytes, to
produce a subject response profile;

e) comparing the subject response profile to a target response profile, wherein the target
response profile is from a second subject who responds clinically to a cancer therapy, and

wherein the target response profile comprises one or more identified stimulatory tumor antigens
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that stimulate lymphocytes and comprises one or more identified non-stimulatory tumor antigens
that do not stimulate lymphocytes;

f) selecting one or more antigens, wherein the one or more antigens are identified as non-
stimulatory in the subject response profile and the same one or more antigens are identified as
stimulatory in the target response profile; and

g) administering to the first subject an immunogenic composition comprising one or more
of the selected antigens.

224.  The method of claim 223, further comprising administering a cancer therapy to
the subject.

225. The method of claim 223 or 224 wherein the subject response profile comprises a
representation of the level of expression and/or secretion of the one or more immune mediators
associated with the plurality of tumor antigens.

226. An immunogenic composition of the invention, comprising one or more antigens
of the target response profile obtained or generated according to any one of claims 1-225.

227. An immunogenic composition of the invention, comprising one or more antigens
selected according to any one of claims 1-225.

228. An immunogenic composition comprising (i) one or more heparanase
polypeptides or immunogenic fragments thereof and (i1) a SMAD4 polypeptide or immunogenic
fragment thereof.

229.  The immunogenic composition of claim 228, wherein the one or more heparanase
polypeptides or fragments and the SMAD4 polypeptide or fragment are each 8-29 amino acids in
length.

230. The immunogenic composition of claim 229 or 229, wherein the heparanase
polypeptides comprise the amino acid sequence of SEQ ID NO:6 or SEQ ID NO:7.

231. The immunogenic composition of any one of claims 228-230, wherein the
SMAD4 polypeptide comprises the amino acid sequence of SEQ ID NO:8.

232. The immunogenic composition of any one of claims 228-231, comprising one or
more immunogenic fragments consisting of about 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% of the total number of amino acids of SEQ ID NO:6, SEQ ID NO:7, or SEQ ID
NO:8.
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233. The immunogenic composition of any one of claims 228-232, comprising one or
more immunogenic fragments consisting of SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8
lacking about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or more amino acids.

234. The immunogenic composition of any one of claims 228-233, wherein the one or
more heparanse polypeptides comprises an amino acid sequence at least 85%, 90%, 95%, 97%,
or 99% identical to SEQ ID NO:6 or SEQ ID NO:7.

235.  The immunogenic composition of any one of claims 228-234, wherein the
SMAD4 polypeptide comprises an amino acid sequence at least 85%, 90%, 95%, 97%, or 99%
identical to SEQ ID NO:8.

236. An immunogenic composition comprising a heparanase isoform 1 polypeptide or
immunogenic fragment, a heparanase isoform 2 polypeptide or immunogenic fragment, and a
SMAD4 polypeptide or immunogenic fragment.

237. The immunogenic composition of claim 236, wherein the heparanase isoform 1
polypeptide or immunogenic fragment, the heparanase isoform 2 polypeptide or immunogenic
fragment and the SMAD4 polypeptide or immunogenic fragment are each 8-29 amino acids in
length.

238. The immunogenic composition of claim 236 or 237, wherein the heparanase
isoform 1 polypeptide comprises the amino acid sequence of SEQ ID NO:1 and the heparanase
isoform 2 polypeptide comprises the amino acid sequence of SEQ ID NO:2.

239.  The immunogenic composition of any one of claims 236-238, wherein the
SMAD4 polypeptide comprises the amino acid sequence of SEQ ID NO:3.

240. The immunogenic composition of any one of claims 236-239, comprising one or
more immunogenic fragments consisting of about 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% of the total number of amino acids of SEQ ID NO:6, SEQ ID NO:7, or SEQ ID
NO:8.

241. The immunogenic composition of any one of claims 236-240, comprising one or
more immunogenic fragments consisting of SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8
lacking about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or more amino acids.

242. The immunogenic composition of any one of claims 236-241, wherein the
heparanase isoform 1 polypeptide comprises an amino acid sequence at least 85%, 90%, 95%,

97%, or 99% identical to SEQ ID NO:6 and wherein the heparanase isoform 1 polypeptide
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comprises an amino acid sequence at least 85%, 90%, 95%, 97%, or 99% identical to SEQ ID
NO:7.

243. The immunogenic composition of any one of claims 236-242, wherein the
SMAD4 polypeptide comprises an amino acid sequence at least 85%, 90%, 95%, 97%, or 99%
identical to SEQ ID NO:8.

244. The immunogenic composition of any one of claims 288-242, further comprising
an adjuvant.

245. A method of treating cancer, comprising administering to a subject the
immunogenic composition of any one of claims 228-244.

246. The method of claim 245, wherein the subject has or is at risk of cancer, and/or
exhibits one or more signs or symptoms of cancer, and/or exhibits one or more risk factors for
cancer.

247. The method of claim 245 or 246, wherein the cancer is colorectal cancer,
melanoma, or lung cancer.

248. A method of inducing an immune response in a subject, comprising administering
to a subject the immunogenic composition of any one of claims 228-244.

249.  The method of claim 248, wherein the immune response comprises activation of
one or more lymphocytes.

250. The method of claim 249, wherein the one or more lymphocytes comprise CD4+
T cells.

251.  The method of claim 249 or 250, wherein the one or more lymphocytes comprise
CD8+ T cells.

252.  The method of any one of claims 249-251, wherein the one or more lymphocytes
comprise NKT cells, gamma-delta T cells, or NK cells.

253. The method of any one of claims 249-252, wherein the one or more lymphocytes
comprise any combination of CD4+ T cells, CD8+ T cells, NKT cells, gamma-delta T cells, and
NK cells.

254. The method of claim 248, wherein the immune response comprises an increased
expression and/or secretion of one or more immune mediators relative to a control.

255. The method of claim 254, wherein the lymphocyte signaling molecule is selected

from among immune mediators.
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256. The method of claim 254 or 255, wherein the one or more immune mediators are
cytokines.

257. The method of claim 255 or 256, wherein the one or more cytokines are selected
from TRAIL, IFN-gamma, IL-12p70, IL-2, TNF-alpha, MIP1-alpha, MIP1-beta, CXCL9,
CXCL10, MCP1, RANTES, IL-1 beta, IL-4, IL-6, IL-8, IL-9, IL-10, IL-13, IL-15, CXCL11, IL-
3,IL-5, IL-17, IL-18, IL-21, IL-22, IL-23A, IL-24, IL-27, IL-31, IL-32, TGF-beta, CSF, GM-
CSF, TRANCE (also known as RANK L), MIP3-alpha, MCP1, and fractalkine.

258. The method of claim 254 or 255, wherein the one or more immune mediators are
soluble mediators.

259.  The method of claim 255 or 258, wherein the one or more soluble mediators are
selected from granzyme A, granzyme B, sFas, sFasL, perforin, and granulysin.

260. The method of claim 254 or 255, wherein the one or more immune mediators are
cell surface markers.

261. The method of claim 255 or 260, wherein the one or more cell surface markers are
selected from CD107a, CD107b, CD25, CD69, CD45RA, CD45R0, CD137 (4-1BB), CD44,
CD62L, CD27, CCR7, CD154 (CD40L), KLRG-1, CD71, HLA-DR, CD122 (IL-2RB), CD28,
IL7Ra (CD127), CD38, CD26, CD134 (0X-40), CTLA-4 (CD152), LAG-3, TIM-3 (CD366),
CD39, PD1 (CD279), FoxP3, TIGIT, CD160, BTLA, 2B4 (CD244), and KLRG1.

262. The method of any one of claims 248-261, wherein a level of one or more
expressed or secreted immune mediators that is at least 20%, 40%, 60%, 80%, 100%, 120%,
140%, 160%, 180%, or 200% higher than a control level.

263. The method of any one of claims 248-261, wherein a level of one or more
expressed or secreted immune mediators that is at least one, two, or three standard deviations
higher than the mean of a control level indicates lymphocyte activation.

264. The method of any one of claims 248-261, wherein a level of one or more
expressed or secreted immune mediators that is at least 1, 2, 3, 4 or 5 median absolute deviations
(MADs) higher or lower than a median response level to a control indicates lymphocyte
activation.

265. The method of claim 248, wherein the immune response comprises a humoral

response and/or a cellular response.
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266. The method of claim 254, wherein the humoral response comprises an increase in
magnitude of response or fold rise from baseline of antigen specific immunoglobulin G (IgG)
levels and/or of antigen specific neutralizing antibody levels.

267. The method of claim 265 or 266, wherein the humoral response comprises a 4-
fold or greater rise in IgG titer from baseline.

268. The method of any one of claims 265-267, wherein the humoral response
comprises a 2-fold or greater rise in 50% neutralizing antibody titer from baseline.

269. The method of any one of claims 265-268, wherein the cellular response
comprises secretion of granzyme B (GrB).

270. Th method of any one of claims 265-269, wherein the cellular response comprises
an increase in magnitude of response or fold rise from baseline of granzyme B (GrB) levels.

271. The method of any one of claims 265-270, wherein the cellular response
comprises an increase in IFN-gamma secretion for T cells.

272.  The method of any one of claims 248-271, wherein the subject has or is at risk of
cancer, and/or exhibits one or more signs or symptoms of cancer, and/or exhibits one or more
risk factors for cancer.

273. The method of claim 272, wherein the cancer is colorectal cancer, melanoma, or
lung cancer.

274. A method for manufacturing an immunogenic composition, the method
comprising combining one or more antigens identified by the method of claims 1-255 and a
carrier.

275. The method of claim 274, wherein the antigen is produced using recombinant
DNA technology in a suitable host cell.

276. The method of claim 274 or 275, comprising formulating the immunogenic
composition as a pharmaceutical composition.

277. A method for manufacturing an immunogenic composition for administration to a
subject in need thereof, the method comprising:

a. providing, preparing, or obtaining a plurality of antigenic compositions comprising a
plurality of antigens, each composition comprising a different antigen;

b. providing, preparing, or obtaining a target response profile, wherein the target

response profile comprises a representation of the level of expression and/or secretion of one or
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more immune mediators associated (e.g., determined, measured, observed) with the plurality of
antigens;

c. providing, preparing, or obtaining a subject response profile, wherein the subject
response profile comprises a representation of the level of expression and/or secretion of one or
more immune mediators associated (e.g., determined, measured, observed) with the plurality of
antigens;

d. comparing the target response profile to the subject response profile;

e. selecting one or more antigens based on the comparison; and

f. formulating at least a portion of one or more antigenic compositions comprising the
one or more selected antigens as a pharmaceutical composition.

278. The method of claim 277, wherein the selecting step comprises selecting one or
more antigens that increase expression or secretion of immune mediators associated with a
beneficial response to cancer, and/or one or more antigens that inhibit and/or suppress expression
or secretion of immune mediators associated with deleterious or not beneficial responses to
cancer.

279. The method of claim 277 or 278, wherein the plurality of antigenic compositions
are solution, lyophilized, or on a synthetic matrix.

280. A method of manufacturing an immunogenic composition for administration to a
subject in need thereof, the method comprising:

preparing one or more antigens, or fragments thereof, identified by the method of any one
of claims 1-225;

combining one or more antigens, or fragments thereof, wherein the one or more antigens
or fragments thereof are selected according to the subject’s response profile; and

formulating the immunogenic composition as a pharmaceutical composition.

281. A method of manufacturing an immunogenic composition for administration to a
subject in need thereof, the method comprising:

preparing one or more antigens, or fragments thereof, identified by the method of any one
of claims 1-225;

combining one or more antigens, or fragments thereof, wherein the one or more antigens

or fragments thereof are selected according to whether or not the one or more antigens have been
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shown to stimulate, inhibit and/or suppress and/or have minimal effect on level of expression
and/or secretion of one or more immune mediators by the subject’s lymphocytes; and

formulating the immunogenic composition as a pharmaceutical composition.

282. A method of manufacturing an immunogenic composition for administration to a
subject in need thereof, the method comprising:

preparing one or more antigens, or fragments thereof, identified by the method of any one
of claims 1-225;

combining one or more antigens, or fragments thereof, wherein the one or more antigens
or fragments thereof are selected according to the subject’s response profile; and

formulating the immunogenic composition as a pharmaceutical composition.
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Figure 1. Multiple TAAs are recognized by T cells from a representative melanoma patient who
received immune checkpoint blockade therapy.
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Figure 2. CD4" T cell responses predict response to immune checkpoint blockade.
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Figure 5. Multiple suppressive or inhibitory neoantigens identified through CDS" T cell
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