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METHODS AND COMPOSITIONS FOR THE TREATMENT AND DIAGNOSIS OF
THYROID CANCER

[0001] This application claims priority to US Provisional Application No. 61/585,823

filed on January 12, 2012 the entire contents of which is hereby incorporated by reference.
Field of the Invention

[6001] The field of the invention relates to cancer and the diagnosis and treatment of

cancer.
Background

[0002] Early detection of cancer can impact treatment outcomes and disease progression.
Typically, cancer detection relies on diagnostic information obtained from biopsy, x-rays, CAT
scans, NMR and the like. These procedures may be invasive, time consuming and expensive,
Moreover, they have limitations with regard to sensitivity and specificity. There is a need in the
field of cancer diagnostics for a highly specific, highly sensitive, rapid, inexpensive, and
relatively non-invasive method of diagnosing cancer. Various embodiments of the invention
described below meet this need as well as other needs existing in the field of diagnosing and
treating cancer.

Summary of the Invention

[0003] Embodiments of the disclosure provide methods of diagnosis, prognesis and
treatment of cancer, e.g. thyroid cancer. Other embodiments provide compositions relating to
the diagnosis, prognosis and treatment of cancer, such as thyroid cancer. In certain
embodiments one or more of the markers disclosed herein, e.g. SEQ ID NOS: 1-29, may be used
in the diagnosis, prognosis and treatment of thyroid cancer as disclosed infra. In some
embodiments one or more of the markers disclosed infra may be used to distinguish a malignant
thyroid tumor from a benign thyroid tumor using the methods described below. In some
embodiments the invention prévides a method of distinguishing a thyroid follicular adenoma
from a thyroid follicular carcinoma.

[0004] In certain embodiments the invention provides a method of detecting thyroid
cancer in a subject comprising a) obtaining a sample from a subject; b) contacting the sample
obtained from the subject with one or more agents that detect one or more markers expressed by
a thyroid cancer cell ¢) contacting a non-cancerous cell with the one or more agents from b); and
d) comparing the expression level of the marker in the sample obtained from the subject with the
expression level in the non-cancerous cell, wherein a higher level of expression of the marker in
the sample compared to the non-cancerous cell indicates that the subject has thyroid cancer.

Suitable markers include the genes encoded for by SEQ 1D NOS: 1-29,
|
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[0605] In some embodiments the invention provides a method of detecting thyroid
cancer in a subject comprising a) obtaining a sample from a subject b) contacting the sample
obtained from the subject with one or more agents that detect expression of one or more of the
markers encoded by genes chosen from IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI,
ZCCHC12, CLDNI16, FNI, SERPINAI, STK32A, UNQ9433, BC030766, AK023519,
SLC34A2, BX538295, IGFL2, CHI3L1, CYP24Al, HHATL, ISYNAIL, LMO3, MIR22],
PCSKIN, SCGS5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324,
CCDCS85A, CRABP2, Cldorf78, TNFRSF11B, AHNAK2, CYTOKERATINEI9 or a
complement thereof; ¢) contacting a non-cancerous cell with the one or more agents from b);
and d) comparing the expression level of one or more of the markers encoded by genes chosen
from IGSF1, IGSF21, TM7SF4, FLI30058, CITEDI1, ZCCHCI12, CLDNI16, FNI, SERPINAI,
STK32A, UNQ9433, BCO030766, AK023519, SLC34A2, BXS538295, IGFL2,
CHI3L1,CYP24A1, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS, BX955517, CST6,
SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B AHNAK?2, CYTOKERATINEI9, or a complement thereof in the non-cancerous
cell with the sample obtained from the subject, wherein a higher level of expression in the
sample of one or more of the markers encoded by genes chosen from IGSF1, IGSF21, TM7SF4,
FLJ30058, CITEDI, ZCCHC12, CLDN16, FN1, SERPINAL, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,CYP24Al, HHATL, ISYNAIL, LMO3,
MIR221, PCSKIN, SCGS, BX955517, CST6, SFTPB, SLC27A6, TMEM233 NMU
KIAA1324, CCDC85A, CRABP2, Cldorf78, TNFRSF11B, AHNAK2, CYTOKERATINEI]9
or a complement thereof in the sample obtained from the subject compared to the non-cancerous
cell indicates that the subject has thyroid cancer.

[0006] In other embodiments the invention provides a method of detecting thyroid
cancer in a subject comprising a) obtaining a sample from a subject b) contacting the sample
obtained from the subject with one or more agents that detect expression of a panel of markers
encoded by the genes IGSFI1, IGSF21, TM7SF4, FLJ30058, CITED1, ZCCHCI12, CLDNI6,
FNI1, SERPINAL, STK32A, UNQ9433, BC030766, AK023519, SLC34A2, BX538295, 1GFL2,
CHI3LI,CYP24Al, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS5, BX955517, CST6,
SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDCS85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK2, CYTOKERATINE19 or a complement thereof; ¢) contacting a non-
cancerous cell, with the one or more agents from b); and d) comparing the expression level of
the panel of markers encoded for by the genes IGSF1, IGSF21, TM7SF4, FLI30058, CITEDI,
ZCCHCI12, CLDNI16, FN1, SERPINAI, STK32A, UNQ9433, BC030766, AK023519,
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SI.C34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAIl, LMO3, MIR22i,
PCSKIN, SCG35, BX955517, CST6, SFTPB, SLC27A6, TMEM?233, NMU KIAA1324,
CCDC85A, CRABP2, Cl4orf78, TNFRSFI11B, AHNAK2, CYTOKERATINEI9 or a
complement thereof in the sample obtained from the subject with the expression level of the
panel of markers encoded for by the genes IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI,
ZCCHC12, CLDNIi6, FNI, SERPINAI, STK32A, UNQ9433, BC030766, AK023519,
SLC34A2, BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAI, LMO3, MIR221,
PCSKIN, SCGS, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324,
CCDCS85A, CRABP2, Cldorf78, TNFRSF11B, AHNAK2, CYTOKERATINE!9 or a
complement thereof, in the non-cancerous cell, wherein a higher level of expression of the panel
of markers encoded for by genes IGSFI, 1GSF21, TM7SF4, FL.J30058, CITEDI, ZCCHC12,
CLDNI6, FNI, SERPINAI, STK32A, UNQ9433, BC030766, AK023519, SLC34A2,
BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAL, LMO3, MIR221, PCSKIN, SCGS5,
BX955517, CST6, SFTPB, SLC27A6, TMEM?233 NMU KIAA1324, CCDC85A, CRABP2,
Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEI9 or a complement thereof in the
sample compared to the non-cancerous cell indicates that the subject has thyroid cancer,

[0007] In further embodiments the invention provides a method of detecting thyroid
cancer cells in a sample comprising a) obtaining a sample b) contacting the sample obtained in
a) with one or more agents that detect expression of one or more of the markers encoded by
genes chosen from IGSFI, IGSF21, TM7SF4, FLI30058, CITED1, ZCCHCI12, CLDN16, FNI1,
SERPINAI, STK32A, UNQ9433, BC030766, AK023519, SLC34A2, BX538295, 1GFL2,
CHI3L1,CYP24A1, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCG5, BX955517, CST6,
SFTPB, SLC27A6, TMEMZ233, NMU KIAA1324, CCDC85A, CRABP2, Ci4orf78,
TNFRSF11B, AHNAK2, CYTOKERATINE19 or a complement thereof; ¢) contacting a non-
cancerous cell with the one or more agents from b); and d) comparing the expression level of
one or mote of the markers encoded by genes chosen from IGSF1, 1GSF21, TM7SF4,
FLJ30058, CITED!, ZCCHCI12, CLDNI16, FN1, SERPINAI, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAI, LMO3,
MIR221, PCSKIN, SCGS5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU,
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINE19
or a complement thereof in the sample obtained in a) with the expression level of one or more of
the markers encoded by genes chosen from IGSFI, IGSF2{, TM7SF4, FLI30058, CITEDI,
ZCCHCI12, CLDNI6, FNI, SERPINAI, STK32A, UNQ9433, BC030766, AK023519,
SLC34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAI, LMO3, MIR22l,
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PCSKIN, SCG5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324,
CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEI9 or a
complement thereof, in the non-cancerous cell, wherein a higher level of expression of one or
more of the markers encoded by genes chosen from IGSFi, IGSF21, TM7SF4, FL.J30058,
CITEDI, ZCCHCI2, CLDNI16, FNI, SERPINAI, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAL, LMO3,
MIR221, PCSKIN, SCGS, BX955517, CS8Te, SFTPB, SLC27A6, TMEM233, NMU,
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF1iB, AHNAK?2, CYTOKERATINEI9
or a complement thereof, in the sample compared to the non-cancerous cell indicates that the
sample contains thyroid cancer cells. The sample may be an in vitro sample or an in vivo
sample, or derived from an in vivo sample.

[0008] With regard to the embodiments described in the preceding paragraphs, the
sample may be any sample as described infra, for example, a bodity fluid, such as blood, serum
or urine. The saﬁlple may be a cellular sample or the extract of a cellular sample, The sample
may be a tissue sample. Nucleic acids and/or proteins may be isolated from the sample. Nucleic
acids such as RNA may be transcribed info cDNA. The agent may be one or more molecules
that bind specifically to one or more proteins expressed by the cancer cell or one or more nucleic
acids expressed by the cell. For example, the agent may be a protein such as an antibody that
binds specifically to the protein expressed by one of the marker genes identified infra. The agent
may be one or more nucleic acids that hybridize to a nucleic acid expressed by the cancer cell.
The nucleic acid expressed by the cancer cell may be an RNA molecule, e.g. an mRNA
molecule. The nucleic acid molecule that hybridizes to the nucleic acid expressed by the cancer
cell may be a DNA molecule, such as a DNA probe,

[0009] In still other embodiments the invention provides a composition of matter useful
in distinguishing a thyroid cancer cell from a non-cancerous cell comprising one or more
molecules that specifically bind to a molecule expressed at higher levels by a thyroid cancer cell
compared to a non-cancer cell. As an example, the composition may comprise a protein, that
binds to one or more molecules expressed by the thyroid cancer cell at higher levels compared
to the non-cancer cell. As another example, the composition may comprise a nucleic acid, e.g. a
DNA molecule such as an oligonucloetide that binds to one or more molecules such as an
mRNA molecule or a cDNA molecule reverse transcribed from an mRNA molecule expressed
by the thyroid cancer cell at higher levels compared to the non-cancer cell.

[6010] In still other embodiments the invention provides a composition of matter useful

in distinguishing a thyroid malignant tumor cell from a thyroid benign tumor cell comprising
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one or more molecules that specifically bind to a molecule expressed at higher levels by a
thyroid malignant tumor cell compared to a thyroid benign tumor cell. As an example, the
composition may comprise a protein, that binds to one or more molecules expressed by the
thyroid malignant tumor cell at higher levels compared to the thyroid benign tumor cell. As
another example, the composition may comprise a nucleic acid, e.g. a DNA molecule such as an
oligonucloetide that binds to one or more molecules such as an mRNA molecule or a cDNA
molecule reverse transcribed from an mRNA molecule expressed by the thyroid malignant
tumor cell at higher levels compared to the thyroid benign tumor cell. Suitable molecules
include agents that bind to one or more of the nucleic acids, or proteins encoded for by those
nucleic acids described infra that are expressed at higher fevels in malignant thyroid tumors
compared to benign thyroid tumors. '

[0011] Instill other embodiments the invention provides a composition of matter useful
in distinguishing a thyroid malignant tumor cell from a thyroid benign tumor cell comprising
one or more molecules that specifically bind to a molecule expressed at higher levels by a
thyroid benign tumor cell compared to a thyroid malignant tomor cell. As an example, the
composition may comprise a protein, that binds to one or more molecules expressed by the
thyroid benign tumor cell at higher levels compared to the thyroid malignant tumor cell. As
another example, the composition may comprise a nucleic acid, e.g. a DNA molecule such as an
oligonucloetide that binds to one or more molecules such as an mRNA molecule or a cDNA
molecule reverse transcribed from an mRNA molecule expressed by the thyroid benign tumor
cell at higher levels compared to the thyroid malignant tumor cell. Suitable molecules include
agents that bind to one or more of the nucleic acids, or proteins encoded for by those nucleic
acids described infra that are expressed at higher levels in benign thyroid tumors compared to
malignant thyroid tumors.

[0012] In some embodiments the invention provides a composition of matter comprising
one or more proteins, such as an antibody, that specifically binds to a molecule expressed by a
thyroid cancer cell chosen from the markers encoded by the SEQ ID NOS: 1-29. The molecule
expressed by the thyroid cancer cell may be expressed by the cancer cell at a level that is higher
than the level expressed by a non-cancerous cell.

[0013] In some embodiments the invention provides a composition of matter comprising
one or more proteins, such as an antibody, that specifically binds to a molecule expressed by a
thyroid cancer cell chosen from the markers encoded by the genes IGSF1, IGSF21, TM7SF4,
FLI30058, CITEDi, ZCCHC12, CLDNIG6, FNI, SERPINA1, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAL, LMO3,

-5-
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MIR221, PCSKIN, SCG5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEIL9.
The molecule expressed by the thyroid cancer cell may be expressed by the cancer cell at a level
that is higher than the level of the same marker expressed by a non-cancerous cell,

[0014] In further embodiments the invention provides a composition of matter
comprising a plurality of proteins, such as a plurality antibodies, that specifically binds to a
panel of molecules expressed by a thyroid cancer cell wherein the panel of markers comprises
molecule encoded by the genes IGSFI, IGSF21, TM7SF4, FLJ30058, CITEDI, ZCCHC12,
CLDNI16, FNi, SERPINAI, STK32A, UNQ9433, BC030766, AKO023519, SLC34A2,
BX538295, IGFL2, CHI3L{,CYP24A1, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS,
BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2,
Cl4orf78, TNFRSF11B, AHNAK?2, CYTOKERATINEL9 or a complement therecof. The panel
of markers may be expressed at a level that is higher than the level of the panel of markers in a
non-cancerous cell,

[0015] In further embodiments the invention provides a composition of matter
comprising a plurality of proteins, such as a plurality antibodies, that specifically binds to a
panel of molecules expressed by a thyroid cancer cell wherein the panel of markers comprises
molecule encoded by the genes IGSFI, IGSF21, TM7SF4, FLJ30058, CITEDI1, ZCCHCI2,
CLDN16, FNI, SERPINAI, STK32A, UNQ9433, BC030766, AK023519, SLC34A2,
BX538295, IGFL2, CHI3L1,CYP24Al, HHATL, ISYNAL, LMO3, MIR221, PCSKIN, SCGS,
BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2,
Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEL9 or a complement thereof. The panel
of markers may be expressed at a level that is higher than the Ievel of the panel of markers in a
non-cancerous cell.

[0016] In certain embodiments the invention provides a composition of matter
comprising a protein, such as an antibody, that specifically binds to a molecule expressed by an
thyroid cancer cell chosen Trom a molecule encoded by one or more of the genes chosen from
IGSF1, IGSF21, TM7SF4, FLI30058, CITEDI, ZCCHCI2, CLDNI6, FNI1, SERPINAL,
STK32A, UNQY433, BC030766, AKO023519, SLC34A2, BXS538295, IGFL2,
CHI3L1,CYP24A1, HHATL, ISYNA1, LMO3, MIR221, PCSKIN, SCGS5, BX955517, CSTb,
SFTPB, SLC27A6, TMEM233, NMU, KIAAI1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK2, CYTOKERATINEI9 or a complement thereof, The molecule
expressed by the thyroid cancer cell may be expressed by the thyroid cancer cell at level that is

higher than the level expressed by a non-cancerous cell,
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[0017] In other embodiments the invention provides a composition of matter comprising
a nucleic acid that specifically binds to a molecule, such as an mRNA molecule, expressed by a
thyroid cancer cell wherein the molecule is chosen from a marker encoded for by the genes
listed in SEQ ID NOS: 1-29. The molecule expressed by the thyroid cancer cell may be
expressed by the thyroid cancer cell at level that is higher than the level expressed by a non-
cancerous cell.

[0018] In other embodiments the invention provides a composition of matter comprising
a nucleic acid that specifically binds to a molecule, such as an mRNA molecule, expressed by a
thyroid cancer cell wherein the molecule is chosen from a marker encoded for by the genes
IGSF1, 1GSF21, TM7SF4, FLI30058, CITEDI, ZCCHCI12, CLDNIi6, FNI1, SERPINAI,
STK32A, UNQ9433, BCO030766, AKO023519, SLC34A2, BXS538295, IGFL2,
CHI3L1,CYP24Al1, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS, BX955517, CSTb,
SFTPB, SLC27A6, TMEM233, NMU, KIAA1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK?2, CYTOKERATINEI9. The molecule expressed by the thyroid cancer
cell may be expressed by the cancer cell at level that is higher than the level expressed by a non-
cancerous cell.

{0019] In still further embodiments the invention provides a method of determining if a
thyroid cancer in a subject is advancing comprising a) measuring the expression level of one or
more markers associated with thyroid cancer at a first time point; b) measuring the expression
level of the one or more markers measured in a) at a second time point, wherein the second time
point is subsequent to the first time point; and ¢) comparing the expression level measured in a)
and b), wherein an increase in the expression level of the one or more markers in b) compared to
a) indicates that the subject’s thyroid cancer is advancing. Suitable markers include those
markers encoded for by the genes provided in SEQ ID NOS: 1-29,

[0020] In some embodiments the invention provides a method of determining if a
thyroid cancer in a subject is advancing comprising a) measuring the expression level of the
panel of markers encoded for by the genes IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI,
ZCCHCI12, CLDNI16, FN1, SERPINAIL, STK32A, UNQ9433, BC030766, AKO023519,
SLC34A2, BXS538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAI, LMQ3, MIR22l,
PCSKIN, SCG3, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324,
CCDCS835A, CRABP2, Cl4orf78, TNFRSFi1B, AIINAK2, CYTOKERATINEL9 at a first time
point; b) measuring the expression level of the markers measured in a) at a second time point,
wherein the second time point is subsequent to the first time point; and c¢) comparing the

expression level measured in a) and b), wherein an increase in the expression level of the

-



WO 2013/106747 PCT/US2013/021286

markers at the second time point compared to the first time point indicates that the subject’s
thyroid cancer is advancing.

[0021] In some embodiments the invention provides antigens (i.e. cancer-associated
polypeptides) associated with thyroid cancer as targets for diagnostic and/or therapeutic
antibodies. In some embodiments, the antigen may be chosen from a protein encoded by, a gene
listed in SEQ ID NOS: 1-29, a fragment thereof, or a combination of proteins encoded by a gene
listed in SEQ ID NOS 1-29.

[0022] In some embodiments the invention provides antigens (i.e. cancer-associated
polypeptides) associated with thyroid cancer as targets for diagnostic and/or therapeutic
antibodies. In some embodiments, the antigen may include a panel of proteins encoded by the
genes IGSFI1, IGSF21, TM7SF4, F1.J30058, CITEDI, ZCCHC12, CLDNI6, FNi, SERPINAI,
STK32A, UNQ9433, BC030766, AKO023519, SLC34A2, BX538295, IGFL2,
CHI3L1,CYP24A1, HHATL, ISYNA1, LMO3, MIR221, PCSKIN, SCGS5, BX955517, CSTs,
SFTPB, SLC27A6, TMEM233, NMU, KIAAI1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAKi, CYTOKERATINE19Y or a fragment thereof.

{0023] In yet other embodiments the invention provides a method of eliciting an immune
response to a thyroid cancer cell comprising contacting a subject with a protein or protein
fragment that is expressed by a thyroid cancer cell thereby eliciting an immune response to the
thyroid cancer cell, As an example the subject may be contacted intravenously or
intramuscularly with protein or protein fragment.

[0024] In further embodiments the invention provides a method of eliciting an immune
response to a thyroid cancer cell comprising contacting a subject with one or more proteins or
protein fragments that is encoded by a gene chosen from the genes listed in SEQ ID NOS: 1-29,
thereby eliciting an immune response to a thyroid cancer cell. As an example the subject may
be contacted with the protein or the protein fragment intravenously or intramuscularly.

[0025] In further embodiments the invention provides a method of eliciting an immune
response to a thyroid cancer cell comprising contacting a subject with one or more proteins or
protein fragments that is encoded by a gene chosen from IGSF1, IGSF21, TM7SF4, FLI30058,
CITED1, ZCCHCIi2, CLDNI16, FNI, SERPINAIL, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNA}I, LMO3,
MIR221, PCSKIN, SCGS5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU,
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSFI1B, AHNAK2, CYTOKERATINEI9

or a fragment thercof thereby eliciting an immune response fo a thyroid cancer cell. As an
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example the subject may be contacted with the protein or the protein fragment intravenously or
intramuscularly.

| [0026] In yet other embodiments the invention provides a kit for detecting thyroid
cancer cells in a sample. The kit may comprise one or more agents that detect expression of any
the cancer associated sequences disclosed infra e.g. SEQ ID NOS [-29. The agents may bind to
one or more of the cancer associated sequences disclosed infra. The kit may include agents that
are proteins and/or nucleic acids for example. In one embodiment the kit provides a plurality of
agents. The agents may be able to detect the panel of markers encoded by the genes comprising
IGSF1, 1GSF21, TM7SF4, FLJ30058, CITEDI, ZCCHCIi2, CLDNI6, FNI, SERPINAI,
STK32A, UNQ9433, BC030766, AKO023519, SLC34A2, BXS538295, IGFL2,
CHI3L1,CYP24A1, HHATL, ISYNA1, LMO3, MIR221, PCSKIN, SCGS5, BX955517, CST6,
SFTPB, SLC27A6, TMEM233, NMU, KIAAI1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK2, CYTOKERATINE19 or a complement thereof.

[0027] In still other embodiments the invention provides a kit for detecting thyroid
cancer in a sample comprising a plurality of agents that specifically bind to a molecule encoded
for by one or more of the genes chosen from IGSF1, IGSF21{, TM7SF4, FLI30058, CITEDI,
ZCCHCI12, CLDNI16, FNI1, SERPINAIL, STK32A, UNQ9433, BC030766, AK023519,
SLC34A2, BX538295, IGFL2, CHI3LI,CYP24Al1, HHATL, ISYNAI, LMO3, MIR221,
PCSKIN, SCG5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU, KiAA1324,
CCDC85A, CRABP2, Ci4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEI9.

[0028] In other embodiments the invention provides a kit for detection of thyroid cancer
in a sample obtained from a subject. The kit may comprise one or more agents that bind
specifically to a molecule expressed specifically by a thyroid cancer cell, e.g. one or more of the
markers encoded for by SEQ ID NOS; {-29. The kit may comprise one ot mote containers and
instructions for determining if the sample is positive for cancer. The kit may optionally contain
one or more multiwell plates, a detectable substance such as a dye, a radioactively labeled
molecule, a chemiluminescently labeled molecule and the like. The detectible substance may be
linked to the agent that specifically binds to a molecule expressed by a thyroid cancer cell. The
kit may further contain a positive control (e.g. one or more thyroid cancer cells; or specific
known quantities of the molecule expressed by the thyroid cancer cell) and a negative control
(e.g. a tissue or cell sample that is non-cancerous).

[0029] In some embodiments the invention provides a kit for the detection of thyroid
cancer comprising one or more agents that specifically bind one or more markers encoded by
genes chosen from a gene disclosed infra., e.g., IGSF1, IGSF21, TM7SF4, FLI30058, CITED!,

9.
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ZCCHCI12, CLDNI6, FN1, SERPINAI, STK32A, UNQ9433, BC030766, AK023519,
SLC34A2, BX538295, IGFL2, CHI3LI,CYP24Al, HHATL, ISYNAL, LMO3, MIR221,
PCSKIN, SCG5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU, KIAA1324,
CCDCS85A, CRABP2, Cldorf78, TNFRSFI11B, AHNAK2, CYTOKERATINEI9. The agent
may be a protein, such as an antibody. Alternatively, the agent may be a nucleic such as a DNA
molecule or an RNA molecule. The kit may comprise one or more containers and instructions
for determining if the sample is positive for cancer. The kit may optionally contain one or more
multiwell plates, a detectable substance such as a dye, a radioactively labeled molecule, a
chemiluminescently labeled molecule and the like. The detectable substance may be linked to
the agent that specifically binds the one or more markers disclosed infra, The kit may further
contain a positive controf (e.g. one or more thyroid cancer cells; or specific known quantities of
the molecule expressed by the thyroid cancer cell} and a negative control (e.g. a tissue or cell
sample that is non-cancerous). As an example the kit may take the form of an ELISA or a DNA
microarray. In some embodiments the kit may include one or more antibodies suitable for use
in a fluorescent activated cell sorter, e.g. use in {low cytometry.

[0030] Some embodiments are directed to a method of treating thyroid cancer in a
subject, the method comprising administering to a subject in need thereof a therapeutic agent
modulating the activity of a thyroid cancer associated protein, wherein the cancer associated
protein is encoded by gene listed in SEQ ID NOS: 1-29, homologs thereof, combinations
thereof, or a fragment thereof. In some embodiments, the therapeutic agent binds to the cancer
associated protein. In some embodiments, the therapeutic agent is an antibody. In some
embodiments, the antibody may be a monoclonal antibody or a polyclonal antibody. In some
embodiments, the antibody is a humanized or human antibody. In some embodiments the
antibody may be conjugated with a drug or a toxin.

[0031] In some embodiments, a method of treating thyroid cancer in a subject may
comprise administering fo a subject in need thereof a therapeutic agent that modulates the
expression of one or more genes chosen from those listed in SEQ 1D NOS: 1-29, fiagments
thereof, homologs thereof, and/or complements thereof.

[0032] In further embodiments, the invention provides a method of treating thyroid
cancer may comprisc a gene knockdown of one or more genes listed in SEQ ID NOS: 1-29,
fragments thereof, homologs thereof, and or compliments thereof,

[0033] In still other embodiments, the present invention provides methods of screening
a drug candidate for activity against thyroid cancer, the method comprising: (a) contacting a cell

that expresses one or more thyroid cancer associated genes chosen from those listed in SEQ 1D
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NOS: 1-29 with a drug candidate; (b) detecting an effect of the drug candidate on expression of
the one or more thyroid cancer associated genes in the cell from a); and (¢) comparing the level
of expression of one or more of the genes recited in a) in the absence of the drug candidate to
the level of expression of the one or more genes recited in a) in the presence of the drug
candidate; wherein a decrease in the expression of the thyroid cancer associated gene in the
presence of the drug candidate indicates that the candidate has activity against thyroid cancer.

[0034] In some embodiments, the present invention provides methods of visualizing a
thyroid tumor comprising a) targeting one or more thyroid cancer associated proteins with a
labeled molecule that binds specifically to the cancer tumor, wherein the thyroid cancer
associated protein is selected from a protein encoded for by one or more genes chosen from
those listed in SEQ ID NOS: 1-29; and b) detecting the labeled molecule, wherein the labeled
molecule visualizes the tumor. Visualization may be done in vivo, or in vitro, The tumor may
be a malignant thyroid tumor or a benign thyroid tumor.

[0035] In yet other embodiments the invention provides methods of visualizing a thyroid
cancer tumor comprising a) targeting one or more thyroid cancer associated genes, e.g. one or
more genes encoded for by SEQ ID NOS: 1-29, with a labeled molecule, such as a nucleic acid
that binds specifically to the cancer tumor genes chosen from those listed in SEQ ID NOS: 1-29;
and b) detecting the labeled molecule, wherein the labeled molecule visualizes the tumor,
Visualization may be done in vivo, or in vitro.

DESCRIPTION OF DRAWINGS

[0036] For a fuller understanding of the nature and advantages of the present invention,
reference should be had to the following detailed description taken in connection with the
accompanying drawings, in which:

[0037] FIG. 1A shows the expression of IGSF1 in normal cells and tissues versus
thyroid tumors.

[0038] FIG. IB shows the expression of IGSF1 relative to B-Actin on Tissue Scan
Thyroid I Array.

[0039] FIG. 2 shows the expression of IGSF21 in normal cells and tissues versus thyroid
tumots.

[0040] FIG. 3A shows the expression of TM7SF4 in normal cells and tissues versus
thyroid tumors.

[0041] FIG. 3B shows the expression of TM7SI'4 relative to f—Actin on Tissue Scan
Thyroid T Array.

-11-
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{0042] FIG
thyroid tumors.

[0843] FIG
thyroid tumors.

[0044) FIG
thyroid tumors.

[0045] FIG
thyroid tumors.

[0046] FIG
tumors.

[0047] FIG

thyroid tumors,

[0048] FIG.

thyroid tumors.

[0049] FIG.

thyroid tumors.

[0050] FIG.

thyroid tumors.

[0051] FIG.

thyroid tumors.

[0052] FIG.

thyroid tumors.

[0053] FIG.

thyroid tumors.

[0054] FIG.

tumnors.

[0055] FIG.

thyroid tumors,

[0056] FIG.

thyroid tumors.

[0057] FIG.

thyroid tumors.

[0058] FIG.

thyroid tumors,

. 4 shows the expression of FLJ30058 in normal cells and tissues versus

. 5 shows the expression of CITEDI in normal cells and tissues versus

. 6 shows the expression of ZCCHCI12 in normal celis and tissues versus

. 7 shows the expression of CLDNI6 in normal cells and tissues versus

. 8 shows the expression of FN1 in normal cells and tissues versus thyroid

. 9 shows the expression of SERPINAI in normal cells and tissues versus

10 shows the expression of STK32A in normal cells and tissues versus

11 shows the expression of UNQ9433 in normal cells and tissues versus

12 shows the expression of BC030766 in normal cells and tissues versus

13 shows the expression of AK023519 in normal cells and tissues versus

14 shows the expression of SLC34A2 in normal cells and tissues versus

15 shows the expression of BX538295 in normal cells and tissues versus

16 shows the expression of IGFL2 in normal cells and tissues versus thyroid

17 shows the expression of CHI3L1 in normal cells and tissues versus

18 shows the expression of CYP24A1 in normal cells and tissues versus

19 shows the expression of IGSF 1 in normal cells and tissues versus

20 shows the expression of CHI3L1in normal cells and tissues versus

-12-
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[0059] FIG. 21 shows the expression of TM7SF4 in normal cells and tissues versus
thyroid tumors.

[0660] FIG. 22 shows the expression of ZCCHCI2 in normal cells and tissues versus
thyroid tumors.

[0061] FIG. 23 shows the expression of SFTPB in normal cells and tissues versus
thyroid tumors.

[0062] FIG. 24 shows the expression of NMU in normal cells and tissues versus thyroid
tumors.

[00663] FIG, 25 shows the expression of PLAGI in normal cells and tissues versus
thyroid tumors,

[0064] FIG. 26 shows the expression of FLJ30058 31-1 normal cells and tissues versus
thyroid tumors.

[0065] FIG. 27 shows the expression of IGSF | in benign thyroid tumor cells and tissues
versus malignant thyroid tumors.

[0066] Fig. 28 shows the expression of CHI3LI in benign thyroid tumor cells and tissues
versus malignant thyroid tumors.

[0067] FIG, 29 shows the expression of ZCCHI2 in benign thyroid tumor cells and
tissues versus malignant thyroid tumors,

[0068] FIG. 30 shows the expression of NMU in benign thyroid tumor cells and tissues
versus malignant thyroid tumors.

_[(}069] FIG, 31 shows the expression of PLAGI in benign thyroid tumor cells and
tissues versus malignant thyroid tumors,

[0070] FIG. 32 shows the expression of FLJI30058 in benign thyroid tumor ceils and
tissues versus malignant thyroid tumors.

[0071] FIG. 33 shows the expression of SLCO4C1 in benign thyroid tumor cells and
tissues versus malignant thyroid twmors.

[0072] FIG. 34 shows a composite of 8 markers for thyroid cancer using a binary cutoff
setting sensitivity to 100%,

[0073] FIG. 35 shows that AHHNAK?2 protein is expressed in thyroid carcinoma cells.

[0074] FIG. 36 shows that Cytokeratine 19 protein is expressed in thyroid carcinoma

cells.

[0075] FIG. 37 shows that FLI30058 protein is expressed in thyroid carcinoma celis,
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[0076] FIG. 38 shows TNFRSFI1B mRNA expression levels in benign and malignant
human thyroid samples as measured by an LDA Assay. Sample identification numbers in
parentheses indicate samples assessed in both Examples 23 and 24.

[0077] FIG. 39 shows Cl4orf78 (AHNAK2) mRNA expression levels in benign and
malignant human thyroid samples as measured by an LDA Assay. Sample identification
numbers in parentheses indicate samples assessed in both Examples 23 and 24,

[0078] FIG. 40 shows PLAG] mRNA expression levels in benign and malignant human
thyroid samples as measured by an LDA Assay. Sample identification numbers in parentheses
indicate samples assessed in both Examples 23 and 24.

[0079] FIG. 41 shows CRABP2 mRNA expression levels in benign and malignant
human thyroid samples as measured by an LDA Assay. Sample identification numbers in
parentheses indicate samples assessed in both Examples 23 and 24.

[0080] FIG. 42 shows CCDC85A mRNA expression levels in benign and malignant
human thyroid samples as measured by an LDA Assay. Sample identification numbers in
parentheses indicate samples assessed in both Examples 23 and 24,

[0081] FIG. 43 shows FLI30058 (ARHGAP36) mRNA expression levels in benign and
malignant human thyroid samples as measured by an LDA Assay. Sample identification
numbers in parentheses indicate samples assessed in both Examples 23 and 24,

[0082] FIG. 44 shows KIAA1324 mRNA expression levels in benign and malignant
human thyroid samples as measured by an LDA Assay. Sample identification numbers in
parentheses indicate samples assessed in both Examples 23 and 24.

[0083] FIG. 45 shows NMU mRNA expression fevels in benign and malignant human
thyroid samples as measured by an LDA Assay (LDA-Exp. 1). Sample identification numbers in
parentheses indicate samples assessed in both Examples 23 and 24,

[0084] FIG. 46 shows that a six marker panel distinguishes between adenoma and
carcinoma with 100% sensitivity and specificity of 91%.

DETAILED DESCRIPTION

[0085] Before the present compositions and methods are described, it is to be understood
that this invention is not limited to the particular processes, compositions, or methodologies
described, as these may vary. It is also to be understood that the terminology used in the
description is for the purpose of describing the particular versions or embodiments only, and is
not intended to limit the scope of the present invention which will be limited only by the
appended claims, Unless defined otherwise, all technical and scientific terms used herein have

the same meanings as commonly understood by one of ordinary skill in the art. Although any
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methods and materials similar or equivalent to those described herein can be used in the practice
or testing of embodiments of the present disclosure, the preferred methods, devices, and
materials are now described. Nothing herein is to be construed as an admission that the
invention is not entitled to antedate such disclosure by virtue of prior invention.

[0086] As used herein, the singular forms “a,” “an,” and “the” include plural reference
unless the context clearly dictates otherwise., Thus, for example, reference to a “therapeutic” is
a reference to one or more therapeutics and equivalents thereof known to those skifled in the art,
and so forth,

[0087] As used herein, the term “about” means plus or minus 10% of the numerical
value of the number with which it is being used. Therefore, about 50% means in the range of
45% to 55%.

[0088] “Administering,” when used in conjunction with a therapeutic, means to
administer a therapeutic directly into or onto a target tissue or to administer a therapeutic to a
patient whereby the therapeutic treats the tissue to which it is targeted. Thus, as used herein, the
term “administering,” when used in conjunction with a therapeutic, can include, but is not
limited to, providing the therapeutic into or onto the target tissue; providing the therapeutic
systemically to a patient by, e.g., intravenous injection whereby the therapeutic reaches the
target tissue; providing the therapeutic in the forim of the encoding sequence thereof to the target
tissue (e.g., by so-called gene-therapy techniques). “Administering” a composition may be
accomplished by oral administration, infravenous injection, intraperitoneal injection,
intramuscular injection, subcutaneous injection, transdermal diffusion or electrophoresis, local
injection, extended release delivery devices including locally implanted extended release
devices such as bioerodible or reservoir-based implants, as protein therapeutics or as nucleic
acid therapeutic via gene therapy vectors, topical administration, or by any of these methods in
combination with other known techniques.  Such combination techniques include, without
limitation, heating, radiation and ultrasound.

[0089] “Agent” as used herein refers to a molecule that specifically binds to a cancer
associated sequence or a molecule encoded for by a cancer associated sequence or a receptor
that binds to a molecule encoded for by a cancer associated sequence. Examples of agents
include nucleic acid molecules, such as DNA and proteins, such as antibodies. The agent may
be linked with a label or detectible substance as described infra. The agent may be linked witha
therapeutic agent or a toxin.

[0090] The term “amplify” as used herein means creating an amplification product

which may include, for example, additional target molecules, or target-like molecules or
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molecules complementary to the target molecule, which molecules are created by virtue of the
presence of the target molecule in the sample. In the situation where the target is a nucleic acid,
an amplification product can be made enzymatically with DNA or RNA polymerases ot reverse
transcriptases, or any combination thereof.

[0091] The term “animal,” “patient” or “subject” as used herein includes, but is not
limited to, humans, non-human primates and non-human vertebrates such as wild, domestic and
farm animals including any mammal, such as cats, dogs, cows, sheep, pigs, horses, rabbits,
rodents such as mice and rats, In some embodiments, the term “subject,” “patient” or “animal’
refers to a male. In some embodiments, the term “subject,” “patient” or “animal” refers to a
female.

[0092] The term “antibody”, as used herein, means an immunoglobulin or a part thereof,
and encompasses any polypeptide comprising an antigen-binding site regardless of the source,
method of production, or other characteristics. The term includes for example, polyclonal,
monoclonal, monospecific, polyspecific, humanized, single-chain, chimeric, synthetic,
recombinant, hybrid, mutated, and CDR-grafted antibodies. A part of an antibody can include
any fragment which can bind antigen, for example, an Fab, F (ab’), Fv, scFv.

[0093] The term “biological sources” as used herein refers to the sources from which
the target polynucleotides or proteins or peptide fragments may be derived. The source can be
of any form of “sample” as described infra, including but not limited to, cell, tissue or fluid.
“Different biological sources” can refer to different cells/tissues/organs of the same individual,
or cellsftissues/organs from different individuals of the same species, or cells/tissues/organs
from different species.

[0094] The term “capture reagent” refers to a reagent, for example an antibody or
antigen binding protein, capable of binding a target molecule or analyte to be detected in a
sample.

[0095] The term “‘gene expression result” refers to a qualitative and/or quantitative result
regarding the expression of a gene or gene product. Any method known in the art may be used
to quantitate a gene expression result. The gene expression result can be an amount or copy
number of the gene, the RNA encoded by the gene, the mRNA encoded by the gene, the protein
product encoded by the gene, or any combination thereof. The gene expression result can also
be normalized or compared to a standard. The gene expression result can be used, for example,
to deterinine if a gene is expressed, overexpressed, or differentially expressed in two or more
samples by comparing the gene expression results from 2 or more samples or one or more

samples with a standard or a control.
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[0096] The term “homology,” as used herein, refers to a degree of complementarity,
There may be partial homology or complete homology. The word “identity” may substitute for
the word “homology.” A partially complementary nucleic acid sequence that at least partially
inhibits an identical sequence from hybridizing to a target nucleic acid is referred to as
“substantially homologous.” The inhibition of hybridization of the completely complementary
nucleic acid sequence to the target sequence may be examined using a hybridization assay
(Southern or northern blot, solution hybridization, and the like) under conditions of reduced
stringency. A substantially homologous sequence or hybridization probe will compete for and
inhibit the binding of a completely homologous sequence to the target sequence under
conditions of reduced stringency. This is not to say that conditions of reduced stringency are
such that non-specific binding is permitted, as reduced stringency conditions require that the
binding of two sequences to one another be a specific (i.e., a selective) interaction. The absence
of non-specific binding may be tested by the use of a second target sequence which lacks even a
partial degree of complementarity (e.g., less than about 30% homology or identity). In the
absence of non-specific binding, the substantially homologous sequence or probe will not
hybridize to the second non-complementary target sequence.

[0097] As used herein, the term “hybridization” or “hybridizing” refers to hydrogen
bonding, which may be Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding
between complementary nucleoside or nucleotide bases. For example, adenine and thymine are
complementary nucleobases which pair through the formation of hydrogen bonds.
“Complementary,” as used herein in reference to nucleic acid molecules refers to the capacity
for precise pairing between two nucieotides. For example, if a nucleotide at a certain position of
an oligonucleotide is capable of hydrogen bonding with a nucleotide at the same position of a
DNA or RNA moiecule, then the oligonucleotide and the DNA or RNA are considered to be
complementary to each other at that position. The oligonucleotide and the DNA or RNA are
complementary to cach other when a sufficient number of corresponding positions in each
molecule are occupied by nucleotides which can hydrogen bond with each other. Thus,
“specifically hybridizable” and “complementary” are terms which are used to indicate a
sufficient degree of complementarity or precise pairing such that stable and specific binding
occurs between the ol'igonucleotidc and the DNA or RNA target. It is understood in the art that a
nucleic acid sequence need not be 100% complementary to that of ifs target nucleic acid to be
specifically hybridizable. A nucleic acid compound is specifically hybridizable when there is
binding of the molecule to the target, and there is a sufficient degree of complementarity to

avoid non-specific binding of the molecule {o non-target sequences under conditions in which
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specific binding is desired, .., under physiological conditions in the case of in vivo assays or
therapeutic treatment, and in the case of in vitro assays, under conditions in which the assays are
performed.

[0098] The term “inhibiting” includes the administration of a compound of the present
disclosure to prevent the onset of the symptoms, alleviating the symptoms, or eliminating the
disease, condition or disorder. The term “inhibiting” may also refer to lowering the expression
level of gene, such as a gene encoding a cancer associated sequence. Expression level of RNA
and/or protein may be lowered.

[0099] The term “label” and/or detectible substance refer to a composition capable of
producing a detectable signal indicative of the presence of the target polynucleotide or a
polypeptide or protein in an assay sample. Suitable labels include radioisotopes, nucleotide
chromophores, enzymes, substrates, fluorescent molecules, chemiluminescent moieties,
magnetic particles, bioluminescent moieties, and the like. As such, a label is any composition
detectable by a device or method, such as, but not limited to, a spectroscopic, photochemical,
biochemical, immunochemical, ¢lectrical, optical, chemical detection device or any other
appropriate device. In some embodiments, the label may be detectable visually without the aid
of a device. The term “label” is used to refer to any chemical group or moiety having a
detectable physical property or any compound capable of causing a chemical group or moiety to
exhibit a detectable physical property, such as an enzyme that catalyzes conversion of a
substrate into a detectable product. The term “label” also encompasses compounds that inhibit
the expression of a particular physical property. The label may also be a compound that is a
member of a binding pair, the other member of which bears a detectable physical property.

[00100] A “microarray” is a linear or two-dimensional array of, for example, discrete
regions, each having a defined area, formed on the surface of a solid support. The density of the
discrete regions on a microarray is determined by the total numbers of target polynucleotides to
be detected on the surface of a single solid phase support, preferably at least about 50/cm ? more
preferably at least about 100/cm?, even more preferably at least about 500/cm?, and still more
preferably at least about 1,000/cm”  As used herein, a DNA microarray is an array of
oligonucleotide primers placed on a chip or other surfaces used to identify, amplify, detect, or
clone target polynucleotides. Since the position of each particular group of primers in the array
is known, the identities of the target polynucicotides can be determined based on their binding to

a particular position in the microarray.
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[00101] As used herein, the term “naturally occurring” refers to sequences or
structures that may be in a form normally found in nature. ‘“Naturally occurring” may include
sequences in a form normally found in any animal.

[00192] The use of “nucleic acid,” “polynucleotide” or “oligonucleotide” or
equivalents herein means at least two nucleotides covalently linked together. In some
embodiments, an oligonucleotide is an oligomer of 6, 8, 10, 12, 20, 30 or up to 100 nucleotides.
In some embodiments, an oligonucleotide is an oligomer of at least 6, 8, 10, 12, 20, 30, 40, 50,
60, 70, 80, 920, 100, 150, 200, 300, 400, or 500 nucleotides. A “polynucieotide” or
“oligonucleotide” may comprise DNA, RNA, PNA or a polymer of nucleotides linked by
phosphodiester and/or any alternate bonds.

[00103]  As used herein, the term “optional” or “optionaily” refers to embodiments
where the subsequently described structure, event or circumstance may or may not occur, and
that the description includes instances where the event occurs and instances where it does not.

[00104]  The phrases “percent homology,” “% homology,” “percent identity,” or “%
identity” refer to the percentage of sequence similarity found in a comparison of two or more
amino acid or nucleic acid sequences. Percent identity can be determined electronically, e.g., by
using the MEGALIGN program (LASERGENE software package, DNASTAR). The
MEGALIGN program can create alignments between two or more sequences according to
different methods, e.g., the Clustal Method. (Higgins, D. G. and P. M. Sharp (1988) Gene
73:237-244.) The Clustal algorithm groups sequences info clusters by examining the distances
between all pairs. The clusters are aligned pairwise and then in groups. The percentage
similarity between two amino acid sequences, e.g., sequence A and sequence B, is calculated by
dividing the length of sequence A, minus the number of gap residues in sequence A, minus the
number of gap residues in sequence B, into the sum of the residue matches between sequence A
and sequence B, times one hundred. Gaps of low or of no homology between the two amino
acid sequences are not included in determining percentage similarity. Percent identity between
nucleic acid sequences can also be calculated by the Clustal Method, or by other methods
known in the art, such as the Jotun Hein Method. (See, e.g., Hein, J. (1990) Methods Enzymol.
183:626-645.) Identity between sequences can also be determined by other methods known in
the art, e.g., by varying hybridization conditions.

[00105] By “pharmaceutically acceptable™, it is meant the carrier, diluent or excipient
must be compatible with the other ingredients of the formulation and not deleterious to the

recipient thereof,
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[00106] “Recombinant protein,” as used herein, means a protein made using
recombinant techniques, for example, but not limited to, through the expression of a
recombinant nucleic acid as depicted infra. A recombinant protein may be distinguished from
naturally occurring protein by at least one or more characteristics. For example, the protein may
be isolated or purified away from some or all of the proteins and compounds with which it is
normally associated in its wild type host, and thus may be substantially pure. For example, an
isolated protein is unaccompanied by at least some of the material with which it is normally
associated in its natural state, preferably constituting at least about 0.5%, more preferably at
least about 5% by weight of the total profein in a given sample. A substantially pure protein
comprises about 50-75%, about 80%, or about 90%. In some embodiments, a substantially pure
protein comprises about 80-99%, 8§5-99%, 90-99%, 95-99%, or 97-99% by weight of the total
protein. A recombinant protein can also include the production of a cancer associated protein
from one organism (e.g. human) in a different organism (e.g. yeast, E. coli, or the like) or host
cell. Alternatively, the protein may be made at a significantly higher concentration than is
normally seen, through the use of an inducible promoter or high expression promoter, such that
the protein is made at increased concentration levels. Alternatively, the protein may be in a
form not normally found in nature, as in the addition of an epitope tag or amino acid
substitutions, insertions and deletions, as discussed herein, |

[00107]  As used herein, the term “sample” refers to composition that is being tested
or treated with a reagent, agent, capture reagent, binding partner and the like, Samples may be
obtained from subjects. In some embodiments, the sample may be blood, plasma, serum, or
any combination thereof. A sample may be derived from blood, plasma, serum, or any
combination thereof. Other typical samples include, but are not limited to, any bodily fluid
obtained from a mammalian subject, tissue biopsy, sputwm, fymphatic fluid, blood cells (e.g.,
peripheral blood mononuclear cells), tissue or fine needle biopsy samples, urine, peritoneal
fluid, colostrums, breast milk, fetal fluid, fecal material, tears, pleural fluid, or cells therefrom.
The sample may be processed in some manner before being used in a method described herein,
for example a particular component to be analyzed or tested according to any of the methods
described infra. One or more molecules, such as proteins ot nucleic acids may be analyzed in a
sample to determine the level of expression. One or more molecules may be isolated from a
sample for example prior to analysis to determine the expression level.

[00108] As used herein, a polynucleotide “derived from” a designated sequence
refers to a polynucleotide sequence which is comprised of a sequence of approximately at least

about 6 nucleotides, preferably at least about 8 nucleotides, more preferably at least about 10-12
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nucleotides, and even more preferably at least about 15-20 nucleotides corresponding to a region
of the designated nucleotide sequence.  “Corresponding” means homologous to or
complementary to the designated sequence. Preferably, the sequence of the region from which
the polynucleotide is derived is homologous to or complementary to a sequence that is unique to
a cancer associated gene.

[00109] As used herein, the term “tag,” “sequence tag” or “primer tag sequence”
refers to an oligonucleotide with specific nucleic acid sequence that serves to identify a batch of
polynucleotides bearing such tags therein. Polynucleotides from the same biological source are
covalently tagged with a specific sequence fag so that in subsequent analysis the polynucleotide
can be identified according to its source of origin. The sequence tags also serve as primers for
nucleic acid amplification reactions.

[00110]  The term “support” refers to conventional supports such as beads, particles,
dipsticks, fibers, filiers, membranes, and silane or silicate supports such as glass slides,

[00111]  As used herein, the term “therapeutic” or “therapeutic agent” means an agent
that can be used to treat, combat, ameliorate, prevent or improve an unwanted condition or
disease of a patient. In part, embodiments of the present disclosure are directed to the treatment
of cancer or the decrease in profiferation of cells. In some embodiments, the term “therapeutic”
or “therapeutic agent” may refer to any molecule that associates with or affects the target marker
or cancer associated sequence disclosed infra, its expression or its function, In various
embodiments, such therapeutics may include molecules such as, for example, a therapeutic cell,
a therapeutic peptide, a therapeutic gene, a therapeutic compound, or the like, that associates
with or affects the target marker or cancer associated sequence disclosed infra, its expression or
its function.

[00112] A “therapeutically effective amount” or “effective amount” of a composition
is a predetermined amount calculated to achieve the desired effect, ie., to inhibit, block, or
reverse the activation, migration, metastasis, or proliferation of cells. In some embodiments, the
effective amount is a prophylactic amount. In some embodiments, the effective amount is an
amount used to medically treat the disease or condition. The specific dose of a composition
administered according to this invention to obtain therapeutic and/or prophylactic effects will, of
course, be determined by the patticular circumstances surrounding the case, including, for
example, the composition administered, the route of administration, and the condition being
treated. It will be understood that the effective amount administered will be determined by the
physician in the light of the relevant circumstances including the condition to be treated, the

choice of composition to be administered, and the chosen route of administration. A
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therapeutically effective amount of composition of this invention is fypically an amount such
that when it is administered in a physiologically tolerable excipient composition, it is sufficient
to achieve an effective systemic concentration or local concentration in the targeted tissue.

[00113] The terms “treat,” “treated,” or “treating” as used herein can refer to both
therapeutic treatment or prophylactic or preventative measures, wherein the object is to prevent
or slow down (lessen) an undesired physiological condition, symptom, disorder or disease, or to
obtain beneficial or desired clinical results. In some embodiments, the term may refer to both
treating and preventing. For the purposes of this disclosure, beneficial or desired clinical resulis
include, but are not limited to, alleviation of symptoms; diminishment of the extent of the
condition, disorder or disease; stabilization (i.e., not worsening) of the state of the condition,
disorder or disease; delay in onset or slowing of the progression of the condition, disorder or
disease; amelioration of the condition, disorder or discase state; and remission (whether pattial
or total), whether detectable or undetectable, or enhancement or improvement of the condition,
disorder or disease. Treatment includes eliciting a clinically significant response without
excessive levels of side effects. Treatment also includes prolonging survival as compared to
expected survival if not receiving treatment.

[00114]  The term “tissue” refers to any aggregation of similarly specialized cells that
are united in the performance of a particular function.

Cancer Associated Sequences

[00115] In some embodiments, the present disclosure provides for nucleic acid and
protein sequences that are associated with cancer, herein termed “cancer associated” or “CA”
sequences, In some embodiments the present disclosure provides nucleic acids and proteins
sequences associated with benign thyroid tumors. In some embodiments, the present disclosure
provides nucleic acid and protein sequences that are associated with thyroid cancers or
carcinomas such as, without limitation, carcinoma, any malignant thyroid neoplasm, papillary
thyroid cancer, follicular thyroid cancer, medullary thyroid cancer, anaplastic thyroid cancet,
Iymphoma, squamous cell carcinoma, papillary microsarcoma, or a combination thereof, The
method of diagnosing may comprise measuring the level of expression of a cancer associated
marker disclosed herein. The method may further comprise comparing the expression level of
the cancer associated sequence with a standard and/or a control. The standard may be from a
sample known to contain thyroid cancer cells. The control may include known thyroid cancer
cells and/or non-cancerous cells, such as non-cancer cells derived from thyroid tissue or a

sample containing a benign thyroid tumor,

22



WO 2013/106747 PCT/US2013/021286

[00116] Cancer associated sequences may include those that are up-regulated (i.e.
expressed at a higher level), as well as those that are down-regulated (i.e. expressed at a lower
level), in cancers, Cancer associated sequences can also include sequences that have been
altered (i.e., translocations, truncated sequences or sequences with substitutions, deletions or
insertions, including, but not limited to, point mutations) and show either the same expression
profile or an altered profile. In some embodiments, the cancer associated sequences are from
humans; however, as will be appreciated by those in the art, cancer associated sequences from
other organisms may be useful in animal models of disease and drug evaluation; thus, other
cancer associated sequences may be useful, including those obtained from any subject, such as,
without [imitation, sequences from vertebrates, including mammals, such as rodents (rats, mice,
hamsters, guinea pigs, etc.), primates, and farm animals (including sheep, goats, pigs, cows,
horses, etc.), Cancer associated sequences from other organisms may be obtained using the
techniques outlined hetein,

[60117] Examples of cancer associated sequences include SEQ 1D NOS; 1-29,

[00118] In some embodiments the invention provides one or more markers that are
expressed at higher levels in malignant thyroid tumor cells, e.g., follicular carcinoma cells
compared to benign thyroid tumor cells. As an example one or more of the following markers
are express at higher levels in malignant follicular carcinoma tumor cells compared to follicular
adenoma tumor cells: Cl4orf78, PLAGI, CRABP2, FLJ30058, NMU, In other embodiments
the invention provides one or more markers that are expressed at higher levels in benign thyroid
tumors compared to malignant thyroid tumors. An example of a marker that may be expressed
at higher level in an adenoma cell compared to a carcinoma cell includes TNFRSFI1B and
KIAA1324.

[00119] In some embodiments, the cancer associated sequences are nucleic acids, As
will be appreciated by those skilled in the art and as described herein, cancer associated
sequences of embodiments herein may be useful in a variety of applications including diagnostic
applications to detect nucleic acids or their expression levels in a subject, therapeutic
applications or a combination thereof. Further, the cancer associated sequences of embodiments
herein may be used in screening applications; for example, generation of biochips comprising
nucleic acid probes to the cancer associated sequences.

[00120] A nucleic acid of the present disclosure may include phosphodiester bonds,
although in some cases, as outlined below (for example, in antisense applications or when a
nucleic acid is a candidate drug agent), nucleic acid analogs may have alternate backbones,

comprising, for example, phosphoramidate (Beaucage et al.,, Tetrahedron 49(10):1925 (1993)
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and references therein; Letsinger, J. Org. Chem. 35:3800 (1970); Sprinzl et al.,, Eur. J.
Biochem. 81:579 (1977); Letsinger et al., Nucl. Acids Res. 14:3487 (1986); Sawai et al, Chemn.
Letr. 805 (1984), Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988); and Pauwels et al.,
Chemica Scripfa 26:141 91986)), phosphorothioate (Mag et al., Nucleic Acids Res. 19:1437
(1991); and U.S. Pat. No. 5,044,048), phosphorodithioate (Briu et al., J. Am. Chem. Soc.
111:2321 (1989), O«methylphosphoroami'ditc linkages (see Eckstein, Oligonucleotides and
Analogues: A Practical Approach, Oxford University Press), and peptide nucleic acid backbones
and linkages (see Egholm, J. Am, Chem. Soc, 114:1895 (1992); Meier et al., Chem. Int. Ed.
Engl. 31:1008 (1992); Nielsen, Nature, 365:566 (1993); Carlsson et al., Nature 380:207
(1996),). Other analog nucleic acids include those with positive backbones (Denpcy et al., Proc.
Natl. Acad. Sci. USA 92:6097 (1995); non-ionic backbones (U.S. Pat, Nos. 5,386,023,
5,637,684, 5,602,240, 5,216,141 and 4,469,863; Kiedrowshi et al., Angew. Chem. Intl. Ed.
English 30:423 (1991); Letsinger et al,, J. Am. Chem. Soc. 110:4470 (1988); Letsinger et al.,
Nucleoside & Nucleotide 13:1597 (1994); Chapters 2 and 3, ASC Symposium Series 580,
“Carbohydrate Modifications in Antisense Research”, Ed. Y. S. Sanghui and P. Dan Cook;
Mesmacker et al., Bioorganic & Medicinal Chem. Lett. 4:395 (1994); Jeffs et al, J.
Biomolecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996)) and non-ribose backbones,
including those described in U.S. Pat. Nos, 5,235,033 and 5,034,506, and Chapters 6 and 7,
ASC Symposium Series 580, “Carbohydrate Modifications in Antisense Research”, Ed. Y. S.
Sanghui and P, Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also
included within one definition of nucleic acids (see Jenkins et al., Chenr. Soc. Rev. (1995) pp.
169-176). Several nucleic acid analogs are described in Rawls, C & E News Jun, 2, 1997 page
35,  These modifications of the ribose-phosphate backbone may be done for a variety of
reasons, for example to increase the stability and half-life of such molecules in physiological
environments for use in anti-sense applications or as probes on a biochip.

[00121]  As will be appreciated by those skilled in the art, such nucleic acid analogs
may be used in some embodiments of the present disclosure. In addition, mixtures of naturally
occurring nucleic acids and analogs can be made; alternatively, mixtures of different nucleic
acid analogs, and mixtures of naturally occurring nucleic acids and analogs may be made.

f00122] In some embodiments, the nucleic acids may be single stranded or double
stranded or may contain portions of both double stranded or single stranded sequence. As will
be appreciated by those skilled in the art, the depiction of a single strand also defines the
sequence of the other strand; thus the sequences described herein also includes the complement

of the sequence. The nucleic acid may be DNA, both genomic and ¢cDNA, RNA, or a hybrid,
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where the nucleic acid contains any combination of deoxyribo- and ribo-nucleotides, and any
combination of bases, including uracil, adenine, thymine, cytosine, guanine, inosine, xanthine,
hypoxanthine, isocytosine, isoguanine, etc. As used herein, the term “nucleoside” includes
nucleotides and nucleoside and nucleotide analogs, and modified nucleosides such as amino
modified nucleosides. In addition, “nucleoside” includes non-naturally occurring ahalog
structures. Thus, for example, the subject units of a peptide nucleic acid, each containing a base,
are referred to herein as a nucleoside.

[00123]  In some embodiments, cancer associated sequences may include both nucleic
acid and amino acid sequences. In some embodiments, the cancer associated sequences may
include sequences having at least about 60% homology with the disclosed sequences. In some
embodiments, the cancer associated sequences may have at least about 65%, about 70%, about
75%, about 80%, about 85%, about 90%, about 95%, about 97%, about 99%, about 99.8%
homology with the disclosed sequences. In some embodiments, the cancer associated sequences
may be “mutant nucleic acids”. As used herein, “mutant nucleic acids” refers to deletion
mutants, insertions, point mutations, substitutions, translocations.

[00124] In some embodiments, the cancer associated sequences may be recombinant
nucleic acids. By the term “recombinant nucleic acid” herein refers to nucleic acid molecules,
originally formed in vitro, in general, by the manipulation of nucleic acid by polymerases and
endonucleases, in a form not normaily found in nature. Thus a recombinant nucleic acid may
also be an isolated nucleic acid, in a linear forin, or cloned in a vector formed in vitro by ligating
DNA molecules that are not normally joined, are both considered recombinant for the purposes
of this invention. It is understood that once a recombinant nucleic acid is made and
reintroduced into a host cell or organism, it can replicate using the in vivo cellufar machinery of
the host cell rather than in vitro manipulations; however, such nucleic acids, once produced
recombinantly, although subsequently replicated in vivo, are still considered recombinant or
isolated for the purposes of the invention. As used herein, a “polynucleotide” or “nucleic acid”
is a polymeric form of nucleotides of any length, either ribonucleotides or deoxyribonucleotides.
This term includes double- and single-stranded DNA and RNA. It also includes known types of
modifications, for example, fabels which are known in the art, methylation, “caps”, substitution
of one or more of the naturally occurring nucleotides with an analog, internucleotide
modifications-such as, for example, those with uncharged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.), those containing pendant moieties, such as, for example proteins
(including e.g., nucleases, toxins, antibodies, signal peptides, poly-L-lysine, etc.), those with

intercalators (e.g., acridine, psoralen, etc.), those containing chelators (e.g., metals, radioactive
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metals, etc.), those containing alkylators, those with modified linkages (e.g., alpha anomeric
nucleic acids, etc,), as well as unmodified forms of the polynucleotide.

[00125]  The use of microarray analysis of gene expression allows the identification
of host sequences associated with thyroid cancer. These sequences may then be used in a
number of different ways, including diagnosis, prognosis, screening for modulators (including
both agonists and antagonists), antibody generation (for immunotherapy and imaging), ete.
However, as will be appreciated by those skilled in the art, sequences that are identified in one
type of cancer may have a strong likelihood of being involved in other types of cancers as well.
Thus, while the sequences outlined herein are initially identified as correlated with thyroid
cancers, they may also be found in other types of cancers as well.

[60126] Some embodiments described herein may be directed to the use of cancer
associated sequences for diagnosis and treatment of thyroid cancer. In some embodiments, the
cancer associated sequence may be selected from: IGSFi, IGSF21, TM7SF4, FLJ30058,
CITED1, ZCCHCI2, CLDNI6, FNI, SERPINAI, STK32A, UNQY433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAI, LMO3,
MIR221, PCSKIN, SCGS5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSFIIB, AHNAK2, CYTOKERATINE{9
or a combination thereof. In some embodiments, these cancer associated sequences may be
- associated with thyroid cancers including, without limitation, carcinoma, any malignant thyroid
neoplasm, papillary thyroid cancer, follicular thyroid cancer, medullary thyroid cancer,
anaplastic thyroid cancer, lymphoma, squamous cell carcinoma, papillary microsarcoma, or a
combination thereof.

[00127} In some embodiments, the cancer associated sequences may be DNA
sequences encoding the above mRNA or the cancer associated protein or cancer associated
polypeptide expressed by the above mRNA or homologs thercof. In some embodiments, the
cancer associated sequence may be a mutant nucleic acid of the above disclosed sequences, In
some embodiments, the homolog may have at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 97%, at least about 98%, at lcast about 99%, at least about 99.5%
identity with the disclosed polypeptide sequence.

[00128] In some embodiments, an isolated nucleic acid comprises at least 10, 12, 15,
20 or 30 contiguous nucleotides of a sequence selected from the group consisting of the cancer

associated polynucleotide sequences disclosed in SEQ ID NOS 1-29,
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[00129] In some embodiments, the polynucleotide, or its complement or a fragment
thereof, further comprises a detectable label, is attached to a solid support, is prepared at least in
part by chemical synthesis, is an antisense fragment, is single stranded, is double stranded or
comprises a microariay.

[00130] In some embodiments, the invention provides an isolated polypeptide,
encoded within an open reading frame of a cancer associated sequence selected from the
polynucleotide sequences shown in SEQ ID NOS 1-29, or its complement. In some
embodiments, the invention provides an isolated polypeptide, wherein said polypeptide
comprises the amino acid sequence encoded by a polynucleotide selected from the group
consisting of sequences disclosed in SEQ ID NOS [-29. In some embodiments, the invention
provides an isolated polypeptide, wherein said polypeptide comprises the amino acid sequence
encoded by a cancer associated polypeptide as described infra,

[00131] In some embodiments, the invention further provides an isolated
polypeptide, comprising the amino acid sequence of an epitope of the amino acid sequence of a
cancer associated polypeptide disclosed infra. The polypeptide or fragment thereof may be
attached to a solid support. In some embodiments the inveation provides an isolated antibody
(monoclonal or polyclonal) or antigen binding fragment thereof, that binds to such a
polypeptide. The isolated antibody or antigen binding fragment thereof may be attached to a
solid support, The isolated antibody or antigen binding fragment thereof may further comprise a
detectable substance.

[00132] Some embodiments also provide for antigens (e.g., cancer-associated
polypeptides) associated with a variety of cancers as targets for diagnostic and/or therapeutic
antibodies, e.g. thyroid cancer. These antigens may also be useful for drug discovery (e.g.,
sm-all molecules) and for further characterization of cellular regulation, growth, and
differentiation,

Methods of Detecting and Diagnosing Thyroid Cancer

[00133] In some embodiments the invention provides a method to distinguish
between a benign thyroid tumor and a malignant thyroid tumor. The method may comprise
contacting a sample with an agent that binds to one or more genes or gene products that is
expressed differentiatlly between a benign thyroid tumor and a malignant thyroid tumor, A
benign thyroid tumor may include a follicular adenmoma, A malignant thyroid tumor may
include a follicular carcinoma or a papillary carcinoma. In some embodiments the gene
encoding the marker is expressed at higher levels in a malignant tumor compared to a benign

tumor. Thus, in some embodiments one or more of the genes encoding the markers PLAGI,
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CRABP2, FLI30058, NMU, CCDC85A may be used in the method to distinguish between a
benign thyroid tumor and a malignant thyroid tumor. In other embodiments the gene encoding
the marker is expressed at higher levels in benign thyroid tumor cells compared to malignant
thyroid tumor cells, Thus, in some embodiments the one or more genes encoding the markers
TNFRSF11B and KIAA 1324 may be used to distinguish between a malignant thyroid tumor
and a benign thyroid tumor.

[00134]  Where the marker is expressed at higher levels in a malignant thyroid tumor
compared to a benign thyroid tumor the invention provides a method of distinguishing between
a benign thyroid tumor and a malignant thyroid tumor comprising obtaining a sample from a
subject; b) contacting the sample obtained from the subject with one or more agents that detect
one or more markers expressed by a thyroid tumor cell ¢) contacting a benign thyroid tumor cell
and/or a malignant thyroid tumor cell with the one or more agents from b); and d) comparing the
expression level of the marker in the sample obtained from the subject with the expression level
in the benign tumor cell and/or the malignant tumor ceil, wherein 1) a higher level of expression
of the marker in the sample compared to the benign tumor cell indicates that the subject has a
malignant thyroid tumor; 2) a level of expression equal to or greater than the level of expression
in the malignant thyroid tumor indicates the subject has a malignant thyroid tumor; 3) a level of
expression equal to or less than the level of expression in the non-malignant thyroid tumor
indicates the subject has a benign thyroid tumor; 4) a level of expression less than the level of
expression in the malignant thyroid tumor indicates the subject has a benign thyroid tumor; and
5) equal to or less than the expression level in the benign tumor cell indicates the subject has a
benign tumor, Any one or mote of the results recited above (i.e. 1-5) may be used to distinguish
between a malignant tumor and a benign tumor, Suitable markers include the genes described
infra.

[00135] Where the marker is expressed at higher levels in a benign thyroid tumor
compared to a malignant thyroid tumor the invention provides a method of distinguishing
between a benign thyroid tumor and a malignant thyroid tumor comprising obtaining a sample
from a subject; b) contacting the sample obtained from the subject with one or more agents that
detect one or more markers expressed by a thyroid tumor cell ¢) contacting a benign thyroid
tumor cell and/or a malignant thyroid tumor cell with the one or more agents from b); and d)
comparing the expression level of the marker in the sample obtained from the subject with the
expression level in the benign tumor cell and/or the malighant tumor cell, wherein 1) a higher
level of expression of the marker in the sample compared to the benign tumor cell indicates that

the subject has a benign thyroid tumor; 2) a level of expression equal to or greater than the level
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of expression in the malignant thyroid tumor indicates the subject has a benign thyroid tumor; 3)
a level of expression equal to or less than the level of expression in the non-malignant thyroid
tumor indicates the subject has a benign thyroid tumor; 4) a ievel of expression less than the
level of expression in the malignant thyroid tumor indicates the subject has a benign thyroid
tumor; and 5) equal to or less than the expression level in the benign tumor cell indicates the
subject has a benign tumor. Any one or more of the results recited above (i.e. 1-5) may be used
to distinguish between a malignant tumor and a benign fumor. Suitable markers include the
genes described infra.

[00136] In some embodiments, the method of detecting or diagnosing thyroid cancer
may comprise assaying gene expression of a subject in need thereof. In some embodiments,
detecting a level of a cancer associated sequence may comprise techniques such as, but not
limited to, PCR, mass spectroscopy, microairay, gel electrophoresis, western blots, Southern
blots, northern blots, immune-precipitation, immune-cytochemistry, flow cytometry, affinity
chromatography, hybridization using one more probes that specifically bind a nucleic acid
encoding a cancer associated sequence disclosed infra. Information relating to expression of
the receptor can also be useful in determining therapies aimed at up or down-regulating the
cancer associated sequence’s signaling using agonists or antagonists,

[00137] In some embodiments, a method of diagnosing thyroid cancer may comprise
detecting a level of the cancer associated protein in a subject. In some embodiments, a method
of screening for cancer may comprise detecting a level of the cancer associated protein. In some
embodiments, the cancer associated protein is encoded by a nucleotide sequence selected from a
sequence disclosed in SEQ ID NOS 1-29, a fragiment thereof or a complementary sequence
thereof, In some embodiments, a method of detecting cancer in a sample may comprise
contacting the sample obtained from a subject with an antibody that specifically binds the
protein. In some embodiments, the antibody may be a monoclonal antibody or a polyclonal
antibody. In some embodiments, the antibody may be a huthanized or a recombinant antibody.
Antibodies can be made that specifically bind to this region using known methods and any
method is suitable, [n some embodiments, the antibody specifically binds to one or more of a
molecule, such as protein or peptide, encoded for by one or more cancer associated sequences
disclosed infra.

[00138] In some embodiments, the antibody binds to an epitope from a protein
encoded by the nucleotide sequence disclosed in SEQ ID NOS: 1-29 with an antibody against
the protein. In some embodiments, the epitope is a fragment of the protein sequence encoded by

the nucleotide sequence of any of the cancer associated sequences disclosed infra. In some
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embodiments, the epitope comprises about [-10, [-20, 1-30, 3-10, or 3-15 residues of the cancer
associated sequence. In some embodiments, the epitope is not linear.

[60139]  In some embodiments, the antibody binds to the regions described herein or
a peptide with at least 90, 95, or 99% homology or identity to the region. In some embodiments,
the fragment of the regions described herein is 5-10 residues in length. In some embodiments,
the fragment of the regions (e.g. epitope) described herein are 3-5 residues in length. The
fragments are described based upon the length provided. In some embodiments, the epitope is
about3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, or 20 residues in length.

[00140]  In some embodiments, the sequence to which the antibody binds may include
both nucleic acid and amino acid sequences, In some embodiments, the sequence to which the
antibody binds may include sequences having at least about 60% homology with the disclosed
sequences. In some embodiments, the sequence to which the antibody binds may have at least
about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 97%,
about 99%, about 99.8% homology with the disclosed sequences. In some embodiments, the
sequences may be referred to as “mutant nucleic acids” or “mutant peptide sequences.”

[06141] In some embodiments, a subject can be diagnosed with thyroid cancer by
detecting the presence of a cancer associated sequence {e.g. SEQ ID NOS: 1-29) in a sample
obtained from a subject. In some embodiments, the method comprises detecting the presence or
absence of a cancer associated sequence selected from sequences disclosed in SEQ ID NOS [-
29, wherein the absence of the cancer associated sequence indicates that absence of thyroid
cancer. In some embodiments, the method further comprises treating the subject diagnosed with
thyroid cancer with an antibody that binds to a cancer associated sequence disclosed infra and
inhibits the growth or progression of the thyroid cancer. As discussed, thyroid cancer may be
detected in any type of sample, including, but not limited to, serum, blood, tumor tissue and the
like. The sample may be any type of sample as it is described herein.

[00142] Any suitable assay may be used to screen for the presence, absence or
expression level of one or more proteins encoded for by a cancer associated sequence described
infra, In some embodiments the assay may be for example an ELISA, a radio-immuno assay, a
western blot, a flow cytometry assay and the like.

[00143] In some embodiments, the method of diagnosing a subject with thyroid
cancer comprises obtaining a sample and detecting the presence of a cancer associated sequence
selected from sequences disclosed in SEQ ID NOS: 1-29, wherein the presence of the cancer
associated sequence indicates the subject has thyroid cancer. In some embodiments, detecting

the presence of a cancer associated sequence selected from sequences disclosed infra comprises
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contacting the sample with an antibody or other type of capture reagent or specific binding
partner that specifically binds to the cancer associated sequence’s protein and detecting the
presence or absence of the binding to the cancer associated sequence’s protein in the sample.

[00144] In some embodiments, the present disclosure provides a method of
diagnosing thyroid cancer, or a neoplastic condition in a subject, the method comprising
obtaining a cancer associated sequence gene expression result of a cancer associated sequence
selected from sequences disclosed infra from a sample derived from a subject; and diagnosing
thyroid cancer or a neoplastic condition in the subject based on the cancer associated sequence
gene expression result, wherein the subject is diagnosed as having thyroid cancer or a neoplastic
condition if the cancer associated sequence is expressed at a level that is 1) higher than a
negative control such a non-cancerous thyroid tissue or cell sample and/or 2} higher than or
equivalent to the expression level of the cancer associated sequence in a standard or positive
control wherein the standard or positive control is known to contain thyroid cancer cells,

[00145] Some embodiments are directed to a biochip comprising one or more
nucleic acid sequences which encodeone or more cancer associated proteins. In some
embodiments, a biochip comprises a nucleic acid molecule which encodes at least a portion of a
cancer associated protein, In some embodiments, the cancer associated protein is encoded by a
sequence selected from SEQ ID NOS 1-29, homologs thereof, combinations thereof, or a
fragment thereof, In some embodiments, the nucleic acid molecule specifically hybridizes with
a nucleic acid sequence selected from SEQ ID NOS 1-29. In some embodiments, the biochip
comprises a first and second nucleic molecule wherein the first nucleic acid molecule
specifically hybridizes with a first sequence selected from cancer associated sequences disclosed
infra and the second nucleic acid molecule specifically hybridizes with a second sequence
selected from cancer associated sequences disclosed infra, wherein the first and second
sequences are not the same sequence. In some embodiments, the present invention provides
methods of detecting or diagnosing cancer, such as thyroid cancer, comprising detecting the
expression of a nucleic acid sequence selected from a sequence disclosed in SEQ ID NOS: 1-29,
wherein a sample is contacted with a biochip comprising a sequence selected from sequences
disclosed in SEQ ID NOS: 1-29, homologs thereof, combinations thereof, or a fragment thereof,

[00146] Also provided herein is a method for diagnosing or determining the
propensity to cancers, for example thyroid cancer, by measuring the expression level of one or
more of the cancer associated sequences disclosed infra in a sample and comparing the
expression level of the one or more cancer associated sequences in the sample with expression

level of the same cancer associated sequences in a non-cancerous cell. A higher level of
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expression of one or more of the cancer associated sequences disclosed infra compared to the
non-cancerous cell indicates a propensity for the development of cancer, e.g., thyroid cancer.

[60147] Tn some embodiments, the invention provides a method for detecting a
cancer associated sequence with the expression of a polypeptide in a test sample, comprising
detecting a level of expression of at least one polypeptide such as, without limitation, a cancer
associated protein encoded for by a sequence disclosed infra, or a fragment thereof. In some
embodiments, the method comprises comparing the level of expression of the polypeptide in the
test sample with a level of expression of polypeptide in a normal sample, i.c. a non-cancerous
sample, wherein an altered level of expression of the polypeptide in the test sample relative to
the level of polypeptide expression in the normal sample is indicative of the presence of cancer
in the test sample. In some embodiments, the polypeptide expression is compared to a cancer
sample, wherein the level of expression is at least the same as the cancer is indicative of the
presence of cancer in the test sample. In some embodiments the test sample is compared to a
normal, e.g. a non-cancerous sample where an expression level in the test sample that is greater
than that found in the normal sample indicates the presence of cancer in the test sample. In
some embodiments, the sample is a cell sample. In some embodiments the sample is a tissue
sample. In some embodiments the sample is a bodily fluid. Examples of suitable bodily fluids,
include, but are not limited to, blood, serum, saliva or urine. In some embodiments the sample is
a blood sample. In some embodiments the sample is a serum sample, In some embodiments the
sample is a urine sample.

[00148] 1n some embodiments, the invention provides a method for detecting cancer
by detecting the presence of an antibody in a test serum sample. In some embodiments, the
antibody recognizes a polypeptide or an epitope of a cancer associated sequence disclosed
herein. In some embodiments, the method comprises detecting a level of an antibody against an
antigenic polypeptide such as, without limitation, a cancer associated protein such as a protein
encoded for by a cancer associated sequence disclosed infra, or an antigenic fragment thercof.
In some embodiments, the method comprises comparing the level of the antibody in the test
sample with a level of the antibody in the controf sample, wherein an altered level of antibody in
said test sample relative to the level of antibody in the control sample is indicative of the
presence of cancer in the test sample. In some embodiments, the control sample is a sample
derived from a non-cancerous sample ¢.g. blood or serum obtained from a subject that is cancer
free. In some embodiments, the control is derived from a cancer sample, and, therefore, in some

embodiments, the method comprises comparing the levels of binding and/or the amount of
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antibody in the sample, wherein when the levels or amount are the same as the cancer control
sample is indicative of the presence of cancer in the test sample.

[00149] In some embodiments, a method for diagnosing cancer or a neoplastic
condition comprises a) determining the expression of one or more genes comprising a nucleic
acid sequence selected from the group consisting of the human genomic and mRNA sequences
described in SEQ ID NOS: 1-29, in a first sample type (e.g. tissue, bodily fluid, etc.) of a first
individual; and b) comparing said expression of said gene(s) from a second normal sample type
from said first individual or a second unaffected individual; wherein a difference in said
expression indicates that the first individual has cancer. In some embodiments, the expression is
increased as compared to the normal sample.

[00150] In some embodiments, the invention also provides a method for detecting
presence or absence of cancer cells in a subject. In some embodiments, the method comprises
contacting one or more cells from the subject with an antibody as described herein. The
antoibody may be conjugated to a detectible substance. In some embodiemtns the antibody that
binds to a protein encoded for by a cancer associated sequence disclosed infra may bind to a
second antibody wherein the second antibody is conjugated to a detectible substance.” In some
embodiments the antibody that binds to a protein encoded for by a cancer associated sequence
disclosed infra is bound to a solid support. In some embodiments, the method comprises
detecting a complex of a cancer associated protein and the antibody, wherein detection of the
complex indicates with the presence of cancer cells in the subject. The complex may include a
detectable substance as described infra. The complex may include a solid support, such as bead,
a chip, a magnet, a multiwell plate and the like.

[00151] In some embodiments, the present disclosure provides methods of detecting
cancer in a test sample, comprising: (i) detecting a level of activity of at least one polypeptide
that is a gene product; and (i) comparing the level of activity of the polypeptide in the test
sample with a level of activity of polypeptide in a normal sample, wherein an altered level of
activity of the polypeptide in the test sample relative to the level of polypeptide activity in the
normal sample is indicative of the presence of cancer in the test sample, wherein said gene
product is a product of a gene selected from one or more of the cancer associated sequences
provided infia.

Capture Reagents and Specific Binding Partners

[00152] The invention provides for specific binding partners and capture reagents

that bind specifically to cancer associated sequences disclosed infra and the polypeptides or

proteins encoded for by those sequences. The capture reagents and specific binding partners
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may be used in diagnostic assays as disclosed infra and/or in therapeutic methods described
infra as well as in drug screening assays disclosed infra. Capture reagents include for example
nucleic acids and proteins. Suitable proteins include antibodies.

[00153]  As used herein, the term "specifically binds" or "specifically binding" means
binding that is measurably different from a non-specific interaction. Specific binding can be
measured, for example, by determining binding of a molecule compared to binding of a control
molecule, which generally is a molecule of similar structure that does not have binding activity.
For example, specific binding is indicated if the molecule has measurably higher affinity for
cells expressing a protein encoded for by a cancer associated sequence disclosed infra than for
cells that do not express the same protein encoded for by the cancer associated sequences
disclosed infra. Specificity of binding can be determined, for example, by competitive inhibition
of a known binding molecule,

[00154]  The term "specifically binding," as used herein, includes both low and high
affinity specific binding, Specific binding can be exhibited, for example, by a low affinity
homing molecule having a Kd of at least about 10 ™ M. Specific binding also can be exhibited
by a high affinity homing molecule, for example, a homing molecule having a Kd of at least
about 10° M. Such a molecule can have, for example, a Kd of at least about 10 M, at least
about 107 M, at least about i0?® M, at least about 10° M, at least about 107'®™, or can have a Kd
of at least about 10" M or 102 M or greater. Both low and high affinity homing molecules are
useful and are encompassed by the invention. Low affinity homing molecules are useful in
targeting, for example, multivalent conjugates. High affinity homing molecules are useful in
targeting, for example, multivalent and univalent conjugates.

[00155] In some embodiments the specific binding partner or capture reagent is an
antibody. Binding in IgG antibodies, for example, is generally characterized by an affinity of at
least about 107 M or higher, such as at least about 10® M or higher, or at least about 10° M or
higher, or at least about 107 or higher, or at least about 101 M or higher, or at least about 1072
M or higher, The term is also applicable where, ¢.g., an antigen-binding domain is specific for a
particular epitope that is not carried by numerous antigens, in which case the antibody or antigen
binding protein carrying the antigen-binding domain will generally not bind other antigens. In
some embodiments, the capture reagent has a Kd equal or less than 10°M, 101 M, or 10" M
for its binding partner (e.g. antigen). In some embodiments, the capture reagent has a Ka greater
than or equal to 10° M for its binding partner. Capture reagent can also refer to, for example,
antibodies. Intact antibodies, also known as immunoglobulins, are typically tetrameric

glycosylated proteins composed of two light (L) chains of approximately 25 kDa each, and two
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heavy (H) chains of approximately 50 kDa each. Two types of light chain, termed lambda and
kappa, exist in antibodies. Depending on the amino acid sequence of the constant domain of
heavy chains, immunoglobulins are assigned to five major classes: A, D, E, G, and M, and
several of these may be further divided into subclasses (isotypes), e.g., [gG1, I1gG2, 1gG3, [gG4,
IgAl, and IgA2. Each light chain is composed of an N-terminal variable (V) domain (VL) and a
constant {C) domain (CL). Each heavy chain is composed of an N-terminal V domain (VH),
three or four C domains (CHs), and a hinge region. The CH domain most proximal to VH is
designated CHI. The VH and VL domains consist of four regions of relatively conserved
sequences named framework regions (FR1, FR2, FR3, and FR4), which form a scaffold for
three regions of hypervariable sequences (complementarity determining regions, CDRs). The
CDRs contain most of the residues responsible for specific interactions of the antibody or
antigen binding protein with the antigen. CDRs are referred to as CDRI1, CDR2, and CDR3.
Accordingly, CDR constituents on the heavy chain are referred to as Hi, H2, and H3, while
CDR constituents on the light chain are referred to as L1, L2, and L3. CDR3 is the greatest
source of molecular diversity within the antibody or antigen binding protein-binding site. H3,
for example, can be as short as two amino acid residues or greater than 26 amino acids. The
subunit structures and three-dimensional configurations of different classes of immunoglobulins
are well known in the art. For a review of the antibody structure, see Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory, Eds. Harlow et al., 1988, One of skill in the art will
recognize that each subunit structure, e.g., a CH, VH, CL, VL, CDR, and/or FR structure,
comprises active fragments. For example, active fragments may consist of the portion of the
VH, VL, or CDR subunit that binds the antigen, i.e., the antigen-binding fragment, or the
portion of the CH subunit that binds to and/or activates an Fe receptor and/or complement.
[00156]  Non-limiting examples of binding fragments encompassed within the term
“antigen-specific antibody” used herein include: (i) an Fab fragment, a monovalent fragment
consisting of the VL, VH, CL and CH1 domains; (ii) an F(ab')2 fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; (iii) an Fd
fragment consisting of the VH and CH1 domains; (iv) an Fv fragment consisting of the VL and
VH domains of a single arm of an antibody, (v} a dAb fragment, which consists of a VH
domain; and (vi) an isolated CDR. Furthermore, although the two domains of the Fv fragment,
VL and VH, are coded for by separate genes, they may be recombinantly joined by a synthetic
linker, creating a single protein chain in which the VL and VH domains pair to form monovalent
molecules (known as single chain Fv (scFv)). The most commonly used linker is a 15-residue

(GlyasSer) 5 peptide, but other linkers are also known in the art. Single chain antibodies are also
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intended to be encompassed within the terms “antibody or antigen binding protein,” or “antigen-
binding fragment” of an antibody. The antibody can also be a polyclonal antibody, monoclonal
antibody, chimeric antibody, antigen-binding fragment, Fc fragment, single chain antibodies, or
any derivatives thereof.

[00157] Antibodies can be obtained using conventional techniques known to those
skilied in the art, and the fragments are screened for utility in the same manner as intact
antibodies. Antibody diversity is created by multiple germline genes encoding variable domains
and a variety of somatic events, The somatic events include recombination of variable gene
scgments with diversity (D) and joining (J) gene segments to make a complete VH domain, and
the recombination of variable and joining gene segments to make a complete VL domain, The
recombination process itself is imprecise, resulting in the loss or addition of amino acids at the
V (D) I junctions. These mechanisms of diversity occur in the developing B cell prior to
antigen exposure. After antigenic stimulation, the expressed antibody genes in B cells undergo
somatic mutation. Based on the estimated number of germline gene segments, the random
recombination of these segments, and random VH-VL pairing, up to 1.6X107 different
antibodics may be produced (Fundamental Immunology, 3rd ed. (1993), ed. Paul, Raven Press,
New York, N.Y.). When other processes that contribute to antibody diversity (such as somatic
mutation) are taken into account, it is thought that upwards of 1X10'® different antibodies may
be generated (Immunoglobulin Genes, 2nd ed. (1995), eds. Jonio et al.,, Academic Press, San
Dicgo, Calif)). Because of the many processes involved in generating antibody diversity, it is
unlikely that independently derived monoclonal antibodies with the same antigen specificity
will have identical amino acid sequences.

[00158] Antibody or antigen binding protein molecules capable of specifically
interacting with the antigens, epitopes, or other molecules described herein may be produced by
methods well known to those skilled in the art. For example, monoclonal antibodies can be
produced by generation of hybridomas in accordance with known methods. Hybridomas
formed in this manner can then be screened using standard methods, such as enzyme-linked
immunosorbent assay (ELISA) and Biacore analysis, to identify one or more hybridomas that
produce an antibody that specifically interacts with a molecule or compound of interest. As an
alternative to preparing monoclonal antibody-secreting hybridomas, a monoclonal antibody to a
polypeptide of the present disclosure may be identified and isolated by screening a recombinant
combinatorial immunoglobulin library {e.g., an antibody phage display library) with a
polypeptide of the present disclosure to thereby isolate immunoglobulin library members that

bind to the polypeptide, Techniques and commercially available kits for generating and
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screening phage display libraries are well known to those skilled in the arf. Additionally,
examples of methods and reagents particularly amenable for use in generating and screening
antibody or antigen binding protein display libraries can be found in the literature.

[60159] Examples of chimeric antibodies include, but are not limited to, humanized
antibodies. The antibodies described herein can also be human antibodies. In some
embodiments, the capture reagent comprises a detection reagent. The detection reagent can be
any reagent that can be used to detect the presence of the capture reagent binding to its specific
binding partner. The capture reagent can comprise a detection reagent directly or the capture
reagent can comprise a particle that comprises the detection reagent. In some embodiments, the
capture reagent and/or particle comprises a color, colloidal gold, radioactive tag, flucrescent tag,
or a chemiluminescent substrate. The particle can be, for example, a viral particle, a latex
particle, a lipid particle, or a fluorescent particle.

[00160] The capture reagents (e.g. antibody) of the present disclosure can also
include an anti-antibody, i.e. an antibody that recognizes another antibody but is not specific to
an antigen, such as, but not limited to, anti-IgG, anti-IgM, or ant-IgE antibody. This non-
specific antibody can be used as a positive control to detect whether the antigen specific
antibody is present in a sample.

[00161] Nucleic acid capture reagents include DNA, RNA and PNA molecules for
example, The nucleic acid may be about 5 nucleotides long, about 10 nucleotides long, about
15 nucleotides long, about 20 nucleotides long, about 25 nucleotides long, about 30 nucleotides
long, about 35 nucleotides long about 40 nucleotides long. The nucleic acid may be greater than
30 nucleotides long. The nucleic acid may be less than 30 nucleotides long,

Treatment of Thyroid Cancer

[00162] In some embodiments, thyroid cancers expressing one of the cancer
associated sequences disclosed infra may be treated by antagonizing the cancer associated
sequence’s activity. In some embodiments, a method of treating thyroid cancer may comprise
administering a therapeutic such as, without limitation, antibodies that antagonize the ligand
binding to the cancer associated sequence, small molecules that inhibit the cancer associated
sequence’s expression or activity, siRNAs directed towards the cancer associated sequence, or
the like.

[00163] In some embodiments, a method of treating cancer (e.g. thyroid or other
types of cancer) comprises detecting the presence of a cancer associated sequence’s receptor and
administering a cancer treatment. The treatment may specifically bind to the cancer assoctiated

sequence’s receptor. The cancer treatinent may be any cancer treatment or one that is specific to
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the inhibiting the action of a cancer associated sequence. For example, various cancers are
tested to determine if a specific molecule is present before giving a cancer treatment. In some
embodiments, therefore, a sample would be obtained from the patient and tested for the presence
of a cancer associated sequence or the overexpression of a cancer associated sequence as
described herein, In some embodiments, if a cancer associated sequence is found to be
overexpressed then a thyroid cancer treatment or therapeutic is administered to the subject. The
thyroid cancer treatment may be a conventional non-specific treatment, such as chemotherapy,
or the treatment may comprise a specific treatment that only targets the activity of the cancer
associated sequence or the receptor to which the cancer associated sequence binds. These
treatments can be, for example, an antibody that specifically binds to the cancer associated
sequence and inhibits its activity. The treatment may be a nucleic acid that downregulates or
silences the expression of the cancer associated sequence.

[00164] Some embodiments herein describe method of treating cancer or a neoplastic
condition comprising administering an antibody against the cancer associated sequence to a
subject, In some embodiments, the antibody may be monoclonal or polyclonal. In some
embodiments, the antibody may be humanized or recombinant. In some embodiments, the
antibody may neutralize biological activity of the cancer associated sequence by binding to
and/or interfering with the cancer associated sequence’s receptor. In some embodiments the
antibody may bind to site on the protein encoded for by the cancer associated DNA sequence
that is not the receptor. In some embodiments, administering the antibody may be to a
biological fiuid or tissue, such as, without limitation, blood, urine, serum, tumor tissue, or the
like.

\ [60165] In some embodiments, a method of {reating cancer may comprise
administering an agent that interferes with the synthesis, secretion, receptor binding or receptor
signaling of cancer associated proteins or its receptors. In some embodiments, the cancer may
be sclected from, including, without limitation, carcinoma, any malignant thyroid neoplasm,
papillary thyroid cancer, follicular thyroid cancer, medullary thyroid cancer, anaplastic thyroid
cancer, lymphoma, squamous cell carcinoma, papiliary microsarcoma, or a combination thereof.

[00166] In some embodiments, the cancer cell may be targeted specifically with a
therapeutic based upon the differentially expressed gene or gene product. For example, in some
embodiments, the differentially expressed gene product may be an enzyme, which can convert
an anti-cancer prodrug into its active form. Therefore, in normal cells, where the differentially
expressed gene product is not expressed or expressed at sigaificantly lower levels, the prodrug

may be either not activated or activated in a lesser amount, and may be, therefore less toxic to

-38.



WO 2013/106747 PCT/US2013/021286

normal cells. Therefore, the cancer prodrug may, in some embodiments, be given in a higher
dosage so that the cancer cells can metabolize the prodrug, which will, for example, kill the
cancer cell, and the normal cells will not metabolize the prodrug or not as well, and, therefore,
be less toxic to the patient. An example of this is where tumor cells overexpress a
metalloprotease, which is described in Atkinson ef /., British Journal of Pharmacology (2008)
153, 1344-1352,. Using proteases to target cancer cells is also described in Carl ef al., PNAS,
Vol. 77, No. 4, pp. 2224-2228, April 1980. For example, doxorubicin or other type of
chemotherapeutic can be linked to a peptide sequence that is specifically cleaved or recognized
by the differentially expressed gene product.  The doxorubicin or other type of
chemotherapeutic is then cleaved from the peptide sequence and is activated such that it can kill
or inhibit the growth of the cancer cell whereas in the normal cell the chemotherapeutic is never
internalized into the cell or is not metabolized as efficiently, and is, therefore, less toxic.

[00167] In some embodiments, a method of treating thyroid cancer may comprise
gene knockdown of one or more cancer associated sequences described herein.  Gene
knockdown refers to techniques by which the expression of one or more of an organism's genes
is reduced, either through genetic modification (a change in the DNA of one of the organism's
chromosomes such as, without limitation, chromosomes encoding cancer associated sequences)
or by treatinent with a reagent such as a short DNA or RNA oligonucieotide with a sequence
complementary to either an mRNA transcript or a gene. In some embodiments, the
oligonucleotide used may be selected from RNase-H competent antisense, such as, without
limitation, ssDNA  oligonucleotides, ssRNA  oligonucleotides,  phosphorothioate
oligonucleotides, or chimeric oligonucleotides; RNase-independent antisense, such as
morpholino oligonucleotides, 2'-O-methyl phosphorothioate oligonucleotides, locked nucieic
acid oligonucleotides, or peptide nucleic acid oligonucleotides; RNAI oligonucleotides, such as,
without limitation, siRNA duplex oligonucleotides, or shRNA oligonucleotides; or any
combination thereof. In some embodiments, a plasmid may be introduced into a cell, wherein
the plasmid expresses either an antisense RNA ftranscript or an shRNA transcript.  The oligo
introduced or transcript expressed may interact with the target mRNA (ex, sequences disclosed
in Table 1) by complementary base pairing (a sense-antisense interaction).

[00168]  The specific mechanism of silencing may vary with the oligo chemistry. In
some embodiments, the binding of a oligonucleotide described herein to the active gene or its
transcripts may cause decreased expression through blocking of transcription, degradation of the
mRNA transcript (e.g. by small interfering RNA (siRNA) or RNase-H dependent antisense) or

blocking either mRNA translation, pre-mRNA splicing sites or nuclease cleavage sites used for
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maturation of other functional RNAs such as miRNA (e.g. by Morpholino oligonucleotides or
other RNase-H independent antisense). For example, RNase-H competent antisense
oligonucleotides (and antisense RNA transcripts) may form duplexes with RNA that are
recognized by the enzyme RNase-H, which cleaves the RNA strand. As another example,
RNase-independent oligonucleotides may bind to the mRNA and block the translation process.
In some embodiments, the oligonucleotides may bind in the 5'-UTR and halt the initiation
complex as it travels from the 5'-cap to the start codon, preventing ribosome assembly. A single
strand of RNAI oligonucleotides may be loaded into the RISC complex, which catalytically
cleaves complementary sequences and inhibits translation of some mRNAs bearing partially-
complementary sequences. The oligonucleotides may be introduced into a cell by any technique
including, without limitation, electroporation, microinjection, salt-shock methods such as, for
example, CaCi2 shock; transfection of anionic oligo by cationic lipids such as, for example,
Lipofectamine; transfection of uncharged oligonucleotides by endosomal release agents such as,
for example, Endo-Porter; or any combination thereof. In some embodiments, the
oligonucleotides may be delivered from the blood to the cytosol using techniques selected from
nanoparticle complexes, virally-mediated transfection, oligonucleotides linked to
octaguanidinium dendrimers (Morpholino oligonucleotides), or any combination thereof.

[00169] In some embodiments, a method of treating thyroid cancer may comprise
treating a subject with a suitable reagent to knockdown or inhibit expression of a gene encoding
the mRNA disclosed in SEQ ID NOS: 1-29, or a combination thereof. In other embodiments
the invention provides for the in vitro knockdown of the expression of one or more of the genes
disclosed in SEQ ID NOS: 1-29, for example in an in vitro culture of cells or cells obtained
from a sample obtained from a subject.

[00170] In some embodiments, the cancers treated by modulating the activity or
expression of sequences disclosed in Table 1, Table 2 and or SEQ ID NOS: 1-29 or the gene
product thereof,

[00171} In some embodiments, a method of treating cancer comprises administering
an antibody (e.g. monoclonal antibody, human antibody, humanized antibody, recombinant
antibody, chimeric antibody, and the like) that specifically binds to a cancer associated protein
that is expressed on a cell surface. In some embodiments, the antibody binds to an extracellular
domain of the cancer associated protein. In some embodiments, the antibody binds to a cancer
associated protein differentially expressed on a cancer cell surface relative to a normal cell
surface, or, in some embodiments, to at least one human cancer cell line. In some embodiments,

the antibody is linked to a therapeutic agent or a toxin.
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[00172] In some embodiments, implementation of an immunotherapy strategy for
treating, reducing the sympfoms of, or preventing cancer or neoplasms, (e.g., a vaccine) may be
achieved using many different techniques available to the skilled artisan.

[00173] Immunotherapy or the use of antibodies for therapeutic purposes has been
used in recent years to treat cancer, Passive immunotherapy involves the use of monoclonal
antibodies in cancer treatments. See, for example, Cancer: Principles and Practice of
Oneaology, 6 Th Edition (2001) Chapt. 20 pp. 495-508. Inherent therapeutic biclogical activity
of these antibodies include direct inhibition of tumor cell growth or survival, and the ability to
recruit the natural cell killing activity of the body's immune system. These agents may be
administered alone or in conjunction with radiation or chemotherapeutic agents. Alternatively,
antibodies may be used fo make antibody conjugates where the antibody is linked to a toxic
agent and directs that agent to the tumor by specifically binding to the tumor.

Screening for Cancer Therapeutics

[00174]  The invention provides for screening assays to determine if a candidate
molecule has an inhibitory effect on the growth and or metastasis of thyroid cancer cells.
Suitable candidates include proteins, peptides, nucleic acids such as DNA, RNA shRNA sm
RNA and the like, small molecules including small organic molecules and small inorganic
molecules, A small molecule may include molecules less than 50kd.

[06175] In some embodiments, a method of identifying an anti-cancer agent is
provided, wherein the method comprises contacting a candidate agent to a sample; and
determining the cancer associated sequence’s activity in the sample. In some embodiments, the
candidate agent is identified as an anti-cancer agent if the cancer associated sequence’s activity
is reduced in the sample after the contacting. In other embodiments the candidate agent reduces
the expression level of one or more cancer associated sequences disclosed infia,

[00176] In some embodiments, the candidate agent is an antibody., In some
embodiments, the method comprises contacting a candidate antibody that binds to the cancer
associated sequence with a sample, and assaying for the cancer associated sequence’s activity,
wherein the candidate antibody is identified as an anti-cancer agent if the cancer associated
sequence activity is reduced in the sample after the contacting. A cancer associated sequence’s
activity can be any activity of the cancer associated sequence. An example of an activity may
include inhibiting enzymatic activity either of the cancer associated sequence itself or of an
enzyme that interacts with or is modulated by the cancer associated sequence either at the

nucleic acid level or the protein level,
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[00177] In some embodiments, the present disclosure provides methods of
identifying an anti-cancer (e.g. thyroid cancer) agent comprising contacting a candidate agent to
a cell sample; and determining activity of a cancer associated sequence, wherein the candidate
agent is identified as an anti-cancer agent if the cancer associated sequence’s activity is reduced
in the cell sample after the contacting. In some embodiments, the present discIosm'e provides
methods of identifying an anti-cancer agent, the method comprising contacting a candidate agent
that binds to a cancer associated sequence selected from IGSF1, IGSF21, TM7SF4, FLI30058,
CITED1, ZCCHCI2, CLDNI6, FNI, SERPINA1, STK324A, UNQ9433, BCO030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAI, LMO3,
MIR221, PCSKIN, SCGS, BX955517, CST6, SKFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINE19
or a combination thereof with a cell sample, and assaying for the cancer associated sequence’s
activity or expression level, wherein the candidate antibody is identified as an anti-cancer agent
if the cancer associated sequence’s activity is reduced in the cell sample after the contacting,

[00178] In some embodiments, a method of screening drug candidates includes
comparing the level of expression of the cancer-associated sequence in the absence of the drug
candidate to the level of expression in the presence of the drug candidate.

[00179] Some embodiments are directed to a method of screening for a therapeutic
agent capable of binding to a cancer-associated sequence (nucleic acid or protein), the method
comprising combining the cancer-associated sequence and a candidate therapeutic agent, and
determining the binding of the candidate agent to the cancer-associated sequence,

[00180]  Further provided herein is a method for screening for a therapeutic agent
capable of modulating the activity of a cancer-associated sequence. In some embodiments, the
method comprises combining the cancer-associated sequence and a candidate therapeutic agent,
and determining the effect of the candidate agent on the bioactivity of the cancer-associated
sequence. An agent that modulates the bioactivity of a cancer associated sequence may be used
as a therapeutic agent capable of modulating the activity of a cancer-associated sequence.

[00£81] In certain embodiments the invention provides a method of screening for
anticancer activity comprising: (a) contacting a cell that expresses a cancer associated gene
selected from one or more cancer associated sequences disclosed infra, homologs thereof,
combinations thereof, or fragments thereof with an anticancer drug candidate; (b) detecting an
effect of the anticancer drug candidate on an expression of the cancer associated sequence in the
cell (either at the nucleic acid or protein Ievel); and (¢} comparing the level of expression in the

absence of the drug candidate to the level of expression in the presence of the drug candidate;
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wherein an effect on the expression of the cancer associate polynucleotide indicates that the
candidate has anticancer activity. For example the drug candidate may lower the expression
level of the cancer associated sequence in the cell.

[00182] In some embodiments, a method of evaluating the effect of a candidate
cancer drug may comprise administering the drug to a patient and removing a cell sample from
the patient. The expression profile of the cell is then determined. In some embodiments, the
method may further comprise comparing the expression profile of the patient to an expression
profile of a healthy individual. In some embodiments, the expression profile comprises
measuring the expression of one or more or any combination thereof of the sequences disclosed
herein. In some embodiments, where the expression profile of one or more or any combination
thereof of the sequences disclosed herein is modified (increased or decreased) the candidate
cancer drug is said to be effective.

[00183] In some embodiments, the invention provides a method of screening for
anticancer activity comprising: (a) providing a cell that expresses a cancer associated gene that
encodes a nucleic acid sequence selected from the group consisting of the cancer associated
sequences shown in SEQ ID NOS [-29, or fragment thetcof, (b) contacting the cell, which can
be derived from a cancer cell with an anticancer drug candidate; {c) monitoring an effect of the
anticancer drug candidate on an expression of the cancer associated sequence in the cell sample,
and optionally (d) comparing the level of expression in the absence of said drug candidate to the
level of expression in the presence of the drug candidate.

[00184]  Suitable drug candidates include, but are not limited to an inhibitor of
transcription, a G-protein coupled receptor antagonist, a growth factor antagonist, a serine-
threonine kinase antagonist, a tyrosine kinase antagonist. In some embodiments, where the
candidate modulates the expression of the cancer associated sequence the candidate is said to
have anticancer activity. In some eimbodiments, the anticancer activity is determined by
measuring cell growth. In some embodiments, the candidate inhibits or retards cell growth and
is said to have anticancer activity. In some embodiments, the candidate causes the cell to die,
and thus, the candidate is said to have anticancer activity.

[00185]  In some embodiments, the present invention provides a method of screening
for activity against thyroid cancer. In some embodiments, the method comprises contacting a
cell that overexpresses a cancer associated gene which is complementary to a cancer associated
sequence selected from cancer associated sequences disclosed infra, homologs thereof,
combinations thereof, or fragments thereof with a thyroid cancer drug candidate. In some

embodiments, the method comprises detecting an effect of the thyroid cancer drug candidate on
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an expression of the cancer associated polynucleotide in the cell or an effect on the cell’s growth
or viability. In some embodiments, the method comprises comparing the level of expression,
cell growth, or viability in the absence of the drug candidate to the level of expression, cell
growth, or viability in the presence of the drug candidate; wherein an effect on the expression of
the cancer associated polynucleotide, cell growth, or viability indicates that the candidate has
activity against a thyroid cancer cell that overexpresses a cancer associated gene, wherein said
gene comprises a sequence that is a sequence selected from sequences disclosed in SEQ TD
NOS: 129, or complementary thereto, homologs thereof, combinations thereof, or fragments
thereof. In some embodiments, the drug candidate may include, for example, a transcription
inhibitor, a G-protein coupled receptor antagonist, a growth factor antagonist, a serine-threonine
kinase antagonist, or a tyrosine kinase antagonist.
Methods of Identifying Thyroid Cancer Markers

[06186] The pattern of gene expression in a particular living cell may be
characteristic of its current state, Nearly all differences in the state or type of a cell are reflected
in the differences in RNA levels of one or more genes, Comparing expression patterns of
uncharacterized genes may provide clues to their function. High throughput analysis of
expression of hundreds or thousands of genes can help in (a) identification of complex genetic
diseases, (b) analysis of differential gene expression over time, between tissues and disease
states, and (c¢) drug discovery and toxicology studies. Increase or decrease in the levels of
expression of certain genes correlate with cancer biology. For example, oncogenes are positive
regulators of tumorigenesis, while tumor suppressor genes are negative regulators of
tumorigenesis. (Marshall, Celi, 64. 313-406 (1991); Weinberg, Science, 254: 1138-1146
(1991)). Accordingly, some embodiments herein provide for polynucleotide and polypeptide
sequences involved in cancer and, in particular, in oncogenesis.

[00187]  Oncogenes are genes that can cause cancer. Carcinogenesis can occur by a
wide variety of mechanisms, including infection of cells by viruses containing oncogenes,
activation of protooncogenes in the host genome, and mutations of protooncogenes and tumor
suppressor genes, Carcinogenesis is fundamentally driven by somatic cell evolution (i.e.
mutation and natural selection of variants with progressive loss of growth controf). The genes
that serve as targets for these somatic mutations are classified as either protooncogenes or tumor
suppressor genes, depending on whether their mutant phenotypes are dominant or recessive,
respectively.

[00188] Some embodiments of the invention are directed to cancer associated

sequences (“target markers”). Some embodiments are directed to methods of identifying novel
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target markers useful in the diagnosis and treatment of cancer wherein expression levels of
mRNAs, miRNAs, proteins, or protein post translational modifications including but not limited
to phosphorylation and sumoylation are compared between five categories of cell types: (1)
immortal pluripotent stem cells (such as embryonic stem (“ES”) cells, induced pluripotent stem
(“iPS”) cells, and germ-line cells such as embryonal carcinoma (“EC”) cells) or gonadal tissues;
(2) ES, iPS, or EC-derived clonal embryonic progenitor (“EP”) cell lines, (3) nucleated blood
cells including but not limited to CD34+ cells and CD133+ cells; (4) normal mortal somatic
adult-derived tissues and cultured cells including: skin fibroblasts, vascular endothelial cells,
normal non-lymphoid and non-cancerous tissues, and the like, and (§) malignant cancer cells
including cultured cancer cell lines or human tumor tissue. mRNAs, miRNAs, or proteins that
are generally expressed (or not expressed) in categories 1, 3, and 5, or categories | and 5 but not
expressed (or expressed) in categories 2 and 4 are candidate targets for cancer diagnosis and
therapy. Some embodiments herein are directed to human applications, non-human veterinary
applications, or a combination thereof,

[00189] In some embodiments, a method of identifying a target marker comprises the
steps of: 1) obtaining a molecular profile of the mRNAs, miRNAs, proteins, or protein
modifications of immortal pluripotent stem cells (such as embryonic stem (“ES”) cells, induced
pluripotent stem (“iPS”) cells, and germ-line cells such as embryonal carcinoma (“EC”) cells);
2) ES, iPS, or EC-derived clonal embryonic progenitor (“EP”) cell lines malignant cancer cells
inctuding cultured cancer cell lines or human tumor tissues, and comparing those molecules to
those present in mortal somatic cell types such as cultured clonal human embryonic progenitors,
cultured somatic cells from fetal or adult sources, or normal tissue counterparts to malignant
cancer cells. Target markers that are shared between pluripotent stem cells such as hES cells
and malignant cancer cells, but are not present in a majority of somatic cell types may be
candidate diagnostic markers and therapeutic targets. .

[00190] Cancer associated sequences of embodiments herein are disclosed, for
example, in SEQ ID NOS 1-29. These sequences were extracted from fold-change and filter
analysis. Expression of cancer associated sequences in normal and thyroid tumor tissues is
disclosed infia.

[00191] Once expression is determined, the gene sequence resuits may be further
filtered by considering fold-change in cancer cell lines vs. normal tissue; general specificity;
secreted or not, level of expression in cancer cell lines; and signal to noise ratio,

[00192] It will be appreciated that there are various methods of obtaining expression

data and uses of the expression data. For example, the expression data that can be used to detect
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or diagnose a subject with cancer can be obtained experimentally. In some embodiments,
obtaining the expression data comprises obtaining the sample and processing the sample to
experimentaily determine the expression data. The expression data can comprise expression
data for one or more of the cancer associated sequences described herein, The expression data
can be experimentally determined by, for example, using a microarray or quantitative
amplification method such as, but not limited to, those described herein. In some embodiments,
obtaining expression data associated with a sample comprises receiving the expression data
from a third party that has processed the sample to experimentaily determine the expression
data.

[00193] Detecting a level of expression or similar steps that are described herein may
be done experimentally or provided by a third-party as is described herein. Therefore, for
exaimple, “detecting a level of expression” may refer to experimentally measuring the data
and/or having the data provided by another party who has processed a sample to determine and
detect a level of expression data.

[00194]  The comparison of gene expression on an mRNA level using [lflumina gene
expression microarrays hybridized to RNA probe sequences may be used. For example samples
may be prepared from diverse categories of cell types: 1) human embryonic stem (“ES”) cells,
or gonadal tissues 2} ES, iPS, or EC-derived clonal embryonic progenitor (“EP”) cell lines, 3)
nucieated blood cells including but not limited to CD34+ cells and CD133+ cells; 4) Normal
mortal somatic adult-derived tissues and cultured cells including: skin fibroblasts, vascular
endothelial cells, normal non-lymphoid and non-cancerous tissues, and the like, and 5)
malignant cancer cells including cultured cancer cell lines or human tumor tissue and filters was
performed to detect genes that are generally expressed {or not expressed) in categories 1, 3, and
5, or categories 1 and 5 but not expressed (or expressed) in categories 2 and 4. Therapies in
these cancers based on this observation would be based on reducing the expression of the above
referenced transcripts up-regulated in cancer, or otherwise reducing the expression of the gene
products.

Techniques for Analyzing Samples

[00195]  Any technique known in the art may be used to analyze a sample according
to the methods disclosed infra such as methods of detecting or diagnosing cancer in a sample or
identifying a new cancer associated sequence. Exemplary techniques are provided below,

[60196]  Gene Expression Assays: Measurement of the gene expression levels may be
performed by any known methods in the art, including but not limited to quantitative PCR, or

microarray gene expression analysis, bead array gene expression analysis and Northern analysis.
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The gene expression levels may be represented as relative expression normalized to the ADPRT
(Accession number NM_001618.2), GAPD (Accession number NM_002046.2), or other
housekeeping genes known in the art. In the case of microarrayed probes of mRNA expression,
the gene expression data may also be normalized by a median of medians method. In this
method, each array gives a different total intensity. Using the median value is a robust way of
comparing cell lines (arrays) in an experiment, As an example, the median was found for each
cell line and then the median of those medians became the value for normalization. The signal
from the each cell line was made relative to each of the other cell lines.

[00197] RNA extraction: Cells of the present disclosure may be incubated with
0.05% trypsin and 0.5 mM EDTA, followed by collecting in DMEM (Gibco, Gaithersburg, MD})
with 0.5% BSA. Total RNA may be purified from cells using the RNeasy Mini kit (Qiagen,
Hilden, Germany).

[00198]  Isolation of total RNA and miRNA from cells: Total RNA or samples
enriched for small RNA species may be isolated from cell cultures that undergo serum
starvation prior to harvesting RNA to approximate cellular growth arrest observed in many
mature tissues. Cellular growth arrest may be performed by changing to medium containing
0.5% serum for 5 days, with one medium change 2-3 days after the first addition of low serum
medium. RNA may be harvested according to the vendor’s instructions for Qiagen RNEasy kits
to isolate total RNA or Ambion mirVana kits to isolate RNA enriched for small RNA species.
The RNA concentrations may be determined by spectrophotometry and RNA quality may be
determined by denaturing agarose gel electrophoresis to visualize 28S and 185 RNA, Samples
with clearly visible 288 and 18S bands without signs of degradation and at a ratio of
approximately 2:1, 288:18S may be used for subsequent miRNA analysis,

[00199]  Assay for miRNA in samples isolated from human cells: The miRNAs may
be quantitated using a Human Panel TagMan MicroRNA Assay from Applied Biosystems, Inc.
This is a two-step assay that uses stem-loop primers for reverse transcription (RT) foliowed by
real-time TagMan®,  The assay includes two steps, reverse transcription (RT) and quantitative
PCR. Real-time PCR may be performed on an Applied Biosystems 7500 Real-Time PCR
System. The copy number per cell may be estimated based on the standard curve of synthetic
mir-16 miRNA and assuming a total RNA mass of approximately 15pg/cell.

[00260] The reverse transcription reaction may be performed using Ix cDNA
archiving buffer, 3.35 units MMLYV reverse transcriptase, SmM each dNTP, 1.3 units AB RNase
inhibitor, 2.5 nM 330-plex reverse primer (RP), 3 ng of cellular RNA in a final volume of 5 pl.

The reverse transcription reaction may be performed on a BioRad or MJ thermocycler with a
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cycling profile of 20 °C for 30 sec; 42 °C for 30 sec; 50 °C for 1 sec, for 60 cycles followed by

one cycle of 85 °C for 5 min.
[00201] Real-time PCR. Two microlitres of 1:400 diluted Pre-PCR product may be

used for a 20 ul reaction. All reactions may be duplicated. Because the method is very robust,
duplicate samples may be sufficient and accurate enough to obtain values for miRNA
expression levels. TagMan universal PCR master mix of ABI may be used according to
manufacturer's suggestion. Briefly, 1x TagMan Universal Master Mix (ABI), | uM Forward
Primer, | uM Universal Reverse Primer and 0.2 uM TagMan Probe may be used for each real-
time PCR. The conditions used may be as follows: 95°C for 10 min, followed by 40 cycles at
95°C for 15 s, and 60°C for 1 min. All the reactions may be run on ABI Prism 7000 Sequence

Detection System.,
[00202] Microarray hybridization and data processing. cDNA samples and cellular

total RNA (5 pg in each of eight individual tubes) may be subjected to the One-Cycle Target
Labeling procedure for biotin labeling by in vitro transcription (IVT) (Affymetrix, Santa Clara,
CA) or using the [llumina Total Prep RNA Labelling kit. For analysis on Affymetix gene chips,
the cRNA may be subsequently fragmented and hybridized to the Human Genome U133 Plus
2.0 Array (Affymetrix) according to the manufacturer's instructions. The microarray image data
may be processed with the GeneChip Scanner 3000 (Affymetrix) to generate CEL data. The
CEL data may be then subjected to analysis with dChip software, which has the advantage of
normalizing and processing multiple datasets simultaneously. Data obtained from the eight
nonamplified controls from cells, from the eight independently amplified samples from the
diluted cellular RNA, and from the amplified cDNA samples from 20 single cells may be
normalized separately within the respective groups, according to the program's default setting.
The model based expression indices (MBEI) may be calculated using the PM/MM difference
mode with log-2 transformation of signal intensity and truncation of low values to zero, The
absolute calls (Present, Marginal and Absent) may be calculated by the Affymetrix Microarray
Software 5.0 (MAS 5.0) algorithm using the dChip default setting. The expression levels of
only the Present probes may be considered for all quantitative analyses described below. The
GEO accession number for the microarray data is GSE4309. For analysis on IHlumina Human
HT-12 v4 Expression Bead Chips, labeled ¢RNA may be hybridized according to the
manufacturer's instructions.

[00203]  Calculation of coverage and accuracy. A true positive is defined as probes

called Present in at least six of the eight nonamplified controls, and the true expression levels

are defined as the log-averaged expression levels of the Present probes. The definition of
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coverage is (the number of truly positive probes detected in amplified samples)/(the number of
truly positive probes). The definition of accuracy is (the number of truly positive probes
detected in amplified samples)/(the number of probes detected in amplified samples). The
expression levels of the amplified and nonamplified samples may be divided by the class
interval of 20.5 (20, 20.5, 21, 21.5...), where accuracy and coverage are calculated. These
expression level bins may be also used to analyze the frequency distribution of the detected

probes, _
[00204]  Analysis of gene expression profiles of cells: The unsupervised clustering

and class neighbor analyses of the microarray data from cells may be performed using
GenePattern  software  (http://wwiw.broad.mit.edu/cancer/  software/genepattern/), which
performs the signal-to-noise ratio analysis/T-test in conjunction with the permutation test to
prechude the contribution of any sample variability, including those from methodology and/or
biopsy, at high confidence. The analyses may be conducted on the 14,128 probes for which at
least 6 out of 20 single cells provided Present calls and at least [ out of 20 samples provided
expression levels >20 copies per cell. The expression levels calculated for probes with
Absent/Marginal calls may be truncated to zero. To calculate relative gene expression levels,
the Ct values obtained with Q-PCR analyses may be corrected using the efficiencies of the
individual primer pairs quantified either with whole human genome (BD Biosciences) or
plasmids that contain gene fragments. The relative expression levels may be further
transformed into copy numbers with a calibration line calculated using the spike RNAs included
in the reaction mixture (logio[expression level] = 1.05 x logio[copy number] + 4.65). The Chi-
square test for independence may be performed to evaluate the association of gene expressions
with Gatad, which represents the difference between cluster 1 and cluster 2 determined by the
unsupervised clustering and which is restricted to PE at later stages. The expression levels of
individual genes measured with Q-PCR may be classified into three categories: high (>100
copies per cell), middle (10-100 copies per cell), and low (<10 copies per cell). The Chi-square
and P-values for independence from Gatad expression may be calculated based on this
classification. Chi squared is defined as follows: X2 ﬂ.ZZ (n fij - fi fi)¥n fi f, where i and j
represent expression level categories (high, middle or low) of the reference (Gatad) and the
target gene, respectively; fi, fj, and fij represent the observed frequency of categories i, j and ij,
respectively; and n represents the sample number (n = 24}, The degrees of freedom may be
defined as (r - 1) x (¢ - 1), where r and ¢ represent available numbers of expression level
categories of Gatad and of the target gene, respectively.

Generating an Immune Response Against Thyroid Cancer
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[00205] In some embodiments, antigen presenting cells (APCs) may be used to
activate T lymphocytes in vivo or ex vivo, to elicit an immune response against cells expressing
a cancer associated sequence. APCs are highly specialized cells and may include, without
limitation, macrophages, monocytes, and dendritic cells (DCs). APCs may process antigens and
display their peptide fragments on the cell surface together with molecules required for
lymphocyte activation. In some embodiments, the APCs may be dendritic cells. DCs may be
classified into subgroups, including, e.g., follicular dendritic cells, Langerhans dendritic cells,
and epidermal dendritic cells. In other embodiments the invention provides a method of
eliciting an antibody response to one or more of the cancer associated sequences disclosed infia.
The method may comprise administering a protein or a peptide fragment encoded by one or
more of the cancer associated sequences disclosed infra to a subject.

[00206] Some embodiments are directed to the use of cancer associated polypeptides
and polynucleotides encoding a cancer associated sequence, a fragment thereof, or a mutant
thereof, and antigen presenting cells (such as, without limitation, dendritic cells), to elicit an
immune response against cells expressing a cancer-associated polypeptide sequence, such as,
without limitation, cancer cells, in a subject. In some embodiments, the method of eliciting an
immune response against cells expressing a cancer associated sequence comprises (1) isolating a
hematopoictic stem cell, (2) genetically modifying the cell to express a cancer associated
sequence, (3) differentiating the cell into DCs; and (4) administering the DCs to the subject
(e.g., human patient). In some embodiments, the method of eliciting an immune response
includes (1) isolating DCs {or isolation and differentiation of DC precursor cells), (2) pulsing
the cells with a cancer associated sequence, and; (3) administering the DCs to the subject.
These approaches are discussed in greater detail, infra. In some embodiments, the pulsed or
expressing DCs may be used to activate T lymphocytes ex vivo. These genetal techniques and
variations thereof may be within the skill of those in the art (see, e.g., W097/29182; WO
97/04802; WO 97/22349; WO 96/23060; WO 98/01538; Hsu et al., 1996, Nature Med. 2:52-
58), and that still other variations may be discovered in the future. In some embodiments, the
cancer associated sequence is contacted with a subject to stimulate an immune response. In
some embodiments, the immune response is a therapeutic immune response so as to treat a
subject as described infra. In some embodiments, the immune response is a prophylactic
immune response, For example, the cancer associated sequence can be contacted with a subject
under conditions effective to stimulate an immune response. The cancer associated sequence
can be administered as, for example, a DNA molecule (e.g. DNA vaccine), RNA molecule, or

polypeptide, or any combination thereof. Administering a sequence to stimulate an immune
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response was known, but the identity of which sequences to use was not known prior to the
present disclosure. Any sequence or combination of sequences disclosed herein or a homolog
thereof can be administered to a subject to stimulate an immune response. ‘

[00207] In some embodiments, dendritic cell precursor cells are isolated for
transduction with a cancer associated sequence, and induced to differentiate into dendritic cells.
The genetically modified DCs express the cancer associated sequence, and may display peptide
fragments on the cell surface.

[00208] In some embodiments, the cancer associated sequence expressed comprises a
sequence of a naturally occurring protein. In some embodiments, the cancer associate sequence
does not comprise a naturally occutring sequence. As already noted, fragments of naturally
occurring proteins may be used; in addition, the expressed polypeptide may comprise mutations
such as deletions, insertions, or amino acid substitutions when compared to a naturally occurring
polypeptide, so long as at least one peptide epitope can be processed by the DC and presented
on a MHC class I or I surface molecule. In some embodiments, it may be desirable to use
sequences other than “wild fype,” in order to, for example, increase antigenicity of the peptide
or to increase peptide expression levels. In some embodiments, the introduced cancer associated
sequences may encode variants such as polymorphic variants (e.g., a variant expressed by a
particular human patient) or variants characteristic of a particular cancer (e.g., a cancer in a
particular subject).

[0020%] In some embodiments, a cancer associated sequence may be introduced
(transduced) into DCs or stem cells in any of a variety of standard methods, including
transfection, recombinant vaccinia viruses, adeno-associated viruses (AAVs), retroviruses, etc.

[00210] In some embodiments, the transformed DCs of the invention may be
introduced into the subject (e.g., without limitation, a human patient) where the DCs may induce
an immune response. Typically, the immune response includes a cytotoxic T-lymphocyte
(CTL) response against target cells bearing antigenic peptides (e.g., in a MHC class I/peptide
complex). These target cells are typically cancer cells.

[00211] In some embodiments, when the DCs are to be administered to a subject,
they may preferably isolated from, or derived from precursor cells from, that subject (i.c., the
DCs may administered to an autologous subject). However, the cells may be infused into HLA-
matched allogeneic or HLA-mismatched allogeneic subject. In the Ilatter case,
immunosuppressive drugs may be administered to the subject.

[00212]  In some embodiments, the cells may be administered in any suitable manner.

In some embodiments, the cell may be administered with a pharmaceutically acceptable carrier
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(e.g., saline). In some embodiments, the cells may be administered through intravenous, intra-
articular, inframuscular, intradermal, intraperitoneal, or subcutaneous routes. Administration
(i.e., immunization) may be repeated at time intervals. Infusions of DC may be combined with
administration of cytokines that act to maintain DC number and activity (e.g., GM-CSF, 11.-12).

[00213]  In some embodiments, the dosc administered to a subject may be a dose
sufficient to induce an immune response as detected by assays which measure T cell
proliferation, T lymphocyte cytotoxicity, and/or effect a beneficial therapeutic response in the
patient over time, e.g., to inhibit growth of cancer cells or result in reduction in the number of
cancer cells or the size of a tumor.

[00214] In some embodiments, IDCs are obtained (either from a patient or by in vitro
differentiation of precursor cells) and pulsed with antigenic peptides having a cancer associated
sequence. The pulsing results in the presentation of peptides onto the surface MHC molecules
of the cells. The peptide/MHC complexes displayed on the cell surface may be capable of
inducing a MHC-restricted cytotoxic T-lymphocyte response against target cells expressing
cancer associated polypeptides (e.g., without limitations, cancer celis).

[00215] In some embodiments, cancer associated sequences used for pulsing may
have at least about 6 or 8 amino acids and fewer than about 30 amino acids or fewer than about
50 amino acid residues in length. In some embodiments, an immunogenic peptide sequence
may have from about 8 to about 12 amino acids. In some embodiments, a mixture of human
protein fragments may be used; alternatively a particular peptide of defined sequence may be
used. The peptide antigens may be produced by de novo peptide synthesis, enzymatic digestion
of purified or recombinant human peptides, by purification of the peptide sequence from a
natural source (e.g., a subject or tumor cells from a subject), or expression of a recombinant
poiynucieotide encoding a human peptide fragment,

[00216] In some embodiments, the amount of peptide used for pulsing DC may
chpendonthenauwe,ﬂzeandInwﬁyofthepepﬁdeorpobmepﬁde.Insonu:mnbodhneﬁm,an
amount of from about 0.05 ug/ml to about 1 mg/mi, from about 0.05 ug/ml to about 500 ug/ml,
from about 0.05 ug/ml to about 250 ug/ml, from about 0.5 ug/ml to about I mg/mi, from about
0.5 ug/ml to about 500 ug/mi, from about 0.5 ug/mi to about 250 ug/ml, or from about 1 ug/ml
to about 100 ug/ml of peptide may be used. After adding the peptide antigen(s) to the cultured
DC, the cells may then be allowed sufficient time to take up and process the antigen and express
antigen peptides on the cell surface in association with either class I or class II MIHC. In some
embodiments, the time to take up and process the antigen may be about 18 to about 30 hours,

about 20 to about 30 hours, or about 24 hours.
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[00217] Numerous examples of systems and methods for predicting peptide binding
motifs for different MHC Class I and I molecules have been described. Such prediction could
be used for predicting peptide motifs that will bind to the desired MHC Class I or I molecules.
Examples of such methods, systems, and databases that those of ordinary skill in the art might

consult for such purpose include:

I. Peptide Binding Motifs for MHC Class I and I Molecules; William E. Biddison,
Roland Mattin, Crrrent Protocols in Immunology, Unit 11 (DOL:
10.1002/0471142735.ima01is36; Online Posting Date: May, 2001).

[00218] Reference 1 above, provides an overview of the use of peptide-binding
motifs to predict interaction with a specific MHC class [ or I1 allele, and gives examples for the
use of MHC binding motifs to predict T-cell recognition.

[00219]  Table 3 provides an exemplary result for a HLA peptide motif search at the
NIH Center for Information Technology website, Biolnformatics and Molecular Analysis
Section.

TABLE 3: exemplary result for HLA peptide motif search
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User Parameter and Scoring Information: Explicit number

Method selected to mimic the number of

results

Number of results requested 20

HLA molecule type selected A 0201

Length selected for subsequences to be 9

scored

Echoing mode selected for input sequence Y

Echoing format Numbered lines
Length of user’s input peptide sequence 369

Number of subsequence scores calculated 361

Number of top-scoring subsequences 20

reported back in scoring output table
Scoring Results
Rank Start Position Subsequence residue Score (estimate of
listing half time of
disassociation of a
molecule containing

this subsequence

1 310 SLLKFLAKYV (SEQ 2249.173
ID NO: 32)

2 183 MLLVFGIDV (SEQ 1662.432
1D NO:33)

3 137 KVTDLVQFL (SEQ 339.313
1D NO:34)

4 254 GLYDGMMEHL 315.870

(SEQ TD NO:35)
5 228 ILILSIIFI (SEQ ID 224.357
NO:36)

6 296 FLWGPRAHA (SEQ 189.678
ID NO:37)

7 245 VIWEALNMM (SEQ 90.891

ID NO:38)
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10

|31

12

13

14

15

16

17

18

19

20

308

166

201

174

213

226

225

251

88

66

220

233

247

KMSILKFLA (SEQ
ID NO:39)
KNYEDHFPL (SEQ
ID NO:40)
FVLVTSLGL (SEQ
ID NO:41)
ILFSEASEC (SEQ
ID NO:42)
GMLSDVQSM
(SEQ ID NO:43)
ILILILSI (SEQ ID
NO:44)
GILILILSI (SEQ ID
NO:45)
NMMGLYDGM
(SEQ ID NO:46)
QIACSSPSYV (SEQ
ID NO:47)
LIPSTPEEV (SEQ
1D NO:48)
SMPKTGILI (SEQ
D NO:49)
HFIEGYCT (SEQ ID
NO:50)
WEALNMGL (SEQ
ID NO:51)

PCT/US2013/021286

72.836

37.140

31.814

31.249

30.534

16,725

12,208

9.758

9.563

7.966

7.535

6.445

4.395

[00220]  One skilled in the art of peptide-based vaccination may determine which

peptides would work best in individuals based on their HLA alleles (e.g., due to “MHC

restriction”). Different HLA alleles will bind particular peptide motifs (usually 2 or 3 highly

conserved positions out of 8-10) with different energies which can be predicted theoretically or

measured as dissociation rates. Thus, a skilled artisan may be able to tailor the peptides to a

subject’s HLA profile.
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[00221] In some embodiments, the present disclosure provides methods of eliciting
an immune response against cells expressing a cancer associated sequence compiising
contacting a subject with a cancer associated sequence under conditions effective to elicit an
immune response in the subject, wherein said cancer associated sequence comprises a sequence
or fragment thereof a gene selected from one or more of the cancer associated sequences
provided infra.

Transfecting Cells With Cancer Associated Sequences

[00222] Cells may be transfected with one or more of the cancer associated
sequences disclosed infra, Transfected cells may be useful in screening assays, diagnosis and
detection assays. Transfected cells expressing one or more cancer associated sequence disclosed
herein may be used to obtain isolated nucleic acids encoding cancer associated sequences and/or
isolated proteins or peptide fragments encoded by one or more cancer associated sequences.

[00223]  Electroporation may be used to introduce the cancer associated nucleic acids
described herein into mammalian cells (Neumann, E, et al. (1982) EMBO J. 1, 841-845), plant
and bacterial cells, and may also be used to introduce proteins (Marrero, M.B. et al. (1995) J.
Biol. Chem. 270, 15734-15738; Nolkrantz, K. et al. (2002) Anal. Chem. 74, 4300-4305; Rui, M.
et al. (2002) Life Sci. 71, 1771-1778). Cells (such as the cells of this invention) suspended in a
buffered solution of the purified protein of interest are placed in a pulsed electrical field.
Briefly, high-voltage electric pulses result in the formation of small (nanometer-sized) pores in
the cell membrane, Proteins enter the cell via these small pores or during the process of
membrane reorganization as the pores close and the cell returns to its normal state. The
efficiency of delivery may be dependent upon the strength of the applied electrical field, the
length of the pulses, temperature and the composition of the buffered medium, Electroporation
is successful with a variety of cell types, even some cell lines that are resistant to other delivery
methods, although the overall efficiency is often quite low. Some cell lines may remain
refractory even to electroporation unless partially activated,

[00224]  Microinjection may be used to infroduce femtoliter volumes of DNA directly
into the nucleus of a cell {Capecchi, M.R. (1980) Cell 22, 470-488) where it can be integrated
directly into the host cell genome, thus creating an established cell line bearing the sequence of
interest. Proteins such as antibodies (Abarzua, P. et al. (1995} Cancer Res. 55, 3490-3494,;
Theiss, C. and Meller, K. (2002) Exp. Cell Res. 281, 197-204) and mutant proteins (Naryanan,
A. et al. (2003) J. Cell Sci. 116, 177-186) can also be directly delivered into cells via

microinjection to determine their effects on cellular processes firsthand. Microinjection has the
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advantage of introducing macromolecules directly into the cell, thereby bypassing exposure to
potentially undesirable celiular compartments such as low-pH endosomes.

[00225]  Several proteins and small peptides have the ability to transduce or travel
through biofogical membranes independent of classical receptor-mediated or endocytosis-
mediated pathways. Examples of these proteins include the HIV-1 TAT protein, the herpes
simplex virus 1 (HSV-1) DNA-binding protein VP22, and the Drosophila Antennapedia (Antp)
homeotic transcription factor. In some embodiments, protein transduction domains (PTDs)
from these proteins may be fused to other macromolecules, peptides or proteins such as, without
limitation, a cancer associated polypeptide to successfully transport the polypeptide into a cell
(Schwarze, S.R, et al, (2000) Trends Cell Biol. 10, 290-295). Exemplary advantages of using
fusions of these transduction domains is that protein entry is rapid, concentration-dependent and
appears to work with difficult cell types (Fenton, M. et al. (1998) J. Immunol. Methods 212, 41-
48).

[00226] In some embodiments, liposomes may be used as vehicles to deliver
oligonucleotides, DNA. (gene) constructs and small drug molecules into cells (Zabner, J. et al.
(1995) J. Biol. Chem, 270, 18997-19007; Felgner, P.L. et al. (1987) Proc. Natl. Acad. Sci. USA
84, 7413-7417). Certain lipids, when placed in an aqueous solution and sonicated, form closed
~ vesicles consisting of a circularized lipld bilayer surrounding an aqueous compartment. The
vesicles or liposomes of embodiments herein may be formed in a solution containing the
molecule to be delivered, In addition to encapsulating DNA in an aqueous solution, cationic
liposomes may spontaneously and efficiently form complexes with DNA, with the positively
charged head groups on the lipids interacting with the negatively charged backbone of the DNA.
The exact composition and/or mixture of cationic lipids used can be altered, depending upon the
macromolecule of interest and the cell type used (Felgner, J.H. et al. (1994) J. Biol. Chem. 269,
2550-2561). The cationic liposome strategy has also been applied successfully to protein
delivery (Zelphati, O. et al. (2001) J. Biol. Chem. 276, 35103-35110). Because proteins are
more heterogeneous than DNA, the physical characteristics of the protein, such as its charge and
hydrophobicity, may influence the extent of its interaction with the cationic lipids.

Pharmaceutical Compositions and Modes of Administration

[00227] Modes of administration for a therapeutic (either alone or in combination
with other pharmaceuticals) can be, but are not limited to, sublingual, injectable (including
short-acting, depot, implant and pellet forms injected subcutaneously or intramuscularly), or by
use of vaginal creams, suppositories, pessaries, vaginal rings, rectal suppositories, intrauterine

devices, and transdermal forms such as patches and creams.
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[00228]  Specific modes of administration will depend on the indication. The
selection of the specific route of administration and the dose regimen is to be adjusted or titrated
by the clinician according to methods known to the clinician in order to obtain the optimal
clinical response. The amount of therapeutic to be administered is that amount which is
therapeutically effective. The dosage to be administered will depend on the characteristics of
the subject being treated, e.g., the particular animal treated, age, weight, health, types of
concurrent treatment, if any, and frequency of treatments, and can be easily determined by one
of skill in the art (e.g., by the clinician),

100229]  Pharmaceutical formulations containing the therapeutic of the present
disclosure and a suitable carrier can be solid dosage forms which include, but are not limited to,
tablets, capsules, cachets, pellets, pills, powders and granules; topical dosage forms which
include, but are not limited to, solutions, powders, fluid emulsions, fluid suspensions, semi-
solids, ointments, pastes, creams, gels and jellies, and foams; and parenteral dosage forms which
include, but are not limited to, solutions, suspensions, emulsions, and dry powder; comprising
an effective amount of a polymer or copolymer of the present disclosure. It is also known in the
art that the active ingredients can be contained in such formulations with pharmaceutically
acceptable diluents, fillers, disintegrants, binders, lubricants, surfactants, hydrophobic vehicles,
water soluble vehicles, emulsifiers, buffers, humectants, moisturizers, solubilizers, preservatives
and the like. The means and methods for administration are known in the art and an artisan can
refer to various pharmacologic references for guidance. For example, Modern Pharmaceutics,
Banker & Rhodes, Marcel Dekker, Inc. (1979); and Goodman & Gilman's The Pharmaceutical
Basis of Therapeutics, 6th Edition, MacMillan Publishing Co., New York (1980) can be
consulted.

[00230] The compositions of the present disclosure can be formulated for parenteral
administration by injection, e.g., by bolus injection or continuous infusion. The compositions
can be administered by continuous infusion subcutaneously over a period of about 15 minutes to
about 24 hours. Formulations for injection can be presented in unit dosage form, e.g., in
ampoules or in multi-dose containers, with an added preservative. The compositions can take
such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and can contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.

[00231] For oral administration, the compositions can be formulated readily by
combining the therapeutic with pharmacecutically acceptable carriers well known in the art,
Such carriers enable the therapeutic of the invention to be formulated as tablets, pills, dragees,

capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient
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to be treated. Pharmaceutical preparations for oral use can be obtained by adding a solid
excipient, optionally grinding the resulting mixture, and processing the mixture of granules,
after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients
include, but are not limited to, fillers such as sugars, including, but not limited to, lactose,
sucrose, mannitol, and sorbitol; cellulose preparations such as, but not limited to, maize starch,
wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl celiulose,
hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, and polyvinylpyrrolidone
(PVP). If desired, disintegrating agents can be added, such as, but not limited to, the cross-
linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate.

[00232] Dragee cores can be provided with suitable coatings. For this purpose,
concentrated sugar solutions can be used, which can optionally contain gum arabic, talc,
polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer
solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments can be
added to the tablets or dragee coatings for identification or to characterize different
combinations of active therapeutic doses.

[00233]  Pharmaceutical preparations which can be used orally include, but are not
limited to, push-fit capsules made of gelatin, as well as soft, scaled capsules made of gelatin and
a plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active
ingredients in admixture with fitler such as, e.g., lactose, binders such as, e.g., starches, and/or
lubricants such as, ¢.g., talc or magnesium stearate and, optionally, stabilizers. In soft capsules,
the active therapeutic can be dissolved or suspended in suitable liquids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycols. In addition, stabilizers can be added. All formulations
for oral administration should be in dosages suitable for such administration,

[00234]  For buccal administration, the pharmaceutical compositions can take the
form of, ¢.g., tablets or lozenges formulated in a conventional manner.

[00235]  For administration by inhalation, the therapeutic for use according to the
present disclosure is conveniently delivered in the form of an aerosol spray presentation from
pressurized packs or a nebulizer, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or
other suitable gas, In the case of a pressurized aerosol the dosage unit can be determined by
providing a valve to deliver a metered amount. Capsules and cartridges of, e.g., gelatin for use
in an inhaler or insuffiator can be formulated containing a powder mix of the therapeutic and a

suitable powder base such as lactose or starch.
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[00236] The compositions of the present disclosure can also be formulated in rectal
compositions such as suppositories or retention enemas, e.g, containing conventional
suppository bases such as cocoa butter or other glycerides.

[00237] In addition to the formulations described previously, the therapeutic of the
present disclosure can also be formulated as a depot preparation. Such long acting formulations
can be administered by implantation (for example subcutaneously or intramuscularly) or by
intramuscular injection.

[00238] Depot injections can be administered at about 1 to about 6 months or longer
intervals. Thus, for example, the compositions can be formulated with suitable polymeric or
hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange resins,
or as sparingly soluble derivatives, for example, as a sparingly soluble salt.

[00239]  In transdermal administration, the compositions of the present disclosure, for
example, can be applied to a plaster, or can be applied by transdermal, therapeutic systems that
are consequently supplied to the organism.

[00240]  Pharmaceutical compositions can include suitable solid or gel phase carriers
or excipients. Examples of such carriers or excipients include but are not limited to calcium
carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and
polymers such as, e.g., polyethylene glycols.

[00241] The compositions of the present disclosure can also be administered in
combination with other active ingredients, such as, for example, adjuvants, protease inhibitors,
or other compatible drugs or compounds where such combination is seen to be desirable or
advantageous in achieving the desired effects of the methods described herein.

[00242] In some embodiments, the disintegrant component comprises one or more of
croscarmellose sodium, carmellose calcium, crospovidone, alginic acid, sodium alginate,
potassium alginate, calcium alginate, an ion exchange resin, an effervescent system based on
food acids and an alkaline carbonate component, clay, talc, starch, pregelatinized starch, sodium
starch glycolate, cellulose floc, carboxymethylcellulose, hydroxypropylcellulose, calcivm
silicate, a metal carbonate, sodium bicarbonate, calcium citrate, or calcium phosphate.

[00243] In some embodiments, the diluent component may include one or more of
mannitol, lactose, sucrose, maltodextrin, sorbitol, xylitol, powdered cellulose, microcrystalline
cellulose, carboxymethylcellulose, carboxyethylcellulose, methylcellulose, ethylcellulose,
hydroxyethylcellulose, methylhydroxyethylcellulose, starch, sodium starch glycolate,
pregelatinized starch, a calcium phosphate, a metal carbonate, a metal oxide, or a metal

aluminosilicate,
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[00244] In some embodiments, the optional lubricant component, when present,
comprises one or more of stearic acid, metallic stearate, sodium stearylfumarate, fatty acid, fatty
alcohol, fatty acid ester, glycerylbehenate, mineral oil, vegetable oil, paraffin, leucine, silica,
silicic acid, tale, propylene glycol fatty acid ester, polyethoxylated castor oil, polyethylene
glycol, polypropylene glycol, polyalkylene glycol, polyoxyethylene-glycerol fatty ester,
polyoxyethylene fatty alcohol ether, polycthoxylated sterol, polyethoxylated castor oil,
polyethoxylated vegetable oil, or sodium chloride,

Kits

[00245]  Also provided by the invention are kits and systems for practicing the subject
methods, as described above, such cbnumnents configured to diagnose cancer in a subject, treat
cancer in a subject, detect cancer in a sample, or perform basic research experiments on cancer
cells (e.g., either derived directly from a subject, grown in vitro or ex vivo, or from an animal
model of cancer. The various components of the kits may be present in separate containers or
certain compatible components may be pre-combined into a single container, as desired,

[00246] In some embodiments, the invention provides a kit for diagnosing the
presence of cancer in a test sample, said kit comprising at least one polynucleotide that
selectively hybridizes to a cancer associated polynucleotide sequence shown in SEQ ID NOS 1-
29, or its complement, The kit may include a protein or a petide that binds to one or more of the
cancer associated sequences described infra, e.g. IGSF1, IGSF21, TM7SF4, FLI30058,
CITEDI, ZCCHCI12, CLDNI6, FNI, SERPINA1, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3L1, CYP24A1, HHATL, ISYNAI1, LMO3,
MIR221, PCSKIN, SCGS5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA 1324, CCDC85A, CRABP2, Cl4orf78, TNFRSFi1B, AHNAK2, CYTOKERATINEI9.
The kit may include one or more a probes such as one or more oligonucleotides that bind to one
or mote of the cancer associated sequences disclosed infra, e.g. IGSF1, 1GSF21, TM7SF4,
FLJ30058, CITEDI, ZCCHCI2, CLDNI16, FN1, SERPINA1, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3LI, CYP24A1, HHATL, ISYNAI1, LMO3,
MIR221, PCSKIN, SCGS5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABP2, Ci4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEI9.
In another embodiment the invention provides an electronic [ibrary comprising a cancer
associated polynucleotide, a cancer associated polypeptide, or fragment thereof, disclosed infia,
In some embodiments the kit may include one or more capture reagents or specific binding

partners of one or more cancer associated sequences disclosed infra,
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[00247]  The subject systems and kits may also include one or more other reagents for
performing any of the subject methods. The reagents may include one or more matrices,
solvents, sample preparation reagents, buffers, desalting reagents, enzymatic reagents,
denaturing reagents, probes, polynucleotides, vectors {e.g., plasmid or viral vectors), etc., where
calibration standards such as positive and negative controls may be provided as well. As such,
the kits may include one or more containers such as vials or bottles, with each container
containing a separate component for carrying out a sample processing or preparing step and/or
for carrying out one or more steps for producing a normalized sample according to the present
disclosure.

[00248]  In addition to above-mentioned components, the subject kits typically further
include instructions for using the components of the kit to practice the subject methods, The
instructions for practicing the subject methods are generally recorded on a suitable recording
medium. For example, the instructions may be printed on a substrate, such as paper or plastic,
etc. As such, the instructions may be present in the kits as a package insert, in the labeling of
the container of the kit or components thereof (i.e., associated with the packaging or sub-
packaging) etc. In other embodiments, the instructions are present as an electronic storage data
file present on a suitable computer readable storage medium, e.g. CD-ROM, diskette, etc. In yet
other embodiments, the actual instructions are not present in the kit, but means for obtaining the
instructions from a remote source, e.g. via the internet, are provided. An example of this
embodiment is a kit that includes a web address where the instructions can be viewed and/or
from which the instructions can be downloaded. As with the instructions, this means for
obtaining the instructions is recorded on a suitable substrate.

[00249] In addition to the subject database, programming and instructions, the kits
may also include one or more control samples and reagents, ¢.g., two or more control samples
for use in testing the kit.

Additional Embodiments of the Invention

[00250] In some embodiments, the methods comprise targeting a marker that is
expressed at abnormal levels in thyroid tumor tissue in comparison to normal somatic tissue, In
some embodiments, the marker may comprise a sequence disclosed herein or in Table 1, a
complement thereof, or a combination thereof. In some embodiments, the marker may be
selected from a sequence encoding 1GSF1, IGSF21, TM7SF4, FLJ30058, CITEDI, ZCCHCI2,
CLDNI6, FNI1, SERPINAIL, STK32A, UNQ9433, BC030766, AK023519, SLC34A2,
BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNA1, LMO3, MIR221, PCSKIN, SCGS,
BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2,
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Cl4orf78, TNFRSFI11B, AHNAK2, CYTOKERATINEI9 a homolog thereof, a fragment
thereof, a complement thercof or a combination thereof. In some embodiments, the marker may
comprise a sequence selected from SEQ ID NOs: 1-29, a fragment thereof, a complement
thereof, or a combination thereof or is encoded by the same. In some embodiments, the
methods for the treatment of thyroid cancer and related pharmaceutical preparations and kits are
provided, Some embodiments are directed to methods of treating thyroid cancer comprising
administering a composition including a therapeutic that affects the expression, abundance or
activity of a target marker. In some embodiments, the target marker may include a sequence
described herein or in Table I, a complement thereof, or any combination thereof. In some
embodiments, the farget marker may comprise a sequence selected from SEQ ID NOs: 1-29, a
fragment thereof, a complement thereof, or a combination thereof.

[00251]  Some embodiments provide methods of detecting thyroid cancer comprising
detecting a level of a target marker associated with the cancer. In some embodiments, the target
marker may include a sequence described herein or in Table 1, a complement thereof or any
combination thereof. In some embodiments, the marker may be selected from a sequence
selected from IGSFI1, IGSF21, TM7SF4, FLI30058, CITEDI, ZCCHCI2, CLDNI6, FNI,
SERPINAI, STK32A, UNQ9433, BC030766, AK023519, SLC34A2, BX538295, IGFL2,
CHI3L1,CYP24A1, HHATL, ISYNAIL, LMO3, MIR221, PCSKIN, SCG35, BX955517, CSTé,
SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11 AHNAK?2, CYTOKERATINEIOB, a fragment thereof, a complement thereof or a
combination thereof. In some embodiments, the marker may be selected from SEQ ID NOs: 1-
29, a fragment thereof, a complement thereof, or a combination thereof,

[00252] Some embodiments herein provide antigens (i.e., cancer-associated
polypeptides) associated with thyroid cancer as targets for diagnostic and/or therapeutic
antibodies, In some embodiments, the antigen may be selected from a sequence selected from
IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI, ZCCHCI12, CLDNI6, FNIi, SERPINAI,
STK32A, UNQ9433, BC030766, AKO023519, SLC34A2, BX538295, IGFL2,
CHI3LI1,CYP24A1, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS5, BX955517, CSTé,
SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSFI11B, AHNAK2, CYTOKERATINE!9 a fragment thercof, a complement thereof or a
combination thereof. In some embodiments, the antigen may be encoded by a sequence selected
from SEQ ID NOs: 1-29, a fragment thereof, a complement thereof, or a combination thereof.
In some embodiments, these antigens may be useful for drug discovery (e.g., small molecules)

and for further characterization of cellular regulation, growth, and differentiation.
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[00253) Some embodiments describe a method of diagnosing thyroid cancer in a
subject, the method comprising: (a) determining the expression of one or more genes or gene
products or homologs thereof; and (b) comparing the expression of the one or more nucleic acid
sequences from a second normal sample from the first subject or a second unaffected subject,
wherein a difference in the expression indicates that the first subject has thyroid cancer, wherein
the gene or the gene product is referred to as a gene selected from: IGSF1, IGSF21, TM7SF4,
FLJ30058, CITEDI, ZCCHCI2, CLDNI16, FN1, SERPINAI1, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAIL, LMO3,
MIR221, PCSKIN, SCGS, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEIS
a gene described in Table | or 2 (with sequences incorporated by reference via the accession
number), a fragment thereof, a complement thereof or a combination thereof.

[00254] Some embodiments describe a method of eliciting an immune response
against cells expressing a cancer associated sequence comprising contacting a subject with a
cancer associated sequence under conditions effective to elicit an immune response in the
subject, whetein the cancer associated sequence comprises a sequence or fragment thereof
selected from IGSF1, IGSF21, TM7SF4, FLI30058, CITEDI1, ZCCHCI12, CLDNI16, FNI,
SERPINAI, STK32A, UNQ9433, BC030766, AK023519, SLC34A2, BX538295, IGFL2,
CHI3L1,CYP24Al, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS5, BX955517, CST6,
SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK2, CYTOKERATINEI9 a sequence described in Table 1 or Table 2
(including but not limited to the sequences described in the accession files), or a combination
thereof.

[00255] Some embodiments describe a method of detecting thyroid cancer in a test
sample, comprising: (i) detecting a level of activity of at least one polypeptide that is a gene
product; and (ii) comparing the level of activity of the polypeptide in the test sample with a level
of activity of polypeptide in a normal sample, wherein an altered level of activity of the
polypeptide in the test sample relative to the level of polypeptide activity in the normal sample
is indicative of the presence of thyroid cancer in the test sample, wherein the gene product is a
product of a gene selected from: IGSF1, IGSF21, TM7SF4, FLI30058, CITED1, ZCCHCI2,
CLDNI16, FNI, SERPINAL, STK32A, UNQ9433, BC030766, AK023519, SLC34A2,
BXS538295, IGFL2, CHI3L1,CYP24At, HHATL, ISYNAI, LMO3, MiR221, PCSKIN, SCGS,
BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU, KIAA1324, CCDC85A, CRABP2,
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Cldorf78, TNFRSF11B, AHNAK2, CYTOKERATINEI9 a sequence described in Table 1 or
Table 2, or a combination thercof,

[00256] Some embodiments herein are directed to a method of treating thyroid cancer
in a subject, the method comprising administering to a subject in need thereof a therapeutic
agent modulating the activity of a cancer associated protein, wherein the cancer associated
protein is encoded by a nucleic acid comprising a nucleic acid sequence selected from a
sequence described herein or in Table 1, homologs thereof, combinations thereof, or a fragment
thereof. In some embodiments, the therapeutic agent binds to the cancer associated protein. In
some embodiments, the therapeutic agent is an antibody. In some embodiments, the antibody
may be a monoclonal antibody or a polyclonal antibody. In some embodiments, the antibody is
a humanized or human antibody. In some embodiments, a method of treating thyroid cancer
may comprise gene knockdown of a gene selected from 1GSF1, IGSF21, TM7SF4, FLI30058,
CITEDI, ZCCHCI12, CLDNI16, FNI, SERPINAI, STK32A, UNQ9433, BCO030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAI, LMO3,
MIR221, PCSKIN, SCG5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEI9 a
sequence described in Table 1 or Table 2, or a combination thereof. In some embodiments, a
method of treating thyroid cancer may comprise treating cells to knockdown or inhibit
expression of a gene encoding an mRNA of IGSF1, IGSF21, TM7SF4, FLI30058, CITEDI,
ZCCHC12, CLDN16, FNI, SERPINAI, STK32A, UNQ9433, BC030766, AK023519,
SLC34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAI, LMO3, MIR22I,
PCSKIN, SCG5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324,
CCDCS85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK?2, CYTOKERATINEILY a sequence
described in Table 1 or Table 2, a fragment thereof, a complement thercof, or a combination
thereof. In some embodiments, the cancer is thyroid cancer, In some embodiments, the thyroid
cancer is selected from carcinoma, any malignant thyroid neoplasm, papillary thyroid cancer,
follicular thyroid cancer, medullary thyroid cancer, anaplastic thyroid cancer, lymphoma,
squamous cell carcinoma, papillary microsarcoma, or a combination thereof. The methods
disclosed herein may also be used for diagnosis and treatment of other cancers and other
conditions in which cells have become immortalized.

[00257] In some embodiments, a method of diagnosing a subject with thyroid cancer
comprises obtaining a sample and detecting the presence of a cancer associated sequence
selected from a sequence described herein or in Table 1, a fragment thereof or a complement

thereof wherein the presence of the cancer associated sequence indicates the subject has thyroid
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cancer or a sequence that specifically hybridizes with a gene selected from the group of IGSF1,
IGSF21, TM7SF4, FLI30058, CITED1, ZCCHC12, CLDNI16, FNI, SERPINAI, STK32A,
UNQ9433, BC030766, AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,CYP24Al,
HHATL, ISYNA1, LMO3, MIR221, PCSKIN, SCGS, BX955517, CST6, SFTPB, SLC27A6,
TMEM233, NMU KIAAI324, CCDC85A, CRABP2, Cl4orf78, TNFRSF!1B, AHNAK2,
CYTOKERATINE19 a sequence described in Table 1 or Table 2 (sequence incorporated by
reference via the accession number), a fragment thercof, a complement thereof, or a
combination thereof. In some embodiments, detecting the presence of a cancer associated
sequence comprises contacting the sample with an antibody or other type of capture reagent that
specifically binds to the cancer associated sequence’s protein and detecting the presence or
absence of the binding to the cancer associated sequence’s protein in the sample. In some
embodiments, the thyroid cancer is selected from carcinoma, any malignant thyroid neoplasm, |
papillary thyroid cancer, follicular thyroid cancer, medullary thyroid cancer, anaplastic thyroid
cancer, [ymphoma, squamous cell carcinoma, papillary microsarcoma, or a combination thereof,
The methods disclosed herein may also be used for diagnosis and treatment of other conditions
in which cells have become immontalized.

[00258] In some embodiments, the present invention provides methods of treating
cancer in a subject, the method comprising administering to a subject in need thereof a
therapeutic agent that modulates the activity of IGSF 1, IGSF21, TM7SF4, FLI30058, CITEDI,
ZCCHCI2, CLDNIl6, FNI, SERPINA1, STK32A, UNQ9433, BC030766, AK023519,
SLC34A2, BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAI, LMO3, MIR221,
PCSKIN, SCG5, BX955517, CST6, SFTPB, SLC27A6, TMEM?233, NMU KIAA1324,
CCDC85A, CRABP2, Cl4orf78, TNFRSF1iB, AHNAK2, CYTOKERATINELY a sequence
desctibed in Table 1 or Table 2 (sequence incorporated by reference via the accession number),
a fragment thercof, a complement thereof, or a combination thereof, wherein the therapeutic
agent treats the cancer in the subject. In some embodiments, the cancer is thyroid cancer. In
some embodiments, the thyroid cancer is selected from carcinoma, any malignant thyroid
neoplasm, papiflary thyroid cancer, follicular thyroid cancer, meduilary thyroid cancer,
anaplastic thyroid cancer, lymphoma, squamous cell carcinoma, papillary microsarcoma, or a
combination thereof, The methods disclosed herein may also be used for treatment of other
cancers and other conditions in which cells have become immortalized.

[00259]  In some embodiments, the present invention provides methods of diagnosing
thyroid cancer in a subject, the method comprising determining the expression of a gene
disclosed in Table | or a gene selected from IGSFI, IGSE21, TM7SF4, FLI30058, CITEDI,
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ZCCHCI12, CLDNI6, FNI1, SERPINAIL, STK32A, UNQ9433, BCO030766, AK023519,
SLC34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAI, LMO3, MIR221,
PCSKIN, SCG5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA[324,
CCDCS85A, CRABP2, Cl4dorf78, TNFRSF11B, AHNAK2, CYTOKERATINEI9 a fragment
thereof, a complement thereof, or a combination thereof from a sample; and diagnosing thyroid
cancer in the subject based on the expression, wherein the subject is diagnosed as having thyroid
cancer if the gene is overexpressed.

[00260] In some embodiments, the present invention provides methods of detecting
thyroid cancer in a test sample, the method comprising: (i) detecting a level of an antibody,
wherein the antibody binds to an antigenic polypeptide encoded by a nucleic acid sequence
comprising a sequence encoding IGSF1, IGSF21, TM7SF4, FLJ30058, CITED!{, ZCCHCI12,
CLDNI6, FNI, SERPINAIL, STK32A, UNQ9433, BCO030766, AK023519, SLC34A2,
BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAI1, LMO3, MIR221, PCSKIN, SCGS3,
BX955517, CST6, SFTPB, SLC27A6, TMEM?233, NMU KIAA1324, CCDC85A, CRABP2,
Cl4orf78, TNFRSF11B, AHONAK2, CYTOKERATINEI9 a sequence described in Table 1 or
Table 2 (sequence incorporated by reference via the accession number), a homolog thereof, a
fragment thereof, a complement thereof, or a combination thereof} and (ii) comparing the level
of the antibody in the test sample with a level of the antibody in a control sample, wherein an
altered level of antibody in the test sample relative to the level of antibody in the control sample
is indicative of the presence of thyroid cancer in the test sample. In some embodiments, the
nucleic acid sequence may be selected from SEQ ID NOs: 1-29, a fragment thereof, a
complement thereof, or a combination thereof.

[00261] In some embodiments, the present invention provides methods of detecting
thyroid cancer in a test sample, comprising: (i) detecting a level of activity of at least one
polypeptide that is encoded by a nucleic acid comprising a nucleic acid sequence encoding
IGSF1, IGSF21, TM7SF4, FLI30058, CITED!{, ZCCHCIi2, CLDNI6, FNi, SERPINAIL,
STK32A, UNQ9433, BCO030766, AKO023519, SLC34A2, BX538295, IGFL2,
CHI3LI,CYP24A1, HHATL, ISYNAIL, LMO3, MIR221, PCSKIN, SCGS, BX955517, CSTo,
SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK?2, CYTOKERATINE19 a sequence described in Table I or Table 2
(sequence incorporated by reference via the accession number), a homolog thereof, a fragment
thereof, a complement thereof, or a combination thereof; and (ii) comparing the level of activity
of the polypeptide in the test sample with a level of activity of polypeptide in a normal sample,

wherein an altered level of activity of the polypeptide in the test sample relative to the level of
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polypeptide activity in the normal sample is indicative of the presence of thyroid cancer in the
test sample, In some embodiments, the nucleic acid sequence may be selected from SEQ ID
NOs: 1-29, a fragment thereof, a complement thereof, or a combination thereof,

[00262] In some embodiments, the present invention provides methods of detecting
thyroid cancer in a test sample, the method comprising: (i) detecting a level of expression of at
least one polypeptide that is encoded by a nucleic acid comprising a nucleic acid sequence
encoding IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI, ZCCHCI12, CLDNI6, FNI,
SERPINAI, STK32A, UNQ9433, BC030766, AK023519, SLC34A2, BX538295, IGFL2,
CHI3L1,CYP24A1, HHATL, ISYNA1, LMO3, MIR221, PCSKIN, SCGS, BX955517, CSTb,
SFTPB, SLC27A6, TMEM233, NMU, KIAA1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK2, CYTOKERATINE19, or a sequence disclosed in Table 1, homologs
thereof, combinations thereof, or a fragment thereof; and (ii) comparing the level of expression
of the polypeptide in the test sample with a level of expression of polypeptide in a normal
sample, wherein an altered level of expression of the polypeptide in the test sample relative to
the level of polypeptide expression in the normal sample is indicative of the presence of thyroid
cancer in the test sample. In some embodiments, the nucleic acid sequence may be selected
from SEQ ID NOs: 1-29, a fragment thereof, a complement thereof, or a combination thereof,

[00263] In some embodiments, the present invention provides methods of detecting
thyroid cancer in a test sample, the method comprising: (i) detecting a level of expression of a
nucleic acid sequence comprising a nucleic acid sequence encoding IGSF1, IGSF21, TM7SF4,
FLI30058, CITED!, ZCCHCI12, CLDN16, FNI, SERPINAI, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3LI,CYP24Al, HHATL, ISYNAI, LMO3,
MIR221, PCSKIN, SCGS5, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINE 9or
a sequence disclosed in Table 1, homologs thereof, mutant nucleic acids thereof, combinations
thereof, or a fragment thereof; and (ii) comparing the level of expression of the nucleic acid
sequence in the test sample with a lfevel of expression of nucleic acid sequence in a normal
sample, wherein an altered level of expression of the nucleic acid sequence in the test sample
relative to the level of nucleic acid sequence expression in the normal sample is indicative of the
presence of thyroid cancer in the test sample. In some embodiments, the nucieic acid sequence
may be selected from SEQ ID NOs: 1-29, a fragment thereof, a complement thereof, or a
combination thereof.

[00264] In some embodiments, the present invention provides methods of screening

for activity against thyroid cancer, the method comprising: (a) contacting a cell that expresses a
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cancer associated gene comprising a sequence encoding I1GSF1, IGSF21, TM78F4, FLI30058,
CITED1, ZCCHCI2, CLDNI6, FNI, SERPINAIL, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,CYP24Al, HHATL, ISYNAI, LMO3,
MIR221, PCSKIN, SCGS, BX955517, CST6, SFTPB, SLC27A6, TMEMZ233, NMU
KIAA1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINE190r
a sequence disclosed in Table 1, a complement thereof, homologs thercof, combinations thereof,
or fragments thereof with a cancer drug candidate; (b) detecting an effect of the cancer drug
candidate on an expression of the cancer associated polynucleotide in the cell; and (c)
comparing the level of expression in the absence of the drug candidate to the level of expression
in the presence of the drug candidate; wherein an effect on the expression of the cancer associate
polynucleotide indicates that the candidate has activity against thyroid cancer, In some
embodiments, the cancer associated gene comprises a sequence selected from SEQ 1D NOs: 1-
29, a fragment thereof, a complement thereof, or a combination thereof.

[060265] In some embodiments, the present invention provides methods of screening
for activity against thyroid cancer, the method comprising: (a) contacting a cell that
overexpresses a cancer associated gene comprising a sequence encoding IGSF1, 1GSF2I,
TM7SF4, FLI30058, CITEDI1, ZCCHCI12, CLDN16, FN1, SERPINAIL, STK32A, UNQ9433,
BC030766, AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,CYP24A1, HHATL, ISYNAI,
LMO3, MIR221, PCSKIN, SCGS, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABFP2, Cldorf78, TNFRSF11B, AHNAK2, CYTOKERATINEI90r
a sequence disclosed in Table L, a complement thereof, homologs thereof, combinations thereof,
or fragments thereof with a cancer drug candidate; (b) detecting an effect of the cancer diug
candidate on an expression of the cancer associated polynucleotide in the cell or an effect on cell
growth or viability; and (c) comparing the level of expression, celi growth, or viability in the
absence of the drug candidate to the level of expression, cell growth, or viability in the presence
of the drug candidate; wherein an effect on the expression of the cancer associated
polynucleotide, cell growth, or viability indicates that the candidate has activity against the
thyroid cancer cell that overexpresses a cancer associated gene comprising a sequence encoding
IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI, ZCCHCI12, CLDNI6, FNI, SERPINAI,
STK32A, UNQ9433, BCO030766, AKO023519, SLC34A2, BX538295,  IGFLZ,
CHI3L1,CYP24Al, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCG5, BX955517, CST6,
SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDCS85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK2, CYTOKERATINEI9 or a sequence disclosed in Table 1, a

complement thereof, homologs thereof, combinations thereof, or fragments thereof. In some
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embodiments, the cancer associated gene comprises a sequence selected from SEQ ID NOs: |-
29, a fragment thereof, a complement thereof, or a combination thereof.

[00266]  In some embodiments, the present invention provides methods of diagnosing
thyroid cancer in a subject, the method comprising: a) determining the expression of one or
more nucleic acid sequences, wherein the one or more nucleic acid sequences comprises a
sequence encoding IGSF1, IGSF21, TM7SF4, FLJ30058, CITED1, ZCCHCI12, CLDN16, FNI,
SERPINA1, STK32A, UNQ9433, BC030766, AK023519, SLC34A2, BX538295, IGFL2,
CHI3L1,CYP24A1, BHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCG5, BX955517, CSTo,
SFTPB, SLC27A6, TMEM233, NMU, KIAA1324, CCDC85A, CRABP2, Cl4orf78,
TNFRSF11B, AHNAK2, CYTOKERATINE!9 or a sequence disclosed in Table [, homologs
thereof, combinations thereof, or fragments thereof in a first sample of a first subject; and b)
comparing the expression of the one or more nucleic acid sequences from a second normal
sample from the first subject or a second unaffected subject, wherein a difference in the
expression of a sequence disclosed herein or in Table | indicates that the first subject has
thyroid cancer. In some embodiments, the sequence may be selected from SEQ ID NOs: 1-29, a
fragment thereof, a complement thereof, or a combination thereof.

[00267] In some embodiments, the present invention provides methods of diagnosing
thyroid cancer in a subject, the method comprising: a) determining the expression of one or
more genes or gene products or homologs thereof in a subject; and b) comparing the expression
of the one or more genes or gene products or homologs thereof in the subject to the expression
of one or more genes or gene products or homologs there offrom a normal sample from the
subject or a normal sample from an unaffected subject, wherein a difference in the expression
indicates that the subject has thyroid cancer, wherein the one or more genes or gene products
comprises a sequence encoding IGSF1, 1GSF21, TM7SF4, FLI30058, CITEDI1, ZCCHCI?2,
CLDNI6, FNI1, SERPINAI, STK32A, UNQ9433, BC030766, AKO023519, SLC34A2,
BX538295, IGFL2, CHI3L1,CYP24AI1, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS3,
BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU, KIAA 1324, CCDC85A, CRABP2,
Cl4orf78, TNFRSF11B, AHNAK?2, CYTOKERATINEI9 or a sequence disclosed in Table 1,
homologs thereof, combinations thercof, or ﬂ'agmenté thereof. In some embodiments, the
sequence may be selected from SEQ ID NOs: 1-29, a fragment thereof, a complement thereof,
or a combination thereof.

[00268] In some embodiments, the present invention provides methods of detecting
cancer in a test sample, comprising: (i) detecting a level of activity of at least one polypeptide;

and (ii) comparing the level of activity of the polypeptide in the test sample with a level of
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activity of polypeptide in a normal sample, wherein an altered level of activity of the
polypeptide in the test sample relative to the level of polypeptide activity in the normal sample
is indicative of the presence of cancer in the test sample, wherein the polypeptide is a gene
product of a sequence disclosed in Table [ or is a gene product of IGSF1, IGSF21, TM7SF4,
FLJ30058, CITEDI, ZCCHC12, CLDN16, FN1, SERPINAL, STK32A, UNQ9433, BC030760,
AK023519, SLC34A2, BX538295, IGFL2, CHI3LI,CYP24Al, HHATL, ISYNAI, LMO3,
MIR22!, PCSKIN, SCGS, BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDCS85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2, CYTOKERATINEL9
or a sequence disclosed in Table 1, homologs thereof, combinations thereof, or fragments
thereof. In some embodiments, the polypeptide is encoded by a sequence selected from SEQ 1D
NOs: 1-29, a fragment thereof, a complement thereof, or a combination thereof.

[00269] In some embodiments, the present invention provides methods of diagnosing
thyroid cancer in a subject, the method comprising: obtaining one or more gene expression
results for one or more sequences, wherein the one or more sequences comprises a sequence
encoding IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI, ZCCHCI2, CLDNI6, FNI,
SERPINAI, STK32A, UNQ9433, BC030766, AK023519, SLC34A2, BXS538295, IGFL2,
CHI3L1,CYP24A1, HHATL, ISYNAI{, LMO3, MIR221, PCSKIN, SCG5, BX955517, CSTé,
SFTPB, SLC27A6, TMEM233, NMU, KIAAI324, CCDC85A, CRABP2, Cldorf78,
TNFRSF11B, AHNAK2, CYTOKERATINEI9 or a sequence disclosed in Table I, homologs
thereof, combinations thereof, or fragments thereof, from a sample derived from a subject; and
diagnosing cancer in the subject based on the one or more gene expression results, wherein the
subject is diagnosed as having cancer if one or more genes is overexpressed. In some
embodiments, the sequence may be selected from SEQ ID NOs: 1-29, a fragment thereof, a
complement thereof, or a combination thereof.

[00270]  In some embodiments, the present invention provides methods of diagnosing
a subject with thyroid cancer or as a person suspected of having thyroid cancer by determining
the amount of protein in a subject of IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI,
ZCCHCI12, CLDNI6, FNI, SERPINAI, STK32A, UNQ9433, BC030766, AKO023519,
SLC34A2, BX538295, IGFL2, CHI3L!{,CYP24Al1, HHATL, ISYNAI, LMO3, MIR221,
PCSKIN, SCGS5, BX955517, CST6, SFTPB, SLC27A6, TMEM?233, NMU, KIAA1324,
CCDC85A, CRABP2, Ci4orf78, TNFRSF1{B AHNAK?2, CYTOKERATINE19, or a protein
product of a sequence disclosed in Table 1, homologs thereof, combinations thereof, or
fragments thereof. The amount of protein can be determined in a sample, such as but not

limited to, serum, blood, or urine,
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[00271] In some embodiments, the present invention provides methods of utilizing
the promoter sequences of genes disclosed herein including: 1GSFI, 1GSF21, TM7SF4,
FLJ30058, CITEDI, ZCCHC12, CLDNI6, FN1, SERPINAI, STK32A, UNQ9433, BC030766,
AK023519, SLC34A2, BX538295, IGFL2, CHI3LI,CYP24A1, HHATL, ISYNAL, LMO3,
MIR221, PCSKIN, SCGS5, BX955517, CSTe6, SFTPB, SLC27A6, TMEM233, NMU
KIAA1324, CCDC85A, CRABP2, Cldorf78, TNFRSF11B AHNAK2, CYTOKERATINEI9,
or a sequence disclosed in Table 1, homologs thercof, combinations thereof, or fragments
thereof, to express a transgene that results in the destruction or inhibits the growth, migration, or
angiogenesis, of tumors and cells residing in tumors. By nonlimiting example, said promoter
and transgene sequence may be expressed in exogenous cells such as perivascular cells,
including mesenchymal stem cells, pericytes, RGSS positive pericytes, or dipose stromal
fraction cells that are introduced into the tumor or twmor site after the removal of the tumor, or
into the blood circulation such that the exogenous cells activate the transgene subsequent to
inhabiting the tumor site.

[00272] In some embodiments, the present invention provides methods of visualizing
a tumor in a subject comprising targeting a cancer associated protein with a labeled molecule,
wherein the cancer associated protein is selected from a protein described herein, and detecting
the labeled molecule, wherein the labeled molecule visualizes the tumor in the subject, The
protein may be selected from IGSF1, IGSF21, TM7SF4, FLJ30058, CITEDI, ZCCHCI12,
CLDNI16, FNI, SERPINAI, STK32A, UNQ9433, BC030766, AK023519, SLC34A2,
BX538295, IGFL2, CHI3L1,CYP24A 1, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS5,
BX955517, CST6, SFTPB, SLC27A6, TMEM233, NMU KIAA1324, CCDC85A, CRABP2,
Cl4orf78, TNFRSF11B, AHNAK?2, CYTOKERATINEI19or a protein product of a sequence
disclosed in Table I, homologs thereof, combinations thereof, or fragments thereof. In some
embodiments, the protein may be encoded by a sequence selected from SEQ ID NOs: 1-29, a
fragment thereof, a complement thereof, or a combination thereof.

EXAMPLE 1

{00273] IGSF1: IGSFI (Accession number NM_001555.2) encodes Homo sapiens
immunoglobulin superfamily, member I, It is disclosed here that IGSF1 is a novel marker for
thyroid tumors. As shown in Figure 1A, IGSF1 expression was assayed by [llumina microarray,
a probe specific for IGSF1 (probe sequence
CCCTGCAAGTCAGCCCCATCTGCTGTTCCTTGGTCTCTAATCACCTGAGC (SEQ 1D
NO: 52); Illumina probe ID ILMN 1679299) detected strong gene expression (>400 RFUs) in

thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and metastatic
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papillary thyroid carcinoma. In contrast, expression of IGSF1 in a wide variety of normal
ti_ssues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, lymph node,
bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis, thyroid, and salivary
gland was generally low (<400 RFUs). The specificity of elevated IGSF| expression in
malignant tumors of thyroid origin shown herein demonstrates that IGSF1 is a marker for the
diagnosis of thyroid cancer (e.g. including but not limited to thyroid papillary carcinomas,
thyroid follicular carcinomas and metastatic thyroid tumors), and is a target for therapeutic
intervention in thyroid cancer. The marker may be detected in urine as well as sera.

[00274] PCR with primers recognizing IGSF] can be used to distinguish between
normal thyroid and malignant thyroid tumors as is shown in Figure 1B. This figure shows
gPCR for IGSF1 using OriGene TissueScan Thyroid Cancer cDNA arrays, As Figure 1B
shows, most malignant thyroid tumors are positive for IGSF1 via this qPCR assay, whereas the
normal thyroid tissue is negative. Thus, a qQPCR assay for IGSF1 may be used to distinguish
between normal thyroid and thyroid tumors. Further, the qPCR assay may be used to correlate
the marker with patient outcome or susceptibility to particular therapeutic approaches.

[00275]  Therapeutics that target IGSF1 can be identified using the methods described
herein and therapeutics that target IGSF1 include, but are not limited to, antibodies that
modulate the activity of IGSF1. The manufacture and use of antibodies are described herein.

EXAMPLE 2;

[00276]  1GSF21: IGSF21 (Accession number NM_032880.2) encodes Homo sapiens
immunoglobin superfamily, member 21. [t is disclosed here that IGSF21 is a novel marker for
thyroid tumors, As shown in Figure 2, I[GSF21 expression was assayed by Illumina microarray,
a probe specific for IGSF21 (probe sequence
ACCTTGGTGCTCGCCCTGACAGTGATTCTGGAGCTGACGTGAAGGCACCC(SEQ 1D
NO: 53) ; Hlfumina probe ID TLMN_1730039) detected strong gene expression (600 RFUs) in
thyroid gland follicular carcinoma. In contrast, expression of IGSF21 in a wide variety of
normal tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium,
ovary, fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus,
lymph node, bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis,
thyroid, and salivary gland was generally low (<600 RFUs). The specificity of elevated IGSF21
expression in malignant tumors of thyroid origin shown herein demonstrates that IGSF21 is a

marker for the diagnosis of thyroid cancer (e.g. including but not limited to thyroid follicular
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carcinomas) and is a target for therapeutic intervention in thyroid cancer. The marker may be
detected in urine as well as sera.

[00277]  Therapeutics that target IGSF21 can be identified using the methods
described herein and therapeutics that target IGSF21 include, but are not limited to, antibodies
that modulate the activity of IGSF21. The manufacture and use of antibodies are described
herein.

EXAMPLE 3

[00278] TM7SF4: TMT7SF4 (Accession number NM_030788.2) encodes Homo
sapiens fransmembrane 7 superfamily member 4. 1t is disclosed here that TM75F4 is a novel
marker for thyroid tumors. As shown in Figure 3A, TM7SF4 expression was assayed by
Illumina  microarray, a  probe  specific  for TM7SF4  (probe  sequence
GCAGCACCTGGTTATGCCTCCTTTCATCTCAAAGCCAAAGAGCTGCCAGG(SEQ 1D
NO: 54) ; lllumina probe TD TLMN_1793730) detected strong gene expression (>300 RFUs) in
thyroid gland tumor papillary carcinoma and metastatic papillary thyroid carcinoma. In
contrast, expression of TM7SF4 in a wide variety of normal tissues including normal thyroid,
kidney, breast. colon, rectum, cervix, endometrium, ovary, fallopian tube, bone, skeletal muscle,
skin, adipose tissue, lung, thyroid, esophagus, lymph node, bladder, pancreas, prostate, liver,
spleen, stomach, spinal cord, brain, testis, thyroid, and salivary gland was generally low (<300
RFUs). The specificity of elevated TM7SF4 expression in malignant tumors of thyroid origin
shown herein demonstrates that TM7SF4 is a marker for the diagnosis of thyroid cancer (e.g.
including but not limited to thyroid papilfary carcinomas and metastatic thyroid tumors), and is
a target for therapeutic intervention in thyroid cancer. The marker may be detected in urine as
well as sera.

[00279] qPCR with primers recognizing TM7SF4 can be used to distinguish between
normal thyroid and malignant thyroid tumors as is shown in Figure 3B. This figure shows
qPCR for TM78F4 using OriGene TissueScan Thyroid Cancer ¢cDNA arrays. As Figure 3B
shows, most malignant thyroid tumors are positive for TM7SF4 via this qPCR assay, whereas
the normal thyroid tissue is negative. Thus, a qPCR assay for TM7SF4 may be used to
distinguish between normal thyroid and thyroid tumors. Further, the qPCR assay may be used
to correlate the marker with patient outcome or susceptibility to particular therapeutic
approaches.

[00280] Therapeutics that target TM7SF4 can be identified using the methods

described herein and therapeutics that target TM7SF4 include, but are not limited to, antibodies
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that modulate the activity of TM7SF4. The manufacture and use of antibodies are described
herein.
EXAMPLE 4

[00281]  FLJ30058: FLJ30058 (Accession number NM_144967.2) encodes Homo
‘sapiens hypothetical protein FLI30058. It is disclosed here that FLJ30058 is a novel marker for
thyroid tumors. As shown in Figure 4, FLI30058 expression was assayed by I[llumina
microariay, a probe specific for FLJ30058 (probe sequence
GTACAGTTTTGCTCAGGTCACGCCAACAGGGAAACCTCAAGTGTAGGTCT(SEQ ID
NO: 55) ; Illumina probe ID ILMN_1705466) detected strong gene expression (>400 RFUs) in
thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and metastatic
papillary thyroid carcinoma. In contrast, expression of FLI30058 in a wide variety of normal
tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, lymph node,
bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis, thyroid, and salivary
gland was generally low (<400 RFUs). The specificity of elevated FLI30058 expression in
malignant tumors of thyroid origin shown herein demonstrates that FLI30058 is a marker for the
diagnosis of thyroid cancer (e.g. including but not limited to thyroid papillary carcinomas,
thyroid follicular carcinomas and metastatic thyroid tumors), and is a target for therapeutic
intervention in thyroid cancer. The marker may be detected in urine as well as sera.

[00282]  Therapeutics that target FLI30058 can be identified using the methods
described herein and therapeutics that target FLI30058 include, but are not limited to, antibodies
that modulate the activity of FLLJ30058. The manufacture and use of antibodies are described
herein.

EXAMPLE 35

[00283] CITEDI: CITED! (Accession number NM_004143.2) encodes Homo
sapiens Chp/p300-interacting transactivator, with Glu/Asp-rich carboxy-tetminal domain, It is
disclosed here that CITEDI is a novel marker for thyroid tumors. As shown in Figure 5,
CITEDI expression was assayed by Hlumina microarray, a probe specific for CITEDI (probe
sequence GCTCCCACTAGTTCCTCGGGATCTCCAATAGGCTCTCCTACAACCACCCC
(SEQ 1D NO: 56); Tilumina probe ID ILMN_1691641) detected strong gene expression (>200
RFUs) in thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and
metastatic papillary thyroid carcinoma. In contrast, expression of CITEDI in a wide variety of
normal tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium,

ovary, fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus,
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lymph node, bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis,
thyroid, and salivary gland was generally low (<200 RFUs), with the exception of testis (1032
RFUs). The specificity of elevated CITED] expression in malignant tumors of thyroid origin
shown herein demonstrates that CITED! is a marker for the diagnosis of thyroid cancer {c.g.
including but not limited to thyroid papillary carcinomas, thyroid follicular carcinomas and
metastatic thyroid tumors), and is a target for therapeutic intervention in thyroid cancer, The
marker may be detected in urine as well as sera.

[00284]  Therapeutics that target CITED] can be identified using the methods
described herein and therapeutics that target CITED1 include, but are not limited to, antibodies
that modulate the activity of CITEDI. The manufacture and use of antibodies are described
herein.

EXAMPLE 6

[00285] ZCCHCI2: ZCCHCI2 (Accession number NM 173798.2) encodes Homo
sapiens zine finger, CCHC domain containing 12. It is disclosed here that ZCCHC12 is a novel
marker for thyroid tumors. As shown in Figure 6, ZCCHCI2 expression was assayed by
[lumina  microarray, a  probe specific for ZCCHCI2 (probe  sequence
CCCTGCAGCCTACGGGTCTGTTTTCTGTGTGTGCCCATTTCCTTGACAGC(SEQ ID
NO: 57) ; Tllumina probe ID ILMN_1679984) detected strong gene expression (>3000 RFUs) in
thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and metastatic
papillary thyroid carcinoma. In contrast, expression of ZCCHCI12 in a wide variety of normal
tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, lymph node,
bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis, thyroid, and salivary
gland was generally low (<3000 RFUS). The specificity of elevated ZCCHCI2 expression in
malignant tumors of thyroid origin shown herein demonstrates that ZCCHCI12 is a marker for
the diagnosis of thyroid cancer (e.g. including but not limited to thyroid papillary carcinomas,
thyroid follicular carcinomas and metastatic thyroid tumors), and is a target for therapeutic
intervention in thyroid cancer. The marker may be detected in urine as well as sera.

[00286] Therapeutics that target ZCCHCI12 can be identified using the methods
described herein and therapeutics that target ZCCHCI2 include, but are not limited to,
antibodies that modulate the activity of ZCCHCI2. The manufacture and use of antibodies are
described herein.

EXAMPLE 7
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[60287] CLDNI6: CLDNI16 (Accession number NM_006580.2) encodes Homo
sapiens claudin 16. It is disclosed here that CLDN16 is a novel marker for thyroid tumors. As
shown in Figure 7, CLDN16 expression was assayed by Illumina microarray, a probe specific
for CLDNI16 (probe sequence
CAGCCCCTCGCACAGAGACGGCCAAAATGTATGCTGTAGACACAAGGGTG(SEQ 1D
NO: 58) ; Hlumina probe ID ILMN_1707670) detected strong gene expression (>125 RFUs) in
thyroid gland tumor papiflary carcinoma, thyroid gland follicular carcinoma and metastatic
papillary thyroid carcinoma. In contrast, expression of CLDN16 in a wide variety of normal
tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, lymph node,
bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis, thyroid, and salivary
gland was generally low (<125 RFUs). The specificity of elevated CLDNI16 expression in
malignant tumors of thyroid origin shown herein demonstrates that CLDN16 is a marker for the
diagnosis of thyroid cancer (e.g. including but not limited to thyroid papillary carcinomas,
thyroid follicular carcinomas and metastatic thyroid tumors), and is a target for therapeutic
intervention in thyroid cancer, The marker may be detected in urine as well as sera.

[00288]  Therapeutics that target CLDNI6 can be identified using the methods
described herein and therapeutics that target CLDN 16 include, but are not limited to, antibodies
that modulate the activity of CLDNI6. The manufacture and use of antibodies are described
herein.

EXAMPLE 8

[00289] FNIi: FNI (Accession number NM_002026.2) encodes Homo sapiens
fibronectin 1. It is disclosed here that FNI is a novel marker for thyroid tumors. As shown in
Figure 8, FNI expression was assayed by Hlumina microarray, a probe specific for FNI (probe
sequence GCAGGTGGAAGTGTGATCCCGTCGACCAATGCCAGGATTCAGAGACTGGG
(SEQ ID NO: 59); Iliumina probe TD ILMN_1778237) detected strong gene expression (>100
RFUs) in thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and
metastatic papillary thyroid carcinoma. In contrast, expression of FNI in a wide variety of
normal tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium,
ovary, fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyreid, esophagus,
lymph node, bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis,
thyroid, and salivary gland was generally low (<100 RFUs). The specificity of elevated FN1
expression in malignant tumors of thyroid origin shown herein demonstrates that FNI is a

marker for the diagnosis of thyroid cancer {(e.g. including but not limited to thyroid papillary
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carcinomas, thyroid follicular carcinomas and metastatic thyroid tumors), and is a target for
therapeutic intervention in thyroid cancer. The marker may be detected in urine as well as sera.

[00290] Therapeutics that target FN1i can be identified using the methods described
herein and therapeutics that target FN1 include, but are not limited to, antibodies that modulate
the activity of FN1, The manufacture and use of antibodies ate described herein.

EXAMPLE 9

[00291]) SERPINAIL: SERPINAI (Accession number NM_000295.3) encodes Homo
sapiens serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1. It is
disclosed here that SERPINAL is a novel marker for thyroid tumors. As shown in Figure 9,
SERPINAI expression was assayed by lllumina microarray, a probe specific for SERPINAL
(probe sequence
AGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTT (SEQ 1D
NO: 60); Hlumina probe ID ILMN_1764980) detected strong gene expression (>150 RFUs) in
thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and metastatic
papillary thyroid carcinoma. In contrast, expression of SERPINA1 in a wide variety of normal
tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, lymph node,
bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis, thyroid, and salivary
gland was generally low (<150 RFUs). The specificity of elevated SERPINAI expression in
malignant tumors of thyroid origin shown herein demonstrates that SERPINALI is a marker for
the diagnosis of thyroid cancer (e.g. including but not limited to thyroid papillary carcinomas,
thyroid follicular carcinomas and metastatic thyroid tumors), and is a target for therapeutic
intervention in thyroid cancer. The marker may be detected in urine as well as sera.

[00292] Therapeutics that target SERPINAI can be identified using the methods
described herein and therapeutics that target SERPINAI include, but are not limited to,
antibodies that modulate the activity of SERPINAI. The manufacture and use of antibodies are
described herein.

EXAMPLE 10

[00293] STK32A: STK32A (Accession number NM 145001.2) encodes Homo
sapiens serine/threonine kinase 32A. It is disclosed here that STK32A is a novel marker for
thyroid tumors. As shown in Figure 10, STK32A expression was assayed by Illumina
microarray, a probe specific for STK32A (probe sequence
GGTCATGGCCCTGGACTACCTGCAGAACCAGCGCATCATTCACAGGGATA(SEQ 1D
NO: 61) ; Hlumina probe ID ILMN_1756612) detected strong gene expression (>120 RFUs) in
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thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and metastatic
papillary thyroid carcinoma. In contrast, expression of STK32A in a wide variety of normal
tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, lymph node,
bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis, thyroid, and salivary
gland was generally low (<120 RFUs). The specificity of elevated STK32A expression in
malignant tumors of thyroid origin shown herein demonstrates that STK32A is a marker for the
diagnosis of thyroid cancer (e.g. including but not limited to thyroid papillary carcinomas,
thyroid follicular carcinomas and metastatic thyroid tumors), and is a target for therapeutic
intervention in thyroid cancer. The marker may be detected in urine as well as sera.

[00294]  Therapeutics that target STK32A can be identified using the methods
described herein and therapeutics that target STK32A include, but are not limited to, antibodies
that modulate the activity of STK32A. The manufacture and use of antibodies are described
herein.

EXAMPLE 11

[00295]  UNQ9433: UNQ9433 (Accession number NM_207413.1) encodes Homo
sapiens RPLK9433 (UNQ9433). It is disclosed here that UNQ9433 is a novel marker for
thyroid tumors. As shown in Figure 11, UNQ9433 expression was assayed by Ilumina
microatray, a probe specific for  UNQ9433 (probe sequence
AGACTTCCCAGAAATAACTGGTTAGCTGTTTCCTGTCATAGAATGGAGTC (SEQ 1D
NO: 62) ; lllumina probe ID ILMN_2091217) detected strong gene expression (>140 RFUs) in
thyroid gland follicular carcinoma. In contrast, expression of UNQ9433 in a wide variety of
normal tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium,
ovary, fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus,
lymph node, bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis,
thyroid, and salivary gland was generally low (<i40 RFUs). The specificity of elevated
UNQ9433 expression in malignant tumors of thyroid origin shown herein demonstrates that
UNQ9433 is a marker for the diagnosis of thyroid cancer (e.g. including but not limited to
thyroid follicular carcinomas), and is a target for therapeutic intervention in thyroid cancer. The
marker may be detected in urine as well as sera.

[00296] Therapeutics that target UNQ9433 can be identified using the methods
described herein and therapeutics that target UNQ9433 include, but are not limited to,

antibodies that modulate the activity of UNQ9433. The manufacture and use of antibodies are

described herein.
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EXAMPLE 12 .

[00297] BC030766: BC030766 (Accession number BC030766) cncodes Homo
sapiens cDNA clone IMAGE:4811759. 1t is disclosed here that BC030766 is a novel marker for
thyroid tumors. As shown in Figure 12, BC030766 expression was assayed by Illumina
microarray, a probe specific for BC030766 (probe sequernce
CTCTGGCTGCAGTTAAATGGTCTTTTGCATTTTGCTCTGGCTTTCAGGCC (SEQ 1D
NO: 63); Tllumina probe ID TLMN_1904578) detected strong gene expression (>200 RFUs) in
thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and metastatic
papilfary thyroid carcinoma. In contrast, expression of BC030766 in a wide variety of normal
tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, lymph node,
bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis, thyroid, and salivary
gland was generally low (<200 RFUs). The specificity of elevated BC030766 expression in
malignant tumors of thyroid origin shown herein demonstrates that BC030766 is a marker for
the diagnosis of thyroid cancer (e.g. including but not limited to thyroid papillary carcinomas,
thyroid follicular carcinomas and metastatic thyroid tumors), and is a target for therapeutic
intervention in thyroid cancer. The marker may be detected in urine as well as sera.

[00298]  Therapeutics that target BC030766 can be identified using the methods
described herein and therapeutics that target BC030766 include, but are not limited to,
antibodies that modulate the activity of BC030766. The manufacture and use of antibodies are
described herein.

EXAMPLE 13

[00299] AK023519: AKO023519 (Accession number AK023519) encodes Homo
sapiens cDNA FLJ13457 fis, clone PLACE003343. It is disclosed here that AK023519 is a
novel marker for thyroid tumors. As shown in Figure 13, AK023519 expression was assayed by
Ilfumina  microarray, a  probe specific for AK023519  (probe  sequence
CAGAGTCTCCGGGCCTTGGTAATTCCTAGACCACAGCACCATGCATTAGG (SEQ ID
NO: 64) ; Illumina probe ID ILMN_1913510) detected strong gene expression (>200 RFUs) in
thyroid gland tumor papillary carcinoma and thyroid gland follicular carcinoma, In contrast,
expression of AK023519 in a wide variety of normal tissues including normal thyroid, kidney,
breast. colon, rectum, cervix, endometrium, ovary, fallopian tube, bone, skeletal muscle, skin,
adipose tissue, lung, thyroid, esophagus, fymph node, bladder, pancreas, prostate, liver, spleen,
stomach, spinal cord, brain, testis, thyroid, and salivary gland wlas generally low (<200 RFUs).

The specificity of elevated AK023519 expression in malignant tumors of thyroid origin shown
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herein demonstrates that AK023519 is a marker for the diagnosis of thyroid cancer (e.g.
including but not limited to thyroid papillary carcinomas, thyroid follicular carcinomas and
metastatic thyroid tumors), and is a target for therapeutic intervention in thyroid cancer. The
marker may be detected in urine as well as sera,

[00300] Therapeutics that target AK023519 can be identified using the methods
described herein and therapeutics that target AK023519 include, but are not limited to,
antibodies that modulate the activity of AK023519. The manufacture and use of antibodies are

described herein.

EXAMPLE 14

[00301] SLC34A2: SLC34A2 (Accession number NM_006424.2) encodes Homo
sapiens solute carrier family 34 (sodium phosphate), member 2. It is disclosed herc that
SLC34A2 is a novel marker for thyroid tumors. As shown in Figure 14, SLC34A2 expression
was assayed by Illumina microaray, a probe specific for SLC34A2 (probe sequence
ATCTAGGAAAGGAGGAGTGGGTGTAGCCGTGCAGCAAGATTGGGGCCTCC (SEQ ID
NO: 65) ; Iltumina probe [D ILMN_2184109) detected strong gene expression (>2300 RFUs) in
thyroid gland tumor papillary catcinoma. 1n contrast, expression of SLC34A2 in a wide variety
of normal tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium,
ovary, fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus,
lymph node, bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, brain, testis,
thyroid, and salivary gland was generally low (<2300 RFUs). The specificity of elevated
SLC34A2 expression in malignant tumors of thyroid origin shown herein demonstrates that
SLC34A2 is a marker for the diagnosis of thyroid cancer (e.g. including but not limited to
thyroid papillary carcinomas), and is a target for therapeutic intervention in thyroid cancer. The
marker may be detected in urine as well as sera.

[00302] Therapeutics that target SLC34A2 can be identified using the methods
described herein and therapeutics that target SLC34A2 include, but are not limited to, antibodies
that modulate the activity of SLC34A2. The manufacture and use of antibodies are described
herein.

EXAMPLE 15

[00303] BXS538295: BX538295 (Accession number BX538295) encodes Homo
sapiens mRNA; cDNA DKFZp686N1644 (from clone DKFZp686N1644), 1t is disclosed here
that BX538295 is a novel marker for thyroid tumors. As shown in Figure 15, BX538295
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expression was assayed by [llumina microarray, a probe specific for BX538295 (probe sequence
TCTGGCTTACAGGGGAACACAACTATTCCACAAGTGGCCTTTAGTGCTCT (SEQ 1D
NO: 66) ; lllumina probe 1D ILMN_1861270) detected strong gene expression (>240 RFUs) in
thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and metastatic
papillary thyroid carcinoma. In contrast, expression of BX538295 in a wide variety of normal
tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, lymph node,
bladder, pancreas, prostate, liver, spleen, stomach, spinal cord, testis, thyroid, and salivary gland
was generally low (<240 RFUs), with the exception of brain (2353 RFUs). The specificity of
elevated BX538295 expression in malignant tumors of thyroid origin shown herein
demonstrates that BX538295 is a marker for the diagnosis of thyroid cancer (e.g. including but
not limited to thyroid papillary carcinomas, thyroid follicular carcinomas and metastatic thyroid
tumors), and is a target for therapeutic intervention in thyroid cancer, The marker may be
detected in urine as well as sera,

[00304]  Therapeutics that target BX538295 can be identified using the methods
described herein and therapeutics that target BX538295 include, but are not limited to,
antibodies that modulate the activity of BX538295. The manufacture and use of antibodies are
described herein.

EXAMPLE 16

[00305] IGFL2: IGFL2 (Accession number NM 001555.2) encodes Homo sapiens
1GF-like family member 2, It is disclosed here that IGFL2 is a novel marker for thyroid tumors.
As shown in Figure 16, IGFL2 expression was assayed by Illumina microarray, a probe specific
for IGF1.2 {probe sequence
GCTGGCTCCTGCTTATGTGTCAGTCTGTCTCCTCCTCTTGTGTCCAAGGG  (SEQ D
NO: 67) ; Hlumina probe ID ILMN 1790227) detected strong gene expression (>180 RFUs) in
thyroid gland tumor papillary carcinoma and thyroid gland follicular carcinoma. In contrast,
expression of 1GFL2 in a wide variety of normal tissues including normal thyroid, kidney,
breast. colon, rectum, cervix, endometrium, ovary, fallopian tube, bone, skeletal muscle, skin,
adipose tissue, lung, thyroid, esophagus, lymph node, bladder, pancreas, prostate, liver, spleen,
stomach, spinal cord, brain, testis, thyroid, and salivary gland was generally low (<180 RFUs).
The specificity of elevated IGFL2 expression in malignant tumors of thyroid origin shown
herein demonstrates that IGFL2 is a marker for the diagnosis of thyroid cancer (e.g. including

but not limited to thyroid papillary carcinomas, thyroid follicular carcinomas and metastatic
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thyroid tumors), and is a target for therapeutic intervention in thyroid cancer. The marker may
be detected in urine as well as sera.

[00306]  Therapeutics that target IGFL2 can be identified using the methods described
herein and therapeutics that target IGFL2 include, but are not limited to, antibodies that
modulate the activity of IGFL2. The manufacture and use of antibodies are described herein,

EXAMPLE 17

[60307] CHI3LI1: CHI3L! (Accession number NM_001276.2) encodes Homo
sapiens chitinase 3-like 1 (cartilage glycoprotein-39). It is disclosed here that CHI3L1 is a novel
marker for thyroid tumors, As shown in Figure 17, CHI3L1 expression was assayed by IHlumina
microarray, a probe | specific for CHI3L1 (probe sequence
GGGATGGGGCTGTGGGGATAGTGAGGCATCGCAATGTAAGACTCGGGATT (SEQ ID
NO: 68); Ilumina probe 1D ILMN 3307868) detected strong gene expression (>600 RFUs) in
thyroid gland tumor papillary carcinoma, thyroid gland follicular carcinoma and metastatic
papillary thyroid carcinoma. In contrast, expression of CHI3L1 in a wide variety of normal
tissues including normal thyroid, kidney, breast. colon, rectum, cervix, endometrium, ovary,
fallopian tube, bone, skeletal muscle, skin, adipose tissue, lung, thyroid, esophagus, [ymph node,
bladder, pancreas, prostate, spleen, stomach, spinal cord, brain, testis, thyroid, and salivary
gland was generally low (<600 RFUs), with the exception of liver (2605 RFUs). The specificity
of elevated CHI3L1 expression in malignant tumors of thyroid origin shown herein
demonstrates that CHI3L1 is a marker for the diagnosis of thyroid cancer (e.g. including but not
limited to thyroid papillary carcinomas, thyroid follicular carcinomas and metastatic thyroid
tumors), and is a target for therapeutic intervention in thyroid cancer. The marker may be
detected in urine as well as sera.

[00308]  Therapeutics that target CHI3L! can be identified using the methods
described herein and therapeutics that target CHI3L1 include, but are not limited to, antibodies
that modulate the activity of CHI3LI. The manufacture and use of antibodies are described
herein.

EXAMPLE 18

[00309] CYP24A1: CYP24A1 (Accession number NM_000782.3) encodes Homo
sapiens cytochrome P450, family 24, subfamily A, polypeptide L. It is disclosed here that
CYP24Al is a novel marker for thyroid tumors. As shown in Figure 18, CYP24A1 expression
was assayed by lllumina microarray, a probe specific for CYP24Al (probe sequence
GATTTAGGATCTGTGGTGCAGGGCAATGTTTCAAAGTTTAGTCACAGCTT (SEQ ID
NO: 69); Hlumina probe ID ILMN_1685663) detected strong gene expression (>200 RFUs) in
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thyroid gland tumor papillary carcinoma and thyroid gland follicular carcinoma. In contrast,
expression of CYP24A1 in a wide variety of normal tissues including normal thyroid, kidney,
breast. colon, rectum, cervix, endometrium, ovary, fallopian tube, bone, skeletal muscle, skin,
adipose tissue, lung, thyroid, esophagus, lymph node, bladder, pancreas, prostate, liver, spleen,
stomach, spinal cord, brain, testis, thyroid, and salivary gland was generally low (<200 RFUs).
The specificity of elevated CYP24A1 expression in malignant tumors of thyroid origin shown
herein demonstrates that CYP24A1 is a marker for the diagnosis of thyroid cancer (e.g.
including but not limited to thyroid papillary carcinomas, thyroid follicular carcinomas and
metastatic thyroid tumors), and is a target for therapeutic intervention in thyroid cancer. The
marker may be detected in urine as well as sera.

[00310] Therapeutics that target CYP24A1 can be identified using the methods
described herein and therapeutics that target CYP24A1 include, but are not limited to,
antibodies that modulate the activity of CYP24A 1. The manufacture and use of antibodies are
described herein.

EXAMPLE 19

[00311] gPCR was performed as described below for the following genes: IGSFI1;
CHI3L1; TM7SF4; ZCCHC12; SFTPB; NMU; PLAG1; and FLJI30058.

[00312] PCR primers were designed to be specific for the gene transcript of interest
using the Standard Nucleotide BLAST program (NCBI) and to span at [east one exon junction.
Primers were chosen to have Tms of 58-63°C calculated with the Breslaver equation, deltaG
values >25Kcal/mol and displaying no self-complementarity using Oligo Calc software.
Primers were ordered salt-free purified from the manufacturer (Eurofins MWG) (See Tables for
primer sequence and paramelers).

[00313] RNA was derived from commercial sources (Asterand; OriGene) and cDNA
prepared using the SuperScript Il First-Strand Synthesis System for RT-PCR (Invitrogen Cat,
No. 18080-051) following the random hexamer protocol. Initial validation of primers assessed
three major criteria: robustness, linearity and specificity. Acceptance criteria for absolute value
robustness was that the final 2~delta Ct value after subtracting housekeeping genes (GAPDH
and GUSB) Ct values >1. Robustness in terms of differentiating disease from benign or normal
samples required >2Ct difference of known positive over negative samples, as determined
previously by microarray analysis ([llumina). To assess linearity, primers were used to amplify
ten-fold dilutions of ¢cDNA. Only primers exhibiting at or near the expected 3.3 Ct shift upon
ten-fold dilution of template proceeded for further testing. Specificity was determined both by

gel electrophoresis and from observing a single Tm generated from melting curve analysis on
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the instrument. PCR products were run on a 2% agarose gel and only those generating a single
band of expected size passed validation.
{00314]  Protocols of initial primer validation differed from external validation

performed on OriGene TissueScan qPCR arrays chiefly in terms of volume and cDNA target.

PCR Protocol for Initial Primer Validation:
Reagent 1 Rx (plL) Final Cone
2% Power SYBR Green Master Mix (Invitrogen Cat #4368706) ' 10.0 1X
100ud F Primer (Eurofins MWG) 0.20 T
100uM R Primer {Eurofins MWG) 0,20 IITLYS
10 or 1ng/pL cDNA Template 1.00
Molecular Blology grade H,0 {Cellgro Cat No 46-000-Civl} 18.6

20.0
PCR Instruments Thermoprogram used on
hoth Instruments:

ABI 7500 Real Time PCR System Activation  50°C 2:00
ABI 7900HT Sequence Detection System Denature  95°C 10:00

40 Cycles  95°C0:15

60°C 1:.00

Dissociation 95°C 0:15

60°C0:15

a5°C 15

PCR Protacol for OriGene TissueScan Arrays:

Reagent 1 Rx {uL) Final Conc
2X Power SYBR Green Master Mix {Invitrogen Cat #4368706}) 15.0 X
100pM F Primer (Eurofins MWG} 0.30 1M
100M R Primer {Eurofins MWG} 0.30 ipM
Molecular Biology grade H,0 (Cellgro Cat No 46-000-CM) i4.4

30.0
PCR instruments Thermoprogram used:

ABt 7500 Real Time PCR System Activation  50°C 2:00

Denature  95°C 10:00
42 Cycles  95°C0Q:15
60°C 1:00
{72°C 0:10) Used with amplicons >120bp
Dissocialion 95°C 0:15

60°C (:15
95°C 0:15
Primers used are provided in Tables 4 and 5 below:
Table 4
Gene
Marker Forward Primer Forward Primer Sequence Accession #
IGSF1 JK1132-1GSF3-F GGGCCTTCAACTACCATCCCAC (SEQ 1D NO:70 ) NM_001555.2
CHI3L1  JK1140-CHI3L1-F  CCCTGTCTAGGTAGCTGGCAC (SEQID NO: 71 ) NM_001276.2
TM7SFA  IK1144-TM7SF4-F  AGAGAAACCTGACGCAGGGAGC (SEQID NO:72 ) NM_030788.2
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ZCCHC12  JK1158-ZCCHC12-F  TCCACCAGCGGAGCACAGGCC{SEQ ID NO:73 ) NM_173798.2
SFTPB JK1156-SFTPB-F CTCTGTGGCCCAGGCACTGC (SEQID NC:74 ) NM_000542.2
NMU JK1210-NMU-F TCTTITCTGTCCATTGATTCTCAGCCTC {SEQ ID NO:75) | NM_006681.2
PLAG1 JK1218-PLAGI-F CGGTGTAGAGGCGGCGGAC (SEQID NO:76 |} NM_002655.2
FLI30058 FLI30058-ML-F1 CACAACCCCGACCGCAGGAC (SEQ 1D NO: 77 } NM_144967.2

SLCO4AC1  JK1240-5L.CO4CE-F TTATGGCCGGTACTCCTATAACTGTGTC (SEQIDNO:78 | NM_180951.4

Table 5

Gene

Marker Reverse Primer Reverse Primer Sequence Accesslon #
IGSF1 JK1133-IGSFI-R GGCACCAAAGCGTGATGTTCTCC (SEQID NG: 79 ) NM_001555.2
CHI3L1 JK1141-CHI3L1-R TATGCAGAGCAGCACTGGAGC {SEQ ID NO:80 } NM_001276.2
TM7SF4  JK1145-TM7SF4-R GCTATGATTGATGGCAGAAACCAGC (SEQID NO: 81 ) NM_030788.2
ZCCHC12  JK1159-ZCCHCi2-R TGCCTTCCTATCTCAGCAGGGGAC (SEQ ID NO:82 |} NiM_173798.2
SFTPB JK1157-SFTPB-R ACACTCTTGGCATAGGTCATCGGC {S£Q 1D NO: 83 } NiM_000542,2
NMU JK1211-NMU-R CTCTCATGCAGGTGAGGAACGAGC{SEQ ID NO:84 ) NiM_006681.2
PLAG1 JK1219-PLAGI1-R ACTGATGGAAAAAGCCTCAGACTITGATC (SEQ 1D NO:85) NM_002655.2
FLI30058 FLI30O58-ME-R1 ACAGGAAATGTCTGGCCACGAGT(SEQ ID NO: 86 } NM_144967.2
S1C0AC1  JK1241-SLCO4ACI-R TCTGTGGCTGATGGAGGTGGTTTATAC (SEQ ID NO:87 } NiA_180991.4

[00315] Initial validation experiments were performed using RNA derived from
commercial sources (Asterand, Detroit, MI; OriGene, Rockville, MD) and prepared into cDNA
using the SuperScript III First-Strand Synthesis System for RT-PCR (Life Technologics,
Carlsbad, CA) following the random hexamer protocol. The samples were amplified in
quantitative reverse-transcriptase PCR (qRT-PCR) reactions with 1uM final concentration of
each of the forward and reverse primers (Eurofins MWG Huntsville, AL) using the Power
SYBR Green Master Mix Kit (Life Technologies, Carlsbad, CA) following the manufacturer’s
instructions., Sample input was between 3 to 10ng of cDNA in a final reaction volume of
20uL.The real-time PCR instruments used were the ABI 7500 Real Time PCR System or the
ABI 7900HT Sequence Detection System with the thermoprogram set for 50°C for 2 minutes,
then 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for [ minute.
Dissociation analysis was immediately performed using 95°C for 15 seconds, 60°C for 15
seconds and 95°C for 15 seconds. |

[00316]  Primers demonstrating good correlation and specificity for cancer, as well as
exhibiting robustness and lincar dose response to sample input proceeded for further testing.
TissueScan qPCR arrays (OriGene, Rockville, MD) were used to test larger number of cDNA
samples, The lyophilized ¢cDNA in each well of the array was mixed with [uM final
concentration of each of the forward and reverse primers using the Power SYBR Green Master
Mix Kit (Life Technologies, Carlsbad, CA) in a final reaction volume of 30uL.The real-time
PCR instrument used was the ABI 7500 Real Time PCR System with the thermoprogram set for
50°C for 2 minutes, then 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds
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and 60°C for 1 minute, Dissociation analysis was immediately performed using 95°C for 15
seconds, 60°C for 15 seconds and 95°C for 15 seconds.

[003.17} The results are shown in Figures 19-26 (the X axis shows results for nomal
tissue and stages 1-1V for thyroid cancer. The bars on the far right of the figure represent the
breakdown of stage IV cancers into sub-types. The results indicate that IGSF1, CHI3LI,
TM78F4, ZCCHCI12, SFTPB, NMU, PLAGI, FLLJ30058 are all expressed at elevated levels in
thyroid cancer compared to normal thyroid tissue. [igures 27-32 show a comparison of
expression levels between benign thyroid tumors (thyroid adenomas) and malignant thyroid
tumors (thyroid carcinomas), The results indicate that IGSF1, CHI3LI, ZCCHCI12, NMU,
PLAGI, FLJ30058, AND SLCO4C1 are all expressed at elevated fevels in malignant thyroid
tumors relative to benign thyroid tumors.

[00318] Figure 33 shows a composite where 8 markers were analyzed using a binary
cutoff to obtain 100% specificity using 8 markers. Using this binary cutoff sensitivity was 87%
when the number of positive markers was 2 or greater.

[060319]

EXAMPLE 20

[00320] Immunofluorescence microscopy

[00321] Paraffin embedded tissue sections were obtained from Asterand (Detroit,
MI). These specimens included: Normal thyroid tissue (donors with no history of cancer), and
thyroid follicular carcinoma, Prior to the staining with antibodies, the sections were dewaxed in
xylene and rehydrated in cycles of ethanol (100%, 95%, 70%) followed by a wash in distilled
water. Antigen retrieval was performed in epitope retrieval buffer (IHC World #1W-1100) by
incubating the slides at 95 T 40 minutes using an IHC-Steamer Set (IHC World #1W-1102).
Immunostaining was performed using a polyclonal rabbit anti-human AHNAK2 antibody
(Novus Biologicals #NBP1-88428) at a 1:200 dilution. The primary antibody was detected using
an Alexa Fluor 594 Donkey anti-rabbit IgG (Life Sciences #A21207) at a 1:200 dilution.

[00322] Vectashield mounting medium with DAPI was used to preserve the
stained samples (Vector Laboratories #H-1200). Images were taken with an exposure time of
400 milliseconds using a Nikon Eclipse TE2000-U at a magnification of 10,000 and an X-Cite
120 fluorescence itlumination system (Lumen Dynamics).

[00323]  The results are shown in FIG, 35 and indicate that AHNAK2 (C1400rf78)
protein is expressed in thyroid carcinoma cells,

EXAMPLE 21

[00324] Immunofluorescence microscopy
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[00325] Paraffin embedded tissue sections of thyroid follicular carcinoma were
obtained from Asterand (]Detroit, MI). Prior to the staining with antibodies, the sections were
dewaxed in xylene and rchydrated in cycles of ethanol (100%, 95%, 70%) followed by a wash
in distilled water, Antigen retrieval was performed in epitope retrieval buffer (IHC World #IW-
1100) by incubating the slides at 95 C 40 minutes using an JHC-Steamer Set (IHC World #1W-
1102). Immunostaining was performed using a polyclonal rabbit anti-human Cytokeratine 19
antibody (Abcam #Ab15463) at a [:100 dilution. The primary antibody was detected using an
Alexa Fluor 594 Donkey anti-rabbit 1gG (Life Sciences #A21207) at a 1:200 dilution.

[003206] Vectashield mounting medium with DAPI was used to preserve the
stained samples (Vector Laboratories #H-1200). Images were taken with an exposure time of
400 milliseconds using a Nikon Eclipse TE2000-U at a magnification of 10,000 and an X-Cite
120 fluorescence illumination system (Lumen Dynamics).

[00327]  The results are shown in FIG. 36 and indicate that Cytokeratine 19 protein is
expressed in thyroid carcinoma cells.

[00328]

EXAMPLE 22

[00329] Immunofluorescence microscopy

[60330] Paraffin embedded tissue sections of thyroid follicular carcinoma were
obtained from Asterand (Detroit, M1). Prior to the staining with antibodies, the sections were
dewaxed in xylene and rehydrated in cycles of ethanol (100%, 95%, 70%) followed by a wash
in distilled water. Antigen retrieval was performed in epitope retrieval buffer (IHC World #1W-
1100) by incubating the slides at 95 C 40 minutes using an IHC-Steamer Set (IHC World #1W-
1102). TImmunostaining was performed using a polyclonal rabbit anti-human FLJ30058
antibody (Abcam #Ab127532) at a 1:100 dilution. The primary antibody was detected using an
Alexa Fluor 594 Donkey anti-rabbit IgG (Life Sciences #A21207) at a 1:200 dilution,

[00331] Vectashield mounting medium with DAPI was used to preserve the
stained samples (Vector Laboratories #H-1200). Images were taken with an exposure time of
400 milliseconds using a Nikon Eclipse TE2000-U at a magnification of 10,000 and an X-Cite
120 fluorescence illumination system (Lumen Dynamics).

[00332]  The results are shown in FIG. 37 and indicate that FLJ30058 protein is
expressed in thyroid carcinoma cells.

EXAMPLE 23
[00333]  FlexScript™ Ligation-Dependent Amplification (LDA) Assay (Luminex

Corporation, Austin TX) was used according to the manufacturet’s instructions. RNA was
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reverse-transcribed, Then, two probes per target were hybridized to adjacent regions on the
complementary DNA (cDNA), and ligated with a thermostable ligase. Probe-probe pairs were
PCR-amplified using universal primers binding to 5” extensions of the probes (choosing a cycle
number at which reactions were expected to be in the dynamic range, i.e. in the exponential
amplification phase), and treated with lambda exonuclease to remove one of the strands. The
remaining (biotinylated) strands were then hybridized to unique oligonucleotides attached to
Luminex microspheres, incubated with streptavidin-phycoerythrin (PE), and quantified based on
PE fluorescence. NMU, TNFRSF11B (FLJ30058), CRABP2, PLAGI, CCDC854, Cl401f78
(AHNAK2), and KIAAI324 expression levels were measured with LDA probes containing
Illumina probe sequences as transcript-specific regions (25 bp of a 50 bp Hlumina probe per
LDA probe with two LDA probes covering the entire 50 bp Illumina probe). Data of both
experiments (Example 23 and Example 24 below) was normalized to GAPDH mRNA
expression.

[00334]  The results are shown in FIGS 38-45 and indicate that Cl4otf78, PLAGI,
CRABP2, FLJ30058, NMU are all expressed at elevated levels in carcinomas relative to normal
tissue. The results further indicate that TNSFRSF1IB and KiAA1324 are both elevated in
benign follicular adenomas compared to malignant follicular carcinomas.

EXAMPLE 24

[00335] The data were analyzed to discriminate between follicular adenoma versus
carcinoma. Expression levels of six markers in benign and malignant human thyroid samples as
assessed by an LDA assay were analyzed. The markers analyzed along with their accession
munbers and corresponding Illiumina Probe sequences are provided in the Table below. The
analysis is presented in FIG 46. Bars indicate overall scores composed of the scores for
individual markers. Binary analysis was used. Expression levels passing a threshold were
assigned a score of 1, otherwise of 0. The thresholds for markers predicted to be UP-regulated
in carcinomas (Cl4orf78, PLAGI, CRABP2) are the highest expression levels measured among
the adenoma samples. Thus, samples with expression levels higher than the highest value
observed among all adenoma samples received positive scores. The thresholds for markers
predicted to be DOWN-regulated in carcinomas (TNFRSFIIB, CCDC854, KIAAI1324) were
selected as the expression levels of the adenoma samples at the twentieth percentile ranked by
expression level. Samples BELOW this threshold received a positive score. With a critetion as
“minimal total score of 2%, the 6-marker assay has a sensitivity of 100% (11/11 carcinomas
identified), and a specificity of 91% (10/11 adenomas identified). Letters within bars indicate
samples contributing to the overall score (C = Cl4orf78, P = PLAGI, CR = CRABP2, T =
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TINFRSF1IB, CC = CCDC854, K = KIAA1324). Sample identification numbers in parentheses

indicate samples assessed in both Example 23 and this example).

Table 6

Gene Symbol Accession. No. (NCBI)
NiMU NM_006681.1
ARHGAP36 (FLI30058) NM_144967.3
TNFRSF11B NM_002546.3
CRABP2 NM_001878.2
PLAG1 ' NM_002655.1
CCDCB5A NM_001080433.1
AHNAK2 {C140rf78) . NM_138420.2
KIAA1324 NM_020775.4

[lumina Probe Sequence

GCTGCAGCTCGTTCCTCACCTGCATGAGAGAAGAATGAAGAGATTCAGAG (SEQ 1D NO: 88)
GTACAGTTTFGCTCAGGTCACGCCAACAGGGAAACCTCAAGTGTAGGTCT (SEQ ID NO: 89)
ATGGCGACCAAGACACCTTGAAGGGCCTAATGCACGCACTAAAGCACTCA (SEQ 1B NO: 90}
CCAAGTCAGCAGTCCTAGCCCCAAACCAGCCCAGAGCAGGGTCTCTCTAA (SEG D NO: 91)
ACCCAGCTTTIGTCCACAAGGTGACTGTAACTCAGAATGGAAAGTGGGCT {SEQ 1D NG: 92)
GCTTITGTGCCTGCAGCAGAGCCTGCAGAAGCTAATACAAGGGACACTGG (SEQ ID NO: 93)
CACACTGTGGCCCCTGAGTCCCCTAATGTACACGCTGCAGCCAGAATGCA (SEQ ID NO: 94}
GCATAGCACCTTTGCAAGCCTGCGGCGATITGGGTGCCAGCATCCTGCAA (SEQ ID NO: 95}
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SEQ ID NO: 1
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HOMO SAPIENS IMMUNOGLOBULIN SUPERFAMILY, MEMBER 1 (1GSF1),
TRANSCRIPT VARIANT I, MRNA (NM_001555.2)

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
2161
2221
2281

gggcagtttyg
caactaccat
agcaccagag
ttcactgttt
ccteaaceqg
ctttgatgce
cagatgacct
cttactgagt
aagcccagta
attcaggcety
ctgcaggatt
gtccecaactg
gtttacatct
cccctgaagce
cccatcatgg
acctitgete
aaaaatgagqg
tgtittttact
gtaactgaca
ggtcagaatg
aagaaaggag
tecattettee
cteaccigua
gataagcccce
gececatecacce
gaaagagaaa
gggaaaggca
tcacategea
gttctgaatg
gtgetgtgga
acagctcaag
aatggggtat
gcagagacca
tctggcetcaa
ccggectcag
gggagctacc
gagctggtgg
ggccaggaac

aaggagggag

ctgecatctagg
ccecaccaccet
gccccatgac
tgctettttyg
agttgtggat
gaageeccte
ggatccgecece
ccaatgcagqg
aagttctaga
agagccccge
tggtattecat
ggacaatggc
gcocgcactca
tggttgtage
cacctggaga
taatgagggt
caaatttett
atgacgecatc
ctttceccaa
tgageetacy
aagacaaacc
tcaacaatgt
agacctceat
ccaaacccte
ttcagtgeeg
cattccaaaa
cagggaccta
gtgagccect
aagctatcag
taaggtggaa
gggtcaccat
tgatagaaga
actttecctct
ctaaggagtt
agcaggtceg
actgeccatte
ggacagacat
tacaactccg

agcaagaacc

aggagctcac
gctgaggaga
cctggacaga
catteggatyg
agagtccaac
tcggatatca
ttececcacaag
tectttaccygg
gttggaggca
tcticctggg
gectgtttaaa
catattctce
tatccagatg
aggactctac
aagcctgaat
tgaagacttg
cttccagtet
atatagaggt
gacctggeta
gtgtcegagga
acttcaattt
aacctacagt
taggatgcca
cctgtcaget
agtatctcat
attctcagta
cagttgcagce
gaagctgatg
gtfgtctcta
gtgtcggaga
gctcttcata
gactgaaata
ggcccegtgg
tgtgttgoetyg
ggctgeette
atgggaggag
cctececaaa
gtgcaaagga
tgtccagcaa

91-

fggagaatct
aaaattctte
ccaggggagyg
agtectgggta
tacccccecagg
agcaagttcc
accticcaag
tgctgctact
ccaggecaac
tgtaatgtta
gagggatatg
attgacaacc
ctecececcacce
cccaaaccaa
ctecaggtgcec
gagaagtect
ttgaagatcc
tcactectta
cttgctegge
ccagtggatg
ttggatgcca
gatactggea
tcacacaaca
tggecaagea
ccagtactgg
aacggagact
tategegtag
gggecagcayg
atcatgcagc
ctcagaatca
gtcacggccce
gtcatgccaa
aagaacttaa
aaggatggga
cececttggeg
atggctgtat
cectgtcattt
tggctggeag
cttggtgetg

ccaacatecgg
aagactcaga
aggecaccat
tgacatcgat
ccecttggga
tgctgctgaa
ttlecattcct
ggaaggagac
tgececcaagece
acatcctetyg
cagagcctgt
tgacacctga
tgtggtcaga
ctttgacage
aagggccaat
tttaccacaa
aagatactgg
gtgatgtcct
ccagtgctgt
gagtgggtet
ccagcatecga
tctatagetyg
ctgitggagct
ctgtgtteaa
aattttctet
tcatcatcag
agacacatcce
gctatetcac
ttgttgeett
gagaagcctg
ttectectgetg
cccectaageco
ccetetggtg
ccgggtggat
ccctgaceea
cggagcccag
ctgcttcecce
gcatggggtt
ttggaagaga

agegggectt
gcacacagcc
gctgaagaca
agtgatggac
gaacaltcacg
ggataagaca
tataggtgcce
aggetggtca
catctictgg
ccatggetygg
ggattaccaa
ggatgaaggg
gccecagceaac
ccatcctaggg
ctatggaatg
gaagacaata
acattacctec
gaaaatctgg
ggtccaaatqg
tgcactctat
tgacaacaca
ccactatett
tatggttgta
gctaggaaaqg
ggaatgggaa
taatgttgac
taacatectgg
ctggaattac
gctgttggta
gttgctggga
tggactgtgce
tgagctgtgyg
cagaagcect
cgecactege
gagccacacc
tgaggcactt
cacaatccgg
tgctctgtat
agccttettt
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2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
336l
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
1261
4321
4381
4441

acaatccaga
aaacgcccct
taccectaage
actttcaatt
gaaatagcat
atcatttegg
atctggtectg
actcteetgg
caagggactt
cagtttegga
gactctggga
cteagtatge
gagcccagtt
catggagtag
tecaccagta
tacagctgct
ctggaactce
atggtggece
tttgtectgt
agggctgact
tattatttgg
gtgactgata
gggaaggaca
catgatggag
gtagaaggaa
atctggtcag
gagtgcactqg
ggggtagtgce
acagacggaa
accectgeca
atataataat

ataaatccaa

cctgagetgg

gaagagaggt
ctattaaaaa

dadadaaadaaa

gaatggagga
tcaagtggtc
cecttettcaa
gctccaccce
ccagtgacag
tgggcattgg
agcccagcga
cacagccagg
tccagggeat
gbgtctcagy
actatagctg
ceccttatgat
ctgtggttec
gatacattct
atgacgggge
gctaccaccc
tagtcacagg
ctggcgaaaa
tgaaggaggg
tctggafgcc
actctactce
agccccectaa
tcacccttea
aagaagcacce
aaggcattgg
agectagtga
tagggaacat
tagccataga
gagaccagac
attctecite
ctcctecttt
ccagttacce
gtaaagggga
tccccaccee
tgcattcette

daadaaaaad

taaagacgaa
tgagecccagt
gacatgggcce
ccaccagcat
gtecoctgggea
tgatggaggg
ceetgtggag
tectgtggtg
gaggttecgeco
gaactcaget
tatctactat
ctgggtgact
catggggcag
gcacaaagaa
attceccate
tgactggacce
cttactccece
tatgactett
ggctcaggag
agcagtgaga
ctttgecaget
accctctetg
gtgececgagyga
tcagcagttt
aaactacage
tececctggag
tgtccgaagt
gtggaagaag
cattgecctt
atcaacctcet
acaagagctt
tgcaagtcaqg
ttctgggagt
tgtaactcet
tgaataaaaa

ddaddaaaaaa

SEQ ID NO:

ggcaattaca
gagcocgetgg
agcecetgtag
atgagcttta
agteeggygy
aattacagct
ctegtggtga
tttectggga
ctettgecagg
gacttcettc
gagacaacca
gacacattcc
aatgttactc
ggagaagcecea
accaatatat
agttctatca
aaacccagec
cagtgtcaag
cctttagage
ggtgaagact
tcaaatcaca
tcagecctgge
ccectgeeag
tcagaggatg
tgcagctacc
ctggtggggg
agcctaatcg
tggectegac
gaagagtgta
cagagaatct
tectctecte
ccecatetge
tgagagctct
cactgtactyg
gagtattcac

adaaaadaaa

2

PCT/US2013/021286

gctgecgeac
agcttgtecat
tcacccectgg
ttctttacaa
ccagtgcage
gecgatatta
cagaattcta
agagtgtgat
agggagecca
teccacactgt
tgtcaaacag
ctaagccatg
tctggtgceg
cttecaatgca
ctggtactag
agatacaacc
tattageccca
gggaactgcc
aacagaggee
ctgagatcta
gtgactcect
cecageaceat
gtgttgaatt
gagactttgt
gectcoccagge
cagcagggcc
tggtggttgt
tgcgaaccag
accaagaagg
ctgtggaact
tetettgetc
tgttecttgg
gccagggtga
atttactggce
tatttaactt

aaaaaaaaaa

tcacactgaa
aaaagaaatqg
tgcccgagtyg
agatggaagt
tcactttcta
tgacttttct
ccccaaaccec
cctgegetge
tgttecctta
tggagcagag
gaggtcatat
gttgtttgct
agggeeggtce
gctectgggga
catggggegt
tagcaacacc
gectggtecec
agactcaaca
aagtgggtac
tagctgtgtt
ggagatctygg
gttcaagtta
tgtcctagaa
catcaacaac
ctaccetgat
tgtitgctcag
tgtagccttyg
aggetcagag
agaaccaggc
gececegtteca
tcagagacct
tctctaatca
gatgtttect
gecatgaaatt
caaaaaaaaa

ad

HOMO SAPIENS IMMUNOGLOBIN SUPERFAMILY, MEMBER 21 (IGSF21), MRNA
(NM_032880.2)

1 aggagggggg tgctegegee gecgggagayg gegagegega ggcagagage gegattcogge
61 tccaaactce ggecgectgcag ccgateggac totgggecge ggtgggcace gogoegeadgeb
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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

agggagccga
cgcagageceyg
gcgeccecgce
cgegtcetgag
accgecgcecea
tgctgctege
teeccectygt
gcatgcggga
teaccttega
aggacctggt
cclatgagtyg
caggcaacat
acacaccagc
ctggaggaaa
tgcccctatce
geagecttet
acgccgagaa
atcccaacat
agtttceeeyg
cgagcagtga
tcgacaacga
aggcagaggt
cccgggtagyg
agcccatgtt
acgggaagga
gcaccgccca
acccaaatat
ggctcacctt
ggccactcea
tccagtcecttg
aaacaaacaq

gaaccgcggce
gagccgagte
ggctcteege
cccatggega
gelbeceggge
cgcgatcctg
ggtggetgga
gatcgtgtgg
cgecatgtte
gtaccagtcc
ccatgtggge
cttectecaac
ccectteage
accagcacacc
agagccacca
gcaccgtgac
ccggggtyggyg
cctectcceag
ctgggtccac
cggcactgty
ggccctectte
cacgctggtt
ggacacagtyg
cacgtggacg
gctggtgetg
gaacccactg
cccaagagga
ggtgcicgee
tcaggcacty
ttcttagtet

aacaattttc

gagccccgaq
gagccgggcg
getgececgee
ggggacccge
accatgcgaa
gacctggcge
gacgccgtga
taccgaggtga
tccaccaact
actgtgaggce
atctacgacc
gtcatggctce
cgctaccaag
atggtttatt
gctgegaget
ctggatgaca
cgaccctaca
ccaaccacayg
agcgccgagc
gaagtacgtg
agctgegagg
gcccccaaaqg
aggattctgg
cgggttggga
gagcgggtte
ggctecaceyg
acggaggact
ctgacagtga
acatctcege
ctttccatct

CcCcC

gacgeccaga
ccegggetge
accgectegg
cgccaccgcce
ccgeeccgag
gcggcetacct
ctttgaagtyg
cggatggtgg
actcacacat
tgceccgagygt
gcgecaceag
cteccacctce
cccagaactt
tcaaacgaga
ccggececcth
ccaagatgeca
cggagegece
agaacatacc
ccacctactt
ccctgetcecac
tcaagcaccc
gacccaaaat
tccatgggtt
geecgectect
ccgecgaget
acacgcacac
ctaatggtic
ttctggaget
gaccggtttt
gtgtcttgge

SEQIDNO: 3
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gegegagggt
ctggcegegg
ccagtyggeeyg
tccacceecg
ccteoecgeege
gacagtcaac
taacttcaag
caccatcaag
ggagaactac
ccggatctea
ggagaaggty
cattgaagtyg
cacgctggtc
tggggaacca
acaggacagc
gaagtcactg
ctececgtgge
agagacggtc
cctgcgccac
ctggacccte
agctctgtceg
tgtgatgacg
tcagaacgga
ggacggceage
caatggctcc
ceggeteate
cattggececee
gacgtgaagg
catttetttt
ttcttcagtce

cgctgegect
cggcatgggg
gaggcaggag
ccgeccegec
tagcgtctgee
attgagecctce
acagatggge
caaaagatct
cgcaagcgag
gacaatggtc
gtcetggecat
gtggetgetyg
tgecatcegtgt
atcgacgcag
aggceccettcece
tccectectgg
clgaccecag
gtgagccgtyg
agccgcacce
aacccacaga
atgecccatge
cccagcagag
gtettececegg
gectgagtteqg
atgtatcget
gtgtttgaaa
actggtgcéc
cacccgcccc
ctaaactatt

ggtttaatta

HOMO SAPIENS TRANSMEMBRANE 7 SUPERFAMILY MEMBER 4 (TM7SF4),
MRNA.(NM_030788.2)

1
61
121
181
241
301
361
421
481
541

gcatttetge
gacctcagge
cggatggatg
gggcctectyg
ctggattatc
tgtetttete
gatcgtcatc
tatgacttge
tattgaggceca
tgtttecttgg

attcgaagaa
actgatatct
gactttatcecc
tetgtyggeeg
acgtgtgttc
tcttgtggcece
ttgggacacg
aacctaaggg
attcagtgga
aaccagaccc

gaatctgaga
tcctaagtet
agecatttggg
cctgectggtt
tgectgtgttyg
tgcgtgaagg
tagaaaatat
caaagagett
tttatggect
tggecagtcte

93-

gaaacctgac
ttgggagatt
agtttgeigt
tctgecateca
ctcoccaageat
caggaatgct
ttttcacaac
ttcecatacat
tgeccacteea
tettttecagt

gcagggagca
tacgtgtete
ttggttgctc
atcatagcgy
gcacgatgtt
ttgattgcag
tttaaaggtc
tttccacttt
ctaagtgtat
cccagcecatyg

tgggtatectg
caagaagccce
ttatttcagt
ccgetgecte
ttattecttet
ctggcacagg
tecctagatgg
tgaaaaaata
ttgatgacct
tcetggagge
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601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921

acagcltaaat
agaggtgttg
gcttggecact
catctacatc
ctgtgtgctce
gcegactect
ctgcatectygyg
gagcaagcaqg
acaaggaact
ctgtatccca
tttgatatta
gtcagcatct
gcttaaaaaa
tacaaagatt
ggcaagtgea
ttctottcag
gcagtcctct
ttcatctcaa
ccacatgatc
gttteageat
agcctcacaa
actectteegt
gctcecttat

gacagcaaaqg
tecteectgyg
ggcctcttca
accagacaat
cegetgaata
aaagaaagga
gtgetgtttg
tttcaaaget
caagatatta
aaaccaaaat
gtgatgctygg
ttectacececa
agatcaaage
catttctgge
gacaagtcat
gtctaggatg
caggagtctyg
agecaaagag
ttgectgtgt
agaataatgt
gcaaatgcta
ccttaatgtce
taaagaacte

gggaagtect
gtcagaaget
tgaagcgatt
ttgttcagtt
aggaggaaag
aaaacctggg
cagctgtaga
tgccagggtt
tececatgatic
tecttetate
gactgttgte
gcgtggagag
agccgctggyg
ttecagtect
gagagacccec
gcagtcacta
agtttacaga
ctgecaggta
cacaatgtaa
tcaaggaaaa
aggggaacat
ttccatgget
tttetgaaac

gagcgtettg
actigeecttt
tttgggeeet
tgatgaaagg
gaggaagtat
gctgttttte
ttatctgetyg
tgaggttecac
ttcectttaat
tgagacctygg
ctetatectt
gaagcgcatce
agaagtcaaa
gaaaatgatt
gactactcecct
ttecatgecgg
gccaacttge
aatggttatg
caagactcta
gaaaacgaaa
acatgtaaaa
attgccccca
cc

SEQ ID NO: 4
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taccagatgg
gcagggettt
tgtggtigga
gagagacatc
gtecatcatce
ctecececatac
tatcggetea
tigaaactge
atatctgtgt
gttcctctca
atgcaactta
caatatctygc
agacggctga
aggaagaagc
cagccacate
ataatagaga
agcacctggt
tggtctatgt
gctaggteee
acagtitaaa
agccagcaaa
caatggtcte

caacaaccac
cgctecgtect
agtatgaaaa
aacagaggcc
cgactttctyg
ttatccatct
ttttetcagt
acggagagaa
ttgaacccaa
gtgttattct
aaatcctggt
atgcaaaget
gtctetatet
aaatggacat
gcaccaacaa
actatgtgac
tatgcctect
tccasacaaa
ctggtgatga
tctetaccac
ctatcttcaa
tttteteect

HOMO SAPIENS HYPOTHETICAL PROTEIN FLJ30058 (FLJ30058), MRNA

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

1021
1081
1141
1201
1261

atgcetcgagg
gtggtecaccg
agctgeeggg
ctttgageccc
cegectecea
agtgacaatt
cettttctga
tecegecettea
aggacgaaga
actgcttace
ctgectattg
agggctgtat
acccgcegca
gctgegggece
ttcagtcgea
ggtgcagtgt
ctgcagcttt
atgagtctca
attgaasaac
gtgcgtcage
aatgtgcatyg
ctgccagatg

tgtcecggtga
ggggctactt
cacteagcge
cgceceoccgeo
gttttececte
ggatgatgea
aggecagcaaq
tttttttagt
tggtatcgat
acgaactcgt
accgtccgaa
cacacaagac
agcatcttga
gtegtogggy
ggcggaatga
ctgtggatag
caaaaatttc
atccgattge
atggcttaag
tcegtgaaga
atgtggctge
atctgtacat

ccgaaacact
agggccgceeyg
gggtcatgge
gtgcaaaaac
ccectetace
gccttgataa
ggcactgtge
gagtgtcttg
acacagcctc
ggccagacat
caccttggat
atttggcatt
actgacagecc
aaacgtggtyg
gcccaccttyg
tctggetgag
ctttccaatt
gaaacaaaltc
cgcagtgggg
atttgatcaa
actcctcaag

gtcatteoccte

94.

(NM_144967.2)

cttagetggg
gtgegygyggga
gtggatactyg
aaccagaggc
cccacccoca
tcateccgatt
cccagaatca
ggaggageca
tctgagcetygg
tteectgteeg
aagtggtttc
agcctggaag
acgatgecagyg
cgaagggtgt
ccceccgggagt
ctggaagacyg
ggccaacgac
ccccaggttyg
atttttaccc
ggtctggatg
gagtttttec

ctgacagcaa

tgcagggtge
cgacgcaaaqg
gactgccttt
tgctectgett
tagtictcte
ccagaatggy
tgecceccttt
caggacacaa
agcgtcetgaa
aattcaaacc
tgattttgag
aggtcctggt
ttgaagaagc
ttggcegeat
tcactcgecg
gageccetget
ttctgggate
ttgaggettg
ttgaatactc
tagtgctgga
gtgacatgaa

ctttaaagce

ggctcagyggce
gttaactgeg
tecgectegge
gagggtgaag
caccaggtcc
tggctgeatt
gctgttgtig
cceccgaccegce
getgecaagag
tgacagagcet
aggacagcaqg
gaacgagttt
caccggtecag
ccggegettt
tgggcegtega
gctgecagacc
caaaaggaaqg
ctgccaattc
cgtgcagcga
tgacaatcaqg
ggattctctyg
ccaggatcag



WO 2013/106747

1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3081

ctttctgeece
cgtctgectga
ggacagttyy
gctctcetga
gatcactatyg
ttccaggtge
gaagcacttyg
atggaagagg
gteecttgcte
ggcactgecc
gaccgeccat
tttcecttaga
ctgggatgtc
gagtteccace
tggggatgct
teccececggtage
cagactttecc
aatcttgaga
tcetecagaq
tactgacagc
acgcagcaac
caaatggcct
caagtgtagg
tgecctggate
ttaggtaagg
atecgtetetyg
acacagatat
aaggtccata
aacaactget

taaacatctyg

tgcagttget
aggccetgca
tceccaggeaa
aaaaaggaaa
ttgcttectgt
ctceceatat
attttatcag
atgcactact
aaagcaagce
gttcccatga
tgctecegtgt
tgtttttcect
acaggaaaca
tgatgctegyg
tggtctctte
tacctigceet
tttaattgat
tgctttececot
agctcagttg
tgacaaacaa
tcraccacct
ctcccaaaat
tctaattagt
tgctttaaag
acatatagtt
taattccttt
gggttgcata
aaatgaagac
gagctcaaaqg

tattgtgaca

ggtctacctyg
taaaatcact
ccgtatgact
gtttggcaaqg
caatgtggte
tcagaggcag
acgcaggaac
ttctgatcca
ttctgatgaa
cgatgaggaa
geceaegggag
tctataaggt
ttaaggagag
gtcaggatga
tgctggtaaa
ttetetttta
gtgacatttg
tccecagatg
gaaaggccct
ttaatgcgaa
taggatttce
tctgtacagt
gtttctaggga
acaattggtg
ccaagtaggt
atacaggaca
tgatccagaa
tgtattgtat
attigtgatt
gc

atgccaceccet
gagaactgcg
tccactaact
agagagtcca
cgtgececatga
gttgctaagce
ttgaggaaga
gtggaaacct
ggttcctctg
ggagcgggta
aaggaggcca
gccagacadgg
agttgaaggt
gaattccaaa
agcagagatg
ccectgatct
tggtaaacac
ggattgcatg
caagaggcat
atcatgtecac
cccteccaaat
tttgctcagg
tccaaagtta
tttacaccct
aaagtcactt
gtacaaaatt
ttacagectga
tgagggatag
gttaaaactt

SEQIDNO: 5
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gccacagtga
aggactcaat
tggcecttggat
ggaaaacaaa
tagataactg
gegtagtggaa
tccagagtac
ctgctgaage
aggagccagce
acccteoccat
aaactggegt
ggaaaagggt
aaagatctga
cacactgcca
tttetgtgte
tggctticte
cttteccagg
attccctgac
gctagaacgt
accaacccat
tattcagace
tcacgccaac
gaggaaaatt
cttgteagea
gattacaaat
gtgggacatg
tattatggat
aaattgatca

ctctggcatt

taccctggag
tggeattgat
gtttggatct
gotgygggatt
ggatgteccte
gtcecagececy
acgcataaag
ccgggetget
tgtgectice
tccggagcaa
cagctactte
gggggtacat
aggtaagaag
gceccectteac
atgcccaage
tctectetetyg
gaacctcaca
tttectacce
taggtcageo
agccgtgtcee
aatggcttge
agggaaacct
tagattttat
aaacagctag
gttcttaact
ctctggtaac
gacaactgct
tttaatgggt

taatcattaa

HOMO SAPIENS CBP/P300-INTERACTING TRANSACTIVATOR, WITH GLU/ASP-
RICH CARBOXY-TERMINAL DOMAIN, 1 (CITED1), MRNA (NM_004143.2)

61
121
181
241
301
361
421

gtggaaattg aggggagaaa aasaaaggda aaaaaagggt ctgtcettcee

agccgaggec
gcttgagage
ccggagteeyg
ttggegegge
ceeggygteg
cggtggcegge
gagctcecgeg

agtectgctge
cgggtcccea
gcgecgaage
actgtgeggt
ggtggccaac
ggegtgegtyg
cttecectete

cgtgtgegtg
gegoogggaa
tgcgggeggy
gcagegycgyg
ggcgedggecg
ccaggggcety
tccagggeaqg

95-

tgcgtcagygyg
gggagcgeygyg
cgggcgggea
cgcggegeygyg
cgagcgcetga
ggggctccge
gcggettcte

ctectecggge
tggcecgecac
ccagcteggt
tgegggettt
gcgegaccgyg
cgectotott

agagcacaac

tgggattcct
ggcaatgggg
cgocaccgee
caggggetge
tceccaggege
ttecgeggtag
gcggctcacce

agcetecaget



WO 2013/106747

481
541
601
661
721
781
841
901
961
1021
1081
1141
1201

ggcagcatca
gtcgaggect
agagatgagc
tctgcactac
ctegggatet
cctgcacece
teaggggatg
ggactttggg
ccctgetate
actggggtty
cttecactgeqg
aagccaccaa

aaa

cticecgeca
gcacttgatyg
tcegtggect
cctggggtag
ccaataggcet
gccecteact
gctgetgeca
gcocaggeygyg
atcgattcgg
gaccgageca
gactittccat
ttctgttgta

atttatccaa
tcaagggtyg
actccaacct
ccteaaatygg
ctecctacaac
tgectggetag
ctccaggeca
gaggggcaga
acccagtgga
atgagcttcc
ctagctgeta

aataaaaata

cttctgeccaa
caccltcacct
tgcggtgaaa
aaccaaggcc
cacccctcece
tatgcagetyg
acceggggayg
atcactcetcet
tgaggaagtyg
ggagcigtgg
atgccaagty
aagttactta

SEQ ID NO: 6
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ggctctgaaa
gcgaaggadg
gatcgcaaayg
agtggggcetce
actaaaccce
cagaaactta
gcaggaccce
ccttectgetyg
ctgatgtcge
ctggggcaga
teeetaaaga

caaqaqaadaaaa

tgccaacaac
atgcocaacca
cagtggccat
ccactagttc
cateccttcaa
atagccagta
tgraasactyg
gtgcccagag
tggtggtgga
atgagtttga
tggaggaata

ddddaadadad

HOMO SAPIENS ZINC FINGER, CCHC DOMAIN CONTAINING 12 (ZCCHC12),
MRNA (NM_173798.2)

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

1621
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l

ggcgctgect
agccccgggt
ccagaaggcy
aggccatcaa
gatctgegac
gggcactggt
ccetgetgag
ttctaaaaaqg
gcatcattge
attccatgct
gaaacatgaa
actggetgac
tcaagcgett
cgaccaaccce
agtctgaaag
agaaagcctce
gcattatagc
agctgagtag
aggagcggct
atgatgettt
tcagecetgt
tgatagagat
aggaccctee
atgaagtgct
gtggttctgg
acacaatccqg
agagtgacaa
ctgagatgga
aagggaccac
aactggggtyg
tettttggag
cctetgtect
ccttgacagce
aaaaaggtac
gtcaaccett
gataaaagtg
ttgtgagett

cgtectetget
cgettagegyg
gaatccacag
ageegeatct
cccecetgigga
tgcagaggct
ataggaaggc
cctaggeatce
acgtgtcgat
gaggtccctyg
gttgttcteg
ccaagtcaat
gatgaaaacc
taacctaagt
cagtgtgact
cectttatgtg
tgagaaagat
ggacctccga
tecccaacttt
tattaaacgg
ggecatttecag
agatgatacc
acttccatcc
ggtcatigat
ctataagaat
ctgttegtat
ggcccaggtt
gaggtcaaga
ccecaggttt
guggtygggy
tggagtagaa
tgctecttet
tttattcttt
aaaaagtgaa
tgatgagiga
atgaaatata
ctatgtcaat

acccctggtt
ccaaggagqgo
ctggegacge
gaacttgaat
cagaggttga
ggaagtgaaa
agagccacct
ttcttatatt
aacagccyge
gggagaagtc
gggagggtygg
ggcgicctge
cttaggggecc
gtggcagatt
geccatggta
atccgtttag
gcaaaccgga
ctcagactta
ctggagttaa
aagcegtccaa
ggctcececac
ctegacgact
tggggtgcce
tcecceccaca
aacggtecctyg
tgtggtgagg
tttgagaatt
gtggccectg
cagtgaaccce
tgggacttct
agggtcttgg
ccctgcagec
gtgaaagtgyg
gtacaaatta
tatttceccta
agtgetgtte
aaatatatat

-96-

gggcggeect
ttcagttctt

gggagcatct
tctgtgeage
ccgtaceceg
taaagacgcg
cctetectct
cagataccct
ggctgaatge
teggtectat
tgccagccca
cagattggaa
ctgcececgega
tettgegage
aattttttaa
aggtgcagct
ctegettgea
aggattttct
tcagaatggt
aaaggtctga
cgatagtgat
ccgatgagga
ctececteaqg
attecaggge
gggagatgcyg
aaggccactc
tgatcatcac
gcgaatacaa
ttacctatat
aactgcatga
ataccagcac
tacgggtctg
tataatitat
cecaaatete
tacctatgta
tatctgtatt
atcagcaaaa

gcgaageage
tgcegcectge
gctgteccacc
tgattgcaga
gagaggagcet
ctettgttte
ccecacctgea
atcgtegtcea
acccttgecg
aatggccage
aggggaagaa
tatgtetgag
ggtcatgcgt
catgaaattg
caccctacaa
ccagaacgct
gcagctectt
caggatgtat
aagggaggaa
gtcaatggtg
cggeagtget
tgtgatcctyg
agacagggeo
tcagtttect
tagagccagg
aaaagaaacc
tetececaggag
tgacttctet
tcagcatcca
attaatccac
attggaggga
ttttctgtgt
tgttaaatat
tccaccctta
cccagataga
ttttcaccaa
aaaaaaaaaa

tcotteggge
aaggcggaga
agcggagcac
gctggacecy
ttctecacgga
agagttcgte
gattaagett
gtcatggcta
ccttgggeee
atggcagaca
acctttgaaa
gaggaaaage
gtgcttcagyg
gtgtttggag
gctcaagggg
attcaggeaqg
ttaggeggtyg
gcaaatgagc
gaggattggg
gagagggcag
gactgcaatg
gtggagtctc
agacctcagyg
tccaccagtg
aagcgaaaac
tgtgacaacg
ctgacccata
gagccactgt
gtagtgggaa
aaagcggcta
gatagcctga
gtgccecattt
ttgaacaata
tataatcatt
tatatgcata
acaatatatqg
aa
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6l
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441

SEQ ID NO: 7

PCT/US2013/021286

HOMO SAPIENS CLAUDIN 16 (CLDN16), MRNA (NM_006580.2)

ccecaceega aacacactca geoottgeac

ttcggataat
geaactcaag
geccaggtacce
tetgeccatg
tegettgett
gttggatggt
gggaatgegt
ttgcggagceca
tagetgggtt
atgagcegta
gtaccccagg
ctttggtttt
tecggaatgge
atctttttaa
cagecgeggg
tgtatgctgt
aatcaatcaqg
attcatattg
ttctttectat
cacactttcec
tctatatage
aaagcaattt
tcteectgge
tttgaggaag

gacctccagg
acacctgeag
agaaacacag
ttgcecatect
ctttgcettt
gaatgctgat
cacaaaltgct
teccecttgaag
tggatttctc
cattaaagtce
aatcattgge
gcacaatata
taggtctetyg
agatgttgga
tgtttecatg
agacacaagg
tatggttaca
aattaaatta
tactcttata
ctatatttta
tattagagat
ccaaagaggc
ttttggttca
attattettt

accccactgt
cagggcegtga
aagactgaca
gatgggetge
ttctctgctg
gactctctgg
tttgatggga
ctggtggtaa
accctgetee
cgecatcetget
tctgtgtggt
tttettggta
ggttgetttt
cctgagagaa
gccaagtcat
gtgtaaaatyg
ttgataaaat
attgctagct
ttttcecegte
agataagtct
tatgacataqg
cagggaccct
ctttttgtac

taaattcaaa

tgacctgect
tggttacagc
gaaaaagtaa
ccecgecactt
ttgccacaat
ggtttttgat
aggtgagcac
ttegecacctyg
ctecgagegtt
ttggtecttga
ttgttgetgg
atgctgttga
teccaatataa
tggctggage
actatcctta
actcagccce
cacgtttcag
agtaagtcaa
taatcaaaat
attctctcetg
gctaggatgt
taatattaaa
aatctttgaa
ttttaacaaqg
ctagtatgte

SEQ ID NO: 8

tctgattgga
ctgttigtat
aagaccagta
aagtggggcce
gagggatctt
tgtggccacc
aaaatgccga
tgatgagtac
gatgattact
ctgegtgaaa
agccacgtta
tgtgtatgtyg
atttggttgg
tgttctcecace
ttecttgagg
tcgcacagag
ggtgtgtttg
tccaggaaca
gtttgattct
ctaaccttcc
agaaatattt
atgaaatgat
gagatgaaga
tgggtgaatt

aatgcctacce

ggctggttge
tattcttact
ttttecacatt
agggctggtg
cttcaataca
tggactgact
ggcetetggt
gattccatac
gcagatatte
tteccteectg
ctaatagcag
gaacgttcta
tectgttgac
tgctgcttat
aaagcctatt
acggeccaaaa
catatgattt
gttatttaga
cctatacttt
accttatgca
gtttgtgatt
acttaaacaqg
aacttacttt
atttgataat
atta

HOMO SAPIENS FIBRONECTIN 1 (FN1), TRANSCRIPT VARIANT 3, MRNA
(NM_002026.2)

61
121
181
241
301
361
421
481
541
601
661

gccegegecg
ggggacctgce
ccttececcac
gggatttttce
gggegtetet
tggccgteca
aggctcagcea
gttatgacaa
atgegttggt
aagctgaaga
atgagegtee
gaataagctyg

gctgtgectge
agccacaact
cctctggeec
ccgeaggttyg
cceecaceygt
gtgectggyg
aatggttcag
tggaaaacac
ttgtacttgt
gacttgecttt
taaagactee
taccatcgceca

acagggggag
tctetggtec

ccaccttett
cgaagggaag
ctecaacatgce
acagcggtgce
ccccagteec
tatcagataa
tatggaggaa
gacaagtaca
atgatetggyg
aaccgctgcce

-97-

gagagggaac
tctgecatcece
ggaggcgaca
caaacttggt
ttaggggtce
cctecacqggyg
cggtggetgt
atcaacagtyg
gecgaggttt
ctgggaacac
actgtacctyg

atgaagggyg

cccaggegeqg
ttctgtecet
acccccggga
ggcaacttgce
ggggecceggyg
agcclegaag
cagtcaaagc
ggagcggacco
taactgcgag
ttaccgagtag
catcgggget
tcagtectac

agcgggaaga
ccaccegtee
ggcattagaa
ctcececggtge
ctgctgectge
agcaagagge
aagccoggtt
tacctaggca
agtaaacctg
ggtgacactt
gggcgaggga
aagattggtg
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721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1821
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321

acacctggayg
atggaaaaqgq
ggacttccta
attgtacttg
acgatcagga
gaggaaacct
ggeacaccte
ctgittacca
gtggtgtggt
tttgecacgtg
gtggcaactc
actcctgcac
atgagcagga
gaggaaattc
ctgattgcac
atgatgccga
ccaatgaagg
acatgatgag
cgcagceticy
acaagcegteca
ggtggaagtg
ttggagattc
gtggcattgg
tecgaagtatt
caccacageo
gcegttggaa
agcctggtgt
tgactcgett
caggagagac
cagccagtag
tggaatatga
ccactictgt
agatatctga
atgccecctce
gcagacccca
gcagcacaga
ctggtgttea
ttgtcatteca
acctgcagtt
gtgcagtgac
agaggctgee
cctattactt
aacagacaac
ctgtcctggt
gcecettaceeg
cactgaggaa
accaagagaqg
caccttacaa
gaatiggttt
cttecagactc
ccatccaagt
caccattgte
cagtctectg
ctacaaacgg
gcacttttga
atgacaagga
acctygcgatt
ccattgattt
cagagttgtce
cagaatatgt
gaagacagaa

gagaccacat
agaatggacc
tgtggtcgga
cctgggagaa
cacaaggaca
gelteecagtge
tgtgcagacc
accgcagect
ctactctgtg
cctgggcaac
aaatggagaqg
cacagaaggqg
ccagaaatac
caatggtgce
ttctgagggce
ccagaagttt
ggtcatgtac
gtgcacgtgt
agatcagtge
tgaagagggyg
tgatccegte
atgggagaag
ggagtggcat
tatcactgaqg
atctcacatt
ggaagctacc
ggtatacgag
tgactteacc
gactceccttt
ctttgtggtc
gctgagtgaqg
gaacatccet
ggatggggag
tgacccgact
ggctccecatce
actcaacctt
gtataacatc
acaagaaacc
tgtggaagtyg
cggetacegt
catcagcagyg
caaagtcttt
caaactggat
gagatggact
aagaggacag
tctgecagect
ccccaaagcce
caccgaggtyg
taagctggat
aggaagcate
cctgagagat
tccaccaaca
ggagaggagc
ccagcaggga
taacctgagt
aagtgtcoeet
caccaacatt
aaccaacttc
aatttctcect
agtgagtgtc
aacaggtctt

gagactggtyg
tgcaagecceca
gaaacgtggyg
ggcagcggac
tcetatagaa
atctgcacag
acatcgagcyg
cacccccagce
gggatgcagt
ggagtcagct
ccatgtgtct
cgacaggacqg
tetttctgea
ttgtgccact
agaagagaca
gggttctgce
cgcattggag
gtigggaatg
attgttgatg
cacatgctga
gaccaatgcc
tatgtgeatqg
tgccaacctt
actccgagte
tccaagtaca
ataccaggce
ggccagcetea
accaccagea
tcteetettg
tcectggatet
gagggagatg
gacctgettc
cagagtttga
gtggaccaag
acagggtaca
cctgaaactg
actatctatg
actggcaccc
acagacgtga
gtggatgtga
aacacctttg
gcagtgagcecce
gcteccacta
ccacctegygy
cccaggeagt
gcatctgagt
actggagtct
actgagacca
gtacgaccaa
gttgtgtecg
ggacaggaaa
aacttgecatc
accaccceag
aattctttgg
ceeggectygg
atctctgata
ggtccagaca
ctggtgegtt
tcagacaatyg
tecagtgtcet
gattccccaa

98-

gttacatgtt
tagctgagaa
agaagcccta
gcatcacttg
ttggagacac
gcaacggceeg
gatctggcce
ctccteccta
ggctgaagac
gccaagagac
taccatteac
gacatcttig
cagaccacac
tccecttect
acatgaagtg
ccatggctge
atcagtggga
gtegtgggga
acatcactta
actgtacatg
aggattcaga
gtgtcagata
tacagaccta
agcccaacte
ttctcaggtg
acttaaactc
tecageatcea
ccagcacacae
tggccactte
cagcttecga
agccacagta
ctggccgaaa
tectgtcectac
ttgatgacac
gaatagtcta
caaacteegt
ctgtggaaga
cacgctcaga
aggtcaccat
teececgteaa
cagaagtcac
atgggaggga
acctccagtt
ccecagataac
acaatgtggg
acaccgtatc
ttaccacact
ccatitgtgat
gcceagggagyg
gecttgactee
gagatgcgee
tggaggcaaa
acattactgg
aagaagtggt
agtacaatgt
ccatcatccce
ccatgcgtgt
actcacctgt
cagtggtett
acgaacaaca
ctggcattga

PCT/US2013/021286

agagtgtgtg
gtgttttgat
ccaaggetygy
cacttctaga
ctggagcaag
aggagagtgg
cttcacecgat
tggccactgt
acaaggaaat
agctgtaacc
ctacaaltgge
gtgcagcaca
tgttttggtt
atacaacaac
gtgtgggacc
ccacgaggaa
taagecagcat
atggacatgce
caatgtgaac
cttecggtcag
gactgggacy
ccagtgctac
tccaagetcea
ccaccccate
gagacctaaa
ctacaccate
gcagtacggce
tgtgaccage
tgaatctgtg
caccgtgteg
cectggatett
atacattgta
ttcacaaaca
ctcaattgtt
ttegecatca
cacecctecaqgt
aaatcaagaa
tacagtgccece
catgtggaca
cctgectgge
cgggectgtee
gagcaagcct
tgtcaatgaa
aggataccga
tceetetgte
cctegtggee
gcagcctggyg
cacatggacqg
agaggcacca
aggagtagaa
aattgtaaac
ccctgacact
ttatagaatt
ccatgetgat
cagtgtttac
agctgttect
cacctgggct
gaaaaatgag
aacaaatcte
tgagagcaca
cttttetgat

tgtcttggta
catgctgetyg
atgatggtag
aatagatgeca
aaggataatc
aagtgtgaga
gttegtgeag
gtcacagaca
aagcaaatbgc
cagacttacg
aggacgttet
acttcgaatt
cagactcgag
cacaattaca
acacagaact
atctgcacaa
gacatgggtc
attgcctact
gacacattcc
ggtcggggca
ttttatcaaa
tgctatggee
agtggtectg
cagtggaatg
aattctgtag
aaaggcectga
caccaagaag
aacaccgtga
accgaaatca
ggattceggg
ccaagcacag
aatgtctatc
acagcgectg
gttegetgsa
gtagaaggta
gacttgcaac
agtacacctyg
tcteccagyyg
ccgectgaga
gagcacggga
cctggggtca
ctgactgetce
actgaticta
ctgaccgtgg
tccaagtace
ataaagggca
agctctatte
cctgetecaa
cgagaagtga
tacgtctaca
aaagtggtga
ggagtgctca
accacaacce
cagagctcect
actgtcaaqgg
ccteeccactg
ccacccccecat
gaagatgtig
ctgecctggta
cectettagag
attactgcea
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4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981

actcttttac
atcatccega
ccatcaccct
atggcagaga
gggacctgga
ctgtcacagt
aggagttecac
ttgattatac
agccaattte
atgttcagga
acagagtaac
cagatcaaac
tctatgetca
ttgatecgcee
gggaaagccce
gaatccatga
tcagaccgygg
agececctgat
aggtcacacc
atcgagtgeqg
ctgacagctce
tctatgctet
agaatgtcag
ttagectggag
atggccagac
gtttacaacc
gcteccetgt
tggccaccac
gctacatcat
gccctggtgt
atgtcattge
acgagcttee
atgttecectte
atggtattca
ttgaggaaca
ggccaagacce
gggcecceatt
aagaaccctt
ccagaggtge
ttcgggaaga
atgactcgtyg
gaatgtctga
tcagatgtga
agtgggaccy
aaggagaatt
acgtaggaga
gaggccagcg
aaggcactac
ctaatgttaa
attccecgaga
ccatctaaac
cctttgectcet
cctgggagtt
gaagtattca
aataggaaag
tttaagtagyg
tgtaggaaca
tccaaatgat
ttcececagtat
aggaatttgg
ctactgtgga

tgtgcactgg
gcacttcagt
caccaaccte
ggaaagtcce
agtigttget
gagatattac
tgtgectggg
catcactgtg
cattaattac
caacagcatt
caccactece
agaaatgact
gaatcecaage
taaaggacig
acaggggcaa
gctattecct
tictgagtac
Lggaacccag
cacaagcctg
ggtgaccccce
atcegtggtt
taaggacact
ccecaccaaga
aaccaagact
tccaatccag
aggcactgac
ggtecatcgac
acccaattec
caagtatgag
cacagaggct
cctgaagaat
ccaactggta
cacagttcaa
gcttectgge
tggttittagyg
atacccgceg
ccaggacact
acagttcagyg
cacctacaac
ggttgttacc
ctttgaccce
atcaggecttt
ttecatctaga
tcagggagaa
caagtgtgac
acagtggcag
gggctggege
tggccagtoee
ttgcecaatt
gtaaatcatc

tggagtgatg

ggaggaagtt
tectgagggt
ataccgctca
catatgcage
aaagtcaccc
agcatgatct
cctagtaatt
ttttatacgg
tataattatg
aagacaactyg

attgctectc
gggagacctc
actccaggcea
ttattgattg
gcgaccecca
aggatcactt
agcaagtcta
tatgctgtca
cgaacagaaa
agtgtcaagt
aaaaatggac
attgaaggct
ggagagagtc
gcattcactg
gtttccaggt
gcacctgatyg
acagtcaqgtyg
tccacagcecta
agcgceccagt
aaggagaaga
gtatcaggac
ttgacaagea
agggctegtyg
gagacgatca
agaaccatca
tacaagatct
gccteccactyg
ttgctggtat
aagcctgggt
actattactqg
aatcagaaga
acccttceccac
aagacccett
acttctggtce
cggaccacac
aatgtaggac
tctgagtaca
gticctggaa
atcatagtagg
gtgggcaact
tacacagttt
aaactgttgt
tggtgecatyg
aatggccaga
cctcatgagg
aaggaatatc
tgtgacaact
tacaaccagt
gagtgctteca
ttteccaatce
ttagcagacc
ctcecagetic
tttctecataa
gtattttaaa
caaccaagat
aaacacttct
tgttactgtg
gcctagaaat
aaaaaattgt
gtgggtgatt
ttttaataaa

.99

gagccaccat
gagaagatcg
cagagtatagt
gccaacaate
ccagcctact
acggagagac
cagctaccat
ctggcegtygg
ttgacaaacce
ggectgectte
caggaccaac
tgcagcccac
agcctcetggt
atgtggatgt
acagggtgac
gtgaagaaga
tggttgectt
ttcetgeace
ggacaccacc
ccggaccaat
ttatggtgge
gaccagctca
tgacagatgc
ctggctteca
agccagatgt
acctgtacac
ccattgatgce
catggcagcce
ctcecteccag
geetggaace
gcgagccect
accccaatct
tegtcaccca
agcaacccag
cgcccacaac
aagaagctct
tcatttcatg
cttectaccag
aggcactgaa
ctgtcaacga
cccattatge
gccagtgett
acaatggtgt
tgatgagctg
caacgtgtta
tecggtgeeat
geegeagace
attctcagaqg
tgcectttaga
agaggaacaa
cagcttagag
agctecaactc
at.gagggetg
tgaagtgatt
gcaaatgttt
gctttcactt
atattttaaa
atctttectect
attgaaaaca
attttttata
agatttacat

PCT/US2013/021286

cactggctac
ggtgcecccac
ggtcagecate
aacagtttct
gatcagctgg
aggaggaaat
cagcggecett
agacagcecce
atcccagatyg
aagttcececet
aaaaactaaa
agtggagtat
tcagactgca
cgattccatce
ctactcgage
cactgcagag
gcacgatgat
aactgacctg
caatgttcag
gaaagaaatc
caccaaatat
gggagttgtc
tactgagacc
agttgatgcc
cagaagctac
cttgaatgac
accatccaac
gccacgtgec
agaagtggtc
gggaaccgaa
gattggaagg
tcatggacca
ccecltgggtat
tgttgggcaa
ggccacccea
ctctcagaca
tecatcctgtt
tgececactcetyg
agaccagcag
aggcttgaac
cgtitggagat
aggetttgga
gaactacaagq
cacatgtctt
tgatgatggy
ttgctectge
tgggggtgaa
ataccatcag
tgtacaggct
gcatgtetcect
ttcttectite
acagcttcte
cacattgect
ctaagatttg
tgaaatgata
aagtgtctag
tatccacagt
tacctgttat
cttagtatge
ctgtatgtge
tccacaactt

aggatcegee
tcteggaatt
gttgctetta’
gatgttccga
gatgctcctg
agccctgtee
aaacctggag
gcaageagca
caagtgaccyg
gttactggtt
actgcaggtc
gtggttagtyg
gtaaccaaca
aaaattgett
cctgaggatyg
ctgcaaggcc
atggagagcc
aagttcactc
ctecactggat
aaccttgcecte
gaagtgagtg
accactctagg
accatcacca
gttccageea
accatcacag
aatgcitcgga
ctgegtttcee
aggattaccg
ccteggeocea
tatacaattt
aaaaagacag
gagatcttgg
gacactggaa
caaatgatct
ataaggcata
accaltctecat
gacactgatg
acaggcctca
aggcataagg
caacctacgqg
gagigggaac
agtggtcatt
attggagaga
gggaacggaa
aagacatacc
acatgetttyg
cccagtececg
agaacaaaca
gacagagaag
ctgccaagat
tttettaage
caagcatcac
gttctgette
gtttgggatc
tgaccaaaat
ccegeaatac
actcactttt
ttatcaattt
agttgataag
caaagcttta
gaagttcate
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8041
8101
8161
8221
8281
8341
8401

tatttgatat
caaacatttg
aaatcagttg
agctttacac
gtttaccgtt
ttetteectt

ctgcaaggga

aagacacctt
aaaatctatg
ctacaaaaac
tttetgettt
cagaagtata
ctteccctecea
aataaaaatg

cgggggaaat
atgtgcaagt
tgattggttt
aatagattta
atagaaataa
cctttectte
actaagatat

aattcctgtyg
ctaattgttg
ttgtecacttc
agtggacccce
tctttagttg
attgaataaa
taaaaaaaaa

SEQID NO: 9

PCT/US2013/021286

aatattettt
atttcagtac
atctcticac
aatatttatt
ctettttcta
cctetgttcea
agaaaaaaa

ttcaattcag
aagattttct
taatggagat
aaaattgcta
accattgtaa
aagagattgc

HOMOQO SAPIENS SERPIN PEPTIDASE INHIBITOR, CLADE A (ALPHA-I
ANTIPROTEINASE, ANTITRYPSIN), MEMBER | (SERPINAI), TRANSCRIPT

1

61
121
181
241
301
36l
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

aatgactcct
agcgtaggceg
aactggggtyg
ctgecttaaat
ctgggacagt
cctgtgetge
gacagataca
ggctgagttc
cttettetece
tgacactcac
tcagatecat
ccagctgace
tttagaggat
cgaagaggce
ggatttggtc
taaaggcaaa
ggaccaggtg
gecactgtaaqg
catcttelte
tatcatcacc
actgtccatt
ggtcttecage
caaggccgtg
catgtittta
tgtcttectta
tcecacccaa

ccctggatga

VARIANT I, MRNA. (NM_000295.3)

ttcggtaagt
ggegacteag
accttggtta
acggacgagg
gaatcgacaa
ctggtccctg
tcecaccatg
gcecttcagee
ccagtgagca
gatgaaatcc
gaaggcttce
accggcaatg
gttaaaaagt
aagaaacaga
aaggagcttyg
tgggagagac
accaccgtga
aagctgtcca
ctgecetgatg
aagttcctgg
actggaacct
aatggggety
cataaggctyg
gaggccatac
atgattgaac
aaataactgc

cattaaagaa

gcagtggaag
atceccagceca
atattcacca
acagggccct
tgecgtette
tctecetgac
atcaggatca
tataccgecca
tcgctacage
tggagggecct
aggaactecct
gcctgttect
tgtaccactc
tcaacgatta
acagagacac
ccittgaagt
aggtgeetat
gctgagtget
aggggaaact
aaaatgaaga
atgatctgaa
acctcteceag
tgctgaccat
ccatgtctat
aaaataccaa

ctetegetec

gggttgaget

-100-

ctgtacactyg
gtggacttag
gcagecteee
gtctectecag
tgtctegtygg
tgaggatccc
cccaacctte
gctggcacac
ctttgcaatqg
gaatttcaac
ccgtacccte
cagcgagggc
agaagccttc
cgtggagaaqg
agttbtttgct
caaggacacc
gatgaagcgt
gcﬁgatgaaa
acagcacctg
cagaaggtct
gagcgtectyg
ggtcacagag
cgacgagaaa
cccceccgag
gtctcececte
tcaacccclc

ggtecctgec

cccaggcaaa
cccetgtttyg
ccgttgecce
cttcaggcac
ggcatcctcc
cagggagaty
aacaagatca
cagtccaaca
ctctcecetagyg
ctcacggaga
aaccagccag
ctgaagctiag
actgtcaact
ggtactcaag
ct.ggtgaatt
gaggaagagyg
ttaggcatgt
taccltgggea
gaaaatgaac
gccagcttac
ggtecaactygyg
gaggcaccce
gggactgaag
gtcaagttea
ttcatgggaa
ceetecatece

tgcaaaa

gcegtecggge
ctcectecegat
tctggatcca
caccactgac
tgctggcagg
ctgeccagaa
cccecaaccet
gcaccaatat
ggaccaaggc
tteceggagge
acagccagct
tggataagtt
tcggggacac
ggaaaattgt
acatcttett
acttccacgt
ttaacatcca
atgccaccge
tecacccacga
atttacccaa
gcatcactaa
tgaagctctc
ctgctgggge
acaaaccctt
aagtggtgaa

ctggccccoct
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SEQ ID NO: 10

PCT/US2013/021286

HOMO SAPIENS SERINE/THREONINE KINASE 32A (STK32A), MRNA,

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

6l
i21
i81
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081

cecttgetett
ctcatgggag
ttttgagega
agattcaacc
tgtcaacttt
ctgcattgta

aaagtgecgtg

tctggageac
catggtggtg
cttcaaggaa

gcagaaccag

tgatacctgg

cacatgtatt

cgcttactte

ggagttctte
gaatgaagga
agatgggtgt
atgggagccea
gaccactttyg
cagaagaatg
gagcgcaatg
ccetttecctagg
gacctcctge
gaaacagtga
cgeatecatte
ctctectaca
ttgcaaaact

ttgtcaaaaa

tcttagtecc
agaatcgaga
ttctgeeegyg
acacttcaag
aaattttgeg
ataccaagaa
aagtgagaaa
ttaatttgtyg
tgggtggaga
agctctteat
acagggatat
agtcccactg
acactgaagt

dadaddadaaa

(NM_145001.2)

tgtteeetygg
ctagatatcc
atagtataaa
aaaaccaccd
agccattggg
gatgtacgca
tgtcttcaag
gtattcettc
cctgcgttat
ctgtgagctg
gaagcctgac
aatiggagtt
ttctgataat

dddaadaadad

SEQ ID NO: 11

atgaaagcat
aactaaggct
tcgaggatce
gtgtttgatyg
aaaggcagtt
atgaagtaca
gaactccaga
caagatdagg
cacctgeaac
gtcatggcce
aatattttac
tcaggagacc
gacggatatc
aaaa

cgctecgage
tcgggacatg
aggtctggge
aaaatgaaga
ttgggaaggt
tgaataaaca
tecatgcaggg
aagacatgtt
agaacgtcca
tggactacct
ttgacgaaca
gaagcccagg
aacaattaaa

HOMO SAPIENS RPLK9433 (UNQ9433), MRNA., (NM_207413.1)

attecggectcg agggcacact

cgtagacaaqg

ccgetggect
tcecegeteto
cgecactectte
gcgcagggga

cggggecggce
cttaasaagac

caaacatttc

aagalgtget
aaactaccct
tgcaaaatgt
gagactteccce
ttatctttit
gaaaattaga
tttatatggt
gtgagaaata
accaagittaa

aaaaaaaadaa

ggcaggcgceqg
tctettggge
tcctecegge
ctgectggege
gcgegegtea
cggactccea
aaattcataa
caccgactet
agattgttaa
acatttecta
aaaaaaagat
agaaataact
gtgtatacag
tattaaaaat
taacattcta
atgatttttt
attttataat

aaaaaaadda

gaggaccgad
cggtgaagac
cgcgcaccct
ttgcgaacat
tggetttgte
cggataagga
geggcetoocey
agcatttcac
attacaatac
caagattagc
agaatgtaca
gaaatttata
ggttagetgt
taatttataa
tgtgtgattg
attaaacatt
tgtatatgac
tcttatttaa

aa

-101-

tcccagtgea
tgcggeeggo
ccggacctge
gcggeccctt
ccegeacgga
gcccaagecy
gagcgcagaa
agggceeggte
cagggagtge
agtgagtcca
tctaatttga
tttttatgga
tteectgtcat
ttttgtaaaa
tattttattt
taattgtgta
tgttagtata
tatttaaata

gctccagecg
cgcgtagecg
gtegggateco
aagcccgdceg
gcccacggga
ttgettttec
atattcccaa
acattttcac
tcaacgecag
ctgtgctecc
agaaaaagtg
tattaagatg
agaatggagt
cagagtttga
ttactagata
aattatatct
tatttgtcaa
catttattta

acccceggga
cgetagtggtc
tceceggagte
ccectbtgeo
ggccecgggy
tceecgegge
gagactctaa
cagaatgcag
cttattacaa
agacctagca
cctcaaatca
agtaaaataa
ctttettget
atcgcatatt
tattatitte
gtgagtgcca
atcategtgt

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

1021
1081

HOMO SAPIENS CDNA CLONE IMAGE:4811759 (BC030766)

caaaagtaca
atagettgtyg
aattcacata
ggttetttcet
agcgcaaaaa
caacaaaaaa
aagctattaa
ctgaaaatac
tatttgtcaa
tttaacctet
tatgaatcat
gaaggcgaaa
tttectcatga
acaggtagag
ggaaacaata
tgtacaggtt
caggccagaa
agttaaacat
aataaaattg

gtaacgaagt
gaaagacata
cacatagetyg
tctgcaaaga
acaaaaaaac
gaattcaacc
ggaccaaata
ttagagtiaa
aggaaatgtg
taaataaatg
gacaacgtct
aagagaagta
aaagtaaaga
gttctaatca
ggttccaatt
catgttectcet
gcatgcattt
tatgtgttga
ccaatgaaaa

SEQ ID NO: 12

attgaaaaga
aggctacaga
acctgactag
aaacaaaaca
aaaaaaaagc
ataaatagtg
tactactgtt
acttgectgtyg
tttggcagtt
ttagtatatc
aaatctttac
tagcectttat
tgtttacagt
tattgaaaat
ttogtattect
ggctgcagtt
ttctacaaga
tatttgaaag
aaaaaaaaaa

aaattttgga
tggaatggaa
tacttcaget
aaacaaaaca
aaagtaaaat
actattattt
cataagaaga
gattttgtcet
aaaaatcttt
agattgtgtc
tattcttctg
gtcagaaaaa
gtatgccaag
tgtgttataa
gctetectgt
aaatggtctt
gcaltcacaac
aaaagtactt
aa

SEQ ID NO: 13

PCT/US2013/021286

gacattagag
cattcctgtt
cttccacagc
aaacaaaaaa
ttaaaaatac
tcagtgtgtc
aattacttte
tggecagttgt
ccttagattt
cttgaaaaat
gcaaaagcat
cattettitt
ttttaagttt
tggtctgage
gctgaaaagt
ttgcattttg
aacatgctgt
tgaatatttec

catattatsat
ttcttgaaga
cttctataaa
asacaaaaaa
agaaaacaaa
cttcatgtga
taaacagtaa
catcttacat
agtggtggac
attttacttg
cagtaagaaa
agcectgettac
ctgtataaca
catgttgcta
gactggatac
ctctggettt
aaatatttaa
atttttaaaa

HOMO SAPIENS CDNA FLJ13457 FIS, CLONE PLACE1003343 (AKO023519)

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

1021
1081
1141
1201

agtctgtgag
tttactaaat
gttagacaag
gtaatgtttg
tttcacaaaa
ctgatccectt
tcagttctat
acctttgagt
ttteatattt
atctittatgt
gatttcecatt
ggtgggttaa
atcagttgtt
acaatttigg
tttgataagg
actgctgate
agaggttacc
gagataaaca
agattagtgce
taaatattta
gtititetit

ctgggagect
gccaccatce
aacccggatt
ttttetitgy
acatttataa
ttcatataat
acttcagtat
ttctecatttyg
tactattttt
ttttgagatg
tcettggtca
tcttgaatat
tecttgttett
cctttctett
cctecagtac
tcaagtttat
aagagttttt
tgtttttctt
atcctacact
tttttcaaaa

ccctatacag

gtiggeaggt
ttacctttca
ttagttgaac
ttgettttat
atctgaatta
tctatetget
ttaattctat
taatagtatt
gtttagtaac
tttgcataac
agaattctec
ggtaaacttg
tttttttecty
cgagattitg
tttgtgatat
gtttgtagca
attacaaata
ctaaatagta
gtatggaaac
taatttatec
tagtaatggc

-102-

cectetttit
aggtgtetagc
tctggagcaa
gaccttctet
aaaaacaaac
aggtcttgtyg
attcagcecat
ttttecatttt
tttecagtact
acatttaaaqg
catttgttgc
ctgeccctcag
aggcatattat
taactcattt
agtagttgtyg
aatttitget
ccltaaatct
atcatttaga
tataaattca
atcttgettt
tctttggtgt

attttegetyg
gtgectaatt
aaatcctgca
ttattcctag
tgaccttgce
ctgcettcta
gttatcaaat
tatgttttta
tgttgegtag
acaattacat
atctctgaag
ttttttagtt
tacatcattt
tcttticttt
gggatggtec
acatgaccat
cagcaaagac
caaatcacaa
tgattttcaa
accaaaaaaq

aaaaactita

agagctttet
tttectggtt
tcatttgtag
tatttgggea
aaggacccta
agttagttca
gtttatttca
aaagagttct
attttattte
attgttgtat
agtttcccaa
ttaatacttt
gaaaataatyg
tcacatagaa
ttettgtett
tacaagttta
tataaaaact
atgtgatate
aaattgtagg
geaaggtett

taggacctaa
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1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401

agtazaaaaqg
cgtagtgcct
caaacaggta
acttccaaag
ttagetagtyg
tcctagacca
tateccatta
ttctaaggta
tataaaagaa
gctgaagaaa
agcatctitgg
gggaaatcga
ggaatataaa
cattttcatg
cttatgagaa
aaacatacaa
ctgaagtaaqg
tactttttat
tagataaggg
atttcatitt

aagataaaaa
gatctectgte
aagttitact
cctacccctt
aggtacaagt
cagcaccatg
catittaaat
taagattttt
aattttttaa
gaagttattc
ttactggaga
gtctgtttga
gttctataca
aggcattttyg
tettatgtit
taaacttgtyg
gtgtactaag
gtcagtctag
aaatctttta
geltacaggaa

ccagtttgte
accaagcaaa
acaattatat
ttctttatca
gataaggatt
cattaggtta
cctatgeata
ttttacttat
aaagaggcct
tacagcaatg
actataactt
caatattetg
gttaatatga
gcectaatttta
ctgtgtgttt
ttaattitte
cttgtitatyg
aaatatctca
taataatgce

aatttggagyg

tttcaaagtc
tagtctgaac
ctggccatca
tacttccacc
atcteeccag
tagtcacagg
cecctitatat
ccctgetgtt
tcatggatat
agacacaaag
ttatgtagtc
tettcactgt
agctctcecttt
ttgatttect
tetatecatagt
tatcaaagtc
ggttaagtyga
gattaaaaca
aggattgcta
ac

SEQ ID NO: 14

PCT/US2013/021286

ttaaaatatt
tattatttce
ctacagtgtt
tacattgceat
agtctceggg
cctctatata
cctgcactta
taattttgaa
caaagaatgc
aaaagaattt
atgettggaa
tgttcacttc
agcatttaaa
tatatttcat
agcacaattt
agaatttatt
tatagccaaa
tatcacttct
taatctgata

tcattaacct
aagctcaatt
ttcteccaatce
aatacagagc
ccttggtast
gtetteocaca
tetgtecasaa
gaaagaaaaa
caacaataat
tgtaaacatt
aacactaaaa
ataatgtgtt
acatgatttyg
agtecttage
ctgacacaca
cataaggaatl
ttcaaaactt
tagttccaat

ggagacaaca

HOMO SAPIENS SOLUTE CARRIER FAMILY 34 (SODITUM PHOSPHATE), MEMBER
2 (SLC34A2), MRNA (NM_006424.2

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961

1021
1081
1141
1201
1261
1321
1381
1441
1501

accttcgeca
cctgeggagy
cccgataagt
gagaccaaca
tactccacgg
actcttcagg
ttcttcecaag
tcecetggata
ttcagcaaca
accgtetigg
tcattgetca
atcaccaaca
tttgcaggag
gtggaggtgg
ttcaagaatg
ctecattgtcee
aaaaacaaga
gtcactgtte
caaaactgga
tttgtgaatt
ctggtcctet
caggtcgcca
ttgactgget
tctgtgttea
gecttatecac
ttagccagec

tatatacccg
gagcgctgac
acctcgaaqgyg
aaacagataa
ctacactgat
actcgggagat
ggattgggag
ttettagtag
gctctattat
tgcagagctc
ctgttcgggce
ctattgttge
ccactgtcca
ccacccatta
gagaagatgc
agctggataa
gtettgteaa
cctegactge
ccatgaagaa
tccacctceccee
gtggttgect
ctgtcatcaa
acctggccat
cgteggectt
tcacgctyggg
ctggcaatgce

gggcgetgeg
catggctcce
ggeegeaggt
cactgaggca
agatgagccc
caagtggtca
attgatttia
cgecttecag
gtcecaaccct
cagcacctca
tgccatecce
gcteatgeag
tgacttcttc
cctecgagate
cccagatctt
aaaagttatc
gatttggtge
taactgeacce
tgtgacctac
ggatcttgct
gatcatgatt
gaagaccatc
cctegtcgygy
gaccccccetyg
ctccaacatc
attgaggagt

-103-

cteccacctgg
tggectgaat
cagcagcccea
cctgtaacca
actgaggtgg
gagagagaca
cticteggat
ctggttggag
ttgttgggge
acgtccatcg
attatcatgg
gtgggagatc
aactggetgt
ataacccagc
ctgaaagtca
agccaaattg
aaaactttta
teceecttece
aaggagaaca
gtgggcacca
gtcaagatcc
aacactgatt
gcaggcatga
attggaatcg
ggcaccacca
tcacteccaga

)

ccgecgecte
tgggagatge
ctgeccectga
agattgaact
atgaccecctg
ccaaagggaa
ttctectactt
gaaaaatgge
tggtgatcgg
ttgtcagcat
gggccaacat
ggagtgagtt
cegtgtiggt
ttatagtgga
tcactaagee
caatgaacga
ccaacaagac
tetgttggac
tegecaaatg
tcttgctecat
tgggctctgt
tceectttee
ccttecategt
gegtgataac
ccaccgecat
tecgeecctgtyg

cagcccagcea
ccagcccaac
taaaagcaaa
tetgeegtee
gaacctaccc
gattctctgt
tttegtgtge
aggacagttc
ggtgetggtyg
ggtgtcectet
tggaacgtca
cagaagagct
gectettgece
gagcettccac
cttcacaaag
tgaaaaagcg
ccagattaac
ggatggcatc
ccagcatatc
actctcecctg
gctcaagggg
ctttgcatgg
acagagcagce
catigagagg
cctggacgec
ccactittte
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1561
1621
1681
1741
1801
186l
1921
1381
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
1141

ttcaacatet
atggccaagg
atcatcttet
gtgctggttyg
cteectgeagt
cegetgtygga
ttecagatge
ggctgeccea
gggcaggatg
gctcagggtg
ccecagattg
cttectgeace
cagtcctace
caacccctgyg
aattagagaa
tagaacctat
tatgagaggce
ccettttttt
agatcageet
gggtctatcc
ggtgtgctag
gccacgeetg
taagagacag
tctgecaaaa
tgtggctaaa
ttttgaaata
ccagggagta
caagatgact
ccaaacattt
gcaaagctcc
cattaagtac
ctagatgecet
caccctcage
gagtgggtgt
cagcaagtca
caaacagagc
tatatagtaa
gcittcttcta
tggccatgee
geegtetttyg
aataattttg
agcaatccge
gcctgattagt
atcaaaccca

ccggcatett
ggctgggcaa
tcttectgat
gtgteggygt
ctegeltgeee
tgcgeteget
gctgetgcetg
agtgctgceg
tcectgtcaa
aggteccctge
tcagggatygg
ctttcaccac
taactcecgatt
tcactcagta
tgaacctgge
tttecagactc
tctcccagat
aaaccaaagt
gggtcagggg
cacttcctag
tecaggeagt
aactagagtt
agagtggggc
gggceccaga
gtctaacgcet
aaacgtgcaa
tetgeacetyg
teceotgggtta
ttccatttte
agatttttgg
agtcgagecac
tectetgtgee
catcccaatt
agccgtgeaqg
ggatatcaga
caaatactct
atggtctgea
tgaaatgtaa
tgcececegece
tactctggtag
agaccaggtc
ccacctecagce
aatttttttt
aaaaaaaaaa

gctgtggtac
catctctgec
ccegetoacyg
teceegtegte
acgegteocty
gaageccctgg
ctgctgeege
ctgcagcaag
ggetecctgag
cteggactca
ggggatggtc
ctcgaggaga
ccetttgget
atcttttact
gggacggatyg
aaaaaccatc
gaggaagtgt
ctggecaacca
acatagtgtc
tgctecccac
tcacttgecag
caggetggat
agatggagga
ttecttaattt
cctetettgg
gttatccagqg
gaatagctct
acttccttet
ccacagatgg
ggaaagetigt
acgtygtgtge
ttccacagcce
cttcectggece
caagattggg
cagteccteee
atatctatag
tgatttgtgc
agaaagaaac
actctgtata
atttttaaaa
tegetgtagtt
ctecececaaagt
ctbttbbttt
aaaaaaa

ccgatcecegt
aagtateget
gtgtttggece
ttecatcatca
ccgaagaaac
gatgccgtcg
gtgtgctgcc
tgctgcgagg
acctttgata
aagaccgaat
cttgagtttt
tttgctccee
tggtggtagg
ccaggaaggce
tctaatcctg
ttcagaaaga
actetctatyg
agagcagcag
attgtttgga
attcccecatce
tttecettygte
acatgtgete
gaagaaagtqg
agcaaactaa
tcagataaca
ctegtagect
ccaccectet
ttceatccac
gctttgatta
acccaactgg
atgggtcaaa
tcectgectga
agtacgcectcec
gceteceeca
ctgaccctee
tcacagccct
ttctagtget
cactitgtat
tatgtaagtt
attgaatctt
gctcaggetg
gctgagatea
tactggttat

SEQ ID NO: 15

PCT/US2013/021286

tcactcgect
ggttcgecegt
tetegetgge
tectggtact
tccagaactyg
tctccaagtt
gcgegtgetg
acttggagga
acataaccat
gecacggcctt
geatgetete
attagcgaat
cctgcagggce
acaggatggt
cgectagetg
aaaggcccag
actatcaagc
ctceatggec
aactgcagac
agggcttcect
ctcatgettc
acctgetget
aggaatgagt
gaagcccaat
aaagccctec
geatgetgee
ctgcctectt
ccacccactg
gctgteetet
actgcceagt
ggggtgtgtt
ttacaccact
agecttatet
teccagette
cccttgtaga
gtacagcatt
ctecatttgga
attttgtaat
aaacccggac
tgtacttgca
gtctcaaact
caggcgtgag
gggaagggag

gecececateege
cttctacety
cggotggeqgy
gtgcectecga
gaacttcctg
caccggetge
cttgetgtgt
ggcgcaggag
tagcagagayg
gtaggggacy
ctecctecca
gaaattgatg
acttttattc
acctaaagag
ggttggtcag
ggaaggaatg
tcaggectct
tcettgeece
cacaaggtgt
cacgtggaca
ggggatggga
ctitgtettee
agcatagcat
tcaaaageat
ctgttggatc
accttgaatc
actttctgtg
gaatctcttt
cteccatgect
gaactgggat
cctteteate
gccececcgece
aggaaaggag
tccaccatee
tatcaattcc
tttcataagt
aatgaggcaqg
accacctetyg
aggggctgtyg
ttgattgtat
cctgagatca
ccaccaceay
aaataaaatc

HOMO SAPIENS MRNA; CDNA DKFZP686N1644 (FROM CLONE DKFZP686N1644)

61
121
181
241
301

gggatttcca
aaaaataatyg
tccaatttta
aaccatatgt
tactgtacag
ttetctgaaa

cttttattge
caagcaagct
cttttccaaa
aaccgtaaga
gtgtgatatt
aactttgatg

(BX538295)

aaaacatgct
acatttacag
tttatggaac
caagctaaaa
aagcacaagc

gaaaaggttt

-104-

tgcttgatge
atgtgtaaac
caacccagat
tgtaagcaga
catcctetgg
ctgttagget

aatgcatttc
aggcaaaatt
tttttasatqg
cagcciggga
cctettatga
tagactgaat

agatctagaa
tccagaaccg
aaaatactaa
agcactgccce
gatgttgtta
tagctaaatg
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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
1821
1981
2041
2101
21lel
2221
2281
2341
2401
24861
2521
2581
2641
2701
2761
2821
2881
2941

accatgecac
ttgccatggt
cactgctatt
tgatggtttc
tectecagaga
atacagtaat
cccaggcecaa
aatggatygygg
cagacatgaa
tgggttattt
caacctaaga
gaatettteca
atgtacatga
cgccaattaa
tttaccaata
cattgatcca
gcttgtatta
caggacagca
tctagtaagt
aataataaga
aaaatgatct
ttccagaaag
ggctcacagt
acagbgtgtyg
ggaactggtt
tgceccaagaa
tcatcaaact
ttctgggtea
aattagataa
aagtacttga
agcittaagaa
gaataacttt
aagccctagt
ctaattaatc
gtagtttaaa
tggcaaaatc
atttgtttat
gcactggaag
gaggtctcaa
tttecateccct
aaattgaaca
ccagtcaaqgqg
catagctcca

ggagaaacca

agtattattg
gacaatcaaqg
ctcectcaca
atcatttect
taggttcectt
gattagagcet
gggcagacat
tgtagacctt
gcceccacyggg
gggcctttte
aaccctgtgce
cttgagatga
gttactggaa
ttttttaact
gatgatgcat
aaattggagg
tttcctaaac
gagattgggt
tgtctttate
accttaagag
tctyggaataa
gcagaccaaa
gagcaagcag
ctttcacaaa
aacatgaccc
attgcaatcg
aggagtgata
caatgtgaca
atcaacttca
gatcegtttga
aagaattatt
gtttttagaa
tttcatgaaa
aacaattatg
agaataattt
atcctcataa
tcatttaaca
ttecagagata
acatcagagyg
gcaaacaact
tgaaaatgag
ctgagtgggt
gagaagctgt
gctttettet

tatcactctt
ataatccaga
gtcttgtgaa
aatatgagag
tcaactcaca
tggcecectga
tgtgagcagce
gaagtctgag
ctteccattiyg
cccacteccett
cecttectga
tcacctgect
accaacaata
tacttgttag
tttectgecaa
aactacctta
cataggcaqqg
ttgtattgat
agtatagaca
ctgttitttt
ctctgctttyg
tctgetcaag
aaattcaggg
gatccttttyg
aagatgacat
tttcagcaga
ttatcaggta
tgaaaaattt
caaatgttaa
gttttgacta
tcaggaaaag
ctggaaattt
acataactag
catecotgtgt
cctgtagaaa
ttcecatgeta
gggtttatta
agaaaaccac
tecctteaaa
ctatacagac
agcaaagatt
tgaatgggga
gcaaaaaggg
tgtctcctaa

-105-

ctecacacacc
tgacctaaac
gagccacagt
tctggcacta
Lgtcaacagt
ctttaggaac
agaagggtgt
atgggaaata
acatgctage
caatatgget
gggcettgatt
aacatccaac
aaggagagtg
tattcttgaa
ctcaatggag
gattctttta
cagtctagect
cagtagtaga
tagacaaaat
cccatttaag
atattctcct
ttgectatge
tectggaattg
tcagacaagg
gaccacagat
actccatgaa
aaactatgat
taaaggtcat
gegaaacatyg
tcaaatgtca
aaaaacacat
aggcttatta
ataaccccaa
ctattttgtg
aacctaatct
ctgaaatggg
agcaccaata
agtttctgee
ctatgtctac
agaaatgett
ctacatcaaa
cticgagttt

gggattctgg
tececctgetaa

PCT/US2013/021286

taggcactgyg
aaatgtctgt
agctatggea
tgttggagag
tactgtacaa
ttagaaccaa
tttttatgga
taccagaatg
aatctgaagg
gaaagtgecea
attgaatcct
atgttactat
agtcatactc
gaacttacta
ttctacctta
ataacctaga
teectgetgg
gaagtattga
acatgtttta
aaaacaaaaa
tttgttcecee
acagacaatc
aatgtgagtt
gaacagcatg
atgctggtcg
atattgacaa
ctecatgtatg
attttagcaa
atcctattga
gcacaaaagco
caaattgaga
gacatgacat
ggtgtatagyg
caaggtactt
aataggacct
ggtgtaataa
tatgcccaga
atcazaatgc
caggaaaata
cctagettgg
atggcaatga
ggattcaatyg
ggaatctgag
gattgatacc

ttgtggatag
atgcagcectga
gacatttggt
aggaatcact
aaagctcaga
agcccaaagt
gagccccata
ctcaatgeat
acaaagggca
gtggggatta
gatcttectg
getettettt
tcecacatatg
tettaagtat
aagtatttac
aaggattgga
atcataagac
ttgtctaaca
tgaatgaata
ggaaaaggda
aaaaaatata
tcaacaatat
atgggaagaa
ataatccaat
ttctgasact
attaattcca
tatttggtct
gatcaaaatyg
gctgagaaaq
aaatatcaaa
aagtgttgtt
tgatattaca
ttaaaatgaa
cctagacact
actcataatt
agaaaaaatc
actttgcagt
taggaatetia
aaatacctga
aaactataga
teccaatecage
ctttgaactt
gaagatigtt
agtcaaggag
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3001
3061
3121
3181
3241
3301
336l
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581

ctgagttact
agcacctatt
ctggggcaag
ctgccaaaca
tggtatttygg
cttaggaatt
ttaaagtcta
attccaaact
agtttagaac
atggcagtgt
agcacattca
tgtacacaca
tttttttaca
aatttacacc
taaatcaaat
tgctettgte
ttggatctca
catctggatg
caaggaaagt
cttgcagaag
tttecacgget
atcatagatg
tttgatcacc
gaacatcaca
aactcaggte
agtgaaatca
gagaaactgt
atgtitccat
aggcctagcea
atggccctge
accttgttee
gggctcatte
gggtttcttc
tgggatctat
tetgggtete
tgtcaggaca
actcaactta
cctetgttgg
aatcggecaqg
ttcagttctc
ggtcaagttc
agcctteatce
aatttcttityg
atgaggtagt

ttcattteat
tcaagagaaa
agaagaaatt
caccccecagga
ttttcatgaa
tgcttecatgt
agttgtttat
gagccaacty
atgttaggac
aaaagagaca
aaagcatttg
aagcctetag
gtatgcatgg
aaaaaaattt
getttcacaa
taccacaata
gtggetgagt
atgtgtaqgua
caactgtgca
aaagagttaa
ttaacctcag
caaagagaca
cagaacaacc
ccacgtcccth
ttctgatett
aagcatcacg
taaaccggac
gctgtgaaag
aaaaccactg
aggcactect
ttettggtee
agcaacagte
ttgataaatc
atgacccaaa
atitgaacac
taagcagata
ggacatctta
ctcaaatgaa
aatttggcag
ctgagtcagy
tagaacaaca
ctccagatag
acaccgccaa

caaaagcccea

tatgttgacc
gatgttactc
tgttcagcag
ttctececace
taaccaaaga
cctcacttgt
attcaaatca
gececctaaac
caggctatct
ggaatcatac
actcttctge
tacaatgact
acttecattgt
tttttcagaa
ttgettttta
aagaacagaa
tgtggcaatt
gataaagceca
tggtggcectat
tgcttgctta
caaccctgta
taatttcatg
acctgtcttt
cagtgattga
tgeteccagat
attgagccca
atacctttgg
acgatgatgt
ctgctgggtyg
ccecctcecace
tgccatgttt
atgccttagg
cctatggttit
gtggccagtt
agettgggte
ctetagggcece
tggttatgta
catectteatt
ggctcceceag
ctgaagtgaa
atagttggcc
cactgttatg
aaatcggetyg
gcteagtget

-106-

aagagaagct
tacttatyggyg
cctaagaagt
cetgtgettt
ttettettty
cettgaagge
acccaatget
aagccagcaqg
gcatagettt
agagatgacc
cgtgttityga
gatgcatact
ctecagtettt
aaaggategt
aataagtaca
ggaatcittgg
ccattggaca
aattgcaaaa
cagacaacac
aaccttcececct
agaaaattgt
gattctaaga
ttagatcaag
agcagtgatt
gttagagaca
gqaacatgaaa
ggacttcttc
tecttctece
cagttgagaa
tctctgeeet
ggactgglttc
ttgecatccte
tgattttagg
ttaccaaagg
ctcttgectt
ttcaccaaaa
actaagagat
gttagtttcc
cagtcecittgt
agctcctaag
cagtaatttt
ggcttaaaat
tatataagaa

caggaatgta

PCT/US2013/021286

tatgatacag
aacctgcaga
caactgtact
cccagaagat
cttectgaac
ttgtttttca
attgttgcetyg
gcageccccte
agtggtttta
tggaagaszaa
ttttcaagtg
agggactgtt
ggtgttactt
ggagaaacaa
tctetygeaaa
aatgaagaga
tatagtacca
ataaaagact
cctagcaatyg
ggggagattt
gattcatatt
tacacagagc
aagcagaagce
gagtcacaga
aaactaaaaqg
aagaacittcc
ccttectetgg
agattcctge
agggaatgaa
ccacccetcet
acctttttgg
atctatagac
aagtcaggca
tgteccetttyg
gtceccagaga
gctacaaaga
tattttagga
cttacattgt
gaatccetgt
agatattcag
aaagattgtc
aagcttcaag
taacttgaga
tttgtaattc

actitgacac
tcaaattctc
ttggacagtyg
gccacatage
cccaggcatc
ggatgaactt
atattaaacc
actaatgeccc
gaagccagta
tttgagtttc
agacaatcaa
atttatgtta
atgaactcta
tcctaattat
tagaaatgct
ggcaggaatg
gatgttgcac
catgatttcec
aatgggggaa
gttcccaggce
ttgatttgtt
aagaagagat
tcagagcaaa
ataaatcltygg
taaaatacca
tggceccactt
aataagattg
tgtcttcecaaa
gaacaatccc
geceectetect
cccatcactt
caattaaaca
tgatttcttt
cactgggatc
atceoccecatgt
agcaaacagyg
agtaaacagqg
tctegggatyg
ggtaggatgt
aaagaaggat
attctaccta
gagaaataatg
atggcttaca
ctcttagact
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5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201

tgtcgaatgg
taatgticcce
atcctaagceg
tectecatege
aagacaadge
gceceegtgtac
ctcctecaca
ccecatgagtt
gcaggtcectt
attattcacc
catccacaaqg
acaagttcaa
ttatttctga
ggccaaaagce
atggaagcca
ggagggggea
agttgcaaga
aagtcggctc
ttgtecagtce
tggectatttt
gaacaaatgg
taacccettt
caagtaggct
ttagtgctct
tggetcectgte
aattcttacc

atagacattt

actgcaattt
ttctecttect
ctccttatga
aaccccatga
cttgtcaaag
ctggaaggct
atgetteggyg
ccctggagag
tgagtggett
tggttcacat
tgeocececttgt
atatctccac
gctctgaaat
tcagaacagt
accggatctg
gtteccacce
tttggyggecay
tgtgccatcce
ttecttgttt
tttteettet
aggttcccag
ttatggcata
Ltcttecacat
ttataatatg
caatatttga
tgattttttt

cagtgataaa

gatacctaag
ctgcccacaa
gtitgectigtg
gggagacgtt
gtcacacatt
cattctetet
cttcectacgtt
tagagtgatyg
cacaatccag
tggaatccat
tctectgeecee
gtctetgetg
tctgcagaaa
tgtgtctctc
gtaattggge
ccatagttce
ccattttgece
tgaaaaatca
taaagagaaa
tttitctaatyg
tgacatgaat
gaattctggt
tectggettac
atttcctgta
acaactttaa
atgttectate

aaaacaadaa

agtaataaaa
aagtgaggtc
acatgatagc
attgtcicca
gtaagaagta
ceccecccttett
cacttagett
cctgggtcayg
ctgtcagtgg
tagctctcgg
caaggagatc
actectggtet
caggtgagtc
tttctcagta
ccttctatac
cctgagggtt
aaggatcaga
acttagaaag
aatgatctct
tagcagtgat
ccattatatt
gcettactec
aggggaacac
atttttaaac
taggttgatt
ttaaataaat

daada

SEQ ID NO: 16

PCT/US2013/021286

aatgagagca
agggaaggygyg
tctectctaaa
tettatagat
gagctgcata
cctetcaaat
tacagtaaaa
ctgttcctet
cagaaaataa
ggcttggtgt
ctgtcattgt
tttgtctceta
tataaaaaca
ttaaaagatc
ccetctgaat
aagagteccaq
gatttgetgt
ataggtggac
geettgettce
ggaaaacacc
tgattttgga
ctgggtttgt
aactattcca
tgtatgtgta
teccatatata

actgcaccac

tattttatgt
agagaaactt
gttcatgcaa
gaggaaactg
tttaaccaaa
caggccctag
tgatcacaga
tgtctgttca
tgcctecataa
ggctgcagat
ttitaaccaa
gactgtacct
ttetgtggga
aaggtttcce
acttttecaa
geggtggeca
tggagaggtg
ttcatcagat
agataggata
agtctttgaa
ttgtattttt
ctetgtgeta
caagtggect
atttatattc
ttatgcaaat
ttattaataa

HOMO SAPIENS IGF-LIKE FAMILY MEMBER 2 (IGFL2), MRNA (NM_001002915.1)

61
121
isl
241
301
3Jel
421
481
541
601
661
721
781

tttgggtttg
gggagtagag
gtgatgtttyg
tgcaatctgt
tagcccagge
agtgtctcag
gtctgtctee
ctgtgccage
tacaatgacg
tggcccetget
aagctgaagg
gaaagcagaa
tctcagaaac
aatgatgcag

gacgggtygeg
ggacccecttg
atattggact
tgggactgty
actattgect
gecatgaggac
tcectettgtg
cggeacccaqg
ccatcgtgte
ttgagctctg
tteagggtgt
gacgttttce
ataggctagyg

ctecaageca

tttgtitttte
aaacttcagyg
gtggttgtge
atgaggggat
ggagttcctg
cgactaccce
tcraagggaa
gtgtggagac
ccltgagegayg
ctgtcttgat
gaattcccag
ctgagaagac
gtaatatgtg
ttgtatggce

-107-

atagtgcagg
gtggatgaat
cagttgacac
catcecigece
ggctctecage
aggagtgtgc
gtecatcgcetce
aagatctaca
acccgccaat
teetttggec
tgccactcat
atagaaagaa
taccagtaga

catgtgggag

tctggageceqg
atgaagtttc
tcaggagtygyg
tcgaaccaga
gecaggaaat
tggctectge
ccgetggete
accccttggs
gtggtccecee
tcacaaacga
ctecececatecte
aatcaacttt
gaagcctgag
actgatggga

gactgagatg
atcaccagcect
agactagatc
cccagccctyg
catgaggttc
ttatgtgtea
agaaccatgg
gcagtgectgt
ctgcaccttc
ttttgttgtg
cagtaaatgt
cactaaggca
gaatttacaa
catggagaat
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841 gacagtagat tatcaggaaa taaataaagt ggtttttcca atgtaaaaaa aaaa

SEQ ID NO: {7

HOMO SAPIENS CHITINASE 3-LIKE 1 (CARTILAGE GLYCOPROTEIN-39) (CHI3L1),
MRNA. (NM_001276.2)

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

cacatagcetc
gtatataaag
geegtgggea
aaggcgtcte
ctggtctget
gatgeccettg
gatcacateg
aagaacagga
caaagatttt
ccgccattte
cggagagaca
gaagcccadgoe
accattgaca
atgacctacg
cgaggtcagg
atgttgaggce
agctteacte
ccaggceggt
cgcggagcca
cagtgggtag
aggcagctgyg
tgcggccoagg
tagccctctg
gctggeeggy
ccttggggece
gaggtaggga
cacacttgtt
aactccectge
aggagccaaa
gettgaaace
ccacagctge
aaaaaaa

agttcccata
gaagtacagg
agggadgagyg
aaacaggctt
actacaccag
accgettect
acacctggga
accccaacct
ccaagatagc
tgcgecacceca
aacagecaktt
cagggaaaaa
gcagctatga
attttcatgg
aggatgcaag
tggaggeteo
tggettcttc
tcaccaagga
cagtccatag
gatacgacga
cgggcegecat
atctgcgett
ttctgcacac
agceltgatcea
tatgcagagyg
tggggctgtg
gattaatgga
cceeeagecce
catcctacaa
ttcacttagg
tcaataaagt

aaagggctgg
gcectggggaa
cecacacectg
tgtyggtectg
ctyggteccag
ctgtacccac
gtggaatgat
gaagactctce
ctccaacacce
tggetttgat
taccacccta
gcagctectg
cattgccaag
agececiggegt
teectgacaga
tgccagtaag
tgagactggt
ggcagggacce
aatcctegge
ccaggaaagce
ggtatgggce
ccetecteace
agcacyggyggyg
cctgecectge
tcecacaacac
gggatagtga
aatgtttaca
tecttatcaa
gacacagtga
aacgtaatcg
acaagagctt

tttgcecgegt
gaggccctgt
ccectgetetyg
gtgctgctee
taccgggaag
atcatctaca
gtgacgctct
ttgtctgteg
cagagtcgcec
gggctggace
atcaaggaaa
ctcagcgecag
atatcccaac
gggaccacag
Ltcagcaaca
ctggtgatgg
gttggageccc
cttgectact
cagcaggtecc
gtcaaaagca
ctggacctgg
aatgccatca
ccaaggatge
tgagtcccag
acagatttga
ggcatcgeaa
gatccccaag
aggacaccat
ccatactaat
tgtccectat
aacagtgaaa

SEQ ID NO: 18

cggggagtgyg
ctaggtaget
ctgcagecag
agtgctactc
gcgatgggag
gctttgccaa
acggcatgcet
gaggatggaa
ggactttcat
ttgectgget
tgaaggccga
cactgtctgc
acctggattt
geecatcacag
ctgactatgce
gcatccecac
caatctcagg
atgagatctg
cctatgecac
aggtgcagta
atgacttecca
aggatgcact
ccegteccee
gctgagectc
gctcageccet
tgtaagactc
cctggcaaqq
tttggcaagc
tatacccect
cctacttece
aaaaaaaaaa

agtgggacag
ggcaccagga
aatgygtgty
tgcatacaaa
ctgettecca
tataagcaac
caacacactc
ctttgggtct
caagtcagta
ctaccctgga
atttataaag
ggggaaggtc
cattageate
tececectgtte
tgtggggtac
cttcegggagg
accgggaatt
tgacttccte
caagggcaac
cctgaaggac
gggcteccttc
cgctgcaacy
tctggcetcea
agtctcccte
ggtgggcaga
gggattagta
gaatttctte
tctatcacca
gcaaagcccea
cttecctaatt
aaaaaaaaaa

HOMO SAPIENS CYTOCHROME P450, FAMILY 24, SUBFAMILY A, POLYPEPTIDE
1 (CYP24A1), NUCLEAR GENE ENCODING MITOCHONDRIAL PROTEIN, MRNA.
(NM_000782.3)

61
121
181
241
301
361

tggagaggga
cccegtgget
ctbtececttt
gcaaggagygc
ggtectttet
ctteectttte

ccaccccatce

caggaggaaa
ccagccagac

tcaagaggtc
accaatgcte
gctgectgte
ccagaatcgt

ctecetgectt

cgcagcgeca
cctagaggte
cccagacace
tgaggetgte
ccgeetcace
taagcceecga

ccegegetee

-108-

gcagcatcte
ageettgegg
ggccacecctce
gcgtggtgcea
cegetecate
ctceccactag

ggtgtcececeo

atctaccctce
accaacagga
ttccagecce
gcgtegagea
acaccagoetyg
cacctcgtac

gctgeccatga

citgacacct
ggactcccag
tgcggccagt
tcetegecga
gecectetttg
caacctegee

gctecccececat
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421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1301
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001

cagcaagagc
gagactggtg
gctgacaget
actgctgygge
cctggtggag
gtcggtgecac
cccgcageqyg
cgggctgcty
actaatgaaa
ttttatggge
cgaactgaac
gettctecag
gatgagcacg
caaggtctygg
tatcgacaac
ttatcaccag
ggctgeggtyg
tceccecaagtyg
gccacgggca
gaggcttacg
tgaatatgct
tgaagacaat
aaaaattaat
ccgattagea
ccaggccaca
ggaactccce
tcatatccaa
ctgctggttt
gecotgttetg
agaggttaca
caagaataag
gagtaatact
cctgecttaat
ttgcgttctt
ttaaaaggac
tttgttagag
taaagatgaa
gtgtgtgtgt
ctecagtcatt
ttcaaagttt
cccatgecat
gatctgttat
atgtasaatg
ggtttatttg

cgctegettg
acatctacag
ggtggcgaga
agcctgetge
taccacaaga
ctgggetege
ctggagatca
atcctggaag
ccaggggaay
agaatagatg
aaatggtcgt
aagaatgcag
tttgggagga
caggaccaca
cagttagaga
aatcggetit
gaaacgacad
caacaaaagc
gaagattiga
ccgagtgtac
ttacccaaag
tttgaagatt
ccttttgege
gagcttcaac
gacaatgagce
atcgcgtttt
ctcagggaag
acacttcacc
tcttgcatcet
aaccgtttca
tttacattte
gacaatccat
aatgtaagce
cctgecattga
tttaacgaag
gaccttaaaa
gcaataattt
ctgtgtgtgt
tttttaatat
agtcacagct
aatttttctyg
ataacatttyg
cacagaaatg
tgcatatttt

ccgecttect
cgtacacgtc
ctcagaacge
agattctctyg
agtatggcaa
catgcctget
aaccygtggaa
gggaagactg
tgatgaagct
agctctgtga
ttgaaagtat
gggatgaagc
tgatggtcac
ctetggeetyg
agtattcteca
caaagaaaga
caaacagtct
ttcttaagga
ggaatatgce
catttacaac
gaacagtgct
caagtcagtt
atcttccatt
tgcatttgge
ctgttgagat
gcecagegata
cggactgagt
tgtgtcageca
tccatgacat
ggccctgect
acaatgaatg
ttactgtagce
aagctaaatg
aataaaaaca
tcaaacaact
ttgtttattt
ttasattgtg
gtgtcegtgt
ttgcagtact
tazaaacatt
tctattaaat
ttttgtgatt
catgcaatac

tactactget

-109-

gcagecagetyg
ccctcageeg
ggcegecetg
gaaagggggt
gattttcege
ggaagcgctg
ggcetatege
gcagcgggte
ggacaacaaa
tgaaagaggc
ctgectegtyg
tgtgaacttc
tccagtegag
ggacaccatt
gcagcctagt
attgtatget
aatgtggatt
aattcaaagt
gtatttaaaa
tcggactctt
catgctaaat
tagacctgaa
tggcgttgga
tetttgttag
gctacactca
atacgcectea
gctgggatce
ccatcttcag
gaaagggagg
accacattca
acctacaaca
tctgcttaat
atggttaaag
ttattgggaa
tataagacta
tttaaatgtg
tatgtgecata
atgtgtgtgt
tgatttagga
cagtgtgact
gggacaagtg
tgaactecta
ttataagact
tttectaaat

PCT/US2013/021286

cgcagtecga
cgagaggtgce
ccgggeccca
ctcaagaaac
atgaagttagg
taccgcaccy
gactaccgca
cggagtgect
atcaatgagg
cacgltcgaaqg
ttgtatgaga
atcatggcca
ctgcacaaga
ttcaaatcag
gcagaltttce
gctgtcacag
ctectacaatt
gtattacctyg
gcctgtcectga
gacaaggcaa
acccagqgtgt
cgttggctte
aaaagaatgt
attgtccgcea
ggcacccectygyg
gatggtggta
aaggcattct
gtgcttagaa
ctggcacttg
ctgtttgaat
gctaaatttt
gtactactta
ttatcaggcc
actagagaac
gtgattcact
attcctttat
tgaagcacag
gggttctaat
tctgtggtge
ttaatattat
taaagcatagc
ggaaaaatat
taaaaattgt
gcatactgta

ggcagcceece
cagtctgeee
ccagectggcc
agcacgacac
gttecetttga
agagegcegta
aagaaggcta
ttcaaaagaa
tcttggececga
acttgtacag
agagatttgg
tcaaaacaat
gcctecaacac
tcaaagcttg
tttgtgacat
agctccaget
tatcccgtaa
agaatcaggt
aagaatctat
cagttctggg
tgggatceag
aggagaagga
gcattggtcg
aatacgacat
tgcccagecy
tttgctaaca
acagggttca
tggectggga
tcagtcaggt
ctttaattee
ctggggetgyg
ggaaaatgtc
tececatgaaa
acctctattt
ggggcattat
ggcattaggyg
acatgcatgt
ggtaatttge
agggcaatgt
aaaatgattt
aaaagttaga
gatttcataa
gtttacagat
tataattctyg
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3061 tgtatttgat aaatatttet
3121 tatgtcttta tattgtaata
3181 aaattatttt tagaattata

3241 tctctgaaag Laaaaataaa

tcectacatta
aatatgtaca
aattcacgtc
agtttttaaa

tatttttaga
tatctaggta
ttgtcagatt

tattaaaaaa

SEQ ID NO: 19

PCT/US2013/021286

atatttcaga
tatgetttet
tcatctgtat

aadadaadaad

aatatacatt
ctetgetgtyg
accttcaaat

aaaaa

HOMO SAPIENS HEDGEHOG ACYLTRANSFERASE-LIKE (HHATL), MRNA.,
(NM_020707.2)

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

aggggctgaa
gggggccttg
agatgtaaat
ctgggcctct
gaggcttcac
gagtacattg
tttcgcaacg
atggttgece
ggecacaatgg
gcctegettt
ttecaagatag
caagaggtac
ctggagagcet
ttctacctge
gtgagccagg
ggcctaagcg
actatccceca
gcetattcaa
actgtggcat
tacgtcttta
tataaccaca
acatttgcca
cttaactget
ctagcacgaa
ggagccatga
ttecacagage
atcctgtttg
ctggaggagyg
atgggctcectyg

ttctacaaca

tacacagagc
gcaggagegy
gaagccctgt
actctetggt
aagatggggce
gceggaagat
tcatcatctt
caaagctccg
geecttyggta
tgggccagee
accccctaat
tgtttcatygg
gtgcccaccee
ccttettett
tagagccagt
tggtggceat
gcgacctcaa
acctggtgta
gectcgacca
cggaaacgca
ttggtgggga
tcaccacact
ttggcctcaa
ttgaggecte
acttctggge
tggttgeceyg
tcacctactyg
agcagaagca
ctecagetatt

ddddadadada

gctgagagag
Ltttggcaga
ccaggctatg
gctgagtyggg
ccacaggaag
ggatgtgget
tgcectctee
ctectggatyg
cctgetgetg
ctggetetgt
ctcttggeag
gggcagcage
tgaccgeceac
cttegggeca
gagacgcgag
catggeegtce
gttegeeaac
tgactgggtg
cctggaccca
ctttgaccegt
gcattceget
gtggettggg
ctttgagetc
tctgtcagtg
catcatcatyg
gcgectgceta
tggegtccag
ggacaaagag
cttgggccag

aaaaadaaaa

-110-

tggggcagtyg
gggtggggec
ggcatcaaga
gcccectggect
geetteegygyg
gacttcgagt
ggacatgitgc
tatgctgtgt
ctgcttggte
cttggeettyg
agcgggtttyg
ttcacagtgce
tactccttag
atcatgacct
ggtgagctgt
gacatcttct
cgecteccag
aaggceggcecy
cccecagecte
ggcatcaacy
gtgatcccag
ccttgtgaca
tggatgcaaa
cagatgtcce
tacaaccttg
ctcacagggt
ctggtaaagg
aagccggagt
atggggectg
gacaaaaaaa

tggtcacgga
ggtgcctetyg
cagcattgec
atgctggecg
agtectgtgeg
gggtgatgtyg
tgtttgctaa
acggggectt
actgtgtggg
gcttggcececag
taacaggcac
tgegttgege
ctgacctgcet
ttgategett
ggecacatecy
ttcacttctt
acagtgccct
tecctetitygy
ccaagtgcat
actggctttyg
agctyggeage
ttgtctacct
aactggcaga
gtagggtccg
tgagcctgaa
ttcececagac
agcgtgageg
aggagggagc
accgatagaa

daadacadadaa

cacaggtcat
gaaggtatga
ggcggctgag
gggcctectt
acctggctgg
gttcacctec
actctgcacya
ggctgtgatg
cctetatgtyg
cctggecctcee
ttttgatett
cagctittgea
caagtacaac
ccatgctcag
agcccaggea
ctacatccte
cgctggeccta
tgttgtcaac
caccgcacte
caaatatgtg
cacagtggec
gtggtcatte
gtgggggceec
ggececetgttt
cagcctcaaa
cacgctgtoe
aaccttguca

gggtagaggg
taaaagactt
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SEQ ID NO: 20

PCT/US2013/021286

HOMO SAPIENS INOSITOL-3-PHOSPHATE SYNTHASE | (JISYNAT), MRNA,
(NM_016368.3)

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

1021
1081
1141
1201
lz261
1321
1381
1441
1501
1561
1621
1681
1741
1801

cegegetgte
ccgeccagtt
aatacgagta
cgteccacgeg
teggetgggg
gtitgtectg
aggcgggceac
gegeggtget
cgectgaacct
aactgtggce
tcgeggecaa
tggagcagat
tagtgctgtg
cagccgagaa
tcgeegtgge
tggtgeecgyg
tcaagtcagg
tcaagaccat
cggegocatt
tgcagagcaa
agtatgtgcc
tgctgggcgg
cacccatecat
ctgacatgga
tcaaggcgce
gctgecatega
tggaacacaa
cctaccctat
atgccaatgg
cagtttctcg
atazaggcge

cgcecgecget
cttecgtegag
ccggacgacyg
cttecacctte
cgggaacaac
geoccacgege
cgtgagcectyg
gcccatggtg
ggccgaggeqg
gcacatggag
ccagagegceg
cecgeagggac
gacggcgaac
cectgetgege
cagcatecctyg
agctcttgag
ccagaccaaa
gtccategtyg
gcagttecge
cccagtgete
gtacgtgggt
aaccaacaca
gctggaccta
ccoogagecyg
actagtgcceg
gaacatcctc
aatggagegce
gttgaacaag
gcatctgcaa
getettecte

tgeccactcaqg

gcctgagteg
agcceggacy
cgegtcagee
cggaccgece
ggetccacac
agcggccgcea
ggectggacy
gcgeccaacy
atgcggegeg
geectgegge
cgcgcggaca
atccgagact
acggagcget
accattgagc
gagggetgtg
ctegegtygge
gtcaagtecg
agttacaacc
tctaaggagyg
tatacgcceg
gacagcaage
ctggtgctge
gcgctgectga
cagaccttec
ceccggeagee
agggcctgeg
cecagggocca
aaaggaccgyg
gaggageccc
ccecgetgcee

ccetcaaaaa

actetgegee
tggtctacgg
gegagggtyg
ggcaggtgec
Leaccgecge
aggaggccaa
ccgagggeca
acctegtgtt
cgaaggtget
cceggecttc
acctcatccc
tcecggtetag
tetgtgaggt
teggtetgga
ccttectcaa
agcacegggt
tgcttgtgga
acctgggcaa
tgtccaagag
gcgaagagcc
gcgcgcetgga
acaacacgtg
ccgagcetgtyg
accccgtgcet
cggtyggteaa
tggggctecc
gcctcaagceg
tacccgetge
caatgcceac
cecacgaccee

ddadaaaacda

SEQ ID NO: 21

geeegeegeyg
cccecgaggcec
cgttctcaag
ceggeteggg
ggtgotggee
ctactacggc
ggaggtgtte
cgatgygetygy
ggactggggg
tgtttacatc
aggectegegt
cgcggggetyg
gattcecagge
ggtgtcgecc
tgggtctccg
ttttgtggac
cttecctecatt
caacgatggyg
caacgtggtyg
tgaccactgce
tgagtatacc
tgaggacteg
ccagcgegtyg
gtcecctgete
tgegetttte
gccacagaac
agttggaccc
caccaatgge
cacctgaggc
taccttgaag

aaaddadaaaa

atggaggecg
atcgaggegc
gtgecacccca
gtecatgettg
aatcgactgce
tecgetgacte
gtacccttca
gacatctcgt
ctgcaggagc
cccgaattca
gegeageage
gacaaagtca
ctcaacgaca
Lccacgetct
cagaacacce
ggagatgact
ggctceeggeo
gagaacctat
gacgacatgg
gtggtcatea
tcggagcetga
ctgctggeeg
agettcotgea
agcttcctet
cgceagcgcea
cacatgctce
gtggctgcececa
tgcaccggig
cceggteaca
gccceccacaa

aa

HOMO SAPIENS LIM DOMAIN ONLY 3 (RHOMBOTIN-LIKE 2) (LMO3),
TRANSCRIPT VARIANT 2, MRNA. (NM_001001395.1)

1 gtagaacagt ggggagctgt gcggatgggt gaagtgcatyg tatgectgee tagacgggeco

61 agaaaagcca aacttaagaa atctgectat gtacagaaca agtcaactaa ggggttctca

121 ttaatctacc gtctgtgaat atcgttattt ttcaggtata caaatgetet cagtecageco

-111-
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181
241
301
36l
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
21el
2221
2281
2341
2401
2451
2521
2581
2641
2701
2761

agacaccaag
aaaggcacty
cittgggagag
ctatctgagg
ctttgagatg
gcetttgtaat
ttgccagacg
atctatcaac
cacatgtaca
atggttatat

agttgaatgt

ctattcgttt
ttgtaatatt
tgcttctitg
tttectgtatt
aaatctcact
aaataaagac
gagtctatea
aaaaatacat
atttttagaa
ctttacttac
ccttitggagta
tatgagatga
ctecacaaga
atttgagtgt
gtagtgaggt
aaacaaaggqg
gacatttatt
ttgttttaag
ttttttaagqg
agagaaatta
tcttecgagt
tcaacaaatc
ctatgggttt
cagtgttatt
tgttatacct
gatttgtttt
atttttaaga
gttaggagtc
aaagtagcta
gtttcatgaa
atgtggggga
acaattgett
tettttaagg

ccgaaaggtt
gacaaatact
gtgggctccea
ctectttggtg
gtgatgegtyg
cagagatttt
gactacgagyg
atcaccccecat
taagaattga
ggaataaaag
ttattattaa
ttgtgtecact
tgaagcacaa
tattgttgea
taccagctat
aatgatacac
acacacagag
gtgttecttgt
aaaaatttca
taactttaaa
acaatggctt
tcacgtaaaa
tttttaagtyg
getgagggtt
gaatctactg
tacttttgat
attgataaaa
ttaatgttca
taattgccaa
tgaaatagta
tggagaatga
tgcecacaaa
taattttgca
tetttttett
tgcatatata
gaattcttgg
aaaacaaagc
aaatggtitct
ttcaagttce
tttggggccce
gagaaaggac
gagatcagtg
gaaattcaca

tttaactggt

gtgctggcetg
ggcatgaaga
ccetgtacac
taacgggaaa
ccaaggacaa
gtgttggaga
aaggtttaat
taagaataca
cacaggaaco
gcggactgea
agaaaaaagt
tggcatgaga
atgtaataca
tttagtacaa
tttaaatgag
agatagataa
cattttagtg
tataacccce
tcttaaagea
gecttaacagg
tgttttgett
ttttttecaa
ataaattaaa
tcataacttt
aaatcactat
cggagcaaca
tgctgagaac
aaaagtaaac
cteagaatac
ctaccttacg
ttatttaaat
cttgettctt
cggcaccgtt
tgttttttte
ttttgteett
gttggggcea
tttattatga
gtgaaaagtg
atgttceccea
acaaaaataa
ttgecataace
aaaagtggtt
tggatgtaaa
tttgcttttg

-112-

caaccygaaag
ctgcctgaag
taaagctaat
cigegcetgec
tgtttaccac
caaatttttc
gaaagaaggt
aagcactaca
tactgaatag
tctgtatgta
aatgtacata
tgtttatttt
gtttiattgt
tcagtgttta
ctgtaacttt
agcaagtcta
acatccacta
tattttcagg
ctttecatttt
tttectttta
tttcagccac
agggttactt
cttettettg
atggcttaat
aatgcacatt
taatgctcat
tagtgattat
actttaagtt
atcattctta
tgatagcata
tacaattaag
tgetittget
aaccatattt
ttgatcactt
ccaatatatg
aaatattaag
acatgcatgt
aatgatatgt
gatttgagat
ctattatttt
aaaataaaca
ttettaatge
attataattyg
tttatctata

PCT/US2013/021286

atcaaggacc
tgtgcectget
cttatcettt
tgtagtaagce
ctggactget
ctaaagaata
tatgcacccece
ttcttttate
cgtagatata
gtgaaattge
tggctggatt
ggactatigt
gttaccattt
aacttactgt
ctagtaaaga
tcaacattaa
cttattgecyg
aggttaaaaa
ataccaacgt
atatcectttt
accccttatg
taaaaatctg
tataaattct
aaatgtatga
gaagctatga
agaatcttcet
atatttttet
tgatgtgttt
ggctgaaatt
caaagaagaa
gaaatgagaa
ceetgtaata
tcactacagc
gtataggaaa
cattacagat
ctgaaaataa
gaatctggat
atttttccaa
atactaaaga
agccettagag
aagcaagaca
agecctgetyg
tcaggatctt

tgtcaaaata

ggtatcettct
gtgactgtcg
gtcgecagaga
tecatceceetge
ttgcatgtca
acatgatcct
aggttegectyg
ttttttgete
ggaaggcagg
ccecagttecag
tttttgecttg
atataatgta
gtgttccatt
atatttatgce
attgaaaage
aaatactaaa
ctatgagtta
tcagctittaa
gaaaagtgcc
tttgtgtget
tgaactagtyg
ttaccacaat
gcccagatcet
cactgaaaaqg
tggtatttga
agaagaagaqg
gtatttacct
tactctctea
tgtetttcca
agctcectagaa
tatgatcceco
gaactacttt
aaacttagtg
caatatttte
gaaaattaaa
tgctggtgtg
attgecctett
atgecttecata
aagaaattca
cettacactt
aattaaaaat
gteccccatta
attcagatga
cttgtaaatt
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2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421

gggaacaaac
aacaaggttt
ttactacaaa
tctttaatet
ttacagctaa
ttgactactc
cgtcatttag
tgagcagcga
cgtgecacctc
ctttcatett
ttatgttttt

ttctectcage
tcactgecttt
caaaattact
ccatgaaatc
ttgcccataa
aaagccectyg
cttgttgtcet
aagctecett
cactccaaca
gcttaataaa

aataaaaggg

ticttgaagt
ttettttaca
cacctggatt
gtgaaataag
attgtageat
aattgttgte
gatgecteca
cctaagatge
gagtygctgag
tatctgetgg
gtgttacact

tgttcaacta
taatatgctyg
aaagattaaqg
acaagaataq
ttattgacct
aacttteccecc
gtaggacacc
atctcgcata
tttaaaagtt
attctttcat

SEQ ID NO: 22

PCT/US2013/021286

teettgecac
agaattattt
gecttaatet
tgtttcagcet
gaagtactaa
tttgtgttgt
tecegatggag
ggctgcectat
gacctgtgtt
tcacttittt

tggaagacca
cttatgcttt
gtttagatta
gtaggccatt
gctaattgte
gtagccctaa
ctttgatttc
gatgaaggac
tgtaatttca
acatttggat

HOMO SAPIENS MICRORNA 221 (MIR221), MICRORNA. (NR_029635.1 )

1 tgaacatcca ggtcectygggge atgaacctgg catacaatgt agattictgt gttegttagg

61 caacagctac attgtctget ‘gggtttcagyg ctacctggaa acatgttcte

SEQ ID NO: 23

HOMO SAPIENS PROPROTEIN CONVERTASE SUBTILISIN/KEXIN TYPE 1
INHIBITOR (PCSK IN), MRNA. (NM. 0132712 )

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

tecggagecee
ccgggggegt
tctgegegeyg
agactggcge
tgcaggagcet
gggccgaggoe
tctggggege
ctgcagegea

‘ccecagettgt

acgacggeoc
ccgagetgtt
tggcagcecce
ctgagggcgt
tgcetgeoacg
cagaagtgec
ttaccccgge
atgatctgaa

ggctcgetagg
cggecttttyg
gccggtaaag
teetegecge
ggcgeggygceg
gcaggagget
ccceogeaad
gctegetege
ceoegoegaco
cgegggecceqg
gaggtacttg
gegecgecte
gctgggggeyg
ccgectettg
ccogecatee
cagccagcceo
gcaaaaaaaa

ggcagcatygg
gtgetgetge
gagecececegoeyg
ttcecggeggt
ctggegecatce
gaggatcagce
tctgatccagg
gctetgetee
gtccecegecg
gatgctgagg
ctygggacygga
cgcegtgecy
ctgctgegtyg
ccaccctgag
cgccaccagg
tcicaccega
aagaaaaaaa

cggggtegec
tgetceggect

gococtaagege
cagtgccceceg
tgctggagge
aggcgcgegt
ctetgggect
gcgeccgect
cggecgcectecg
aggcaggcega
ttecttgeggg
ccgaccacga
tgaaacgcct
cactgcecegg
actgcteecc
ggatcectac

SEQ ID NO: 24

gctgctcectygg
gttteggecg
agegtctecg
aggtgaggcy
cgaacgtcaqg
cctggegeag
ggacgacgac
tgaccctgec
accecocgygece
cgagacacce
aagcgcggac
tgtgggcict
agagaccccdg
atcccgtgea
gecageacgt
cccetggeae

gggccgeggg
cceoeeoegege

ccetiggetg
gcgggggeygy
gagcgggege
ctgctgegeg
cccgacgcgce
gcectegecag
cecggtetacy
gacgtggacc
tccgaggggyg
gagctgccco
gegeeecagy
cectygggace
ccagagcaac
cacaataaac

HOMO SAPTENS SECRETOGRANIN V (7B2 PROTEIN) (SCG5), MRNA.
(NM_003020.1)

1 cgctecctegg getgecccte ggttgacaat ggtetecagg atggtctcta

61 tggectactyg ttttggetgg catctggatg gactccagea tttgcttaca

121 ccctgaccgg gtectcagaag cagatatcca gaggctgett catggtgtta

181 gggcattgcc aggccccgayg tggaatatcec agetcaccag gecatgaatco

-113-

ccatgctatc
gccoceocoggac
tggagcaatt
ttgtgggecc
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241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141

ccagagcatt
ccccaacate
ggggtaccca
aaacacccct
tcecggaacat
gaagggagga
ggataatgtt
gtaaagagaa
tgecacgtgta
tacaaagcaqg
aaattagaat
taaaaattaa
tgcagtttaa
tttgattttyg
gctgtactca
gcaagcattg

gaaggtggag
gtggcagagt
gacccteeaa
gacactgcaqg
gactateccag
gagagacgaa
gttgcaaaga
gatgctagac
aatggagtee
ctgtatgtag
aagagetttt
aatgtgaatg
aatggtgtet
attatgtagt
agaggaggag
gc

ctcatgaagg
tgactggaga
atccectgtee
agttcagtcg
gebtgggecaa
agcggaggag
agtctgtece
gaaaacccac
ctgtgaatga
atagtgtatt
ttgtttettg
tcaacaataa
gaggttgtac
tecatccagee

ctgacacatt

acttcagecat
caacattect
tgttggaaaa
agagttccag
gtggaacaag
tgtcaatcca
ccatttttea
attacctgtt
cagcatgttt
gtettcacac
ggtttttaaa
aaagcaagac
tattttggee
cttgggeatt
tcacttgget

SEQ ID NO: 25

PCT/US2013/021286

ttgggtectt
aaggacttta
acagatgatyg
ttgcacecage
aaactecttt
tatctacaag
gatgaggata
aggcctcage
cttacataga
cgatgattct
atgtgaatct
tatgaaaggce
aagtctgtag
gttatacacc

gegtcettaat

ttggcaacat
gtgaggatca
gatgtctaga
atctctttga
acgagaagat
gacagagact
aggatccaga
atggecttatyg
taattataga
getttttget
gcaatgateca
tcagatttet
aaagctgtca
agtaaagaag

aaacatgaat

DKFZP781A1072_S1 781 (SYNONYM: HLCC4) HOMO SAPIENS CDNA CLONE
DKFZP781A1072 3, MRNA SEQUENCE (BX955517)

TTTTTTTTTTTTTTTTTFTCTTTTAACGGGCTTCAATTGCAGAGTTGAATCATTCATTAT

TTTCAGTTCATAATACATTGTCATCATTGGTCCAGATAGGTTGAATTCTTATTTCATTCA

TTCATTACTCATTCATTTATTCATTCAGTTACAGTGCCATCAATGTCCATACACCCACCG

CTCTACTCAAGAACTTGAACTGCTATTTACCTATATGTTCCTCTATTATCCTACCTCCTA

CCTCCCCACACAGCAGCAATCAGTATCCAGAAGTTTATGATTATCACTCCTTTGCTTTAA

ACAGTTGGATTACATGTATATGTATGCCTAAATTATAGTTTTGTGGGGTTTTTGTGAACC

CCACARGAGTGAAATGTTCTAAGTCTTGTGGGACTTGTTTTCATTTAATATCTTATTGAA

TGACACTCATATTGTTGTGCGTAGCTGTAGGTCACTCCACTTCACAGTTGTGTAATATTC

TGTCATGTGATTTTACCATAAGCTCTCCACCCATTTTCCTGAGGATAGCTATTTGGATTA

TTTCCAGTTCTTTATTAAGAACAATACTATCTTGAACATCCTTATATGTGTATTTCCTAG

TACTCCTTTATAAARATTTCCTTTGGAAATATACCAAGAATTGGAAATTTGGGGTTGTAA

GG

-114-
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SEQ 1D NO: 26

PCT/US2013/021286

PREDICTED: HOMO SAPIENS CYSTATIN E/M (CST6), MRNA, (XM _001129442.1})

1
61
121
181
241
301
361
421

atgtaccttyg
gaccacgget
tacttcctyga
cacgtcgacc
gactttgagg
gtgcagatgt
cacttcaggt
gtticttceca

tgacagtgtg
tggaatgctg
cgatggagat
tcaccacttyg
tecttgtggt
gataagtcce
ccgtgggecyg
agtag

gcetctcaga
gcgeagaaaqg
ggggagcaca
cceectgucea
tceectggeag
cgagggcygaa
tatctgtcac

tccageccocga
cagacctggce
gactgccgca
gcaggggcege
aactcctctc

ggccecatiggg
aataaatggc

SEQ ID NO: 27

ctcagccagce
tgetggtgge
agaccagggt
agcaggagaa
agctcctaaa
tLttggggceea
cagtgctgcet

aggacaaagg
cggcatcaag
cactggagac
gctgegetgt
gcacaactgt
tggtggaggg
tettgeattg

HOMO SAPIENS SURFACTANT PROTEIN B (SFTPB), TRANSCRIPT VARIANT I,
MRNA. (NM_000542.2)

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
851

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681

gccatggetg
ccaggcactg
tgccaaagee
tggggacatg
aacaagatgqg
tgcaacygtec
ttecececectgg
ctgggectgt
ctgcececcaaac
gtgctgececg
caattecccca
gecatgattc
ctggtggegy
acgctgctag
gatgacageyg
cacctctgca
gcaatgctecc
gagcagcaca
tgccaggccee
gacctttgat
gggaccatgg
aagaagcctc
ggtggaccac
gacaccagag
gagctctgea
cactgcttta
tcaaagattg
catacagaac

agcaattcce

agtcacacct
ctgcectggac
tggagcaage
tgggageega
ccaaggaggc
tecececttgaa
tcatcgacta
gcaaatcceg
ctectgeggga
gggcececteea
ttccteteee
ccaagggtge
gecggeatetyg
gcecgeatget
ctggcccaaqg
tgtcegtgac
aggcctgtgt
cgcecccaget
teggggtgty
gagaactcag
tgaccaggct
agctcccaca
gggoeccceayg
cccacttcca
gcctccacac
caggacaggg
gattttacag
tetaaaagat
cagcgtagte

getgecagtgy
cacctcatce
attgcagtgc
tgacctatge
cattttecag
gctgectcatg
ctteccagaac
gcagccagag
ccctectgecea
ggcgaggect
ctattgectgg
gctagetgtg
ccagtgcetyg
gcececagetg
gtecgeccgaca
cacccaggcc
tggectceetgg
gctgaccetyg
tgggaccatyg
ctgtécaget
ctteccetge
ccgecciect
ccectgtgteg
tectetetgy
ctaccacgac
gattgaagct
ctacttgecaa

agacatcaga

aagggtggac

-115-

ctgetgetge
ttggcetgta
agagccctag
caagagtgtg
gacacgatga
ccccaghbgcea
cagactgact
ccagagcagyg
gaccctctge
gggcctcaca
ctectgcaggy
gcagtggccce
gctgagcget
gtetgecgee
ggagaatggc
gggaacagca
ctggacagygyg
gtgcccaggyg
tcecageecte
gcaaaggaaa
tcececectggece
caccgcgctt
gecelttgtetg
tgtgaggcac
ctcecaggge
gagccccgoc
ttcaaaattc
aattgttaag
actgcacgcet

tgetgececac
ceccagggeee
ggcattgecct
aggacatcgt
ggaagttcct
accaagtgct
caaacggcat
agcecagggat
tggacaagcet
cacaggatct
ctetgatcaa
aggtgtgccg
actccgtecat
tegtectecyg
tgecgegaga
gcgageadggce
aaaagtgcaa
gctgggatge
tcecagtgtat
agccaagtga
tcgececagetg
ccteggeagt
tctcagcectea
agcgagggea
tgyggcteagg
tcacacccac
agaagaataa
ttaagctttt
ctggcatgat

gctectgtgge
tgagttctgg
acaggaagtc
ccacatcctt
ggagcaggag
tgacgactac
ctgtatgcac
gtcagacccc‘
cgtecteceet
ctcecgageag
gecggatcecaa
cgtggtacct
cctgectegac
gtgetccatg
ctectgagtge
cataccacag
gcaatttgtg
ccacacecace
ccacagcccce
gacgggctet
ccaggctgaa
cacttccact
accacagtcet
gcatctggag
aaaaaccagce
cceccatgeac
aaaatgggaa

tcaaaaaatc

gggatggcega
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1741
1801
1861
1921
1981

ccgggeaagce
ataaaaaggqg
cctagggtga
agctagggac
tettittatga

tttettecte
gtttettttt
ttetatttct
ccattecectgt

aaaaadaaaa

gagatgctct
gtctttetygt
gctgtgattt
gtaatacaat

ddadadaaada

gctgecttgag
aaggtggact
atctgctgaa
gtcetgcacca

dadaadadad

SEQ ID NO: 28

PCT/US2013/021286

agctattgcet
tccagetttt
agctecagctyg
atgctaataa
aaaaaa

ttgttaagat
gattgaaagt
gggttgtgea
agtcctatte

HOMO SAPIENS SOLUTE CARRIER FAMILY 27 (FATTY ACID TRANSPORTER),
MEMBER 6 (SLC27A6), TRANSCRIPT VARIANT I, MRNA ( NM_014031.3)

1

61
121
181
241
301
361
421
481
541
601
66l
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1821
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

gacgtggtgce
ctcagtecatc
ggaaagacta
ggtttgttta
ccteecccate
agtgaggatc
ctgagatcag
ctaggggety
gatgacttct
aagagagggqg
cggaaacctt
agcagcagag
gctetgetga
ggetgegtygg
cgegectgtg
atccttccaa
ggtgtaattt
caccatgttg
ggtctaccaa
tgggetttig
tcagcagceta
aagaaatttt
cagtatattg
gatcataagg
ttagacagat
tctttecatga
cttcttteeca
gagcagggtt
aatgcaaaaa
ctttgtgata
gatcaggaca
gaaaatgtcg
gcaaacgtct
attttaaaac
ctaccagcett
acattcaaac
gaaccacttt
tatgatcaaa
atgctttett
gctaacatta
ataagaattC
ttggagattc
agtggctage
tttgaataaa

tgagceectyg
atcatcccag
cctgagagga
gggtcgcaga
ccgettegee
tgeggtcetee
agctgtctte
gaatggtcgt
ggttegtgtt
agctggtgac
tcatcateta
tggceccatgt
tgagcaatga
tggcetttet
ggcccagagco
gecteteaga
cactcaaaga
tctcactcect
aagcagcetgt
gttgtactge
tecctgggaat
cagcaagcca
gagaactttyg
tgegtttgge
ttggaaatat
actacacitgg
cttttgactt
ggtgtattea
atcecttett
tttttaagaa
atttccttta
caaccactga
atggtgtgge
caaatacatc
atgcttgtce
tattgaagca
acttcatgga
taatgttagg
aggaagagtg
attatgcatg
taatttcettt
agtgcataac
aggtttggaca
agattaaatt

cgeggtttet
ctttteccegg
gaaaagcttc
agcagggagy
cecggaaaage
gtggagagcet
tggcccagtt
cctgecacttc
gaaggtggtyg
tgtgctggat
tgagggagac
cticctgaac
gceggactte
caacaccaac
cctagtggtg
aaatatcagt
aaaactgagc
caagtctact
gattagtcag
tcatgacatt
ttctggatgt
gttttggagt
tegetacett
aattggaaat
aaaggtgtgt
gagaattgga
aataaagtat
tgtgaaaaaa
tggctatgcet
gggagatgtt
cttttgggac
ggttgcetgat
tatatcaggt
tttagatttg
acgattttta
tcagttggtyg
taacttgaaa
ggaaataaaa
agaggggggt
tactatattt
taattgatat
taagtatttt
atcactaaaa
ttactgaaat

-116-

ggtgcgtaga
ctcgaattea
tgteccectgga
actgactcaqg
tgacaagaac
gtgectggaa
gceccccecatge
ttgcagaaac
ctcattataa
aaattcttga
atctacacct
cattecctecte
gttcacgtgt
attcgetcca
ggcgecagatt
gtttggggga
acctcacctyg
tgtetttaca
ctgcaggttt
gtttatataa
gttgagttgy
gactgcaaga
tgcaaacaat
ggcatacgga
gaactttatyg
gcaattyggga
gactttcaga
ggagaacctg
gggcecttata
taccttaata
cgtactggag
gttatiggaa
tatgaaggaa
gaaaaagttt
agaattcagg
gaagaltggat
aagtcttatg
ctttaagatt
atatgattect
ccttaatatg
aaacagtagt
ccttaatact
atgtactttc
attttaa

gactgtaaat
gcctecaact
cettettetyg
ccctecacaga
ttcaggtgta
gagaaggacyg
ttetgteatyg
tectgttece
ttcggetgaa
gtcatgccaa
atcaggatgt
tgaaaaaggg
ggttcggect
actccctect
tgcttggaac
tgaaagattc
atgagccegt
tttttacctce
taaggggtte
cecttectet
gtgeccacttyg
agtatgatgt
ctaagagaga
gtgatgtatyg
cagectaccga
gaacaaattt
aagatgaacc
gactitctecat
agcacacaaa
ctggagactt
acactttcag
tgttggattt
gagcaggaat
atgaacaagt
aaaaaatgga
ttaatccact
ttctactgac
tttatatcta
ttatgaaatg
agagataatt
tgattattct
aaagattita
taataagtaa

cgctygegett
caagctcgeqg
agggtggtga
gaagaggatt
agcccigagt
ctggtgggyg
gctaacagtt
ttacttttgg
gaagtatgaa
aagacaacct
agacaaaagg
ggacacggtg
cgccaagcetg
gaattgecatc
ggtagaagaa
tgttccacaa
gccacgcagdge
tggaacaaca
tgctgteetyg
gtatecatagt
tgtgttaaaqg
gactgtgttt
agygagaaaag
gagagaattt
atcaagcata
gttttacaaa
catgagaaat
ttctegagtyg
agacaaattg
aatagtccag
atggaaagga
catacaggaa
ggcttctatt
tgtaacattt
agcaacagga
gaaaatttct
cagggaactt
gaacttteat
gggaaaggga
ttttaattgc
ttttatctat
aataataaat
aatttctaat
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SEQ ID NO: 29

PCT/US2013/021286

HOMO SAPIENS TRANSMEMBRANE PROTEIN 233 (TMEM233), MRNA.
(NM_001136534.1)

61
121
181
241
301
36l
421
491
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

aatttggaac
tetecagtgtyg
ctgttecctg
tctececteee
gctggeagag
tttcagagce
tcegecctee
aagagggett
gtgcccatge
cccatcaaca
gactacgaag
atcattggec
ggaaccageyg
aggagtttet
tccagaggea
ggcaatccaa
aacagaaaaa
tcetgtecte
gggtctccat
aatgtitgagc
atttgcectttt
ccatgoccag
tttgtcttga
aacttgacca
ttctaggtac
gaatgtgett
aagatctttg

ttaatgggcc
agtctgtgeyg
ttcetecagge
ttectecttyg
gacgcagaag
tcgecacaag
cggogeegcee
tggacagcag
ccaagaacta
tcgtggettt
gagccaggceg
tteteateat
gtcagtgggce
aaggaatgga
ggtccctgge
gctgecacage
agaaaaatga
cagaggcgag
atagggggag
acaaacattt
cettttatte
agttcaccca
tgecttatatt
aaacctecact
atgagcactt
ttttttttte
att

tttgegtect
teecteegac
tgacgctecc
tggggaggot
gggtgaggtc
ceggeggeca
ggcctegece
tccecgaggece
cctgtggetce
ggtctttice
gettgggegyg
cggcatttct
tgtgagegtag
teccttgactt
aaatgaacaa
cggatcagece
agtctcactyg
cctcaggaaa
atggaggttt
gcagcatgtt
ttataacctt
tetggteatc
tccaaatagyg
cttcactcaa
cctgtatcce
aatttectcac

cctteectga
gatctcagygyg
getgtectee
cttggecagqg
acgtctcecct
gagccccaga
atgtctecagt
aacactgaaqg
accategtet
atcatgtctc
aatgctaagt
tgtgcagttc
gaggatggac
cagactgtga
gaaaaaaaaa
aaagtcattg
tctecagttta
tcacataact
ctaggaagag
taaaattgtc
cagtaactce
aaacactcaa
cccecctceoct
acaggctctg
agttttggga
tcteteteet

SEQ ID NO: 30

gcetectttt
agtggggtgce
ccgectecee
gtcccectgage
tgagecccega
ccacacagac
acgccectag
atgacaagac
cgtgtttttyg
tgaacagcta
gggtagccat
acttcacaag
ctcatccaca
gatcttttcc
aaaaaaaagt
atttgtaaaa
gcgaatceeq
tttecactgag
cagcaggtgce
tagtagagtt
tcectetagga
agaaggggct
tgettgecatc
agaatggact
ataaactggce
atctctagea

attccagact
cttecatctge
tcactccttt
ccgggegygt
geegetgygct
cgtgcgeteo
cceggactte
cgaggaggac
ccctgegtac
caacgatgga
cgcchecate
gaatgcctga
cacaccccaa
tccaggactce
ccaaaattta
atgaaaagaa
ttgtgteccac
gggatccagg
tggtatttac
caagttgtgyg
gtcagcacte
tttctggect
cacgttggte
tagtggccaa
tgtatttata
agtctcaggce

IMMUNOGLOBULIN SUPERFAMILY MEMBER | ISOFORM 1 PRECURSOR [HOMO
SAPIENS] (NP_001546.2)

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

1021
1081
1141

ntldrpgega
psrisskfll
leleapgqglp
maifsidnlt
geslnircqg
asyrgsllsd
kplgflidats
pslsawpstv
tyscsyrvet
wkcrrlrire
plapwknltl
hsweemavse
epvgglgavg
fktwaspvvt
igdggnyscr
gnrfallgeg
miwvtdtfpk
gafpitnisg
enmtlgcqgge
tpfaasnhsd

tmlktftvll
1kdktogmtwi
kpifwiqgaet
pedegvyicr
piygmtfalm
vlkiwvtdtf
iddntsffln
fklgkaitiq
hpniwshrse
awllgtaqggv
wcrspsgstk
psealelvgt
reafftigrm
pgarvtfnecs
yydfsiwsep
anvplqfrsv
pwlfaepssv
tsmgrysccy
lpdstfvllk
sleiwvtdkp

fcirmsigmi
rpshktfgvs
palpgcenvni
thigmiptlw
rvedleksfy
pktwllarps
nvtysdtgiy
crvshpvlef
plklmgpagy
tmlfivtall
efviikdgtg
dilpkpvisa
edkdegnysc
tphghms£il
sdpvelvvte
sgnsadfllh
vpoggnvitlw
hpdwtssiki
egagepleqq
pkpslisawps
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sivmdpgpel
fligaltesn
lchgwligdlv
sepsnplklv
hkktiknean
AVVANMGEnNvs
schylltwkt
sleveeretf
ltwnyvlnea
ccglengvli
wiatrpaseg
sptirggelq
rthtekrpfk
vkdgseiass
fypkptllag
tvgaedsgny
crgpvhgvgy
gpsntlellv
rpsgyradiw
tmfklgkdit

wiesnypgap
aglyrccywk
fmlfkegyae
vaglypkptl
fffgslkiqd
lrcrgpvdgv
sirmpshntv
gkfsvngdfi
irlslimglv
eeteivmptp
vraatfplgal
lrckgwlagm
wsepseplel
drswaspgas
papvvipagks
sciyyettms
ilhkegeats
tgllpkpsll
mpavrgedsg
lgergplpgy

wenitlwcrs
etgwskpskv
pvdyqvptgt
tahpgpimap
tghylcfyyd
glalvkkged
elmvvdkppk
isnvdgkgtyg
alllvvlwir
kpelwaetnf
tgshtgsyhe
gfalykegeq
vikemypkpf
aahfliisvyg
vilreqgtfqg
nrgsylsmpl
mglwgstsnd
agpgpmvapy
iyscvyylds
efvlehdgee
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1201 apqqgfsedgd fvinnvegkg ignyscsyrl gqaypdiwsep sdplelvgaa gpvagectvg
1261 nivrsslivv vvvalgvvla iewkkwprlr trgsetdgrd gtialeecnqg egepgtpans
1321 psstsgrisv elpvpi

SEQ ID NO: 31

HOMO SAPIENS POLY (ADP-RIBOSE) POLYMERASE FAMILY, MEMBER |
(PARP1), MRNA (NM_001618.2)

61
121
181
241
301
361
421
481
541
601
661
721
781
841
801
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1821
1981
2041
2101
2161
2221

aatctatcag
ccgtgegget
gegtegygget
ctctatcgag
atccecaagy
gtccecacact
gacgttgagy
acagcgygaag
aagactctgg
tgtatggaga
aagccacagac
gaggagctgg
gctacagagg
agaaaaggcyg
aaagacaagg
atcaaggacg
aacaagcagc
gtgttcggtg
geetattact
cccaaccgga
ttgaaggtta
acagcctoege
aagccattat
gtgaaggcca
ctgtgeatca
gaagccaaca
agccttcagyg
gagcctgttg
aagggccagyg
aaaggaggag
aaaggtggga
tcctactaca
teectggggec
gaggatgecca
tccaaaaatt
gatgaagagg
ccagttcagyg
gagtatgaga

ggaacggcgg
gggtgagege
tecggagett
tcgagtacge
actegetecyg
ggtaccactt
tggatgggtt
ctggaggagt
gtgactttge
agatagaaaa
taggcatgat
gtttcecggee
ataaagaagc
atgaggtgga
atagtaagct
agctaaagaa
aagtgccttc
ccetecttec
gecactgggga
aggagtgggt
aaaagcagga
ccltecacage
ccaacatgaa
tgattgagaa
gcaccaaaaa
tcecgagttgt
agttgttett
aagttgtaggc
tcaaggagga
cagctgtgga
aggtcttcag
agctgcaget
gtgtgggtac
ttgagcagtt
tcacgaagta
cagtgaagaa
acctecatcaa

tcgaccttca

tggceggtge
acgegagygcyg
tggcggeage
caagagcggg
gatggcecatce
ctcetgettc
ctetgagett
gacaggcaaa
agcagagtat
gggccaggtg
tgaccgetgyg
cgagtacagt
ccbtgaagaag
tggagtggat
tgaaaaagcce
agtgtgttca
tggggagteyg
ctgcgaggaa
cgtcactgece
aaccccaaay
cegtatatte
ctecggeteet
gatcctgact
actcgggggy
ggaggtggaa
gtctgaggac
agcgeacate
cccaagaggg
aggtatcaac
tcctgattet
tgccaccctt
tetyggaggac
ggtgatcggt
catgaaatta
tcccaaaaag
gctcacégta
gatgatcttt
gaagatgcce

-118-

ggogtgtteg
gcgaggeggc
taggggagga
cgegectett
atggtgcagt
tggaaggtay
cggtgggatyg
ggeccaggatg
gccaagtcca
cgcctgteca

taccatccag

‘gecgagtecage

cagctcccag
gaagtggega
ctaaaggctc
actaatgacc
gcgatettgg
tgctegggte
tggaccaagt
gaattccgag
ccececagaaa
gctgetgtga
ctegggaage
aagttgacgg
aagatgaata
ttectecagg
ttgteccett
aagtcagggyg
aaatctgaaa
ggactggaac
ggcctggtgy
gacaaggaaa
agcaacaaac
tatgaagaaa
ttttacccee
aatcctggea
gatgtggaaa
ttggggaage

gtgcgcetetg
aagcgtgttt
tggeggagte
gcaagaaatg
cgeccatgtt
gccactccat
accagcagaa
gaattggtag
acagaagtac
agaagatggt
gctgetttgt
tcaagggcett
gagteaagaqg
agaagaaatc
agaacgacct
tgaaggagct
accgagtage
agctggtett
gtatggtcaa
aaatctctta
ccagcgecte
actecctcetge
tgtcecceggaa
ggacggccaa
agaagatgga
acgtectecege
ggggggcaga
ctgegetcte
agagaatgaa
actetgegea
acatcgttaa
acaggtattg
tggaacagat
aaaccgggaa
tggagattga
ccaagtccaa
gtatgaagaa
tgagcaaaaqg

gecegetecagg
ctaggtegtyg
ttcggataag
cagagagaqgc
tgatggaaaa
ccggcaccct
agtecaagaaqg
caaggcagag
gtgcaagggg
ggacccggag
caagaacagyg
cagoctectt
tgaaggaaag
taaazaagaa
gatctggaac
actcatcttce
tgatggcatg
caagagcgat
gacacagaca
cctcaagaaa
cgtggcggce
ttcagcagat
caaggatgaa
caaggcttee
ggaagtaaaqg
ctccaccaag
ggtgaaggeca
caaaaaaagc
attaactctt
tgtcectggag
aggaaccaac
gatattcagy
gccgiccaag
cgcettggcac
ctatgaccag
gctcoccocaag
agccatggtyg
gcagatccaqg
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2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841

gecgeatact
cagatcctgg
aagcecteege
ctgctggaca
gatcccatcg
tctgaagaag
gcgtatgact
tacaagecect
aactttgctyg
ggctacatgt
taccatacgt
aacatgtatyg
gtcaaaggtt
gacgttcctce
gagtacattg
aattttaaga
gtatgaattc
Ltagtacctgt
taacttctca
ttttgttttt
tgttgecatag
gtttcccecag
ttgattttgg
atttagattt
tctitgtggtg
gaaacaaaaa

gtattaaaaqg

ccatcctecag
atctctcaaa
tectgaacaa
tcgaggtgge
atgtcaacta
ccgagateat
tggaagtecat
ttaagcagcet
ggatcctgte
ttggtaaagy
ctcagggaga
aactgaagca
tgggcaaaac
ttgggaccgg
tectatgatat
cctcectgtg
accegaagcyg
actaaaccac
agtccctigt
tettgccagyg
actagteccta
ggaaggaaaa
aaagatgtta
tcttttttat
aggggtgtgg
gagctttect
ttgcatttg

tgaggtccag
tecgettttac
tgcagacagt
ctacagtctg
tgagaagcte
caggaagtat
cgatatettt
tcataaccga
ccagggtett
gatctatttce
cccaatagge
cgettcacat
tacccctgat
gatttcatet
tgctecaggta
gtaattggga
cttetgecacce
ctcagaaagg
tttgtgttgt
tagataaaac
tggaaaaaac
atacacttcc
agcatttatt
ctigecactta
gaagaccaaa

tctecaggaa

caggcecggtgt
accclgatece
gtgcaggcca
cteaggggag
aaaactgaca
gttaagaaca
aagatagagc
agattgctgt
cggatagecce
gctgacatqgg
ttaatcctgt
atcagcaggt
cctteageta
ggtgtgatag
aatctgaagt
gaggtagceg
aactcacctg
attttacaga
gteltgtygygg
tgacatagag
caaagctteg
accetttttt
tttagttaaa
ttgtccectt
ggaaggaacg
tactgaacat

SEQ ID NO: 96

PCT/US2013/021286

ctcagggecaqg
cccacgactt
aggtggaaat
ggtetgatga
ttaaggtggt
ctcatgeaac
gtgaaggcga
ggcacgggte
cgcctgaagce
tetccaagag
tgggagaagt
tacccaaqggqg
acattagtct
acacctctct
atctgctgaa
agtcacaccc
gccgctaagt
aacgtgttaa
aggggttgtt
aaaaggctgg
ttagaatgtc
ctaagtgttce
ataaaaacta
tttagttttt
ctaacaattt

gggagctctt

cagegactcet
tgggatgaay
gcttgacaac
tagcagcaag
tgacagagat
cacacacagt
atgccagegt
caggaccacc
gcccgtgaca
tgeccaactac
tgccctitgga
caagcacagt
ggatggtgta
actatataac
actgaaattc
ggtggctgtg
tgcetgatogyg
aggttttctc
ttggggttgt
agagagatic
tgecttactg
gtctttagtt
atttecatact
tttgtttgee
ctcatactta

gaaatatgta

HOMO SAPIENS GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE
(GAPDH), MRNA (NM_002046.2)

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

ctctetgete
catcgeteag
cgecctggtea
ccctteatig
tteccatggea
atcttecagqg
gtggagtceca
gccaaaaggqg
aaccatgaga
tgcttagecac
accacagtcc
tggcgtgatg
gctgtgggea

ctectgtteg
acaccatqguyg
ccagggctge
acctcaacta
ccgtcaagge
agcgagatcc
ctggegtett
tcatcatcte
agtatgacaa
ccetggeecaa
atgccatcac
gcegeggygyge
aggtcatcec

acagtecagee
gaaggtgaag
ttttaactct
catggtttac
tgagaacggyg
ctccaaaatc
caccaccatg
tgceceectot
cagcectcaaq
ggtcatccat
tgccacccag
tctecagaac

tgagctgaac

-119-

gcatcttctt
gtcggagtca
ggtaaagtgg
atgttccaat
aagcttgtca
aagtggggcg
gagaaggctg
getgatgece
atcatcagca
gacaactttg
aagactgtgg
atcatccctg

gggaagctca

ttgcgicgee
acggatttgg
atattgttge
atgattccac
tcaatggaaa
atgctggcge
gggctecattt
ccatgttegt
atgecctectg
gtatcgtgga
atggccecectc
cctetactgg
ctggcatgge

agccgageaa
tcgtattggg
catcaatgac
ccatggcaaa
tceccatcacce
tgagtacgtc
gcagggggga
catgggtgty
caccaccaac
aggactcatg
cgggaaactyg
cgectgececaag

cttecgtgte
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781 cececactgeca acgtgtcagt ggtggacctg acctgccgte tagaaaaace tgecaaatat
841 gatgacatca agaaggtggt gaagcaggeyg teggagggec ccctcaaggg catcctggge
901 tacactgage accaggtygt ctectctgac ttcaacageg acacccacte ctecacetitt
961 gacgctgggg ctggcattge cctcaacgac cactttgtea agetcattic ctggtatgac
1021 aacgaatttg gctacagecaa cagggtggtg gacctcatgg cccécatggc ctccaaggayg
1081 taagacccct ggaccaccag ccccagcaayg agcacaagag gaagagagag accctcactg
1141 ctggggagte cctgocacac tcagtcccce accacactga atctcecete ctecacagitg

1201 ccatgtagac cccttgaaga ggggaggggce ctagggagec geacchttgte atgtaccate
1261 aataaagtac cctgtgetea acc

-120-
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CLAIMS

1. A method of detecting thyroid cancer in a subject comprising a)
obtaining a sample from a subject b) contacting the sample obtained from the subject with
one or more agents that detect expression of a panel of markers encoded by the genes
IGSF1, IGSF21, TM7SF4, FLI30058, CITEDI, ZCCHC12, CLDN16, FNI, SERPINAI,
STK32A, UNQ9433, BC030766, AK023519, SLC34A2, BX538295, IGFL2, CHI3L1,
CYP24Al1, HHATL, ISYNAI, LMO3, MIR221, PCSKIN, SCGS5, BX955517, CST6,
SFTPB, SLC27A6, TMEM233, NMU KI1AA1324, CCDC85A, CRABP2, Cl40rf78,
TNFRSF11B, AHNAK2, CYTOKERATINEI9, or a complement thereof; ¢) contacting a
non-cancerous cell, with the one or more agents from b); and d) comparing the expression
level of the panel of markers encoded for by the genes IGSFI, IGSF21, TM7SF4,
FLJ30058, CITED1, ZCCHCI12, CLDNI6, FNI1, SERPINAT, STK32A, UNQ9433,
BC030766, AK023519, SLC34A2, BX538295, 1IGFL2, CHI3LI, CYP24A1, HHATL,
ISYNAL, LMO3, MIR221, PCSKIN, SCGS, BX955517, CST6, SFTPB, SLC27AS,
TMEM233, NMU KIAA 1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B, AHNAK2,
CYTOKERATINE19, or a complement thereof in the sample obtained from the subject
with the expression level of the panel of markers encoded for by the genes IGSF1, IGSF21,
TM7SF4, FLI30058, CITEDI, ZCCHC12, CLDN16, FN1, SERPINAI, STK32A,
UNQ9433, BC030766, AK023519, SL.C34A2, BX538295, IGFL2, CHI3L1, CYP24Al,
HHATL, ISYNA1, LMO3, MIR221, PCSK{N, SCG5, BX955517, CST6, SFTPB,
SLC27A6, TMEM233, NMU KIAA 1324, CCDC85A, CRABP2, Cl4orf78, TNFRSF11B,
AHNAK?2, CYTOKERATINEI9 or a complement thereof, in the non-cancerous cell,
wherein a higher level of expression of the panel of markers encoded for by genes IGSF1,
IGSF21, TM7SF4, FLI30058, CITEDI1, ZCCHC12, CLDN16, FNI, SERPINAI, STK32A,
UNQ9433, BC030766, AK023519, SLC34A2, BX538295, IGFL2, CHI3LI1, CYP24Al,
HHATL, ISYNAI, LMO3, MIR22[, PCSKIN, SCGS, BX955517, CST6, SFTPB,
SLC27A6, TMEM233, NMU KIAA 1324, CCDC85A, CRABP2, Cldorf78, TNFRSF11B,
AHNAK?2, CYTOKERATINE19 or a complement thereof in the sample compared to the

non-cancerous cell indicates that the subject has thyroid cancer.
2. The method of claim 1, wherein the subject is a human.

3. The method of claim 1, wherein the sample is a bodily fluid.
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4, The method of ciaim 3, wherein the bodily fluid is blood.
5. The method of claim 3, wherein the bodily fluid is serum,
6. The method of claim 3, wherein the bodily fluid is urine,
7. The method of claim 1, wherein the sample is a tissue sample.
8. The method of claim 1, wherein the sample is compised of cells.
9. The method of claim [, wherein the one or more agents is a nucleic acid.
10, The method of claim [, wherein the one or more agents is a protein.
1. The method of claim 10, wherein the protein is an antibody.

12. A kit for detecting thyroid cancer in sample comprising one or more

agents of claim 1.
13. The kit of claim 12, wherein the one or more agents is a nucleic acid.
14, The kit of claim 12, wherein the one or more agents is a protein,
15, The kit of claim 12, wherein the protein is an antibody.

16. The kit of claim 12, further comprising one or more controls.
17. The kit of claim 16 wherein the control is a positive control.

18. The kit of claim 17 wherein the positive control comprises thyroid
cancer cells.

19. The kit of claim 16, wherein the one or more controls is a negative
control.

20. The kit of claim 19, wherein the negative control comprises non-
cancerous thyroid celis.
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