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COMPOSITIONS AND METHODS FOR DIAGNOSING THYROID TUMORS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application Serial

No. 61/730,391 filed November 27, 2012 and U.S. Provisional Patent Application Serial No.

61/775,419 filed March 8, 2013. These applications are hereby incorporated herein by

reference in their entireties.

SEQUENCE LISTING

The Sequence Listing associated with this application is provided in text format in

lieu of a paper copy, and is hereby incorporated by reference into the specification. The name of

the text file containing the Sequence Listing is BMRC_001_02WO_ST25.txt. The text file is

about 57 KB, was created on November 26, 2013, and is being submitted electronically via EFS-

Web.

BACKGROUND

Field

The present invention is directed to compositions and methods for diagnosing

thyroid cancer and evaluating thyroid nodules to determine if they are benign or cancerous.

Description of the Related Art

Approximately 350,000 fine needle aspirate (FNA) biopsies of thyroid nodules are

performed every year in the US, of which 20% are reported as indeterminate with respect to

whether the nodules are cancerous or not. These patients, in most cases, undergo surgery given

the risk of cancer, which ranges between only 15 to 30%. This means that most patients do not

require surgical removal of the thyroid. Considering the acute and long term risks associated to

thyroid surgery, as well as the costs for patients and the health system, there is an urgent need for

a tool that will improve the diagnostic accuracy of thyroid FNA biopsies.

Recently, new tests have been placed in the US market that, to a variable degree,

improve the diagnosis of indeterminate thyroid nodules. These include the Afirma® thyroid FNA

analysis test (Veracyte, South San Francisco, CA), which is a gene expression classifier assay



based on 167 genes. However, the Afirma® test would change the surgical conduct correctly in

only about 50% of the cases. Two other test include those developed by Quest Diagnostics and

Asuragen, which are based on mutational analysis of known biomarkers accepted by the

American Thyroid Association. However, adequate clinical trial validation is lacking.

Unfortunately, the Afirma® test demands the analysis of a large number of biomarkers, all tests

must be performed in central laboratories, and require the sample be shipped for analysis. In

addition, a second FNA must be performed to obtain an adequate sample to perform these assays.

Clearly, there is a need in the art for improved methods and compositions for

evaluating thyroid nodules and diagnosing thyroid cancer. The present invention meets this need

by providing a new and simplified diagnostic approach for evaluating thyroid nodules that have

been reported to be indeterminate by a fine needle aspiration (FNA) biopsy, and provides

additional advantages.

BRIEF SUMMARY

The present invention provides compositions, methods and kits for determining

the presence or absence of malignant or benign tissue in a sample, e.g., a thyroid tissue or thyroid

nodule sample.

In certain embodiments, the present invention provides a method of diagnosing

thyroid cancer in a subject comprising: determining expression levels of three or more gene

products of a thyroid tissue sample obtained from the subject, wherein the three or more gene

products are expressed by one or more genes listed in Table 1 and wherein at least one of the

gene products is expressed by a CXCR3, CCR3, CXCL10, CAR, XB130, HO-1 or CCR7 gene;

and identifying the thyroid tissue sample as cancerous or benign by correlating the expression

levels determined with the presence or absence of thyroid cancer in the thyroid tissue sample. In

various embodiments, the method is used to determine whether the tissue sample is cancerous or

benign, e.g., to determine whether the subject has a cancer, such as, e.g., a thyroid cancer.

In certain embodiments of methods of the present invention, the correlating step

is performed by comparing the expression levels of the three or more gene products to normal

control expression levels for each of the gene products, wherein the thyroid tissue sample is

identified as cancerous if there is a difference in the expression levels of the three or more gene

products between the thyroid tissue sample and the normal control expression levels. In related



embodiments, the thyroid tissue sample is identified as cancerous if there is a difference in the

expression levels of four or more gene products between the thyroid tissue sample and the

normal control expression levels. In certain embodiments, the normal control expression level is

an expression level in a normal thyroid tissue sample, while in certain embodiments, the normal

control expression level is a predetermined value based on expression levels in a plurality of

normal thyroid tissue samples. In certain embodiments of methods of the present invention, the

thyroid tissue sample is identified as malignant or cancerous if the expression level of any one or

more of CXCR3, CXCL , SPAG-9, CAR, Nectin- 1, XB-130 and/or CXCL4 genes is decreased;

and/or the expression level of any one or more of CXCR3A, CXCR3B, CXCR4, CCR3, CXCL9,

CXCL 10, CK-19, TIMP-1, CLDN-1, and/or CCR7 genes is increased in the thyroid tissue

sample as compared to the normal control expression level, wherein the total number of genes

with increased or decreased expression is at least three.

In certain embodiments of methods of the present invention, the correlating step is

performed by comparing the expression level of the three or more gene products to a cancer

control expression level for each gene product, wherein the thyroid tissue sample is identified as

cancerous if there is substantially no difference in the expression level of the three or more gene

products between the thyroid tissue sample and the cancer control expression levels. In particular

embodiments, the thyroid tissue sample is identified as cancerous if there is substantially no

difference in the expression level of four or more gene products between the thyroid tissue

sample and the cancer control expression levels. In certain embodiments, the cancer control

expression level is an expression level in a cancerous thyroid tissue sample. In particular

embodiments, the cancer control expression level is a predetermined value based on expression

levels in a pluralityof cancerous thyroid tissue samples.

In certain embodiments of methods of the present invention, the correlating step

comprises comparing the expression level to gene expression data determined for the three or

more gene products in the following two sets of biological samples: (i) a plurality of normal

thyroid tissue samples; and (ii) a plurality of cancerous thyroid tissue samples, wherein the

thyroid tissue sample is identified as cancerous if there is a difference in the expression level of

the three or more gene products between the thyroid tissue sample and the gene expression data

of (i), or if there is substantially no difference in the gene expression level of of the one or more

gene products between the thyroid tissue sample and the gene expression date of (ii).



In particular embodiments of methods of the present invention, the correlating

step is performed using a classifier that identifies atypical CT values and/or non-atypical CT

values. In certain embodiments, the classifier was generated using gene expression data

determined for the three or more gene products from a plurality of normal thyroid tissue samples

and/or cancerous thyroid tissue samples.

In particular embodiments of methods of the present invention, the thyroid tissue

sample was obtained by needle aspiration, fine needle aspiration, core needle biopsy, vacuum

assisted biopsy, large core biopsy, incisional biopsy, excisional biopsy, or punch biopsy.

In various embodiments of methods of the present invention, the gene product is

RNA, e.g., mRNA, rRNA, tRNA, or miRNA. In certain embodiments, the RNA expression level

is determined using microarray, SAGE, blotting, RT-PCR, quantitative PCR or qNPA. In various

embodiments of the present invention, the gene product is protein. In certain embodiments, the

protein gene expression is determined using ELISA, mass spectrophotometry, blotting, protemics

techniques, or immunohistochemistry.

In various embodiments of methods, compositions and kits of the present

invention, the three or more gene products comprise or consist of: three or more gene products of

the CXCR3, CCR3, CXCLIO, CK19, TIMP-1, CLDN-1, CAR, XB130, HO-1 and CCR7 genes;

the gene products of the CXCR3, CCR3, CXCLIO, CK19, TIMP-1, CLDN-1, CAR, HO-1 and

CCR7 genes; the gene products of the CCR3, TIMP-1, CAR and XB130 genes; the gene

products of the CXCLIO, TIMP-1, CAR and CCR7 genes; the gene products of the TIMP-1,

CAR and CCR7 genes; or the gene products of the CXCLIO, TIMP-1, CLDN-1 and CCR7

genes. In particular embodiments of methods, compositions and kits related to any of these gene

sets, the expression level of CXCR3 , CXCL11, SPAG-9, CAR, Nectin- , XB-130 and/or CXCL4

genes is decreased; and/or the expression level of CXCR3A, CXCR3B, CXCR4, CCR3, CXCL9,

CXCLIO, CK-19, TIMP-1, CLDN-1, HO-1 and/or CCR7 genes is increased. Accordingly, in

particular embodiments, the three or more gene products comprise or consist of gene products of

the CXCR3, CCR3, CXCLIO, CK19, TIMP-1, CLDN-1, CAR, XB130, HO-1 and CCR7 genes,

wherein the expression levels of one or more, two or more, or all of the CXCR3, CAR, and

XB130 genes are decreased and/or the expression levels of one or more, two or more, three or

more, four or more, five or more, six or more, or all of the CCR3, CXCLIO, CK19, TIMP-1,

CLDN-1, HO-1, and CCR7 genes are increased. In other particular embodiments, the three or



more gene products comprise or consist of gene products of the CXCR3, CCR3, CXCL10,

CK19, TIMP-1, CLDN-1, CAR, HO-1 and CCR7 genes, wherein the expression levels of one or

both of the CXCR3 and CAR genes are decreased and/or the expression levels of one or more,

two or more, three or more, four or more, five or more, six or more, or all of the CCR3,

CXCL10, CK19, TIMP-1, CLDN-1, HO-1, and CCR7 genes are increased. In other particular

embodiments, the three or more gene products comprise or consist of gene products of the CCR3 ,

TIMP-1, CAR and XB130 genes, wherein the expression levels of one or more or both of the

CAR and XB130 genes are decreased and/or the expression levels of one or more or both of the

CCR3 and TIMP-1 genes are increased. In other particular embodiments, the three or more gene

products comprise or consist of gene products of the CXCL10, TIMP-1, CAR and CCR7 genes,

wherein the expression levels of the CAR gene is decreased and/or the expression levels of one

or more, two or more, or all of the CXCL10, TIMP-1, and CCR7 genes are increased. In other

particular embodiments, the three or more gene products comprise or consist of gene products of

the TIMP- 1, CAR and CCR7 genes, wherein the expression levels of the CAR gene is decreased

and/or the expression levels of one or more or both of the TIMP-1 and CCR7 genes are

increased. In other particular embodiments, the three or more gene products comprise or consist

of gene products of the CXCL10, TIMP-1, CLDN-1 and CCR7 genes, wherein the expression

levels of one or more, two or more, three or more, or all of the CXCL 10, TIMP- 1, CLDN- 1 and

CCR7 genes are increased.

In certain embodiments, methods of the present invention further comprise the

step of performing a cytological analysis on a thyroid tissue sample obtained from the subject to

obtain a preliminary diagnosis. In particular embodiments, samples with a preliminary diagnosis

of intermediate or indeterminate are further analyzed by determining gene product expression

levels and correlating them with benign or malignant tissue according to methods of the present

invention. In particualr embodiments, the tissue sample cytologically analyzed and the tissue

sample used in determining gene product expression levels are the same tissue sample. In certain

embodiments of methods of the present invention, the tissue sample was obtained by fine needle

aspiration.

In particular embodiments of methods, composition, or kits of the present

invention, the thyroid tissue sample is diagnosed as cancerous or benign with a sensitivity of

greater than or equal to 92% or greater than or equal to 97%, the thyroid tissue sample is



diagnosed as cancerous or benign with a specificity of greater than or equal to 60% or greater

than or equal to 90%, the thyroid tissue sample is diagnosed as cancerous or benign with a

positive predictive value of greater than or equal to 50% or greater than or equal to 90%, the

thyroid tissue sample is diagnosed as cancerous or benign with a negative predictive value of

greater than or equal to 92% or greater than or equal to 94%, the thyroid tissue sample is

diagnosed as cancerous or benign with a positive likelihood ratio of greater than or equal to 2 or

greater than or equal to 10, the thyroid tissue sample is diagnosed as cancerous or benign with a

positive post-test probability of greater than or equal to 50% or greater than or equal to 80%, the

thyroid tissue sample is diagnosed as cancerous or benign with a negative likelihood ratio of less

than or equal to 0 .14 or less than or equal to .08, and/or the thyroid tissue sample is diagnosed as

cancerous or benign with a negative post-test probability of less than or equal to 7.0% or less

than or equal to 3.0%.

Particular embodiments of methods of the present invention further comprise

obtaining the thyroid tissue sample from the subject.

Particular embodiments of methods of the present invention further comprise

surgically removing the subject's thyroid, or a portion thereof, if the thyroid tissue sample is

diagnosed as cancerous.

In a related embodiments, the present invention includes a kit for diagnosing

thyroid cancer, said kit comprising three or more reagents for detecting gene products, wherein

the three or more reagents each detect a different gene product, wherein the gene products are

expressed by one or more genes listed in Table 1, and wherein at least one of the gene products is

expressed by a CXCR3, CCR3, CXCL10, CAR, XB130, HO-1 or CCR7 gene. In certain

embodiments, the reagents are antibodies, and each antibody specifically binds to a polypeptide

gene product. In certain embodiments, the reagents are oligonucleotides or sets of

oligonuclotides, and each oligonucleotide specifically binds to a nucleic acid gene product. In

certain embodiments, the reagents are each attached to a substrate. In particular embodiments,

the reagents are covalently attached to the substrate. In particular embodiments, the reagents are

each attached to a discrete region of a solid substrate. In particular embodimetns, the reagents are

oligonucleotides or sets of oligonucleotides covalently bound to a solid substrate, the solid

substrate is optionally an array, and the array is optionally a microarray. In particular

embodiments, the reagents are sets of oligonucleotides, and the sets of oligonucleotides comprise



DNA. In particular embodiments, the reagents are sets of oligonucleotides, and each set of

oligonucleotides specifically hybridizes to one of the gene products. In one embodiment, each set

of oligonucleotides comprise amplification primers capable of PCR amplifying one of the gene

products. In certain embodiments of various kits of the present invention, the gene products

comprise or consist of: three or more gene products of the CXCR3, CCR3, CXCLIO, CK19,

TIMP-1, CLDN-1, CAR, XB130, HO-1 and CCR7 genes; the gene products of the CXCR3,

CCR3, CXCLIO, CK19, TIMP-1, CLDN-1, CAR, HO-1 and CCR7 genes; the gene products of

the CCR3, TIMP-1, CAR and XB130 genes; the gene products of the CXCLIO, TIMP-1, CAR

and CCR7 genes; the gene products of the TIMP- 1, CAR and CCR7 genes; or the gene products

of the CXCLIO, TIMP-1, CLDN-1, and CCR7 genes.

In certain embodiments of methods, compositions and kits of the present

invention, the reagents are labeled. In particular embodiements, a kit of the present invention

further comprises one or more solutions suitable for binding said reagents to said gene products.

In certain embodiments of kits of the present invention, the reagents are sets of oligonucleotides,

and the kit further comprises one or more additional reagents for performing a PCR assay. In

particular embodiments, the one or more additional reagents are selected from a thermostable

polymerase, a mixture of deoxynucleotides, and a detectably labeled probe. In certain

embodiments, the detectably labeled probe comprises a fluorophore and a quenching moiety. In

particular embodiments, the detectably labeled probe emits a detectable signal when the probe is

cleaved but not when the probe is intact.

In various embodiments of kits of the present invention, the kit further comprises

one or more reagents for processing a thyroid tissue sample. In particular embodiments, the

processing of the thyroid tissue sample comprises extracting the gene products from the thyroid

tissue sample, and in certain embodiments the gene products are proteins or nucleic acids.

In various embodiments, a kit of the present invention further comprises one or

more control gene products.

In particular embodiments of kits of the present invention, one or more of the

following (when present in the kit) are present in separate containers: reagents for detecting gene

products, the solution, any additional reagent, and control gene products.

In other related embodiments, the present invention provides a method of treating

thyroid cancer, comprising: identifying a thyroid tissue sample obtained from the subject as



cancerous according to a method of the present invention or using a kit of the present invention;

and surgically removing the subject's thyroid or a portion thereof, or performing radiation

therapey, chemotherapy, or hormone therapy on the subject

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 provides a graph showing the differential expression between cancer

samples (100) and benign nodules (56) of 18 genes as determined by quatitative real time PCR

and analyzed by the relative quantification model proposed by Pfaffl. The value zero

corresponds to the gene expression of benign nodules and bars correspond to the variation of

gene expression in cancer samples (relative fold change). The 18 genes are identified in

Example 1.

Figure 2 provides receiving operating characteristic (ROC) curve data of each of

the 18 individual genes indentified in Example 1. AUC: area under the curve, FP :False positive,

TP: True positive.

Figure 3 provides a schematic diagram of the methods used to generate (3A) and

use different (3B) algorithms to develop new classifiers. Two different algorithms were trained;

one to identify and classify atypical (outlier) CT values and one to classify non-atypical CT

values (linear and non-linear discriminant analysis) (3A). New classifiers are developed by using

the algorithms sequentially in two steps followed by integration of output data to develop the

new classifier (3B).

Figure 4 provides ROC curve graphs of new classifiers developed by the

indentification and classification of atypical CT values followed by linear discriminant analysis

(LDA) or non-linear discriminant analysis (NLDA). AUC: area under the curve, FP: False

positive, TP: True positive.

Figure 5 provides a comparison of AUC of the new classifier (SV) with the best

individual genes classifiers and a combination of them (Genes 10, 11, 12) following the method

described in Figure 3 . *corresponds to p values < 0.05 showing that the SV classifier is

significantly superior to the individual genes or a combination of them.

Figure 6 provides Spearman correlation analysis of the best individual classifying

genes, showing that they are closely related, explaining why the combination of them does not

improve their performance as gene classifiers.



Figure 7 provides a comparison table of the classifying performance of three new

classifiers developed with the training set (SV, FM72, FM208), best individual genes (Gene 10,

Gene 11, Gene 12), combination of the best genes (Genes (10, 11, 12)) and the Afirma®

classifier by Veracyte (Affirma).

Figure 8 provides ROC curve graphs and data comparing performance of an

independent testing set with the training set using the SV classifier.

Figure 9 provides a comparison table showing the sensitity, specificity, PPV and

NPV values obtained using the SV algorithm on surgical and FNA samples.

DETAILED DESCRIPTION

The present invention is based, in part, on the identification of a small panel of

genes and various subcombinations thereof, which allow the accurate classifying of thyroid

samples as malignant or benign. The combinations of genes used according to the present

invention results in a surprising improvement in the ability to classify thyroid nodules, as

compared to the use of individual genes or previously described gene combinations. In addition,

the gene panel provides superior diagnostic and classifying results as compared to previously

available gene sets and related methods. For example, the gene sets and methods of the present

invention show better predictability and reliability than the Afirma® gene classifier. Use of the

gene sets of the present invention with a biphasic stepwise algorithm avoids overfitting and is

able to adequately classify patients with outlier gene profiles, taking into account the gene profile

expression variations of the population. Furthermore, the small gene panel of the present

invention allows for a kit that can be distributed to pathology laboratories, thus lowering costs, as

well as simplifying and expediting the diagnostic process. Another advantage of the small gene

panel is that it requires a reduced amount of tissue sample, potentially allowing sufficient mRNA

to be extracted from the original FNA sample, thus avoiding the need to subject a patient to a

second FNA.

In the following description, certain specific details are set forth in order to

provide a thorough understanding of various embodiments of the invention. However, one

skilled in the art will understand that the invention may be practiced without these details.

Definitions



Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by those of ordinary skill in the art to which the

invention belongs. For the purposes of the present invention, the following terms are defined

below.

The words "a" and "an" denote one or more, unless specifically noted.

By "about" is meant a quantity, level, value, number, frequency, percentage,

dimension, size, amount, weight or length that varies by as much as 30, 25, 20, 15, 10, 9, 8, 7, 6,

5, 4, 3, 2 or 1% to a reference quantity, level, value, number, frequency, percentage, dimension,

size, amount, weight or length. In any embodiment discussed in the context of a numerical value

used in conjunction with the term "about," it is specifically contemplated that the term about can

be omitted.

By "coding sequence" is meant any polynucleotide seqeunce that contributes to

the code for the polypeptide product of a gene. By contrast, the term "non-coding sequence"

referes to any polynucleotide sequence that does not contribute to the code for the polypeptide

product of a gene.

Unless the context requires otherwise, throughout the present specification and

claims, the word "comprise" and variations thereof, such as, "comprises" and "comprising" are

to be construed in an open, inclusive sense, that is as "including, but not limited to".

By "consisting of is meant including, and limited to, whatever follows the phrase

"consisting of." Thus, the phrase "consisting of indicates that the listed elements are required or

mandatory, and that no other elements may be present.

By "consisting essentially of is meant including any elements listed after the

phrase, and limited to other elements that do not interfere with or contribute to the activity or

action specified in the disclosure for the listed elements. Thus, the phrase "consisting essentially

of indicates that the listed elements are required or mandatory, but that other elements are

optional and may or may not be present depending upon whether or not they affect the activity or

action of the listed elements.

A "decreased" or "reduced" or "lesser" amount is typically a "statistically

significant" amount, and may include a decrease that is about 1.1, 1.2, 1.3, 1.4, 1.5, 1.6 1.7, 1.8,

1.9, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, or 50 or more times (e.g., 100, 500, 1000



times) (including all integers and decimal points in between and above 1, e.g., 1.5, 1.6, 1.7. 1.8,

etc.) an amount or level described herein.

Reference throughout this specification to "an embodiment" or "one embodiment"

means that a particular feature, structure or characteristic described in connection with the

embodiment is included in at least one embodiment of the present invention. Thus, the

appearances of the phrases "in one embodiment" or "in an embodiment" in various places

throughout this specification are not necessarily all referring to the same embodiment.

Furthermore, the particular features, structures, or characteristics may be combined in any

suitable manner in one or more embodiments.

By "gene" is meant a unit of inheritance that occupies a specific locus on a

chromosome and consists of transcriptional and/or translational regulatory sequences and/or a

coding region and/or non-translated sequences (i.e., introns, 5' and 3' untranslated sequences).

An "increased" or "enhanced" amount is typically a "statistically significant"

amount, and may include an increase that is 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.5, 3, 3.5,

4, 4.5, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, or 50 or more times (e.g., 100, 500, 1000 times) (including

all integers and decimal points in between and above 1, e.g., 2.1 , 2.2, 2.3, 2.4, etc.) an amount or

level described herein.

By "isolated" is meant material that is substantially or essentially free from

components that normally accompany it in its native state. For example, an "isolated

polynucleotide," as used herein, includes a polynucleotide that has been purified from the

sequences that flank it in its naturally-occurring state, e.g., a DNA fragment which has been

removed from the sequences that are normally adjacent to the fragment. Alternatively, an

"isolated peptide" or an "isolated polypeptide" and the like, as used herein, includes the in vitro

isolation and/or purification of a peptide or polypeptide molecule from its natural cellular

environment, and from association with other components of the cell; i.e., it is not significantly

associated with in vivo substances.

The term "mRNA" or sometimes refer by "mRNA transcripts" as used herein,

include, but not limited to pre-mRNA transcript(s), transcript processing intermediates, mature

mRNA(s) ready for translation and transcripts of the gene or genes, or nucleic acids derived from

the mRNA transcript(s). Transcript processing may include splicing, editing and degradation.

As used herein, a nucleic acid derived from an mRNA transcript refers to a nucleic acid for



whose synthesis the mRNA transcript or a subsequence thereof has ultimately served as a

template. A cDNA reverse transcribed from an mRNA, an RNA transcribed from that cDNA, a

DNA amplified from the cDNA, an RNA transcribed from the amplified DNA, etc., are all

derived from the mRNA transcript and detection of such derived products is indicative of the

presence and/or abundance of the original transcript in a sample. Thus, mRNA derived samples

include, but are not limited to, mRNA transcripts of the gene or genes, cDNA reverse transcribed

from the mRNA, cRNA transcribed from the cDNA, DNA amplified from the genes, RNA

transcribed from amplified DNA, and the like.

By "obtained from" is meant that a sample such as, for example, a tissue, a

polynucleotide or a polypeptide, is isolated from, or derived from, a particular source, such as a

desired organism (e.g., subject) or a specific tissue within a desired organism. For example, a

tissue sample may be obtained from a subject, or a polynucleotide or polypeptide may be

obtained from a tissue or a biological fluid isolated directly from a subject. "Derived from" or

"obtained from" can also refer to the source of a tissue or a polypeptide or polynucleotide

sequence.

The recitation "polynucleotide" or "nucleic acid" as used herein designates

mRNA, RNA, cRNA, rRNA, cDNA or DNA. The term typically refers to polymeric form of

nucleotides of at least 10 bases in length, either ribonucleotides or deoxynucleotides or a

modified form of either type of nucleotide. The term includes single and double stranded forms

of DNA and RNA. As will be understood by those skilled in the art, in various embodiments, the

polynucleotide sequences of this invention can include genomic sequences, extra-genomic and

plasmid-encoded sequences and smaller engineered gene segments that express, or may be

adapted to express, proteins, polypeptides, peptides and the like. Such segments may be naturally

isolated, or modified synthetically by the hand of man. The polynucleotides of the present

invention, regardless of the length of the coding sequence itself, may be combined with other

DNA sequences, such as promoters, polyadenylation signals, additional restriction enzyme sites,

multiple cloning sites, other coding segments, and the like, such that their overall length may

vary considerably. It is therefore contemplated that a polynucleotide fragment of almost any

length may be employed, with the total length preferably being limited by the ease of preparation

and use in the intended recombinant DNA protocol.



The term "polynucleotide variant" refers to polynucleotides displaying substantial

sequence identity with a reference polynucleotide sequence or polynucleotides that hybridize

with a reference sequence under stringent conditions that are defined hereinafter. This term also

encompass polynucleotides that are distinguished from a reference polynucleotide by the

addition, deletion or substitution of at least one nucleotide. Accordingly, the term

"polynucleotide variant" includes polynucleotides in which one or more nucleotides have been

added or deleted, or replaced with different nucleotides. In this regard, it is well understood in the

art that certain alterations inclusive of mutations, additions, deletions and substitutions can be

made to a reference polynucleotide whereby the altered polynucleotide retains the biological

function or activity of the reference polynucleotide, or has increased activity in relation to the

reference polynucleotide (i.e., optimized). Polynucleotide variants include, for example,

polynucleotides having at least 50% (and at least 51% to at least 99% and all integer percentages

in between, e.g. , 90%, 95%, or 98%) sequence identity with a reference polynucleotide sequence

described herein. The terms "polynucleotide variant" and "variant" also include naturally-

occurring allelic variants and orthologs that encode these enzymes.

The recitations "sequence identity" or, for example, comprising a "sequence 50%

identical to," as used herein, refer to the extent that sequences are identical on a nucleotide -by-

nucleotide basis or an amino acid-by-amino acid basis over a window of comparison. Thus, a

"percentage of sequence identity" may be calculated by comparing two optimally aligned

sequences over the window of comparison, determining the number of positions at which the

identical nucleic acid base (e.g., A, T, C, G, I) or the identical amino acid residue (e.g. , Ala, Pro,

Ser, Thr, Gly, Val, Leu, e, Phe, Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gin, Cys and Met)

occurs in both sequences to yield the number of matched positions, dividing the number of

matched positions by the total number of positions in the window of comparison (i.e., the

window size), and multiplying the result by 100 to yield the percentage of sequence identity.

Terms used to describe sequence relationships between two or more

polynucleotides or polypeptides include "reference sequence", "comparison window", "sequence

identity", "percentage of sequence identity" and "substantial identity". A "reference sequence"

is at least 12 but frequently 15 to 18 and often at least 25 monomer units, inclusive of nucleotides

and amino acid residues, in length. Because two polynucleotides may each comprise (1) a

sequence (i.e., only a portion of the complete polynucleotide sequence) that is similar between



the two polynucleotides, and (2) a sequence that is divergent between the two polynucleotides,

sequence comparisons between two (or more) polynucleotides are typically performed by

comparing sequences of the two polynucleotides over a "comparison window" to identify and

compare local regions of sequence similarity. A "comparison window" refers to a conceptual

segment of at least 6 contiguous positions, usually about 50 to about 100, more usually about 100

to about 150 in which a sequence is compared to a reference sequence of the same number of

contiguous positions after the two sequences are optimally aligned. The comparison window may

comprise additions or deletions (i.e., gaps) of about 20% or less as compared to the reference

sequence (which does not comprise additions or deletions) for optimal alignment of the two

sequences. Optimal alignment of sequences for aligning a comparison window may be conducted

by computerized implementations of algorithms (GAP, BESTFIT, FASTA, and TFASTA in the

Wisconsin Genetics Software Package Release 7.0, Genetics Computer Group, 575 Science

Drive Madison, WI, USA) or by inspection and the best alignment (i. e. , resulting in the highest

percentage homology over the comparison window) generated by any of the various methods

selected. Reference also may be made to the BLAST family of programs as for example

disclosed by Altschul et a , 1997, Nucl. Acids Res. 25:3389. A detailed discussion of sequence

analysis can be found in Unit 19.3 of Ausubel et al. , "Current Protocols in Molecular Biology",

John Wiley & Sons Inc, 1994-1998, Chapter 15.

The terms "polypeptide" and "protein" are used interchangeably herein to refer to

a polymer of amino acid residues and to variants and synthetic and naturally occurring analogues

of the same. Thus, these terms apply to amino acid polymers in which one or more amino acid

residues are synthetic non-naturally occurring amino acids, such as a chemical analogue of a

corresponding naturally occurring amino acid, as well as to naturally-occurring amino acid

polymers and naturally occurring chemical derivatives thereof.

A "subject," as used herein, includes any animal that exhibits a symptom, or is at

risk for exhibiting a symptom, which can be treated or diagnosed according to the invention.

Also included are subjects for which it is desirable to profile levels of gene products of the

invention, for diagnostic or other purposes. Suitable subjects (patients) include laboratory

animals (such as mouse, rat, rabbit, or guinea pig), farm animals, and domestic animals or pets

(such as a cat or dog). Mammals, including on-human primates and humans, are included.



"Treatment" or "treating," as used herein, includes any desirable effect on the

symptoms or pathology of a disease or condition, e.g., thyroid cancer, and may include even

minimal changes or improvements in one or more measurable markers of the disease or condition

being treated. "Treatment" or "treating" does not necessarily indicate complete eradication or

cure of the disease or condition, or associated symptoms thereof. The subject receiving this

treatment is any subject in need thereof. Exemplary markers of clinical improvement will be

apparent to persons skilled in the art.

The term "wild-type", as used herein, refers to a microorganism (e.g,. a bacterial

species or strain), gene or gene product that has the characteristics of that microorganism (e.g.,

bacterial species or strain), gene or gene product when isolated from a naturally-occurring

source. A wild-type gene or gene product (e.g., a polypeptide) is that which is most frequently

observed in a population and is thus arbitrarily designed the "normal" or "wild-type" form of the

gene.

The practice of the present invention will employ, unless indicated specifically to

the contrary, conventional methods of molecular biology and recombinant DNA techniques

within the skill of the art, many of which are described below for the purpose of illustration. Such

techniques are explained fully in the literature. See, e.g., Sambrook, et al, Molecular Cloning: A

Laboratory Manual (3rd Edition, 2000); DNA Cloning: A Practical Approach, vol. I & II (D.

Glover, ed.); Oligonucleotide Synthesis (N. Gait, ed., 1984); Oligonucleotide Synthesis: Methods

and Applications (P. Herdewijn, ed., 2004); Nucleic Acid Hybridization (B. Hames & S.

Higgins, eds. , 1985); Nucleic Acid Hybridization: Modern Applications (Buzdin and Lukyanov,

eds., 2009); Transcription and Translation (B. Hames & S. Higgins, eds., 1984); Animal Cell

Culture (R. Freshney, ed., 1986); Freshney, R.I. (2005) Culture of Animal Cells, a Manual of

Basic Technique, 5th Ed. Hoboken NJ, John Wiley & Sons; B. Perbal, A Practical Guide to

Molecular Cloning (3rd Edition 2010); Farrell, R., RNA Methodologies: A Laboratory Guide for

Isolation and Characterization (3rd Edition 2005), Methods of Enzymology: DNA Structure Part

A : Synthesis and Physical Analysis of DNA Methods in Enzymology, Academic Press; Using

Antibodies: A Laboratory Manual: Portable Protocol NO. I by Edward Harlow, David Lane, Ed

Harlow (1999, Cold Spring Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies: A

Laboratory Manual by Ed Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor

Laboratory Press, ISBN 0-87969-3, 4-2), 1855. Handbook of Drug Screening, edited by



Ramakrishna Seethala, Prabhavathi B. Fernandes (2001 ,New York, N.Y., Marcel Dekker, ISBN

0-8247-0562-9); and Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for

Use at the Bench, Edited Jane Roskams and Linda Rodgers, (2002, Cold Spring Harbor

Laboratory, ISBN 0-87969-630-3).

Certain embodiments may employ conventional biology methods, software and

systems for diagnostic purposes of the present invention. Computer software products of the

invention typically include computer readable medium having computer-executable instructions

for performing the logic steps of the method of the invention. Suitable computer readable

medium include floppy disk, CD-ROM/DVD/DVD-ROM, hard-disk drive, flash memory,

ROM/RAM, magnetic tapes and etc. The computer executable instructions may be written in a

suitable computer language or combination of several languages. Basic computational biology

methods are described in, for example Setubal and Meidanis et a , Introduction to

Computational Biology Methods (PWS Publishing Company, Boston, 1997); Salzberg, Searles,

Kasif, (Ed.), Computational Methods in Molecular Biology, (Elsevier, Amsterdam, 1998);

Rashidi and Buehler, Bioinformatics Basics: Application in Biological Science and Medicine

(CRC Press, London, 2000) and Ouelette and Bzevanis Bioinformatics: A Practical Guide for

Analysis of Gene and Proteins (Wiley & Sons, Inc., 2nd ed., 2001). See U.S. Pat. No.

6,420,108.

Certain embodiments may employ various computer program products and

software for a variety of purposes, such as probe design, management of data, analysis, and

instrument operation. See, U.S. Pat. Nos. 5,593,839, 5,795,716, 5,733,729, 5,974,164,

6,066,454, 6,090,555, 6,185,561, 6,188,783, 6,223,127, 6,229,91 1 and 6,308,170.

Diagnostic Assays

The present invention is based, in part, on the identification of novel biomarkers

of thyroid cancer, which allow the classification of a thyroid tumor or nodule as benign or

cancerous, i.e., malignant. Accordingly, the present invention provides diagnostic assays and

related kits for analyzing a biological sample obtained from a subject, in order to determine

whether the subject has thyroid cancer or not. In various embodiments, methods and kits of the

present invention are used to diagnose or detect the presence or absence of thyroid cancer in a

subject, e.g., by determining the presence or absence of thyroid cancer cells is a biological



sample obtained from the subject. In particular embodiments, methods and kits of the present

invention are used to diagnose the presence or absence of thyroid cancer in a subject previously

diagnosed as indeterminate, e.g., by cytological analysis.

Abnormal growth in the thyroid can result in the formation of nodules, which can

be either benign or cancerous (i.e., malignant). Thyroid cancer includes at least four different

kinds of malignant tumors of the thyroid gland: papillary, follicular, medullary and anaplastic;

malignant subtypes include, e.g., follicular carcinoma (FC), papillary thyroid carcinoma (PTC),

follicular variant of papillary carcinoma (FVPTC), medullary thyroid carcinoma (MTC), Hurthle

cell carcinoma (HC), and anaplastic thyroid carcinoma (ATC). Examples of benign (non

cancerous) thyroid tumors or nodules include, e.g., follicular adenoma (FA), nodular hyperplasia

(NHP), lymphocytic thyroiditis (LCT), and Hurthle cell adenoma (HA). In aspects of the

invention, the thyroid cancer is an aggressive cancer or has metastatic potential, e.g., an

aggressive medullary or follicular thyroid cancer or a medullary or follicular thyroid cancer with

metastatic potential. In particular embodiments of the invention, the thyroid cancer is anaplastic

thyroid carcinoma (ATC). "Metastatic potential" refers to the ability or possibility of a cancer

cell moving from the initial site (i.e. thyroid) to other sites in the body. One of skill in the art will

appreciate that methods of the present invention may be readily used to diagnose or detect the

presence or absence of any of these cancerous tumors or non-cancerous conditions of the thyroid

by utilizing a suitable panel of reference control samples.

The term "diagnose" or diagnostic" or "diagnosed" includes identifying the

presence or nature of a pathologic condition, such as thyroid cancer, characterizing the risk of

developing such a condition, and/or measuring the change (or no change) of a pathologic

condition in response to therapy. Diagnostic methods may differ in their sensitivity and

specificity. In certain embodiments, the "sensitivity" of a diagnostic assay refers to the

percentage of diseased cells, tissues or subjects which test positive (percent of "true positives").

Diseased cells, tissues or subjects not detected by the assay are typically referred to as "false

negatives." Cells, tissues or subjects that are not diseased and which test negative in the assay

may be termed "true negatives." In certain embodiments, the "specificity" of a diagnostic assay

may be defined as one (1) minus the false positive rate, where the "false positive" rate is defined

as the proportion of those samples or subjects without the disease and which test positive. While



a particular diagnostic method may not provide a definitive diagnosis of a condition, it suffices if

the method provides a positive indication that aids in diagnosis.

In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a sensitivity greater than or

equal to 90%, greater than or equal to 91%, greater than or equal to 92%, greater than or equal to

93% , greater than or equal to 94%>, greater than or equal to 95%, greater than or eual to 96%>,

greater than or equal to 97%, greater than or equal to 98%, or greater than or equal to 99%.

In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a specificity of greater than or

equal to 50%>, greater than or equal to 60%, greater than or equal to 70%>, greater than or equal to

80% , greater than or equal to 90%>, or greater than or equal to 95%>.

In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a positive predictive value of

greater than or equal to 50%, greater than or equal to 60%, greater than or equal to 70%, greater

than or equal to 80%, greater than or equal to 90%, or greater than or equal to 95%.

In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a negative predictive value of

greater than or equal to 90%, greater than or equal to 91%, greater than or equal to 92%, greater

than or equal to 93%, greater than or equal to 94%, greater than or equal to 95%, greater than or

eual to 96% , greater than or equal to 97%, greater than or equal to 98%, or greater than or equal

to 99%.

In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a positive likelihood ratio of

greater than or equal to 2, greater than or equal to 3, greater than or equal to 4, greater than or

equal to 5, greater than or equal to 6, greater than or equal to 7, greater than or equal to 8, greater

than or equal to 10, greater than or equal to 15, greater than or equal to 20, or greater than or

equal to 25.

In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a positive post-test probability

of greater than or equal to 50%, greater than or equal to 60%, greater than or equal to 70%,

greater than or equal to 80%, greater than or equal to 90%, or greater than or equal to 95%.



In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a negative likelihood ratio of

less than or equal to 0.20, less than or equal to 0.18, less than or equal to 0.16, less than or equal

to 0.14, less than or equal to 0.12, less than or equal to 0.10, less than or equal to 0.08, or less

than or equal to 0.06.

In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a negative post-test probability

of less than or equal to 10.0%, less than or equal to 9.0% less than or equal to 8.0%>, less than or

equal to 7.0%, less than or equal to 6.0%, less than or equal to 5.0%>, less than or equal to 4.0%>

or less than or equal to 3.0%>.

In particular embodiments of methods and kits of the present invention, a thyroid

tissue or nodule sample is diagnosed as cancerous or benign with a sensitivity of greater than or

equal to 92% or greater than or equal to 97% and a specificity of greater than or equal to 60% or

greater than or equal to 90%. In particular embodiments, the AUC is greater than 0.97, with both

sensitivity and specificity values greater than or equal to 92% and 60%>, respectively. In

particular embodiments, the AUC is greater than 0.97, with both sensitivity and specificity values

greater than or equal to 92% and 90%, respectively. In particular embodiments, the AUC is

greater than 0.97, with both sensitivity and specificity values greater than or equal to 97% and

90% , respectively.

In some embodiments, the present invention provides a method of diagnosing,

identifying, or classifyinga cancer, e.g., a thyroid cancer, comprising the steps of: obtaining an

expression level for one or more gene products of a biological sample, e.g., a thyroid tissue

sample; and identifying the biological sample as benign wherein the gene product expression

level(s) indicates a lack of cancer in the biological sample. In other embodiments, the present

invention provides a method of diagnosing, identifying, classifying, or diagnosing cancer, e.g.,

thyroid cancer, comprising the steps of: obtaining an expression level for one or more gene

products of a biological sample; and identifying the biological sample as malignant or suspicious

wherein the gene product expression level(s) is indicative of a cancer in the biological sample.

For example, this can be done by correlating the expression levels of the gene products in the

biological sample with the expression levels of the same gene products in a control sample or a



reference value, in order to identify (or rule out) the presence of thyroid cancer in the biological

sample.

In particular embodiments, the present invention provides a method of diagnosing,

identifying, or classifying a cancer, e.g., a thyroid cancer, in a subject, comprising the steps of:

performing an assay to determine an expression level for one or more gene products of a

biological sample, e.g., a thyroid tissue sample; and identifying the biological sample as benign

wherein the gene product expression level(s) indicates a lack of cancer in the biological sample

or identifying the biological sample as malignant or suspicious wherein the gene product

expression level(s) is indicative of a cancer in the biological sample. In particular embodiments,

the method comprises determining an expression level of two or more, or three or more, gene

products in the thyroid tissue sample, wherein the two or more, or three or more, gene products

are expressed by one or more genes listed in Table 1 and wherein at least one of the gene

products is expressed by a CXCR3, CCR3, CXCLIO, CAR, XB130, HO-1 or CCR7 gene. In

certain embodiments, the method further comprises performing surgery, e.g., a thyroidectomy, on

the subject if the biological sample if detemrined to be cancerous or malignant. In particular

embodiments, the gene product is an RNA, and the assay comprises PCR, RT-PCR or

quantitative PCR, or any other assay to measure RNA amounts or expression levels, including

any of those assays described herein. In particular embodiments, the gene product is a

polypeptide, and the assay comprises an immunohistochemistry assay or any other assay to

measure polypeptide amounts or expression levels, including any of those described herein.

In particular embodiments, the present invention provides a method of diagnosing,

identifying, or classifying a cancer, e.g., a thyroid cancer, in a subject, comprising the steps of:

obtaining a biological sample, e.g., a thyroid tissue sample, from a subject; performing an assay

to determine an expression level for one or more gene products in the biological sample; and

identifying the biological sample as benign wherein the gene product expression level(s)

indicates a lack of cancer in the biological sample or identifying the biological sample as

malignant or suspicious wherein the gene product expression level(s) is indicative of a cancer in

the biological sample. In particular embodiments, the method comprises determining an

expression level of two or more, or three or more, gene products in the thyroid tissue sample,

wherein the two or more, or three or more, gene products are expressed by one or more genes

listed in Table 1 and wherein at least one of the gene products is expressed by a CXCR3, CCR3,



CXCL10, CAR, XB130, HO-1 or CCR7 gene. In certain embodiments, the method further

comprises performing surgery, e.g., a thyroidectomy, on the subject if the biological sample if

detemrined to be cancerous or malignant. In particular embodiments, the gene product is an

RNA, and the assay comprises PCR, RT-PCR or quantitative PCR, or any other assay to measure

RNA amounts or expression levels, including any of those assays described herein. In particular

embodiments, the gene product is a polypeptide, and the assay comprises an

immunohistochemistry assay or any other assay to measure polypeptide amounts or expression

levels, including any of those described herein.

As described further herein, in particular embodiments, the biological sample was

obtained from a subject, e.g., a subject suspected of having or at risk of having a cancer. The

gene products for which expression is determined include those described herein, and may

comprise two or more gene products, which may also be referred to as a "set of gene products."

The gene products described herein, which may be used to determine the presence or absence of

cancer, e.g., thyroid cancer, may also be referred to as "biomarkers."

In particular embodiments, the present invention provides a method of detecting

or diagnosing the presence or absence of thyroid cancer in a subject comprising determining an

expression level of two or more, or three or more, gene products in a thyroid tissue sample

obtained from the subject, wherein the two or more, or three or more, gene products are

expressed by one or more genes listed in Table 1and wherein at least one of the gene products is

expressed by a CXCR3, CCR3, CXCL10, CAR, XB130, HO-1 or CCR7 gene; and identifying

the thyroid tissue sample as cancerous or benign by correlating the expression levels determined

for the biological sample from the subject with the presence or absence of thyroid cancer.

The present invention includes a method of treating a subject in need thereof,

comprising performing a surgery, e.g., surgical removal of the subject's thyroid or a portion

thereof (e.g., a thyroidectomy), on the subject, if the subject has been determined to have thyroid

cancer, wherein the determination was made by any of the diagnostic methods of the present

invention. In particular embodiments, a method of treating a subject in need thereof comprises

performing a surgery, e.g., a thyroidectomy, on the subject, if the subject was determined to have

a thyroid cancer by a method comprising the steps of: performing an assay to determine an

expression level for one or more gene products of a biological sample, e.g., a thyroid tissue

sample; and identifying the biological sample as benign wherein the gene product expression



level(s) indicates a lack of cancer in the biological sample or identifying the biological sample as

malignant or suspicious wherein the gene product expression level(s) is indicative of a cancer in

the biological sample. In particular embodiments, the method comprised determining an

expression level of two or more, or three or more, gene products in the thyroid tissue sample,

wherein the two or more, or three or more, gene products are expressed by one or more genes

listed in Table 1 and wherein at least one of the gene products is expressed by a CXCR3, CCR3,

CXCL10, CAR, XB130, HO-1 or CCR7 gene. In particular embodiments, the method further

comprises identifying the subject as being at risk of having thyroid cancer by perfoming a

cytological or histochemical analysis of a biological samples obtained from the subject, e.g., by a

needle biopsy or fine needle aspirate.

In related embodiments, the present invention includes a method of treating a

subject in need thereof, comprising: determining if the subject has a cancer, e.g., thyroid cancer,

by any of the diagnostic methods of the present invention; and performing a surgery, e.g.,

surgical removal of the subject's tumor or a portion thereof (e.g., a thyroidectomy), if the subject

is determined to have a cancer, e.g., thyroid cancer. In particular embodiments, the method of

treating a subject in need thereof comprises : (i) determining if the subject has a thyroid cancer by

a method comprising the steps of: performing an assay to determine an expression level for one

or more gene products of a biological sample, e.g., a thyroid tissue sample; and identifying the

biological sample as benign wherein the gene product expression level(s) indicates a lack of

cancer in the biological sample or identifying the biological sample as malignant or suspicious

wherein the gene product expression level(s) is indicative of a cancer in the biological sample;

and (ii) performing a surgery, e.g., a thyroidectomy, on the subject, if the results of step (i)

indicate that the subject has or likely has a cancer, e.g., thyroid cancer. In particular

embodiments, the method comprises determining an expression level of two or more, or three or

more, gene products in the thyroid tissue sample, wherein the two or more, or three or more, gene

products are expressed by one or more genes listed in Table 1 and wherein at least one of the

gene products is expressed by a CXCR3, CCR3, CXCL10, CAR, XB130, HO-1 or CCR7 gene.

In particular embodiments, the method further comprises identifying the subject as being at risk

of having thyroid cancer by perfoming a cytological or histochemical analysis of a biological

samples obtained from the subject, e.g., by a needle biopsy or fine needle aspirate.



In certain embodiments, the present invention includes a method of treating a

subject in need thereof, comprising: (i) requesting, or obtaining the results of, a diagnostic assay

described herein that was performed on a biological sample, e.g., a thyroid sample, obtained from

the subject; and (ii) performing a surgery, e.g., surgical removal of the subject's tumor or a

portion thereof (e.g., a thyroidectomy), if the results of the diagnostic assay indicate that the

subject has a cancer, e.g., thyroid cancer. In particular embodiments, the diagnostic assay

comprises: performing an assay to determine an expression level for one or more gene products

of a biological sample, e.g., a thyroid tissue sample; and identifying the biological sample as

benign wherein the gene product expression level(s) indicates a lack of cancer in the biological

sample or identifying the biological sample as malignant or suspicious wherein the gene product

expression level(s) is indicative of a cancer in the biological sample. In particular embodiments,

the method comprises determining an expression level of two or more, or three or more, gene

products in the thyroid tissue sample, wherein the two or more, or three or more, gene products

are expressed by one or more genes listed in Table 1 and wherein at least one of the gene

products is expressed by a CXCR3, CCR3, CXCLIO, CAR, XB130, HO-1 or CCR7 gene. In

particular embodiments, the method further comprises identifying the subject as being at risk of

having thyroid cancer by requesting, or obtaining the results of, a cytological or histochemical

analysis of a biological sample obtained from the subject, e.g., by a needle biopsy or fine needle

aspirate.

In certain embodiments, the present invention includes a method of determining if

a subject has a cancer, e.g., a thyroid cancer, where an initial test performed on a biological

sample obtained from the subject, e.g., a FNA of thyroid tissue, was indeterminate, the method

comprising performing, requesting, or obtaining the results of, a diagnostic assay described

herein t performed on a biological sample, e.g., a thyroid sample, obtained from the subject. In

particular embodiments, the diagnostic assay comprises: performing an assay to determine an

expression level for one or more gene products of a biological sample, e.g., a thyroid tissue

sample; and identifying the biological sample as benign wherein the gene product expression

level(s) indicates a lack of cancer in the biological sample or identifying the biological sample as

malignant or cancer wherein the gene product expression level(s) is indicative of a cancer in the

biological sample. In particular embodiments, the method comprises determining an expression

level of two or more, or three or more, gene products in the thyroid tissue sample, wherein the



two or more, or three or more, gene products are expressed by one or more genes listed in Table

1 and wherein at least one of the gene products is expressed by a CXCR3, CCR3, CXCL10,

CAR, XB130, HO-1 or CCR7 gene.

In particular embodiments of any of the methods of the invention, the correlating

is performed by comparing the expression level(s) of the gene products in the sample from the

subject to a control or reference expression level for each gene product examined. The thyroid

tissue sample is identified as cancerous, if there is a significant difference in the expression level

of the gene products between the thyroid tissue sample and normal control or reference

expression levels. In certain embodiments, the thyroid tissue sample is identified as cancerous, if

there is a significant difference in the expression level of two or more, three or more, or four or

more gene products between the thyroid tissue sample and a normal control or reference

expression levels. Likewise, the thyroid tissue sample is identified as benign, if there is no

significant difference (i.e., there is substantial similarity) in the expression level of the gene

products between the thyroid tissue sample and normal control or reference expression levels. In

certain embodiments, the thyroid tissue sample is identified as benign, if there is no significant

difference in the expression level of two or more, three or more, or four or more gene products

between the thyroid tissue sample and a normal control or reference expression levels.

In certain embodiments of any of the methods described herein, the thyroid tissue

sample is identified as cancerous, if the expression level of any one or more of Genes 1, 8, 9, 13,

14, 15 and/or 18 is decreased; and/orthe expression level of any one or more of Genes 2, 3, 4, 5,

6, 7, 10, 11, 12, 16 and/or 1 is increased in the thyroid tissue sample as compared to the normal

control expression level, wherein the total number of genes with increased or decreased

expression is at least three. The identity of each gene is as follows: CXCR3 (Gene 1), CXCR3A

(Gene 2), CXCR3B (Gene 3), CXCR4 (Gene 4), CCR3 (Gene 5), CXCL9 (Gene 6), CXCL10

(Gene 7), CXCL1 1(Gene 8), SPAG-9 (Gene 9), CK-19 (Gene 10), TIMP-1 (Gene 11), CLDN-1

(Gene 12), CAR (Gene 13), Nectin-1 (Gene 14), XB-130 (Gene 15), HO-1 (Gene 16), CCR7

(Gene 17), and CXCL4 (Gene 18). In other embodiments of any of the methods described

herein, a thyroid tissue sample is identified as cancerous, if the expression level of one or more,

two or more, three or more, or four or more gene products of any of subsets of genes described

herein is altered as described above. In particular embodiments, the gene set includes one or

more of CXCR3, CCR3, CXCL10, CAR, XB130, HO-1 or CCR7.



In particular embodiments, the correlating is performed by comparing the

expression levels of the gene products in the sample obtained from the subject to reference levels

using an algorithm. The reference levels may include expression levels for each gene product

previoulsy determined from a plurality of cancerous and/or non-cancerous biological samples.

In certain embodiments, the correlating comprises comparing the expression level

to gene expression levels determined for the gene products for the following two sets of

biological samples:

a plurality of normal thyroid tissue samples; and

a plurality of cancerous thyroid tissue samples,

wherein the thyroid tissue sample is identified as cancerous if there is a significant

difference in the expression level of the gene products between the thyroid tissue sample and the

gene expression levels for the plurality of normal thyroid tissue samples, or if there is

substantially no difference in the gene expression level of of the gene products between the

thyroid tissue sample and the gene expression levels for the plurality of cancerous thyroid tissue

samples.

In particular embodiments of any of the methods and kits of the present invention,

the two or more or three or more gene products for which expression levels are determined

comprise or consist of:

two or more or three or more gene products of the CXCR3, CCR3, CXCL10,

CK19, TIMP-1, CLDN-1, CAR, XB130, HO-1 and CCR7 genes;

the gene products of the CXCR3, CCR3, CXCL10, CK19, TIMP-1, CLDN-1,

CAR, HO-1 and CCR7 genes;

the gene products of the CCR3, TIMP-1, CAR and XB130 genes;

the gene products of the CXCL10, TIMP-1, CAR and CCR7 genes;

the gene products of the TIMP-1, CAR and CCR7 genes; or

the gene products of the CXCL10, TIMP-1, CLDN-1, and CCR7 genes.

In particular embodiments of any of the above gene product sets, the two or more

or three or more gene products include one or more of CXCR3 , CCR3 , CXCL 1 , CAR, XB130,

HO- or CCR7. In particular embodiments, the gene products include one or more, two or more,

or three or more of the genes listed in Table 1, and at least one of the gene products is expressed

by a CXCR3 gene. In particular embodiments, the gene products include one or more, two or



more, or three or more of the genes listed in Table 1, and at least one of the gene products is

expressed by a CCR3 gene. In particular embodiments, the gene products include one or more,

two or more, or three or more of the genes listed in Table 1, and at least one of the gene products

is expressed by a CXCL10 gene. In particular embodiments, the gene products include one or

more, two or more, or three or more of the genes listed in Table 1, and at least one of the gene

products is expressed by a CAR gene. In particular embodiments, the gene products include one

or more, two or more, or three or more of the genes listed in Table 1, and at least one of the gene

products is expressed by a XB130 gene. In particular embodiments, the gene products include

one or more, two or more, or three or more of the genes listed in Table 1, and at least one of the

gene products is expressed by a HO-1 gene. In particular embodiments, the gene products

include one or more, two or more, or three or more of the genes listed in Table 1, and at least one

of the gene products is expressed by a CCR7 gene.

In various embodiments, methods of the present invention also include the step of

performing a cytological or histological analysis on a biological sample, e.g., a thyroid tissue

sample, obtained from the subject, e.g., to obtain a preliminary diagnosis. Cytological or

histological analysis may be performed prior to, concurrent with, or subsequent to performing

analysis based on expression of gene products, as described herein. In certain embodiments,

samples with a preliminary diagnosis of intermediate or indeterminate are further analyzed by the

methods of the present invention.

In particular embodiments of methods of the present invention, the methods

further comprises obtaining a biological sample from the subject.

In certain embodiments of methods of the present invention, the methods further

comprise treating the subject for thyroid cancer, if the patient is diagnosed as having thyroid

cancer. In certain embodiments, the treatment comprises surgical removal of the subject's

thyroid or a portion thereof.

The present invention also includes methods and kits useful for characterizing

thyroid cancer. As used herein, the term "characterizing thyroid cancer" in a subject refers to the

identification of one or more properties of a cancer sample in a subject, e.g., a specific type of

thyoroid cancer, and may also include determining the subject's prognosis or survival. Cancers

may be characterized by the identification of the expression of one or more markers, including

but not limited to, the gene products disclosed herein. The skilled artisan will appreciate that the



general methods described herein may be readily adapted to determine the type of thyroid cancer,

e.g., by comparing the expression levels of the gene products to those determined for various

types of thyroid cancer. Based on the determination of type of throid cancer, prognosis, survival,

and/or likelihood of metastasis may be determined or estimated, e.g., based on historical data or

outcomes.

Biological Samples

In certain embodiments, methods of the present invention utilize a biological

sample obtained from a subject, and certain methods include obtaining a biological sample from

a subject. A biological sample may be any material containing tissues, cells, nucleic acids, genes,

gene fragments, expression products, gene products (e.g., mR A or proteins), or gene product

fragments of a subject to be tested. Methods for determining sample suitability and/or adequacy

are provided. A sample may include but is not limited to, tissue, cells, or biological material from

cells or derived from cells of an individual. The sample may be a heterogeneous or homogeneous

population of cells or tissues. In certain embodiments, the biological sample is a tissue sample,

e.g., a sample obtained from the thyroid or a thyroid nodule of a subject. A thyroid nodule is a

growth in the thyroid gland. In particular embodiments, a biological sample comprises gene

products, e.g., nucleic acids, such as mRNA, and/or proteins.

In various embodiments, the subject is an animal (e.g. a mammal), including but

not limited to humans, non-human primates, rodents, dogs, cats, pigs, fish, and the like. In

particular embodiments, the present methods and compositions apply to biological samples from

humans. In some embodiments, the human is a child, an adolescent, or an adult. In particular

embodiments, the subject has been determined to be at risk for having or is suspected of having a

thyroid tumor.

The term "subject suspected of having" thyroid cancer refers to a subject that

presents one or more symptoms indicative of a thyroid cancer (e.g., a noticeable lump or mass) or

is being screened for a cancer (e.g., during a routine physical). For example, a subject may have

been determined to have an enlarged thyroid and/or one or more thyroid nodules. A subject

suspected of having thyroid carcinoma may also have one or more risk factors. A subject

suspected of having thyroid cancer encompasses subjects who have received an initial diagnosis

but for whom the stage of cancer is not known. The term further includes people who once had



cancer (e.g., an individual in remission). In addition, certain subjects may have been previously

tested for thyroid tumor but the results were inconclusive or indeterminate.

As used herein, the term "subject at risk for thyroid cancer" refers to a subject

with one or more risk factors for developing thyroid cancer, in particular aggressive or metastatic

thyroid cancer, more particularly ATC. Risk factors include, but are not limited to, gender, age,

genetic predisposition, environmental exposure, previous incidents of cancer, preexisting non-

cancer diseases, and lifestyle.

A biological sample may be obtained using any method known to the art that can

provide a sample suitable for the analytical methods described herein. Methods of obtaining a

biological sample from a subject include, but are not limited to, methods of biopsy including fine

needle aspiration (FNA), needle aspiration, core needle biopsy, vacuum assisted biopsy,

incisional biopsy, excisional biopsy, or punch biopsy. In particular embodiments, methods and

kits of the present invention utilize biological samples obtained by FNA. Methods of obtaining

suitable samples of thyroid are known in the art and are further described in the ATA Guidelines

for thryoid nodule management (Cooper et al. Thyroid Vol. 16 No. 2 2006), herein incorporated

by reference in its entirety. Generic methods for obtaining biological samples are also known in

the art and further described in for example Ramzy, Ibrahim Clinical Cytopathology and

Aspiration Biopsy 2001 which is herein incorporated by reference in its entirety. In one

embodiment, the sample is a fine needle aspirate of a thyroid gland, a thyroid nodule or a

suspected thyroid tumor. In some cases, the fine needle aspirate sampling procedure may be

guided by the use of an ultrasound, X-ray, or other imaging device.

In some cases, multiple biological samples, such as multiple thyroid samples, may

be obtained for diagnosis by the methods of the present invention, e.g., at the same or different

times. In some cases, a sample, or samples obtained at the same or different times, are stored

and/or analyzed by different methods. For example, a sample may be obtained and analyzed by

cytological analysis (routine staining). In some cases, a further sample may be obtained from a

subject at the same time or later, e.g., based on the results of a cytological analysis. The further

sample may be used in a method of the present invention, e.g., when the cytological analysis was

indeterminate with respect to the presence or absence of cancer. In other embodiments of

methods of the present invention, a single sample may be obtained and a portion of the sample



analyzed by cytological analysis, while another portion of the sample is analyzed by methods of

the present invention.

In certain embodiments, a biological sample is obtained from a subject by a

medical professional, e.g., at a hospital, doctor's office, testing center or laboratory. In certain

embodiments, a biological sample may be obtained using a kit, which may contain a means for

obtaining a sample as described herein, a means for storing the sample, and instructions for use

of the kit. In some cases, the kit is provided by a molecular profiling service, which may also

perform a diagnostic assay on the biological sample.

In particular embodiments, a biological sample is stored for a time such as

seconds, minutes, hours, days, weeks, months, years or longer after the sample is obtained and

before the sample is analyzed by one or more methods of the invention. In some cases, the

sample obtained from a subject is subdivided prior to the step of storage or further analysis such

that different portions of the sample are subject to different downstream methods or processes

including but not limited to storage, cytological analysis, adequacy tests, nucleic acid extraction,

protein extraction, molecular profiling or a combination thereof. In some cases, a portion of the

sample is stored while another portion of said sample is further manipulated. Such manipulations

may include but are not limited to: molecular profiling; cytological staining; nucleic acid (e.g.,

mR A) extraction, detection, or quantification; protein extraction, detection, or quantification;

fixation (e.g. formalin fixed paraffin embedded samples); and/or examination. The sample may

be fixed prior to or during storage by any method known to the art such as using glutaraldehyde,

formaldehyde, or methanol. In other cases, the sample is obtained and stored and subdivided after

the step of storage for further analysis such that different portions of the sample are subject to

different downstream methods or processes including but not limited to storage, cytological

analysis, adequacy tests, nucleic acid extraction, polypeptide extraction, molecular profiling,

determining expression of one or more gene products, or a combination thereof. In some cases,

samples are obtained and analyzed by, for example cytological analysis, and the resulting sample

material is further analyzed by one or more methods of the present invention comprising

determining expression levels of gene prodcuts described herein, e.g., by molecular profiling. In

such cases, the samples may be stored between the steps of cytological analysis and the steps of

determining gene product expression levels, e.g., by molecular profiling. In certain

embodiments, samples may be stored frozen (e.g., at about any of 0°C, -1°C, -2°C, -3°C, -4°C, -



5°C, -6°C, -7°C, -8°C, -9°C, -10°C, -12°C, -14°C, -15°C, -16°C, -20°C, - 22°C, -25°C, -28°C, -

30°C, -35°C, -40°C, -45°C, -50°C, -60°C, -70°C, -80°C, -100°C, -120°C, -140°C, -180°C, -

190°C, or about -200°C) or at reduced temperatures (e.g. between about 20°C and about 0°C) in

a suitable medium, excipient, or solution, such as, e.g., a commercial preparation suitable for

storage of cells for subsequent cytological analysis, such as but not limited to, Cytyc ThinPrep,

SurePath, or Monoprep.

During or after sample obtainment, including before or after a step of storing the

sample, the biological sample may assessed for its suitability for use in the methods and

compositions of the present invention. The sample may be determined to be adequate or

inadequate for further analysis due to many factors including but not limited to: insufficient cells,

insufficient genetic material, insufficient protein, DNA, or RNA, inappropriate cells for the

indicated test, or inappropriate material for the indicated test, age of the sample, manner in which

the sample was obtained, or manner in which the sample was stored or transported. Adequacy

may be determined using a variety of methods known in the art such as a cell staining procedure,

measurement of the number of cells or amount of tissue, measurement of total protein,

measurement of nucleic acid, visual examination, microscopic examination, or temperature or pH

determination. In one embodiment, sample adequacy is determined from the results of

performing a gene product level analysis experiment.

Examples of methods for determining that an adequate number of a specific type

of cell is present include PCR, quantitative PCR, RT-PCR, immuno-histochemical analysis,

cytological analysis, microscopic, and or visual analysis.

Samples may be analyzed by determining nucleic acid content after extraction

from the biological sample using a variety of methods known to the art, such as, e.g., ultraviolet

absorbance, including but not limited to aborbance at 260 nanometers using a spectrophotometer.

In certain embodiments, the RNA quantity or yield from a given sample is measured using a

NanoDrop spectrophotometer in a range of nano- to micrograms. In some embodiments, RNA

quality is measured using an Agilent 2100 Bioanalyzer instrument, and is characterized by a

calculated RNA Integrity Number (RIN, 1-10). The RNA integrity number (RIN) is an

algorithm for assigning integrity values to RNA measurements. The RIN algorithm is applied to

electrophoretic RNA measurements and based on a combination of different features that

contribute information about the RNA integrity to provide a more robust universal measure. The



algorithm assigns a 1to 10 RIN score, where level 10 RNA is highest quality. In one aspect, the

present invention provides a method of analyzing gene expression from a sample with an RNA

RIN value equal or less than 6.0, equal or less than 5, or equal or less than 4 . In some

embodiments, a sample containing RNA with an RIN number of about any of 1.0, 2.0, 3.0, 4.0,

5.0 or 6.0 is analyzed using the subject methods and algorithms of the present invention.

In some embodiments, protein content in the biological sample is measured using

any of a variety of methods known to the art, including but not limited to: ultraviolet absorbance

at 280 nanometers, cell staining, or protein staining with, for example, coomassie blue, or

bichichonic acid. In some cases, protein is extracted from the biological sample prior to

measurement of the sample.

In particular embodiments, samples are processed by any method known and

available in the art, e.g., to isolate gene products from the biological sample. In certain

embodiments, the gene products are selected from nucleic acids (e.g., RNA, including mRNA)

and proteins.

Cytological Analysis

Cytological analysis of biological samples may be performed, e.g., by cell staining

combined with microscopic examination of the cells in the biological sample. Cell staining, or

cytological examination, may be performed by a number of methods and suitable reagents known

to the art including but not limited to: EA stains, hematoxylin stains, cytostain, Papanicolaou

stain, eosin, nissl stain, toluidine blue, silver stain, azocarmine stain, neutral red, or j anus green.

In some cases the cells are fixed and/or permeablized, e.g., using methanol, ethanol,

glutaraldehyde or formaldehyde, prior to or during the staining procedure, while in others, they

are not. Nucleic acid content may or may not be performed, e.g., using a staining procedure, for

example with ethidium bromide, hematoxylin, nissl stain or any nucleic acid stain known to the

art.

In some embodiments, cells may be smeared onto a slide by standard methods

well known in the art for cytological examination. In other cases, liquid based cytology (LBC)

methods may be utilized. In LBC methods, biological samples are transferred from the subject to

a container or vial containing a liquid cytology preparation solution such as for example Cytyc

ThinPrep, SurePath, or Monoprep or any other liquid based cytology preparation solution known

in the art. Additionally, the sample may be rinsed from the collection device with liquid cytology



preparation solution into the container or vial to ensure substantially quantitative transfer of the

sample. The solution containing the biological sample in liquid based cytology preparation

solution may then be stored and/or processed by a machine or by one skilled in the art to produce

a layer of cells on a glass slide. The sample may further be stained and examined under the

microscope in the same way as a conventional cytological preparation.

In some embodiments, samples may be analyzed by immuno-histochemical

staining. Immuno-histochemical staining provides for the analysis of the presence, location, and

distribution of specific molecules or antigens by use of antibodies in a biological sample (e.g.

cells or tissues). Antigens may be small molecules, proteins, peptides, nucleic acids or any other

molecule capable of being specifically recognized by an antibody. Samples may be analyzed by

immuno-histochemical methods with or without a prior fixing and/or permeabilization step. In

some cases, the antigen of interest may be detected by contacting the sample with an antibody

specific for the antigen and then non-specific binding may be removed by one or more washes.

The specifically bound antibodies may then be detected by an antibody detection reagent such as

for example a labeled secondary antibody, or a labeled avidin/streptavidin. In some cases, the

antigen specific antibody may be labeled directly instead. Suitable labels for immuno-

histochemistry include but are not limited to fluorophores such as fluoroscein and rhodamine,

enzymes such as alkaline phosphatase and horse radish peroxidase, and radionuclides such as P

and 1 5I . Examples of Gene product markers that may be detected by immuno-histochemical

staining include but are not limited to Her2/Neu, Ras, Rho, EGFR, VEGFR, UbcHIO,

RET/PTC 1, cytokeratin 20, calcitonin, GAL-3, thyroid peroxidase, and thyroglobulin.

The results of routine cytological examination may indicate abiological sample as

negative (cancer free), ambiguous or suspicious (suggestive of the presence of a cancer),

diagnostic (positive diagnosis for a cancer), or non-diagnostic or indeterminate (providing

inadequate information concerning the presence or absence of cancer). The diagnostic results

may be classified as malignant or benign. In some cases, the diagnostic results may be indicative

of a particular type of a cancer or condition, such as any of the diseases or conditions described

herein.

Genes and Gene Products

In various embodiments, methods of the present invention include molecular

profiling of a biological sample, eg., by determining expression levels of gene products



expressed by any of the genes or gene sets identified herein. Gene products include, but are not

limited to, m NA and protein expressed from the gene. Gene products (also referred to as "gene

expression products") for which expression levels are determined, measured or analyzed

according to methods of the present invention comprise or consist of gene products expressed by

one or more, two or more, three or more, or four or more gene set forth in Table 1, as well as

variants or homologs thereof (i.e., the corresponding genes from other species). The gene

products for which expression is determined may be exclusively gene products expressed by

genes in Table 1 (or variants or homologs thereof), or they may include one or more additional

gene products, including any previously linked to thyroid cancer and those described, e.g., in

PCT patent applications WO201 1/032296, WO201 1/143361, or WO20 10/056374. Table 1

provides names and accession numbers for illustrative sequences for the human genes.

Corresponding genes from other species are readily available.

Table 1. Genes



(Gene 17) I motif) receptor 7 type 7 or CD197

In particular embodiments, methods of the present invention comprise

determining an expression level of gene products of two or more, three or more, four or more, or

five or more of the genes shown in Table 1 in a biological sample, e.g., a thyroid tissue sample.

In certain embodiments, the method comprises determining an expression level of gene products

of at least one, at least two, or at least three genes selected from the CXCR3, CCR3, CXCL10,

CAR, XB130, HO-1 and CCR7 genes. In one embodiment, expression levels are determined for

gene products comprising or consisting of gene products of the CXCR3, CCR3, CXCL10, CK19,

TIMP-1, CLDN-1, CAR, HO-1 and CCR7 genes. In other embodiments, expression levels are

determined for gene products comprising or consisting of: gene products of the CCR3, TIMP-1 ,

CAR and XB130 genes; gene products of the CXCL10, TIMP-1, CAR and CCR7 genes; gene

products of the TIMP-1, CAR and CCR7 genes; or gene products of the CXCL10, TIMP-1,

CLDN-1, and CCR7 genes. The particular sets of gene products for which expression is

determined may be referred to as a "set" of gene products, and the particular genes for which

expression is determined may be referred to as a "gene set." In certain embodiments, the

expression level of the same type of gene product, e.g., mRNA or protein, is determined for each

gene set utilized according to a method of the present invention. Thus, in particular

embodiments, the expression level of only one type of gene product, e.g., mRNA or protein, is

determined in practicing a method of the present invention on a particular tissue sample.

Nonetheless, it is contemplated that methods of the present invention may be practiced wherein

the expression levels of two or more different types of gene products, e.g., both mRNA and

protein, are determined for each gene of a gene set being utilized.

Measuring Levels of Gene Products

The expression level of gene products may be determined by any suitable means

available in the art, and will depend primarily upon the type of gene product being measured.

For example, reagents for detecting gene products may measure RNA expression, protein

expression, protein activity or downstream biological functions of the protein encoded by genes

described herein. Thus, the present invention includes reagents for detecting such genes or the

gene products thereof, including nucleic acids, DNA probes, or antibodies that bind to the

encoded proteins, and the like.



Protein expression levels may be determined, e.g., by immunohistochemistry

using antibodies that specifically bind to protein gene products. In certain embodiments, protein

expression levels are determined using a polypeptide array or an antibody array. Certain

embodiments may employ standard methodologies and detectors such as western blotting and

immunoprecipitation, enzyme-linked immunosorbent assays (ELISA), flow cytometry, and

immunofluorescence assays (IFA), which utilize an imaging device. These well-known methods

typically utilize one or more monoclonal or polyclonal antibodies, or fragments thereof, that

specifically bind to a selected target polypeptide gene product of the invention, or a unique

region of that polypeptide, and generally do not bind significantly to other polypeptides. An

antibody, or antigen-binding fragment thereof, is said to "specifically bind," "immunologically

bind," and/or is "immunologically reactive" to a polypeptide of the invention if it reacts at a

detectable level (within, for example, an ELISA assay) with the polypeptide, and does not react

detectably in a statistically significant manner with unrelated polypeptides under similar

conditions.

Certain embodiments may employ "arrays," such as "microarrays." In certain

embodiments, a "microarray" may also refer to a "peptide microarray" or "protein microarray"

having a substrate-bound collection or plurality of polypeptides, the binding to each of the

plurality of bound polypeptides being separately detectable. Alternatively, the peptide microarray

may have a plurality of binders, including but not limited to monoclonal antibodies, polyclonal

antibodies, phage display binders, yeast 2 hybrid binders, and aptamers, which can specifically

detect the binding of the polypeptide gene products described herein. The array may be based on

autoantibody detection of polypeptides, as described, for example, in Robinson et al. , Nature

Medicine 8(3):295-301 (2002). Examples of peptide arrays may be found in WO 02/3 1463, WO

02/25288, WO 01/94946, WO 01/88162, WO 01/68671, WO 01/57259, WO 00/61806, WO

00/54046, WO 00/47774, WO 99/40434, WO 99/39210, and WO 97/42507 and U.S. Pat. Nos.

6,268,210, 5,766,960, and 5,143,854, each of which are incorporated by reference.

Certain embodiments may employ mass spectrometry (MS) or other molecular

weight-based methods for diagnostically detecting polypeptide gene products. MS refers

generally to an analytical technique for determining the elemental composition of a sample or

molecule. MS may also be used for determining the chemical structures of molecules, such as

peptides and other chemical compounds. An illustrative MS instruments has three modules: an



ion source, which converts gas phase sample molecules into ions (or, in the case of electrospray

ionization, move ions that exist in solution into the gas phase); a mass analyzer, which sorts the

ions by their masses by applying electromagnetic fields; and a detector, which measures the

value of an indicator quantity and thus provides data for calculating the abundances of each ion

present. The MS technique has both qualitative and quantitative uses, including quantifying the

amount of a polypeptide gene product in a sample. Included are gas chromatography-mass

spectrometry (GC/MS or GC-MS), liquid chromatography mass spectrometry (LC/MS or LC-

MS), and ion mobility spectrometry/mass spectrometry (IMS/MS or IMMS). Accordingly, MS

techniques may be used according to any of the methods provided herein to measure the levels of

polypeptide gene product in a sample, and, optionally, to compare those levels to a control

sample or a pre-determined value.

Certain embodiments may employ cell-sorting or cell visualization or imaging

devices/techniques to detect or quantitate the presence or levels of gene products in a sample.

Examples include flow cytometry or FACS, immunofluorescence analysis (IFA), and in situ

hybridization techniques, such as fluorescent in situ hybridization (FISH).

In certain embodiments, methods of the invention include a step of detecting a

polypeptide gene product or determining or measuring an amount of a polypeptide gene product

that comprises contacting the biological sample with one or more probes (e.g., polypeptides or

antibodies) that bind to the polypeptide gene product under conditions and for a time sufficient

for such binding to occur, and then detecting an amount of polypeptide gene product that is

bound to the probe(s), e.g., an amount of the complex of probe and polypeptide gene product.

The detection may be performed by any of a variety of methods known in the art and may

employ the use of detectable labels, e.g., immunofluorescent moieties. In certain embodiments,

the probe is detectably labeled. In certain embodiments, the bound polypeptide gene product is

detected in solution or on a solid support.

Methods of the invention may include a step of isolating one or more gene

products from a biological sample, e.g., before or during determining the amount of particular

gene products in the sample. In certain embodiments, the gene products being detected are

polypeptides, and polypeptides are purified or partially purified from the biological sample. In

certain embodiments, the gene products being detected are mRNAs, and polynucleotides or



mR As are purified or partially purified from the biological sample. Methods of purifying or

partially purifying polypeptides or polynucleotides from a biological sample are known in the art.

Nucleic acid expresion levels may be determined using a variety of different

assays, including but not limited to amplification assays and hybridization assays. Amplification

assays useful in the present invention include, but are not limited to, polymerase chain reaction

(PCR) assays, including reverse transcriptase-PCR (RT-PCR) and real-time PCR, and isothermal

amplification methods. Hybridization assays include, but are not limited to, Northern blot,

quantitative or qualitative polymerase chain reaction (PCR), quantitative or qualitative reverse

transcriptase PCR (RT-PCR), microarray, dot or slot blots, and in situ hybridization such as

fluorescent in situ hybridization (FISH).

Certain embodiments may employ hybridization methods for measuring

expression of a polynucleotide gene product, such as mRNA. Methods for conducting

polynucleotide hybridization assays have been well developed in the art. Hybridization assay

procedures and conditions will vary depending on the application and are selected in accordance

with the general binding methods known including those referred to in: Maniatis et al.

Molecular Cloning: A Laboratory Manual (2nd Ed. Cold Spring Harbor, N.Y., 1989); Berger

and Kimmel Methods in Enzymology, Vol. 152, Guide to Molecular Cloning Techniques

(Academic Press, Inc., San Diego, Calif, 1987); Young and Davis, PNAS. 80: 1194 (1983).

Methods and apparatus for carrying out repeated and controlled hybridization reactions have

been described in U.S. Patent Nos. 5,871,928, 5,874,219, 6,045,996 and 6,386,749, 6,391,623

each of which are incorporated herein by reference.

Certain embodiments may employ molecular bar-coding techniques, such as

commercially available from NanoString Technologies Inc (Seattle, WA, USA) under the brand

name nCounter Gene Expression Assay. This technology allows target expression levels to be

directly assayed from samples as complex as tissue lysates without the need for transcript

amplification. In this method, a biotinylated capture probe and a bar-coded reporter probe (color

coded) are specifically hybridized directly to a target gene of interest. Following removal of

excess unbound probe, probe/target complexes are immobilized and aligned on nCounter

cartridges, and then digital images are acquired and quantified, each bar-code count representing

a transcript copy of the corresponding target gene. Importantly, the use of this bar-coding



method allows for multiplex detection of more than 500 genes in a single sample reaction with

very high reproducibility.

Certain embodiments may measure R A expression using the transcript analysis

and affinity capture (TRAC) method, wherein multiplexed detection of expressed RNA species

can be performed directly on cell lysates or on purified total RNA samples, without the need for

any reverse transcription or amplification. In this novel procedure, biotinylated oligo-dT and

dual-fluorophore-labled gene-specific probes, each probe of distinctly different size, are

hybridized to mRNAs in a given sample. The hybridized material is bound to magnetic

streptavidin beads, washed, released, and then resolved via capillary electrophoresis. Thus target

identification and quantification is achieved simultaneously by analyzing the probe/target size

and fluorescence profiles.

Certain embodiments may employ quantitativenuclease protection assays (qNPA)

or qNPA microarrays, such as those available commercially from High Throughput Genomics

Molecular Diagnostics Inc (Tucson, AZ, USA), wherein the hybridization of gene specific probes

to expressed RNAs protects transcript/probe complexes from digestion by the single-strand-

specific SI ribonuclease. Following SI treatment and base-mediated probe/target complex

dissociation, the remaining probes exist in a 1:1 stoichiometry to their corresponding target

sequences, and thus quantification of probes via capture on microarray surfaces allows inference

of the corresponding target sequence expression levels.

Certain embodiments may employ nucleic acid amplification methods for

detecting gene products. The term "amplification" or "nucleic acid amplification" refers to the

production of multiple copies of at least a portion of a target nucleic acid sequence. The multiple

copies may be referred to as amplicons or amplification products. "Selective amplification" or

"specific amplification," as used herein, refers to the amplification of a target nucleic acid

sequence according to the present invention wherein detectable amplification of the target

sequence is substantially limited to amplification of target sequence contributed by a nucleic acid

sample of interest that is being tested and is not contributed by target nucleic acid sequence

contributed by some other sample source, e.g. , contamination present in reagents used during

amplification reactions or in the environment in which amplification reactions are performed.

The term "amplification conditions" refers to conditions permitting nucleic acid

amplification according to the present invention. Oligonucleotides used in the amplification



reactions of the present invention hybridize to their intended targets under amplification

conditions. Acceptable conditions to carry out nucleic acid amplifications according to the

present invention can be easily ascertained by someone having ordinary skill in the art depending

on the particular method of amplification employed.

Many well-known methods of nucleic acid amplification require thermocycling to

alternately denature double-stranded nucleic acids and hybridize primers; however, other well-

known methods of nucleic acid amplification are isothermal. The polymerase chain reaction

(U.S. Pat. Nos. 4,683,195; 4,683,202; 4,800,159; 4,965,188), commonly referred to as PCR,

uses multiple cycles of denaturation, annealing of primer pairs to opposite strands, and primer

extension to exponentially increase copy numbers of the target sequence. In a variation called

RT-PCR, reverse transcriptase (RT) is used to make a complementary DNA (cDNA) from

mRNA, and the cDNA is then amplified by PCR to produce multiple copies of DNA.

As noted above, the term "PCR" refers to multiple amplification cycles that

selectively amplify a target nucleic acid species. Included are quantitative PCR (qPCR), real

time PCR), reverse transcription PCR (RT-PCR) and quantitative reverse transcription PCR

(qRT-PCR) is well described in the art. The term "qPCR" refers to quantitative polymerase

chain reaction, and the term "qRT-PCR" refers to quantitative reverse transcription polymerase

chain reaction. qPCR and qRT-PCR may be used to amplify and simultaneously quantify a

targeted cDNA molecule. It enables both detection and quantification of a specific sequence in a

cDNA pool. Amplification products can then be visualized by a variety of means, e.g., directly in

a gel by staining, the product can be detected by hybridization with a detectable probe, and/or by

using next generation sequencing.

"Real-time PCR" may use DNA-binding dye to bind to double-stranded (ds)

DNA in PCR reaction mix, causing fluorescence of the dye. An increase in DNA product during

PCR thus leads to an increase in fluorescence intensity and is measured at each cycle, thus

allowing DNA concentrations to be quantified. dsDNA dyes such as SYBR Green will bind to all

dsDNA PCR products. Certain embodiments may use Taqman probes, which are labeled at the

5' end with a fluorophore and at the 3' end with a quencher and are designed to anneal between

the forward and reverse primer binding sites of a desired amplicon. As long as the quencher is

kept in close proximity to the fluorophore, no fluorescence is emitted. During a cycle of PCR,

however, as the polymerase extends the primers the fluorphore and quencher of a bound probe



are cleaved off by means of the polymerase's 5'-3' exonuclease activity, and fluorescence is

emitted. Thus the amount of transcript present in the sample is directly proportional to the

amount of fluorescence detected, and increases in transcript number following PCR cycles lead

to a corresponding increase in emitted fluorescence. Fluorescence is detected and measured in

the real-time PCR thermocycler, and its geometric increase corresponding to exponential

increase of the product is used to determine the threshold cycle ("Ct") in each reaction.

The term "Ct Score" refers to the threshold cycle number, which is the cycle at

which PCR amplification has surpassed a threshold level. If there is a higher quantity of mRNA

for a particular gene in a sample, it will cross the threshold earlier than a lowly expressed gene

since there is more starting RNA to amplify. Therefore, a low Ct score indicates high gene

expression in a sample and a high Ct score is indicative of low gene expression. An atypical CT

value is a value that is greater than two standard deviations of the average CT value for a given

gene.

In certain embodiments, said amplification methods may employ PCR-based

multiplexing, defined herein as the process of detecting two or more target sequences in a single

reaction. Other embodiments of said amplification methods may employ microfiuidics to control

the thermocycling process, or to precisely control the amount and timing of reagents added, or in

other embodiments to allow the adaptation of said amplification methods to portable kits suitable

for clinical application of said methods in lieu of personalized diagnostics.

Certain embodiments may employ amplification-based detection methods in an

array format, for example such as those offered commercially by Qiagen (Hilden, Germany)

under the brand name RT2 Profiler PCR Array, or by Lonza (Basel, Switzerland) under the brand

name StellARray, or by Life Technologies (Carlsbad, CA, USA) under the brand name

OpenArray. In these approaches, independent qPCR reactions can be run simultaneously in high

density 96-well plates, 384-well plates, 100-well discs, or 48 well chips, allowing quantification

of standard or custom gene sets with all of the benefits of qPCR and the added advantage of high

throughput.

Certain embodiments may employ the ligase chain reaction (Weiss, Science.

254: 1292, 1991), commonly referred to as LCR, which uses two sets of complementary

DNA oligonucleotides that hybridize to adjacent regions of the target nucleic acid. The DNA

oligonucleotides are covalently linked by a DNA ligase in repeated cycles of thermal



denaturation, hybridization and ligation to produce a detectable double-stranded ligated

oligonucleotide product.

Another method is strand displacement amplification (Walker, G. et al, 1992,

Proc. Natl. Acad. Sci. USA 89:392-396; U.S. Pat. Nos. 5,270,184 and 5,455,166), commonly

referred to as SDA, which uses cycles of annealing pairs of primer sequences to opposite strands

of a target sequence, primer extension in the presence of a dNTPaS to produce a duplex

hemiphosphorothioated primer extension product, endonuclease-mediated nicking of a

hemimodified restriction endonuclease recognition site, and polymerase-mediated primer

extension from the 3' end of the nick to displace an existing strand and produce a strand for the

next round of primer annealing, nicking and strand displacement, resulting in geometric

amplification of product. Thermophilic SDA (tSDA) uses thermophilic endonucleases and

polymerases at higher temperatures in essentially the same method (European Pat. No. 0 684

315).

Other amplification methods include, for example: nucleic acid sequence based

amplification (U.S. Pat. No. 5,130,238), commonly referred to as NASBA; one that uses an

RNA replicase to amplify the probe molecule itself (Lizardi, P. et al, 1988, BioTechnol. 6 :

1197-1202), commonly referred to as Q replicase; a transcription based amplification method

(Kwoh, D. et al, 1989, Proc. Natl. Acad. Sci. USA 86:1 173-1 177); self-sustained sequence

replication (Guatelli, J . et al, 1990, Proc. Natl. Acad. Sci. USA 87: 1874-1878); and,

transcription mediated amplification (U.S. Pat. Nos. 5,480,784 and 5,399,491), commonly

referred to as TMA. For further discussion of known amplification methods see Persing, David

H., 1993, "In Vitro Nucleic Acid Amplification Techniques" in Diagnostic Medical

Microbiology: Principles and Applications (Persing etal, Eds.), pp. 51-87 (American Society

for Microbiology, Washington, DC).

Illustrative transcription-based amplification systems that may be used according

to the present invention include transcription mediated amplification (TMA), which employs an

RNA polymerase to produce multiple RNA transcripts of a target region (U.S. Pat. Nos.

5,480,784 and 5,399,491). TMA uses a "promoter-primer" that hybridizes to a target nucleic

acid in the presence of a reverse transcriptase and an RNA polymerase to form a double-stranded

promoter from which the RNA polymerase produces RNA transcripts. These transcripts can

become templates for further rounds of TMA in the presence of a second primer capable of



hybridizing to the RNA transcripts. Unlike PCR, LCR or other methods that require heat

denaturation, TMA is an isothermal method that uses an RNase H activity to digest the RNA

strand of an RNA:DNA hybrid, thereby making the DNA strand available for hybridization with

a primer or promoter-primer. Generally, the RNase H activity associated with the reverse

transcriptase provided for amplification is used.

In certain embodiments, other techniques may be used to determine expression of

a polynucleotide gene product, including microarray analysis (Han, M., et al, Nat Biotechnol,

19: 631-635, 2001; Bao, P., et al, Anal Chem, 74: 1792-1797, 2002; Schena etal, Proc. Natl.

Acad. Sci. USA 93:10614-19, 1996; and Heller et al, Proc. Natl. Acad. Sci. USA 94:2150-55,

1997) and SAGE (serial analysis of gene expression). Like MPSS, SAGE is digital and can

generate a large number of signature sequences (see e.g. ,Velculescu, V.E., et al. , Trends Genet,

16: 423-425., 2000; Tuteja R. and Tuteja N . Bioessays. 2004 Aug; 26(8):916-22), although

orders of magnitude fewer than that are available from techniques such as MPSS.

In certain embodiments, the term "microarray" includes a "nucleic acid

microarray" having a substrate -bound plurality of nucleic acids, hybridization to each of the

plurality of bound nucleic acids being separately detectable. The substrate can be solid or porous,

planar or non-planar, unitary or distributed. Nucleic acid microarrays include all the devices so

called in Schena (ed.), DNA Microarrays: A Practical Approach (Practical Approach Series),

Oxford University Press (1999); Nature Genet. 21(1) (suppl): 1-60 (1999); Schena (ed.),

Microarray Biochip: Tools and Technology, Eaton Publishing Company/BioTechniques Books

Division (2000). Nucleic acid microarrays may include a substrate-bound plurality of nucleic

acids in which the plurality of nucleic acids are disposed on a plurality of beads, rather than on a

unitary planar substrate, as described, for example, in Brenner etal, Proc. Natl. Acad. Sci. USA

97(4): 1665-1670 (2000). Examples of nucleic acid microarrays may be found in U.S. Pat. Nos.

6,391,623, 6,383,754, 6,383,749, 6,380,377, 6,379,897, 6,376,191, 6,372,431, 6,351,712

6,344,316, 6,316,193, 6,312,906, 6,309,828, 6,309,824, 6,306,643, 6,300,063, 6,287,850,

6,284,497, 6,284,465, 6,280,954, 6,262,216, 6,251,601, 6,245,518, 6,263,287, 6,251,601,

6,238,866, 6,228,575, 6,214,587, 6,203,989, 6,171,797, 6,103,474, 6,083,726, 6,054,274,

6,040,138, 6,083,726, 6,004,755, 6,001,309, 5,958,342, 5,952,180, 5,936,731, 5,843,655,

5,814,454, 5,837,196, 5,436,327, 5,412,087, and 5,405,783, the disclosures of which are

incorporated by reference.



Additional examples include nucleic acid arrays that are commercially available

from Affymetrix (Santa Clara, Calif.) under the brand name GENECHIP™ or Illumina (San

Diego, CA). Further exemplary methods of manufacturing and using arrays are provided in, for

example, US. Pat. Nos. 7,028,629; 7,01 1,949; 7,01 1,945; 6,936,419; 6,927,032; 6,924,103;

6,921,642; and 6,818,394.

The present invention as related to arrays and microarrays also contemplates many

uses for polymers attached to solid substrates. Exemplary gene expression monitoring and

profiling methods and methods useful for gene expression monitoring and profiling are descrived

in U.S. Pat. Nos. 5,800,992, 6,013,449, 6,020,135, 6,033,860, 6,040,138, 6,177,248 and

6,309,822. Genotyping and uses therefore are shown in U.S. Ser. Nos. 10/442,021, 10/013,598

(U.S. Application No. 2003/0036069), and U.S. Pat. Nos. 5,925,525, 6,268,141, 5,856,092,

6,267,152, 6,300,063, 6,525,185, 6,632,61 1, 5,858,659, 6,284,460, 6,361,947, 6,368,799,

6,673,579 and 6,333, 179. Other methods of nucleic acid amplification, labeling and analysis that

may be used in combination with the methods disclosed herein are embodied in U.S. Pat. Nos.

5,871,928, 5,902,723, 6,045,996, 5,541,061, and 6,197,506.

Certain embodiments may employ RNA sequencing, such as as Whole

Transcriptome Shotgun Sequencing (WTSS), commonly referred to as RNA-Seq, for the analysis

of RNA expression, wherein a transcriptome map of expression profiles with single nt-resolution

can be assembled via the utilization of deep sequencing technologies. In one embodiment, RNA

samples, e.g. mRNA, are converted to fragmented cDNAs and then ligated to sequencing

adaptors. High throughput sequencing allows the generation of millions of short sequence reads

which can be either assembled de novo, or aligned against a known genome or reference

sequence. The ratio of the individual sequence reads to the total number of recorded reads can

then be used to generate an expression profile.

In certain embodiments, methods of the invention include a step of detecting a

polynucleotide gene product (e.g., mRNA) or determining or measuring an amount of a

polynucleotide gene product that comprises contacting the biological sample with one or more

probes (e.g., primers or polynucleotides) that bind to the polynuclotide gene product under

conditions and for a time sufficient for such binding to occur, and then detecting an amount of

polynucleotide gene product that is bound to the probe(s), e.g., an amount of the complex of

probe and polynucleotide gene product. The detection may be performed by any of a variety of



methods known in the art and may employ the use of detectable labels, e.g., immunofluorescent

moieties. In certain embodiments, the probe is detectably labeled. In certain embodiments, the

bound polynucleotide gene product is detected in solution or on a solid support.

Reagents for Detecting Gene Products

As will be apparent to persons skilled in the art, certain embodiments may employ

reagents for detecting gene products, such as, e.g., antibodies and oligonucleotides, including

primers or probes, as described herein. In particular embodiments, a reagent for detecting a gene

product specifically binds or specifically hybridizes to the target gene product and not to

unrelated gene products, e.g., gene products expressed from a different, unrelated gene. Methods

of producing reagents, such as antibodies and oligonucleotides, that specifically bind or

specifically hybridize to a target polypeptide or nucleic acid sequence are known in the art. For

example, antibodies may be prepared by any of a variety of techniques known to those of

ordinary skill in the art. See, e.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold

Spring Harbor Laboratory, 1988. Monoclonal antibodies specific for a polypeptide of interest

may be prepared, for example, using the technique of Kohler and Milstein, Eur. J . Immunol.

6:51 1-519, 1976, and improvements thereto.

With respect to single stranded nucleic acids, particularly oligonucleotides, the

term "specifically hybridize" refers to the association between two single-stranded nucleotide

molecules of sufficient complementary sequence to permit such hybridization under pre

determined conditions generally used in the art (sometimes termed "substantially

complementary"). In particular, in one embodiment the term refers to hybridization of an

oligonucleotide with a substantially complementary sequence contained within a single-stranded

DNA or RNA molecule, to the substantial exclusion of hybridization of the oligonucleotide with

single-stranded nucleic acids of non-complementary sequence. For example, specific

hybridization can refer to a sequence which hybridizes to a gene product under appropriate

conditions enabling specific hybridization of single stranded nucleic acid molecules of varying

complementarity are well known in the art.

In one embodiment, the expression level of a gene product in a biological sample

is determined by measuring the relative rates of transcription of RNA, such as by production of

corresponding cDNAs and then analyzing the resulting DNA using probes, such as, e.g., those



developed from the gene sequences as identified in Table 1. Accordingly, the levels of cDNA

produced by use of reverse transcriptase with the RNA of a biological sample produces a

corresponding amount of cDNA, which can then be amplified using polymerase chain reaction,

or some other means, to determine the relative levels of resulting cDNA and, thereby, the relative

levels of gene expression.

Illustrative reagents for detecting nucleic acid gene products include nucleic acids,

and in particular include oligonucleotides. A nucleic acid can be DNA or RNA, and may be

single or double stranded. In one embodiment, the oligonucleotides are DNA probes, or primers

for amplifying nucleic acids produced from target genes. In one embodiment, the

oligonucleotides of the present invention are capable of specifically hybridizing (e.g., under

moderate or stringent hybridization conditions), toa gene product described herein.

Oligonucleotides can be naturally occurring or synthetic, but are typically prepared by synthetic

means. Oligonucleotides, as described herein, may include segments of DNA, or their

complements. The exact size of the oligonucleotide will depend on various factors and on the

particular application and use of the oligonucleotide. Oligonucleotides, which include probes and

primers, can be any length from 3 nucleotides to the full length of a target gene product (such as

those expressed from the gene provided in Table 1), and explicitly include every possible number

of contiguous nucleic acids from 3 through the full length of a target gene product. Thus,

oligonucleotides can be between 5 and 100 contiguous bases, and often range from 5, 10, 12, 13,

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides to 30, 35, 40, 45, 50, 55, 60, 65, 70,

75, 80, 85, 90, 95, or 100 nucleotides. Oligonucleotides between 5-10, 5-20, 10-20, 12-30, 15-

30, 10-50, 20-50 or 20-100 bases in length are common.

Oligonucleotides of the present invention can be RNA, DNA, or derivatives of

either. The minimum size of such oligonucleotides is the size required for formation of a stable

hybrid between an oligonucleotide and a complementary sequence on a nucleic acid molecule of

the present invention (e.g., the expressed gene products or resulting cDNAs or copies thereof

resulting from amplification). The present invention includes oligonucleotides that can be used

as, for example, probes to identify nucleic acid molecules (e.g., DNA probes) or primers to

amplify nucleic acid molecules.

In one embodiment, an oligonucleotide may be a probe which refers to, e.g., an

oligonucleotide, polynucleotide or nucleic acid, either RNA or DNA, whether occurring naturally



as in a purified restriction enzyme digest or produced synthetically, which is capable of annealing

with or specifically hybridizing to a nucleic acid with sequences complementary to the probe. A

probe may be either single-stranded or double-stranded. The exact length of the probe will

depend upon many factors, including temperature, source of probe and use of the method. For

example, for diagnostic applications, depending on the complexity of the target sequence, the

oligonucleotide probe typically contains 15-25 or more nucleotides, although it may contain

fewer nucleotides. In certain embodiments, a probe can be between 5 and 100 contiguous bases,

and is generally about 5, 10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides in

length, or may be about 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 nucleotides

in length. The probes herein are selected to be complementary to different strands of a particular

target nucleic acid sequence. This means that the probes must be sufficiently complementary so

as to be able to specifically hybridize or anneal with their respective target strands under a set of

pre-determined conditions. Therefore, the probe sequence need not reflect the exact

complementary sequence of the target. For example, a non-complementary nucleotide fragment

may be attached to the 5' or 3' end of the probe, with the remainder of the probe sequence being

complementary to the target strand. Alternatively, non-complementary bases or longer sequences

can be interspersed into the probe, provided that the probe sequence has sufficient

complementarity with the sequence of the target nucleic acid to anneal therewith specifically.

In one embodiment, an oligonucleotide may be a primer, which refers to an

oligonucleotide, either R A or DNA, either single-stranded or double-stranded, either derived

from a biological system, generated by restriction enzyme digestion, or produced synthetically

which, when placed in the proper environment, is able to functionally act as an initiator of

template-dependent nucleic acid synthesis. When presented with an appropriate nucleic acid

template, suitable nucleoside triphosphate precursors of nucleic acids, a polymerase enzyme,

suitable cofactors and conditions such as a suitable temperature and pH, the primer may be

extended at its 3' terminus by the addition of nucleotides by the action of a polymerase or similar

activity to yield a primer extension product. The primer may vary in length depending on the

particular conditions and requirement of the application. For example, in certain applications, an

oligonucleotide primer is about 15-25 or more nucleotides in length, but may in certain

embodiments be between 5 and 100 contiguous bases, and often be about 5, 10, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides long or, in certain embodiments, may be



about 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 nucleotides in length for. The

primer must be of sufficient complementarity to the desired template to prime the synthesis of the

desired extension product, that is, to be able to anneal with the desired template strand in a

manner sufficient to provide the 3' hydroxyl moiety of the primer in appropriate juxtaposition for

use in the initiation of synthesis by a polymerase or similar enzyme. It is not required that the

primer sequence represent an exact complement of the desired template. For example, a non-

complementary nucleotide sequence may be attached to the 5' end of an otherwise

complementary primer. Alternatively, non-complementary bases may be interspersed within the

oligonucleotide primer sequence, provided that the primer sequence has sufficient

complementarity with the sequence of the desired template strand to functionally provide a

template-primer complex for the synthesis of the extension product.

In certain embodiments, a reagent for determining expression of a gene product

comprises a set of two, three or more oligonucleotides, wherein each oligonucleotide of the set

hybridizes to a gene product described herein or a complementary strand of the gene product.

Thus, e.g., each oligonucleotide may hybridize to an mR A gene product and/or to one or more

strands of a cDNA produced from the mRNA. In one embodiment, a set of oligonucleotides

comprises DNA probes. In certain embodiments, a set of oligonucleotides comprises at least two

amplification primers or PCR primers, which together are capable of amplifying at least a portion

of a target nucleic acid sequence, e.g., an mRNA gene product or resulitng cDNA. In another

embodiment, the sets of oligonucleotides or DNA probes may be provided on an array, such as

solid phase arrays, chromosomal/DNA microarrays, or micro-bead arrays. Array technology is

well known in the art and described herein.

Oligonucleotides of a defined sequence and chemical structure may be produced

by techniques known to those of ordinary skill in the art, such as by chemical or biochemical

synthesis, and by in vitro or in vivo expression from recombinant nucleic acid molecules, e.g. ,

bacterial or viral vectors. In certain embodiments, an oligonucleotide does not consist solely of

wild-type chromosomal DNA or the in vivo transcription products thereof.

In certain embodiments, the present invention provides isolated polynucleotide,

e.g., primers or probes, comprising various lengths of contiguous stretches of sequence identical

to or complementary to a gene or polynucleotide gene product, e.g., mRNA, described herein.



Oligonucleotides, probes or primers may be modified in any way, as long as a

given modification is compatible with the desired function of a given oligonucleotide. One of

ordinary skill in the art can easily determine whether a given modification is suitable or desired

for any given oligonucleotide of the present invention.

While the design and sequence of oligonucleotides depends on their function as

described herein, several variables are generally taken into account. Among the most relevant

are: length, melting temperature (Tm), specificity, complementarity with other oligonucleotides

in the system, G/C content, polypyrimidine (T, C) or polypurine (A, G) stretches, and the 3'-end

sequence. Controlling for these and other variables is a standard and well known aspect of

oligonucleotide design, and various computer programs are readily available to screen large

numbers of potential oligonucleotides for optimal ones.

As will be recognized by the skilled artisan, polynucleotides may be single-

stranded (coding or antisense) or double-stranded, and may be DNA (genomic, cDNA or

synthetic) or R A molecules. Additional coding or non-coding sequences may, but need not, be

present within a polynucleotide of the present invention, and a polynucleotide may, but need not,

be linked to other molecules and/or support materials.

The present invention includes the use of oligonucleotides that specificallybind to

a target gene product under conditions suitable for performing any of the assays descibed herein,

including but not limited to PCR, RT-PCR and real-time PCT. Suitable conditions are known in

th art and include those used in standard reactions perfomed according to directions provided by

retailers of PCR machines and reagents. In certain embodiments, the present invention

contemplates polynucleotides, including oligonucleotides, that hybridize to reference nucleotide

sequences (e.g., target gene products), or to their complements, under stringency conditions

described below. As used herein, the term "hybridizes under low stringency, medium stringency,

high stringency, or very high stringency conditions" describes conditions for hybridization and

washing. Guidance for performing hybridization reactions can be found in Ausubel et al. , ( 1998,

supra), Sections 6.3. 1-6.3.6. Aqueous and non-aqueous methods are described in that reference

and either can be used.

Reference herein to low stringency conditions include and encompass from at

least about 1% v/v to at least about 15% v/v formamide and from at least about 1 M to at least

about 2 M salt for hybridization at 42° C, and at least about 1 M to at least about 2 M salt for



washing at 42° C. Low stringency conditions also may include 1% Bovine Serum Albumin

(BSA), 1 mM EDTA, 0.5 M NaHP04 (pH 7.2), 7% SDS for hybridization at 65°C, and (i) 2 x

SSC, 0.1% SDS; or (ii) 0.5% BSA, 1 mM EDTA, 40 mM NaHP04 (pH 7.2), 5% SDS for

washing at room temperature. One embodiment of low stringency conditions includes

hybridization in 6 x sodium chloride/sodium citrate (SSC) at about 45°C, followed by two

washes in 0.2 x SSC, 0 .1% SDS at least at 50° C (the temperature of the washes can be increased

to 55° C for low stringency conditions).

Medium stringency conditions include and encompass from at least about 16% v/v

to at least about 30% v/v formamide and from at least about 0.5 M to at least about 0.9 M salt for

hybridization at 42° C, and at least about 0 .1M to at least about 0.2 M salt for washing at 55° C.

Medium stringency conditions also may include 1% Bovine Serum Albumin (BSA), 1 mM

EDTA, 0.5 M NaHP04 (pH 7.2), 7% SDS for hybridization at 65° C, and (i) 2 x SSC, 0.1%

SDS; or (ii) 0.5% BSA, 1mM EDTA, 40 mM NaHP04 (pH 7.2), 5% SDS for washing at 60-65°

C. One embodiment of medium stringency conditions includes hybridizing in 6 x SSC at about

45°C, followed by one or more washes in 0.2 x SSC, 0.1% SDS at 60°C. High stringency

conditions include and encompass from at least about 31% v/v to at least about 50%> v/v

formamide and from about 0.01 M to about 0.15 M salt for hybridization at 42° C, and about

0.01 M to about 0.02 M salt for washing at 55° C.

High stringency conditions also may include 1% BSA, 1 mM EDTA, 0.5 M

NaHP04 (pH 7.2), 7% SDS for hybridization at 65° C, and (i) 0.2 x SSC, 0.1% SDS; or (ii) 0.5%

BSA, 1mM EDTA, 40 mM NaHP04 (pH 7.2), 1% SDS for washing at a temperature in excess

of 65° C. One embodiment of high stringency conditions includes hybridizing in 6 x SSC at

about 45°C, followed by one or more washes in 0.2 x SSC, 0.1% SDS at 65° C. One

embodiment of very high stringency conditions includes hybridizing in 0.5 M sodium phosphate,

7% SDS at 65° C, followed by one or more washes in 0.2 x SSC, 1% SDS at 65° C.

Other stringency conditions are well known in the art and a skilled artisan will

recognize that various factors can be manipulated to optimize the specificity of the hybridization.

Optimization of the stringency of the final washes can serve to ensure a high degree of

hybridization. For detailed examples, see Ausubel et al, supra at pages 2.10.1 to 2.10.16 and

Sambrook et al. (1989, supra) at sections 1.101 to 1.104.



While stringent washes are typically carried out at temperatures from about 42° C

to 68° C, one skilled in the art will appreciate that other temperatures may be suitable for

stringent conditions. Maximum hybridization rate typically occurs at about 20° C to 25° C below

the Tm for formation of a DNA-DNA hybrid. It is well known in the art that the Tm is the

melting temperature, or temperature at which two complementary polynucleotide sequences

dissociate. Methods for estimating Tm are well known in the art (see Ausubel et al., supra at

page 2.10.8).

In general, the Tm of a perfectly matched duplex of DNA may be predicted as an

approximation by the formula: Tm = 81.5 + 16.6 (loglO M) + 0.41 (%G+C) - 0.63 (%

formamide) - (600/length) wherein: M is the concentration of Na+, preferably in the range of

0.01 molar to 0.4 molar; %G+C is the sum of guanosine and cytosine bases as a percentage of the

total number of bases, within the range between 30% and 75% G+C; % formamide is the percent

formamide concentration by volume; length is the number of base pairs in the DNA duplex. The

Tm of a duplex DNA decreases by approximately 10 C with every increase of 1% in the number

of randomly mismatched base pairs. Washing is generally carried out at Tm - 15° C for high

stringency, or Tm - 30° C for moderate stringency.

Oligonucleotides, primers and probes of the present invention may comprise or

consist of regions that are polynucleotide variants of a portion of a target gene or mRNA

sequence, or a complement thereof. In particular embodiments, an oligonucleotide may comprise

or consist of a sequence having at least 70%>, at least 80%>, at least 90%>, at least 95%, at least

98% , at least 99%, or 100% identity to a region of a target gene or mRNA sequence, or a

complement thereof.

Oligonucleotides for use as primers or probes may be selected using software

known in the art. For example, OLIGO 4.06 software is useful for the selection of PCR primer

pairs of up to 100 nucleotides each, and for the analysis of oligonucleotides and larger

polynucleotides of up to 5,000 nucleotides from an input polynucleotide sequence of up to 32

kilobases. Similar primer selection programs have incorporated additional features for expanded

capabilities. For example, the PrimOU primer selection program (available to the public from the

Genome Center at University of Texas South West Medical Center, Dallas Tex.) is capable of

choosing specific primers from megabase sequences and is thus useful for designing primers on a

genome-wide scope. The Primer3 primer selection program (available to the public from the



Whitehead Institute/MIT Center for Genome Research, Cambridge Mass.) allows the user to

input a "mispriming library," in which sequences to avoid as primer binding sites are user-

specified. Primer3 is useful, in particular, for the selection of oligonucleotides for microarrays.

(The source code for the latter two primer selection programs may also be obtained from their

respective sources and modified to meet the user's specific needs.) The PrimeGen program

(available to the public from the UK Human Genome Mapping Project Resource Centre,

Cambridge UK) designs primers based on multiple sequence alignments, thereby allowing

selection of primers that hybridize to either the most conserved or least conserved regions of

aligned nucleic acid sequences. Hence, this program is useful for identification of both unique

and conserved oligonucleotides and polynucleotide fragments. Methods of oligonucleotide

selection are not limited to those described herein.

In certain embodiments, oligonucleotides can be prepared by stepwise solid-phase

synthesis, employing methods detailed in the references cited above, and below with respect to

the synthesis of oligonucleotides having a mixture or uncharged and cationic backbone linkages.

In some cases, it may be desirable to add additional chemical moieties to the oligonucleotide,

e.g., to enhance pharmacokinetics or to facilitate capture or detection of the compound. Such a

moiety may be covalently attached, typically to a terminus of the oligomer, according to standard

synthetic methods. For example, addition of a polyethyleneglycol moiety or other hydrophilic

polymer, e.g., one having 10-100 monomeric subunits, may be useful in enhancing solubility.

One or more charged groups, e.g., anionic charged groups such as an organic acid, may enhance

cell uptake.

A variety of detectable molecules may be used to render an oligonucleotide, or

protein detectable (i.e., detectably labeled), such as a radioisotopes, fluorochromes, dyes,

enzymes, nanoparticles, chemiluminescent markers, biotin, or other monomer known in the art

that can be detected directly (e.g., by light emission) or indirectly (e.g., by binding of a

fluorescently-labeled antibody).

Radioisotopes provide examples of detectable molecules that can be utilized in

certain aspects of the present invention. Several radioisotopes can be used as detectable

molecules for labeling nucleotides or proteins, including, for example, 32P, 33P, 35S, 3H, and

1251. These radioisotopes have different half-lives, types of decay, and levels of energy which

can be tailored to match the needs of a particular protocol. For example, 3H is a low energy



emitter which results in low background levels, however this low energy also results in long time

periods for autoradiography. Radioactively labeled ribonucleotides, deoxyribonucleotides and

amino acids are commercially available. Nucleotides are available that are radioactively labeled

at the first, or a , phosphate group, or the third, or γ , phosphate group. For example, both [a -

32P] dATP and [γ - 32P] dATP are commercially available. In addition, different specific

activities for radioactively labeled nucleotides are also available commercially and can be

tailored for different protocols.

Other examples of detectable molecules that can be utilized to detect an

oligonucleotide include fluorophores. Several fluorophores can be used for labeling nucleotides

including, for example, fluorescein, tetramethylrhodamine, Texas Red, and a number of others

(e.g., Haugland, Handbook of Fluorescent Probes - 9th Ed., 2002, Molec. Probes, Inc., Eugene

OR; Haugland, The Handbook: A Guide to Fluorescent Probes and Labeling Technologies- 10th

Ed., 2005, Invitrogen, Carlsbad, CA).

As one example, oligonucleotides may be fluorescently labeled during chemical

synthesis, since incorporation of amines or thiols during nucleotide synthesis permit addition of

fluorophores. Fluorescently labeled nucleotides are commercially available. For example,

uridine and deoxyuridine triphosphates are available that are conjugated to ten different

fluorophores that cover the spectrum. Fluorescent dyes that can be bound directly to nucleotides

can also be utilized as detectable molecules. For example, FAM, JOE, TAMRA, and ROX are

amine reactive fluorescent dyes that have been attached to nucleotides and are used in automated

DNA sequencing. These fluorescently labeled nucleotides, for example, ROX-ddATP, ROX-

ddCTP, ROX-ddGTP and ROX-ddUTP, are commercially available.

Non-radioactive and non-fluorescent detectable molecules are also available. As

noted above, biotin can be attached directly to nucleotides and detected by specific and high

affinity binding to avidin or streptavidin which has been chemically coupled to an enzyme

catalyzing a colorimetric reaction (such as phosphatase, luciferase, or peroxidase). Digoxigenin

labeled nucleotides can also similarly be used for non-isotopic detection of nucleic acids.

Biotinylated and digoxigenin-labeled nucleotides are commercially available.

Very small particles, termed nanoparticles, also can be used to label

oligonucleotide probes. These particles range from 1-1000 nm in size and include diverse

chemical structures such as gold and silver particles and quantum dots. When irradiated with



angled incident white light, silver or gold nanoparticles ranging from 40-120 nm will scatter

monochromatic light with high intensity. The wavelength of the scattered light is dependent on

the size of the particle. Four to five different particles in close proximity will each scatter

monochromatic light, which when superimposed will give a specific, unique color. The particles

are being manufactured by companies such as Genicon Sciences (Carlsbad, CA). Derivatized

silver or gold particles can be attached to a broad array of molecules including, proteins,

antibodies, small molecules, receptor ligands, and nucleic acids. For example, the surface of the

particle can be chemically derivatized to allow attachment to a nucleotide.

Other types of nanoparticles that can be used for detection of a detectable

molecule include quantum dots. Quantum dots are fluorescing crystals 1-5 nm in diameter that

are excitable by light over a large range of wavelengths. Upon excitation by light having an

appropriate wavelength, these crystals emit light, such as monochromatic light, with a

wavelength dependent on their chemical composition and size. Quantum dots such as CdSe,

ZnSe, InP, or InAs possess unique optical properties; these and similar quantum dots are

available from a number of commercial sources (e.g., NN-Labs, FayetteviUe, AR; Ocean

Nanotech, FayetteviUe, AR; Nanoco Technologies, Manchester, UK; Sigma-Aldrich, St. Louis,

MO).

In certain embodiments, oligonucleotide primers or probes may be labeled with

one or more light-emitting or otherwise detectable dyes. The light emitted by the dyes can be

visible light or invisible light, such as ultraviolet or infrared light. In exemplary embodiments,

the dye may be a fluorescence resonance energy transfer (FRET) dye; a xanthene dye, such as

fluorescein and rhodamine; a dye that has an amino group in the alpha or beta position (such as a

naphthylamine dye, l-dimethylaminonaphthyl-5-sulfonate, l-anilino-8-naphthalende sulfonate

and 2-p-touidinyl-6-naphthalene sulfonate); a dye that has 3-phenyl-7-isocyanatocoumarin; an

acridine, such as 9-isothiocyanatoacridine and acridine orange; a pyrene, a bensoxadiazole and a

stilbene; a dye that has 3-(s-carboxypentyl)-3'-ethyl-5,5'-dimethyloxacarbocyanine (CYA); 6-

carboxy fluorescein (FAM); 5&6-carboxyrhodamine-l 10 (R1 10); 6-carboxyrhodamine-6G

(R6G); N,N,N',N'-tetramethyl-6-carboxyrhodamine (TAMRA); 6-carboxy-X-rhodamine (ROX);

6-carboxy-4',5'-dichloro-2',7'-dimethoxyfiuorescein (JOE); ALEXA FLUOR™; Cy2; Texas Red

and Rhodamine Red; 6-carboxy-2',4,7,7'-tetrachlorofluorescein (TET); 6-carboxy-2',4,4',5',7,7'-

hexachloro fluorescein (HEX); 5-carboxy-2',4',5',7'-tetrachlorofluorescein (ZOE); NAN; NED;



Cy3; Cy3.5; Cy5; Cy5.5; Cy7; and Cy7.5; IR800CW, ICG, Alexa Fluor 350; Alexa Fluor 488;

Alexa Fluor 532; Alexa Fluor 546; Alexa Fluor 568; Alexa Fluor 594; Alexa Fluor 647; Alexa

Fluor 680, or Alexa Fluor 750.

Certain embodiments, therefore, include methods for detecting a target

polynucleotide gene product in a sample, comprising a) hybridizing the sample with a probe

comprising a sequence complementary to the target polynucleotide gene product in the sample,

and which probe specifically hybridizes to said target polynucleotide gene product, under

conditions whereby a hybridization complex is formed between said probe and said target

polynucleotide gene product or fragments thereof, and b) detecting the presence or absence of

said hybridization complex, and, if present, the amount thereof. Also included are methods for

detecting a target polynucleotide gene product in a sample, comprising a) amplifying the target

polynucleotide gene product or fragment thereof, and b) detecting the presence or absence of said

amplified target polynucleotide gene product or fragment thereof, and, if present, the amount

thereof. In particular embodiments, the probe is detectably labeled.

Analysis of Gene Product Expression Levels

According to certain embodiments, methods and kits of the present invention may

be used to determine whether a subject has thyroid cancer or whether a thyroid tumor or nodule

is benign, based on the expression levels of gene products expressed by two or more genes

shown in Table 1, including but not limited to any of the specific combination of gene products

described herein. Generally, a determination of thyroid cancer is made when the expression

pattern is determined to more closely correlate to the expression pattern observed in biological

samples obtained from cancerous thyroid tissue than the expression pattern observed in

biological samples obtained from normal or non-cancerous thyroid tissue. Similarly, a

determination that the thyroid tissue sample if benign is generally made when the expression

pattern is determined to more closely correlate to the expression pattern observed in biological

samples obtained from normal or non-cancerous thyroid tissue than the expression pattern

observed in biological samples obtained from cancerous thyroid tissue.

In certain instances, the presence of thyroid cancer is diagnosed by comparing the

expression levels of one or more gene products described herein to a suitable control. A

"suitable control" or "appropriate control" includes a reference value, e.g., expression level,

feature, characteristic, or property, determined for a cell or other biological sample of a tissue or



organism, e.g. , a control or normal cell, tissue or organism, exhibiting, for example, normal traits,

such as the absence of the condition, e.g., thyroid cancer. In certain embodiments, a "suitable

control" or "appropriate control" is a predefined value, level, feature, characteristic, or property.

In certain embodiments, the expression of one or more gene products in a

biological sample is compared to a reference expression level of the gene product, which may, in

certain embodiments, be a predetermined or predefined value. Reference expression levels may

be determined based upon the level of expression of a gene product in one or more suitable

control samples, which may be either normal tissue samples or tumor tissue samples, e.g., a

thyroid tumor. For instance, in certain embodiments, a reference expression level associated

with normal tissue is determined based upon the level of expression of a gene product in 1, 2, 3,

5, 10, 20, 50, or more biological samples obtained from normal, non-cancerous tissue, such as,

e.g., normal thyroid tissue. In other embodiments, a reference expression level associated with

cancer tissue, e.g., thyroid cancer, is determined based upon the level of expression of a gene

product in 1, 2, 3, 5, 10, 20, 50, or more biological samples obtained from cancer tissue, such as,

e.g., thyroid cancer tissue. In certain embodiments, reference expression levels in either or both

normal and cancer tissue are determined for one or more, two or more, or three or more gene

products expressed by a gene in Table 1 or at least one, at least two, or at least three genes

selected from the CXCR3, CCR3, CXCL10, CAR, XB130, HO-1 and CCR7 genes. In related

embodiments, reference expression levels in either or both normal and cancer tissue are

determined for any of the sets of gene products described herein, e.g., gene sets comprising or

consisting of: gene products of the CCR3, TIMP- 1, CAR and XB130 genes; gene products of the

CXCL 10, TIMP- 1, CAR and CCR7 genes; gene products of the TIMP- 1, CAR and CCR7 genes;

or gene products of the CXCL10, TIMP-1, CLDN-1, and CCR7 genes.

In particular embodiments, differential expression of one or more, two or more, or

three or more of the gene products in a biological sample as compared to expression in a normal

(non-cancerous) control sample or control reference is indicative of cancer. In contrast,

substantially similar expression of one or more, two or more, or three or more of the gene

products in a biological sample as compared to expression in a normal (non-cancerous) control

sample or control reference is indicative of benign tissue, whereas substantially similar

expression of one, two or more of the gene products in a biological sample as compared to

expression in a cancer control sample or cancer control reference is indicative of cancer.



Differential expression includes a statistically significant difference in one or

more expression levels of a gene product as compared to the expression levels of the same gene

product in an appropriate control. The statistically significant difference may relate to either an

increase or a decrease in expression levels, as measured by R A levels, protein levels, protein

function, or any other relevant measure of gene expression such as those described herein. A

result is typically referred to as statistically significant if it is unlikely to have occurred by

chance. The significance level of a test or result relates traditionally to a frequentist statistical

hypothesis testing concept. In simple cases, statistical significance may be defined as the

probability of making a decision to reject the null hypothesis when the null hypothesis is actually

true (a decision known as a Type I error, or "false positive determination"). This decision is

often made using the p-value: if the p-value is less than the significance level, then the null

hypothesis is rejected. The smaller the p-value, the more significant the result. Bayes factors

may also be utilized to determine statistical significance (see, e.g., Goodman S., Ann Intern Med

130:1005-13, 1999). In certain cases, the significance level of a test or result may reflect an

analysis in which the probability of making a decision to reject the null hypothesis when the null

hypothesis is actually true is no more than the stated probability. This type of analysis allows for

those applications in which the probability of deciding to reject may be much smaller than the

significance level for some sets of assumptions encompassed within the null hypothesis.

In certain exemplary embodiments, statistically significant differential expression

may include situations wherein the expression level of a given gene product is at least an about

1.2X, 1.3X, 1.4X, 1.5X, 1.6X, 1.7X, 1.8X, 1.9X, 2.0X, 2.2X, 2.4X, 2.6X, 2,8X, 3.0X, 4.0X,

5.0X, 6.0X, 7.0X, 8.0X, 9.0X, 10.0X, 15.0X, 20.0X, 50.0X, 100.0X, or greater difference in

expression (i.e., differential expression that may be higher or lower expression) in a biological

sample as compared to an appropriate control, including all integers and decimal points in

between (e.g., 1.24X, 1.25X, 2 .IX, 2.5X, 60.0X, 75.OX, etc.). In certain embodiments,

statistically significant differential expression may include situations wherein the expression

level of a given gene product is at least an about 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000

percent (%) or greater difference in expression (i.e., differential expression that may be higher or

lower) in a biological sample as compared to an appropriate control, including all integers and

decimal points in between.



As an additional example, differential expression may also be determined by

performing Z-testing, i.e., calculating an absolute Z score, as known in the art. Z-testing is

typically utilized to identify significant differences between a sample mean and a population

mean. For example, as compared to a standard normal table (e.g., a control tissue), at a 95%

confidence interval (i.e., at the 5% significance level), a Z-score with an absolute value greater

than 1.96 indicates non-randomness. For a 99% confidence interval, if the absolute Z is greater

than 2.58, it means that p<.01, and the difference is even more significant - the null hypothesis

can be rejected with greater confidence. In these and related embodiments, an absolute Z-score

of 1.96, 2, 2.58, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, including all

decimal points in between (e.g., 10.1, 10.6, 11.2, etc.), may provide a strong measure of

statistical significance. In certain embodiments, an absolute Z-score of greater than 6 may

provide exceptionally high statistical significance.

Substantial similarly relates generally to the lack of a statistically significant

difference in the expression levels between the biological sample and the reference control.

Examples of substantially similar expression levels may include situations wherein the

expression level of a given gene product provides less than about a .05X, 0.1X, 0.2X, 0.3X,

0.4X, 0.5X, 0.6X, 0.7X, 0.8X, 0.9X, 1.0X, 1.1X, 1.2X, 1.3X, or 1.4X difference in expression

(i.e., differential expression that may be higher or lower expression) in a biological sample as

compared to a reference sample, including all decimal points in between (e.g., .15X, 0.25X,

0.35X, etc.). In certain embodiments, differential expression may include situations wherein the

expression level of a given gene product provides less than about 0.25. 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50 percent (%) difference in expression (i.e.,

differential expression that may be higher or lower) in a biological sample as compared to a

reference sample, including all decimal points in between.

Differential expression may refer to an increase or a decrease in expression of a

given gene product as compared to a control sample or value. In particular embodiments of

methods described herein, an increase in expression of one or more, two or more, three or more,

or four or more gene products of the CCR3 , CXCL 10, CK1 9, TIMP 1, CLDN 1, CCR7 and HO- 1

genes and/or a decrease in expression of one or more, two or more, three or more gene products

of the CXCR3, CAR and XB130 genes, or the corresponding changes in any of the various

subsets of gene products describes herein, in a biological sample as compared to the expression



level in a normal control sample or value is indicative of the presence of a tumor or cancer. The

increase or decrease may correspond to any of the differences in expression noted above, such as,

e.g., an increase of about 10, 20, 50, 100, 200, 500, or 1000% or a decrease of about 10, 20, 50,

or 90%.

As noted above, in particular embodiments, the determination of whether a

biological sample comprises cancer tissue or not involves correlating the expression of levels of

one or more gene products with the presence or absence of cancer. This may be accomplished by

comparing the expression levels of the gene products in the biological sample to the expression

levels in one or more control samples, such as samples obtained from subjects known to have

cancer or known to not have cancer. In certain embodiments, the correlation or comparison may

be performed using gene expression data obtained from control samples at an earlier time, such

as predefined or predetermined reference values.

As described herein, methods of the present invention may be used to qualitatively

or quantitatively determine the expression levels of one or more gene products, using any of a

number of methods known in the art. In some cases, the degree of hybridization of a detectably

probe is directly related to the amount of gene product in a biological sample. Software can be

used to extract, normalize, summarize, and analyze signals from probes. In some embodiments,

the signal intensity of a given probe determined for a biological sample can be compared against

a reference set to determine whether differential expression is occuring in the sample. For

example, in the context of a microarray, an increase or decrease in relative intensity at a position

on an array corresponding to an expressed gene product is indicative of an increase or decrease

respectively of expression of the corresponding gene in the biological sample.

Gene expression analysis and correlation with cancer or benign phenotypes may

be performed using classifiers or algorithms, e.g., algorithms designed to normalize and or

improve the reliability of the data. Algorithms that may be used include any of those described

herein, e.g., the classifiers or algorithms described in Examples 2 and 3. In certain embodiments,

the gene product is mR A, which may be measured using realtime PCR, e.g., as described in

Example 1. In certain embodiments, the classifying potential of various gene may be determined

using the CT values of each gene to produce ROC curves based upon expression of the various

genes in thyroid tissue samples obtained from malignant and benign thyroid nodules, as

illustrated in Example 1. The sensitivity and specificity of each gene may also be determined.



In particular embodiments, the algorithm is a multi-gene classifying test. Such a

classifier may be developed using a two-step approach, in which the first step identifies and

classifies a group of biological samples with atypical CT values, and the second step generates an

algorithm for classifying the biological samples remaining unclassified after the first step, e.g. , as

described in Example 2 . The consolidated data from both steps may be integrated and plotted in

a ROC curve.

In certain embodiments, the first step includes two phases. The first phase

identifies biological samples with atypical CT values for a given set of genes. The criteria to

define an atypical CT may be defined as the mean CT value +/- two standard deviations,

therefore representing only 5% of CT values for any given gene. For each gene, the error

probability (EP) of an atypical CT belonging to the cancer group while truly belonging to the

benign group may be calculated. Given that the lower the EP reflects a greater classifying ability,

a score may be calculated for each gene based on the EP. In the second phase, a composite score

obtained from the genes with best scores may be used to classify the sample as cancer or benign.

In certain embodiments of the second step, samples not classified in the first step

may be used as the remaining training set to generate a downstream algorithm to complete the

classification of all the data, as diagrammed in Figure 3. For example, this may performed using

two methods, Linear discriminant analysis (LDA) and Non-linear discriminant analysis (NLDA).

For LDA analysis a stepwise LDA approach may be used, since it may be unknown if the

variables and samples meet the conditions required for an LDA. The stepwise approach may be

chosen, because it may simultaneously identify the combination of variables that give the

greatest classification certainty and satisfy conditions for an LDA. For NLDA, a genetic

algorithm-based method to evolve a set of mathematical functions, resulting in either linear or

nonlinear combinations of two or more features may be use (Melo et al, Protein Science, 2007).

This method generates non-linear transforms of combinations of up to four genes to produce

single composite scores.

To integrate both steps, a numerical value may be assigned to the data obtained in

the first step in order to give them a similar output identity to the values obtained in the second

step or phase, as diagrammed in Figure 3.



In certain embodiments, a classifier or algorithm (or the genes it is based upon) is

selected to maximize the sensitivity/specificity relationship, reaching both positive predictive

values (PPV) and negative predictive values (NPV) greater than 90%, and/or achieve AUC > 90.

In particular embodiments, correlation and/or the determination of whether a

biological sample obtained from a subject is cancerous or benign is determined using a classifier

or algorithm, e.g., a two-step classifier, based on the expression of one or more, two or more, or

three or more gene products described herein, including gene products expressed by any of the

following sets of gene products:

two or more or three or more gene products of the CXCR3, CCR3, CXCL10,

CK19, TIMP-1, CLDN-1, CAR, XB130, HO-1 and CCR7 genes;

the gene products of the CXCR3, CCR3, CXCL10, CK19, TIMP-1, CLDN-1,

CAR, HO-1 and CCR7 genes;

the gene products of the CCR3, TIMP-1, CAR and XB130 genes;

the gene products of the CXCL10, TIMP-1, CAR and CCR7 genes;

the gene products of the TIMP-1, CAR and CCR7 genes; or

the gene products of the CXCL10, TIMP-1, CLDN-1, and CCR7 genes.

In certain embodiments, methods of the present invention may be performed using

a "machine learning algorithm," which refers to a computational- based prediction methodology,

also known to persons skilled in the art as a "classifier", which may be employed for

characterizing a gene expression profile. The signals corresponding to certain expression levels,

which are obtained by, e.g., microarray-based hybridization assays, are typically subjected to the

algorithm in order to classify the expression profile. Supervised learning generally involves

"training" a classifier to recognize the distinctions among classes, e.g., cancer verus benign

thyroid tissue, and then "testing" the accuracy of the classifier on an independent test set. For

new, unknown samples, the classifier can be used to determine the class in which the samples

belong. In particular embodiments, the correlating is performed using an algorithm, including

based on expresion levels of any of the sets of gene products described herein.

Examples of types of algorithms suitable for categorization of samples include but

are not limited to k-nearest neighbor algorithms, support vector algorithms, naive Bayesian

algorithms, neural network algorithms, hidden Markov model algorithms, genetic algorithms, or

any combination thereof. In some embodiments of the present invention, a diagonal linear



discriminant analysis, k-nearest neighbor algorithm, support vector machine (SVM) algorithm,

linear support vector machine, random forest algorithm, or a probabilistic model- based method

or a combination thereof is provided for classification of microarray data. In some embodiments,

identified markers that distinguish samples (e.g. benign vs. malignant, normal vs. malignant) or

distinguish subtypes (e.g. PTC vs. FVPTC) are selected based on statistical significance of the

difference in expression levels between classes of interest. In some cases, the statistical

significance is adjusted by applying a Benjamini Hochberg or another correction for false

discovery rate (FDR).

In certain embodiments, algorithms of the present invention may include one or

more additional analytical features of computations. For example, methods of analyzing gene

product expression levels may include the use of a feature selection algorithm, which may be

provided by use of the LIMMA software package (Smyth, G. K. (2005). Limma: linear models

for microarray data. In: Bioinformatics and Computational Biology Solutions using R and

Bioconductor, R. Gentleman, V. Carey, S. Dudoit, R. Irizarry, W. Huber (eds.), Springer, New

York, pages 397-420). Methods of analyzing gene product expression levels may include the use

of a pre-classifier algorithm. For example, an algorithm may use a cell-specific molecular

fingerprint to pre-classify the samples according to their composition and then apply a

correction/normalization factor. This data/information may then be fed in to a final classification

algorithm which would incorporate that information to aid in the final diagnosis.

Selected features may be classified using a classifier algorithm. Illustrative

algorithms include but are not limited to methods that reduce the number of variables such as

principal component analysis algorithms, partial least squares methods, and independent

component analysis algorithms. Illustrative algorithms further include but are not limited to

methods that handle large numbers of variables directly such as statistical methods and methods

based on machine learning techniques. Statistical methods may include penalized logistic

regression, prediction analysis of microarrays (PAM), methods based on shrunken centroids,

support vector machine analysis, and regularized linear discriminant analysis. Machine learning

techniques include bagging procedures, boosting procedures, random forest algorithms, and

combinations thereof. Cancer Inform. 2008; 6 : 77-97 provides an overview of the classification

techniques provided above for the analysis of microarray intensity data.



In some cases, an algorithm according to the present invention may be

supplemented with a meta-analysis approach, such as that described by Fishel and Kaufman et al.

2007 Bioinformatics 23(13): 1599-606. In some cases, the classifier algorithm may be

supplemented with a meta-analysis approach such as a repeatability analysis. In some cases, the

repeatability analysis selects markers that appear in at least one predictive expression product

marker set.

In certain embodiments, the levels of gene product expression, e.g., the resulting

intensity values for each gene product, measured in a sample can be analyzed using feature

selection techniques, such as but not limited to filter techniques that assess the relevance of

features by looking at the intrinsic properties of the data, wrapper methods that embed the model

hypothesis within a feature subset search, and embedded techniques in which the search for an

optimal set of features is built into a classifier algorithm.

Examples of filter techniques useful in the methods of the present invention

include: (1) parametric methods such as the use of two sample t-tests, ANOVA analyses,

Bayesian frameworks, and Gamma distribution models; (2) model free methods such as the use

of Wilcox on rank sum tests, between-within class sum of squares tests, rank products methods,

random permutation methods, or TnoM, which involves setting a threshold point for fold-change

differences in expression between two datasets and then detecting the threshold point in each

gene that minimizes the number of missclassifications; and (3) multivariate methods such as

bivariate methods, correlation based feature selection methods (CFS), minimum redundancy

maximum relavance methods (MRMR), Markov blanket filter methods, and uncorrelated

shrunken centroid methods. Wrapper methods useful in the methods of the present invention

include sequential search methods, genetic algorithms, and estimation of distribution algorithms.

Embedded methods useful in the methods of the present invention include random forest

algorithms, weight vector of support vector machine algorithms, and weights of logistic

regression algorithms. Bioinformatics. 2007 Oct 1 ;23(19):2507-17 provides an overview of the

relative merits of the filter techniques provided above for the analysis of intensity data.

In certain embodiment, expression levels of gene products in a sample may be

compared to gene expression data for two or more different sets of biomarkers, the gene

expression data for each set of biomarkers comprising one or more reference gene expression

levels correlated with the presence of one or more tissue types, e.g., thyroid tumor tissue,



wherein the expression levels are compared to gene expression data for the two or more

biomarkers in sequential fashion. Comparison of expression levels to gene expression data for

sets of biomarkers may comprise the application of a classifier or sequential application of

different classifiers, including those described herein, to the gene expression data. Sequential

analysis may involve applying a classifier obtained from gene expression analysis of samples of

cancer tissue, followed by applying a classifier obtained from analysis of a mixture of different

biological samples, some of such samples containing cancer tissues and others containing benign

tissue.

In certain embodiments, classifiers used early in the sequential analysis may be

used to either rule-in or rule-out a sample as benign or suspicious. In some embodiments, such

sequential analysis ends with the application of a "main" classifier to data from samples that have

not been ruled out by the preceding classifiers, wherein the main classifier is obtained from data

analysis of gene expression levels in multiple types of tissue and wherein the main classifier is

capable of designating the sample as benign or suspicious (or malignant).

For example, in certain embodiments, profiling using sets of genes or biomarkers

can be used to characterize thyroid tissue as benign, suspicious, and/or malignant. Sets may be

derived from analysis of gene expression levels of cohorts containing benign (non-cancerous)

thyroid subtypes including follicular adenoma (FA), nodular hyperplasia (NHP), lymphocytic

thyroiditis (LCT), and Hurthle cell adenoma (HA); malignant subtypes including follicular

carcinoma (FC), papillary thyroid carcinoma (PTC), follicular variant of papillary carcinoma

(FVPTC), medullary thyroid carcinoma (MTC), Hurthle cell carcinoma (HC), and anaplastic

thyroid carcinoma (ATC). Such panels may also be derived from non-thyroid subtypes including

renal carcinoma (RCC), breast carcinoma (BCA), melanoma (MMN), B cell lymphoma (BCL),

and parathyroid (PTA). Biomarker sets associated with normal thyroid tissue (NML) may also be

used in the methods and compositions provided herein. Exemplary biomarkers are provided in

Table 1, and specific sets of biomarkers are described herein.

As discussed above, the methods and kits of the present invention may relate to

the use of particular sets of genes or gene products, e.g., "biomarker sets", for purposes of

identification, classification, diagnosis, or to otherwise characterize a biological sample. The

invention may also use groups of biomarker sets, herein described as "classification sets." Often

the pattern of levels of gene expression of biomarkers in a set (also known as a signature) is



determined and then used to evaluate the signature of the same set of biomarkers in a biological

sample, such as by a measure of similarity between the sample signature and the reference

signature. In some embodiments, the method involves measuring (or obtaining) the levels of two

or more gene products that are within a biomarker set and/or within a classification set. For

example, in some embodiments, a biomarker set or a classification set may contain at least 1, 2,

3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 33, 35, 38, 40, 43, 45, 48, 50, 53, 58, 63, 65, 68, 100, 120,

140, 142, 145, 147, 150, 152, 157, 160, 162, 167, 175, 180, 185, 190, 195, 200, or 300

biomarkers. In some embodiments, a biomarker set or a classification set contains no more than

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 33, 35, 38, 40, 43, 45, 48, 50, 53, 58, 63, 65, 68, 100,

120, 140, 142, 145, 147, 150, 152, 157, 160, 162, 167, 175, 180, 185, 190, 195, 200, or 300

biomarkers. In some embodiments, a classification set contains at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

15, 20, or 25 different biomarker sets. In other embodiments, a classification panel contains no

more than 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 different biomarker sets.

Biomarker sets may be chosen to accommodate adequate separation of benign

from non-benign or suspicious expression profiles. Training of the classifier, i.e., algorithm, can

be performed on numerous biological samples, such as at least 50, 100, 200, 300, 400, 500, 600,

700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, or 4000 biological samples (e.g., thyroid

samples). The total sample population can consist of samples obtained from FNAs, or the sample

population may be a mixture of samples obtained by FNAs and by other methods, e.g., post

surgical tissue. In some embodiments, many training/test sets are used to develop the preliminary

algorithm. The overall algorithm error rate may be shown as a function of gene number for

benign vs. non-benign samples. In some embodiments, other performance metric may be used,

such as a performance metric that is a function of gene number for either subtypes or benign vs.

malignant (B vs. M). Such performance metric may be obtained using CV, or other method

known in the art. All results may be obtained using a support vector machine model which is

trained and tested in a cross-validated mode on the samples.

A statistical evaluation of the results of the molecular profiling may provide a

quantitative value or values indicative of one or more of the following: the likelihood of

diagnostic accuracy; the likelihood of cancer; or the likelihood of a particular cancer subtype.

The data may be presented directly to the physician in its most useful form to guide patient care.



The results of the molecular profiling can be statistically evaluated using a

number of methods known to the art including, but not limited to: the students T test, the two

sided T test, pearson rank sum analysis, hidden markov model analysis, analysis of q-q plots,

principal component analysis, one way ANOVA, two way ANOVA, LIMMA and the like.

In some embodiments of the present invention, the methods of the present

invention, alone or in combination with cytological analysis, may provide a classification,

identification, or diagnosis, e.g., of cancer or benign, that is between about 85% accurate and

about 99% or about 100% accurate.

Algorithms based on each of the biomarker or classification sets described herein

may use information on gene product expression levels determined during algorithm training to

rule in, or rule out a given sample as "benign," "suspicious," or as comprising or not comprising

one or more tissue types (e.g. NML, FA, NHP, LCT, HA, FC, PTC, FVPTC, MTC, HC, ATC,

RCC, BCA, MMN, BCL, and PTA). Each biomarker or classification set algorithm may use

simple decision rules to filter incoming samples, effectively removing any flagged samples from

subsequent evaluation if the decision rules are met (e.g. a sample is characterized regarding the

identity or status of one or more tissue types contained therein). The biomarker sets and

classification sets provided herein are useful for classifying, characterizing, identifying, and/or

diagnosing thyroid cancer or other thyroid condition (including diagnosing the thyroid as normal

or benign).

Analysis of the gene expression levels may involve sequential application of

different classifiers or algorithms described herein to the gene expression data. In certain

embodiments, such sequential analysis may involve applying a classifier obtained from gene

expression analysis of a plurality of samples of cancerous thyroid tissue, followed by applying a

classifier obtained from analysis of a mixture of different samples of thyroid tissue, with some of

the samples containing cancerous thyroid tissues and others containing benign thyroid tissue. In

some embodiments, the classifier is obtained from analysis of gene expression patterns in benign

tissue, normal tissue, and/or non-thyroid tissue (e.g., parathyroid tissue). In some embodiments,

the diseased tissue is HA and/or HC tissue.

In some embodiments, the classification process begins when each classification

panel receives as input biomarker expression levels (e.g., summarized microarray intensity

values, qPCR, or sequencing data) from a biological sample. The biomarkers and expression



levels specified in a classification panel are then evaluated. If the data from a given sample

matches the rules specified within the classification panel (or otherwise correlate with the

signature of the classification panel), then its data output flags the sample and prevents it from

further evaluation and scoring by the main (downstream) classifier. When a classification panel

flags a sample, the system automatically returns a "suspicious" call for that sample. When a

classification panel does not flag a sample, the evaluation continues downstream to the next

classification panel and it may be flagged or not flagged. In some situations, the classification

panels are applied in a specific order; in other cases, the order of the applications can be any

order.

In certain embodiments, the classification process begins with determining, such

as by gene expression analysis, expression level(s) for one or more gene products from a sample

(e.g. a thyroid tissue sample) from a subject. Separately, one or more sets of reference or training

samples may be analyzed to determine gene expression data for at least two different sets of

biomarkers, the gene expression data for each biomarker set comprising one or more gene

expression levels correlated with the presence of one or more tissue types. The gene expression

data for a first set of biomarkers may be used to train a first classifier; gene expression data for a

second set may be used to train a second classifier; and so on for 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,

13, 14, 15, 16, or more sets of biomarkers and optionally corresponding classifiers. The sets of

reference or training samples used in the analysis of each of the sets of biomarkers may be

overlapping or non- overlapping. In some embodiments, the reference or training samples

comprise HA and/or HC tissue. In the next step of the example classification process, a first

comparison is made between the gene expression level(s) of the sample and the first set of

biomarkers or first classifier. If the result of this first comparison is a match, the classification

process ends with a result, such as designating the sample as suspicious, cancerous, or containing

a particular tissue type (e.g. HA or HC). If the result of the comparison is not a match, the gene

expression level(s) of the sample are compared in a second round of comparison to a second set

of biomarkers or second classifier. If the result of this second comparison is a match, the

classification process ends with a result, such as designating the sample as suspicious, cancerous,

or containing a particular tissue type (e.g. HA or HC). If the result of the comparison is not a

match, the process continues in a similar stepwise process of comparisons until a match is found,

or until all sets of biomarkers or classifiers included in the classification process are used as a



basis of comparison. If no match is found between the gene expression level(s) of the sample and

any set of biomarkers or classifiers utilized in the classification process, the sample may be

designated as "benign." In some embodiments, the final comparison in the classification process

is between the gene expression level(s) of the sample and a main classifier, as described herein.

In some embodiments of the present invention, data analysis or correlating

requires a computer or other device, machine or apparatus for application of the various

algorithms described herein due to the large number of individual data points that are processed.

Kits

In particular embodiments, the present invention provides kits or diagnostic tests

for diagnosing or predicting cancers, e.g., thyroid cancer, in subjects. The diagnostic tests

described herein may be in vitro diagnostic tests. Diagnostic tests include but are not limited to

FDA approved, or cleared, In Vitro Diagnostic (IVD), Laboratory Developed Test (LDT), or

Direct-to-Consumer (DTC) tests, that may be used to assay a biological sample and detect or

indicate the presence or absence of a cancer, such as a thyroid cancer. In one embodiment, a

diagnostic test or kit may be used in a laboratory or other health professional setting. In another

embodiment, a diagnostic test or kit may be used by a consumer at home.

Diagnostic tests and kits comprise one or more reagents for detecting a gene

product described herein and may comprise other reagents, instruments, and systems intended for

use in the in vitro diagnosis of a caner, e.g., thyroid cancer, in order to cure, mitigate, treat, or

prevent disease or its sequelae. In one embodiment, the kits or diagnostic tests described herein

may be intended for use in the collection, preparation, and examination of specimens taken from

the human body. In certain embodiments, kits, diagnostic tests and products may comprise one or

more laboratory tests. As used herein, the term "laboratory test" means one or more medical or

laboratory procedures that involve testing a biological sample obtained from a subject.

The kits and diagnostic tests of the present invention comprise one or more

reagents for detecting a gene product described herein, such as those expressed by a gene listed

in Table 1. In this regard, the reagents for detecting may comprise any reagent known to the

skilled person for detecting gene products, including but not limited to antibodies and

oligonucleotides. In certain embodiments, the kit or diagnostic assay may further comprise



written instructions on how to perforrm as assay described herein to determine the expression

levels of the gene product using the kit.

In certain embodiments, a kit or diagnostic assay of the present invention

comprises two or more, three or more, or four or more reagents, e.g., probes, for detecting a gene

product described herein. In particular embodiments, the gene products are proteins or nucleic

acids, e.g., mR A. In certain embodiments, the reagents are antibodies or oligonucleotides,

including any of those described herein. In certain embodiments, each reagent is a set of

oligonucleotides, e.g., wherein each set comprises or consists of two oligonucleotides that

together are capable of amplifying a target polynucleotide gene product, by PCR. In certain

embodiments, the reagents are detectably labeled. In one embodiment, a kit or diagnostic assay

comprises two or more, three or more, or four or more reagents for detecting a gene product,

wherein the kit or diagnostic asay comprises two or more, three or more, or four or more sets of

primers, each set capable of amplifying at least a portion of a target gene product. In certain

embodiments, said kit or diagnostic assay further comprises two or more, three or more, or four

or more detably labeled probes, each probe specifically binding to one of the target gene products

or a complement thereof. Accordingly, in certain embodiments, each set of primers is used to

amplify a target gene product, and then each probe is used to detect the amplification products

and thus measure the expression level of each gene product. In particular embodiments, each

reagent, e.g., each set of primers, detects a different gene product. However, it is understood that

certain embodiments may include two or more reagents that amplify the same gene product. For

example, a kit or diagnostic assay may comprise two reagents, one being a set of amplification

primers and the other being a probe, that each specificall bind and/or detect the same gene

product. In addition, a kit or diagnostic assay may comprise multiple combinations of two or

more reagents that each specifically bin or detect the same gene product, e.g., wherein each

combination specifically binds or detects a different gene product, thus allowing for the

amplification and detection of multiple gene products, e.g., at the same time.

In particular embodiments, the gene products detected by the reagents of the kit or

diagnostic assay are expressed by one or more genes listed in Table 1, wherein at least one of the

gene products is expressed by a CXCR3, CCR3, CXCL10, CAR, XB130, HO-1 or CCR7 gene.

In certain embodiments, the gene products comprise or consist of: three or more gene products of

the CXCR3, CCR3, CXCL10, CK19, TIMP-1, CLDN-1, CAR, XB130, HO-1 and CCR7 genes;



the gene products of the CXCR3, CCR3, CXCLIO, CK19, TIMP-1, CLDN-1, CAR, HO-1 and

CCR7 genes; the gene products of the CCR3, TIMP-1, CAR and XB130 genes; the gene

products of the CXCLIO, TIMP-1, CAR and CCR7 genes; the gene products of the TIMP-1,

CAR and CCR7 genes; or the gene products of the CXCLIO, TIMP-1, CLDN-1, and CCR7

genes.

In certain embodiments, the kit or diagnostic assay comprises each reagent in a

separate container. In other embodiments, each reagent is provided in the same container. In

particular embodiments, the reagents are each attached to a substrate, such as, e.g., an array. In

particular embodimetns, the reagents are each attached to discrete regions of a solid substrate.

Accordingly, in one embodiment, the reagents are oligonucleotides or sets of oligonucleotides

covalently bound to a solid substrate, wherein the solid substrate is optionally an array, and

wherein the array is optionally a microarray. In certain embodiments, the reagents are sets of

oligonucleotides, e.g., primers, and the sets of oligonucleotides comprise DNA.

The kits or diagnostic assays of the present invention may further comprise one or

more solutions suitable for binding said reagents to said gene products, and/or one or more

solutions or reagents utilized in performing a method of the present invention to determine an

expressio level of the gene products. For example, in particular embodiments, a kit or diagnostic

assay that comprises sets of PCR primer, may further comprise one or more additional reagents

for performing a PCR assay, such as, e.g., a thermostable polymerase, a mixture of

deoxynucleotides, and/or a detectably labeled probe. In particular embodiment, the detectably

labeled probe comprises a fluorophore and a quenching moiety, and the probe may emit a

detectable signal when the probe is cleaved but not when the probe is intact.

The kits or diagnostic assays of the present invention may further comprise one or

more reagents for processing and/or storing a biological sample, e.g., wherein the processing of

the thyroid tissue sample comprises extracting the gene products from the biological sample.

The kits or diagnostic assays of the present invention may further comprise one or

more control gene products, such as, e.g., positive controls that contain a sample of the gene

product and/or a negative control that deso not, in order to confirm that the methods performed

was successfl in specifically identifying and/or measuring expression and/or presence of gene

products.



In certain embodiments, a kit or diagnostic assay comprises data or information,

e.g., corresponding to gene expression levels of the gene products in positive and/or negative

control samples or predetermined cut-off levels of gene expression indicativeof the presence or

absence of a cancer, such as a thyroid cancer. In related embodiments, the kit or diagnostic assay

comprises an alorithm for use in correlating the expression levels of the gene in a biological

sample with the presence or absence of a cancer, e.g., a thyroid cancer. In particular

embodiments, the kit or diagnostic assay comprises a computer readable medium containing the

data and/or algorithm, or containing code for the data or algorihm.

In particular embodiments, one or more of the reagents for detecting gene

products, the solution, the additional reagents, and the control gene products are in separate

containers.

EXAMPLES

EXAMPLE 1

SELECTION OF GENES FOR DIAGNOSTIC ASSAY

Eighteen genes pre-selected based on their relation to thyroid cancer were used to

develop an improved diagnostic assay that would accurately classify indeterminate thyroid

nodules as benign or cancer. These genes included CXCR3 (Gene 1), CXCR3A (Gene 2),

CXCR3B (Gene 3), CXCR4 (Gene 4), CCR3 (Gene 5), CXCL9 (Gene 6), CXCL10 (Gene 7),

CXCL1 (Gene 8), SPAG-9 (Gene 9), C - 9 (Gene 10), ΤΓΜΡ- 1 (Gene 11), CLDN-1 (Gene

12), CAR (Gene 13), Nee m- (Gene 14), XB-1 30 (Gene 15), H O - 1 (Gene 6), CCR7 (Gene 17),

and CXCL4 (Gene 18).

As a training set, fresh snap frozen thyroid tissue samples from both malignant

and benign thyroid nodules were collected prospectively in the operating room (n=156),

including 100 thyroid carcinomas and 56 benign thyroid nodules. Subtypes of thyroid cancer

included papillary thyroid carcinoma (PTC) usual type (56), follicular variant (22), diffuse

sclerosing (8) and follicular carcinoma (FC) (14). Benign nodules included follicular hyperplasia

(26), thyroiditis (14) and follicular adenoma (16). Final biopsy reports for all surgical specimens

were reviewed and confirmed by two independent specialized pathologists. The samples were

placed immediately in RNA preserving solution (RNAlater, Ambion) at 4°C followed by

homogenization using a RNAeasy Plus Mini kit (Qiagen) and stored at -80 °C. The



concentration of RNA was determined using a Picodrop 100 spectophotometer RNA integrity

was confirmed using agarose-formaldehyde electrophoresis.

Gene differential expression was analyzed by realtime PCR to determine the

classifying potential of each gene, both individually and in different combinations. The synthesis

of the complementary DNA (cDNA) was performed using the ImProm-II Reverse Transcription

System (Promega). Realtime PCR was performed in duplicate samples with the Rotor Gene Q

cycler from Qiagen using the Brilliant II SYBR Green master mix (Agilent) kit following the

manufacturer instructions. The standard curves were analyzed by means of the RotorGene

software application to determine the optimum amplification conditions for each gene. The

efficiency values obtained ranged from 95% to 109%. The linear regression coefficient values

(Rsq) obtained were within a range from 0.990 to 0.999. For initial comparisons, gene

expression was normalized with 18s and β-actin and analyzed by the relative quantification

model proposed by Pfaffl. Results are presented in Figure 1 as the relative-fold change in

cancer relative to benign thyroid nodules.

Using CT values of each gene, Receiving Operating Characteristic (ROC)

curves were generated to compare the ability of each individual gene to classify thyroid

samples. The area under the curve (AUC), and optimal sensitivity and specificity were

determined and are provided in Figure 2 . Individually, the genes with best AUC and

sensitivity/specificity values were gene 11 (AUC:0.87 and sensitivity/specificity: 96%/78%),

gene 12 (AUC:0.85 and sensitivity/specificity: 85%/73%) and gene 10 (AUC:0.84 and

sensitivity/specificity: 81%/79%). Genes 17 and 5 showed AUC ' s of 0.74 and 0.70,

respectively. All other genes showed poor classifying performance, as shown in Figure 2 .

EXAMPLE 2

DEVELOPMENT OF DIAGNOSTIC ASSAYS

A multi-gene classifying test (gene signature), which maximizes the

sensitivity/specificity relationship, reaching both positive predictive values (PPV) and negative

predictive values (NPV) greater than 90% was used. Criteria for selecting optimal sets of genes

to use in classifiers were: AUC greater than 0.97, with both sensitivity and specificity values

greater than 92% and 90%, respectively; the gene classifier should be robust and withstand

atypical gene profile variations without overfitting. In addition, the signature should use a small



set of genes, thus allowing a simple kit to be used in a point of care diagnostic setting such as

pathology laboratories. To meet these criteria, separate algorithms were trained; the first one

identified and classified samples with atypical (outlier) CT values, and second one classified

samples with non-atypical CT values (Figure 3A). To integrate output data from both algorithms,

the data obtained from the first algorithm was mathematically transformed to give a similar

output identity to the data obtained from the second algorithm (Figre 3A).

To develop the classifier, the algorithms were used sequentially in a two-step

process. The first step of the classifier included two phases; the first phase identified samples

with atypical CT values (outliers) defined as values greater than two standard deviations from the

mean CT value for each gene (Figure 3A and B). If a sample satisfied the criteria of an atypical

CT for a gene, it followed to the second phase, which calculated the error probability (EP) of an

atypical CT value belonging to the cancer group while truly belonging to the benign group. The

EP calculated for the selected genes was expressed as an indivual score, which was used to

generate a composite score that classified the sample as cancer or benign (Figure 3A and B). The

first step identified 1 of 56 of benign samples and 36 of 100 cancer samples as atypical and

classified them with 100% accuracy.

Samples that did not satisfy atypical CT value criteria of the first phase or were

not classified in the second phase followed the classification process through the second step

(Figure 3B). The second step used algorithms trained by two methods, namely Linear

discriminant analysis (LDA) and Non-linear discriminant analysis (NLDA) (Figure 3B). LDA

analysis was performed using the SPSS 15.0 software in a stepwise approach, since it was

unknown if the variables and samples met the conditions required for an LDA. The stepwise

approach was chosen, because it simultaneously identified the combination of variables that gave

the greatest classification certainty and satisfied the required conditions for an LDA. For NLDA,

a genetic algorithm-based method to evolve a set of mathematical functions, resulting in either

linear or nonlinear combinations of two or more features was used (Melo e al, Protein Science,

2007). This method generated non-linear transforms of combinations of up to four genes that

produced single composite scores.



EXAMPLE 3

SELECTION OF DIAGNOSTIC GENE SETS

New gene classifiers generated from both LDA and NLDA strategies, as

described in Example 2, were chosen based on ROC curve parameters including area under the

curve (AUC), sensitivity, and specificity. Results of representative algorithms obtained by LDA

(SV) and NLDA (FM72 and FM208) are shown in Figure 4 . All classifiers showed excellent

performance with AUC ' s greater than 0.98, sensitivities ranging between 94 - 97.8 %, and

specificities between 92 - 99%. Most importantly, the algorithm with best performance (SV;

Figure 4) showed a positive predictive value and negative predictive value of 95.8 % and 96.1%,

respectively (Figure 7).

Although the three genes with best individual performance (CK19, TIMP-1,

CLDN1) have been previously shown to be strong biomarkers for thyroid cancer, their

combination alone did not account for the performance of these new algorithms. To demonstrate

this, these genes, both individually and combined together using the same two-step algorithm

strategy described in Example 2 to integrate them, were compared to the new gene combinations

identified herein, including the SV gene combination. Remarkably, the combination of the three

genes did not modify their performance compared to the genes individually, as shown in Figure

5 . Furthermore, Spearman correlation analysis showed that they are closely related (p<0.001)

(Figure 6), which explained why the combination of these gene did not improve their individual

performance. Moreover, the performance of the specific gene combinations identified herein,

including the SV gene combination, was statistically superior to CK19, TIMP-1 and CLDN1,

both individually and combined (Figure 5). Without being bound by theory, it is believed that the

superiority of the gene combinations described herein is based on the combination of good

biomarkers with poor biomarkers to achieve maximal classifying ability. This is probably

attributable to the fact that in the specific combinations described herein, most of the genes are

not related to each other and, therefore, improved performance of the classifier is achieved by the

fact that each gene identifies and correctly classifies a different set of samples. Specifically,

CK19, TIMP-1 and CLDN1 correctly classified 80% of the cancer samples, whereas other genes

used in diagnostic gene combinations of the present invention classified most of the benign

samples.



A summary comparing the performance of three gene sets used in classifiers

developed as described herein (SV, FM72, and FM208) as compared to Gene 10, Gene 11 and

Gene 12, alone or in combination, is shown in Figure 7 . SV includes the following genes:

CXCR3, CCR3, CXCL10, CK19, TIMP-1, CLDN-1, CAR, HO-1 and CCR7. FM72 includes the

following genes: CCR3, TIMP-1, CAR and XB130. FM208 includes the following genes:

CXCL10, TIMP-1, CLDN-1 and CCR7. A comparison of the performance of the various gene

sets and classifiers described herein to the Afirma® thyroid FNA analysis test (Veracyte, South

San Francisco, CA) is shown in Figure 7 .

EXAMPLE 4

TESTING OF GENE CLASSIFIER WITH AN INDEPENDENT TESTING SET

The accuracy of the selected diagnostic gene markers in detecting cancer or

benign tissue was determined against an independent set of data. A new set of samples including

20 cancers (PTC usual type (15), PTC follicular variant (4), and follicular carcinoma (1)) and 39

benign (follicular hyperplasia (28), thyroiditis (7) and, follicular adenoma (4)) tissue samples

were used. In this case, a smaller number of cancer samples were included to represent a similar

prevalence of cancer seen in fine needle aspiration biopsies in indeterminate thyroid nodules.

Analysis of this independent set using the SV classifier showed excellent

performance with an AUC of 0.95, sensitivity 95%, specificity 90%, PPV 83% and NPV 98%

(Figure 8). A reduction in the positive predictive value to 83%> was expected given that PPV is

dependent of the prevalence of cancer. Similarily, increased negative predictive value depends on

the prevalence of benign condition and therefore increased up to 98% in this testing set as

compared to the training set (Figure 8). These results confirm that the markers used in the

classifiers described herein produce accurate results that are not overfitted, and provide reliable

new diagnostic assays.

EXAMPLE 5

TESTING OF GENE CLASSIFIER WITH SECOND INDEPENDENT TESTING SET

OBTAINED FROM FINE NEEDLE ASPIRATION SAMPLES

The accuracy of the selected diagnostic gene markers in detecting cancer or

benign thyroid nodules was determined against an independent set of samples obtained from fine



needle aspiration (FNA). These correspond to the actual clinical setting in which the assay is

performed. Since FNA 's correspond to a very small sample, it is possible that the reduced

cellularity may decrease the performance of the assay. Therefore, the ability of marker sets of the

invention to predict the nature of thyroid nodules in FNA samples was tested. The new set of

samples included 26 papillary thyroid cancers and 74 benign thyroid nodules. A smaller number

of cancer samples were included to represent a similar prevalence of cancer seen in fine needle

aspiration biopsies in indeterminate thyroid nodules. Cytopathological diagnosis of FNA

samples was used as the gold standard to compare the molecular classification result of the assay.

Analysis of this independent set using the SV classifier showed excellent

performance, with a sensitivity of 96%, a specificity of 89%, a PPV of 75% and a NPV of 98%

(Figure 9). These results confirm that the markers used in the classifiers described herein produce

accurate results that are not overfitted, and provide reliable confirmation that the assays of the

invention have excellent perfomance in FNA samples routinely used in the clinical setting.

All of the U.S. patents, U.S. patent application publications, U.S. patent

applications, foreign patents, foreign patent applications and non-patent publications referred to

in this specification are incorporated herein by reference, in their entirety to the extent not

inconsistent with the present description.

From the foregoing it will be appreciated that, although specific embodiments of

the invention have been described herein for purposes of illustration, various modifications may

be made without deviating from the spirit and scope of the invention. Accordingly, the invention

is not limited except as by the appended claims.



CLAIMS

A method of diagnosing thyroid cancer in a subject comprising:

(a) determining an expression level of three or more gene products of a

thyroid tissue sample obtained from the subject, wherein the three or

more gene products are expressed by one or more genes listed in Table

1 and wherein at least one of the gene products is expressed by a

CXCR3, CCR3, CXCL10, CAR, XB130, HO-1 or CCR7 gene; and

(b) identifying the thyroid tissue sample as cancerous or benign by

correlating the expression levels determined in (a) with the presence or

absence of thyroid cancer in the thyroid tissue sample.

The method of claim 1, wherein the correlating of (b) is performed by

comparing the expression level of the three or more gene products to a

normal control expression level for each gene product, wherein the thyroid

tissue sample is identified as cancerous if there is a difference in the

expression level of the three or more gene products between the thyroid

tissue sample and the normal control expression levels.

The method of claim 2, wheren the thyroid tissue sample is identified as

cancerous if there is a difference in the expression level of four or more

gene products between the thyroid tissue sample and the normal control

expression levels.

The method of claim 2 or claim 3, wherein the normal control expression

level is an expression level in a normal thyroid tissue sample.

The method of claim 2 or claim 3, wherein the normal control expression

level is a predetermined value based on expression levels in a plurality of

normal thyroid tissue samples.



6 . The method of any one of claims 2-5, wherein the thyroid tissue sample is

identified as cancerous if the expression level of any one or more of

CXCR3, CXCL1 1, SPAG-9, CAR, Nectin-1 , XB-130 and/or CXCL4

genes is decreased; and/or the expression level of any one or more of

CXCR3A, CXCR3B, CXCR4, CCR3, CXCL9, CXCLIO, - . TIMP-1,

CLDN-1, and/or CCR7 genes is increased in the thyroid tissue sample as

compared to the normal control expression level, wherein the total number

of genes with increased or decreased expression is at least three.

7 . The method of claim 1, wherein the correlating of (b) is performed by

comparing the expression level of the three or more gene products to a

cancer control expression level for each gene product, wherein the thyroid

tissue sample is identified as cancerous if there is substantially no

difference in the expression level of the three or more gene products

between the thyroid tissue sample and the cancer control expression levels.

8. The method of claim 7, wheren the thyroid tissue sample is identified as

cancerous if there is substantially no difference in the expression level of

four or more gene products between the thyroid tissue sample and the

cancer control expression levels.

9 . The method of claim 7 or claim 8, wherein the cancer control expression

level is an expression level in a cancerous thyroid tissue sample.

10. The method of claim 7 or claim 8, wherein the cancer control expression

level is a predetermined value based on expression levels in a plurality of

cancerous thyroid tissue samples.

11. The method of claim 1, wherein the correlating of (b) comprises

comparing the expression level to gene expression data determined for the

three or more gene products in the following two sets of biological

samples:

(i) a pluralityof normal thyroid tissue samples; and



(ii) a plurality of cancerous thyroid tissue samples,

wherein the thyroid tissue sample is identified as cancerous if there is a

difference in the expression level of the three or more gene products

between the thyroid tissue sample and the gene expression data of (i), or if

there is substantially no difference in the gene expression level of the one

or more gene products between the thyroid tissue sample and the gene

expression date of (ii).

12. The method of any one of claim 1-1 1, wherein the correlating of (b) is

performed using a classifier that identifies atypical CT values and/or non-

atypical CT values.

13. The method of 12, wherein the classifier was generated using gene

expression data determined for the three or more gene products from a

plurality of normal thyroid tissue samples and/or cancerous thyroid tissue

samples.

14. The method of any one of claims 1-13, wherein the thyroid tissue sample

was obtained by needle aspiration, fine needle aspiration, core needle

biopsy, vacuum assisted biopsy, large core biopsy, incisional biopsy,

excisional biopsy, or punch biopsy.

15. The method of any one of claims 1-14, wherein the gene product is RNA.

16. The method of claim 15, wherein the RNA is mRNA, rRNA, tRNA, or

miRNA.

17. The method of claim 15 or claim 16, wherein the RNA expression level is

determined using microarray, SAGE, blotting, RT-PCR, quantitative PCR,

molecular bar-coding techniques, TRAC, PCR array, Mutiplex qPCR or

qNPA.



18. The method of any one of claims 1-14, wherein the gene product is

protein.

19. The method of claim 18, wherein the protein gene expression is

determined using ELISA, mass spectrophotometry, blotting, protemics

techniques, or immunohistochemistry.

20. The method of any one of claims 1-19, wherein the three or more gene

products comprise or consist of:

(i) three or more gene products of the CXCR3, CCR3, CXCL10, CK19,

TIMP-1, CLDN-1, CAR, XB130, HO-1 and CCR7 genes;

(ii) the gene products of the CXCR3, CCR3, CXCL10, CK19, TIMP-1,

CLDN-1, CAR, HO-1 and CCR7 genes;

(iii) the gene products of the CCR3, TIMP-1, CAR and XB130 genes;

(iv) the gene products of the CXCL10, TIMP-1, CAR and CCR7 genes;

(v) the gene products of the TIMP-1, CAR and CCR7 genes; or

(vi) the gene products of the CXCL10, TIMP-1, CLDN-1, and CCR7

genes.

21. The method of any one of claims 1-20, further comprising the step of

performing a cytological analysis on a thyroid tissue sample obtained from

the subject prior to (a) to obtain a preliminary diagnosis.

22. The method of claim 21, wherein samples with a preliminary diagnosis of

intermediate or indeterminate are further analyzed by the methods of step

(a) and step (b).

23. The method of claim 2 1 or claim 22, wherein the tissue sample

cytologically analyzed and the tissue sample used in (a) are the same tissue

sample.



24. The method of claim 23, wherein the tissue sample was obtained by fine

needle aspiration.

25. The method of any one of claims 1-24, wherein the thyroid tissue sample

is diagnosed as cancerous or benign with a sensitivity of greater than or

equal to 92% or greater than or equal to 97%.

26. The method of any one of claims 1-24, wherein the thyroid tissue sample

is diagnosed as cancerous or benign with a specificity of greater than or

equal to 60%> or greater than or equal to 90%>.

27. The method of any one of claims 1-24, wherein the thyroid tissue sample

is diagnosed as cancerous or benign with a positive predictive value of

greater than or equal to 50% or greater than or equal to 90%.

28. The method of any one of claims 1-24, wherein the thyroid tissue sample

is diagnosed as cancerous or benign with a negative predictive value of

greater than or equal to 92% or greater than or equal to 94%.

29. The method of any one of claims 1-24, wherein the thyroid tissue sample

is diagnosed as cancerous or benign with a positive likelihood ratio of

greater than or equal to 2 or greater than or equal to 10.

30. The method of any one of claims 1-24, wherein the thyroid tissue sample

is diagnosed as cancerous or benign with a positive post-test probability of

greater than or equal to 50% or greater than or equal to 80%.

31. The method of any one of claims 1-24, wherein the thyroid tissue sample

is diagnosed as cancerous or benign with a negative likelihood ratio of less

than or equal to 0.14 or less than or equal to 0.08.



32. The method of any one of claims 1-24, wherein the thyroid tissue sample

is diagnosed as cancerous or benign with a negative post-test probability of

less than or equal to 7.0% or less than or equal to 3.0%.

33. The method of any one of claims 1-32, further comprising obtaining the

thyroid tissue sample from the subject.

34. The method of any one of claims 1-33, further comprising surgically

removing the subject's thyroid, or a portion thereof, if the thyroid tissue

sample is diagnosed as cancerous.

35. A kit for diagnosing thyroid cancer, said kit comprising three or more

reagents for detecting gene products, wherein the three or more reagents

each detect different gene products, wherein the gene products are

expressed by one or more genes listed in Table 1, and wherein at least one

of the gene products is expressed by a CXCR3, CCR3, CXCL10, CAR,

XB130, HO-1 or CCR7 gene.

36. The kit of claim 35, wherein the reagents are antibodies, and wherein each

antibody specifically binds to a polypeptide gene product.

37. The kit of claim 35, wherein the reagents are oligonucleotides or sets of

oligonuclotides, and wherein each oligonucleotide specifically binds to a

nucleic acid gene product.

38. The kit of any one of claims 35-37, wherein the reagents are each attached

to a substrate.

39. The kit of claim 38, wherein the reagents are covalently attached to the

substrate.



40. The kit of claim 38 or claim 39, wherein the reagents are each attached to

discrete regions of a solid substrate.

4 1. The kit of any one of claims 35 and 37-40, wherein the reagents are

oligonucleotides or sets of oligonucleotides covalently bound to a solid

substrate, wherein the solid substrate is optionally an array, and wherein

the array is optionally a microarray.

42. The kit of claim 35 or claim 37, wherein the reagents are sets of

oligonucleotides, and wherein the sets of oligonucleotides comprise DNA.

43. The kit of claim 35 or claim 37, wherein the reagents are sets of

oligonucleotides, and wherein each set of oligonucleotides specifically

hybridizes to one of the gene products.

44. The kit of claim 43, wherein each set of oligonucleotides comprise

amplification primers capable of PCR amplifying one of the gene

products.

45. The kit of any one of claims 35-44, wherein the gene products comprise or

consist of:

(i) three or more gene products of the CXCR3, CCR3, CXCL10, CK19,

TIMP-1, CLDN-1, CAR, XB130, HO-1 and CCR7 genes;

(ii) the gene products of the CXCR3, CCR3, CXCL10, CK19, TIMP-1,

CLDN-1, CAR, HO-1 and CCR7 genes;

(iii) the gene products of the CCR3, TIMP-1, CAR and XB130 genes;

(iv) the gene products of the CXCL10, TIMP-1, CAR and CCR7 genes;

(v) the gene products of the TIMP-1, CAR and CCR7 genes; or

(vi) the gene products of the CXCL10, TIMP-1, CLDN-1, and CCR7

genes.



46. The kit of any one of claims 35-45, wherein the reagents are labeled.

47. The kit of any one of claims 43-47, wherein the kit further comprises one

or more solutions suitable for binding said reagents to said gene products.

48. The kit of claim 46 or claim 47, wherein the reagents are sets of

oligonucleotides, and the kit further comprises one or more additional

reagents for performing a PCR assay.

49. The kit of claim 48, wherein the one or more additional reagents are

selected from a thermostable polymerase, a mixture of deoxynucleotides,

and a detectably labeled probe.

50. The kit of claim 49, wherein the detectably labeled probe comprises a

fluorophore and a quenching moiety.

51. The kit of claim 49 or claim 50, wherein the detectably labeled probe emits

a detectable signal when the probe is cleaved but not when the probe is

intact.

52. The kit of any one of claims 35-51, wherein the kit further comprises one

or more reagents for processing a thyroid tissue sample.

53. The kit of claim 52, wherein the processing of the thyroid tissue sample

comprises extracting the gene products from the thyroid tissue sample.

54. The kit of claim 53, wherein the gene products are proteins or nucleic

acids.

55. The kit of any one of claims 35-54, further comprising one or more control

gene products.



56. The kit of any one of claims 35-55, wherein one or more of the reagents

for detecting gene products, the solution, the additional reagents, and the

control gene products are in separate containers.

57. A method of treating thyroid cancer, comprising:

(a) identifying a thyroid tissue sample obtained from the subject as

cancerous according to a method of any one of claims 1-34 or using a

kit of any one of claims 35-56; and

(b) surgically removing the subject's thyroid or a portion thereof, or

performing radiation therapey, chemotherapy, or hormone therapy on

the subject.
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