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TITLE 

BREAST CANCER BIOMARKER SIGNATURES FOR INVASIVENESS AND PROGNOSIS 

Inventors: Carlo M. Croce, Stefano Volinia 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of United States Provisional Application Number 

61/588,790 filed January 20, 2012, the entire disclosure of which is expressly incorporated herein by 

reference for all purposes.  

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

[0002] This invention was made with government support under Grant Nos. UO1-CA152758 and 

UO1-CA154200 awarded by the National Institutes of Health. The government has certain rights in 

the invention.  

TECHNICAL FIELD 

[0003] This invention relates generally to the field of molecular biology. More particularly, it 

concerns cancer-related technology. Certain aspects of the invention include application in 

diagnostics, therapeutics, and prognostics of breast cancers.  

BACKGROUND OF THE INVENTION 

[0004] Breast cancer (BC) is a complex disease, characterized by heterogeneity of genetic 

alterations and influenced by several environmental factors. Ductal carcinoma in situ (DCIS) is a 

heterogeneous group of lesions reflecting the proliferation of malignant cells within the breast ducts 

without invasion through the basement membrane. About 80% of all breast cancers are invasive 

ductal carcinomas (IDC), the most frequent type of BC. Breast tumors of distinct molecular subtypes 

(luminal A/B, HER2+, and basal-like) have dramatically different mRNA profiles.  

[0005] Until 1980, DCIS was diagnosed rarely and represented <1% of BC. With the increased 

use of mammography, DCIS became the most rapidly increasing subset of BC, accounting for 15%

25% of newly diagnosed BC cases in the US.  

[0006] MicroRNA (miRNA) is a class of conserved non-coding RNAs with regulatory functions, 

which exerts important roles in cancer. Microarray analysis of miRNAs has been generating much 

new knowledge in recent years. There is still a need for information about the function and activity of 

miRNAs, as well as for methods and compositions that can be used for their characterization and 

analysis. However, genome-wide mRNA expression studies failed to identify progression stage

specific genes.  
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SUMMARY OF THE INVENTION 

[0007] In a first broad aspect, described herein is breast cancer signature that 

indicates an increased risk for poor prognosis breast cancer. The signature comprising the 

determination of an alteration in levels of a miRNA/mRNA signature in a test sample of 

tissue from the human subject. In one embodiment, the miRNA/mRNA signature 

consisting of miRNA gene products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa

miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874 a, hsa

miR-93; and mRNA gene products: ADAT1, ANKRD52, BIRC6, C10orfl8, C2CD2, 

CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, MEl, NCOA2, 

OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7 and ZFC3H1. An 

alteration in the levels of the miRNA and mRNA gene products in the test sample, relative 

to the level of corresponding levels of miRNA and mRNA gene products in a control 

sample of cancer free tissue, is indicative of the human subject having a poor survival 

prognosis for BC.  

[0007a] In another aspect, there is provided herein a method of determining whether 

a human subject has a poor survival prognosis for breast cancer (BC), comprising: 

extracting a test sample of tissue from a human subject, wherein the extracting is by 

hypodermic needle, microdissection, or laser capture; 

measuring by microarray analysis the level of a miRNA/mRNA signature in the test 

sample of tissue from the human subject, the miRNA/mRNA signature consisting 

of: i) miRNA gene products consisting of the group of: hsa-miR-103, hsa-miR

1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, 

hsa-miR-484, hsa-miR-874a, and hsa-miR-93; and, ii) mRNA gene products 

consisting of the group of: ADAT1, ANKRD52, BIRC6, C1Oorfl8, C2CD2, 

CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, MEl, 

NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7, 

and ZFC3H1; and, 

determining the survival prognosis of the subject; wherein an alteration in the levels of the 

miRNA and mRNA gene products in the test sample, relative to the level of corresponding 

miRNA and mRNA gene products in a control sample of cancer-free tissue, is indicative of 

the human subject having a poor survival prognosis for BC.  

[0007b] In another aspect, there is provided herein a method for determining if a 

human subject having breast cancer (BC) has a poor survival outcome comprising: 

(11816315 1):GGG
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extracting breast cells from a human subject, wherein the extracting is by 

hypodermic needle, microdissection, or laser capture; 

assaying by microarray analysis a nucleic acid sample obtained from the breast cells 

of the human subject to determine the expression level of a miRNA/mRNA 

signature in the nucleic acid sample, 

the miRNA/mRNA signature consisting of: i) miRNA gene products consisting of 

the group of: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR

326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874a, and hsa-miR-93; 

and, ii) mRNA gene products consisting of the group of: ADAT1, ANKRD52, 

BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, 

FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, 

TRIM23, TTC3, UBR5, UBXN7, and ZFC3H1; and, 

determining that the human subject has a poor survival outcome, if there is an 

alteration in the expression levels of miRNA/mRNA signature in the nucleic acid 

sample, as compared to a control sample.  

[0007c] In another aspect, there is provided herein a method for predicting a 

prognosis in a breast cancer patient comprising: 

extracting a biological test sample from a subject having breast cancer, wherein the 

extracting is by hypodermic needle, microdissection, or laser capture; 

detecting by microarray analysis a test expression level of a signature in the 

biological test sample from the subject having breast cancer; assigning a risk score 

to the test expression level; and 

predicting a poor prognosis when the test expression level is assigned a high risk 

score; and predicting a good prognosis when the test expression level is assigned a 

low risk score, 

wherein the signature comprises a miRNA/mRNA signature consisting of: i) miRNA 

gene products consisting of the group of: hsa-miR-103, hsa-miR-1307, hsa-miR

148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa

miR-874a, and hsa-miR-93; and, ii) mRNA gene products consisting of the group 

of: ADAT1, ANKRD52, BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPT1A, 

DAAM1, DIP2B, DPYl9L3, FAM9lAl, GMCL1, MEl, NCOA2, OTUD6B, 

PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7, and ZFC3H1.  

[0007d] In another aspect, there is provided herein a DNA chip when used for 
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testing for a colon cancer-related disease, on which at least one probe has been 

immobilized to assay a miRNA/mRNA signature consisting of: i) miRNA gene products: 

hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, 

hsa-miR-365, hsa-miR-484, hsa-miR-874a, hsa-miR-93; and, ii) mRNA gene products: 

ADAT1, ANKRD52, BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPTIA, DAAM1, DIP2B, 

DPY19L3, FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, 

TRIM23, TTC3, UBR5, UBXN7 and ZFC3H1.  

[0007e] In another aspect, there is provided herein an article of manufacture when 

used in a method according to the invention, the article comprising: at least one capture 

reagent that binds to at least one marker for a miRNA/mRNA signature consisting of: i) 

miRNA gene products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa

miR-326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874 a, hsa-miR-93; and, ii) 

mRNA gene products: ADAT1, ANKRD52, BIRC6, ClOorfl8, C2CD2, CHD9, CHM, 

CPTIA, DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL, MEl, NCOA2, OTUD6B, 

PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7 and ZFC3H1.  

[0008] In another aspect, there is provided herein, a method of determining 

whether a human subject has a poor survival prognosis for breast cancer (BC). The method 

generally includes measuring the level of a miRNA/mRNA signature in a test sample of 

tissue from the human subject (where the miRNA/mRNA signature consists of miRNA 

gene products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, 

hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874 a, hsa-miR-93; and mRNA gene 

products: ADAT1, ANKRD52, BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPT1A, 

DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, 

PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7 and ZFC3H1. The method also 

generally includes determining the survival prognosis of the subject; wherein an alteration 

in the levels of the miRNA and mRNA gene products in the test sample, relative to the 
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level of a corresponding levels of miRNA and mRNA gene products in a control sample of 

cancer free tissue, is indicative of the human subject having a poor survival prognosis for 

BC.  

[0009] In another aspect, there is provided herein, a method of diagnosing whether 

a human subject has, or is at risk for developing, a BC associated with a poor prognosis, 

comprising: (1) reverse transcribing RNA from a test sample of tissue obtained from the 

human subject to provide a set of target oligodeoxynucleotides; (2) hybridizing the target 

oligodeoxynucleotides to a microarray comprising miRNA-specific probe oligonucleotides 

to provide a hybridization profile for the test sample wherein the microarray comprises 

miRNA-specific probe oligonucleotides for a the miRNA/mRNA signature consisting of 

miRNA gene products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa

miR-326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874 a, hsa-miR-93; and 

mRNA gene products: ADAT1, ANKRD52, BIRC6, ClOorfl8, C2CD2, CHD9, CHM, 

CPT1A, DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, 

PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7 and ZFC3H1 ; (3) comparing 

the test sample hybridization profile to a hybridization profile generated from a control 

sample of metastasis-free tissue, and, (4) diagnosing whether the human subject has or is at 

risk of developing a BC associated 
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with a poor prognosis based on an alteration in the miRNA/mRNA gene product signature.  

[0010] In certain embodiments, the step of determining the survival prognosis of the subject 

having an invasive ductal carcinoma (IDC) breast cancer (BC).  

[0011] In certain embodiments, the step of determining the survival prognosis of the subject 

predicts overall survival (OS).  

[0012] In certain embodiments, a signature set of miRNAs and mRNA hybridize to probes that 

are specific for such miRNAs and mRNA, relative to the control sample, is indicative of a prognosis of 

poor survival in human patients.  

[0013] In another aspect, there is provided herein a method for determining if a human subject 

having breast cancer (BC) has a poor survival outcome comprising: assaying a nucleic acid sample 

obtained from breast cells of the human subject to determine the expression level of a miRNA/mRNA 

signature in the nucleic acid sample, the miRNA/mRNA signature consisting of miRNA gene 

products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa

miR-365, hsa-miR-484, hsa-miR-874 a, hsa-miR-93; and mRNA gene products: ADATI, ANKRD52, 

BIRC6, C1Oorfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, 

MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7 and ZFC3H1; 

and, determining that the human subject has a poor survival outcome, if there is an alteration in the 

expression levels of miRNA/mRNA signature in the nucleic acid sample, as compared to a control 

nucleic acid sample.  

[0014] In another aspect, there is provided herein a DNA chip for testing for a colon cancer

related disease, on which a probe has been immobilized to assay a miRNA/mRNA signature consisting 

of miRNA gene products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, 

hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874 a, hsa-miR-93; and mRNA gene products: 

ADATI, ANKRD52, BIRC6, C1Oorfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, 

FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, 

UBXN7 and ZFC3H1.  

[0015] In another aspect, there is provided herein an article of manufacture comprising: at least 

one capture reagent that binds to at least one marker for a miRNA/mRNA signature consisting of 

miRNA gene products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa

miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874 a, hsa-miR-93; and mRNA gene products: 

ADATI, ANKRD52, BIRC6, C1Oorfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, 

FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, 

UBXN7 and ZFC3H1.  

[0016] In another aspect, there is provided herein a kit for screening for breast cancer, wherein 

the kit comprises: one or more reagents of at least one marker for: miRNA gene products: hsa-miR

103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, hsa-miR

484, hsa-miR-874 a, hsa-miR-93; and mRNA gene products: ADATI, ANKRD52, BIRC6, C1Oorfl8, 
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C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, MEl, NCOA2, 

OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7 and ZFC3H1.  

[0017] In certain embodiments, the presence of the marker is detected using a reagent comprising 

an antibody or an antibody fragment which specifically binds with at least one marker.  

[0018] In certain embodiments, the reagent is labeled, radio-labeled, or biotin-labeled, and/or 

wherein the antibody or antibody fragment is radio-labeled, chromophore-labeled, fluorophore

labeled, or enzyme-labeled.  

[0019] In certain embodiments, the reagent comprises one or more of: an antibody, a probe to 

which the reagent is attached or is attachable, and an immobilized metal chelate.  

[0020] In another aspect, there is provided herein a microarray for predicting the presence of a 

breast cancer-related disease in a subject comprising an antibody directed a miRNA/mRNA signature 

consisting of miRNA gene products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa

miR-326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874 a, hsa-miR-93; and mRNA gene 

products: ADATi, ANKRD52, BIRC6, Cl0orfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, 

DPY19L3, FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, 

TTC3, UBR5, UBXN7 and ZFC3H1.  

[0021] In certain embodiments, a level of expression of the marker is assessed by detecting the 

presence of a transcribed polynucleotide or portion thereof, wherein the transcribed polynucleotide 

comprises a coding region of the marker.  

[0022] In certain embodiments, the sample is a breast cancer-associated body fluid or tissue.  

[0023] In certain embodiments, the sample comprises cells obtained from the patient.  

[0024] In certain embodiments, at least miRNA/mRNA signature includes isolated variants or 

biologically-active fragments or functional equivalents thereof, or antibodies that bind thereto.  

[0025] In certain embodiments, the breast cancer-related disease is an invasive ducal carcinoma 

(IDC).  

[0026] In certain embodiments, the sample comprises cells obtained from the patient taken over 

time.  

[0027] In certain embodiments, the method further comprises designing a treatment plan based on 

the diagnosis.  

[0028] In certain embodiments, the method further comprises administration of a treatment based 

on the diagnosis.  

[0029] In certain embodiments, the standard miRNA and/or mRNA expression levels are from 

the representative pool of individuals and is a mean, median or other statistically manipulated or 

otherwise summarized or aggregated representative miRNA and/or mRNA expression levels for the 

miRNA and miRNA levels in the control tissues in the subject.  

[0030] In another aspect, there is provided herein a computer-readable medium comprising a 

database having a plurality of digitally-encoded reference profiles, wherein at least a first reference 
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profile represents a level of at least a miRNA/mRNA signature in one or more samples from 

one or more subjects exhibiting an indicia of a breast cancer-related disease response, 

wherein the miRNA/mRNA signature consisting of miRNA gene products: hsa-miR-103, 

hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, hsa

miR-484, hsa-miR-874 a, hsa-miR-93; and mRNA gene products: ADAT1, ANKRD52, 

BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, FAM91A1, 

GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, 

UBXN7 and ZFC3H1.  

[0031] In certain embodiments, the computer readable medium includes at least a 

second reference profile that represents a level of at least one additional miRNA or mRNA in 

one or more samples from one or more subjects exhibiting indicia of a breast cancer-related 

disease response; or subjects having a breast cancer-related disease.  

[0032] In another aspect, there is provided herein a computer system for determining 

whether a subject has, is predisposed to having, or has a poor survival prognosis for, a breast 

cancer-related disease, comprising the database described herein, and a server comprising a 

computer-executable code for causing the computer to receive a profile of a subject, identify 

from the database a matching reference profile that is diagnostically relevant to the subject 

profile, and generate an indication of whether the subject has, or is predisposed to having, a 

breast cancer-related disease.  

[0033] In another aspect, there is provided herein a computer-assisted method for 

evaluating the presence, absence, nature or extent of a breast cancer-related disease in a 

subject, comprising: 

(1) providing a computer comprising a model or algorithm for classifying data from a 

sample obtained from the subject, 

wherein the classification includes analyzing the data for the presence, absence or 

amount of at least one miRNA/mRNA signature, and 

wherein the a miRNA/mRNA signature consisting of miRNA gene products: hsa-miR-103, 

hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, hsa

miR- 484, hsa-miR-874 a, hsa-miR-93; and mRNA gene products: ADAT1, ANKRD52, 

BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, FAM91A1, 

GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, 

UBXN7 and ZFC3H1; 

(11816315 1):GGG



5a 

(2) inputting data from the biological sample obtained from the subject; and, 

(3) classifying the biological sample to indicate the presence, absence, nature or 

extent of a breast cancer-related disease.  

[0034] In another aspect, there is provided herein a method for predicting a prognosis 

in a breast cancer patient comprising: detecting a test expression level of a set a signature in a 

biological test sample from a subject having breast cancer; assigning a risk score to the test 

expression level; and predicting the a poor prognosis when the test expression level is 

assigned a high risk score; and predicting a good prognosis when the test expression level is 

assigned a low risk score, 

wherein the signature comprises a miRNA/mRNA signature consisting of miRNA 

gene 

(11816315 1):GGG



WO 2013/110053 PCT/US2013/022492 

products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, 

hsa-miR-365, hsa-miR-484, hsa-miR-874 a, hsa-miR-93; and mRNA gene products: ADATi, 

ANKRD52, BIRC6, C1Oorfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, 

FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, 

UBXN7 and ZFC3H1.  

[0035] In certain embodiments, the prognosis is overall cancer survival.  

[0036] In certain embodiments, the test expression level is determined by microarray.  

[0037] In certain embodiments, the test expression level is determined by RT-PCR.  

[0038] In certain embodiments, the miRNA/mRNA signature comprises a statistically significant 

change in the expression of the miRNAs and mRNAs in a breast cell versus a breast cancer cell.  

[0039] In another aspect, there is provided herein a marker for detecting breast invasive ductal 

carcinoma (IDC) in a subject, comprising a miR-210 gene product.  

[0040] In another aspect, there is provided herein a method for detecting breast invasive ductal 

carcinoma in a subject, comprising detecting an increase in a miR-210 gene product, as compared to a 

test sample.  

[0041] In another aspect, there is provided herein a microRNA signature for differentiating 

invasive ductal carcinoma (IDC) from ductal carcinoma in situ (DCIS), comprising: i) up-regulation of 

at least one of: let-7d, miR-181a, miR-210 and miR-221 in IDC; and, ii) down- regulation of at least 

one of: miR-10b, miR-126, miR-143, miR-218 and miR-335-5p in IDC.  

[0042] In another aspect, there is provided herein a microRNA signature for overall-survival 

prognosis and for time-to-metastasis prognosis in a subject having breast cancer, comprising: miR

210, miR-21, miR-106b*, miR-197 and/or let-7i.  

[0043] In another aspect, there is provided herein a microRNA marker for detecting transition 

from DCIS to IDC is a subject having breast cancer, comprising a miR-210 gene product.  

[0044] In another broad aspect, there is provided herein a microRNA signature for differentiating 

invasive ductal carcinoma (IDC) from ductal carcinoma in situ (DCIS), comprising at least one of: let

7d, miR-210 and miR-221 down-regulated in in situ; and let-7d, miR-210 and miR-221 up-regulated in 

the invasive transition.  

[0045] In another aspect, there is provided herein a microRNA signature for overall-survival and 

time-to-metastasis for breast cancer, comprising: miR-210, miR-21, miR-106b*, miR-197 and let-7i.  

[0046] In another aspect, there is provided herein a marker for invasive transition, comprising 

protein coding genes with inversely related profiles to miR-210, where one or more of: BRCA1, 

FANCD, FANCF, PARP1, E-cadherin, Rb 1 are activated in in situ and down-regulated in invasive 

carcinoma.  

[0047] In another aspect, there is provided herein a marker for ductal carcinoma in situ, 

comprising at least one differential splicing isoform, such as a truncated EGFR lacking the kinase 

domain, wherein such marker is over-expressed only in ductal carcinoma in situ.  
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[0048] In another aspect, there is provided herein a method for identifying a patient as having a 

marker correlated with breast invasive ductal carcinoma (IDC) based on a increase in miR-210 

expression comprising: a) analyzing miR-210 expression in a breast cancer sample from a patient 

suspected of having IDC; and, b) identifying the patient as i) having a marker correlated with IDC 

cancer if an increase in miR-210 expression in the sample from the patient compared to a 

noncancerous breast sample is detected or ii) as not having a marker correlated with IDC cancer if the 

increase fails to be detected.  

[0049] In certain embodiments, the method further comprises analyzing the sample for: an 

increase in one or more of: let-7d, miR-221 and miR-181a; and/or a decrease in one or more of: miR

10b, miR-126, miR-143, miR-218 and miR-335-5p, compared to a noncancerous breast sample.  

[0050] In another aspect, there is provided herein a method of diagnosing whether a subject has 

breast ductal invasive carcinoma (IDC), comprising: measuring the level of at least one miR-210 gene 

product in a test sample from the subject, wherein an increase in at least the level of the miR-210 gene 

product in the test sample, relative to the level of a corresponding miR gene product in a control 

sample, is indicative of the subject having a IDC.  

[0051] In another aspect, there is provided herein a method of testing invasiveness of breast 

cancer in a subject, comprising: a) determining an expression level of at least one marker in a sample 

from the subject having breast carcinoma; the at least one marker including at least one miR-210 gene 

product; b) comparing the expression level determined in step (a) with a control expression level of the 

marker in a sample from a healthy subject; and c) judging the subject to have a diagnosis of breast 

invasive ductal carcinoma (IDC) when the result of the comparison in step (b) indicates that the 

expression level of the at least one marker in the test subject is higher than that in the control.  

[0052] In certain embodiments, the sample comprises breast tissue.  

[0053] In certain embodiments, the method steps are performed in vitro.  

[0054] In another aspect, there is provided herein a method of diagnosing whether a subject has 

breast invasive ductal carcinoma (IDC), comprising: a) reverse transcribing RNA from a test sample 

obtained from the subject to provide a set of target oligodeoxynucleotides wherein the subject has 

breast IDC; b) hybridizing the target oligodeoxynucleotides to a microarray comprising miR-210 

specific probe oligonucleotides to provide a hybridization profile for the test sample; and c) comparing 

the test sample hybridization profile to a hybridization profile generated from a control sample, 

wherein an increase in the signal of the miR-210 is indicative of the subject having IDC.  

[0055] In certain embodiments, the method further comprises wherein step c) comprises 

comparing the test sample hybridization profile to a database, statistics, or table of miR levels 

associated with non-cancerous samples.  

[0056] In certain embodiments, the method further comprises wherein at least one additional miR 

is included in the microarray.  

[0057] In certain embodiments, the method further comprises wherein a level of expression of 
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miR-210 gene product is assessed by detecting the presence of a transcribed polynucleotide or portion 

thereof, wherein the transcribed polynucleotide comprises a coding region of miR-210 gene product.  

[0058] In certain embodiments, the method further comprises wherein the sample comprises cells 

obtained from the patient taken over time.  

[0059] In certain embodiments, the method further comprises wherein the at least one miR-210 

gene product includes isolated variants or biologically-active fragments thereof.  

[0060] In another broad aspect, there is provided herein a kit comprising the marker/s described 

herein.  

[0061] In certain embodiments, the method further comprises the kit further comprises 

instructions for screening a sample taken from a subject having, or suspected of having breast cancer.  

[0062] In another aspect, there is provided herein a method of diagnosing breast invasive ductal 

carcinoma (IDC) in a subject, comprising: a) identifying the relative miR-210 expression compared to 

a control; and, b) diagnosing: i) IDC in the subject if the subject has increased miR-210 expression 

compared to the control; or, ii) diagnosing no IDC in the subject if the subject does not have increased 

miR-210 expression compared to the control.  

[0063] In certain embodiments, the method further comprises identifying relative expression 

compared to control of at least one of: let-7d and miR-221.  

[0064] In certain embodiments, the method further comprises wherein decreased let-7d and/or 

miR-221 expression compared to control confirms invasive breast cancer diagnosis.  

[0065] In certain embodiments, the method further comprises designing a treatment plan based on 

the diagnosis.  

[0066] In certain embodiments, the method further comprises administration of a treatment based 

on the diagnosis.  

[0067] In certain embodiments, the method further comprises administering an anti-angiogenic 

treatment in the event that IDC is diagnosed.  

[0068] In certain embodiments, the method further comprises determining prognosis based on the 

diagnosis.  

[0069] In another aspect, there is provided herein a method of diagnosing breast invasive ductal 

carcinoma (IDC) cancer in a subject, comprising: a) identifying the relative miR-210 expression 

compared to control, identifying the let-7d expression compared to control and identifying the miR

221 expression compared to control; and b) diagnosing: i) IDC in the subject if the subject has 

increased miR-210 expression compared to control, increased let-7d expression compared to control, 

and increased miR-221 compared to control, or ii) diagnosing no IDC in the subject if the subject does 

not have increased miR-210 expression compared to control, increased let-7d expression compared to 

control, and increased miR-221 expression compared to control.  

[0070] In another aspect, there is provided herein a method for treating a human subject with 

breast invasive ductal carcinoma (IDC) comprising: administering an agent that inhibits human ER+ 
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and/or HER2+ expression or activity to a human subject that has IDC, wherein the agent comprises an 

oligonucleotide that functions via RNA interference, and wherein the oligonucleotide includes at least 

a miR-210 gene product.  

[0071] In another aspect, there is provided herein a method for determining the likelihood of 

breast cancer progression, comprising: a) determining the expression level of hsa-miR-210 in a sample 

containing breast cancer cells from a subject with breast cancer, and b) comparing the expression level 

to a standard miRNA expression level in a control tissue, wherein higher expression of hsa-miR-210 in 

the subject with breast cancer correlates with a higher risk of progression.  

[0072] In certain embodiments, the method further comprises wherein the control tissue 

comprises tissue from a representative individual or pool of individuals with breast cancer wherein the 

breast cancer has not progressed.  

[0073] In certain embodiments, the method further comprises wherein the control tissue 

comprises tissue from the subject taken at an earlier point in time, as compared to the time of 

determining the expression level of step a).  

[0074] In certain embodiments, the method further comprises wherein the standard miRNA 

expression level is from the representative pool of individuals and is a mean, median or other 

statistically manipulated or otherwise summarized or aggregated representative miRNA expression 

level for the miRNA level in the control tissues in the subject.  

[0075] In certain embodiments, the method further comprises, wherein the expression level of ore 

or more of: let-7d and/or miR-221, is also measured relative to the expression level in the control 

tissue, and wherein an increased expression level of one or more of: let-7d and/or miR-221, correlates 

with a higher risk of progression.  

[0076] In certain embodiments, the method further comprises wherein the expression level of one 

or more of: miR-10b, miR-126, miR-143, miR-218 and miR-335-5p, is also measured relative to the 

expression level in the control tissue, and wherein a decreased expression level of one or more of: 

miR-10b, miR-126, miR-143, miR-218 and miR-335-5p correlates with a higher risk of progression.  

[0077] Other systems, methods, features, and advantages of the present invention will be or will 

become apparent to one with skill in the art upon examination of the following drawings and detailed 

description. It is intended that all such additional systems, methods, features, and advantages be 

included within this description, be within the scope of the present invention, and be protected by the 

accompanying claims 

BRIEF DESCRIPTION OF THE FIG.S 

[0078] The patent or application file may contain one or more drawings executed in color and/or 

one or more photographs. Copies of this patent or patent application publication with color drawing(s) 

and/or photograph(s) will be provided by the Patent Office upon request and payment of the necessary 

fee.  
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[0079] Fig. 1. The miRNAs deregulated in four IDC clinical subgroups (ER+/HER2-, 

HER2+/ER-, ER+/HER2+ and Triple negative), and in DCIS and normal breast. Breast cancer cell 

lines were (BT474, HCC38, MCF7, MDA-MB134, ZR-751). Average expression is shown for each 

miRNA in each class. Expression was mean centered for each miRNA.  

[0080] Fig. 2. The three miRNAs with bold typeface were those with expression reversal, as 

indicated by the colors (red, up-regulation; green, down-regulation). Sixty-six miRNAs were 

deregulated in the first transition, Normal breast to DCIS (only the most significant miRNAs are 

listed). Nine miRNAs were deregulated in the invasion transition, DCIS to IDC, and are listed. This 

second signature is identified as the invasiveness micro-signature. None of the miRNAs involved in 

the invasion transition was differentially regulated, with the same trend, in the first carcinoma 

transition.  

[0081] Fig. 3A-3B. The Kaplan Meier curves for miR-210 in time-to-metastasis (Fig. 3B) and 

overall-survival (Fig. 3A) of patients with invasive ductal carcinoma. This data shows that miR-210 

was the only miRNA associated to prognosis and present in the invasiveness micro-signature.  

[0082] Figs. 3C-3K. The Kaplan Meier curves for the other miRNAs in the prognostic signatures 

of IDC for time-to-metastasis (log rank, p< 0.05).  

[0083] Figs. 3L-3S. The Kaplan Meier curves for the other miRNAs in the prognostic signatures 

of IDC for overall-survival (log rank, p< 0.05).  

[0084] Fig. 4. The expression of mature miR-210, its primary RNA (pri-mir-210) and HIF1A, 

for each BC subtype and for normal breast. The average was computed within each group and 

reported as percentage of the total for that RNA among the different groups.  

[0085] Fig. 5. The genes associated with breast cancer pathways and inversely related to miR

210. Breast cancer was the only significant disease identified (25 genes; Enrichment p <0.001).  

Breast cancer genes regulated in an antagonistic fashion to miR-210, along the DCIS/IDC progression 

axis, included RB1, BRCA1, FANCD, FANCF, PP2CA, PARPI, NLK, CDH1 and EHMT1.  

Pathways inversely related to miR-210 in BC were: caspase cascade in apoptosis, HER2 receptor 

recycling, TNFR1 signaling, FAS signaling (CD95) and BRCA1, BRCA2 and ATR in cancer 

susceptibility. Some of the genes in the pathways had differential regulation of their splicing isoforms.  

For example, EGFR classical isoforms were expressed in normal breast and down regulated in DCIS.  

A shorter EGFR variant (uc003tqi.2), lacking the tyrosine kinase domain, was specifically over

expressed in DCIS.  

[0086] Fig. 6. Certain breast cancer genes were inversely related to miR-210 and displayed 

expression reversal along the breast cancer progression path.  

[0087] Fig. 7. Determination of Complexity50 , i.e., the minimal complexity that can be used to 

generate representative miRNA profiles from sequencing runs. Complexity50 corresponds to the 

complexity of run, which has Representation5o number of miRNAs species. Representation is defined 

as the number of different mRNA species that are present at, or above, a certain count threshold.  
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Representation5o is half of Representationmax, the maximum number of miRNAs species identified in a 

single run of a dataset. Complexity is the total number of miRNA reads in a run (or sequenced 

sample). The scatter plots indicate the maximal Representation among the runs, at increasing 

complexity within the dataset. Different counts thresholds were used to define the presence of miRNA 

species: purple cross >=20 reads, blue >=10 reads, red square >= 5 reads, green triangle >=3, cyan 

asterisk >=1. The complexity (X axis) is in thousands of reads (K reads).  

[0088] Fig. 8. Clustering tree of DCIS vs. Normal Breast Samples.  

[0089] Fig. 9. (Table 1). The expression levels of 66 differentially expressed miRNAs in the 

comparison of ductal carcinoma in-situ (DCIS) to normal breast (false detection rate <0.05).  

[0090] Fig. 10. (Table 2). The 6 miRNAs differentially expressed in IDC vs. DCIS. Only 

HER2+/EP- samples were considered in this comparison (false detection rate <0.05).  

[0091] Fig. 11. (Table 3). The 9 miRNAs differentially expressed in invasive ductal carcinoma 

(IDS), when compared to ductal carcinoma in-situ (DCIS). All available IDC samples were included 

in the analysis, regardless of the subtype (false detection rate <0.05).  

[0092] Fig. 12. (Table 4). The 10 miRNAs differentially expressed in ER+ IDC when compared 

to ER-IDC (false detection rate <0.05).  

[0093] Fig. 13. (Table 5). miR-342 is the only miRNA differentially expressed in HER2+/ER

IDC when compared to all other IDC (false detection rate <0.05).  

[0094] Fig. 14. (Table 6). The miRNAs differentially expressed in HER2+/ER-IDC were all 

down regulated when compared to the other IDC subtypes (false detection rate <0.05).  

[0095] Fig. 15. (Table 7). The miRNAs differentially expressed in TNBC IDC when compared 

to the other IDC subtypes (false detection rate <0.05).  

[0096] Fig. 16. (Table 8). The miRNAs differentially expressed in the molecular subtypes of 

IDC (false detection rate <0.05).  

[0097] Fig. 17. (Table 9). miRNAs associated with time-to-metastasis in IDC.  

[0098] Fig. 18. (Table 10). miRNAs associate with overall-survival in IDC.  

[0099] Fig. 19. (Table 11). Functional analysis of genes inversely related to miR-210 in the 

normal/DCIS and DCIS/IDC transitions, performed using the DAVID database. Twenty-five genes 

from the Genetic association DB are linked to breast cancer (Enrichment p-value = 1.4E-3). Breast 

cancer was the only disease associated to these genes.  

[00100] Fig. 20. (Table 12). The TCGA cohort of patients with primary invasive ductal 

carcinoma.  

[00101] Fig. 21. (Table 13). The prognostic values of RNA signatures in four BC cohorts.  

[00102] Fig. 22. The strategy used to derive and validate common prognostic mRNA and 

miRNAs (34-gene set) across different subclasses of breast cancer. mRNAs and miRNAs were 

integrated in a single RNA profile for IDC (TCGA cohort, n=466). Survival analysis was performed 

within the various subgroups of the following clinical and molecular classes: disease stage, lymph 
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node involvement (N stage), surgical margin, pre or post-menopause, intrinsic subtype, somatic 

mutations (TP53, PIK3CA pathway, TP53/PIK3CA double mutants, GATA3, and remaining less 

frequently altered genes). The subclasses within a class represented disjoint patient sets, thus enabling 

immediate validation of the prognostic RNAs for that class. Hazard ratios (HRs) and Kaplan-Meier 

curves were calculated for the RNAs in each independent subclass of the TCGA cohort. RNAs which 

had significant both HRs and Log-Rank tests (p<0.05) in at least two subclasses were selected.  

Additional criteria required for the selection of coding genes were the association of DNA methylation 

with OS and the presence of somatic mutations in the COSMIC database. Seven independent 

validation cohorts (total n=2104 patients) were used to re-assess the prognostic 34-gene set generated 

on the TCGA cohort.  

[00103] Fig. 23. _The mRNAs and miRNAs associated with OS in different clinical and molecular 

subclasses of invasive ductal carcinoma (TCGA cohort). The matrix visualizes the significant hazard 

ratios (HRs) for the 34 prognostic coding genes and miRNAs in the TCGA IDC cohort (according to 

the procedure in Fig. 22 and listed in Fig. 28). The HR for mRNAs or miRNAs with significant 

univariate Cox regression (p<0. 05) are displayed on a log 2 scale, irrespective of the Log-Rank test.  

Red squares indicate HRs > 1 and blue squares indicate HRs <1. The classes for which at least a gene 

or miRNA was significant are shown.  

[00104] Figs. 24A-24B. Kaplan-Meier and ROC curves for the prognostic 34-gene set in IDC 

(TCGA cohort): Fig. 24A. The cross-validated Kaplan-Meier curves for IDC risk groups obtained 

from the TCGA cohort (n=466), using the prognostic 34-gene set. The permutation p value of the 

Log-Rank test statistic between risk groups was based on 1000 permutations (p<0. 001). Fig. 24B.  

The ROC curve had an area under the curve (AUC) of 0- 71 (p<0.001). _The permutation p value was 

computed for testing the null hypothesis (AUC=0. 5) using 1000 permutations.  

[00105] Figs. 25A-25B. Kaplan-Meier and ROC curves for the prognostic 34-gene set in the UK 

validation cohort: Fig. 25A. The cross-validated Kaplan-Meier curves for breast cancer risk groups 

obtained from the validation cohort (n=207), using the prognostic 34-gene set. The permutation p 

value of the Log-Rank test statistic between risk groups was based on 1000 permutations (p=0. 001).  

Fig. 25B. The ROC curve had an AUC of 0- 69 (p<O. 001). The permutation p value was computed 

for testing the null hypothesis (AUC=0. 5) using 1000 permutations.  

[00106] Fig. 26. Table showing the negative correlation between mRNA expression and CpG 

DNA methylation of PIK3CA (FDR <0.001).  

[00107] Fig. 27. Table showing DNA methylated CpG sites associated with Overall Survival in 

IDC (P-value <0.05).  

[00108] Fig. 28. Table showing twenty four (24) mRNAs and ten (1) miRNAs were associated 

with clinical outcome and validated across independent IDC subclasses. The coding genes were 

restricted further by DNA methylation/OS analysis and presence of somatic mutations. Square 

brackets indicate the independent IDC subclasses used for validation. Marg Neg=Margin Negative.  
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Horm Rec+ means ER+ and/or PR+ tumors. Mutation rate: Low <25 mutations in exome, 

25<=Medium<=50, High>50. Mutations: P13K (PIK3CA, AKTI, PTEN, PIK3R1), TP53 PIK3CA 

are double mutants. noMajorMut= others than PI3K, TP53, MAPK and GATA3.  

[00109] Fig. 29. Table showing the integrated RNA linear risk predictor for outcome in the TCGA 

cohort (n=466).  

[00110] Fig. 30. Kaplan Meier survival estimates by Regional Lymph Node involvement (N) in 

invasive ductal carcinoma (Overall Log-rank test, P-value =0.005).  

[00111] Fig. 31. Kaplan Meier survival estimates by Distant Metastases (M) in invasive ductal 

carcinoma (Overall Log-rank test, P-value =0.026).  

[00112] Fig. 32. Kaplan Meier survival estimates by intrinsic subtypes in invasive ductal 

carcinoma (Overall Log-rank test, P-value =0.042).  

[00113] Fig. 33. Kaplan Meier survival estimates by the AJCC Disease Stage in invasive ductal 

carcinoma (Overall Log-rank test, P-value =0.002).  

[00114] Fig. 34. Kaplan Meier survival estimates by the T stage in invasive ductal carcinoma 

(Overall Log-rank test, P-value <0.001).  

[00115] Fig. 35. Kaplan Meier survival estimates by the Estrogen Receptor (ER) status in invasive 

ductal carcinoma (Breslow test, P-value =0.016).  

[00116] Fig. 36. Kaplan Meier survival estimates by the Triple Negative (TNBC) status in 

invasive ductal carcinoma (Breslow test, P-value =0.041).  

[00117] Fig. 37. Kaplan Meier survival estimates by the TP53 somatic mutation status in invasive 

ductal carcinoma (Log-rank test, non significant).  

[00118] Fig. 38. Kaplan Meier survival estimates by the PIK3CA pathway somatic mutation 

status in invasive ductal carcinoma (Log-rank test, non significant).  

DETAILED DESCRIPTION 

[00119] Throughout this disclosure, various publications, patents and published patent 

specifications are referenced by an identifying citation. The disclosures of these publications, patents 

and published patent specifications are hereby incorporated by reference into the present disclosure to 

more fully describe the state of the art to which this invention pertains.  

[00120] Definitions and General Discussion 

[00121] As used herein interchangeably, a "miR gene product," "microRNA," "miR," or "miRNA" 

refers to the unprocessed or processed RNA transcript from a miR gene. As the miR gene products are 

not translated into protein, the term "miR gene products" does not include proteins. The unprocessed 

miR gene transcript is also called a "miR precursor," and typically comprises an RNA transcript of 

about 70-100 nucleotides in length. The miR precursor can be processed by digestion with an RNAse 

(for example, Dicer, Argonaut, RNAse III (e.g., E. coli RNAse III)) into an active 19-25 nucleotide 

RNA molecule. This active 19-25 nucleotide RNA molecule is also called the "processed" miR gene 
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transcript or "mature" miRNA.  

[00122] The active 19-25 nucleotide RNA molecule can be obtained from the miR precursor 

through natural processing routes (e.g., using intact cells or cell lysates) or by synthetic processing 

routes (e.g., using isolated processing enzymes, such as isolated Dicer, Argonaut, or RNAse III). It is 

understood that the active 19-25 nucleotide RNA molecule can also be produced directly by biological 

or chemical synthesis, without having to be processed from the miR precursor. When a microRNA is 

referred to herein by name, the name corresponds to both the precursor and mature forms, unless 

otherwise indicated.  

[00123] DNA Deoxyribonucleic acid 

[00124] mRNA Messenger RNA 

[00125] meDNA DNA methylation 

[00126] miR microRNA 

[00127] PCR Polymerase chain reaction 

[00128] pre-miRNA Precursor microRNA 

[00129] qRT-PCR Quantitative reverse transcriptase polymerase chain reaction 

[00130] RNA Ribonucleic acid 

[00131] It is to be understood that the descriptions herein are exemplary and explanatory only and 

are not intended to limit the scope of the current teachings. In this application, the use of the singular 

includes the plural unless specifically stated otherwise.  

[00132] Unless otherwise noted, technical terms are used according to conventional usage.  

Definitions of common terms in molecular biology may be found in Benjamin Lewin, Genes V, 

published by Oxford University Press, 1994 (ISBN 0-19-854287-9); Kendrew et al. (eds.), The 

Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN 0-632-02182

9); and Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a Comprehensive Desk 

Reference, published by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8).  

[00133] In order to facilitate review of the various embodiments of the disclosure, the following 

explanations of specific terms are provided: 

[00134] Adjunctive therapy: A treatment used in combination with a primary treatment to improve 

the effects of the primary treatment.  

[00135] Clinical outcome: Refers to the health status of a patient following treatment for a disease 

or disorder or in the absence of treatment. Clinical outcomes include, but are not limited to, an 

increase in the length of time until death, a decrease in the length of time until death, an increase in the 

chance of survival, an increase in the risk of death, survival, disease-free survival, chronic disease, 

metastasis, advanced or aggressive disease, disease recurrence, death, and favorable or poor response 

to therapy.  

[00136] Decrease in survival: As used herein, "decrease in survival" refers to a decrease in the 

length of time before death of a patient, or an increase in the risk of death for the patient.  
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[00137] Detecting level of expression: For example, "detecting the level of miR or miRNA 

expression" refers to quantifying the amount of miR or miRNA present in a sample. Detecting 

expression of the specific miR, or any microRNA, can be achieved using any method known in the art 

or described herein, such as by qRT-PCR. Detecting expression of miR includes detecting expression 

of either a mature form of miRNA or a precursor form that is correlated with miRNA expression.  

Typically, miRNA detection methods involve sequence specific detection, such as by RT-PCR. miR

specific primers and probes can be designed using the precursor and mature miR nucleic acid 

sequences, which are known in the art.  

[00138] DNA methylation is a biochemical process that involves the addition of a methyl group to 

the 5 position of the cytosine pyrimidine ring or the number 6 nitrogen of the adenine purine ring.  

DNA methylation stably alters the gene expression pattern in cells and is an important regulator of 

gene transcription. Aberrant DNA methylation patterns have been associated with a large number of 

human malignancies and found in two distinct forms: hypermethylation and hypomethylation 

compared to normal tissue. Hypermethylation typically occurs at CpG islands in the promoter region 

and is associated with gene inactivation. Global hypomethylation has also been implicated in the 

development and progression of cancer.  

[00139] Messenger RNA (mRNA) is a large family of RNA molecules that convey genetic 

information from DNA to the ribosome, where they specify the amino acid sequence of the protein 

products of gene expression. Following transcription of mRNA by RNA polymerase, the mRNA is 

translated into a polymer of amino acids, a protein.  

[00140] MicroRNA (miRNA): Single-stranded RNA molecules that regulate gene expression.  

MicroRNAs are generally about 22 nucleotides in length. MicroRNAs are processed from primary 

transcripts known as pri-miRNA to short stem-loop structures called precursor (pre)-miRNA and 

finally to functional, mature microRNA. Mature microRNA molecules are partially-complementary to 

one or more messenger RNA molecules, and their primary function is to down-regulate gene 

expression. MicroRNAs regulate gene expression through the RNAi pathway.  

[00141] miR expression: As used herein, "low miR expression" and "high miR expression" are 

relative terms that refer to the level of miRNAs found in a sample. In some embodiments, low and 

high miR expression is determined by comparison of miRNA levels in a group of control samples and 

test samples. Low and high expression can then be assigned to each sample based on whether the 

expression of one or more miRs in a sample is above (high) or below (low) the average or median miR 

expression level. For individual samples, high or low miR expression can be determined by 

comparison of the sample to a control or reference sample known to have normal, high, or low 

expression, or by comparison to a standard value. Low and high miR expression can include 

expression of either the precursor or mature forms of miRNA, or both.  

[00142] Patient: As used herein, the term "patient" includes human and non-human animals. The 

preferred patient for treatment is a human. "Patient" and "subject" are used interchangeably herein.  
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[00143] Pharmaceutically acceptable vehicles: The pharmaceutically acceptable carriers (vehicles) 

useful in this disclosure are conventional. Remington's Pharmaceutical Sciences, by E. W. Martin, 

Mack Publishing Co., Easton, PA, 15th Edition (1975), describes compositions and formulations 

suitable for pharmaceutical delivery of one or more therapeutic compounds, molecules or agents.  

[00144] In general, the nature of the carrier will depend on the particular mode of administration 

being employed. For instance, parenteral formulations usually comprise injectable fluids that include 

pharmaceutically and physiologically acceptable fluids such as water, physiological saline, balanced 

salt solutions, aqueous dextrose, glycerol or the like as a vehicle. For solid compositions (for example, 

powder, pill, tablet, or capsule forms), conventional non-toxic solid carriers can include, for example, 

pharmaceutical grades of mannitol, lactose, starch, or magnesium stearate. In addition to biologically

neutral carriers, pharmaceutical compositions to be administered can contain minor amounts of non

toxic auxiliary substances, such as wetting or emulsifying agents, preservatives, and pH buffering 

agents and the like, for example sodium acetate or sorbitan monolaurate.  

[00145] Preventing, treating or ameliorating a disease: "Preventing" a disease refers to inhibiting 

the full development of a disease. "Treating" refers to a therapeutic intervention that ameliorates a 

sign or symptom of a disease or pathological condition after it has begun to develop. "Ameliorating" 

refers to the reduction in the number or severity of signs or symptoms of a disease.  

[00146] Poor prognosis: Generally refers to a decrease in survival, or in other words, an increase 

in risk of death or a decrease in the time until death. Poor prognosis can also refer to an increase in 

severity of the disease, such as an increase in spread (metastasis) of the cancer to other tissues and/or 

organs.  

[00147] Screening: As used herein, "screening" refers to the process used to evaluate and identify 

candidate agents that affect such disease. Expression of a microRNA can be quantified using any one 

of a number of techniques known in the art and described herein, such as by microarray analysis or by 

qRT-PCR.  

[00148] Small molecule: A molecule, typically with a molecular weight less than about 1000 

Daltons, or in some embodiments, less than about 500 Daltons, wherein the molecule is capable of 

modulating, to some measurable extent, an activity of a target molecule.  

[00149] Therapeutic: A generic term that includes both diagnosis and treatment.  

[00150] Therapeutic agent: A chemical compound, small molecule, or other composition, such as 

an antisense compound, antibody, protease inhibitor, hormone, chemokine or cytokine, capable of 

inducing a desired therapeutic or prophylactic effect when properly administered to a subject.  

[00151] As used herein, a "candidate agent" or "test compound" is a compound selected for 

screening to determine if it can function as a therapeutic agent. "Incubating" includes a sufficient 

amount of time for an agent to interact with a cell or tissue. "Contacting" includes incubating an agent 

in solid or in liquid form with a cell or tissue. "Treating" a cell or tissue with an agent includes 

contacting or incubating the agent with the cell or tissue.  
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[00152] Therapeutically-effective amount: A quantity of a specified pharmaceutical or therapeutic 

agent sufficient to achieve a desired effect in a subject, or in a cell, being treated with the agent. The 

effective amount of the agent will be dependent on several factors, including, but not limited to the 

subject or cells being treated, and the manner of administration of the therapeutic composition.  

[00153] In some embodiments of the present methods, use of a control is desirable. In that regard, 

the control may be a non-cancerous tissue sample obtained from the same patient, or a tissue sample 

obtained from a healthy subject, such as a healthy tissue donor. In another example, the control is a 

standard calculated from historical values. In one embodiment the control is a cancerous tissue sample 

of breast cancer. The control may be derived from tissue of known dysplasia, known cancer type, 

known mutation status, and/or known tumor stage. In one embodiment the control is a historical 

average derived from invasive ductal carcinoma. In another embodiment the control is a historical 

average derived from ductal carcinoma in situ. In one embodiment the control is from a tumor sample 

of the patient at an earlier point in time; this embodiment may be particularly useful when evaluating 

progression or remission of breast cancer.  

[00154] Tumor samples and non-cancerous tissue samples can be obtained according to any 

method known in the art. For example, tumor and non-cancerous samples can be obtained from cancer 

patients that have undergone resection, or they can be obtained by extraction using a hypodermic 

needle, by microdissection, or by laser capture. Control (non-cancerous) samples can be obtained, for 

example, from a cadaveric donor or from a healthy donor.  

[00155] An alteration (e.g., an increase or decrease) in the level of a miR gene product in the 

sample obtained from the subject, relative to the level of a corresponding miR gene product in a 

control sample, is indicative of the presence of a cancer-related disease in the subject.  

[00156] In one embodiment, the level of the at least one miR gene product in the test sample is 

greater than the level of the corresponding miR gene product in the control sample (i.e., expression of 

the miR gene product is "up-regulated"). As used herein, expression of a miR gene product is "up

regulated" when the amount of miR gene product in a cell or tissue sample from a subject is greater 

than the amount of the same gene product in a control cell or tissue sample.  

[00157] In another embodiment, the level of the at least one miR gene product in the test sample is 

less than the level of the corresponding miR gene product in the control sample (i.e., expression of the 

miR gene product is "down-regulated"). As used herein, expression of a miR gene is "down

regulated" when the amount of miR gene product produced from that gene in a cell or tissue sample 

from a subject is less than the amount produced from the same gene in a control cell or tissue sample.  

[00158] The relative miR gene expression in the control and normal samples can be determined 

with respect to one or more RNA expression standards. The standards can comprise, for example, a 

zero miR gene expression level, the miR gene expression level in a standard cell line, the miR gene 

expression level in unaffected tissues of the subject, or the average level of miR gene expression 

previously obtained for a population of normal human controls.  
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[00159] The level of a miR gene product in a sample can be measured using any technique that is 

suitable for detecting RNA expression levels in a biological sample. Suitable techniques (e.g., 

Northern blot analysis, RT-PCR, in situ hybridization) for determining RNA expression levels in a 

biological sample (e.g., cells, tissues) are well known to those of skill in the art. In a particular 

embodiment, the level of at least one miR gene product is detected using Northern blot analysis. For 

example, total cellular RNA can be purified from cells by homogenization in the presence of nucleic 

acid extraction buffer, followed by centrifugation. Nucleic acids are precipitated, and DNA is 

removed by treatment with DNase and precipitation. The RNA molecules are then separated by gel 

electrophoresis on agarose gels according to standard techniques, and transferred to nitrocellulose 

filters. The RNA is then immobilized on the filters by heating. Detection and quantification of 

specific RNA is accomplished using appropriately labeled DNA or RNA probes complementary to the 

RNA in question. See, for example, Molecular Cloning: A Laboratory Manual, J. Sambrook et al., 

eds., 2nd edition, Cold Spring Harbor Laboratory Press, 1989, Chapter 7, the entire disclosure of 

which is incorporated by reference.  

[00160] In some embodiments, screening comprises contacting the candidate agents/test 

compounds with cells. The cells can be primary cells obtained from a patient, or the cells can be 

immortalized or transformed cells.  

[00161] The candidate agent/test compounds can be any type of agent, such as a protein, peptide, 

small molecule, antibody or nucleic acid. In some embodiments, the candidate agent is a cytokine. In 

some embodiments, the candidate agent is a small molecule. Screening includes both high-throughput 

screening and screening individual or small groups of candidate agents.  

[00162] MicroRNA detection 

[00163] In some methods herein, it is desirable to identify miRNAs present in a sample.  

[00164] The sequences of precursor microRNAs (pre-miRNAs) and mature miRNAs are publicly 

available, such as through the miRBase database, available online by the Sanger Institute (see 

Griffiths-Jones et al., Nucleic Acids Res. 36:D154-D158, 2008; Griffiths-Jones et al., Nucleic Acids 

Res. 34:D140-D144, 2006; and Griffiths-Jones, Nucleic Acids Res. 32:D109-D1 11, 2004). The 

sequences of the precursor and mature forms of the presently disclosed preferred family members are 

provided herein.  

[00165] Detection and quantification of RNA expression can be achieved by any one of a number 

of methods well known in the art. Using the known sequences for RNA family members, specific 

probes and primers can be designed for use in the detection methods described below as appropriate.  

[00166] In some cases, the RNA detection method requires isolation of nucleic acid from a sample, 

such as a cell or tissue sample. Nucleic acids, including RNA and specifically miRNA, can be isolated 

using any suitable technique known in the art. For example, phenol-based extraction is a common 

method for isolation of RNA. Phenol-based reagents contain a combination of denaturants and RNase 

inhibitors for cell and tissue disruption and subsequent separation of RNA from contaminants.  
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Phenol-based isolation procedures can recover RNA species in the 10-200-nucleotide range (e.g., 

precursor and mature miRNAs, 5S and 5.8S ribosomal RNA (rRNA), and Ul small nuclear RNA 

(snRNA)). In addition, extraction procedures such as those using TRIZOLT or TRI REAGENTM 

will purify all RNAs, large and small, and are efficient methods for isolating total RNA from 

biological samples that contain miRNAs and small interfering RNAs (siRNAs).  

[00167] In some embodiments, use of a microarray is desirable. A microarray is a microscopic, 

ordered array of nucleic acids, proteins, small molecules, cells or other substances that enables parallel 

analysis of complex biochemical samples. A DNA microarray has different nucleic acid probes, 

known as capture probes that are chemically attached to a solid substrate, which can be a microchip, a 

glass slide or a microsphere-sized bead. Microarrays can be used, for example, to measure the 

expression levels of large numbers of messenger RNAs (mRNAs) and/or miRNAs simultaneously.  

[00168] Microarrays can be fabricated using a variety of technologies, including printing with fine

pointed pins onto glass slides, photolithography using pre-made masks, photolithography using 

dynamic micromirror devices, ink-jet printing, or electrochemistry on microelectrode arrays.  

[00169] Microarray analysis of miRNAs, for example (although these procedures can be used in 

modified form for any RNA analysis) can be accomplished according to any method known in the art.  

In one example, RNA is extracted from a cell or tissue sample, the small RNAs (18-26-nucleotide 

RNAs) are size-selected from total RNA using denaturing polyacrylamide gel electrophoresis.  

Oligonucleotide linkers are attached to the 5' and 3' ends of the small RNAs and the resulting ligation 

products are used as templates for an RT-PCR reaction with 10 cycles of amplification. The sense 

strand PCR primer has a fluorophore attached to its 5' end, thereby fluorescently labeling the sense 

strand of the PCR product. The PCR product is denatured and then hybridized to the microarray. A 

PCR product, referred to as the target nucleic acid that is complementary to the corresponding miRNA 

capture probe sequence on the array will hybridize, via base pairing, to the spot at which the capture 

probes are affixed. The spot will then fluoresce when excited using a microarray laser scanner. The 

fluorescence intensity of each spot is then evaluated in terms of the number of copies of a particular 

miRNA, using a number of positive and negative controls and array data normalization methods, 

which will result in assessment of the level of expression of a particular miRNA.  

[00170] In an alternative method, total RNA containing the small RNA fraction (including the 

miRNA) extracted from a cell or tissue sample is used directly without size-selection of small RNAs, 

and 3' end labeled using T4 RNA ligase and either a fluorescently-labeled short RNA linker. The 

RNA samples are labeled by incubation at 30'C for 2 hours followed by heat inactivation of the T4 

RNA ligase at 80'C for 5 minutes. The fluorophore-labeled miRNAs complementary to the 

corresponding miRNA capture probe sequences on the array will hybridize, via base pairing, to the 

spot at which the capture probes are affixed. The microarray scanning and data processing is carried 

out as described above.  

[00171] There are several types of microarrays than be employed, including spotted 
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oligonucleotide microarrays, pre-fabricated oligonucleotide microarrays and spotted long 

oligonucleotide arrays. In spotted oligonucleotide microarrays, the capture probes are 

oligonucleotides complementary to miRNA sequences. This type of array is typically hybridized with 

amplified PCR products of size-selected small RNAs from two samples to be compared (such as non

cancerous tissue and cancerous or sample tissue) that are labeled with two different fluorophores.  

Alternatively, total RNA containing the small RNA fraction (including the miRNAs) is extracted from 

the two samples and used directly without size-selection of small RNAs, and 3' end labeled using T4 

RNA ligase and short RNA linkers labeled with two different fluorophores. The samples can be 

mixed and hybridized to one single microarray that is then scanned, allowing the visualization of up

regulated and down-regulated miRNA genes in one assay.  

[00172] In pre-fabricated oligonucleotide microarrays or single-channel microarrays, the probes 

are designed to match the sequences of known or predicted miRNAs. There are commercially 

available designs that cover complete genomes (for example, from Affymetrix or Agilent). These 

microarrays give estimations of the absolute value of gene expression and therefore the comparison of 

two conditions requires the use of two separate microarrays.  

[00173] Spotted long oligonucleotide arrays are composed of 50 to 70-mer oligonucleotide capture 

probes, and are produced by either ink-jet or robotic printing. Short Oligonucleotide Arrays are 

composed of 20-25-mer oligonucleotide probes, and are produced by photolithographic synthesis 

(Affymetrix) or by robotic printing.  

[00174] In some embodiments, use of quantitative RT-PCR is desirable. Quantitative RT-PCR 

(qRT-PCR) is a modification of polymerase chain reaction used to rapidly measure the quantity of a 

product of polymerase chain reaction. qRT-PCR is commonly used for the purpose of determining 

whether a genetic sequence, such as a miR, is present in a sample, and if it is present, the number of 

copies in the sample. Any method of PCR that can determine the expression of a nucleic acid 

molecule, including a miRNA, falls within the scope of the present disclosure. There are several 

variations of the qRT-PCR method known in the art, three of which are described below.  

[00175] Methods for quantitative polymerase chain reaction include, but are not limited to, via 

agarose gel electrophoresis, the use of SYBR Green (a double stranded DNA dye), and the use of a 

fluorescent reporter probe. The latter two can be analyzed in real-time.  

[00176] With agarose gel electrophoresis, the unknown sample and a known sample are prepared 

with a known concentration of a similarly sized section of target DNA for amplification. Both 

reactions are run for the same length of time in identical conditions (preferably using the same 

primers, or at least primers of similar annealing temperatures). Agarose gel electrophoresis is used to 

separate the products of the reaction from their original DNA and spare primers. The relative 

quantities of the known and unknown samples are measured to determine the quantity of the unknown.  

[00177] The use of SYBR Green dye is more accurate than the agarose gel method, and can give 

results in real time. A DNA binding dye binds all newly synthesized double stranded DNA and an 
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increase in fluorescence intensity is measured, thus allowing initial concentrations to be determined.  

However, SYBR Green will label all double-stranded DNA, including any unexpected PCR products 

as well as primer dimers, leading to potential complications and artifacts. The reaction is prepared as 

usual, with the addition of fluorescent double-stranded DNA dye. The reaction is run, and the levels 

of fluorescence are monitored (the dye only fluoresces when bound to the double-stranded DNA).  

With reference to a standard sample or a standard curve, the double-stranded DNA concentration in 

the PCR can be determined.  

[00178] The fluorescent reporter probe method uses a sequence-specific nucleic acid based probe 

so as to only quantify the probe sequence and not all double stranded DNA. It is commonly carried 

out with DNA based probes with a fluorescent reporter and a quencher held in adjacent positions (so

called dual-labeled probes). The close proximity of the reporter to the quencher prevents its 

fluorescence; it is only on the breakdown of the probe that the fluorescence is detected. This process 

depends on the 5' to 3' exonuclease activity of the polymerase involved.  

[00179] The real-time quantitative PCR reaction is prepared with the addition of the dual-labeled 

probe. On denaturation of the double-stranded DNA template, the probe is able to bind to its 

complementary sequence in the region of interest of the template DNA. When the PCR reaction 

mixture is heated to activate the polymerase, the polymerase starts synthesizing the complementary 

strand to the primed single stranded template DNA. As the polymerization continues, it reaches the 

probe bound to its complementary sequence, which is then hydrolyzed due to the 5'-3' exonuclease 

activity of the polymerase, thereby separating the fluorescent reporter and the quencher molecules.  

This results in an increase in fluorescence, which is detected. During thermal cycling of the real-time 

PCR reaction, the increase in fluorescence, as released from the hydrolyzed dual-labeled probe in each 

PCR cycle is monitored, which allows accurate determination of the final, and so initial, quantities of 

DNA.  

[00180] In some embodiments, use of in situ hybridization is desirable. In situ hybridization (ISH) 

applies and extrapolates the technology of nucleic acid hybridization to the single cell level, and, in 

combination with the art of cytochemistry, immunocytochemistry and immunohistochemistry, permits 

the maintenance of morphology and the identification of cellular markers to be maintained and 

identified, and allows the localization of sequences to specific cells within populations, such as tissues 

and blood samples. ISH is a type of hybridization that uses a complementary nucleic acid to localize 

one or more specific nucleic acid sequences in a portion or section of tissue (in situ), or, if the tissue is 

sufficiently small, in the entire tissue (whole mount ISH). RNA ISH can be used to assay expression 

patterns in a tissue, such as the expression of miRNAs.  

[00181] Sample cells or tissues are treated to increase their permeability to allow a probe, such as a 

miRNA-specific probe, to enter the cells. The probe is added to the treated cells, allowed to hybridize 

at pertinent temperature, and excess probe is washed away. A complementary probe is labeled with a 

radioactive, fluorescent or antigenic tag, so that the probe's location and quantity in the tissue can be 
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determined using autoradiography, fluorescence microscopy or immunoassay. The sample may be any 

sample as herein described, such as a non-cancerous or cancerous tissue sample. Since the sequences 

of particular miRs are known, miR-specific probes can be designed accordingly such that the probes 

specifically bind particular miR-gene products. Probes specific to mRNA can also be utilized.  

[00182] For detection of RNA, an intracellular reverse transcription step may be used to generate 

complementary DNA from RNA templates prior to in situ PCR. This enables detection of low copy 

RNA sequences.  

[00183] Detection of intracellular PCR products is generally achieved by techniques, such as 

indirect in situ PCR by ISH with PCR-product specific probes, or direct in situ PCR without ISH 

through direct detection of labeled nucleotides (such as digoxigenin-1 1 -dUTP, fluorescein-dUTP, 31H

CTP or biotin-16-dUTP), which have been incorporated into the PCR products during thermal cycling.  

[00184] General Discussion 

[00185] Estrogen-receptor (ER)-positive and ER-negative breast cancers are distinct diseases in 

molecular terms. Two key molecular signatures: PR and human epidermal growth factor receptor type 

2 (HER2) are now believed to be fundamental in delineation of classification and treatments. "Triple

negative" breast cancers (TNBC), lacking ER, progesterone receptor (PR), and HER2 expression, are 

aggressive malignancies not responsive to current targeted therapies. Ductal carcinoma in situ (DCIS) 

is a heterogeneous group of lesions reflecting the proliferation of malignant cells within the breast 

ducts without invasion through the basement membrane. About 80% of all breast cancers are invasive 

ductal carcinomas (IDC), the most frequent type of BC. Breast tumors of distinct molecular subtypes 

(luminal A/B, HER2+, and basal-like) have dramatically different mRNA profiles. One hypothesis of 

breast tumorigenesis assumes a gradual transition from epithelial hyperproliferation to DCIS, and then 

to invasive carcinoma (IDC). This progression model is strongly supported by clinical and 

epidemiological data and by molecular clonality studies. Until 1980, DCIS was diagnosed rarely and 

represented <1% of BC. With the increased use of mammography, DCIS became the most rapidly 

increasing subset of BC, accounting for 15%-25% of newly diagnosed BC cases in the US.  

[00186] A dramatic change occurs during the normal-to-DCIS transition, but surprisingly, in situ 

and invasive breast carcinomas of the same histological subtype generally share the same genetic and 

epigenetic alterations and expression patterns.  

[00187] In contrast, the mRNA profiles of breast tumors of distinct subtypes (luminal, HER2+, and 

basal-like) are dramatically different. The expression and mutation status of numerous tumor 

suppressor and oncogenes have been analyzed in DCIS and IDC, including TP53, PTEN, PIK3CA, 

ERBB2, MYC, and differences have been found according to the tumor subtype but not histological 

stage. For example, mutations in TP53 are more frequent in basal-like and HER2+ subtypes compared 

with luminal tumors; in basal-like cases, PIK3CA is rarely mutated but PTEN is frequently lost, and 

amplification of ERBB2 is specific for the HER2+ subtype. The expression of several candidate genes 

selected based on their biological function has also been analyzed in DCIS.  
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[00188] Shown herein is that a microRNA profile established for the normal breast to ductal 

carcinoma in situ transition is largely maintained in the in situ to invasive ductal carcinoma transition.  

[00189] In addition, it is shown that a 9-microRNA signature may be used to differentiate invasive 

from in situ carcinoma. Specifically, let-7d, miR-210 and -221 were shown to be down-regulated in in 

situ and up-regulated in the invasive transition, thus featuring an expression reversal along the cancer 

progression path.  

[00190] Also described is a microRNA signature for overall-survival and time-to-metastasis. Five 

non-coding genes were associated with both prognostic signatures: miR-210, miR-21, miR-106b*, 

miR-197 and let-7i; with miR-210 the only one also involved in the invasive transition. To pinpoint 

critical cellular functions affected in the invasive transition, identification was made of the protein 

coding genes with inversely related profiles to miR-210: BRCA1, FANCD, FANCF, PARPI, E

cadherin, Rb 1, which were all activated in in situ and down-regulated in invasive carcinoma.  

[00191] Additionally, described herein are differential splicing isoforms with special features, such 

as a truncated EGFR lacking the kinase domain and over-expressed only in ductal carcinoma in situ.  

[00192] MicroRNA data from deep sequencing was investigated in order to discover highly 

informative miRNA profiles for breast cancer, which included normal breast, in situ and invasive 

ductal carcinomas. Embodiments of the invention, as described herein, extends substantially the 

knowledge and methods of applying miRNA in BC progression, performing diagnosis, predicting 

progression, estimating survival time, and predicting metastasis.  

[00193] Described herein is the role of miR-210 and other key miRNAs involved in the normal 

breast/DCIS and DCIS/IDC transitions.  

[00194] Also described herein are differentially regulated microRNAs in histological and 

molecular BC types. This is especially useful and has particular clinical relevance because it now 

identifies microRNA associated with time-to-metastasis and overall-survival. All non-coding genes 

that were identified in the prognostic signatures were associated with poor outcome, with the 

exception of miR-21. The expression of miR-21, highly increased in DCIS, was maintained or even 

lowered in IDC.  

[00195] As noted in the Examples herein, in the trimmed dataset, miR-423-3p was still significant, 

by multivariate Cox regression and by univariate analysis, in overall-survival. The number of 

miRNAs associated with prognosis was extended, and miR-210 was confirmed.  

[00196] In the Examples herein, miR-126 and -335 were among the 5 miRNAs down-regulated in 

the DCIS/IDC transition. Nevertheless, they were not associated with time-to-metastasis or overall

survival. Another miRNA down-regulated in the DCIS/IDC transition was miR-10b; however, there 

was no association of miR-10b to metastasis.  

[00197] Using the invasive microRNA signature described herein, further analysis was performed 

to identify genes and functions associated to BC progression. Among the 9 miRNAs in the 

invasiveness signature, miR-210 was the only one associated to prognosis and showing expression 
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reversal. Thus, the inventors then determined the protein-coding genes that behaved antagonistically 

to miR-210 during BC progression. For these genes, the inventors identified the deregulated 

pathways, which in turn, corresponded to a small group of key breast cancer genes. These genes, 

activated in DCIS, and down-regulated in IDC, included BRCA1, RB1, FANCD, FANCF, PP2CA, 

EGFR, PARPI, NLK, CDH1 and EHMT1 (Fig. 5 and Fig. 6).  

[00198] Thus, in one broad aspect, there is described herein a 9 miRNA micro-signature specific 

for invasiveness and 5 miRNAs associated to time-to-metastasis and overall-survival in IDC patients.  

[00199] In a particular aspect, there is described herein the discovery that miR-210 is regulated 

during BC progression, and is also a component of the two prognostic signatures.  

[00200] In another particular aspect, there is described herein a set of highly prominent BC genes 

expressed in a miR-210 antagonistic fashion.  

[00201] The present invention is further defined in the following Examples, in which all parts and 

percentages are by weight and degrees are Celsius, unless otherwise stated. It should be understood 

that these Examples, while indicating preferred embodiments of the invention, are given by way of 

illustration only. From the above discussion and these Examples, one skilled in the art can ascertain 

the essential characteristics of this invention, and without departing from the spirit and scope thereof, 

can make various changes and modifications of the invention to adapt it to various usages and 

conditions. All publications, including patents and non-patent literature, referred to in this 

specification are expressly incorporated by reference. The following examples are intended to 

illustrate certain preferred embodiments of the invention and should not be interpreted to limit the 

scope of the invention as defined in the claims, unless so specified.  

[00202] The value of the present invention can thus be seen by reference to the Examples herein.  

[00203] EXAMPLES 

[00204] Example 1 

[00205] Materials and Methods 

[00206] The minimal run complexity of 98,000 reads for optimal representation of breast miRNA 

profiles were determined, by using Complexity50 . The Complexity50 as the median complexity of the 

nearest-neighbors centered on Representation5o was computed (Fig. 7). Thus, included in this study 

were only those runs that had complexity larger than Complexity50 (107 samples were retained out of 

185). The normalization of the different runs was performed using a modification of RPKM 

(Mortazavi A, Williams BA, McCue K, Schaeffer L, & Wold B (2008) Mapping and quantifying 

mammalian transcriptomes by RNA-Seq. Nat Methods 5(7):621-628). The raw data for some short 

RNA sequences were obtained from Farazi et al. (2011) MicroRNA Sequence and Expression 

Analysis in Breast Tumors by Deep Sequencing," Cancer Res. 71(13):4443-4453.  

[00207] Since the lengths of the different miRNA species are almost constant, the miRNA length 

were not included in the normalization, which thus was simply computed as reads per million (RPM).  

The expression data was threshold at 200 RPM and excluded miRNAs for which less than 20% of 
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expression values had less than 1.5 fold change in either direction from the miRNA median value.  

The final expression matrix contained measures for 159 miRNAs in 107 samples. The two-sample T

test was used for 2-class comparisons (i.e., IDC vs. DCIS). A multivariate permutations test was 

computed based on 1000 random permutations. The false detection rate was used to assess the 

multiple testing errors. The confidence level of false discovery rate assessment was of 80 % and the 

maximum allowed proportion of false positive genes was of 5%. The inventor discovered which 

miRNA whose expression was significantly related to time-to-metastasis and overall-survival, by 

using Cox proportional hazards models. Permutation tests were performed in which the times and 

censoring indicators were randomly permuted among samples. Permutation p-values for significant 

genes were computed based on 10000 random permutations. Hazard ratios were computed for a two

fold change in the miRNA expression level. For each significant miRNA based upon the Cox 

regression, Kaplan-Meier survival curves were plotted, where the patients were split into two groups at 

the median expression and the difference between the curves was assessed with the log-rank test.  

Whole transcriptome profiles for human normal breast, DCIS and IDC were derived from Affymetrix 

human genome U133 Plus 2.0 arrays. Forty two normal breast, 17 DCIS, 51 ER+/HER2- IDC, 17 

HER2+/ER- IDC, 17 HER2+/ER+ IDC and 33 Triple negative IDC samples (25, 29). CEL files or 

RMA data were obtained from GEO database (GSE3893, GSE2109, GSE21422 and GSE21444).  

RMA was used alongside quantiles normalization. Database for Annotation, Visualization and 

Integrated Discovery Expression Analysis Systematic Explorer (DAVID EASE) was used for gene 

ontology, disease association and Biocarta pathways analysis.  

[00208] miRNAs define the in situ to invasive ductal carcinoma transition 

[00209] The miRNA profiles for invasive ductal carcinoma (IDC), ductal carcinoma in situ (DCIS) 

and normal breast were discovered. Using an unbiased approach to the complexity selection of 

sequencing runs, robust and highly informative miRNA profiles for breast cancer were obtained.  

[00210] Described herein is a procedure to determine the minimum number of reads necessary to 

yield miRNA profiles representative of the human repertoire (Fig. 7). For this BC dataset the minimal 

required complexity was of 98,000 reads. Applying this threshold, 78 low complexity breast cancer 

runs were excluded (43%) and 107 (57%) where retained for further statistical analysis. Using this 

trimmed dataset, an expression matrix representative of high, medium and low abundance miRNA 

species was generated. Sixty-six miRNAs were differentially regulated in DCIS in comparison to 

normal breast (Fig. 9-Table 1 and Fig. 1).  

[00211] To identify the miRNAs specifically altered in tumor invasion, the DCIS and IDC samples 

were compared. Nine miRNAs were differentially modulated in the DCIS to IDC transition (Fig. 10

Table 2 and Fig. 11-Table 3). This differential modulation is generally referred to herein as the 

"invasiveness micro-signature" where: miR-210, let-7d, miR-181a and miR-221 were activated, while 

miR-10b, miR-126, miR-218, miR-335-5p and miR-143 were repressed (Fig. 1).  

[00212] Among these 9 miRNAs, let-7d, miR-210 and miR-221 were those with the most extreme 
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changes in expression, being first down regulated in DCIS, relative to normal, and then up-regulated in 

IDC. None of the miRNAs involved in the DCIS/IDC transition was involved, with a similar trend, in 

the early normal/DCIS transition. No miRNA correlated with tumor grade.  

[00213] Expression was analyzed and differentially expressed miRNA was identified in the IDC 

subtypes, as shown in Fig. 12-Table 4, Fig. 13-Table 5, Fig. 14-Table 6 and Fig. 15-Table 7).  

Examples are: miR-190 was over-expressed in ER+/HER2- IDC; Triple negative IDC was 

characterized by activation of the Myc-regulated miR17/92 oncomir cluster, miR-200c and miR-128; 

miR-200c was among the most repressed miRNAs in ER+/HER2+ double positive BC, together with 

miR-148a and miR-96.  

[00214] The deregulated miRNAs in four IDC clinical subgroups (ER+/HER2-, HER2+/ER-, 

ER+/HER2+ and Triple Negative) are shown in Fig. 2, along with those prominent in DCIS and 

normal breast. Breast cancer cell lines were included in the analysis. The examined the miRNA 

profiles of the BC molecular subtypes were also examined. Luminal B and Basal were the subtypes 

best characterized by miRNAs. miR-190 and miR-425 were associated with Luminal B. miR-452, 

miR-224, miR-155, miR-9 and the miR-17/92 cluster were associated with the Basal (Fig. 16- Table 

8).  

[00215] The miRNAs present in the tumors, but not in normal breast, and not in the BC cell lines, 

were likely the results of contaminating cell types; miR-142 and miR-223 were two such miRNAs 

(Fig. 2). It is noted that miR-142 and miR-223 are both highly specific for the hemopoietic system, 

like miR-342, another miRNA in the same expression cluster (Fig. 2). Other hemopoietic miRNAs in 

this non-breast gene cluster included miR-29 and miR-26.  

[00216] Example 2 

[00217] Prognostic miRNA signature for time-to-metastasis and overall-survival in breast 

carcinoma 

[00218] The association between miRNAs and prognosis were discovered using two clinical 

parameters: time-to-metastasis and overall-survival. The differentially expressed miRNAs in the 

Normal/DCIS, DCIS/IDC transitions and the different IDC subtypes (Fig. 2) were identified.  

[00219] miR-127-3p, miR-210, miR-185, miR-143* and let-7b were among the miRNAs 

significantly associated with time-to-metastasis, as determined by univariate and multivariate analysis 

(Fig. 17- Table 9).  

[00220] miR-210, miR-21, miR-221 and miR-652 were among those correlated with overall

survival (Fig. 18-Table 10), with miR-210, miR-21, miR-106b*, miR-197 and let-7i common to both 

prognostic signatures. Among these five common miRNAs, miR-210 was the only one present in the 

invasiveness micro-signature.  

[00221] The Kaplan Meier curves for miR-210 in time-to-metastasis is shown in Fig. 3B, and 

overall-survival of IDC patients is shown in Fig. 3A.  

[00222] The Kaplan Meier curves for the miRNAs associated with time-to-metastasis in IDC are 
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shown in Figs. 3C-3J, where Fig. 3C shows miR-127; Fig. 3D shows miR-185; Fig. 3E shows miR

145*; Fig. 3F shows let-7b; Fig. 3G shows miR-197; Fig. 3H shows miR-106*; Fig. 31 shows miR

21; and, Fig. 3J shows let-7i.  

[00223] The Kaplan Meier curves for the miRNAs associated with overall-survival in IDV are 

shown in Figs. 3K-3S, where Fig. 3K shows miR-21; Fig. 3L shows miR-221; Fig. 3M shows miR

652; Fig. 3N shows miR-106b*; Fig. 30 shows miR-28-3p; Fig. 3P shows miR-197; Fig. 3Q shows 

let-7i; Fig. 3R shows miR-423-3p; and, Fig. 3S shows miR-278.  

[00224] Example 3 

[00225] miR-210 and HIFlA coupling in breast cancer progression 

[00226] Since miR-210 is inducible by hypoxia and to regulate genes involved in tumor initiation, 

analysis was made of HIF1A and the primary RNA for miR-210 (pri-mir-210) in breast cancer 

progression, using Affymetrix microarray data. The data show a very good correlation between 

HIF1A and pri-mir-210 RNA (p<O.001).  

[00227] Each BC subtype for the relative amounts of mature miR-210, pri-mir-210 and HIF1A 

was compared (Fig. 4). The mature miR-210 expression is shown alongside that of pri-mir-210 and 

HIF1A RNA, for each BC subtype and for normal breast. The RNA measures are indicated as percent 

of the total, for each RNA, within the groups. The levels of HIF1A, pri-mir-210, and mature miR-210 

were always maximal in the HER2+/ER- tumors, while the lowest levels of HIF1A and pri-mir-210 

were in normal breast. Levels of HIF1A are believed to indicate hypoxia, and the low level of HIF1A 

in normal breast tissue was in agreement with normoxia. HIF1A mRNA was strongly induced in 

DCIS, where hypoxia is thus likely to occur. The pri-mir-210 transcription, which is driven by a 

hypoxia sensitive promoter, was accordingly activated in DCIS. The HIF 1 A/pri-mir-2 10 ratio was 

maintained across the diverse IDC subgroups. There was a single exception to coupling of mature 

miR-210 and pri-mir-210 RNA in DCIS. DCIS expressed high levels of HIF1A and pri-mir-210, 

suggesting hypoxia, but by far the lowest level of mature miR-210 in the series indicating strong 

pressure for strict down-regulation.  

[00228] Example 4 

[00229] A restricted set of breast cancer genes defines the in situ and invasive transitions 

[00230] In view of results described herein and the unique role of miR-210 in invasion and 

prognosis, the proteins and functions controlled by its expression in BC were further investigated. The 

whole transcriptomes from Affymetrix profiles of 42 normal breast, 17 DCIS and 118 IDC samples 

(51 ER+/HER2-, 17 HER2+/ER-, 17 HER2+/ER+ and 33 TNBC) were examined. Genes compatible 

with being direct or indirect targets of miR-210 were searched, i.e., those with antagonist behavior to 

that of miR-210, up-regulated in DCIS and down-regulated in IDC. DCIS cases had 4524 up

regulated probe sets (out of 8930, FDR <0.05); among them, 1761 probe sets (corresponding to 1353 

genes) were down-regulated in IDC, thus representing miR-210 targets or its downstream effects.  

Breast cancer was the only disease significantly associated with these genes (25 genes; Enrichment p 
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<0.001; Fig. 19-Table 11).  

[00231] Breast cancer genes regulated in an antagonistic fashion to miR-210, along the DCIS/IDC 

progression axis, included RB1, BRCA1, FANCD, FANCF, PP2CA, PARPI, NLK, E-cadherin 

(CDH1) and EHMT1 (Fig. 5 and Fig. 6). Pathways regulated by genes inversely related to miR-210 in 

BC were: caspase cascade in apoptosis, HER2 receptor recycling, TNFRI signaling, FAS signaling 

(CD95) and BRCA1, BRCA2 and ATR in cancer susceptibility. Some of these genes were also 

differentially regulated according to their splicing isoforms. EGFR classical isoforms were expressed 

in normal breast and down regulated in DCIS. Intriguingly, a truncated EGFR variant (uc003tqi.2), 

lacking the whole tyrosine kinase domain, was not expressed in normal breast or in IDC, but 

specifically over-expressed in DCIS. Splicing variants of other genes exhibiting differential tumor 

subgroup expression were nibrin and ErbB3.  

[00232] Example 5 

[00233] Patient characteristics and integrated profiles in the TCGA IDC cohort 

[00234] Integrated miRNA/mRNA tumor profiles (19262 mRNAs and 581 miRNAs) were studied 

in 466 primary IDCs from female patients with no pre-treatment (TCGA IDC cohort). Only patients 

with fully characterized (mRNA and miRNA profiles) tumors and with at least one month of overall 

survival (OS) were included in the study. Extended demographics for these patients, characterized by 

the TCGA consortium, are provided in Fig. 20. Raw RNA, DNA methylation (meDNA), somatic 

mutations and clinical data were obtained from the TCGA data portal. To establish the integrated 

mRNA/miRNA expression profile we normalized mRNAs as RPKM and miRNAs as reads per million 

of total aligned miRNA reads. The variance of the log 2 normalized reads for each gene was compared 

to the median of all the variances. T he genes more variable than the median gene were retained in the 

integrated profile (p<0. 05). After this intensity variation filter was used, 7735 mRNAs and 247 

miRNAs were present in the integrated RNA profile. DNA methylation (meDNA) was studied using 

the Infinium 450K platform on 296 patients from the same IDC cohort. The M value, i.e., the log2 

ratio of the intensities of a methylated probe versus its corresponding un-methylated probe, was used 

to measure CpG methylation. The Catalogue Of Somatic Mutations In Cancer database (ver. 60) was 

used to identify the genes which are known to harbor functional somatic mutations in cancer. The 

breast cancer dataset was incremented with the highly related ovarian cancer dataset in order to 

evaluate a large tumors sample size. The genes with at least two validated somatic mutations resulting 

in alteration of the primary protein structure were identified.  

[00235] Survival analysis 

[00236] Clinical covariates for the IDC tumors and patients are summarized in Fig. 20. To 

compute the Kaplan Meier distribution, the group with gene over-expression was assigned to samples 

with expression larger than median expression. The test of equality for survival distributions was 

performed using the Log-Rank method (Mantel-Cox), except when explicitly stated. Hazard ratios 

(HRs) and Kaplan-Meier curves were calculated for the RNAs in each independent subclass. RNAs 
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which had significant both HRs and Log-Rank tests (p<O. 05) in at least two subclasses (within the 

same clinical or molecular class) were selected. Additional criteria, required for the selection of 

coding genes, were the association of DNA methylation with OS and the presence of somatic 

mutations in the COSMIC database. The association between DNA methylation and OS was carried 

out using univariate Cox regression (Fig. 26.-Fig. 27). A majority rule voting procedure was applied 

to all significant hazard ratios of the CpG sites for each prognostic gene (FDR <0.001); e.g., the DNA 

methylation of a gene with most significant CpG HRs lower than 1 would be defined as negatively 

correlated to outcome, or vice-versa. For the multivariable analysis, the Cox proportional hazard 

model was applied to all covariates that had shown statistical significance (p<O. 05) at the univariate 

level. The Wald test was used in a backward stepwise selection procedure to identify genes or 

covariates with significant independent predictive value and to estimate hazard ratio (HR) and 95% 

confidence interval (CI). All reported p values were two-sided. All analyses were performed using 

SPSS (version 21) or R/BioConductor (version 2.10).  

[00237] Definition of risk predictor and ROC curve 

[00238] The gene weights for the linear RNA risk predictor were computed using the supervised 

principal component method. The Kaplan-Meier survival curves for the cases predicted to have low or 

high risks (median cut) were generated using ten-fold cross-validation. Multivariate models 

incorporating covariates such as N stage, disease stage, intrinsic subtypes, age, ER status, PR status, 

TP53 mutation, and PIK3CA mutation were built similarly. The statistical significance of the cross

validated Kaplan-Meier curves and Log-Rank statistics was determined by repeating the process 1000 

times on random permutations of the survival data. For the RNA model, the p value tested the null 

hypothesis that there was no association between expression data and survival. For the combined 

RNA and clinical covariates model, the p value addressed whether the expression data for a gene adds 

significantly to risk prediction when compared to the covariates.  

[00239] The ability of the models to predict outcome was assessed by comparing the AUC of the 

respective ROC curves. Analysis of area under curve (AUC) for the Receiver Operating Characteristic 

(ROC) curve was conducted using the survivalROC package in R, allowing for time dependent ROC 

curve estimation with censored data. Since in all of the survival analyses, fewer events occurred after 

60 months (see Kaplan-Meier curves), the ability of models to predict outcome at, and around, this 

time point were compared. The ROC curve plots the true-positive vs. false-positive predictions, thus 

higher AUC indicates better model performance (with AUC=0- 5 indicating random performance).  

RNA risk scores and groups (risk-high or -low defined above) were based on weightings in the linear 

risk predictor.  

[00240] Independent cohorts for the validation of the 34-gene prognostic signature 

[00241] To validate the prognostic signature obtained from the TCGA IDC cohort, seven 

retrospective series of primary breast cancer patients who had complete 10-years follow-up, for a total 

of 2104 patients were used. In the UK cohort (n=207) seventy-four percent of the patients had IDC, 
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while the remaining breast cancers were mostly lobular (12%) or mixed (7%). The clinical endpoints 

for the UK cohort towards distant relapse-free survival (DRFS) were distant metastasis detection or 

death, or the date of last assessment without any such event (censored observation). T he expression of 

miRNA (GSE22216) was measured using Illumina miRNA v.1 beadchip and that of mRNA 

(GSE22219) using Illumina Human RefSeq-8 beadchip. The assays measured 24332 mRNAs and 488 

miRNAs. Quantiles normalization was used for both arrays, and for the integrated profile. Validation 

of the mRNA prognostic component was performed on six additional Affymetrix breast cancer 

profiles. The Wang cohort was composed by 180 lymph-node negative relapse free patients and 106 

lymph-node negative patients that developed a distant metastasis (GSE2034, n=286). The Hatzis 

cohort was used to study response and survival following neoadjuvant taxane-anthracycline 

chemotherapy (GSE25066, n=508). The Kao cohort was used to identify molecular subtypes of breast 

cancer through gene expression profiles of 327 breast cancer samples and determine molecular and 

clinical characteristics of different breast cancer subtypes (GSE20685, n=327). The Bos cohort was 

used to study brain metastasis, one of the most feared complications of cancer and the most common 

intracranial malignancy in adults (GSE12276, n=195). The TNBC cohort was assembled from 

German patients to characterize triple negative breast cancer (GSE31519, n=383). The TRANSBIG 

cohort was composed of Belgian patients and applied to the validation of a 76-gene prognostic 

signature for the prediction of distant metastases in lymph node-negative patients (GSE7390, n=198).  

DRFS was the clinical endpoint for all the validation cohorts, with the exceptions of Kao and 

TRANSBIG, where OS used. he seven validation cohorts were also used for the comparison of the 

34-gene integrated signature to other prognostic BC signatures.  

[00242] Biological processes associated to common risk genes 

[00243] To investigate the cellular functions associated with a single gene, even a microRNA, a 

GO analysis was performed on the mRNAs with whom the gene had positive, or negative, Spearman 

correlation (FDR<0.001). The BiNGO plugin in Cytoscape was used to retrieve the relevant GO 

annotations and propagate them upwards through the GO hierarchy. The hypergeometric test, in 

which sampling occurs without replacement, was used to assess the enrichment of gene ontology (GO) 

terms in the survival gene-set in the form of a P-value. The GO P-values were corrected using 

Benjamini and Hochberg method.  

[00244] The biological processes activated or repressed in association with the common risk genes 

were examined. With the exception of lipid modification and phosphoinositide phosphorylation 

(PIK3CA, SMG] and CPT]) there was not functional enrichment when all the coding genes in the risk 

predictor were considered together. This finding was in agreement with the risk genes impacting on 

independent pathways. Each single gene was investigated, whether an mRNA or a miRNA, by 

performing GO analysis on the mRNAs with whom it correlated in the integrated RNA profile. Genes 

involved in mitotic cell cycle and nuclear division were positively associated with miR-484. miR-328 

was correlated with genes of the M phase and of DNA repair, miR-874 with genes involved in cell 

30



WO 2013/110053 PCT/US2013/022492 

adhesion. miR-484 was negatively correlated with genes in morphogenesis and angiogenesis, and also 

in the development of epidermis and the assembly of hemidesmosomes, which anchor epithelial cells 

to extracellular matrix components such as the basal laminae. CPT]A was associated with the 

mammary gland branching involved in thelarche, the onset of postnatal breast development, usually 

occurring at the beginning of puberty, as well as Ral GTPase regulation. C2CD2 was associated with 

the repression of genes involved in the development of gonadal mesoderm and in the regression of the 

mullerian duct, including NME] and NME2 (members of the anti metastatic NM23 family). The 

expression of PIK3CA was associated with activation of protein phosphorylation and transcription 

initiation and with the repression of mitochondrial ATP synthesis coupled proton transport.  

[00245] RESULTS 

[00246] Integrated molecular profile and clinical parameters in the TCGA IDC cohort 

[00247] Integrated miRNA/mRNA tumor profiles (7735 mRNAs and 247 miRNAs) were studied 

for 466 primary IDCs in the TCGA IDC cohort (Fig. 20). miR-210, is associated with the transition 

from ductal carcinoma in situ (DCIS) to IDC, and with poor prognosis, was the most up-regulated 

miRNA in primary tumors which had distant metastasis (p=O. 02). Before studying the prognostic 

values of RNA expression and DNA methylation, univariate survival tests were conducted to assess 

the relationship between clinical parameters and outcome in the TCGA IDC cohort. N stage, M stage, 

disease stage, T stage, and intrinsic subtype (Fig. 30-Fig. 34) were significantly associated with OS.  

ER positive patients showed a more favorable outcome and patients with triple negative breast cancer 

a worse prognosis (Fig. 35-Fig. 36). Menopausal status and age were not associated with OS.  

Although somatic mutations in IDC were associated with specific intrinsic subtypes (TP53 with Basal

like and HER2-enriched, whilst PIK3CA with Luminal A), they were not associated with OS (Fig. 37

Fig. 38). The results of this assessment shows that the survival data for the TCGA IDC cohort, 

although containing a majority of censored data, were informative and appropriate for use in further 

molecular studies.  

[00248] Association of OS with miRNA/mRNA/meDNA in the TCGA IDC cohort 

[00249] The association of OS with the miRNA, mRNA, and DNA methylation profiles was then 

studied in detail for the TCGA IDC cohort. The goal was the identification of a set of common genes, 

if existing, consistently driving the outcome of the disease across the different clinical or molecular 

subtypes. The strategy and the underlying rationale are schematically shown in Fig. 22.  

[00250] Univariate survival analyses for OS were conducted using the integrated mRNA/miRNA 

profile within each of the following independent classes: disease stage, lymph node involvement, 

surgical margin, pre or post-menopause, intrinsic subtype, somatic mutations (TP53, PIK3CA 

pathway, TP53IPIK3CA double mutants, GATA3, MAPKs, and remaining less frequently altered 

genes). The patient subclasses with different clinical or molecular characteristics represented disjoint 

sets within each class. An mRNA, or a miRNA, was selected only if significant in at least two 

independent subclasses from the same class. Since DNA methylation is a key mechanism in 

31



WO 2013/110053 PCT/US2013/022492 

transcriptional control, the DNA methylation of coding genes was used an additional criterion for 

association with OS. The first focus was on the relation between CpG methylation and mRNA 

expression using the PIK3CA prognostic gene as a model. The methylated CpG sites, which 

correlated with PIK3CA expression, were all located in a 2.2 Kb region surrounding its first exon (Fig.  

26), a region with strong acetylation of lysine 27 in histone H3 and high density binding of 

transcription factors. The majority (5 out of 6) of the significant CpG sites in this region had the 

expected negative correlation between DNA methylation and PIK3CA expression. Based on this 

finding, a majority rule was used to determine the type of association between a gene's methylation 

and OS. When most of the significant methylation sites for a gene (Fig. 27) had HR lower than 1, than 

the correlation between the gene's methylation and outcome was defined as "negative". This 

procedure allowed for the discovery of the genes that had paired associations of poor outcome with 

both RNA over-expression and DNA hypo-methylation, or vice-versa. The DNA methylation test was 

not applied to miRNAs, because of the limited number of CpG sites assayed in those very small genes.  

Nevertheless most miRNAs passed the methylation test (data not shown). As a final step to refine the 

risk gene-set, only mRNAs with known protein mutations in cancer (according to the Catalogue Of 

Somatic Mutations In Cancer) were retained.  

[00251] The stringent multistep selection applied, and shown in Fig. 22, lead to the discovery of: 

i) the identification of the common RNAs related to clinical outcome across IDC patients, not 

restricted to specific tumor subclasses, ii) the validation of the prognostic genes in non-overlapping 

patient subclasses, iii) the use of DNA methylation as an independent molecular parameter to confirm 

RNA expression, and iv) the identification of prognostic genes with bona-fide cancer activity (Fig.  

28).  

[00252] The prognostic matrix (Fig. 23) visualizes all significant hazard ratios (p<O. 05) for the 24 

mRNAs and the ten miRNAs that satisfied the proposed criteria. The genes in the matrix are referred 

to herein as "the prognostic 34-gene set." Some known BC genes (for example, NME3, an isoform of 

the NM23 family) were associated with outcome only within a single subclass and therefore did not 

satisfy the selection requirements. Essentially, all selected mRNAs and miRNAs had hazard ratios 

larger than 1 and thus their over-expression correlated with poor outcome. DAAM1, thought to 

function as a scaffolding protein for the Wnt-induced assembly of a disheveled (Dvl)-Rho complex, 

was the prognostic gene harboring the highest correlation with lymph node involvement (Spearman 

correlation test, p<O. 001, FDR=0 001).  

[00253] Integrated IDC risk predictor in the TCGA IDC cohort 

[00254] The prognostic 34-gene set was used to develop two multivariable models and predict OS 

in patients with IDC: 

[00255] a) an "RNA model", using only mRNA and miRNA expression data, was composed only 

of genes; and, 

[00256] b) a "combined model", which in addition included molecular and clinical covariates.  
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[00257] The survival high and low risk groups were constructed using the supervised principal 

component method. A linear risk predictor for OS in IDC (Fig. 29 and Fig. 24A) was then 

discovered.  

[00258] The analysis of area under curve (AUC) for the Receiver Operating Characteristic (ROC) 

was conducted allowing for time dependent ROC curve estimation with censored data (Fig. 24B). The 

AUC for the integrated IDC risk predictor was 0.71 at 60 months of OS (p<0.001). To evaluate the 

independent prognostic values of the integrated RNA predictor, a combined model was developed, 

including also lymph node involvement (N stage), disease stage, T stage, molecular subtype, age at 

diagnosis, TP53 mutation status, PIK3CA pathway mutation status, ER status, and PR status. The final 

combined model included the linear risk predictor and the N stage as the only remaining clinical or 

molecular covariate. The ROC curve for the combined model had a significant AUC, but not larger 

than that of the RNA model. Thus, the RNA levels in the IDC risk predictor had independent 

prognostic values, while the other clinical and molecular covariates, with the exception of N stage, did 

not.  

[00259] Validation of the 34-gene prognostic signature in independent BC cohorts 

[00260] The validation of the 34-gene prognostic signature was performed on three independent 

BC cohorts. First used was an UK cohort of 207 breast cancer patients. The miRNA/mRNA 

prognostic gene set was here re-assessed for prediction of distant relapse-free survival (DRFS). Nine 

miRNAs and 11 mRNAs, less than 2/3 of the 34 prognostic genes, were measured in the UK cohort.  

Nevertheless, the KM curve (p=O 013) and the ROC curve for the prognostic signature (AUC=0. 65, 

p=O 001) were both significant (Figs. 25a-25B). As there were no other available mRNA and miRNA 

combined expression data for large cohorts, the mRNA component of the prognostic signature on the 

Hatzis (n=508), Kao (n=327), TNBC (n=383), Bos (n=195), Wang (n=286), and the TRANSBIG 

(n=198) cohorts were also evaluated. The prognostic signature was predictive for these BC cohorts, 

characterized by Affymetrix profiles (Fig. 21).  

[00261] Comparison of the 34-gene signature with other prognostic BC signatures 

[00262] The prognostic value of the 34-gene integrated signature was compared to that of five 

different signatures for the risk stratification of BC: the 21-gene, the 97-gene used for the Genomic 

Grade Index, the 70-gene, the 76-gene, and the 10-miRNA signatures. Each one of the six prognostic 

signatures was applied to eight different BC cohorts, for a total of 2570 patients (Fig. 21). The AUC 

of the ROC curves was calculated for each signature/cohort combination, thus generating a matrix of 

prognostic values (Fig. 21).  

[00263] The 10-miRNA signature was predictive of DRFS, in the UK dataset where it was 

determined (AUC=0.75, p<0.001), but not in the TCGA cohort. In the TNBC cohort, all signatures 

tested were successful with similar performance (p<0.001). The 21-gene signature performed very 

well in all the cohorts, with the notable exception of the TCGA IDC cohort, where it was not 

significant (AUC= 0-58, p=O. 12). In the Bos cohort only the integrated 34-gene, the 21-gene and the 
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70-gene signatures had good prognostic value. The 34-gene (p<0. 001) and the 97-gene (although with 

a borderline p=O 053) signatures were the only two with significant prognostic value in the large and 

heterogeneous TCGA IDC cohort.  

[00264] Discussion of Example 5 

[00265] IDC is characterized by different molecular subtypes which impact on the cellular 

pathways related to clinical outcome. The inventors herein determined whether common mechanisms 

are associated with overall survival (OS) across the IDC molecular and clinical classes. microRNAs 

(miRNAs) are modulators of cellular processes responsible for cancer that are encoded by mRNAs 

which in turn are regulated by DNA methylation. Because of these multiple relations, an integrated 

survival analysis was performed on a large breast cancer cohort of 466 patients, using genome-wide 

data for mRNA/miRNA expression and DNA methylation. The 34-gene prognostic signature 

discovered was successfully validated on seven breast cancer cohorts for a total of 2104 additional 

patients.  

[00266] The 34-gene Signature 

[00267] As these cohorts were not treatment-naive, the identified RNAs could be not only 

prognostic but also predictive of response to treatment. However, the patients received different 

treatments, and thus the RNAs are independent of treatment. In addition, the integration of miRNA 

and mRNA profiles augmented the prognostic strength of the risk predictor. Also, DNA methylation 

was used as a criterion to confirm the association between mRNA expression and OS. The biomarkers 

that were discovered were consistent across eight different and heterogeneous breast cancer cohorts, 

for a total of over 2500 patients.  

[00268] Notably, most of the 34 prognostic genes were not previously described in BC. Among 

the few known cancer genes in the prognostic signature, PIK3CA was one of the most prominent.  

PIK3CA is an example of oncogene addiction, also when it is not mutated, and thus is as a primary 

target for therapy. On the contrary, TP53, another frequently mutated cancer gene in BC, did not 

display such relevance. Finally, the genotype of either TP53 or PIK3CA did not add prognostic value 

to the RNA based risk predictor.  

[00269] The validity of a marker is strengthened when it is applied to a set of data independent 

from the one that generated the association. The prognostic 34-gene set proved to be such a valid 

marker, as it was prognostic in all the cohorts studied.  

[00270] Example 6 

[00271] Methods, Reagents and Kits for Diagnosing, Staging, Prognosing, Monitoring and 

Treating Cancer-Related Diseases 

[00272] It is to be understood that all examples herein are to be considered non-limiting in their 

scope. Various aspects are described in further detail in the following subsections.  

[00273] Diagnostic Methods 

[00274] In one embodiment, there is provided a diagnostic method of assessing whether a patient 
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has a cancer-related disease or has higher than normal risk for developing a cancer-related disease, 

comprising the steps of comparing the level of expression of a marker in a patient sample and the 

normal level of expression of the marker in a control, e.g., a sample from a patient without a cancer

related disease.  

[00275] A significantly altered level of expression of the marker in the patient sample as compared 

to the normal level is an indication that the patient is afflicted with a cancer-related disease or has 

higher than normal risk for developing a cancer-related disease.  

[00276] In certain embodiments, the markers are selected such that the positive predictive value of 

the methods is at least about 10%, and in certain non-limiting embodiments, about 25%, about 50% or 

about 90%. Also preferred for use in the methods are markers that are differentially expressed, as 

compared to normal cells, by at least two-fold in at least about 20%, and in certain non-limiting 

embodiments, about 50% or about 75%.  

[00277] In one diagnostic method of assessing whether a patient is afflicted with a cancer-related 

disease (e.g., new detection ("screening"), detection of recurrence, reflex testing), the method 

comprises comparing: a) the level of expression of a marker in a patient sample, and b) the normal 

level of expression of the marker in a control non-cancer-related disease sample. A significantly 

altered level of expression of the marker in the patient sample as compared to the normal level is an 

indication that the patient is afflicted with a cancer-related disease.  

[00278] There is also provided diagnostic methods for assessing the efficacy of a therapy for 

inhibiting a cancer-related disease in a patient. Such methods comprise comparing: a) expression of a 

marker in a first sample obtained from the patient prior to providing at least a portion of the therapy to 

the patient, and b) expression of the marker in a second sample obtained from the patient following 

provision of the portion of the therapy. A significantly altered level of expression of the marker in the 

second sample relative to that in the first sample is an indication that the therapy is efficacious for 

inhibiting a cancer-related disease in the patient.  

[00279] It will be appreciated that in these methods the "therapy" may be any therapy for treating a 

cancer-related disease including, but not limited to, pharmaceutical compositions, gene therapy and 

biologic therapy such as the administering of antibodies and chemokines. Thus, the methods described 

herein may be used to evaluate a patient before, during and after therapy, for example, to evaluate the 

reduction in disease state.  

[00280] In certain aspects, the diagnostic methods are directed to therapy using a chemical or 

biologic agent. These methods comprise comparing: a) expression of a marker in a first sample 

obtained from the patient and maintained in the presence of the chemical or biologic agent, and b) 

expression of the marker in a second sample obtained from the patient and maintained in the absence 

of the agent. A significantly altered level of expression of the marker in the second sample relative to 

that in the first sample is an indication that the agent is efficacious for inhibiting a cancer-related 

disease in the patient. In one embodiment, the first and second samples can be portions of a single 

35



WO 2013/110053 PCT/US2013/022492 

sample obtained from the patient or portions of pooled samples obtained from the patient.  

[00281] Methods for Assessing Prognosis 

[00282] There is also provided a monitoring method for assessing the progression of a cancer

related disease in a patient, the method comprising: a) detecting in a patient sample at a first time 

point, the expression of a marker; b) repeating step a) at a subsequent time point in time; and c) 

comparing the level of expression detected in steps a) and b), and therefrom monitoring the 

progression of a cancer-related disease in the patient. A significantly altered level of expression of the 

marker in the sample at the subsequent time point from that of the sample at the first time point is an 

indication that the cancer-related disease has progressed, whereas a significantly altered level of 

expression in the opposite direction is an indication that the cancer-related disease has regressed.  

[00283] There is further provided a diagnostic method for determining whether a cancer-related 

disease has worsened or is likely to worsen in the future, the method comprising comparing: a) the 

level of expression of a marker in a patient sample, and b) the normal level of expression of the marker 

in a control sample. A significantly altered level of expression in the patient sample as compared to 

the normal level is an indication that the cancer-related disease has worsened or is likely to worsen in 

the future.  

[00284] Methods for Assessing Inhibitory, Therapeutic and/or Harmful Compositions 

[00285] There is also provided a test method for selecting a composition for inhibiting a cancer

related disease in a patient. This method comprises the steps of: a) obtaining a sample comprising 

cells from the patient; b) separately maintaining aliquots of the sample in the presence of a plurality of 

test compositions; c) comparing expression of a marker in each of the aliquots; and d) selecting one of 

the test compositions which significantly alters the level of expression of the marker in the aliquot 

containing that test composition, relative to the levels of expression of the marker in the presence of 

the other test compositions.  

[00286] There is additionally provided a test method of assessing the harmful potential of a 

compound in causing a cancer-related disease. This method comprises the steps of: a) maintaining 

separate aliquots of cells in the presence and absence of the compound; and b) comparing expression 

of a marker in each of the aliquots. A significantly altered level of expression of the marker in the 

aliquot maintained in the presence of the compound, relative to that of the aliquot maintained in the 

absence of the compound, is an indication that the compound possesses such harmful potential.  

[00287] In addition, there is further provided a method of inhibiting a cancer-related disease in a 

patient. This method comprises the steps of: a) obtaining a sample comprising cells from the patient; 

b) separately maintaining aliquots of the sample in the presence of a plurality of compositions; c) 

comparing expression of a marker in each of the aliquots; and d) administering to the patient at least 

one of the compositions which significantly alters the level of expression of the marker in the aliquot 

containing that composition, relative to the levels of expression of the marker in the presence of the 

other compositions.  
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[00288] The level of expression of a marker in a sample can be assessed, for example, by detecting 

the presence in the sample of: the corresponding marker protein or a fragment of the protein (e.g., by 

using a reagent, such as an antibody, an antibody derivative, an antibody fragment or single-chain 

antibody, which binds specifically with the protein or protein fragment) the corresponding marker 

nucleic acid (e.g., a nucleotide transcript, or a complement thereof), or a fragment of the nucleic acid 

(e.g., by contacting transcribed polynucleotides obtained from the sample with a substrate having 

affixed thereto one or more nucleic acids having the entire or a segment of the nucleic acid sequence 

or a complement thereof) a metabolite which is produced directly (i.e., catalyzed) or indirectly by the 

corresponding marker protein.  

[00289] Any of the aforementioned methods may be performed using at least one (1) or a plurality 

(e.g., 2, 3, 5, or 10 or more) of cancer-related disease markers. In such methods, the level of 

expression in the sample of each of a plurality of markers, at least one of which is a marker, is 

compared with the normal level of expression of each of the plurality of markers in samples of the 

same type obtained from control humans not afflicted with a cancer-related disease. A significantly 

altered (i.e., increased or decreased as specified in the above-described methods using a single marker) 

level of expression in the sample of one or more markers, or some combination thereof, relative to that 

marker's corresponding normal or control level, is an indication that the patient is afflicted with a 

cancer-related disease. For all of the aforementioned methods, the marker(s) are selected such that the 

positive predictive value of the method is at least about 10%.  

[00290] Examples of Candidate Agents 

[00291] The candidate agents may be pharmacologic agents already known in the art or may be 

agents previously unknown to have any pharmacological activity. The agents may be naturally arising 

or designed in the laboratory. They may be isolated from microorganisms, animals or plants, or may 

be produced recombinantly, or synthesized by any suitable chemical method. They may be small 

molecules, nucleic acids, proteins, peptides or peptidomimetics. In certain embodiments, candidate 

agents are small organic compounds having a molecular weight of more than 50 and less than about 

2,500 daltons. Candidate agents comprise functional groups necessary for structural interaction with 

proteins. Candidate agents are also found among biomolecules including, but not limited to: peptides, 

saccharides, fatty acids, steroids, purines, pyrimidines, derivatives, structural analogs or combinations 

thereof.  

[00292] Candidate agents are obtained from a wide variety of sources including libraries of 

synthetic or natural compounds. There are, for example, numerous means available for random and 

directed synthesis of a wide variety of organic compounds and biomolecules, including expression of 

randomized oligonucleotides and oligopeptides. Alternatively, libraries of natural compounds in the 

form of bacterial, fungal, plant and animal extracts are available or readily produced. Additionally, 

natural or synthetically produced libraries and compounds are readily modified through conventional 

chemical, physical and biochemical means, and may be used to produce combinatorial libraries. In 
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certain embodiments, the candidate agents can be obtained using any of the numerous approaches in 

combinatorial library methods art, including, by non-limiting example: biological libraries; spatially 

addressable parallel solid phase or solution phase libraries; synthetic library methods requiring 

deconvolution; the "one-bead one-compound" library method; and synthetic library methods using 

affinity chromatography selection.  

[00293] In certain further embodiments, certain pharmacological agents may be subjected to 

directed or random chemical modifications, such as acylation, alkylation, esterification, amidification, 

etc. to produce structural analogs.  

[00294] The same methods for identifying therapeutic agents for treating a cancer-related disease 

can also be used to validate lead compounds/agents generated from in vitro studies.  

[00295] The candidate agent may be an agent that up- or down-regulates one or more cancer

related disease response pathways. In certain embodiments, the candidate agent may be an antagonist 

that affects such pathway.  

[00296] Methods for Treating a Cancer-related Disease 

[00297] There is provided herein methods for treating, inhibiting, relieving or reversing a cancer

related disease response. In the methods described herein, an agent that interferes with a signaling 

cascade is administered to an individual in need thereof, such as, but not limited to, cancer-related 

disease patients in whom such complications are not yet evident and those who already have at least 

one cancer-related disease response.  

[00298] In the former instance, such treatment is useful to prevent the occurrence of such cancer

related disease response and/or reduce the extent to which they occur. In the latter instance, such 

treatment is useful to reduce the extent to which such cancer-related disease response occurs, prevent 

their further development or reverse the cancer-related disease response.  

[00299] In certain embodiments, the agent that interferes with the cancer-related disease response 

cascade may be an antibody specific for such response.  

[00300] Expression and/or Detection of Markers 

[00301] Expression of a marker can be inhibited/enhanced in a number of ways, including, by way 

of a non-limiting example, an antisense oligonucleotide can be provided to the cancer-related disease 

cells in order to inhibit/enhance transcription, translation, or both, of the marker(s). Alternately, a 

polynucleotide encoding an antibody, an antibody derivative, or an antibody fragment which 

specifically binds a marker protein, and operably linked with an appropriate promoter/regulator region, 

can be provided to the cell in order to generate intracellular antibodies which will inhibit/enhance the 

function or activity of the protein. The expression and/or function of a marker may also be 

inhibited/enhanced by treating the cancer-related disease cell with an antibody, antibody derivative or 

antibody fragment that specifically binds a marker protein. Using the methods described herein, a 

variety of molecules, particularly including molecules sufficiently small that they are able to cross the 

cell membrane, can be screened in order to identify molecules which inhibit/enhance expression of a 
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marker or inhibit the function of a marker protein. The compound so identified can be provided to the 

patient in order to inhibit cancer-related disease cells of the patient.  

[00302] Any marker or combination of markers, as well as any certain markers in combination 

with the markers, may be used in the compositions, kits and methods described herein. In general, it is 

desirable to use markers for which the difference between the level of expression of the marker in 

cancer-related disease cells and the level of expression of the same marker in normal cells is as great 

as possible. Although this difference can be as small as the limit of detection of the method for 

assessing expression of the marker, it is desirable that the difference be at least greater than the 

standard error of the assessment method, and, in certain embodiments, a difference of at least 0.5-, 1-, 

2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 15-, 20-, 100-, 500-, 1000-fold or greater than the level of expression of 

the same marker in normal tissue.  

[00303] It is recognized that certain marker proteins are secreted to the extracellular space 

surrounding the cells. These markers are used in certain embodiments of the compositions, kits and 

methods, owing to the fact that such marker proteins can be detected in a cancer-associated body fluid 

sample, which may be more easily collected from a human patient than a tissue biopsy sample. In 

addition, in vivo techniques for detection of a marker protein include introducing into a subject a 

labeled antibody directed against the protein. For example, the antibody can be labeled with a 

radioactive marker whose presence and location in a subject can be detected by standard imaging 

techniques.  

[00304] In order to determine whether any particular marker protein is a secreted protein, the 

marker protein is expressed in, for example, a mammalian cell, such as a human cell line, extracellular 

fluid is collected, and the presence or absence of the protein in the extracellular fluid is assessed (e.g.  

using a labeled antibody which binds specifically with the protein).  

[00305] It will be appreciated that patient samples containing cells may be used in the methods 

described herein. In these embodiments, the level of expression of the marker can be assessed by 

assessing the amount (e.g., absolute amount or concentration) of the marker in a sample. The cell 

sample can, of course, be subjected to a variety of post-collection preparative and storage techniques 

(e.g., nucleic acid and/or protein extraction, fixation, storage, freezing, ultrafiltration, concentration, 

evaporation, centrifugation, etc.) prior to assessing the amount of the marker in the sample.  

[00306] The compositions, kits and methods can be used to detect expression of marker proteins 

having at least one portion which is displayed on the surface of cells which express it. For example, 

immunological methods may be used to detect such proteins on whole cells, or computer-based 

sequence analysis methods may be used to predict the presence of at least one extracellular domain 

(i.e., including both secreted proteins and proteins having at least one cell-surface domain).  

Expression of a marker protein having at least one portion which is displayed on the surface of a cell 

which expresses it may be detected without necessarily lysing the cell (e.g., using a labeled antibody 

which binds specifically with a cell-surface domain of the protein).  
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[00307] Expression of a marker may be assessed by any of a wide variety of methods for detecting 

expression of a transcribed nucleic acid or protein. Non-limiting examples of such methods include 

immunological methods for detection of secreted, cell-surface, cytoplasmic or nuclear proteins, protein 

purification methods, protein function or activity assays, nucleic acid hybridization methods, nucleic 

acid reverse transcription methods and nucleic acid amplification methods.  

[00308] In a particular embodiment, expression of a marker is assessed using an antibody (e.g., a 

radio-labeled, chromophore-labeled, fluorophore-labeled or enzyme-labeled antibody), an antibody 

derivative (e.g., an antibody conjugated with a substrate or with the protein or ligand of a protein

ligand pair), or an antibody fragment (e.g., a single-chain antibody, an isolated antibody hypervariable 

domain, etc.) which binds specifically with a marker protein or fragment thereof, including a marker 

protein which has undergone all or a portion of its normal post-translational modification.  

[00309] In another particular embodiment, expression of a marker is assessed by preparing 

mRNA/cDNA (i.e., a transcribed polynucleotide) from cells in a patient sample, and by hybridizing 

the mRNA/cDNA with a reference polynucleotide which is a complement of a marker nucleic acid, or 

a fragment thereof. cDNA can, optionally, be amplified using any of a variety of polymerase chain 

reaction methods prior to hybridization with the reference polynucleotide; preferably, it is not 

amplified. Expression of one or more markers can likewise be detected using quantitative PCR to 

assess the level of expression of the marker(s). Alternatively, any of the many methods of detecting 

mutations or variants (e.g., single nucleotide polymorphisms, deletions, etc.) of a marker may be used 

to detect occurrence of a marker in a patient.  

[00310] In a related embodiment, a mixture of transcribed polynucleotides obtained from the 

sample is contacted with a substrate having fixed thereto a polynucleotide complementary to or 

homologous with at least a portion (e.g., at least 7, 10, 15, 20, 25, 30, 40, 50, 100, 500, or more 

nucleotide residues) of a marker nucleic acid. If polynucleotides complementary to or homologous 

with are differentially detectable on the substrate (e.g., detectable using different chromophores or 

fluorophores, or fixed to different selected positions), then the levels of expression of a plurality of 

markers can be assessed simultaneously using a single substrate (e.g., a "gene chip" microarray of 

polynucleotides fixed at selected positions). When a method of assessing marker expression is used 

which involves hybridization of one nucleic acid with another, it is desired that the hybridization be 

performed under stringent hybridization conditions.  

[00311] Biomarker Assays 

[00312] In certain embodiments, the biomarker assays can be performed using mass spectrometry 

or surface plasmon resonance. In various embodiment, the method of identifying an agent active 

against a cancer-related disease can include a) providing a sample of cells containing one or more 

markers or derivative thereof; b) preparing an extract from the cells; c) mixing the extract with a 

labeled nucleic acid probe containing a marker binding site; and, d) determining the formation of a 

complex between the marker and the nucleic acid probe in the presence or absence of the test agent.  
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The determining step can include subjecting the extract/nucleic acid probe mixture to an 

electrophoretic mobility shift assay.  

[00313] In certain embodiments, the determining step comprises an assay selected from an enzyme 

linked immunoabsorption assay (ELISA), fluorescence based assays and ultra high throughput assays, 

for example surface plasmon resonance (SPR) or fluorescence correlation spectroscopy (FCS) assays.  

In such embodiments, the SPR sensor is useful for direct real-time observation of biomolecular 

interactions since SPR is sensitive to minute refractive index changes at a metal-dielectric surface.  

SPR is a surface technique that is sensitive to changes of 105 to 10-6 refractive index (RI) units within 

approximately 200 nm of the SPR sensor/sample interface. Thus, SPR spectroscopy is useful for 

monitoring the growth of thin organic films deposited on the sensing layer.  

[00314] Because the compositions, kits, and methods rely on detection of a difference in 

expression levels of one or more markers, it is desired that the level of expression of the marker is 

significantly greater than the minimum detection limit of the method used to assess expression in at 

least one of normal cells and cancer-affected cells.  

[00315] It is understood that by routine screening of additional patient samples using one or more 

of the markers, it will be realized that certain of the markers are under- or over-expressed in cells of 

various types, including specific cancer-related diseases.  

[00316] In addition, as a greater number of patient samples are assessed for expression of the 

markers and the outcomes of the individual patients from whom the samples were obtained are 

correlated, it will also be confirmed that altered expression of certain of the markers are strongly 

correlated with a cancer-related disease and that altered expression of other markers are strongly 

correlated with other diseases. The compositions, kits, and methods are thus useful for characterizing 

one or more of the stage, grade, histological type, and nature of a cancer-related disease in patients.  

[00317] When the compositions, kits, and methods are used for characterizing one or more of the 

stage, grade, histological type, and nature of a cancer-related disease in a patient, it is desired that the 

marker or panel of markers is selected such that a positive result is obtained in at least about 20%, and 

in certain embodiments, at least about 40%, 60%, or 80%, and in substantially all patients afflicted 

with a cancer-related disease of the corresponding stage, grade, histological type, or nature. The 

marker or panel of markers can be selected such that a positive predictive value of greater than about 

10% is obtained for the general population (in a non-limiting example, coupled with an assay 

specificity greater than 80%).  

[00318] When a plurality of markers are used in the compositions, kits, and methods, the level of 

expression of each marker in a patient sample can be compared with the normal level of expression of 

each of the plurality of markers in non-cancer samples of the same type, either in a single reaction 

mixture (i.e. using reagents, such as different fluorescent probes, for each marker) or in individual 

reaction mixtures corresponding to one or more of the markers. In one embodiment, a significantly 

altered level of expression of more than one of the plurality of markers in the sample, relative to the 
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corresponding normal levels, is an indication that the patient is afflicted with a cancer-related disease.  

When a plurality of markers is used, 2, 3, 4, 5, 8, 10, 12, 15, 20, 30, or 50 or more individual markers 

can be used; in certain embodiments, the use of fewer markers may be desired.  

[00319] In order to maximize the sensitivity of the compositions, kits, and methods (i.e., by 

interference attributable to cells of non-tissue and/or fluid origin in a patient sample), it is desirable 

that the marker used therein be a marker which has a restricted tissue distribution, e.g., normally not 

expressed in a non-tissue cells.  

[00320] It is recognized that the compositions, kits, and methods will be of particular utility to 

patients having an enhanced risk of developing a cancer-related disease and their medical advisors.  

Patients recognized as having an enhanced risk of developing a cancer-related disease include, for 

example, patients having a familial history of a cancer-related disease.  

[00321] The level of expression of a marker in normal human cells can be assessed in a variety of 

ways. In one embodiment, this normal level of expression is assessed by assessing the level of 

expression of the marker in a portion of cells which appear to be normal and by comparing this normal 

level of expression with the level of expression in a portion of the cells which is suspected of being 

abnormal. Alternately, and particularly as further information becomes available as a result of routine 

performance of the methods described herein, population-average values for normal expression of the 

markers may be used. In other embodiments, the "normal" level of expression of a marker may be 

determined by assessing expression of the marker in a patient sample obtained from a non-cancer

afflicted patient, from a patient sample obtained from a patient before the suspected onset of a cancer

related disease in the patient, from archived patient samples, and the like.  

[00322] There is also provided herein compositions, kits, and methods for assessing the presence 

of cancer-related disease cells in a sample (e.g., an archived tissue sample or a sample obtained from a 

patient). These compositions, kits, and methods are substantially the same as those described above, 

except that, where necessary, the compositions, kits, and methods are adapted for use with samples 

other than patient samples. For example, when the sample to be used is a parafinized, archived human 

tissue sample, it can be necessary to adjust the ratio of compounds in the compositions, in the kits, or 

the methods used to assess levels of marker expression in the sample.  

[00323] Methods of Producing Antibodies 

[00324] There is also provided herein a method of making an isolated hybridoma which produces 

an antibody useful for assessing whether a patient is afflicted with a cancer-related disease. In this 

method, a protein or peptide comprising the entirety or a segment of a marker protein is synthesized or 

isolated (e.g., by purification from a cell in which it is expressed or by transcription and translation of 

a nucleic acid encoding the protein or peptide in vivo or in vitro). A vertebrate, for example, a 

mammal such as a mouse, rat, rabbit, or sheep, is immunized using the protein or peptide. The 

vertebrate may optionally (and preferably) be immunized at least one additional time with the protein 

or peptide, so that the vertebrate exhibits a robust immune response to the protein or peptide.  
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Splenocytes are isolated from the immunized vertebrate and fused with an immortalized cell line to 

form hybridomas, using any of a variety of methods. Hybridomas formed in this manner are then 

screened using standard methods to identify one or more hybridomas which produce an antibody 

which specifically binds with the marker protein or a fragment thereof. There is also provided herein 

hybridomas made by this method and antibodies made using such hybridomas.  

[00325] Methods of Assessing Efficacy 

[00326] There is also provided herein a method of assessing the efficacy of a test compound for 

inhibiting cancer-related disease cells. As described herein, differences in the level of expression of 

the markers correlate with the abnormal state of the cells. Although it is recognized that changes in 

the levels of expression of certain of the markers likely result from the abnormal state of the cells, it is 

likewise recognized that changes in the levels of expression of other of the markers induce, maintain, 

and promote the abnormal state of those cells. Thus, compounds which inhibit a cancer-related 

disease in a patient will cause the level of expression of one or more of the markers to change to a 

level nearer the normal level of expression for that marker (i.e., the level of expression for the marker 

in normal cells).  

[00327] This method thus comprises comparing expression of a marker in a first cell sample and 

maintained in the presence of the test compound and expression of the marker in a second cell sample 

and maintained in the absence of the test compound. A significantly altered expression of a marker in 

the presence of the test compound is an indication that the test compound inhibits a cancer-related 

disease. The cell samples may, for example, be aliquots of a single sample of normal cells obtained 

from a patient, pooled samples of normal cells obtained from a patient, cells of a normal cell line, 

aliquots of a single sample of cancer-related disease cells obtained from a patient, pooled samples of 

cancer-related disease cells obtained from a patient, cells of a cancer-related disease cell line, or the 

like.  

[00328] In one embodiment, the samples are cancer-related disease cells obtained from a patient 

and a plurality of compounds believed to be effective for inhibiting various cancer-related diseases are 

tested in order to identify the compound which is likely to best inhibit the cancer-related disease in the 

patient.  

[00329] This method may likewise be used to assess the efficacy of a therapy for inhibiting a 

cancer-related disease in a patient. In this method, the level of expression of one or more markers in a 

pair of samples (one subjected to the therapy, the other not subjected to the therapy) is assessed. As 

with the method of assessing the efficacy of test compounds, if the therapy induces a significantly 

altered level of expression of a marker then the therapy is efficacious for inhibiting a cancer-related 

disease. As above, if samples from a selected patient are used in this method, then alternative 

therapies can be assessed in vitro in order to select a therapy most likely to be efficacious for inhibiting 

a cancer-related disease in the patient.  

[00330] Methods for Assessing Harmful Potentials 
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[00331] As described herein, the abnormal state of human cells is correlated with changes in the 

levels of expression of the markers. There is also provided a method for assessing the harmful 

potential of a test compound. This method comprises maintaining separate aliquots of human cells in 

the presence and absence of the test compound. Expression of a marker in each of the aliquots is 

compared. A significantly altered level of expression of a marker in the aliquot maintained in the 

presence of the test compound (relative to the aliquot maintained in the absence of the test compound) 

is an indication that the test compound possesses a harmful potential. The relative harmful potential of 

various test compounds can be assessed by comparing the degree of enhancement or inhibition of the 

level of expression of the relevant markers, by comparing the number of markers for which the level of 

expression is enhanced or inhibited, or by comparing both.  

[00332] Isolated Proteins and Antibodies 

[00333] One aspect pertains to isolated marker proteins and biologically active portions thereof, as 

well as polypeptide fragments suitable for use as immunogens to raise antibodies directed against a 

marker protein or a fragment thereof. In one embodiment, the native marker protein can be isolated 

from cells or tissue sources by an appropriate purification scheme using standard protein purification 

techniques. In another embodiment, a protein or peptide comprising the whole or a segment of the 

marker protein is produced by recombinant DNA techniques. Alternative to recombinant expression, 

such protein or peptide can be synthesized chemically using standard peptide synthesis techniques.  

[00334] An "isolated" or "purified" protein or biologically active portion thereof is substantially 

free of cellular material or other contaminating proteins from the cell or tissue source from which the 

protein is derived, or substantially free of chemical precursors or other chemicals when chemically 

synthesized. The language "substantially free of cellular material" includes preparations of protein in 

which the protein is separated from cellular components of the cells from which it is isolated or 

recombinantly produced. Thus, protein that is substantially free of cellular material includes 

preparations of protein having less than about 30%, 20%, 10%, or 5% (by dry weight) of heterologous 

protein (also referred to herein as a "contaminating protein").  

[00335] When the protein or biologically active portion thereof is recombinantly produced, it is 

also preferably substantially free of culture medium, i.e., culture medium represents less than about 

20%, 10%, or 5% of the volume of the protein preparation. When the protein is produced by chemical 

synthesis, it is preferably substantially free of chemical precursors or other chemicals, i.e., it is 

separated from chemical precursors or other chemicals which are involved in the synthesis of the 

protein. Accordingly such preparations of the protein have less than about 30%, 20%, 10%, 5% (by 

dry weight) of chemical precursors or compounds other than the polypeptide of interest.  

[00336] Biologically active portions of a marker protein include polypeptides comprising amino 

acid sequences sufficiently identical to or derived from the amino acid sequence of the marker protein, 

which include fewer amino acids than the full length protein, and exhibit at least one activity of the 

corresponding full-length protein. Typically, biologically active portions comprise a domain or motif 
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with at least one activity of the corresponding full-length protein. A biologically active portion of a 

marker protein can be a polypeptide which is, for example, 10, 25, 50, 100 or more amino acids in 

length. Moreover, other biologically active portions, in which other regions of the marker protein are 

deleted, can be prepared by recombinant techniques and evaluated for one or more of the functional 

activities of the native form of the marker protein. In certain embodiments, useful proteins are 

substantially identical (e.g., at least about 40%, and in certain embodiments, 50%, 60%, 70%, 80%, 

90%, 95%, or 99%) to one of these sequences and retain the functional activity of the corresponding 

naturally-occurring marker protein yet differ in amino acid sequence due to natural allelic variation or 

mutagenesis.  

[00337] In addition, libraries of segments of a marker protein can be used to generate a variegated 

population of polypeptides for screening and subsequent selection of variant marker proteins or 

segments thereof.  

[00338] Predictive Medicine 

[00339] There is also provided herein uses of the animal models and markers in the field of 

predictive medicine in which diagnostic assays, prognostic assays, pharmacogenomics, and monitoring 

clinical trials are used for prognostic (predictive) purposes to thereby treat an individual 

prophylactically. Accordingly, there is also provided herein diagnostic assays for determining the 

level of expression of one or more marker proteins or nucleic acids, in order to determine whether an 

individual is at risk of developing a cancer-related disease. Such assays can be used for prognostic or 

predictive purposes to thereby prophylactically treat an individual prior to the onset of the cancer

related disease.  

[00340] In another aspect, the methods are useful for at least periodic screening of the same 

individual to see if that individual has been exposed to chemicals or toxins that change his/her 

expression patterns.  

[00341] Yet another aspect pertains to monitoring the influence of agents (e.g., drugs or other 

compounds administered either to inhibit a cancer-related disease or to treat or prevent any other 

disorder (e.g., in order to understand any system effects that such treatment may have) on the 

expression or activity of a marker in clinical trials.  

[00342] Pharmacogenomics 

[00343] The markers are also useful as pharmacogenomic markers. As used herein, a 

"pharmacogenomic marker" is an objective biochemical marker whose expression level correlates with 

a specific clinical drug response or susceptibility in a patient. The presence or quantity of the 

pharmacogenomic marker expression is related to the predicted response of the patient and more 

particularly the patient's tumor to therapy with a specific drug or class of drugs. By assessing the 

presence or quantity of the expression of one or more pharmacogenomic markers in a patient, a drug 

therapy which is most appropriate for the patient, or which is predicted to have a greater degree of 

success, may be selected.  
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[00344] Monitoring Clinical Trials 

[00345] Monitoring the influence of agents (e.g., drug compounds) on the level of expression of a 

marker can be applied not only in basic drug screening, but also in clinical trials. For example, the 

effectiveness of an agent to affect marker expression can be monitored in clinical trials of subjects 

receiving treatment for a cancer-related disease.  

[00346] In one non-limiting embodiment, the present invention provides a method for monitoring 

the effectiveness of treatment of a subject with an agent (e.g., an agonist, antagonist, peptidomimetic, 

protein, peptide, nucleic acid, small molecule, or other drug candidate) comprising the steps of (i) 

obtaining a pre-administration sample from a subject prior to administration of the agent; (ii) detecting 

the level of expression of one or more selected markers in the pre-administration sample; (iii) 

obtaining one or more post-administration samples from the subject; (iv) detecting the level of 

expression of the marker(s) in the post-administration samples; (v) comparing the level of expression 

of the marker(s) in the pre-administration sample with the level of expression of the marker(s) in the 

post-administration sample or samples; and (vi) altering the administration of the agent to the subject 

accordingly.  

[00347] For example, increased expression of the marker gene(s) during the course of treatment 

may indicate ineffective dosage and the desirability of increasing the dosage. Conversely, decreased 

expression of the marker gene(s) may indicate efficacious treatment and no need to change dosage.  

[00348] Electronic Apparatus Readable Media, Systems, Arrays and Methods of Using Same 

[00349] As used herein, "electronic apparatus readable media" refers to any suitable medium for 

storing, holding or containing data or information that can be read and accessed directly by an 

electronic apparatus. Such media can include, but are not limited to: magnetic storage media, such as 

floppy discs, hard disc storage medium, and magnetic tape; optical storage media such as compact 

disc; electronic storage media such as RAM, ROM, EPROM, EEPROM and the like; and general hard 

disks and hybrids of these categories such as magnetic/optical storage media. The medium is adapted 

or configured for having recorded thereon a marker as described herein.  

[00350] As used herein, the term "electronic apparatus" is intended to include any suitable 

computing or processing apparatus or other device configured or adapted for storing data or 

information. Examples of electronic apparatus suitable for use with embodiments of the present 

invention include stand-alone computing apparatus; networks, including a local area network (LAN), a 

wide area network (WAN) Internet, Intranet, and Extranet; electronic appliances such as personal 

digital assistants (PDAs), cellular phone, pager and the like; and local and distributed processing 

systems.  

[00351] As used herein, "recorded" refers to a process for storing or encoding information on the 

electronic apparatus readable medium. Those skilled in the art can readily adopt any method for 

recording information on media to generate materials comprising the markers described herein.  

[00352] A variety of software programs and formats can be used to store the marker information of 
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embodiments of the present invention on the electronic apparatus readable medium. Any number of 

data processor structuring formats (e.g., text file or database) may be employed in order to obtain or 

create a medium having recorded thereon the markers. By providing the markers in readable form, 

one can routinely access the marker sequence information for a variety of purposes. For example, one 

skilled in the art can use the nucleotide or amino acid sequences in readable form to compare a target 

sequence or target structural motif with the sequence information stored within the data storage means.  

Search means are used to identify fragments or regions of the sequences which match a particular 

target sequence or target motif.  

[00353] Thus, there is also provided herein a medium for holding instructions for performing a 

method for determining whether a subject has a cancer-related disease or a pre-disposition to a cancer

related disease, wherein the method comprises the steps of determining the presence or absence of a 

marker and based on the presence or absence of the marker, determining whether the subject has a 

cancer-related disease or a pre-disposition to a cancer-related disease and/or recommending a 

particular treatment for a cancer-related disease or pre- cancer-related disease condition. It is 

contemplated that different entities may perform steps of the contemplated methods and that one or 

more means for electronic communication may be employed to store and transmit the data. It is 

contemplated that raw data, processed data, diagnosis, and/or prognosis would be communicated 

between entities which may include one or more of: a primary care physician, patient, specialist, 

insurance provider, foundation, hospital, database, counselor, therapist, pharmacist, and government.  

[00354] There is also provided herein an electronic system and/or in a network, a method for 

determining whether a subject has a cancer-related disease or a pre-disposition to a cancer-related 

disease associated with a marker wherein the method comprises the steps of determining the presence 

or absence of the marker, and based on the presence or absence of the marker, determining whether the 

subject has a cancer-related disease or a pre-disposition to a cancer-related disease, and/or 

recommending a particular treatment for the cancer-related disease or pre-cancer-related disease 

condition. The method may further comprise the step of receiving phenotypic information associated 

with the subject and/or acquiring from a network phenotypic information associated with the subject.  

[00355] Also provided herein is a network, a method for determining whether a subject has a 

cancer-related disease or a pre-disposition to a cancer-related disease associated with a marker, the 

method comprising the steps of receiving information associated with the marker, receiving 

phenotypic information associated with the subject, acquiring information from the network 

corresponding to the marker and/or a cancer-related disease, and based on one or more of the 

phenotypic information, the marker, and the acquired information, determining whether the subject has 

a cancer-related disease or a pre-disposition to a cancer-related disease. The method may further 

comprise the step of recommending a particular treatment for the cancer-related disease or pre-cancer

related disease condition.  

[00356] There is also provided herein a business method for determining whether a subject has a 
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cancer-related disease or a pre-disposition to a cancer-related disease, the method comprising the steps 

of receiving information associated with the marker, receiving phenotypic information associated with 

the subject, acquiring information from the network corresponding to the marker and/or a cancer

related disease, and based on one or more of the phenotypic information, the marker, and the acquired 

information, determining whether the subject has a cancer-related disease or a pre-disposition to a 

cancer-related disease. The method may further comprise the step of recommending a particular 

treatment for the cancer-related disease or pre-cancer-related disease condition.  

[00357] Arrays 

[00358] There is also provided herein an array that can be used to assay expression of one or more 

genes in the array. In one embodiment, the array can be used to assay gene expression in a tissue to 

ascertain tissue specificity of genes in the array. In this manner, up to about 7000 or more genes can 

be simultaneously assayed for expression. This allows a profile to be developed showing a battery of 

genes specifically expressed in one or more tissues.  

[00359] In addition to such qualitative determination, there is provided herein the quantitation of 

gene expression. Thus, not only tissue specificity, but also the level of expression of a battery of genes 

in the tissue is ascertainable. Thus, genes can be grouped on the basis of their tissue expression per se 

and level of expression in that tissue. This is useful, for example, in ascertaining the relationship of 

gene expression between or among tissues. Thus, one tissue can be perturbed and the effect on gene 

expression in a second tissue can be determined. In this context, the effect of one cell type on another 

cell type in response to a biological stimulus can be determined.  

[00360] Such a determination is useful, for example, to know the effect of cell-cell interaction at 

the level of gene expression. If an agent is administered therapeutically to treat one cell type but has 

an undesirable effect on another cell type, the method provides an assay to determine the molecular 

basis of the undesirable effect and thus provides the opportunity to co-administer a counteracting agent 

or otherwise treat the undesired effect. Similarly, even within a single cell type, undesirable biological 

effects can be determined at the molecular level. Thus, the effects of an agent on expression of other 

than the target gene can be ascertained and counteracted.  

[00361] In another embodiment, the array can be used to monitor the time course of expression of 

one or more genes in the array. This can occur in various biological contexts, as disclosed herein, for 

example development of a cancer-related disease, progression of a cancer-related disease, and 

processes, such as cellular transformation associated with a cancer-related disease.  

[00362] The array is also useful for ascertaining the effect of the expression of a gene or the 

expression of other genes in the same cell or in different cells. This provides, for example, for a 

selection of alternate molecular targets for therapeutic intervention if the ultimate or downstream 

target cannot be regulated.  

[00363] The array is also useful for ascertaining differential expression patterns of one or more 

genes in normal and abnormal cells. This provides a battery of genes that can serve as a molecular 
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target for diagnosis or therapeutic intervention.  

[00364] Surrogate Markers 

[00365] The markers may serve as surrogate markers for one or more disorders or disease states or 

for conditions leading up to a cancer-related disease state. As used herein, a "surrogate marker" is an 

objective biochemical marker which correlates with the absence or presence of a disease or disorder, 

or with the progression of a disease or disorder. The presence or quantity of such markers is 

independent of the disease. Therefore, these markers may serve to indicate whether a particular course 

of treatment is effective in lessening a disease state or disorder. Surrogate markers are of particular 

use when the presence or extent of a disease state or disorder is difficult to assess through standard 

methodologies, or when an assessment of disease progression is desired before a potentially dangerous 

clinical endpoint is reached.  

[00366] Pharmacodynamic Markers 

[00367] The markers are also useful as pharmacodynamic markers. As used herein, a 

"pharmacodynamic marker" is an objective biochemical marker which correlates specifically with 

drug effects. The presence or quantity of a pharmacodynamic marker is not related to the disease state 

or disorder for which the drug is being administered; therefore, the presence or quantity of the marker 

is indicative of the presence or activity of the drug in a subject. For example, a pharmacodynamic 

marker may be indicative of the concentration of the drug in a biological tissue, in that the marker is 

either expressed or transcribed or not expressed or transcribed in that tissue in relationship to the level 

of the drug. In this fashion, the distribution or uptake of the drug may be monitored by the 

pharmacodynamic marker. Similarly, the presence or quantity of the pharmacodynamic marker may 

be related to the presence or quantity of the metabolic product of a drug, such that the presence or 

quantity of the marker is indicative of the relative breakdown rate of the drug in vivo.  

[00368] Pharmacodynamic markers are of particular use in increasing the sensitivity of detection 

of drug effects, particularly when the drug is administered in low doses. Since even a small amount of 

a drug may be sufficient to activate multiple rounds of marker transcription or expression, the 

amplified marker may be in a quantity which is more readily detectable than the drug itself. Also, the 

marker may be more easily detected due to the nature of the marker itself; for example, using the 

methods described herein, antibodies may be employed in an immune-based detection system for a 

protein marker, or marker-specific radiolabeled probes may be used to detect a mRNA marker.  

Furthermore, the use of a pharmacodynamic marker may offer mechanism-based prediction of risk due 

to drug treatment beyond the range of possible direct observations.  

[00369] Protocols for Testing 

[00370] The method of testing for cancer-related diseases comprises, for example measuring the 

expression level of each marker gene in a biological sample from a subject over time and comparing 

the level with that of the marker gene in a control biological sample.  

[00371] When the marker gene is one of the genes described herein and the expression level is 
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differentially expressed (for examples, higher or lower than that in the control), the subject is judged to 

be affected with a cancer-related disease. When the expression level of the marker gene falls within 

the permissible range, the subject is unlikely to be affected with a cancer-related disease.  

[00372] The standard value for the control may be pre-determined by measuring the expression 

level of the marker gene in the control, in order to compare the expression levels. For example, the 

standard value can be determined based on the expression level of the above-mentioned marker gene 

in the control. For example, in certain embodiments, the permissible range is taken as ± 2S.D. based 

on the standard value. Once the standard value is determined, the testing method may be performed 

by measuring only the expression level in a biological sample from a subject and comparing the value 

with the determined standard value for the control.  

[00373] Expression levels of marker genes include transcription of the marker genes to mRNA, 

and translation into proteins. Therefore, one method of testing for a cancer-related disease is 

performed based on a comparison of the intensity of expression of mRNA corresponding to the marker 

genes, or the expression level of proteins encoded by the marker genes.  

[00374] Probes 

[00375] The measurement of the expression levels of marker genes in the testing for a cancer

related disease can be carried out according to various gene analysis methods. Specifically, one can 

use, for example, a hybridization technique using nucleic acids that hybridize to these genes as probes, 

or a gene amplification technique using DNA that hybridize to the marker genes as primers.  

[00376] The probes or primers used for the testing can be designed based on the nucleotide 

sequences of the marker genes. The identification numbers for the nucleotide sequences of the 

respective marker genes are described herein.  

[00377] Further, it is to be understood that genes of higher animals generally accompany 

polymorphism in a high frequency. There are also many molecules that produce isoforms comprising 

mutually different amino acid sequences during the splicing process. Any gene associated with a 

cancer-related disease that has an activity similar to that of a marker gene is included in the marker 

genes, even if it has nucleotide sequence differences due to polymorphism or being an isoform.  

[00378] It is also to be understood that the marker genes can include homologs of other species in 

addition to humans. Thus, unless otherwise specified, the expression "marker gene" refers to a 

homolog of the marker gene unique to the species or a foreign marker gene which has been introduced 

into an individual.  

[00379] Also, it is to be understood that a "homolog of a marker gene" refers to a gene derived 

from a species other than a human, which can hybridize to the human marker gene as a probe under 

stringent conditions. Such stringent conditions are known to one skilled in the art who can select an 

appropriate condition to produce an equal stringency experimentally or empirically.  

[00380] A polynucleotide comprising the nucleotide sequence of a marker gene or a nucleotide 

sequence that is complementary to the complementary strand of the nucleotide sequence of a marker 
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gene and has at least 15 nucleotides, can be used as a primer or probe. Thus, a "complementary 

strand" means one strand of a double stranded DNA with respect to the other strand and which is 

composed of A:T (U for RNA) and G:C base pairs.  

[00381] In addition, "complementary" means not only those that are completely complementary to 

a region of at least 15 continuous nucleotides, but also those that have a nucleotide sequence 

homology of at least 40% in certain instances, 50% in certain instances, 60% in certain instances, 70% 

in certain instances, at least 80%, 90%, and 95% or higher. The degree of homology between 

nucleotide sequences can be determined by an algorithm, BLAST, etc.  

[00382] Such polynucleotides are useful as a probe to detect a marker gene, or as a primer to 

amplify a marker gene. When used as a primer, the polynucleotide comprises usually 15 bp to 100 bp, 

and in certain embodiments 15 bp to 35 bp of nucleotides. When used as a probe, a DNA comprises 

the whole nucleotide sequence of the marker gene (or the complementary strand thereof), or a partial 

sequence thereof that has at least 15 bp nucleotides. When used as a primer, the 3' region must be 

complementary to the marker gene, while the 5' region can be linked to a restriction enzyme

recognition sequence or a tag.  

[00383] "Polynucleotides" may be either DNA or RNA. These polynucleotides may be either 

synthetic or naturally-occurring. Also, DNA used as a probe for hybridization is usually labeled.  

Those skilled in the art readily understand such labeling methods. Herein, the term "oligonucleotide" 

means a polynucleotide with a relatively low degree of polymerization. Oligonucleotides are included 

in polynucleotides.  

[00384] Tests for Cancer-related Diseases 

[00385] Tests for a cancer-related disease using hybridization techniques can be performed using, 

for example, Northern hybridization, dot blot hybridization, or the DNA microarray technique.  

Furthermore, gene amplification techniques, such as the RT-PCR method may be used. By using the 

PCR amplification monitoring method during the gene amplification step in RT-PCR, one can achieve 

a more quantitative analysis of the expression of a marker gene.  

[00386] In the PCR gene amplification monitoring method, the detection target (DNA or reverse 

transcript of RNA) is hybridized to probes that are labeled with a fluorescent dye and a quencher 

which absorbs the fluorescence. When the PCR proceeds and Taq polymerase degrades the probe with 

its 5-3' exonuclease activity, the fluorescent dye and the quencher draw away from each other and the 

fluorescence is detected. The fluorescence is detected in real time. By simultaneously measuring a 

standard sample in which the copy number of a target is known, it is possible to determine the copy 

number of the target in the subject sample with the cycle number where PCR amplification is linear.  

Also, one skilled in the art recognizes that the PCR amplification monitoring method can be carried 

out using any suitable method.  

[00387] The method of testing for a cancer-related disease can be also carried out by detecting a 

protein encoded by a marker gene. Hereinafter, a protein encoded by a marker gene is described as a 
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"marker protein." For such test methods, for example, the Western blotting method, the 

immunoprecipitation method, and the ELISA method may be employed using an antibody that binds 

to each marker protein.  

[00388] Antibodies used in the detection that bind to the marker protein may be produced by any 

suitable technique. Also, in order to detect a marker protein, such an antibody may be appropriately 

labeled. Alternatively, instead of labeling the antibody, a substance that specifically binds to the 

antibody, for example, protein A or protein G, may be labeled to detect the marker protein indirectly.  

More specifically, such a detection method can include the ELISA method.  

[00389] A protein or a partial peptide thereof used as an antigen may be obtained, for example, by 

inserting a marker gene or a portion thereof into an expression vector, introducing the construct into an 

appropriate host cell to produce a transformant, culturing the transformant to express the recombinant 

protein, and purifying the expressed recombinant protein from the culture or the culture supernatant.  

Alternatively, the amino acid sequence encoded by a gene or an oligopeptide comprising a portion of 

the amino acid sequence encoded by a full-length cDNA are chemically synthesized to be used as an 

immunogen.  

[00390] Furthermore, a test for a cancer-related disease can be performed using as an index not 

only the expression level of a marker gene but also the activity of a marker protein in a biological 

sample. Activity of a marker protein means the biological activity intrinsic to the protein. Various 

methods can be used for measuring the activity of each protein.  

[00391] Even if a patient is not diagnosed as being affected with a cancer-related disease in a 

routine test in spite of symptoms suggesting these diseases, whether or not such a patient is suffering 

from a cancer-related disease can be easily determined by performing a test according to the methods 

described herein.  

[00392] More specifically, in certain embodiments, when the marker gene is one of the genes 

described herein, an increase or decrease in the expression level of the marker gene in a patient whose 

symptoms suggest at least a susceptibility to a cancer-related disease indicates that the symptoms are 

primarily caused by a cancer-related disease.  

[00393] In addition, the tests are useful to determine whether a cancer-related disease is improving 

in a patient. In other words, the methods described herein can be used to judge the therapeutic effect 

of a treatment for a cancer-related disease. Furthermore, when the marker gene is one of the genes 

described herein, an increase or decrease in the expression level of the marker gene in a patient, who 

has been diagnosed as being affected by a cancer-related disease, implies that the disease has 

progressed more.  

[00394] The severity and/or susceptibility to a cancer-related disease may also be determined 

based on the difference in expression levels. For example, when the marker gene is one of the genes 

described herein, the degree of increase in the expression level of the marker gene is correlated with 

the presence and/or severity of a cancer-related disease.  
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[00395] Control of Expression of Marker 

[00396] In addition, the expression itself of a marker gene can be controlled by introducing a 

mutation(s) into the transcriptional regulatory region of the gene. Those skilled in the art understand 

such amino acid substitutions. Also, the number of amino acids that are mutated is not particularly 

restricted, as long as the activity is maintained. Normally, it is within 50 amino acids, in certain non

limiting embodiments, within 30 amino acids, within 10 amino acids, or within 3 amino acids. The 

site of mutation may be any site, as long as the activity is maintained.  

[00397] Screening Methods 

[00398] In yet another aspect, there is provided herein screening methods for candidate compounds 

for therapeutic agents to treat a cancer-related disease. One or more marker genes are selected from 

the group of genes described herein. A therapeutic agent for a cancer-related disease can be obtained 

by selecting a compound capable of increasing or decreasing the expression level of the marker 

gene(s).  

[00399] It is to be understood that the expression "a compound that increases the expression level 

of a gene" refers to a compound that promotes any one of the steps of gene transcription, gene 

translation, or expression of a protein activity. On the other hand, the expression "a compound that 

decreases the expression level of a gene", as used herein, refers to a compound that inhibits any one of 

these steps.  

[00400] In particular aspects, the method of screening for a therapeutic agent for a cancer-related 

disease can be carried out either in vivo or in vitro. This screening method can be performed, for 

example, by (1) administering a candidate compound to an animal subject; (2) measuring the 

expression level of a marker gene(s) in a biological sample from the animal subject; or (3) selecting a 

compound that increases or decreases the expression level of a marker gene(s) as compared to that in a 

control with which the candidate compound has not been contacted.  

[00401] In still another aspect, there is provided herein a method to assess the efficacy of a 

candidate compound for a pharmaceutical agent on the expression level of a marker gene(s) by 

contacting an animal subject with the candidate compound and monitoring the effect of the compound 

on the expression level of the marker gene(s) in a biological sample derived from the animal subject.  

The variation in the expression level of the marker gene(s) in a biological sample derived from the 

animal subject can be monitored using the same technique as used in the testing method described 

above. Furthermore, based on the evaluation, a candidate compound for a pharmaceutical agent can be 

selected by screening.  

[00402] Kits 

[00403] Any of the compositions described herein may be comprised in a kit. In a non-limiting 

example, reagents for isolating miRNA, labeling miRNA, and/or evaluating an miRNA population 

using an array are included in a kit. The kit may further include reagents for creating or synthesizing 

miRNA probes. The kits will thus comprise, in suitable container means, an enzyme for labeling the 
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miRNA by incorporating labeled nucleotide or unlabeled nucleotides that are subsequently labeled. It 

may also include one or more buffers, such as reaction buffer, labeling buffer, washing buffer, or a 

hybridization buffer, compounds for preparing the miRNA probes, and components for isolating 

miRNA. Other kits may include components for making a nucleic acid array comprising 

oligonucleotides complementary to miRNAs, and thus, may include, for example, a solid support.  

[00404] For any kit embodiment, including an array, there can be nucleic acid molecules that 

contain a sequence that is identical or complementary to all or part of any of the sequences herein.  

[00405] The components of the kits may be packaged either in aqueous media or in lyophilized 

form. The container means of the kits will generally include at least one vial, test tube, flask, bottle, 

syringe or other container means, into which a component may be placed, and preferably, suitably 

aliquoted. Where there is more than one component in the kit (labeling reagent and label may be 

packaged together), the kit also will generally contain a second, third or other additional container into 

which the additional components may be separately placed. However, various combinations of 

components may be comprised in a vial. The kits of the present invention also will typically include a 

means for containing the nucleic acids, and any other reagent containers in close confinement for 

commercial sale. Such containers may include injection or blow-molded plastic containers into which 

the desired vials are retained.  

[00406] When the components of the kit are provided in one and/or more liquid solutions, the 

liquid solution is an aqueous solution, with a sterile aqueous solution being one preferred solution.  

Other solutions that may be included in a kit are those solutions involved in isolating and/or enriching 

miRNA from a mixed sample.  

[00407] However, the components of the kit may be provided as dried powder(s). When reagents 

and/or components are provided as a dry powder, the powder can be reconstituted by the addition of a 

suitable solvent. It is envisioned that the solvent may also be provided in another container means.  

The kits may also include components that facilitate isolation of the labeled miRNA. It may also 

include components that preserve or maintain the miRNA or that protect against its degradation. The 

components may be RNAse-free or protect against RNAses.  

[00408] Also, the kits can generally comprise, in suitable means, distinct containers for each 

individual reagent or solution. The kit can also include instructions for employing the kit components 

as well the use of any other reagent not included in the kit. Instructions may include variations that 

can be implemented. It is contemplated that such reagents are embodiments of kits of the invention.  

Also, the kits are not limited to the particular items identified above and may include any reagent used 

for the manipulation or characterization of miRNA.  

[00409] It is also contemplated that any embodiment discussed in the context of an miRNA array 

may be employed more generally in screening or profiling methods or kits of the invention. In other 

words, any embodiments describing what may be included in a particular array can be practiced in the 

context of miRNA profiling more generally and need not involve an array per se.  
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[00410] It is also contemplated that any kit, array or other detection technique or tool, or any 

method can involve profiling for any of these miRNAs. Also, it is contemplated that any embodiment 

discussed in the context of an miRNA array can be implemented with or without the array format in 

methods of the invention; in other words, any miRNA in an miRNA array may be screened or 

evaluated in any method of the invention according to any techniques known to those of skill in the 

art. The array format is not required for the screening and diagnostic methods to be implemented.  

[00411] The kits for using miRNA arrays for therapeutic, prognostic, or diagnostic applications 

and such uses are contemplated. The kits can include a miRNA array, as well as information 

regarding a standard or normalized miRNA profile for the miRNAs on the array. Also, in certain 

embodiments, control RNA or DNA can be included in the kit. The control RNA can be miRNA that 

can be used as a positive control for labeling and/or array analysis.  

[00412] In another aspect, there is provided various diagnostic and test kits. In one embodiment, a 

kit is useful for assessing whether a patient is afflicted with a cancer-related disease. The kit 

comprises a reagent for assessing expression of a marker. In another embodiment, a kit is useful for 

assessing the suitability of a chemical or biologic agent for inhibiting a cancer-related disease in a 

patient. Such a kit comprises a reagent for assessing expression of a marker, and may also comprise 

one or more of such agents.  

[00413] In a further embodiment, the kits are useful for assessing the presence of cancer-related 

disease cells or treating cancer-related diseases. Such kits comprise an antibody, an antibody 

derivative or an antibody fragment, which binds specifically with a marker protein or a fragment of the 

protein. Such kits may also comprise a plurality of antibodies, antibody derivatives or antibody 

fragments wherein the plurality of such antibody agents binds specifically with a marker protein or a 

fragment of the protein.  

[00414] In an additional embodiment, the kits are useful for assessing the presence of cancer

related disease cells, wherein the kit comprises a nucleic acid probe that binds specifically with a 

marker nucleic acid or a fragment of the nucleic acid. The kit may also comprise a plurality of probes, 

wherein each of the probes binds specifically with a marker nucleic acid, or a fragment of the nucleic 

acid.  

[00415] The compositions, kits and methods described herein can have the following uses, among 

others: 1) assessing whether a patient is afflicted with a cancer-related disease; 2) assessing the stage 

of a cancer-related disease in a human patient; 3) assessing the grade of a cancer-related disease in a 

patient; 4) assessing the nature of a cancer-related disease in a patient; 5) assessing the potential to 

develop a cancer-related disease in a patient; 6) assessing the histological type of cells associated with 

a cancer-related disease in a patient; 7) making antibodies, antibody fragments or antibody derivatives 

that are useful for treating a cancer-related disease and/or assessing whether a patient is afflicted with a 

cancer-related disease; 8) assessing the presence of cancer-related disease cells; 9) assessing the 

efficacy of one or more test compounds for inhibiting a cancer-related disease in a patient; 10) 
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assessing the efficacy of a therapy for inhibiting a cancer-related disease in a patient; 11) monitoring 

the progression of a cancer-related disease in a patient; 12) selecting a composition or therapy for 

inhibiting a cancer-related disease in a patient; 13) treating a patient afflicted with a cancer-related 

disease; 14) inhibiting a cancer-related disease in a patient; 15) assessing the harmful potential of a test 

compound; and 16) preventing the onset of a cancer-related disease in a patient at risk for developing a 

cancer-related disease.  

[00416] The kits are useful for assessing the presence of cancer-related disease cells (e.g. in a 

sample such as a patient sample). The kit comprises a plurality of reagents, each of which is capable 

of binding specifically with a marker nucleic acid or protein. Suitable reagents for binding with a 

marker protein include antibodies, antibody derivatives, antibody fragments, and the like. Suitable 

reagents for binding with a marker nucleic acid (e.g. a genomic DNA, an MRNA, a spliced MRNA, a 

cDNA, or the like) include complementary nucleic acids. For example, the nucleic acid reagents may 

include oligonucleotides (labeled or non-labeled) fixed to a substrate, labeled oligonucleotides not 

bound with a substrate, pairs of PCR primers, molecular beacon probes, and the like.  

[00417] The kits may optionally comprise additional components useful for performing the 

methods described herein. By way of example, the kit may comprise fluids (e.g. SSC buffer) suitable 

for annealing complementary nucleic acids or for binding an antibody with a protein with which it 

specifically binds, one or more sample compartments, an instructional material which describes 

performance of the method, a sample of normal cells, a sample of cancer-related disease cells, and the 

like.  

[00418] The methods and kits of the current teachings have been described broadly and generically 

herein. Each of the narrower species and sub-generic groupings falling within the generic disclosure 

also form part of the current teachings. This includes the generic description of the current teachings 

with a proviso or negative limitation removing any subject matter from the genus, regardless of 

whether or not the excised material is specifically recited herein.  

[00419] Animal Model 

[00420] Non-human animal model can be produced for assessment of at least one cancer-related 

disease. The method includes exposing the animal to repeated doses of at least one chemical believed 

to cause the cancer if interest. In certain aspects, the method further includes collecting one or more 

selected samples from the animal; and comparing the collected sample to one or more indicia of 

potential cancer initiation or development.  

[00421] A method of producing the animal model includes: maintaining the animal in a specific 

chemical-free environment and sensitizing the animal with at least one chemical believed to cause the 

cancer. In certain embodiments, at least a part of the animal is sensitized by multiple sequential 

exposures.  

[00422] A method of screening for an agent for effectiveness against at least one cancer-related 

disease generally includes: administering at least one agent to a test animal, determining whether the 
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agent reduces or aggravates one or more symptoms of the cancer-related disease; correlating a 

reduction in one or more symptoms with effectiveness of the agent against the cancer-related disease; 

or correlating a lack of reduction in one or more symptoms with ineffectiveness of the agent. The 

animal model is useful for assessing one or more metabolic pathways that contribute to at least one of 

initiation, progression, severity, pathology, aggressiveness, grade, activity, disability, mortality, 

morbidity, disease sub-classification or other underlying pathogenic or pathological feature of at least 

one cancer-related disease. The analysis can be by one or more of: hierarchical clustering, signature 

network construction, mass spectroscopy proteomic analysis, surface plasmon resonance, linear 

statistical modeling, partial least squares discriminant analysis, and multiple linear regression analysis.  

[00423] The animal model can be assessed for at least one cancer-related disease, by examining an 

expression level of one or more markers, or a functional equivalent thereto.  

[00424] The animal models can be used for the screening of therapeutic agents useful for treating 

or preventing a cancer-related disease. Accordingly, the methods are useful for identifying therapeutic 

agents for treating or preventing a cancer-related disease. The methods comprise administering a 

candidate agent to an animal model made by the methods described herein, assessing at least one 

cancer-related disease response in the animal model as compared to a control animal model to which 

the candidate agent has not been administered. If at least one cancer-related disease response is 

reduced in symptoms or delayed in onset, the candidate agent is an agent for treating or preventing the 

cancer-related disease.  

[00425] The animal models for a cancer-related disease can include an animal where the 

expression level of one or more marker genes or a gene functionally equivalent to the marker gene has 

been elevated in the animal model. A "functionally equivalent gene" as used herein generally is a gene 

that encodes a protein having an activity similar to a known activity of a protein encoded by the 

marker gene. A representative example of a functionally equivalent gene includes a counterpart of a 

marker gene of a subject animal, which is intrinsic to the animal.  

[00426] The animal model for a cancer-related disease is useful for detecting physiological 

changes due to a cancer-related disease. In certain embodiments, the animal model is useful to reveal 

additional functions of marker genes and to evaluate drugs whose targets are the marker genes.  

[00427] In one embodiment, an animal model for a cancer-related disease can be created by 

controlling the expression level of a counterpart gene or administering a counterpart gene. The 

method can include creating an animal model for a cancer-related disease by controlling the expression 

level of a gene selected from the group of genes described herein. In another embodiment, the method 

can include creating an animal model for a cancer-related disease by administering the protein encoded 

by a gene described herein, or administering an antibody against the protein. It is to be also 

understood, that in certain other embodiments, the marker can be over-expressed such that the marker 

can then be measured using appropriate methods.  

[00428] In another embodiment, an animal model for a cancer-related disease can be created by 
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introducing a gene selected from such groups of genes, or by administering a protein encoded by such 

a gene.  

[00429] In another embodiment, a cancer-related disease can be induced by suppressing the 

expression of a gene selected from such groups of genes or the activity of a protein encoded by such a 

gene. An antisense nucleic acid, a ribozyme, or an RNAi can be used to suppress the expression. The 

activity of a protein can be controlled effectively by administering a substance that inhibits the 

activity, such as an antibody.  

[00430] The animal model is useful to elucidate the mechanism underlying a cancer-related disease 

and also to test the safety of compounds obtained by screening. For example, when an animal model 

develops the symptoms of a cancer-related disease, or when a measured value involved in a certain a 

cancer-related disease alters in the animal, a screening system can be constructed to explore 

compounds having activity to alleviate the disease.  

[00431] As used herein, the expression "an increase in the expression level" refers to any one of 

the following: where a marker gene introduced as a foreign gene is expressed artificially; where the 

transcription of a marker gene intrinsic to the subject animal and the translation thereof into the protein 

are enhanced; or where the hydrolysis of the protein, which is the translation product, is suppressed.  

As used herein, the expression "a decrease in the expression level" refers to either the state in which 

the transcription of a marker gene of the subject animal and the translation thereof into the protein are 

inhibited, or the state in which the hydrolysis of the protein, which is the translation product, is 

enhanced. The expression level of a gene can be determined, for example, by a difference in signal 

intensity on a DNA chip. Furthermore, the activity of the translation product--the protein--can be 

determined by comparing with that in the normal state.  

[00432] It is also within the contemplated scope that the animal model can include transgenic 

animals, including, for example animals where a marker gene has been introduced and expressed 

artificially; marker gene knockout animals; and knock-in animals in which another gene has been 

substituted for a marker gene. A transgenic animal, into which an antisense nucleic acid of a marker 

gene, a ribozyme, a polynucleotide having an RNAi effect, or a DNA functioning as a decoy nucleic 

acid or such has been introduced, can be used as the transgenic animal. Such transgenic animals also 

include, for example, animals in which the activity of a marker protein has been enhanced or 

suppressed by introducing a mutation(s) into the coding region of the gene, or the amino acid sequence 

has been modified to become resistant or susceptible to hydrolysis. Mutations in an amino acid 

sequence include substitutions, deletions, insertions, and additions.  

[00433] In view of the many possible embodiments to which the principles of the inventors' 

invention may be applied, it should be recognized that the illustrated embodiments are only preferred 

examples of the invention and should not be taken as a limitation on the scope of the invention.  

Rather, the scope of the invention is defined by the following claims. The inventors therefore claim as 

the inventors' invention all that comes within the scope and spirit of these claims.  
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[00434] The publication and other material used herein to illuminate the invention or provide 

additional details respecting the practice of the invention, are incorporated by reference herein, and for 

convenience are provided in the following bibliography.  

[00435] Citation of the any of the documents recited herein is not intended as an admission that 

any of the foregoing is pertinent prior art. All statements as to the date or representation as to the 

contents of these documents is based on the information available to the applicant and does not 

constitute any admission as to the correctness of the dates or contents of these documents 
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CLAIMS 

1. A method of determining whether a human subject has a poor survival prognosis 

for breast cancer (BC), comprising: 

extracting a test sample of tissue from a human subject, wherein the extracting is by 

hypodermic needle, microdis section, or laser capture; 

measuring by microarray analysis the level of a miRNA/mRNA signature in the test 

sample of tissue from the human subject, the miRNA/mRNA signature consisting 

of: i) miRNA gene products consisting of the group of: hsa-miR-103, hsa-miR

1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, 

hsa-miR-484, hsa-miR-874a, and hsa-miR-93; and, ii) mRNA gene products 

consisting of the group of: ADAT1, ANKRD52, BIRC6, ClOorfl8, C2CD2, 

CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, MEl, 

NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7, 

and ZFC3H1; and, 

determining the survival prognosis of the subject; wherein an alteration in the levels 

of the miRNA and mRNA gene products in the test sample, relative to the level of 

corresponding miRNA and mRNA gene products in a control sample of cancer

free tissue, is indicative of the human subject having a poor survival prognosis for 

BC.  

2. A method for determining if a human subject having breast cancer (BC) has a poor 

survival outcome comprising: 

extracting breast cells from a human subject, wherein the extracting is by 

hypodermic needle, microdis section, or laser capture; 

assaying by microarray analysis a nucleic acid sample obtained from the breast cells 

of the human subject to determine the expression level of a miRNA/mRNA 

signature in the nucleic acid sample, 

the miRNA/mRNA signature consisting of: i) miRNA gene products consisting of 

the group of: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR

326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874a, and hsa-miR-93; 

and, ii) mRNA gene products consisting of the group of: ADAT1, ANKRD52, 

BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPT1A, DAAM1, DIP2B, DPY19L3, 
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FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, 

TRIM23, TTC3, UBR5, UBXN7, and ZFC3H1; and, 

determining that the human subject has a poor survival outcome, if there is an 

alteration in the expression levels of miRNA/mRNA signature in the nucleic acid 

sample, as compared to a control sample.  

3. A method for predicting a prognosis in a breast cancer patient comprising: 

extracting a biological test sample from a subject having breast cancer, wherein the 

extracting is by hypodermic needle, microdissection, or laser capture; 

detecting by microarray analysis a test expression level of a signature in the 

biological test sample from the subject having breast cancer; assigning a risk score 

to the test expression level; and 

predicting a poor prognosis when the test expression level is assigned a high risk 

score; and predicting a good prognosis when the test expression level is assigned a 

low risk score, 

wherein the signature comprises a miRNA/mRNA signature consisting of: i) miRNA 

gene products consisting of the group of: hsa-miR-103, hsa-miR-1307, hsa-miR

148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa

miR-874a, and hsa-miR-93; and, ii) mRNA gene products consisting of the group 

of: ADAT1, ANKRD52, BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPT1A, 

DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, 

PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7, and ZFC3H1.  

4. The method of claim 3, wherein the miRNAs and mRNAs in the miRNA/mRNA 

signature each hybridize to at least one probe that is specific for such miRNAs and mRNA, 

relative to the control sample.  

5. The method of claim 3, wherein a level of expression of the miRNAs and mRNAs 

is assessed by detecting the presence of a transcribed polynucleotide or portion thereof, 

wherein the transcribed polynucleotide comprises a coding region of the miRNA or 

mRNA.  
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6. The method of claim 3, wherein the at least miRNA/mRNA signature includes 

isolated variants or biologically-active fragments or functional equivalents of each miRNA 

and mRNA, or antibodies that bind thereto.  

7. The method of claim 3, wherein the sample is a breast cancer-associated body fluid, 

cell or tissue.  

8. The method of claim 3, wherein the sample comprises cells obtained from the 

patient.  

9. The method of claim 3, wherein the sample comprises cells obtained from the 

patient taken over time.  

10. The method of claim 3, wherein the breast cancer disease is an invasive ducal 

carcinoma (IDC) breast cancer.  

11. The method of claim 3, wherein the step of determining the survival prognosis of 

the subject predicts overall survival (OS).  

12. The method of claim 3, further comprising designing a treatment plan based on the 

diagnosis.  

13. The method of claim 3, further comprising administration of a treatment based on 

the diagnosis.  

14. The method of claim 3, wherein the test expression level is determined by RT-PCR.  

15. The method of claim 3, wherein the miRNA/mRNA signature comprises a 

statistically significant change in the expression of the miRNAs and mRNAs in a non

cancerous breast cell versus a breast cancer cell.  

16. The method of claim 3, wherein control miRNA and/or mRNA expression levels 

are from a representative pool of individuals, and are a mean, median or other statistically 
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manipulated or otherwise summarized or aggregated representative miRNA and/or mRNA 

expression levels for the miRNA and miRNA levels in the control samples.  

17. A DNA chip when used for testing for a colon cancer-related disease, on which at 

least one probe has been immobilized to assay a miRNA/mRNA signature consisting of: i) 

miRNA gene products: hsa-miR-103, hsa-miR-1307, hsa-miR-148b, hsa-miR-324, hsa

miR-326, hsa-miR-328, hsa-miR-365, hsa-miR-484, hsa-miR-874a, hsa-miR-93; and, ii) 

mRNA gene products: ADAT1, ANKRD52, BIRC6, ClOorfl8, C2CD2, CHD9, CHM, 

CPTIA, DAAM1, DIP2B, DPY19L3, FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, 

PDSS2, PIK3CA, SMG1, TRIM23, TTC3, UBR5, UBXN7 and ZFC3H1.  

18. An article of manufacture when used in a method according to any one of claims 1 

to 24, the article comprising: at least one capture reagent that binds to at least one marker 

for a miRNA/mRNA signature consisting of: i) miRNA gene products: hsa-miR-103, hsa

miR-1307, hsa-miR-148b, hsa-miR-324, hsa-miR-326, hsa-miR-328, hsa-miR-365, hsa

miR-484, hsa-miR-874 a, hsa-miR-93; and, ii) mRNA gene products: ADAT1, ANKRD52, 

BIRC6, ClOorfl8, C2CD2, CHD9, CHM, CPTIA, DAAM1, DIP2B, DPY19L3, 

FAM91A1, GMCL1, MEl, NCOA2, OTUD6B, PDSS2, PIK3CA, SMG1, TRIM23, TTC3, 

UBR5, UBXN7 and ZFC3H1.  
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