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MICRO-RNA-BASED METHODS AND COMPOSITIONS FOR THE
DIAGNOSIS AND TREATMENT OF COLON CANCER-RELATED
DISEASES

Cross-Reference to Related Applications

This application claims the benefit of United States Provisional Application
Nos. 60/807,304 filed 13 July 2006 and 60/932,736 filed 1 June 2007, the disclosures of

which are incorporated herein by reference.

Background of the Invention

Colon adenocarcinoma is a major cause of cancer mortality worldwide'. Colorectal
cancer is the third most common and second leading cause of cancer death in the United
States’. Sporadic colon adenocarcinomas initiate as adenomas and evolve through a
progression of molecular, cellular and histologic changes®. While 5-year mortality rates
have modestly declined over the last 3 decades®, there is still a need to identify new
prognostic biomarkers and therapeutic targets for this disease. Currently, chemotherapy
has significant therapeutic value but surgery is the only curative form of treatment’,

Ideal therapeutic targets should be causally associated with disease and amenable to
designing therapeutic interventions; whereas ideal biomarkers should be easy to measure
and have strong associations with clinical outcomes. MicroRNAs could match both
criteria®®,

MicroRNAs are 18-25 nucleotide, non-coding RNA molecules that regulate the

10,11

translation of many genes9. Since their discovery ', they have been found to regulate a

12-14 10,11,15

variety of cellular processes including apoptosis'“, differentiation and cell

proliferation'®. MicroRNAs may also have a causal role in carcinogcnesis6"7. MicroRNA

18,19

expression levels are altered in most tumor types ™, including colon tumors'®?%. The

microRNAs miR-15 and miR-16a are deleted or downregulated in the majority of chronic

lymphocytic leukemias®. Experimental manipulation of specific microRNAs modulates

162426 The prognostic potential of

8

tumor development in mouse model systems
microRNAs has also been demonstrated for chronic lymphocytic leukemia’, lung cancer
and neuroblastomas?’.

Aberrant microRNAs expression may be causal to carcinogenesis, inhibiting
specific microRNAs may have therapeutic implications. Modified antisense

oligonucleotides can be designed to specifically inhibit microRNA function®®.

3516052-1 gce




29 Apr 2013

2007272947

Antagomirs are one type of antisense oligonucleotide that has proven effective at
inhibiting microRNA function in vivo in mice®. The ease of designing specific inhibitors of

microRNA function makes them candidates for therapeutic targets.

Summary of the Invention

According to a first embodiment of the invention, there is provided a method of
diagnosing whether a subject has a decreased survival prognosis for a colon adenocarcinoma,
comprigimgasuring the level of at least one miR-21 gene product in a test sample from the subject,

wherein an alteration in the level of the miR-21 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
either having, or being at risk for a poor survival colon adenocarcinoma .

According to a second embodiment of the invention, there is provided a method of testing
for decreased survival prognosis for a colon adenocarcinoma disease response, which comprises:
(1) determining an expression level of at least one marker in a sample from a test

subject; the at least one marker including at least one miR-21 gene product;

(2) comparing the expression level determined in step (1) with a control expression level
of the marker in a sample from a healthy subject; and

(3) judging the subject to have a poor survival colon cancer-related disease when the
result of the comparison in step (2) indicates that:

1) the expression level of the at least one marker in the test subject is higher than
that in the control, or
ii) the expression level of the at least one marker in the test subject is lower than that in
control.

According to a third embodiment of the invention, there is provided a method of
diagnosing whether a subject has a decreased survival prognosis for, a colon adenocarcinoma
disease, comprising

(1) reverse transcribing RNA from a test sample obtained from the subject to provide a
set of target oligodeoxynucleotides;

(2) hybridizing the target oligodeoxynucleotides to a microarry comprising miRNA-21
specific probe oligonucleotides to provide a hybridization profile for the test sample; and

(3) comparing the test sample hybridization profile to a hybridization profile generated

from a control sample,
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wherein an alteration in the signal of the miR-21 is indicative of the subject having a
decreased survival prognosis for, a colon adenocarcinoma disease.

According to a fourth embodiment of the invention, there is provided a computer-assisted
method for evaluating the nature or extent of a colon adenocarcinoma 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 marker, and
wherein the marker comprises one or more miR-21 gene product,

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

(3) classifying the biological sample to indicate the nature or extent of a colon
adenocarcinoma disease.

According to a fifth aspect of the present invention, there is provided a method of
diagnosing whether a subject has a poor survival prognosis colon adenocarcinoma, comprising
measuring the level of at least one miR-21 gene product in a test sample from the subject
wherein said subject has colon adenocarcinoma,

wherein an increase in at least the level of the miR-21 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 poor survival prognosis colon adenocarcinoma.

According to a sixth aspect of the present invention, there is provided a method of testing

for poor survival prognosis colon adenocarcinoma, which comprises:
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(1) determining an expression level of at least one marker in a sample from a test
subject having colon adenocarcinoma; the at least one marker including at least one miR-
21 gene product;

(2) comparing the expression level determined in step (1) with a control
expression level of the marker in a sample from a healthy subject; and

(3) judging the subject to have a poor survival prognosis colon adenocarcinoma
when the result of the comparison in step (2) indicates that:

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

According to a seventh aspect of the present invention, there is provided a method
of diagnosing whether a subject has poor survival prognosis colon adenocarcinoma,
comprising:

(1) reverse transcribing RNA from a test sample obtained from the subject to
provide a set of target oligodeoxynucleotides wherein said subject has colon
adenocarcinoma,

(2) hybridizing the target oligodeoxynucleotides to a microarray comprising
miRNA-21 specific probe oligonucleotides to provide a hybridization profile for the test
sample; and

(3) comparing the test sample hybridization profile to a hybridization profile
generated from a control sample,

wherein an increase in the signal of the miR-21 is indicative of the subject having
poor survival prognosis colon adenocarcinoma.

In one broad aspect, there is provided herein a method of diagnosing whether a
subject has, is at risk for developing, or has a decrease survival prognosis for, a colon
cancer-related disease. The method includes measuring the level of at least one miR gene
product in a test sample from the subject, wherein an alteration in the level of the miR
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 either having, or being at risk for
developing, the colon cancer-related disease. In a particular aspect, the at least one miR
gene product is selected from the group consisting of miR20a, miR-21, miR-106a, miR-
181b, miR-203 and combinations thereof. In one embodiment, the one miR gene product
is miR-21.

3516052-1:gec
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In another broad aspect, there is provided herein a method of testing for at least an
initiation of, predisposition to, or decreased survival prognosis for, a colon cancer-related
disease response, which comprises:

(1) determining an expression level of at least one marker in a sample from a test
subject; the at least one marker including at least one miR gene product selected from the
group consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and combinations
thereof;

(2) comparing the expression level determined in step (1) with a control

3516052-1:ycc
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expression level of the marker in a sample from a healthy subject; and

[0011] (3) judging the subject to have a colon cancer-related disease when the result
of the comparison in step (2) indicates that: i) the expression level of the at least marker in
the test subject is higher than that in the control, or ii) the expression level of the at least
one marker in the test subject is lower than that in the control.

[0012] The sample can comprise one or more of tissue, blood, plasma, serum, urine,
and feces. Also, all method steps can be performed in vitro.

[0013] In another broad aspect, there is provided herein a method of diagnosing
whether a subject has, is at risk for developing, or has a decrease survival prognosis for, a
colon cancer-related disease, comprising:

[0014] )] reverse transcribing RNA from a test sample obtained from the
subject to provide a set of target oligodeoxynucleotidés;

[0015] 3 hybridizing the target oligodeoxynucleotides to a microarray
comprising miRNA-specific probe oligonucleotides to provide a hybridization profile for
the test sample; and

[0016] . 3) comparing the test sample hybridization profile to a hybridization
profile generated from a control sample, wherein an alteration in the signal of at least one
miRNA is indicative of the subject either having, being at risk for developing, or having a
decreased survival prognosis for, a colon cancer-related disease. )

[0017] In a particular aspect, the signal of at least one miRNA, relative to the signal
generated from the control sample, is up- or down-regulated. Also, the microarray can
comprise miRNA-specific probe oligonucleotides for one or more miRNAs selected from
the group consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and
combinations thereof.

[0018] In another broad aspect, there is provided herein a method of inhibiting
tumorigenesis in a subject who has, or is suspected of having, a colon cancer-related
disease in which at least one miR gene product selected from the group cdnsisting of
miR20a, miR-21, miR-106a, miR-181b, miR-203 and combinations thereof, is down-
regulated or up-regulated in the cancer cells of the subject, relative to control cells,
comprising:

[0019] ¢)) when the at least one miR gene product is down-regulated in the
cancer cells, administering to the subject an effective amount of at least one isolated miR

gene product selected from the group consisting of miR20a, miR-21, miR-106a, miR~
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181b, miR-203 and combinations thereof, such that tumorigenesis is inhibited in the
subject; or ‘

[0020] 2) when the at least one miR gene product is up-regulated in the cancer
cells, administering to the subject an effective amount of at least one compound for
inhibiting expression of the at least one miR gene product selected from the group
consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and combinations thereof,
such that tumorigenesis is inhibited in the subject.

[0021] In a particular aspect, at least one isolated miR gene product in step (1)
and/or in step (2) is miR-21 or an isolated variant or biologically-active fragment or
functional equivalent thereof, or an antibody that binds thereto.

[0022] In another broad aspect, there is provided herein a method of inhibiting
turmnorigenesis in a subject who has a colon cancer, comprising:

[0023] ()] determining the amount of at least one miR gene product in cancer

cells from the subject, relative to control cells; and

[0024] 2) altering the amount of miR gene product expressed in the cancer
cells by:
[0025] () administering to the subject an effective amount of at least one

isolated miR gene product selected from the group consisting of miR20a, miR-21, miR-
106a, miR-181b, miR-203 and combinations thereof, if the amount of the miR gene
product expressed in the cancer cells is less than the amount of the miR gene product
expressed in control cells; or

[0026] (ii) administering to the subject an effective amount of at least one
compound for inhibiting expression of the at least one miR gene product, if the amount of
the miR gene product expressed in the cancer cells is greater than the amount of the miR
gene product expressed in control cells,

[0027] such that tumorigenesis is inhibited in the subject.

[0028] In a particular aspect, the at least one isolated miR gene product in step (i) is
miR-21 or an isolated variant or biologically-active fragment thereof. Also, in certain
embodiments, the at least one miR gene product in step (ii) is selected from the group
consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and combinations thereof,
or an isolated variant or biologically-active fragment thereof.

[0029] In another broad aspect, there is provided herein a method of identifying an

inhibitor of tumorigenesis, comprising providing a test agent to a cell and nlleasuring the
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level of at least one miR gene product associated with an altered expression levels in a
colon cancer-related disease, wherein an increase or decrease in the level of the miR gene
product in the cell, relative to a suitable control cell, is indicative of the test agent being an
inhibitor of tumorigenesis.

[0030] In another broad aspect, there is provided herein a method of identifying an
inhibitor of tumorigenesis, comprising providing a test agent to a cell and measuring the
level of at least one miR gene product associated with an altered expression level in a
colon cancer-related disease, wherein a decrease in the level of the miR gene product in
the cell, relative to a suitable control cell, is indicative of the test agent being an inhibitor
of tumorigenesis.

[0031] In another broad aspect, there is provided herein a marker 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 colon cancer-
related disease, wherein the marker comprises one or more miR gene products selected
from the group consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and
combinations thereof.

[0032] In another broad aspect, there is provided herein a composition comprising
one or more of the markers described herein.

[0033] . In another broad aspect, there is provided herein a method of identifying a
potential for the initiation or development of at least one colon cancer-related disease in a
subject, the method providing measuring one or more of the markers described herein. In
certain embodiments, one or more markers are presént in an isolated sample and all
method steps are performed in vitro.

[0034] In another broad aspect, there is provided herein a reagent for testing for a
colon cancer-related disease, wherein the reagent comprises a polynucleotide comprising
the nucleotide sequence of at least one marker described herein or a nucleotide sequence
complementary to the nucleotide sequence of the marker.

[0035] In another broad aspect, there is provided herein a reagent for testing for a
colon cancer-related disease, wherein the reagent comprises an antibody that recognizes a
protein encoded by at least one marker described herein.

[0036] In another broad 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 at least one
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marker described herein.
[0037]) In another broad aspect, there is provided herein a method of assessing the

effectiveness of a therapy to prevent, diagnose and/or treat at least one colon cancer-related

disease comprising:
[0038] 1) subjecting an animal to a therapy whose effectiveness is being assessed, and
[0039] 2) determining the level of effectiveness of the treatment being tested in treating or

preventing the colon cancer-related disease by evaluating at least one marker described herein.

[0040] In certain embodiments, the candidate therapeutic agent comprises one or more
of: pharmaceutical compositions, nutraceutical compositions, and homeopathic
compositions. Also, the therapy being assessed can be for use in a human subject. In certain
embodiments, the method is not a method of treatment of the human or animal body by
surgery or therapy.

[0041] In another broad aspect, there is provided herein a method of assessing the
potential of at least one material for an ability to initiate a colon cancer-related disease
response in an animal model, the'method providing:

[0042] 1) measuring one or more of up- or down- regulated markers described herein
after exposure of the animal to one or more materials in amounts sufficient to initiate a colon
cancer-related disease response in the aqimal; and

[0043] 2) determining whether at least one of the up- or down- regulated markers has
the ability to initiate a colon cancer-related disease response.

{0044] In another broad aspect, there is provided herein a pharmaceutical
composition for treating a colon cancer-related disease, comprising: at least one miR gene
product selected from the group consisting of miR20a, miR-21, miR-106a, miR-181b,
miR-203 and combinations thereof; and, a pharmaceutically-acceptable carrier.

[0045] In another broad aspect, there is provided herein a pharmaceutical
composition for treating a colon cancer, comprising at least one miR expression-inhibition
compound and a pharmaceutically-acceptable'carrier, wherein the at least one miR
expression-inhibition compound is specific for a miR gene product selected from the
group consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and combinations
thereof.

[0046] In another broad aspect, there is provided herein an article of manufacture
comprising: at least one capture reagent that binds to a marker for a colon cancer-related

disease selected from at least one of the markers described herein.
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[0047] In another broad aspect, there is provided herein a kit for screening for a
candidate compound for a therapeutic agent to treat a colon cancer-related disease,
wherein the kit comprises: one or more reagents of at least one marker described herein,
and a cell expressing at least one marker. 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. Also, in certain embodiments, the reagent is
labeled, radio-labeled, or biotin-labeled, and/or the antibody or antibody fragment is radio-
labeled, chromophore-labeled, fluorophore-labeled, or enzyme-labeled. In a particular
embodiment, the kit further includes a container comprising at least one of the markers.
Also, the reagent can comprise one or more of: an antibody, a probe to which fhe reagent
is attached or is attachable, and an immobilized metal chelate.

[004 8] In another broad aspect, there is provided herein a screening test for a colon
cancer-related disease comprising:

[0049] contacting one or more of the markers of Claim 20 with a substrate for such

marker and with a test agent, and

[0050) determining whether the test agent modulates the activity of the marker.
[0051] In certain embodiments, all method steps can be performed in vitro.
[0052] In another broad aspect, there is provided herein a microarray for predicting

the presence of a colon cancer-related disease in a subject comprising an antibody directed
to at least one marker of Claim 20.

[0053] In another broad aspect, there is provided herein methods, compositions and
the like, where 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. Also, the sample can be a colon cancer-
associated body fluid or tissue. In a particular embodiment, the sample comprises cells
obtained from the patient.

[0054] In another broad aspect, there is provided herein a method for treating,
preventing, reversing or limiting the severity of a colon cancer-related disease
complication in an individual in need thereof, comprising;:

[0055] administering to the individual an agent that interferes with at least one colon
cancer-related disease response signaling pathway, in an amount sufficient to interfere
with such signaling, wherein the agent comprises at least one miR gene product selected

from the group consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and
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combinations thereof.

[0056] In another broad aspect, there is provided herein the use of an agent that
interferes with at least one colon cancer-related disease response signaling pathway, for
the manufacture of a medicament for treating, preventing, reversing or limiting the
severity of a colon cancer-related disease complication in an individual, wherein the agent
comprises at least one miR gene product selected from the group consisting of miR20a,
miR-21, miR-106a, miR-181b, miR-203 and combinations thereof.

[0057] In another broad aspect, there is provided herein a method of treating,
preventing, reversing or limiting the severity of a colon cancer-related disease
complication in an individual in need thereof, comprising administering to the individual
an agent that interferes with at least one colon cancer-related disease response cascade,
wherein the agent comprises at least one miR gene product selected from the group
consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and combinations thereof.

[0058] In another broad aspect, there is provided herein the use of an agent that
interferes with at least one colon cancer-related disease response cascade, for the
manufacture of a medicament for treating, preventing, reversing or limiting the severity of
a colon cancer-related disease complication in an individual, wherein the agent comprises
at least one miR gene product selected from the group consisting of miR20a, miR-21,
miR-106a, miR-181b, miR-203 and combinations thereof.

[0059] In another broad 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 profile represents a level of at least a first marker in one
or more samples from one or more subjects exhibiting an indicia of a colon cancer-related
disease response,

[0060] . wherein the marker comprises one or more miR gene products selected from
the group consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and
combinations thereof.

[c061] In certain embodiments, the computer readable medium includes at least a
second reference profile that represents a level of at least a second marker in one or more
samples from one or more subjects exhibiting indicia of a colon cancer-related disease
response; or subjects having a colon cancer-related disease.

[0062] In another broad aspect, there is provided herein a computer system for

determining whether a subject has, is predisposed to having, or has a poor survival
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prognosis for, a colon cancer-related disease, comprising the database described herein,
and a server comprising a cc;mputer—cxecutable 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 colon cancer-related disease.

[0063] In another broad aspect, there is provided herein a computer-assisted method
for evaluating the presence, absence, nature or extent of a colon cancer-related disease in a
subject, comprising:

[0064] 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 marker, wherein the marker
comprises one or more miR gene products selected from the group consisting of miR20a,
miR-21, miR-106a, miR-181b, miR-203 and combinations thereof;

[0065] 2) inputting data from the biological sample obtained from the subject; and,

[0066] 3) classifying the biological sample to indicate the presence, absence, nature
or extent of a colon cancer-related disease. '

[0067] In another broad aspect, at least one miR gene product and combinations
thereof includes isolated variants or biclogically-active fragments or functional
equivalents thereof, or antibodies that bind thereto.

[0068] In another broad aspect, there is provided herein an animal model for colon cancer
wherein at least one of the following biological or chemical processes occurs in the animal
model up- or down regulation of one or more miR gene products is selected from the
group consisting of miR20a, miR-21, miR-106a, miR-181b, miR-203 and combinations
thereof. In certain embodiments, the animal model is a nonhuman vertebrate. In
particular embodiments, the animal model is a mouse, rat, rabbit, or primate.

[0069] Various objects and advantages of this invention will become apparent to
those skilled in the art from the following detailed description of the preferred

embodiment, when read in light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawings will be

provided by the Office upon request and payment of the necessary fee.
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[0071] Figures la - 1g: MiR-21 is expressed at higher levels in colon

adenocarcinomas with increasing expression in more advanced tumors.

[0072] (Fig. 1a) In situ hybridization for miR-21 was optimized to distinguish high
and low expression of miR-21. Colonic epithelial cells in human tumor (T) express
higher levels of miR-21 compared to adjacent nontumorous tissue (N). (Fig. 1c) Nuclei
and cytoplasm of colonic epithelial cells in tumor tissue express significant amounts of
miR-21 in tumor tissue, at high magnification. (Fig. 1le) Non-tumor tissue shows no

significant expression of miR-21 at the same magnification.

[0073] (Fig. 1b, Fig. 1d, Fig. 1f) The scramble control probe shows no significant
staining at low or high magnification in serial sections of tumor and non-tumor tissue, as
expected. Scale bars (Figs. 1c-f) indicate 500 uM (g) miR-21 is expressed at higher levels
in more advanced tumors. Dot plots represent miR-21 relative Ct values (from
quantitative RT-PCR) for adenoma and tumor expression levels that have been normalized
to paired non-adenoma or nontumorous tissue, respectively. Tissue types have been
ordered from adenoma to stage I-IV tumors. Bars indicate median value. There is a
significant trend that more advanced tumors have higher expression of miR-21

(nonparametric test for trend across ordered groups).

[0074] Figure 2: miR-21 is expressed at higher levels in more advanced tumors.
MicroRNA microarrays were used to measure miR-21 expression levels. Dot plots
represent miR-21 loga(tumor/nontumor ratios) as calculated from microRNA
microarrays from the original cohort. The probe hsa-miR-21-prec 17No 1 from the
microarray was used to measure miR-21 expression. Tissues with undetectable
expression of miR-21 based on microarray data were excluded. Tissue types have
been ordered from TNM stage I to stage IV tumors. Bars indicate median value.
There is a significant trend that more advanced tumors have higher expression of miR-

21 (p = 0.04; nonparametric test for trend across ordered groups).

[0075] Figures 3a and 3b: High miR-21 expression in tumors predicts a poor
survival in subjects with typical adenocarcinoma histology in both independent cohorts.
This analysis excludes subjects with either mucinous adenocarcinoma or adenosquamous

carcinoma histology.
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[0076] (Fig. 3a) MicroRNA microarrays were used in the Maryland test cohort to
measure microRNA expression levels of tumors and nontumorous tissues. Tissues with
undetectable expression of miR-21 based on microarray data were excluded. High miR-21
expression was classified based on highest tertile. Red lines indicate individuals with high
expression while green lines correspond to low expression. For nontumorous tissue, 24/69
tissues were classified as high while 26/72 tumors were classified as high. High miR-21

expression in tumors (right) is associated with poor survival while it is not associated in

nontumorous tissue.

[0077] (Fig. 3b) Validation of the association with high miR-21 expression in
tumors and poor prognosis in an independent cohort. Expression levels of miR-21 were
measured by quantitative RT-PCR. High expression is based on the highest tertile.
35/103 nontumorous tissues were classified as high and 34/103 tumor tissues were
classified as high. P-values are log rank p-values from Kaplan-Meier analysis. X's on all

lines indicate the time at which an individual was censored.

[0078] Figures 4a and 4b: High miR-21 expression in tumors predicts poor
survival in both independent cohorts. This analysis includes all subjects regardless of

adenocarcinoma histology.

{0079} (Fig. 42) MicroRNA microarrays were used in the Maryland test cohort to
measure microRNA expression levels of tumors and nontumorous tissues. Tissues
with undetectable expression of miR-21 based on microarray data were excluded.

High miR21 expression was classified based on highest tertile. Red lines indicate
individuals with high expression while green lines correspond to low expression. For
nontumorous tissue, 26/74 tissues were classified as high while 28/79 tumors were
classified as high. High miR-21 expression in tumors (right) is associated with poor

survival while it is not associated in nontumorous tissue.

[0080] (Fig. 4b) Validation of the association with high miR-21 expression in
tumors and poor prognosis in an independent cohort. Expression levels of miR-21
were measured by quantitative RT-PCR. High expression is based on the highest
tertile. 37/111 nontumorous tissues were classified as high and 37/111 tumor tissues
were classified as high. All p-values are log rank p-values from Képlan-Meier

analysis. X's on all lines indicate the time at which an individual was censored.
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[0081] Figures 5a, 5b and Sc: High miR-21 expression is associated with a poor
response to adjuvant chemotherapy for cases with conventional adenocarcinoma histology.
This analysis includes subjects from the validation cohort, excluding subjects with

mucinous adenocarcinoma or adenosquamous carcinoma histologies.

[0082] (Fig. Sa) Comparison of survival rates for TNM stage 11/I111 subjects with
conventional adenocarcinoma histology by miR-21 expression levels and receipt of
adjuvant chemotherapy. For the 77 stage II/III subjects, 25 were classified as low miR-21
receiving therapy, 28 as low miR-21 and not receiving therapy, 11 as high miR-21
receiving therapy, and 13 as high miR-21 and not receiving therapy. For stage II/I11
subjects who received adjuvant chemotherapy, high miR-21 expression in tumors is

associated with a poor survival (p = 0.03).

[0083] (Fig. 5b) Comparison of TNM stage II subjects with conventional
adenocarcinoma histology. For the 33 stage 11 subjects, 8 were classified as low miR-21
receiving therapy, 15 as low miR-21 and not receiving therapy, 3 as high miR-21
receiving therapy, and 7 as high miR-21 and not receiving therapy. All stage Il subjects

who received chemotherapy survived for the duration of this study.

[0084] (Fig. 5¢) Comparison of TNM stage I1I subjects with conventional
adenocarcinoma histology. For the 44 stage III subjects, 17 were classified as low miR-
21 receiving therapy, 13 as low miR-21 and not receiving therapy, 8 as high miR-21
receiving therapy, and 6 as high miR-21 and not receiving therapy. For stage III subjects
who received adjuvant chemotherapy, high miR-21 expression in tumors is associated
with a poor survival (p = 0.02). X's on all lines indicate the time at which an individual

was censored.

[0085] Figures 6a, 6b and 6¢c: Combined analysis of Maryland test cohort and Hong
Kong validation cohort examining associations between miR-21 expression in tumors and
receipt of adjuvant chemotherapy with prognosis. This analysis includes all TNM stage
II/IIT subjects from both cohorts. Excluded were individuals with mucinous
adenocarcinoma or adenosquamous carcinoma histologies. The left column includes
Kaplan-Meier plots analyzing the association between receipt of adjuvant therapy and
prognosis. The center column includes analysis of the association between high miR-21
expression in tumors and prognosis, and the right column subdivides individuals based on

both chemotherapy and miR-21 expression status.
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[0086] (Fig. 6a) All TNM stage II/1II subjects. For the 119 stage II/III subjects, 40
were classified as low miR-21 receiving therapy, 41 as low miR-21 and not receiving
therapy, 16 as high miR-21 receiving therapy, and 22 as high miR-21 and not receiving
therapy. High miR-21 expression is associated with a poor survival for those who receive

chemotherapy (p =0.003) as well as those who do not receive therapy (p = 0.04).

[0087] (Fig. 6b) All TNM stage II subjects. For the 52 stage II/III subjects, 10 were
classified as low miR-21 receiving therapy, 25 as low miR-21 and not receiving therapy, 4
as high miR-21 receiving therapy, and 13 as high miR-21 and not receiving therapy.
Associations between high miR-21 expression and prognosis was not statistically
significant in individuals who received chemotherapy (p = 0.11) or those who did not

receive chemotherapy (p = 0.06).

[0088] (Fig. 6¢c) All TNM stage III subjects. For the 67 stage III subjects, 30 were
classified as low miR-21 receiving therapy, 16 as low miR-21 and not receiving therapy,
12 as high miR-21 receiving therapy, and 9 as high miR-21 and not receiving therapy.
High miR-21 expression is significantly associated with poor survival in stage III subjects
who received chemotherapy (p = 0.007), but not in subjects who did not receive
chemotherapy (p = 0.30). X's on all lines indicate the time at which an individual was

censored.

[0089] Figures 7a - 7c. Global miRNA profiles are associated with clinical TNM
staging and survival prognosis. Hierarchical clustering of miRINA TIN ratios resulted in
forming two groups arbitrarily named group A and group B. The resulting HEAT map
and cluster assignments are shown in Fig. 7a. These two groups were composed of
individuals with significantly different survival prognoses for TNM staging with group B
individuals more likely to be diagnosed as either stage I1I or IV compared to group A
individuals (Fig. 7b). Kaplan-Meier analysis shows that Group B individuals also have a

worse survival prognosis (Fig. 7¢).

[0090) Figures 8a - 8i. TIN ratios of individual miRNAs are predictive of survival
prognosis. Displayed here are graphs showing TIN ratios by TNM staging (left) and
Kaplan-Meier analysis (right) for each of these 9 miRNAs. The Y axis (TIN ratio by
TNM staging graphs) indicates the log(2) transformed TIN ratio for each individual while
the Y axis groups individuals by TNM staging (I, II, III or TV). The significance values

shown are the result of a nonparametric test for trend of average TIN ratio values across
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individuals grouped by staging. Kaplan-Meier plots include all individuals with TIN ratio
data for that particular miRNA. We found that TIN ratios were associated with both

clinical staging and survival prognosis.

[0091] Figures 9a and 9b. A miRNA signature of 9 miRNAs predicts risk of dying
of colon cancer. TIN ratios of miR-21, miR-106a, miR181b, miR-16b, miR-203, let-7g,
miR-29a, miR-103-2 and miR-10a were each shown to be predictive of colon cancer
prognosis. Hierarchical clustering of TIN ratios of these 9 miRNAs resulted in dividing
individuals into two groups (1A) with significantly different survival prognoses (1B).
Group B individuals were at a significantly higher risk for dying from colon cancer than
group A. Individuals were excluded from this analysis if they were missing greater than 2

of the 9 TIN ratios making up the miRNA signature.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0092] In one broad aspect, there is provided herein the identification of particular
microRNAs whose expression is altered in cancer cells associated with different colon

cancers, relative to normal control cells.

[0093] As used herein interchangeably, a “miR gene product,” "microRNA," "miR,"
or “miRNA” refers to the unprocessed (e.g., precursor) or processed (e.g., mature) 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” or "miR prec" and typically compriseé 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, or 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 transcript or "mature” miRNA.

[0094] 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 been processed from the miR precursor. When a microRNA is referred to herein
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by name, the name corresponds to both the precursor and mature forms, unless otherwise

indicated.

[0095] In one aspect, there is provided herein methods of diagnosing whether a
subject has, or is at risk for developing, a colon cancer, comprising measuring the level of
at least one miR gene product in a test sample from the subject and comparing the level of
the miR gene product in the test sample to the level of a corresponding miR gene product
in a control sample. As used herein, a “subject” can be any mammal that has, or is
suspected of having, a solid cancer. In a preferred embodiment, the subject is a human

who has, or is suspected of having, a colon cancer.

{0096} In one embodiment, the at least one miR gene product measured in the test
sample is selected from the group consisting of miR20a, miR-21, miR-106a, miR-181b,
miR-203 and combinations thereof. In a particular embodiment, the miR gene product is
miR-21.

[0097] The colon cancer-related disease can be any disorder or cancer that arises
from the colon tissues. Such cancers are typically associated with the formation and/or

presence of tumor masses and can be, for example, adenocarcinomas.

[0098] In one embodiment, the colon is an adenocarcinoma and the at least one miR
gene product measured in the test sample is selected from the group consisting of miR20a,
miR-21, miR-106a, miR-181b, miR-203 and combinations thereof.

[0099] In a further embodiment, the at least one miR gene product measured in the

test sample is miR-21.

[00100] The level of at least one miR gene product can be measured in a biological
sample (e.g., cells, tissues) obtained from the subject. For example, a tissue sample (e.g.,
from a tumor) can be removed from a subject suspected of having a colon cancer-related
disease by conventional biopsy techniques. In another embodiment, a blood sample can
be removed from the subject, and blood cells (e.g., white blood cells) can be isolated for
DNA extraction by standard techniques. The blood or tissue sample is preferably obtained
from the subject prior to initiation of radiotherapy, chemotherapy or other therapeutic
treatment. A corresponding control tissue or blood sample can be obtained from
unaffected tissues of the subject, from a normal human individual or population of normal

individuals, or from cultured cells corresponding to the majority of cells in the subject’s
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sample. The control tissue or blood sample is then processed along with the sample from
the subject, so that the levels of miR gene product produced from a given miR gene in
cells from the subject’s sample can be compared to the corresponding miR gene product
levels from cells of the control sample. A reference miR expression standard for the

biological sample can also be used as a control.

[00101] 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 pro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>