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CHANGES IN THE EXPRESSION OF miR-200¢/141 CLUSTER OF microRNAs AS
BIOMARKERS FOR EPITHELIAL-TO-MESENCHYMAL TRANSITION IN HUMAN
COLORECTAL CANCER METASTASIS

Technical Field of the Invention
The present invention relates in general to the field of cancer detection, and more particularly, to
methods for monitoring changes in expression of the miR-200 family of microRNAs and its role

in the colorectal cancer metastasis development.

Background Art
Without limiting the scope of the invention, its background is described in connection with

biomarkers for cancer metastasis development.

U.S. Patent Application Publication No. 20100317533 (Lou et al. 2010) provides a panel of
biomarkers of tumour metastasis comprising any two of carbonic anhydrase-9 (CAIX), vascular
endothelial growth factor C (VEGF-C), ephrin A5 (EFNAS), eph receptor B2 (EPHB2),
transforming growth factor beta 3 (TGF-B3), pyruvate dehydrogenase kinase isoenzyme-3
(PDK3), carbonic anhydrase-12 (CAXII), keratin 14 (KRT14), hypoxia inducible factor 1 alpha
subunit (HIF-1a), or tenascin C (TNC). CAIX, VEGF-C, EFNAS5, EPHB2, TGF-B3 or PDK3
may be indicators of moderate metastatic potential, while CAXII, KRT14, HIF-1a, or TNC may
be indicators of high metastatic potential. There is also provided a method of determining risk of
tumour metastasis using the aforementioned biomarkers is also provided. The biomarkers may
be used in diagnosis, prognosis, treatment selection, or to test putative therapeutics. The
biomarkers may be used to assess malignancies or cancers having hypoxic regions, such as

breast cancer.

U.S. Patent Application Publication N0.20100120898 (Croce et al. 2010) discloses methods and
compositions for the diagnosis, prognosis and treatment of Hepatocellular carcinoma (HCC).
Also provided are methods of identifying anti-HCC agents. The Croce invention provides a
method diagnosing whether a subject has, or is at risk for developing, hepatocellular carcinoma
(HCC), comprising 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, HCC.
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Disclosure of the Invention
The present inventors demonstrate the role of miR-200 family members (miR-200b, miR-200c,

miR-141 and miR-429) in colorectal cancer (CRC) metastasis development.

In one embodiment the instant invention provides a method for diagnosing or detecting pre-
cancer, colorectal cancer (CRC) tumor progression, or metastasis in a human subject comprising
the steps of: obtaining one or more biological samples from the subject, wherein the biological
samples are selected from the group consisting of a tissue sample, a fecal sample, a cell
homogenate, one or more biological fluids, or any combinations thereof, measuring an overall
expression pattern or level of one or more microRNAs (miR) or miR clusters in one or more
cells obtained from the biological samples of the subject, and comparing the overall expression
pattern of the one or more miR or miR clusters from the biological sample of the subject
suspected of suffering from colorectal cancer with the overall expression pattern of the one or
more miR or miR clusters from a biological sample of a normal subject, wherein the normal
subject is a healthy subject not suffering from colorectal cancer, wherein a change in the overall
expression pattern of the one or more miR or miR clusters in the biological sample of the subject

is indicative of CRC tumor progression, metastasis or both.

In one aspect of the method disclosed hereinabove the biological samples are selected from the
group consisting of a tissue sample, a fecal sample, a cell homogenate, a blood sample, one or
more biological fluids, or any combinations thereof. In another aspect one or more miR
comprise microRNAs from the miR-200 family, wherein the miR-200 family comprises miR-
200b, miR-200a, miR-200c, miR-141, and miR-429. In yet another aspect the one or more miR
clusters comprise miR200c¢/141 cluster, miR200b, a/429 cluster, or both.

In a related aspect a significant decrease in the expression levels of miR-200c, miR-141, miR-
200c/141 cluster or any combinations thereof is indicative of CRC tumor progression. In another
aspect a significant increase in the expression levels of miR-200c, miR-141, miR-200c/141
cluster or any combinations thereof is indicative of liver metastasis. In a specific aspect the
expression level of the one or more miR or miR clusters is measured by quantitative real-time
PCR. In another aspect the method is used for treating a patient at risk or suffering from
colorectal cancer, selecting a DNA crosslinking agent therapy for a patient at risk or suffering
from colorectal cancer, stratifying a patient in a subgroup of colorectal cancer or for a colorectal
cancer therapy clinical trial, determining resistivity or responsiveness to a colorectal cancer
therapeutic regimen, developing a kit for diagnosis of colorectal cancer or any combinations

thereof.
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Another embodiment of the present invention relates to a biomarker for colorectal cancer disease
progression, metastasis or both wherein the biomarker comprises one or more microRNAs (miR)
or miR clusters and a change in the overall expression of the one or more miR, miR clusters or
both in colorectal cancer cells obtained from a patient is indicative of colorectal cancer disease
progression, metastasis or both when compared to the overall expression of the one or more
miR, miR clusters or both expression in normal colorectal cancer cells or colorectal cancer cells
obtained at an earlier timepoint from the same patient. In one aspect of the biomarker described
hereinabove the one or more miR comprise microRNAs from the miR-200 family, wherein the
miR-200 family comprises miR-200b, miR-200a, miR-200c, miR-141, and miR-429. In another
aspect the one or more miR clusters comprise miR200¢/141 cluster, miR200b, a/429 cluster, or
both. In yet another aspect a significant decrease in the expression levels of miR-200c, miR-141,
miR-200c¢/141 cluster or any combinations thereof is indicative of CRC tumor progression. In
another aspect a significant increase in the expression levels of miR-200c, miR-141, miR-

200c/141 cluster or any combinations thereof is indicative of liver metastasis.

In yet another embodiment the present invention discloses a biomarker for colorectal cancer
(CRC) disease progression, metastasis or both wherein the biomarker comprises miR-200c, miR-
141, miR-200c¢/141 cluster or any combinations thereof and a change in the overall expression of
the miR-200c, miR-141, or miR-200¢/141 cluster in colorectal cancer cells obtained from a
patient is indicative of colorectal cancer disease progression, metastasis or both when compared
to the overall expression of the miR-200c, miR-141, or miR-200c/141 cluster expression in
normal CRC cells or colorectal cancer cells obtained at an earlier timepoint from the same
patient. In one aspect of the biomarker described above a significant decrease in the expression
levels of miR-200c, miR-141, miR-200c¢/141 cluster or any combinations thereof is indicative of
CRC tumor progression. In another aspect a significant increase in the expression levels of miR-
200c, miR-141, miR-200¢/141 cluster or any combinations thercof is indicative of liver

metastasis.

The present invention also discloses a kit for a diagnosis of colorectal cancer (CRC) comprising:
biomarker detecting reagents for determining a differential expression level of miR-200c, miR-
141, miR-200c/141 cluster or any combinations thereof and instructions for their use in
diagnosing risk for colorectal cancer, wherein the instruction comprise step-by-step directions to
compare the expression level of miR-200¢, miR-141, miR-200¢/141 cluster or any combinations
thereof from one or more samples obtained from a subject suspected of having colorectal cancer

with the expression level of miR-200c, miR-141, miR-200c/141 cluster or any combinations
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thereof in one or more sample from a normal subject, wherein the normal subject is a healthy

subject not suffering from colorectal cancer.

In one aspect of the kit disclosed above the samples are selected from the group consisting of a
tissue sample, a fecal sample, a cell homogenate, a blood sample, one or more biological fluids,
or any combinations thereof. In another aspect of the kit disclosed herein a significant decrease
in the expression levels of miR-200c, miR-141, miR-200c/141 cluster or any combinations
thereof is indicative of CRC tumor progression. In yet another aspect a significant increase in the
expression levels of miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof is

indicative of liver metastasis.

The present invention in one embodiment provides a method for selecting a cancer therapy for a
patient diagnosed with colorectal cancer, the method comprising: determining an overall
expression level of miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof from
a biological sample of the patient to determine a CRC disease progression, metastasis or both;
and selecting the cancer therapy based on the determination of the CRC disease progression,

metastasis or both in the patient.

In one aspect of the method disclosed hereinabove the biological samples are selected from the
group consisting of a tissue sample, a fecal sample, a cell homogenate, a blood sample, one or
more biological fluids, or any combinations thereof. In another aspect the step of determining
the overall level of expression of miR-200c, miR-141, miR-200c/141 cluster or any
combinations thereof comprises analyzing a tissue sample suspected of being colorectal cancer
for miR-200c, miR-141, or miR-200c/141 cluster expression. In yet another aspect a significant
decrcase in the expression levels of miR-200c, miR-141, miR-200c¢/141 cluster or any
combinations thereof is indicative of CRC tumor progression. In another aspect a significant
increase in the expression levels of miR-200c, miR-141, miR-200c/141 cluster or any

combinations thereof is indicative of liver metastasis.

One embodiment of the present invention is related to a method for stratifying a patient in a
subgroup of colorectal cancer (CRC), the method comprising the steps of: determining an
overall expression of miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof in
cells suspected of being CRC cells from the patient and predicting the stage of the CRC by
checking for a significant decrease in the expression levels of miR-200c, miR-141, miR-
200c/141 cluster or any combinations thereof in comparison to the expression of miR-200c,

miR-141, or miR-200c¢/141 cluster in normal CRC cells.
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In yet another embodiment the present invention provides a method of performing a clinical trial
to evaluate a candidate drug believed to be useful in treating a disease state associated with
changes expression of miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof,
the method comprising: a) measuring the level of miR-200c, miR-141 or miR-200c/141 cluster
expression from tissue suspected of having colorectal cancer (CRC) from a set of patients; b)
administering a candidate drug to a first subset of the patients, and a placebo to a second subset
of the patients; a comparable drug to a second subset of the patients; or a drug combination of
the candidate drug and another active agent to a second subset of patients; c) repeating step a)
after the administration of the candidate drug or the placebo, the comparable drug or the drug
combination; and d) determining if the candidate drug reduces the number of colorectal cells that
have a decrease in the expression of miR-200c, miR-141, miR-200c/141 cluster or any
combinations thereof that is statistically significant as compared to any reduction occurring in
the second subset of patients, wherein a statistically significant reduction indicates that the

candidate drug is useful in treating said disease state.

Furthermore, the present invention describes a method for diagnosing or detecting a pre-cancer,
colorectal cancer (CRC), tumor progression, or metastasis in a human subject comprising the
steps of: 1) identifying the human subject suffering form or suspected of suffering from
colorectal cancer, ii) obtaining one or more biological samples from the subject, wherein the
biological samples are selected from the group consisting of a tissue sample, a fecal sample, a
cell homogenate, one or more biological fluids, or any combinations thereof, iii) measuring an
overall expression pattern or level of one or more microRNAs (miR) or miR clusters in one or
more cells obtained from the biological samples of the subject, and iv) comparing the overall
expression pattern of the one or more miR or miR clusters from the biological sample of the
subject suspected of suffering from colorectal cancer with the overall expression pattern of the
one or more miR or miR clusters from a biological sample of a normal subject, wherein the
normal subject is a healthy subject not suffering from colorectal cancer, wherein a change in the
overall expression pattern of the one or more miR or miR clusters in the biological sample of the

subject is indicative of CRC tumor progression, metastasis or both.

In one aspect the biological samples are selected from the group consisting of a tissue sample, a
fecal sample, a cell homogenate, a blood sample, one or more biological fluids, or any
combinations thereof. In another aspect the one or more miR comprise microRNAs from the
miR-200 family, wherein the miR-200 family comprises miR-200b, miR-200a, miR-200c, miR-

141, and miR-429. In yet another aspect the one or more miR clusters comprise miR200c/141
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cluster, miR200b, a/429 cluster, or both. In related aspects a significant decrease in the
expression levels of miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof is
indicative of CRC tumor progression and a significant increase in the expression levels of miR-
200c, miR-141, miR-200¢/141 cluster or any combinations thercof is indicative of liver
metastasis. In another aspect the expression level of the one or more miR or miR clusters is
measured by quantitative real-time PCR. Finally, the method of the present invention as
described hereinabove is used for treating a patient at risk or suffering from colorectal cancer,
selecting a DNA crosslinking agent therapy for a patient at risk or suffering from colorectal
cancer, stratifying a patient in a subgroup of colorectal cancer or for a colorectal cancer therapy
clinical trial, determining resistivity or responsiveness to a colorectal cancer therapeutic

regimen, developing a kit for diagnosis of colorectal cancer or any combinations thereof.

Description of the Drawings

None.

Description of the Invention

While the making and using of various embodiments of the present invention are discussed in
detail below, it should be appreciated that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of specific ways to make and use the

invention and do not delimit the scope of the invention.

To facilitate the understanding of this invention, a number of terms are defined below. Terms
defined herein have meanings as commonly understood by a person of ordinary skill in the areas

[ I 14
a

relevant to the present invention. Terms such as an” and “the” are not intended to refer to
only a singular entity, but include the general class of which a specific example may be used for
illustration. The terminology herein is used to describe specific embodiments of the invention,

but their usage does not delimit the invention, except as outlined in the claims.

As used herein, the term “colorectal cancer” includes the well-accepted medical definition that
defines colorectal cancer as a medical condition characterized by cancer of cells of the intestinal
tract below the small intestine (i.e., the large intestine (colon), including the cecum, ascending
colon, transverse colon, descending colon, sigmoid colon, and rectum). Additionally, as used
hercin, the term “colorectal cancer” also further includes medical conditions which are

characterized by cancer of cells of the duodenum and small intestine (jejunum and ileum).
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The term “tissue sample” (the term “tissue” is used interchangeably with the term “tissue
sample”) should be understood to include any material composed of one or more cells, either
individual or in complex with any matrix or in association with any chemical. The definition
shall include any biological or organic material and any cellular subportion, product or by-
product thereof. The definition of “tissue sample” should be understood to include without
limitation sperm, eggs, embryos and blood components. Also included within the definition of
“tissue” for purposes of this invention are certain defined acellular structures such as dermal
layers of skin that have a cellular origin but are no longer characterized as cellular. The term

“stool” as used herein is a clinical term that refers to feces excreted by humans.

The term “gene” as used herein refers to a functional protein, polypeptide or peptide-encoding
unit. As will be understood by those in the art, this functional term includes both genomic
sequences, cDNA sequences, or fragments or combinations thercof, as well as gene products,
including those that may have been altered by the hand of man. Purified genes, nucleic acids,
protein and the like are used to refer to these entities when identified and separated from at least
one contaminating nucleic acid or protein with which it is ordinarily associated. The term
“allele” or “allelic form” refers to an alternative version of a gene encoding the same functional
protein but containing differences in nucleotide sequence relative to another version of the same

gene.

As used herein, “nucleic acid” or “nucleic acid molecule” refers to polynucleotides, such as
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), oligonucleotides, fragments generated
by the polymerase chain reaction (PCR), and fragments generated by any of ligation, scission,
endonuclease action, and exonuclease action. Nucleic acid molecules can be composed of
monomers that are naturally-occurring nucleotides (such as DNA and RNA), or analogs of
naturally-occurring nucleotides (e.g., a-enantiomeric forms of naturally-occurring nucleotides),
or a combination of both. Modified nucleotides can have alterations in sugar moieties and/or in
pyrimidine or purine base moieties. Sugar modifications include, for example, replacement of
one or more hydroxyl groups with halogens, alkyl groups, amines, and azido groups, or sugars
can be functionalized as ethers or esters. Moreover, the entire sugar moiety can be replaced with
sterically and electronically similar structures, such as aza-sugars and carbocyclic sugar analogs.
Examples of modifications in a base moiety include alkylated purines and pyrimidines, acylated
purines or pyrimidines, or other well-known heterocyclic substitutes. Nucleic acid monomers
can be linked by phosphodiester bonds or analogs of such linkages. Analogs of phosphodiester
linkages include phosphorothioate, phosphorodithioate, phosphoroselenoate,
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phosphorodiselenoate, phosphoroanilothioate, phosphoranilidate, phosphoramidate, and the like.
The term “nucleic acid molecule” also includes so-called “peptide nucleic acids,” which
comprise naturally-occurring or modified nucleic acid bases attached to a polyamide backbone.

Nucleic acids can be either single stranded or double stranded.

The term “biomarker” as used herein in various embodiments refers to a specific biochemical in
the body that has a particular molecular feature to make it useful for diagnosing and measuring
the progress of disease or the effects of treatment. For example, common metabolites or
biomarkers found in a person's breath, and the respective diagnostic condition of the person
providing such metabolite include, but are not limited to, acetaldehyde (source: ethanol, X-
threonine; diagnosis: intoxication), acetone (source: acetoacetate; diagnosis: diet/diabetes),
ammonia (source: deamination of amino acids; diagnosis: uremia and liver disease), CO (carbon
monoxide) (source: CH2CI2 , elevated % COHD; diagnosis: indoor air pollution), chloroform
(source: halogenated compounds), dichlorobenzene (source: halogenated compounds),
diethylamine (source: choline; diagnosis: intestinal bacterial overgrowth), H (hydrogen) (source:
intestines; diagnosis: lactose intolerance), isoprene (source: fatty acid; diagnosis: metabolic
stress), methanethiol (source: methionine; diagnosis: intestinal bacterial overgrowth),
methylethylketone (source: fatty acid; diagnosis: indoor air pollution/diet), O-toluidine (source:
carcinoma metabolite; diagnosis: bronchogenic carcinoma), pentane sulfides and sulfides
(source: lipid peroxidation; diagnosis: myocardial infarction), H2S (source: metabolism;
diagnosis: periodontal disease/ovulation), MeS (source: metabolism; diagnosis: cirrhosis), and

Me2S (source: infection; diagnosis: trench mouth).

As used herein the term “immunohistochemistry (IHC)” also known as “immunocytochemistry
(ICC)” when applied to cells refers to a tool in diagnostic pathology, wherein panels of
monoclonal antibodies can be used in the differential diagnosis of undifferentiated neoplasms
(e.g., to distinguish lymphomas, carcinomas, and sarcomas) to reveal markers specific for certain
tumor types and other diseases, to diagnose and phenotype malignant lymphomas and to
demonstrate the presence of viral antigens, oncoproteins, hormone receptors, and proliferation-

associated nuclear proteins.

The term “statistically significant” differences between the groups studied, relates to condition
when using the appropriate statistical analysis (e.g. Chi-square test, t-test) the probability of the
groups being the same is less than 5%, e.g. p<0.05. In other words, the probability of obtaining

the same results on a completely random basis is less than 5 out of 100 attempts.



10

15

20

25

30

WO 2012/128902 PCT/US2012/027131

9

The present invention describes the role of miR-200 family members (miR-200b, miR-200c,
miR-141 and miR-429) in colorectal cancer (CRC) metastasis development and the
measurement of the relation between a change in expression patterns of the miR-200 family of
microRNAs and CRC metastasis and employing this change as a biomarker for detecting or

predicting CRC metastasis.

The development of metastases is one of the main causes of the cancer-related death in CRC.
The epithelial-to-mesenchymal transition (EMT) occurs during tumor progression, which
provides cancer cells with invasive and metastatic properties. The molecular mechanisms by
which colorectal cancer cells exploit the hepatic microenvironment for selective growth and
survival remain obscure. Recently, loss of expression of the miR-200 family of microRNAs has
been linked to an aggressive cancer phenotype in breast cancers. In this context, miR-200
families of miRNAs are proposed to inhibit EMT process by targeting the E-cadherin
transcriptional repressors, ZEBI and ZEB2. Although EMT plays a central role in metastasis, the
contribution of miR-200 family members in the development of distant metastasis in CRC

remains unclear.

The present inventors analyzed a panel of CRC cell lines with different metastatic potential
(HCT116, SW480 and SW620), as well as clinical specimens from 55 patients with primary
CRC and matched liver metastasis tissues. MicroRNAs expression of miR-200b, miR-200c,
miR-141 and miR-429 was determined by quantitative real-time PCR and the data were

normalized relative to miR-16 expression.

Lower levels of miR-200c/141 cluster expression were observed in SW620 (derived from lymph
node metastasis) compared to HCT116 and SW480 cell lines (derived from primary CRCs), but
no significant changes in miR-200b/429 expression were observed in any of the cell lines. When
the inventors analyzed miR-200 family expression levels in clinical specimens, the relative
levels of miR-200c expression were progressively lower with higher tumor stages in primary
CRC tissues (P<0.05). However, miR-200c expression was significantly up-regulated in liver
metastasis compared to the corresponding matched primary CRC (P<0.001). Similar
observations were made for miR-141 expression in metastatic liver foci compared to the

corresponding matched primary CRC.

This study provides novel insights into the involvement of miR-200/141 family members in the
development of CRC metastasis. The decreased expression of the miR-200/141 cluster in

primary CRCs supports the participation of these miRNAs in the EMT process. In contrast, the
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increased expression of the miR-200/141 cluster in liver metastasis suggests a potential role in
the initiation of mesenchymal-to-epithelial transition (MET) process, in which increased
expression of these miRNAs facilitates the enhanced proliferation of these metastatic tumor cells

following their settlement in the liver.

It is contemplated that any embodiment discussed in this specification can be implemented with
respect to any method, kit, reagent, or composition of the invention, and vice versa.

Furthermore, compositions of the invention can be used to achieve methods of the invention.

It will be understood that particular embodiments described herein are shown by way of
illustration and not as limitations of the invention. The principal features of this invention can
be employed in various embodiments without departing from the scope of the invention. Those
skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, numerous equivalents to the specific procedures described herein. Such

equivalents are considered to be within the scope of this invention and are covered by the claims.

All publications and patent applications mentioned in the specification are indicative of the level
of skill of those skilled in the art to which this invention pertains. All publications and patent
applications are herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorporated

by reference.

The use of the word “a” or “an” when used in conjunction with the term “comprising” in the
claims and/or the specification may mean “one,” but it is also consistent with the meaning of

29 <

“one or more,” “at least one,” and “one or more than one.” The use of the term “or” in the
claims is used to mean “and/or” unless explicitly indicated to refer to alternatives only or the
alternatives are mutually exclusive, although the disclosure supports a definition that refers to
only alternatives and “and/or.” Throughout this application, the term “about” is used to indicate
that a value includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

As used in this specification and claim(s), the words “comprising” (and any form of comprising,
such as “comprise” and “comprises”), “having” (and any form of having, such as “have” and
“has™), “including” (and any form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “contains” and “contain) are inclusive or

open-ended and do not exclude additional, unrecited elements or method steps. As used herein,
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the phrase “consisting essentially of” limits the scope of a claim to the specified materials or
steps and those that do not materially affect the basic and novel characteristic(s) of the claimed
invention. As used herein, the phrase “consisting of” excludes any element, step, or ingredient
not specified in the claim except for, e.g., impurities ordinarily associated with the element or

limitation.

The term “or combinations thercof” as used herein refers to all permutations and combinations
of the listed items preceding the term. For example, “A, B, C, or combinations thereof” is
intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is important in a
particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing with this
example, expressly included are combinations that contain repeats of one or more item or term,
such as BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so forth. The skilled
artisan will understand that typically there is no limit on the number of items or terms in any

combination, unless otherwise apparent from the context.

%"

As used herein, words of approximation such as, without limitation, “about”, "substantial” or
"substantially" refers to a condition that when so modified is understood to not necessarily be
absolute or perfect but would be considered close enough to those of ordinary skill in the art to
warrant designating the condition as being present. The extent to which the description may vary
will depend on how great a change can be instituted and still have one of ordinary skilled in the
art recognize the modified feature as still having the required characteristics and capabilities of
the unmodified feature. In general, but subject to the preceding discussion, a numerical value
herein that is modified by a word of approximation such as “about” may vary from the stated

value by at least £1,2, 3,4, 5, 6, 7, 10, 12 or 15%.

All of the compositions and/or methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the compositions and/or
methods and in the steps or in the sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the invention as defined by the appended claims.

REFERENCES



WO 2012/128902 PCT/US2012/027131
12
U.S. Patent Application No. 20100317533: Biomarkers of Cancer Metastasis.

U.S. Patent Application No0.20100120898: MicroRNA Expression Signature for Predicting

Survival and Metastases in Hepatocellular Carcinoma.



10

15

20

25

30

WO 2012/128902 PCT/US2012/027131

13

CLAIMS:

1. A method for diagnosing or detecting pre-cancer, colorectal cancer (CRC) tumor
progression, or metastasis in a human subject comprising the steps of:

obtaining one or more biological samples from the subject, wherein the biological
samples are selected from the group consisting of a tissue sample, a fecal sample, a cell
homogenate, one or more biological fluids, or any combinations thereof;

measuring an overall expression pattern or level of one or more microRNAs (miR) or
miR clusters in one or more cells obtained from the biological samples of the subject; and

comparing the overall expression pattern of the one or more miR or miR clusters from
the biological sample of the subject suspected of suffering from colorectal cancer with the
overall expression pattern of the one or more miR or miR clusters from a biological sample of a
normal subject, wherein the normal subject is a healthy subject not suffering from colorectal
cancer, wherein a change in the overall expression pattern of the one or more miR or miR
clusters in the biological sample of the subject is indicative of CRC tumor progression,
metastasis or both.
2. The method of claim 1, wherein the biological samples are selected from the group
consisting of a tissue sample, a fecal sample, a cell homogenate, a blood sample, one or more
biological fluids, or any combinations thereof.
3. The method of claim 1, wherein the one or more miR comprise microRNAs from the
miR-200 family, wherein the miR-200 family comprises miR-200b, miR-200a, miR-200c, miR-
141, and miR-429.
4. The method of claim 1, wherein the one or more miR clusters comprise miR200c/141
cluster, miR200b, a/429 cluster, or both.
5. The method of claim 1, wherein a significant decrease in the expression levels of miR-
200c, miR-141, miR-200c/141 cluster or any combinations thereof is indicative of CRC tumor
progression.
6. The method of claim 1, wherein a significant increase in the expression levels of miR-
200c, miR-141, miR-200¢/141 cluster or any combinations thercof is indicative of liver
metastasis.
7. The method of claim 1, wherein the expression level of the one or more miR or miR
clusters is measured by quantitative real-time PCR.
8. The method of claim 1, wherein the method is used for treating a patient at risk or

suffering from colorectal cancer, selecting a DNA crosslinking agent therapy for a patient at risk
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or suffering from colorectal cancer, stratifying a patient in a subgroup of colorectal cancer or for
a colorectal cancer therapy clinical trial, determining resistivity or responsiveness to a colorectal
cancer therapeutic regimen, developing a kit for diagnosis of colorectal cancer or any
combinations thereof.

9. A biomarker for colorectal cancer disease progression, metastasis or both wherein the
biomarker comprises one or more microRNAs (miR) or miR clusters and a change in the overall
expression of the one or more miR, miR clusters or both in colorectal cancer cells obtained from
a patient is indicative of colorectal cancer disecase progression, metastasis or both when
compared to the overall expression of the one or more miR, miR clusters or both expression in
normal colorectal cancer cells or colorectal cancer cells obtained at an earlier timepoint from the
same patient.

10. The biomarker of claim 9, wherein the one or more miR comprise microRNAs from the
miR-200 family, wherein the miR-200 family comprises miR-200b, miR-200a, miR-200c, miR-
141, and miR-429.

11. The biomarker of claim 9, wherein the one or more miR clusters comprise miR200c/141
cluster, miR200b, a/429 cluster, or both.

12. The biomarker of claim 9, wherein a significant decrease in the expression levels of miR-
200c, miR-141, miR-200c/141 cluster or any combinations thereof is indicative of CRC tumor
progression.

13. The biomarker of claim 9, wherein a significant increase in the expression levels of miR-
200c, miR-141, miR-200¢/141 cluster or any combinations thercof is indicative of liver
metastasis.

14. A biomarker for colorectal cancer (CRC) disease progression, metastasis or both wherein
the biomarker comprises miR-200c, miR-141, miR-200c/141 cluster or any combinations
thereof and a change in the overall expression of the miR-200c, miR-141, or miR-200c/141
cluster in colorectal cancer cells obtained from a patient is indicative of colorectal cancer disease
progression, metastasis or both when compared to the overall expression of the miR-200c, miR-
141, or miR-200c/141 cluster expression in normal CRC cells or colorectal cancer cells obtained
at an earlier timepoint from the same patient.

15.  The biomarker of claim 14, wherein a significant decrease in the expression levels of
miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof is indicative of CRC

tumor progression.



10

15

20

25

30

WO 2012/128902 PCT/US2012/027131

15

16. The biomarker of claim 14, wherein a significant increase in the expression levels of
miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof is indicative of liver
metastasis.
17.  Akit for a diagnosis of colorectal cancer (CRC) comprising:

biomarker detecting reagents for determining a differential expression level of miR-200c,
miR-141, miR-200c/141 cluster or any combinations thereof; and

instructions for their use in diagnosing risk for colorectal cancer, wherein the instruction
comprise step-by-step directions to compare the expression level of miR-200c, miR-141, miR-
200c/141 cluster or any combinations thereof from one or more samples obtained from a subject
suspected of having colorectal cancer with the expression level of miR-200c, miR-141, miR-
200c/141 cluster or any combinations thereof in one or more sample from a normal subject,
wherein the normal subject is a healthy subject not suffering from colorectal cancer.
18. The kit of claim 17, wherein the samples are selected from the group consisting of a
tissue sample, a fecal sample, a cell homogenate, a blood sample, one or more biological fluids,
or any combinations thereof.
19.  The kit of claim 17, wherein a significant decrease in the expression levels of miR-200c,
miR-141, miR-200c/141 cluster or any combinations thereof is indicative of CRC tumor
progression.
20. The kit of claim 17, wherein a significant increase in the expression levels of miR-200c,
miR-141, miR-200c/141 cluster or any combinations thereof is indicative of liver metastasis.
21. A method for selecting a cancer therapy for a patient diagnosed with colorectal cancer,

the method comprising;

determining an overall expression level of miR-200c, miR-141, miR-200c/141 cluster or
any combinations thereof from a biological sample of the patient to determine a CRC disease

progression, metastasis or both; and

selecting the cancer therapy based on the determination of the CRC disease progression,

metastasis or both in the patient.

22. The method of claim 21, wherein the biological samples are selected from the group
consisting of a tissue sample, a fecal sample, a cell homogenate, a blood sample, one or more
biological fluids, or any combinations thereof.

23. The method of claim 21, wherein the step of determining the overall level of expression

of miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof comprises analyzing
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a tissue sample suspected of being colorectal cancer for miR-200c, miR-141, or miR-200c/141
cluster expression.

24, The method of claim 21, wherein a significant decrease in the expression levels of miR-
200c, miR-141, miR-200c/141 cluster or any combinations thereof is indicative of CRC tumor
progression.

25. The method of claim 21, wherein a significant increase in the expression levels of miR-
200c, miR-141, miR-200¢/141 cluster or any combinations thercof is indicative of liver
metastasis.

26. A method for stratifying a patient in a subgroup of colorectal cancer (CRC), the method

comprising the steps of:

determining an overall expression of miR-200c, miR-141, miR-200¢/141 cluster or any

combinations thereof in cells suspected of being CRC cells from the patient; and

predicting the stage of the CRC by checking for a significant decrease in the expression
levels of miR-200c, miR-141, miR-200c/141 cluster or any combinations thereof in comparison

to the expression of miR-200c, miR-141, or miR-200¢/141 cluster in normal CRC cells.

27. A method of performing a clinical trial to evaluate a candidate drug believed to be useful
in treating a disease state associated with changes expression of miR-200c, miR-141, miR-

200c¢/141 cluster or any combinations thereof, the method comprising:

a) measuring the level of miR-200c, miR-141 or miR-200c/141 cluster expression from

tissue suspected of having colorectal cancer (CRC) from a set of patients;
b) administering a candidate drug to a first subset of the patients, and
a placebo to a second subset of the patients;
a comparable drug to a second subset of the patients; or

a drug combination of the candidate drug and another active agent to a second

subset of patients;

) repeating step a) after the administration of the candidate drug or the placebo, the

comparable drug or the drug combination; and
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d) determining if the candidate drug reduces the number of colorectal cells that have a
decrease in the expression of miR-200c, miR-141, miR-200¢/141 cluster or any combinations
thereof that is statistically significant as compared to any reduction occurring in the second
subset of patients, wherein a statistically significant reduction indicates that the candidate drug is

useful in treating said disease state.

28. A method for diagnosing or detecting a pre-cancer, colorectal cancer (CRC), tumor
progression, or metastasis in @ human subject comprising the steps of:

identifying the human subject suffering form or suspected of suffering from colorectal
cancer;

obtaining one or more biological samples from the subject, wherein the biological
samples are selected from the group consisting of a tissue sample, a fecal sample, a cell
homogenate, one or more biological fluids, or any combinations thereof;

measuring an overall expression pattern or level of one or more microRNAs (miR) or
miR clusters in one or more cells obtained from the biological samples of the subject; and

comparing the overall expression pattern of the one or more miR or miR clusters from
the biological sample of the subject suspected of suffering from colorectal cancer with the
overall expression pattern of the one or more miR or miR clusters from a biological sample of a
normal subject, wherein the normal subject is a healthy subject not suffering from colorectal
cancer, wherein a change in the overall expression pattern of the one or more miR or miR
clusters in the biological sample of the subject is indicative of CRC tumor progression,
metastasis or both.
29. The method of claim 28, wherein the biological samples are selected from the group
consisting of a tissue sample, a fecal sample, a cell homogenate, a blood sample, one or more
biological fluids, or any combinations thereof.
30. The method of claim 28, wherein the one or more miR comprise microRNAs from the
miR-200 family, wherein the miR-200 family comprises miR-200b, miR-200a, miR-200c, miR-
141, and miR-429.
31. The method of claim 28, wherein the one or more miR clusters comprise miR200c/141
cluster, miR200b, a/429 cluster, or both.
32. The method of claim 28, wherein a significant decrease in the expression levels of miR-
200c, miR-141, miR-200c/141 cluster or any combinations thereof is indicative of CRC tumor

progression.
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33. The method of claim 28, wherein a significant increase in the expression levels of miR-
200c, miR-141, miR-200¢/141 cluster or any combinations thercof is indicative of liver
metastasis.

34. The method of claim 28, wherein the expression level of the one or more miR or miR
clusters is measured by quantitative real-time PCR.

35.  The method of claim 28, wherein the method is used for treating a patient at risk or
suffering from colorectal cancer, selecting a DNA crosslinking agent therapy for a patient at risk
or suffering from colorectal cancer, stratifying a patient in a subgroup of colorectal cancer or for
a colorectal cancer therapy clinical trial, determining resistivity or responsiveness to a colorectal
cancer therapeutic regimen, developing a kit for diagnosis of colorectal cancer or any

combinations thereof.



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2012/027131

CLASSIFICATION OF SUBJECT MATTER

A.
Int. Cl.
C12Q 1/68 (2006.01)

Action Date: 18 May 2012

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MEDLINE, CAPLUS, BIOSIS, BIOTECHABS, WPI, EPODOC, TXTEN (colorectal, colon, rectal, cancer, tumour, neoplasm,
carcinoma, microRNA, miR, miRNA, mir-200, mir-200a, mir-200b, mir-200c, mir-141, mir-429; and other synonyms and like

terms)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
US 2008/0076674 A1 (LITMAN et al) 27 March 2008
X See whole document especially Claims 6, 18, 35, 51, 56-58, 67 1-4,7-11, 14,
17,18, 21-23,
28-31, 34,35
WO 2008/055158 A2 (UNIVERSITY OF SOUTH ALABAMA) 8 May 2008
X See whole document especially Pages 5 and 16; Claim 2 1-4,7-11, 14,
17, 18, 21-23,
28-31, 34,35
: Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents: :
"A"  document defining the general state of the art which is "T" . later document published after the international filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention ’
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
: alone
"L"  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
*o" document referring to an oral disclosure, use, exhibition o L
or other.means & document member of the same patent family
document published prior to the international filing ddte

"pr

but later than the priority date claimed

Date of the actual completion of the international search

Date of mailing of the international search report

18 May 2012 . 18 May 2012

Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFICE : DAMIAN TRIFFETT

PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE

E-mail address: pct@ipaustralia.gov.au
Facsimile No. +61 2 6283 7999

(ISO 9001 Quality Certified Service)
Telephone No : +61 2 6283 2845




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2012/027131

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages |1 Relevant to
' claim No.
WO 2010/055487 A2 (KONINKLIJKE PHILIPS ELECTRONICS N.V.) 20 May 2010
X See whole document especially Examples 3 and 6; Figure 6; Claim 9 1-4,7-11, 14,
‘ 17,18, 21-23,
28-31, 34, 35
CHENG, H. et al., “Circulating Plasma MiR-141 Is a Novel Biomarker for Metastatic
Colon Cancer and Predicts Poor Prognosis”, PLoS ONE, March 2011, Vol. 6, Issue 3,
el7745 (pages 1-8) _ :
X See whole document especially Abstract; Pages 4 and 5; Materials and Methods 1-4,7-11, 14,
’ 17,18, 21-23,
26, 28-31, 34,
35
X1, Y. et al., “Prognostic Values of microRNAs in Colorectal Cancer”, Biomarker
Insights, 2006, Vol. 1, pages 113-121
X See whole document especially Abstract; Page 115 1-4,7-11, 14,
' 17, 18, 21-23,.
28-31, 34, 35
WO 2011/088226 A2 (CARIS LIFE SCIENCES LUXEMBOURG HOLDINGS) 21
July 2011 : .
P,X | See whole document especially Page 61; Claims 8,12,13 and 15 1-4,7-11, 14,
: A 17, 18, 21-23,
28-31, 34,35
WO 2011/128900 A2 (HADASIT MEDICAL RESEARCH SERVICES AND
DEVELOPMENT LTD) 20 October 2011 _
P, X See whole document especially Page 31, Example 8; Claims 1, 7, 14, 26, 33, 35 1-4, 6-11, 13,
14, 16-18, 20-
23, 25-31, 33-

35




INTERNATIONAL-SEARCH REPORT

Information on patent family members

International application No.

PCT/US2012/027131

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Ofﬁce is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Document Cited in
Search Report

Patent Family Member

US 2008076674 NONE

WO 2008055158 US 2010203513

WO 2010055487 CN 102439169 2011281756
WO 2011088226 NONE

WO 2011128900 NONE

Due to data intégration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

