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(57) ABSTRACT 

MicroRNA genes are highly associated With chromosomal 
features involved in the etiology of different cancers. The 
perturbations in the genomic structure or chromosomal archi 
tecture of a cell caused by these cancer-associated chromo 
somal features can affect the expression of the miR gene(s) 
located in close proximity to that chromosomal feature. 
Evaluation of miR gene expression can therefore be used to 
indicate the presence of a cancer-causing chromosomal 
lesion in a subject. As the change in miR gene expression 
level caused by a cancer-associated chromosomal feature 
may also contribute to cancerigenesis, a given cancer can be 
treated by restoring the level of miR gene expression to nor 
mal. microRNA expression pro?ling can be used to diagnose 
cancer and predict Whether a particular cancer is associated 
With an adverse prognosis. The identi?cation of speci?c 
mutations associated With genomic regions that harbor miR 
genes in CLL patients provides a means for diagnosing CLL 
and possibly other cancers. 
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DIAGNOSIS AND TREATMENT OF CANCERS 
WITH MICRORNA LOCATED IN OR NEAR 
CANCER-ASSOCIATED CHROMOSOMAL 

FEATURES 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/194,055, ?led Jul. 29, 2005, Which is a 
continuation-in-part of International Application No. PCT/ 
US2005/004865, ?led Feb. 9, 2005, Which claims the bene?t 
ofU.S. Provisional Application No. 60/543,119, ?led Feb. 9, 
2004, US. Provisional Application No. 60/542,929, ?led 
Feb. 9, 2004, US. Provisional Application No. 60/542,963, 
?led Feb. 9, 2004, US. Provisional Application No. 60/542, 
940, ?led Feb. 9, 2004, US. Provisional Application No. 
60/580,959, ?led Jun. 18, 2004, and US. Provisional Appli 
cation No. 60/580,797, ?led Jun. 18, 2004. The entire teach 
ings of the above applications are incorporated herein by 
reference. 

GOVERNMENT SUPPORT 

[0002] The invention described herein Was supported in 
part by grant nos. P01CA76259, P01CA81534, and 
P30CA56036 from the National Cancer Institute. The US. 
government has certain rights in this invention 

FIELD OF THE INVENTION 

[0003] The invention relates to the diagnosis of cancers, or 
the screening of individuals for the predisposition to cancer, 
by evaluating the status of at least one miR gene located in 
close proximity to chromosomal features, such as cancer 
associated genomic regions, fragile sites, human papilloma 
virus integration sites, and homeobox genes and gene clus 
ters. The invention also relates to the treatment of cancers by 
altering the amount of gene product produced from miR 
genes located in close proximity to these chromosomal fea 
tures. The invention further provides methods of diagnosing 
CLL and other cancers by screening for mutations in miR 
genes. 

BACKGROUND OF THE INVENTION 

[0004] Taken as a Whole, cancers are a signi?cant source of 
mortality and morbidity in the US. and throughout the World. 
HoWever, cancers are a large and varied class of diseases With 
diverse etiologies. Researchers therefore have been unable to 
develop treatments or diagnostic tests Which cover more than 
a feW types of cancer. 
[0005] For example, cancers are associated With many dif 
ferent classes of chromosomal features. One such class of 
chromosomal features are perturbations in the genomic struc 
ture of certain genes, such as the deletion or mutation of tumor 
suppressor genes. The activation of proto-oncogenes by gene 
ampli?cation or promoter activation (e.g., by viral integra 
tion), epigenetic modi?cations (e.g., a change in DNA methy 
lation) and chromosomal translocations can also cause can 
cerigenesis. Such perturbations in the genomic structure 
Which are involved in the etiology of cancers are called “can 
cer-associated genomic regions” or “CAGRs.” 
[0006] Chromosomal fragile sites are another class of chro 
mosomal feature implicated in the etiology of cancers. Chro 
mosomal fragile sites are regions of genomic DNA Which 
shoW an abnormally high occurrence of gaps or breaks When 
DNA synthesis is perturbed during metaphase. These fragile 
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sites are categoriZed as “rare” or “common.” As their name 
suggests, rare fragile sites are uncommon. Such sites are 
associated With di- or tri-nucleotide repeats, can be induced in 
metaphase chromosomes by folic acid de?ciency, and segre 
gate in a Mendelian manner. An exemplary rare fragile site is 
the Fragile X site. 
[0007] Common fragile sites are revealed When cells are 
groWn in the presence of aphidocolin or 5-aZacytidine, Which 
inhibit DNA polymerase. At least eighty-nine common frag 
ile sites have been identi?ed, and at least one such site is 
found on every human chromosome. Thus, While their func 
tion is poorly understood, common fragile sites represent a 
basic component of the human chromosome structure. 
[0008] Induction of fragile sites in vitro leads to increased 
sister-chromatid exchange and a high rate of chromosomal 
deletions, ampli?cations and translocations, While fragile 
sites have been colocaliZed With chromosome breakpoints in 
vivo. Also, most common fragile sites studied in tumor cells 
contain large, intra-locus deletions or translocations, and a 
number of tumors have been identi?ed With deletions in mul 
tiple fragile sites. Chromosomal fragile sites are therefore 
mechanistically involved in producing many of the chromo 
somal lesions commonly seen in cancer cells. 

[0009] Cervical cancer, Which is the second leading cause 
of female cancer mortality WorldWide, is highly associated 
With human papillomavirus (HPV) infection. Indeed, 
sequences from the HPV 16 or HPV 18 viruses are found in 
cells from nearly every cervical tumor cell examined. In 
malignant forms of cervical cancer, the HPV genome is found 
integrated into the genome of the cancer cells. HPV prefer 
entially integrates in or near common chromosomal fragile 
sites. HPV integration into a host cell genome can cause large 
ampli?cation, deletions or rearrangements near the integra 
tion site. Expression of cellular genes near the HPV integra 
tion site can therefore be affected, Which may contribute to 
the oncogenesis of the infected cell. These sites of HPV 
integration into a host cell genome are therefore considered 
another class of chromosomal feature that is associated With 
a cancer. 

[0010] Homeobox genes are a conserved family of regula 
tory genes that contain the same 183-nucleotide sequence, 
called the “homeobox.” The homeobox genes encode nuclear 
transcription factors called “homeoproteins,” Which regulate 
the expression of numerous doWnstream genes important in 
development. The homeobox sequence itself encodes a 61 
amino acid “homeodomain” that recogniZes and binds to a 
speci?c DNA binding motif in the target developmental 
genes. Homeobox genes are categoriZed as “class I” or “clus 
tered” homeobox genes, Which regulate antero -posterior pat 
terning during embryogenesis, or “class II” homeobox genes, 
Which are dispersed throughout the genome. Altogether, the 
homeobox genes account for more than 0.1% of the verte 
brate genome. 
[0011] The homeobox genes are believed to “decode” 
external inductive stimuli that signal a given cell to proceed 
doWn a particular developmental lineage. For example, spe 
ci?c homeobox genes might be activated in response to vari 
ous groWth factors or other external stimuli that activate sig 
nal transduction pathWays in a cell. The homeobox genes then 
activate and/or repress speci?c programs of effector or devel 
opmental genes (e.g., morphogenetic molecules, cell-cycle 
regulators, pro- or anti-apoptotic proteins, etc.) to induce the 
phenotype “ordered” by the external stimuli. The homeobox 
system is clearly highly coordinated during embryogenesis 
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and morphogenesis, but appears to be dysregulated during 
oncogenesis. Such dysregulation likely occurs because of 
disruptions in the genomic structure or chromosomal archi 
tecture surrounding the homeobox genes or gene clusters. 
The homeobox genes or gene clusters are therefore consid 
ered yet another chromosomal feature Which are associated 
With cancers. 

[0012] Micro RNAs (miRs) are naturally-occurring 19 to 
25 nucleotide transcripts found in over one hundred distinct 
organisms, including fruit ?ies, nematodes and humans. The 
miRs are typically processed from 60- to 70-nucleotide fold 
back RNA precursor structures, Which are transcribed from 
the miR gene. The miR precursor processing reaction 
requires Dicer RNase III and Argonaute family members 
(Sasaki et al. (2003), Genomics 82, 323-330). The miR pre 
cursor or processed miR products are easily detected, and an 
alteration in the levels of these molecules Within a cell can 
indicate a perturbation in the chromosomal region containing 
the miR gene. 
[0013] To date, at least 222 separate miR genes have been 
identi?ed in the human genome. TWo miR genes (miRl 5a and 
miRl6a) have been localiZed to a homoZygously deleted 
region on chromosome 13 that is correlated With chronic 
lymphocytic leukemia (Calin et al. (2002), Proc. Natl. Acad. 
Sci. USA 99115524-29), and the miR-l43/miRl45 gene clus 
ter is doWnregulated in colon cancer (Michael et al. (2003), 
Mol. Cancer Res. 11882-91). However, the distribution of 
miR genes throughout the genome, and the relationship of the 
miR genes to the diverse chromosomal features discussed 
herein, has not been systematically studied. 
[0014] A method for reliably and accurately diagnosing, or 
for screening individuals for a predisposition to, cancers asso 
ciated With such diverse chromosomal features as CAGRs, 
fragile sites, HPV integration sites and homeobox genes is 
needed. A method of treating cancers associated With these 
diverse chromosomal features is also highly desired. 

SUMMARY OF THE INVENTION 

[0015] It has noW been discovered that miR genes are com 
monly associated With chromosomal features involved in the 
etiology of different cancers. The perturbations in the 
genomic structure or chromosomal architecture of a cell 
caused by a cancer-associated chromosomal feature can 
affect the expression of the miR gene(s) located in close 
proximity to that chromosomal feature. Evaluation of miR 
gene expression can therefore be used to indicate the presence 
of a cancer-causing chromosomal lesion in a subject. As the 
change in miR gene expression level caused by a cancer 
associated chromosomal feature may also contribute to can 
cerigenesis, a given cancer can be treated by restoring the 
level of miR gene expression to normal. 
[0016] The invention therefore provides a method of diag 
nosing cancer in a subject. The cancer can be any cancer 
associated With a cancer-associated chromosomal feature. As 
used herein, a cancer-associated chromosomal feature 
includes, but is not limited to, a cancer-associated genomic 
region, a chromosomal fragile site, a human papillomavirus 
integration site on a chromosome of the subject, and a 
homeobox gene or gene cluster on a chromosome of the 
subject. The cancer can also be any cancer associated With 
one or more adverse prognostic markers, including cancers 
associated With positive ZAP-70 expression, an unmutated 
IgVH gene, positive CD38 expression, deletion at chromo 
some llq23, and loss or mutation of TP53. In one embodi 
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ment, the diagnostic method comprises the folloWing steps. In 
a sample obtained from a subject suspected of having a cancer 
associated With a cancer-associated chromosomal feature, the 
status of at least one miR gene located in close proximity to 
the cancer-associated chromosomal feature is evaluated by 
measuring the level of at least one miR gene product from the 
miR gene in the sample, provided the miR genes are not 
miR- l 5, miR-l 6, miR-143 or miR-145. An alteration in the 
level of miR gene product in the sample relative to the level of 
miR gene product in a control sample is indicative of the 
presence of the cancer in the subject. In a related embodiment, 
the diagnostic method comprises evaluating in a sample 
obtained from a subject suspected of having a cancer associ 
ated With a cancer-as sociated chromosomal feature, the status 
of at least one miR gene located in close proximity to the 
cancer-associated chromosomal feature, provided the miR 
gene is not miR-l5 or miR-l6, by measuring the level of at 
least one miR gene product from the miR gene in the sample. 
An alteration in the level of miR gene product in the sample 
relative to the level of miR gene product in a control sample is 
indicative of the presence of the cancer in the subject. 

[0017] The status of the at least one miR gene in the sub 
ject’s sample can also be evaluated by analyZing the at least 
one miR gene for a deletion, mutation and/or ampli?cation. 
The detection of a deletion, mutation and/or ampli?cation in 
the miR gene relative to the miR gene in a control sample is 
indicative of the presence of the cancer in the subject. The 
status of the at least one miR gene in the subject’s sample can 
also be evaluated by measuring the copy number of the at least 
one miR gene in the sample, Wherein a copy number other 
than tWo for miR genes located on any chromosome other 
than a Y chromosome, and other than one for miR genes 
located on aY chromosome, is indicative of the subject either 
having or being at risk for having a cancer. In one embodi 
ment, the diagnostic method comprises analyZing at least one 
miR gene in the sample for a deletion, mutation and/ or ampli 
?cation, Wherein detection of a deletion, mutation and/or 
ampli?cation in the miR gene relative to the miR gene in a 
control sample is indicative of the presence of the cancer in 
the subject. In a related embodiment, the diagnostic method 
comprises analyZing at least one miR gene in the sample for 
a deletion, mutation or ampli?cation, provided the miR gene 
is not miR-l5 or miR-l6, Wherein detection of a deletion, 
mutation and/ or ampli?cation in the miR gene relative to the 
miR gene in a control sample is indicative of the presence of 
the cancer in the subject. In a further embodiment, the diag 
nostic method comprises analyZing the miR-l6 gene in the 
sample for a speci?c mutation, depicted in SEQ ID NO. 642, 
Wherein detection of the mutation in the miR-l 6 gene relative 
to a miR-l 6 gene in a control sample is indicative of the 
presence of the cancer in the subject. 

[0018] The invention also provides a method of screening 
subjects for a predisposition to develop a cancer associated 
With a cancer-associated chromosomal feature, by evaluating 
the status of at least one miR gene located in close proximity 
to the cancer-associated chromosomal feature in the same 
manner described herein for the diagnostic method. The can 
cer can be any cancer associated With a cancer-associated 

chromosomal feature. 

[0019] In one embodiment, the level of the at least one miR 
gene product from the sample is measured by quantitatively 
reverse transcribing the miR gene product to form a comple 
mentary target oligodeoxynucleotide, and hybridizing the tar 
get oligodeoxynucleotide to a microarray comprising a probe 
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oligonucleotide speci?c for the miR gene product. In another 
embodiment, the levels of multiple miR gene products in a 
sample are measured in this fashion, by quantitatively reverse 
transcribing the miR gene products to form complementary 
target oligodeoxynucleotides, and hybridiZing the target oli 
godeoxynucleotides to a microarray comprising probe oligo 
nucleotides speci?c for the miR gene products. In another 
embodiment, the multiple miR gene products are simulta 
neously reverse transcribed, and the resulting set of target 
oligodeoxynucleotides are simultaneously exposed to the 
microarray. 
[0020] In a related embodiment, the invention provides a 
method of diagnosing cancer in a subject, comprising reverse 
transcribing total RNA from a sample from the subject to 
provide a set of labeled target oligodeoxynucleotides; hybrid 
iZing the target oligodeoxynucleotides to a microarray com 
prising miRNA-speci?c probe oligonucleotides to provide a 
hybridiZation pro?le for the sample; and comparing the 
sample hybridiZation pro?le to the hybridization pro?le gen 
erated from a control sample, an alteration in the pro?le being 
indicative of the subject either having, or being at risk for 
developing, a cancer. The microarray of miRNA-speci?c 
probe oligonucleotides preferably comprises miRNA-spe 
ci?c probe oligonucleotides for a substantial portion of the 
human miRNome, the full complement of microRNA genes 
in a cell. The microarray more preferably comprises at least 
about 60%, 70%, 80%, 90%, or 95% of the human miRNome. 
In one embodiment, the cancer is associated With a cancer 
associated chromosomal feature, such as a cancer-associated 
genomic region or a chromosomal fragile site. In another 
embodiment, the cancer is associated With one or more 
adverse prognostic markers. In a particular embodiment, the 
cancer is B-cell chronic lymphocytic leukemia. In a further 
embodiment, the cancer is a subset of B-cell chronic lympho 
cytic leukemia that is associated With one or more adverse 
prognostic markers. As used herein, an adverse prognostic 
marker is any indicator, such as a speci?c genetic alteration or 
a level of expression of a gene, Whose presence suggests an 
unfavorable prognosis concerning disease progression, the 
severity of the cancer, and/ or the likelihood of developing the 
cancer. 

[0021] The invention further provides a method of treating 
a cancer associated With a cancer-associated chromosomal 
feature in a subject. The cancer can be any cancer associated 
With a cancer-associated chromosomal feature, for example, 
cancers associated With a cancer-associated genomic region, 
a chromosomal fragile site, a human papillomavirus integra 
tion site on a chromosome of the subject, or a homeobox gene 
or gene cluster on a chromosome of the subject. Furthermore, 
the cancer is a cancer associated With a cancer-associated 
chromosomal feature in Which at least one isolated miR gene 
product from a miR gene located in close proximity to the 
cancer-associated chromosomal feature is doWn-regulated or 
up-regulated in cancer cells of the subject, as compared to 
control cells. When the at least one isolated miR gene product 
is doWn regulated in the subject’s cancer cells, the method 
comprises administering to the subject, an effective amount 
of at least one isolated miR gene product from the at least one 
miR gene, such that proliferation of cancer cells in the subject 
is inhibited. When the at least one isolated miR gene product 
is up-regulated in the cancer cells, an effective amount of at 
least one compound for inhibiting expression of the at least 
one miR gene is administered to the subject, such that prolif 
eration of cancer cells in the subject is inhibited. 
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[0022] The invention further provides a method of treating 
cancer associated With a cancer-associated chromosomal fea 
ture in a subject, comprising the folloWing steps. The amount 
of miR gene product expressed from at least one miR gene 
located in close proximity to the cancer-associated chromo 
somal region in cancer cells from the subject is determined 
relative to control cells. 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, the amount of 
miR gene product expressed in the cancer cells is altered by 
administering to the subject an effective amount of at least 
one isolated miR gene product from the miR gene, such that 
proliferation of cancer cells in the subject is inhibited. 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, the amount of miR gene product expressed in 
the cancer cells is altered by administering to the subject an 
effective amount of at least one compound for inhibiting 
expression of the at least one miR gene, such that prolifera 
tion of cancer cells in the subject is inhibited. 
[0023] The invention further provides pharmaceutical 
compositions comprising a pharmaceutically acceptable car 
rier and at least one miR gene product, or a nucleic acid 
expressing at least one miR gene product, from an miR gene 
located in close proximity to a cancer-associated chromo 
somal feature, provided the miR gene product is not miR-l5 
or miR-l 6. 
[0024] The invention still further provides for the use of at 
least one miR gene product, or a nucleic acid expressing at 
least one miR gene product, from an miR gene located in 
close proximity to a cancer-associated chromosomal feature 
for the manufacture of a medicament for the treatment of a 
cancer associated With a cancer-associated chromosomal 
region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is an image of a Northern blot analysis of the 
expression of miR-16a (upper panel), miR-26a (middle 
panel), and miR-99a (loWer panel) in normal human lung 
(lane 1) and human lung cancer cells (lanes 2-8). BeloW the 
three blots is an image of an ethidium bromide-stained gel 
indicating the 55 RNA lane loading control. The genomic 
location and the type of alteration are indicated. 
[0026] FIG. 2 is a schematic representation demonstrating 
the position of various miR genes on human chromosomes in 
relation to HOX gene clusters. 
[0027] FIG. 3 shoWs an miRNome expression analysis of 
38 individual CLL samples. The main miR-associated CLL 
clusters are presented. The control samples are: MNC, mono 
nuclear cells; Ly, Diffuse large B cell lymphoma; CD5, 
selected CD5+ B lymphocytes. 
[0028] FIG. 4 is an image of a Northern blot analysis of the 
expression of miR-16a (upper panel), miR-26a (middle 
panel), and miR-99a (loWer panel) in 12 B-CLL samples. 
BeloW the three blots is an image of an ethidium bromide 
stained gel indicating the 5S RNA lane loading control. miR 
l6a expression levels varied in these B-CLL cases, and Were 
either loW or absent in several of the samples tested. HoWever, 
the expression levels of miR-26a and miR-99a, both regions 
not involved in B-CLL, Were relatively constant in the tested 
samples. 
[0029] FIG. 5 shoWs Kaplan-Meier curves depicting the 
relationship betWeen miRNA expression levels and the time 
from diagnosis to either the time of initial therapy or the 
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present, if therapy had not commenced. The proportion of 
untreated patients With CLL is plotted against time since 
diagnosis. The patients are grouped according to the expres 
sion pro?le generated by 11 microRNA genes. 
[0030] FIG. 6 shoWs the expression levels of miR-1 6-1 and 
miR-15a miRNAs in samples from tWo patients With a miR 
16-1 mutation (see SEQ ID NO. 642) and in CD5+ cell 
samples from normal patients, both by Northern blot analysis 
(upper panels) and by miRNACHIP (expression level indi 
cated by numbers beloW panels). 
[0031] FIG. 7A is a schematic depicting the locations of 
mutations affecting various miRNAs. The mutated (beloW 
chromosome) and normal (above chromosome) nucleotide 
base is presented for each mutation/polymorphism. The ?g 
ure is not draWn to scale. 
[0032] FIG. 7B depicts the RT-PCR ampli?cation products 
of primary transcripts corresponding to various mutant miR 
gene products for Which mutations have been identi?ed in 
B-CLL cells, as Well as the length of the ampli?ed genomic 
DNA (G). GAPDH levels Were used for normalization; 
RT+:reverse transcription, RT—:control Without reverse 
transcription, GIgenomic control. 
[0033] FIG. 7C presents the chromatograms for the 
genomic regions of samples having either normal miR-16-1/ 
15a (top) or mutated miR-16-1/15a (CtoT)+7 (bottom). The 
precise position of the precursor (line With period at end) and 
the location of the mutation (arroWheads) are indicated. 
[0034] FIG. 7D shoWs the expression levels by miRNA 
CHIP (MAr) and Northern blot (NB) analysis for miR-16-1 
and miR-15a in samples from tWo normal CD5 pools (CD5+) 
and from both of the patients carrying the germline (CtoT)+7 
mutation (CLL). The Northern blot band intensities Were 
quanti?ed using ImageQuantTL (Nonlinear Dynamics Ltd.). 
Data are presented as arbitrary units. 
[0035] FIG. 7E is a Northernblot shoWing that the germline 
mutation in the pri-miR-16-1 is associated With abnormal 
expression of the active, mature miR-16-1 molecule. Levels 
of expression Were assessed in 293 cells transfected With 
miR-16-1-WT, miR-16-1-MUT or Empty vector (Empty V), 
as indicated. Untransfected 293 cells Were tested as a control. 

Normalization for loading Was performed With a U6 probe 
(miR-1 5a; left panel) and the transfection levels Were normal 
ized With anti-GFP signal on cell lysates from the same pellet 
as that used for Northern blotting (miR-16-1; right panel). 

DETAILED DESCRIPTION OF THE INVENTION 

[0036] All nucleic acid sequences herein are given in the 5' 
to 3' direction. In addition, genes are represented by italics, 
and gene products are represented by normal type; e.g., mir 
17 is the gene and miR-17 is the gene product. 
[0037] It has noW been discovered that the genes that com 
prise the miR gene complement of the human genome (or 
“miRNome”) are non-randomly distributed throughout the 
genome in relation to each other. For example, of 222 human 
miR genes, at least ninety are located in thirty-six gene clus 
ters, typically With tWo or three miR genes per cluster (me 
dian:2.5). The largest cluster is composed of six genes 
located on chromosome 13 at 13q31; the miR genes in this 
cluster are miR-17/miR-18/miR-19a/miR-20/miR-19b1/ 
miR-92-1 . 

[0038] The human miR genes are also non-randomly dis 
tributed across the human chromosomal complement. For 
example, chromosome 4 has a less-than-expected rate of 
miRs, and chromosomes 17 and 19 contain signi?cantly more 

Sep. 16, 2010 

miR genes than expected based on chromosome size. Indeed, 
six of the thirty-six miR gene clusters (17%), containing 16 of 
90 clustered genes (18%), are located on chromosomes 17 
and 19, Which account for only 5% of the entire human 
genome. 
[0039] The sequences of the gene products of 187 miR 
genes are provided in Table 1 . The location and distribution of 
these 187 miR genes in the human genome is given in Tables 
2 and 3; see also Example 1. All Tables are located in the 
Examples section beloW. As used herein, an “miR gene prod 
uct” or “miRN ” means the unprocessed or processed RNA 
transcript from an miR gene. As the miR gene products are 
not translated into a protein, the term “miR gene products” 
does not include proteins. 
[0040] A used herein, “probe oligonucleotide” refers to an 
oligonucleotide that is capable of hybridizing to a target oli 
gonucleotide. “Target oligonucleotide” or “target oligode 
oxynucleotide” refers to a molecule to be detected (e. g., in a 
hybridization). By “miR-speci?c probe oligonucleotide” or 
“probe oligonucleotide speci?c for an miR” is meant a probe 
oligonucleotide that has a sequence selected to hybridize to a 
speci?c miR gene product, or to a reverse transcript of the 
speci?c miR gene product. 
[0041] The unprocessed miR gene transcript is also called 
an “miR precursor,” and typically comprises an RNA tran 
script of about 70 nucleotides in length. The miR precursor 
can be processed by digestion With an RNAse (such as, 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.” 
[0042] 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 RNAase III). It is under 
stood that the active 19-25 nucleotide RNA molecule can also 
be produced directly by biological or chemical syntheses, 
Without having been processed from the miR precursor. For 
ease of discussion, such a directly produced active 19-25 
nucleotide RNA molecule is also referred to as a “processed 
miR gene product.” 
[0043] As used herein, “miR gene expression” refers to the 
production of miR gene products from an miR gene, includ 
ing processing of the miR precursor into a processed miR 
gene product. 
[0044] The human miR genes are closely associated With 
different classes of chromosomal features that are themselves 
associated With cancer. As used herein, a “cancer-associated 
chromosomal feature” refers to a region of a given chromo 
some, Which, When perturbed, is correlated With the occur 
rence of at least one human cancer. As used herein, a chro 
mosomal feature is “correlated” With a cancer When the 
feature and the cancer occur together in individuals of a study 
population in a manner not expected on the basis of chance 
alone. 
[0045] A region of a chromosome is “perturbed” When the 
chromosomal architecture or genomic DNA sequence in that 
region is disturbed or differs from the normal architecture or 
sequence in that region. Exemplary perturbations of chromo 
somal regions include, e.g., chromosomal breakage and 
translocation, mutations, deletions or ampli?cations of 
genomic DNA, a change in the methylation pattern of 
genomic DNA, the presence of fragile sites, and the presence 
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of viral integration sites. One skilled in the art Would recog 
niZe that other chromosomal perturbations associated With a 
cancer are possible. 

[0046] It is understood that a cancer-associated chromo 
somal feature can be a chromosomal region Where perturba 
tions are knoWn to occur at a higher rate than at other regions 
in the genome, but Where the perturbation has not yet 
occurred. For example, a common chromosomal breakpoint 
or fragile site is considered a cancer-associated chromosomal 
feature, even if a break has not yet occurred. Likewise, a 
region in the genomic DNA knoWn as a mutational “hotspot” 
can be a cancer-associated chromosomal feature, even if no 
mutations have yet occurred in the region. 
[0047] One class of cancer-associated chromosomal fea 
ture Which is closely associated With miR genes in the human 
genome is a “cancer-associated genomic region” or “CAGR” 
(see Table 4). As used herein, a “CAGR” includes any region 
of the genomic DNA that comprises a genetic or epigenetic 
change (or the potential for a genetic or epigenetic change) 
that differs from normal DNA, and Which is correlated With a 
cancer. Exemplary genetic changes include single- and 
double-stranded breaks (including common breakpoint 
regions in or near possible oncogenes or tumor-suppressor 
genes); chromosomal translocations; mutations, deletions, 
insertions (including viral, plasmid or transposon integra 
tions) and ampli?cations (including gene duplications) in the 
DNA; minimal regions of loss-of-heteroZygosity (LOH) sug 
gestive of the presence of tumor-suppressor genes; and mini 
mal regions of ampli?cation suggestive of the presence of 
oncogenes. Exemplary epigenetic changes include any 
changes in DNA methylation patterns (e.g., DNA hyper- or 
hypo-methylation, especially in promoter regions). As used 
herein, “cancer-associated genomic region” or “CAGR” spe 
ci?cally excludes chromosomal fragile sites or human papil 
lomavirus insertion sites. 
[0048] Many of the knoWn miR genes in the human genome 
are in or near CAGRs, including 80 miR genes that are located 
exactly in minimal regions of LOH or minimal regions of 
ampli?cation correlated to a variety of cancers. Other miR 
genes are located in or near breakpoint regions, deleted areas, 
or regions of ampli?cation. The distribution of miR genes in 
the human genome relative to CAGRs is given in Tables 6 and 
7 and in Example 4A beloW. 
[0049] As used herein, an miR gene is “associated” With a 
given CAGR When the miR gene is located in close proximity 
to the CAGR; i.e., When the miR is located Within the same 
chromosomal band or Within 3 megabases (3 Mb) of the 
CAGR. See Tables 6 and 7 and Example 4A beloW for a 
description of cancers Which are correlated With CAGRs, and 
a description of miRs associated With those CAGRs. 

[0050] For example, cancers associated With CAGRs 
include leukemia (e.g., AML, CLL, pro-lymphocytic leuke 
mia), lung cancer (e.g., small cell and non-small cell lung 
carcinoma), esophageal cancer, gastric cancer, colorectal 
cancer, brain cancer (e.g., astrocytoma, glioma, glioblastoma, 
medulloblastoma, meningioma, neuroblastoma), bladder 
cancer, breast cancer, cervical cancer, epithelial cancer, 
nasopharyngeal cancer (e.g., oral or laryngeal squamous cell 
carcinoma), lymphoma (e.g., follicular lymphoma), uterine 
cancer (e. g., malignant ?brous histiocytoma), hepatic cancer 
(e. g., hepatocellular carcinoma), head-and-neck cancer (e.g., 
head-and-neck squamous cell carcinoma), renal cancer, male 
germ cell tumors, malignant mesothelioma, myelodysplastic 
syndrome, ovarian cancer, pancreatic or biliary cancer, pros 
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tate cancer, thyroid cancer (e.g., sporadic follicular thyroid 
tumors), and urothelial cancer. 

[0051] Examples of miR genes associated With CAGRs 
include miR-153-2, let-71, miR-33a, miR-34a-2, miR34a-1, 
let-7a- 1, let-7d; let-7f-1, miR-24-1, miR-27b, miR-23b, miR 
181a; miR-199b, miR-218-1, miR-31, let-7a-2, let-7g, miR 
21, miR-32a-1,miR-33b, miR-100, miR-101-1,miR-125b-1, 
miR-135-1, miR-142 as, miR-142s; miR-144, miR-301, 
miR-297-3, miR-155(BIC), miR-26a, miR-17, miR-18, miR 
19a, miR-19b1, miR-20, miR-92-1, miR-128a, miR-7-3, 
miR-22, miR-123, miR-132, miR-149, miR-161; miR-177, 
miR-195, miR-212, let-7c, miR-99a, miR-125b-2, miR-210, 
miR-135-2,miR-124a-1,miR-208,miR-211,miR-180,miR 
145, miR-143, miR-127, miR-136, miR-138-1, miR-154, 
miR-134, miR-299, miR-203, miR-34, miR-92-2, miR-19b 
2, miR-108-1, miR-193, miR-106a, miR-29a, miR-29b, miR 
129-1, miR-182s, miR-182 as, miR-96, miR-183, miR-32, 
miR-159-1, miR-192 and combinations thereof. 

[0052] Speci?c groupings of miR gene(s) that are associ 
ated With a particular cancer are evident from Tables 6 and 7, 
and are preferred. For example, acute myeloid leukemia 
(AML) is associated With miR-153 -2, and adenocarcinoma of 
the lung or esophagus is associated With let-71. Where more 
than one miR gene is listed in Tables 6 and 7, it is understood 
that the cancer associated With those genes can be diagnosed 
by evaluating any one of the listed miR genes, or by evaluat 
ing any combination of the listed miR genes. Subgenera of 
CAGRs or associated With miR gene(s) Would also be evident 
to one of ordinary skill in the art from Tables 6 and 7. 

[0053] Another class of cancer-associated chromosomal 
feature Which is closely associated With miR genes in the 
human genome is a “chromosomal fragile site” or “FRAs” 
(see Table 4 and Example 2). As used herein, a “ERA” 
includes any rare or common fragile site in a chromosome; 
e.g., one that can be induced by subjecting a cell to stress 
during DNA replication. For example, a rare FRA can be 
induced by subjecting the cell to folic acid de?ciency during 
DNA replication. A common FRA can be induced by treating 
the cell With aphidocolin or 5-aZacytidine during DNA repli 
cation. The identi?cation or induction of chromosomal frag 
ile sites is Within the skill in the art; see, e.g., Arlt et al. (2003), 
Cylogenel. Genome Res. 100192-100 and Arlt et al. (2002), 
Genes, Chromosomes and Cancer 33:82-92, the entire dis 
closures of Which are herein incorporated by reference. 

[0054] Approximately 20% of the knoWn human miR 
genes are located in (13 miRs) or Within 3 Mb (22 miRs) of 
cloned FRAs. Indeed, the relative incidence of miR genes 
inside fragile sites occurs at a rate 9.12 times higher than in 
non-fragile sites. Moreover, after studying 1 13 fragile sites in 
a human karyotype, it Was found that 61 miR genes are 
located in the same chromosomal band as a FRA. The distri 
bution of miR genes in the human genome relative to FRAs is 
given in Table 5 and in Example 2. 
[0055] As used herein, an miR gene is “associated” With a 
given FRA When the miR gene is located in close proximity to 
the FRA; i.e., When the miR is located Within the same chro 
mosomal band or Within 3 megabases (3 Mb) of the FRA. See 
Table 5 and Example 2 for a description of cancers Which are 
correlated With FRAs, and a description of miRs associated 
With those FRAs. 

[0056] For example, cancers associated With FRAs include 
bladder cancer, esophageal cancer, lung cancer, stomach can 
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cer, kidney cancer, cervical cancer, ovarian cancer, breast 
cancer, lymphoma, Ewing sarcoma, hematopoietic tumors, 
solid tumors and leukemia. 

[0057] Examples of miR genes associated With FRAs 
include miR-186, miR-l0l-l, miR-194, miR-215, miR 
l06b, miR-25, miR-93, miR-29b, miR-29a, miR-96, miR 
182s, miR-182 as, miR-183, miR-l29- l, let7a-l, let-7d, let 
7f-l, miR-23b, miR-24-l, miR-27b, miR-32, miR-l59-l, 
miR-192, miR-l25b-l, let-7a-2, miR-100, miR-l96-2, miR 
l48b, miR-190, miR-21, miR-301, miR-142s, miR-142 as, 
miR-105 - l, miR-175 and combinations thereof. 

[0058] Speci?c groupings of miR gene(s) that are associ 
ated With a particular cancer and FRA are evident from Table 
5, and are preferred. For example, FRA7H is correlated With 
esophageal cancer, and is associated With miR-2 9b, miR-29a, 
miR-96, miR-182s, miR-182 as, miR-183, and miR-l29-l. 
FRA9D is correlated With bladder cancer, and is associated 
With let7a-l, let-7d, let-7f-l, miR-23b, miR-24-l, and miR 
27b. Where more than one miR gene is listed in Table 5 in 
association With a FRA, it is understood that the cancer asso 
ciated With those miR genes can be diagnosed by evaluating 
any one of the listed miR genes, or by evaluating any combi 
nation of the listed miR genes. Subgenera of CAGRs and/or 
associated With miR gene(s) Would also be evident to one of 
ordinary skill in the art from Table 5. 

[0059] Another class of cancer-associated chromosomal 
feature Which is closely associated With miR genes in the 
human genome is a “human papillomavirus (HPV) integra 
tion site” (see Table 4 and Example 3). As used herein, an 
“HPV integration site” includes any site in a chromosome of 
a subject Where some or all of an HPV genome can insert into 
the genomic DNA, or any site Where some or all of an HPV 
genome has inserted into the genomic DNA. HPV integration 
sites are often associated With common FRAs, but are distinct 
from FRAs for purposes of the present invention. Any species 
or strain of HPV can insert some or all of its genome into an 
HPV integration site. HoWever, the most common strains of 
HPV Which insert some or all of their genomes into an HPV 
integration site are HPV 16 and HPV 18. The identi?cation of 
HPV integration sites in the human genome is Within the skill 
in the art; see, e.g., Thorland et al. (2000), Cancer Res. 
60:5916-21, the entire disclosure of Which is herein incorpo 
rated by reference. 
[0060] Thirteen miR genes (7%) are located Within 2.5 Mb 
of seven of the seventeen (45%) cloned integration sites in the 
human genome. The relative incidence of miRs at HPV16 
integration sites occurred at a rate 3.22 times higher than in 
the rest of the genome. Indeed, four miR genes (miR-21, 
miR-301, miR-142s and miR- 142 as) Were located Within one 
cluster of integration sites at chromosome l7q23, in Which 
there are three HPV16 integration events spread over roughly 
4 Mb of genomic sequence. 
[0061] As used herein, an miR gene is “associated” With a 
given HPV integration site When the miR gene is located in 
close proximity to the HPV integration site; i.e., When the 
miR is located Within the same chromosomal band or Within 
3 megabases (3 Mb), preferably Within 2.5 Mb, of the HPV 
integration site. See Table 5 and Example 3 for a description 
of miRs associated With HPV integration sites. 

[0062] Insertion of HPV sequences into the genome of 
subject is correlated With the occurrence of cervical cancer. 
Examples of miR genes associated With HPV integration sites 
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on human chromosomes include miR-21, miR-301, miR-142 
as, miR-142s, miR-194, miR-215, miR-32 and combinations 
thereof. 

[0063] Speci?c groupings of miR gene(s) that are associ 
ated With a particular HPV integration site are evident from 
Table 5, and are preferred. For example, the HPV integration 
site located in or near FRA9E is associated With miR-32. The 
HPV integration site located in or near FRAlH is associated 
With miR-l 94 and miR-215. The HPV integration site located 
in or near FRA17B is associated With miR-21, miR-301, 
miR-142s, and miR- 142 as. Where more than one miR gene is 
listed in Table 5 in relation to an HPV integration site, it is 
understood that the cancer associated With those miR genes 
can be diagnosed by evaluating any one of the listed miR 
genes, or by evaluating any combination of the listed miR 
genes. 

[0064] Another class of cancer-associated chromosomal 
feature Which is closely associated With miR genes in the 
human genome is a “homeobox gene or gene cluster” (see 
Table 4 and Example 5). As used herein, a “homeobox gene or 
gene cluster” is a single gene or a grouping of genes, charac 
teriZed in that the gene or genes have been classi?ed by 
sequence or function as a class I or class II homeobox gene or 

contain the l83-nucleotide “homeobox” sequence. Identi? 
cation and characteriZation of homeobox genes or gene clus 
ters are Within the skill in the art; see, e.g., Cillo et al. (1999), 
Exp. Cell Res. 248:1-9 and Pollard et al. (2000), Current 
Biology 10:1059-62, the entire disclosures of Which are 
herein incorporated by reference. 
[0065] Of the four knoWn class I homeobox gene clusters in 
the human genome, three contain miR genes: miR-10a and 
miR-l96-l are in the HOX B cluster on l7q2l; miR-l 96-2 is 
in the HOX C cluster at l2ql3; and miR-10b is in the HOX D 
cluster at 2q3l. Three other miRs (miR-148, miR-152 and 
miR-l48b) are located Within 1 Mb of a HOX gene cluster. 
miR genes are also found Within class II homeobox gene 
clusters; for example, seven microRNAs (miR-l29-l, miR 
l53-2, let-7a-l, let-7f-l, let-7d, miR-202 and miR-139) are 
located Within 0.5 Mb of class II homeotic genes. See 
Example 5 and FIG. 2 for a description of miRs associated 
With homeobox genes or gene clusters in the human genome. 

[0066] Examples of homeobox genes associated With miR 
genes in the human genome include genes in the HOXA 
cluster, genes in the HOXB cluster, genes in the HOXC clus 
ter, genes in the HOXD cluster, NKl, NK3, NK4, Lbx, Tlx, 
Emx, Vax, Hmx, NK6, Msx, Cdx, Xlox, Gsx, En, HB9, Gbx, 
Msx-l, Msx-2, GBX2, HLX, HEX, PMXl, DLX, LHX2 and 
CDX2. Examples of homeobox gene clusters associated With 
miR genes in the human genome include HOXA, HOXB, 
HOXC, HOXD, extended Hox, NKL, ParaHox, and EHG 
box, PAX, PBX, MEIS, REIG and PREP/KNOXl. 
[0067] Examples of cancers associated With homeobox 
genes or gene clusters include renal cancer, Wilm’s tumor, 
colorectal cancer, small cell lung cancer, melanoma, breast 
cancer, prostate cancer, skin cancer, osteosarcoma, neuro 
blastoma, leukemia (acute lymphocytic leukemia, acute 
myeloid leukemia, chronic lymphocytic leukemia), glioblas 
toma multiform, medulloblastoma, lymphoplasmacytoid 
lymphoma, thyroid cancer, rhabdomyosarcoma and solid 
tumors. 

[0068] Examples of miR genes associated With homeobox 
genes or gene clusters include miR-148, miR-10a, miR-196 
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1, miR-152, miR-l96-2, miR-148b, miR-10b, miR-l29-l, 
miR-l53-2, miR-202, miR-139, let-7a, let-7f, let-7d and 
combinations thereof. 

[0069] Speci?c groupings of miR gene(s) that are associ 
ated With particular homeobox genes or gene cluster are evi 
dent from Example 5 and FIG. 2, and are preferred. For 
example, homeobox gene cluster HOXA is associated With 
miR-148. Homeobox gene cluster HOXB is associated With 
miR-148, miR-10a, miR-l96-l, miR-152 and combinations 
thereof. Homeobox gene cluster HOXC is associated With 
miR-l 96-2, miR-l48b or a combination thereof. Homeobox 
gene cluster HOXD, is associated With miR-10b. Where more 
than one miR gene is associated With a homeobox gene or 
gene cluster, it is understood that the cancer associated With 
those genes can be diagnosed by evaluating any one of the 
miR genes, or by evaluating any combination of the miR 
genes. In one embodiment, the miR gene or gene product that 
is measured or analyZed is not miR-l5, miR-l6, miR-143 
and/or miR-145. 

[0070] Without Wishing to be bound by any theory, it is 
believed that perturbations in the genomic structure or chro 
mosomal architecture of a cell Which comprise the cancer 
associated chromosomal feature can affect the expression of 
the miR gene(s) associated With the feature in that cell. For 
example, a CAGR can comprise an ampli?cation of the 
region containing an miR gene(s), causing an up-regulation 
of miR gene expression. Likewise, the CAGR can comprise a 
chromosomal breakpoint or a deletion that disrupts gene 
expression, and results in a doWn-regulation of miR gene 
expression. HPV integrations and FRAs can cause deletions, 
ampli?cations or rearrangement of the surrounding DNA, 
Which can also affect the structure or expression of any asso 
ciated miR genes. The factors Which cause the collected dys 
regulation of homeobox genes or gene clusters Would cause 
similar disruptions to any associated miR genes. A change in 
the status of at least one of the miR genes associated With a 
cancer-associated chromosomal feature in a tissue or cell 
sample from a subject, relative to the status of that miR gene 
in a control sample, therefore is indicative of the presence of 
a cancer, or a susceptability to cancer, in a subject. 

[0071] Without Wishing to be bound by any theory, it is also 
believed that a change in status of miR genes associated With 
a cancer-associated chromosomal feature can be detected 
prior to, or in the early stages of, the development of trans 
formed or neoplastic phenotypes in cells of a subject. The 
invention therefore also provides a method of screening sub 
jects for a predisposition to developing a cancer associated 
With a cancer-associated chromosomal feature, by evaluating 
the status of at least one miR gene associated With a cancer 
associated chromosomal feature in a tissue or cell sample 
from a subject, relative to the status of that miR gene in a 
control sample. Subjects With a change in the status of one or 
more miR genes associated With a cancer-associated chromo 
somal feature are candidates for further testing to determine 
or con?rm that the subjects have cancer. Such further testing 
can comprise histological examination of blood or tissue 
samples, or other techniques Within the skill in the art. 

[0072] As used herein, the “status of an miR gene” refers to 
the condition of the miR gene in terms of its physical 
sequence or structure, or its ability to express a gene product. 
Thus, the status of an miR gene in cells of a subject can be 
evaluated by any technique suitable for detecting genetic or 
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epigenetic changes in the miR gene, or by any technique 
suitable for detecting the level of miR gene product produced 
from the miR gene. 
[0073] For example, the level of at least one miR gene 
product produced from an miR gene can be measured in cells 
of a biological sample obtained from the subject. An alter 
ation in the level (i.e., an up- or doWn-regulation) of miR gene 
product in the sample obtained from the subject relative to the 
level of miR gene product in a control sample is indicative of 
the presence of the cancer in the subject. As used herein, a 
“subject” is any mammal suspected of having a cancer asso 
ciated With a cancer-associated chromosomal feature. In one 
embodiment, the subject is a human suspected of having a 
cancer associated With a cancer-associated chromosomal fea 
ture. As used herein, expression of an miR gene is “up 
regulated” When the amount of miR gene product produced 
from that gene in a cell or tissue sample from a subject is 
greater than the amount produced from the same gene in a 
control cell or tissue sample. Likewise, expression of an miR 
gene is “doWn-regulated” When the amount of miR gene 
product produced from that gene in a cell or tissue sample 
from a subject is less than the amount produced from the same 
gene in a control cell or tissue sample. 

[0074] Methods for determining RNA expression levels in 
cells from a biological sample are Within the level of skill in 
the art. For example, tissue sample can be removed from a 
subject suspected of having cancer associated With a cancer 
associated chromosomal feature by conventional biopsy 
techniques. In another example, a blood sample can be 
removed from the subject, and White blood cells isolated for 
DNA extraction by standard techniques. The blood or tissue 
sample is preferably obtained from the subject prior to initia 
tion of radiotherapy, chemotherapy or other therapeutic treat 
ment. 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 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 subj ect’s sample can be compared to the 
corresponding miR gene product levels from cells of the 
control sample. 
[0075] For example, the relative miR gene expression in the 
control and normal samples can be conveniently determined 
With respect to one or more RNA expression standards. The 
standards can comprise, for example, a Zero miR gene expres 
sion level, the miR gene expression level in a standard cell 
line, or the average level of miR gene expression previously 
obtained for a population of normal human controls. 

[0076] Suitable techniques for determining the level of 
RNA transcripts of a particular gene in cells are Within the 
skill in the art. According to one such method, total cellular 
RNA can be puri?ed from cells by homogenization in the 
presence of nucleic acid extraction buffer, folloWed by cen 
trifugation. Nucleic acids are precipitated, and DNA is 
removed by treatment With DNase and precipitation. The 
RNA molecules are then separated by gel electrophoresis on 
agarose gels according to standard techniques, and trans 
ferred to nitrocellulose ?lters by, e.g., the so-called “North 
em” blotting technique. The RNA is then immobilized on the 
?lters by heating. Detection and quanti?cation of speci?c 
RNA is accomplished using appropriately labeled DNA or 
RNA probes complementary to the RNA in question. See, for 
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example, Molecular Cloning: A Laboratory Manual, J. Sam 
brook et al., eds., 2nd edition, Cold Spring Harbor Laboratory 
Press, 1989, Chapter 7, the entire disclosure of Which is 
incorporated by reference. 
[0077] Suitable probes for Northern blot hybridization of a 
given miR gene product can be produced from the nucleic 
acid sequences provided in Table 1. Methods for preparation 
of labeled DNA and RNA probes, and the conditions for 
hybridization thereof to target nucleotide sequences, are 
described in Molecular Cloning: A Laboratory Manual, J. 
Sambrook et al., eds., 2nd edition, Cold Spring Harbor Labo 
ratory Press, 1989, Chapters 10 and 11, the disclosures of 
Which are herein incorporated by reference. 
[0078] For example, the nucleic acid probe can be labeled 
With, e.g., a radionuclide such as 3H, 32P, 33P, 14C, or 35S; a 
heavy metal; or a ligand capable of functioning as a speci?c 
binding pair member for a labeled ligand (e. g., biotin, avidin 
or an antibody), a ?uorescent molecule, a chemiluminescent 
molecule, an enzyme or the like. 
[0079] Probes can be labeled to high speci?c activity by 
either the nick translation method of Rigby et al. (1977), J. 
Mol. Biol. 113:237-251 or by the random priming method of 
Fienberg et al. (1983), Anal. Biochem. 132:6-13, the entire 
disclosures of Which are herein incorporated by reference. 
The latter is the method of choice for synthesizing 32P-la 
beled probes of high speci?c activity from single-stranded 
DNA or from RNA templates. For example, by replacing 
preexisting nucleotides With highly radioactive nucleotides 
according to the nick translation method, it is possible to 
prepare 32P-labeled nucleic acid probes With a speci?c activ 
ity Well in excess of 108 cpm/microgram. Autoradiographic 
detection of hybridization can then be performed by exposing 
hybridized ?lters to photographic ?lm. Densitometric scan 
ning of the photographic ?lms exposed by the hybridized 
?lters provides an accurate measurement of miR gene tran 
script levels. Using another approach, miR gene transcript 
levels can be quanti?ed by computerized imaging systems, 
such the Molecular Dynamics 400-B 2D Phosphorimager 
available from Amersham Biosciences, PiscataWay, N]. 
[0080] Where radionuclide labeling of DNA or RNA 
probes is not practical, the random-primer method can be 
used to incorporate an analogue, for example, the dTTP ana 
lo gue 5 -(Ni(N-biotinyl-ep silon-aminocaproyl) -3 -aminoal 
lyl)deoxyuridine triphosphate, into the probe molecule. The 
biotinylated probe oligonucleotide can be detected by reac 
tion With biotin-binding proteins, such as avidin, streptavidin, 
and antibodies (e.g., anti-biotin antibodies) coupled to ?uo 
rescent dyes or enzymes that produce color reactions. 
[0081] In addition to Northern and other RNA blotting 
hybridization techniques, determining the levels of RNA 
transcripts can be accomplished using the technique of in situ 
hybridization. This technique requires feWer cells than the 
Northern blotting technique, and involves depositing Whole 
cells onto a microscope cover slip and probing the nucleic 
acid content of the cell With a solution containing radioactive 
or otherWise labeled nucleic acid (e.g., cDNA or RNA) 
probes. This technique is particularly Well-suited for analyz 
ing tissue biopsy samples from subjects. The practice of the in 
situ hybridization technique is described in more detail in 
US. Pat. No. 5,427,916, the entire disclosure of Which is 
incorporated herein by reference. Suitable probes for in situ 
hybridization of a given miR gene product can be produced 
from the nucleic acid sequences provided in Table 1, as 
described above. 
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[0082] The relative number of miR gene transcripts in cells 
can also be determined by reverse transcription of miR gene 
transcripts, folloWed by ampli?cation of the reverse-tran 
scribed transcripts by polymerase chain reaction (RT-PCR). 
The levels of miR gene transcripts can be quanti?ed in com 
parison With an internal standard, for example, the level of 
mRNA from a “housekeeping” gene present in the same 
sample. A suitable “housekeeping” gene for use as an internal 
standard includes, e. g., myosin or glyceraldehyde-3-phos 
phate dehydrogenase (G3 PDH). The methods for quantitative 
RT-PCR and variations thereof are Within the skill in the art. 

[0083] In some instances, it may be desirable to simulta 
neously determine the expression level of a plurality of dif 
ferent of miR genes in a sample. In certain instances, it may be 
desirable to determine the expression level of the transcripts 
of all knoWn miR genes correlated With cancer. Assessing 
cancer-speci?c expression levels for hundreds of miR genes 
is time consuming and requires a large amount of total RNA 
(at least 20 pg for each Northern blot) and autoradiographic 
techniques that require radioactive isotopes. To overcome 
these limitations, an oligo library in microchip format may be 
constructed containing a set of probe oligonucleotides spe 
ci?c for a set of miR genes. In one embodiment, the oligo 
library contains probes corresponding to all knoWn miRs 
from the human genome. The microchip oligolibrary may be 
expanded to include additional miRNAs as they are discov 
ered. 

[0084] The microchip is prepared from gene-speci?c oli 
gonucleotide probes generated from knoWn miRNAs. 
According to one embodiment, the array contains tWo differ 
ent oligonucleotide probes for each miRNA, one containing 
the active sequence and the other being speci?c for the pre 
cursor of the miRNA. The array may also contain controls 
such as one or more mouse sequences differing from human 

or‘thologs by only a feW bases, Which can serve as controls for 
hybridization stringency conditions. tRNAs from both spe 
cies may also be printed on the microchip, providing an 
internal, relatively stable positive control for speci?c hybrid 
ization. One or more appropriate controls for non-speci?c 
hybridization may also be included on the microchip. For this 
purpose, sequences are selected based upon the absence of 
any homology With any knoWn miRNAs. 
[0085] The microchip may be fabricated by techniques 
knoWn in the art. For example, probe oligonucleotides of an 
appropriate length, e.g., 40 nucleotides, are 5'-amine modi 
?ed at position C6 and printed using commercially available 
microarray systems, e.g., the GeneMachine OmniGr‘idTM 100 
Microarrayer and Amersham CodeLinkTM activated slides. 
Labeled cDNA oligomer corresponding to the target RNAs is 
prepared by reverse transcribing the target RNA With labeled 
primer. Following ?rst strand synthesis, the RNA/DNA 
hybrids are denatured to degrade the RNA templates. The 
labeled target cDNAs thus prepared are then hybridized to the 
microarray chip under hybridizing conditions, eg 6><SSPE/ 
30% formamide at 25° C. for 18 hours, folloWed by Washing 
in 0.75><TNT at 370 C. for 40 minutes. At positions on the 
array Where the immobilized probe DNA recognizes a 
complementary target cDNA in the sample, hybridization 
occurs. The labeled target cDNA marks the exact position on 
the array Where binding occurs, alloWing automatic detection 
and quanti?cation. The output consists of a list of hybridiza 
tion events, indicating the relative abundance of speci?c 
cDNA sequences, and therefore the relative abundance of the 
corresponding complementary miRs, in the patient sample. 
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According to one embodiment, the labeled cDNA oligomer is 
a biotin-labeled cDNA, prepared from a biotin-labeled 
primer. The microarray is then processed by direct detection 
of the biotin-containing transcripts using, e.g., Streptavidin 
Alexa647 conjugate, and scanned utilizing conventional 
scanning methods. Images intensities of each spot on the 
array are proportional to the abundance of the corresponding 
miR in the patient sample. 
[0086] The use of the array has several advantages for 
miRNA expression detection. First, the global expression of 
several hundred genes can be identi?ed in a same sample at 

one time point. Second, through careful design of the oligo 
nucleotide probes, expression of both mature and precursor 
molecules can be identi?ed. Third, in comparison With North 
ern blot analysis, the chip requires a small amount of RNA, 
and provides reproducible results using 2.5 pg of total RNA. 
The relatively limited number of miRNAs (a feW hundred per 
species) alloWs the construction of a common microarray for 
several species, With distinct oligonucleotide probes for each. 
Such a tool Would alloW for analysis of trans-species expres 
sion for each knoWn miR under various conditions. 

[0087] In addition to use for quantitative expression level 
assays of speci?c miRs, a microchip containing miRNA 
speci?c probe oligonucleotides corresponding to a substan 
tial portion of the miRNome, preferably the entire miRNome, 
may be employed to carry out miR gene expression pro?ling, 
for analysis of miR expression patterns. Distinct miR signa 
tures may be associated With established disease markers, or 
directly With a disease state. As described hereinafter in 
Example 11, tWo distinct clusters of human B-cell chronic 
lymphocytic leukemia (CLL) samples are associated With the 
presence or the absence of Zap-70 expression, a predictor of 
early disease progression. As described in Examples 11 and 
12, tWo miRNA signatures Were associated With the presence 
of absence of prognostic markers of disease progression, 
including Zap-70 expression, mutations in the expressed 
immunoglobulin variable-region gene IgVH and deletions at 
l3ql4. Therefore, miR gene expression pro?les can be used 
for diagnosing the disease state of a cancer, such as Whether a 
cancer is malignant or benign, based on Whether or not a given 
pro?le is representative of a cancer that is associated With one 
or more established adverse prognostic markers. Prognostic 
markers that are suitable for this method include ZAP-70 
expression, unmutated IgVH gene, CD3 8 expression, deletion 
at chromosomel lq23, loss or mutation of TP53, and any 
combination thereof. 

[0088] According to the expression pro?ling method in one 
embodiment, total RNA from a sample from a subject sus 
pected of having a cancer is quantitatively reverse transcribed 
to provide a set of labeled target oligodeoxynucleotides 
complementary to the RNA in the sample. The target oligode 
oxynucleotides are then hybridized to a microarray compris 
ing miRNA-speci?c probe oligonucleotides to provide a 
hybridization pro?le for the sample. The result is a hybrid 
ization pro?le for the sample representing the expression 
pattern of miRNA in the sample. The hybridization pro?le 
comprises the signal from the binding of the target oligode 
oxynucleotides from the sample to the miRNA-speci?c probe 
oligonucleotides in the microarray. The pro?le may be 
recorded as the presence or absence of binding (signal vs. 
zero signal). More preferably, the pro?le recorded includes 
the intensity of the signal from each hybridization. The pro?le 
is compared to the hybridization pro?le generated from a 
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normal, i.e., noncancerous, control sample. An alteration in 
the signal is indicative of the presence of the cancer in the 
subject. 
[0089] Other techniques for measuring miR gene expres 
sion are also Within the skill in the art, and include various 
techniques for measuring rates of RNA transcription and 
degradation. 
[0090] The status of an miR gene in a cell of a subject can 
also be evaluated by analyzing at least one miR gene or gene 
product in the sample for a deletion, mutation or ampli?ca 
tion, Wherein detection of a deletion, mutation or ampli?ca 
tion in the miR gene or gene product relative to the miR gene 
or gene product in a control sample is indicative of the pres 
ence of the cancer in the subject. As used herein, a mutation is 
any alteration in the sequence of a gene of interest that results 
from one or more nucleotide changes. Such changes include, 
but are not limited to, allelic polymorphisms, and may affect 
gene expression and/or function of the gene product. 
[0091] A deletion, mutation or ampli?cation in an miR 
gene or gene product can be detected by determining the 
structure or sequence of an miR gene or gene product in cells 
from a biological sample from a subject suspected of having 
cancer associated With a cancer-associated chromosomal fea 
ture, and comparing this With the structure or sequence of a 
corresponding gene or gene product in cells from a control 
sample. Subject and control samples can be obtained as 
described herein. Especially suitable candidate miR genes for 
this type of analysis include, but are not limited to, miR-l 6-1, 
miR-27b, miR-206, miR-29b-2 and miR-l 87. As described in 
Examples 13 and 14 herein, speci?c mutations in these ?ve 
miR genes have been identi?ed in samples from CLL 
patients. 
[0092] In certain embodiments, the present invention pro 
vides methods for diagnosing Whether a subject has, or is at 
risk for developing, a cancer, comprising analyzing a miR 
gene or gene product in a test sample from the subject, 
Wherein the detection of a mutation in the miR gene or gene 
product in the test sample, relative to a control sample, is 
indicative of the subject having, or being at risk for develop 
ing, cancer. In one embodiment, the method comprises ana 
lyzing the status of a miR-l6-l gene or gene product. In a 
particular embodiment, the method comprises analyzing the 
status of a miR-l6-l gene for the presence of a mutation, 
Wherein the mutation is a C to T nucleotide substitution at +7 
base pairs 3' of the miR-l6-l precursor coding region (see, 
e.g., SEQ ID NOS:64l and 642). Suitable cancers to be diag 
nosed by this method include CLL, among others. In another 
embodiment, the method comprises analyzing the status of a 
miR-27b gene or gene product. In a particular embodiment, 
the method comprises analyzing the status of a miR-27b gene 
for the presence of a mutation, Wherein the mutation is a G to 
A nucleotide substitution at +50 base pairs 3' of the miR-27b 
precursor coding region (see, e.g., SEQ ID NOS:645 and 
646). Suitable cancers to be diagnosed by this method 
include, but are not limited to, CLL, throat cancer, and lung 
cancer. In an additional embodiment, the method comprises 
analyzing the status of a miR-206 gene or gene product. In a 
particular embodiment, the method comprises analyzing the 
status of a miR-206 gene for the presence of a mutation, 
Wherein the mutation is a G to T nucleotide substitution at 
position 49 of the miR-206 precursor coding region (see, e. g., 
SEQ ID NOS:657 and 658). In a related embodiment, the 
method comprises analyzing the status of a miR-206 gene for 
the presence of a mutation, Wherein the mutation is an A to T 
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substitution at —1 16 base pairs 5' of the miR-206 precursor 
coding region (see, e.g., SEQ ID NOS:657 and 659). Suitable 
cancers to be diagnosed by this method include, but are not 
limited to, CLL and other leukemias, esophogeal cancer, 
pro state cancer and breast cancer. In yet another embodiment 
the method comprises analyzing the status of a miR-29b-2 
gene or gene product. In a particular embodiment, the method 
comprises analyzing the status of a miR-29b-2 gene for the 
presence of a mutation, Wherein the mutation is a G to A 
nucleotide substitution at +212 base pairs 3' of the miR-29b-2 
precursor coding region (see, e. g., SEQ ID NOS:651 and 
652). In a related embodiment, the method comprises analyz 
ing the status of a miR-206 gene for the presence of a muta 
tion, Wherein the mutation is an A nucleotide insertion at 
+107 base pairs 3' of the miR-29b-2 precursor coding region 
(see, e.g., SEQ ID NOS:651 and 653). Suitable cancers to be 
diagnosed by this method include, but are not limited to, CLL 
and other leukemias, as Well as breast cancer. In a further 
embodiment, the method comprises analyzing the status of a 
miR-187 gene or gene product. In a particular embodiment, 
the method comprises analyzing the status of a miR-187 gene 
for the presence of a mutation, Wherein the mutation is a T to 
C nucleotide substitution at +73 base pairs 3' of the miR-187 
precursor coding region (see, e. g., SEQ ID NOS:654 and 
655). Suitable cancers to be diagnosed by this method 
include, CLL, among others. 
[0093] Any technique suitable for detecting alterations in 
the structure or sequence of genes can be used in the practice 
of the present method. For example, the presence of miR gene 
deletions, mutations or ampli?cations can be detected by 
Southern blot hybridization of the genomic DNA from a 
subject, using nucleic acid probes speci?c for miR gene 
sequences. 

[0094] Southern blot hybridization techniques are Within 
the skill in the art. For example, genomic DNA isolated from 
a subject’s sample can be digested With restriction endonu 
cleases. This digestion generates restriction fragments of the 
genomic DNA that can be separated by electrophoresis, for 
example, on an agaro se gel. The restriction fragments are then 
blotted onto a hybridization membrane (e. g., nitrocellulose or 
nylon), and hybridized With labeled probes speci?c for a 
given miR gene or genes. A deletion or mutation of these 
genes is indicated by an alteration of the restriction fragment 
patterns on the hybridization membrane, as compared to 
DNA from a control sample that has been treated identically 
to the DNA from the subject’s sample. Probe labeling and 
hybridization conditions suitable for detecting alterations in 
gene structure or sequence can be readily determined by one 
of ordinary skill in the art. The miR gene nucleic acid probes 
for Southern blot hybridization can be designed based upon 
the nucleic acid sequences provided in Table 1, as described 
herein. Nucleic acid probe hybridization can then be detected 
by exposing hybridized ?lters to photographic ?lm, or by 
employing computerized imaging systems, such the Molecu 
lar Dynamics 400-B 2D Phosphorimager available from 
Amersham Biosciences, PiscataWay, N]. 
[0095] Deletions, mutations and/ or ampli?cations of an 
miR gene can also be detected by amplifying a fragment of 
these genes by polymerase chain reaction (PCR), and analyz 
ing the ampli?ed fragment by sequencing or by electrophore 
sis to determine if the sequence and/ or length of the ampli?ed 
fragment from the subject’s DNA sample is different from 
that of a control DNA sample. Suitable reaction and cycling 
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conditions for PCR ampli?cation of DNA fragments can be 
readily determined by one of ordinary skill in the art. 
[0096] Deletions of an miR gene can also be identi?ed by 
detecting deletions of chromosomal markers that are closely 
linked to the miR gene. Mutations in an miR gene can also be 
detected by the technique of single strand conformational 
polymorphism (SSCP), for example, as described in Orita et 
al. (1989), Genomics 51874-879 and Hayashi (1991), PCR 
Methods andApplic. 1:34-38, the entire disclosures ofWhich 
are herein incorporated by reference. The SSCP technique 
consists of amplifying a fragment of the gene of interest by 
PCR; denaturing the fragment and electrophoresing the tWo 
denatured single strands under non-denaturing conditions. 
The single strands assume a complex sequence-dependent 
intrastrand secondary structure that affects the strands elec 
trophoretic mobility. 
[0097] The status of an miR gene in cells of a subject can 
also be evaluated by measuring the copy number of the at least 
one miR gene in the sample, Wherein a gene copy number 
other than tWo for miR genes on somatic chromosomes and 
sex chromosomes in a female, or other than one for miR genes 
on sex chromosomes in a male, is indicative of the presence of 
the cancer in the subject. 
[0098] Any technique suitable for detecting gene copy 
number can be used in the practice of the present method, 
including the Southern blot and PCR ampli?cation tech 
niques described above. An alternative method of determin 
ing the miR gene copy number in a sample of tissue relies on 
the fact that many miR genes or gene clusters are closely 
linked to chromosomal markers or other genes. The loss of a 
copy of an miR gene in an individual Who is heterozygous at 
a marker or gene closely linked to the miR gene can be 
inferred from the loss of heterozygosity in the closely linked 
marker or gene. Methods for determining loss of heterozy 
gosity of chromosomal markers are Within the skill in the art. 

[0099] As discussed above, the human miR genes are 
closely associated With different classes of chromosomal fea 
tures that are themselves associated With cancer. These can 
cers are likely caused, in part, by the perturbation in the 
chromosome or genomic DNA caused by the cancer-associ 
ated chromosomal feature, Which can affect expression of 
oncogenes or tumor-suppressor genes located near the site of 
perturbation. Without Wishing to be bound by any theory, it is 
believed that the perturbations caused by the cancer-associ 
ated chromosomal features also affect the expression level of 
miR genes associated With the feature, and that this also may 
also contribute to cancerigenesis. Therefore, a given cancer 
can be treated by restoring the level of miR gene expression 
associated With that cancer to normal. For example, if the 
level of miR gene expression is doWn-regulated in cancer 
cells of a subject, then the cancer can be treated by raising the 
miR expression level. LikeWise, if the level of miR gene 
expression is up-regulated in cancer cells of a subject, then the 
cancer can be treated by reducing the miR expression level. 
[0100] The cancers associated With different cancer-asso 
ciated chromosomal features, and the miR genes associated 
With these features, are described above and in Tables 5, 6 and 
7 and FIG. 2. In the practice of the present method, expression 
the appropriate miR gene or genes associated With a particu 
lar cancer and/or cancer-associated chromosomal features is 
altered by the compositions and methods described herein. As 
before, speci?c groupings of miR gene(s) that are associated 
With a particular cancer-associated chromosomal feature and/ 
or cancer are evident from Tables 5, 6 and 7 and in FIG. 2, and 


























































































































































































































































































































































