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Transfect 293T cells with both pSSMT-1-Lib and mir-21

|
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Pick up resistant colonies into 24-well plate

R

Isolate genomic DNA and PCR to recover positive sequences

Re-clone into pSSMT-1

g

Test puromycin resistance

zf/y %

Sequencing  Verification by luciferase assay

FIG.5 selection procedure
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FIG. 15A

Table 1 Summary of putative mir-21 targets*

Clone Name Access Number
1 Programmed cell death 4 (PDCD4) NM 014456
2 Maspin NM_002639
3 Cytokeratin 8 (KRT8) NM_002273
4 Transmembrane protein 98 (TMEM98) NM_ 001033504
5 Ribosomal protein L3 (RPL3) NM_000967
6 Fission 1 (mitochondrial outer membrane) NM_016068
7 Guanine nucleotide binding protein (G protein), = NM_006098
beta polypeptide 2-like 1 (GNB2L1)
8 Small nuclear ribonucleoprotein polypeptide A NM_004596
(SNRPA)
9 Ribosomal protein SI1(RPS11) NM_001015
10 Ribosomal protein L18a (RPLI8A) NM_000980
11 Phosphatidylinositol 3,4,5-trisphosphate- NM 020820
dependent RAC exchanger 1 (PREX1)
12 KIAA0841 XM_945890
13 Pyrroline-5-carboxylate reductase 1 (PYCRI1) NM 006907
14 Rogdi homolog (Drosophila) (ROGDI) NM 024589

* these clones revealed at least 30% reduction of luciferase activity by mir-21 compared to

vector control, in addition to resistance to puromycin.

Table 2 Genes for target validation

1.Tumor promoting genes Accession #

HERZ2/neu,
ERa,
k-Ras,
Myeg,
CCND1,
bel-2
Ubc9

2. Tumor suppressors
p27)

RB,

pdcd4

3.Resistance-related genes

DHFR,
bcl-2, CCND1 and Ubc9

NM_004448
NM_000125
NM_033360
NM_002467
NM_053056
NM_000633
NM_003345

NM_004064
NM_000321
NM_014456

NM_000791

3-UTR (bp)

618

4208

4685 FIG. 15B
488

3207

5279

596

1360
1819
1938

2876
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BACKGROUND OF THE INVENTION

The present invention generally relates to an expression
cassette comprising a 3'-UTR cDNA library fragment, mam-
malian cells transfected with the expression cassette, and kits
comprising the same. Furthermore, methods for identifying
target genes for microRNAs are provided that utilize the
expression cassette hereof.

MicroRNAs are a class of naturally-occurring small non-
coding RNAs that control gene expression by translational
repression or mMRNA degradation (1-3). They are abundantly
expressed and could comprise 1-5% of animal genes (4).
Since the discovery of lin-4 and let-7 in Caenorhabditis
elegans (5-7), over six thousand microRNAs have been iden-
tified in a variety of organisms, including plants, flies and
animals through the genomics and bioinformatics effort (8).
Like protein-coding genes, microRNAs are transcribed as
long primary transcripts (pri-microRNAs) in the nucleus.
However, distinct from protein-coding genes, they are subse-
quently cleaved to produce stem loop structured precursor
molecules (pre-microRNAs) of 70-100 nucleotides (nt) in
length by the nuclear RNase III enzyme Drosha (9). The
pre-microRNAs are then exported to the cytoplasm by expor-
tin-5 (10) where the RNase III enzyme Dicer further pro-
cesses them into mature microRNAs (~22 nt). One strand of
the microRNA duplex is subsequently incorporated into the
RNA-induced silencing complex (RISC) that mediates target
gene expression. Although the microRNA pathways leading
to gene silencing are not fully understood yet, evidence indi-
cates that they target mRNAs for translational repression or
mRNA cleavage (11, 12). Since microRNAs are able to
silence gene expression by binding to the 3'-untranslated
region (3'-UTR) of the gene with partial sequence homology,
a single microRNA usually has multiple targets (13). Thus,
microRNAs could regulate a large fraction of protein-coding
genes. Indeed, as high as 30% of all genes could be
microRNA targets (11, 14). In essence, microRNAs can be
considered to be modulators of gene regulators and they can
cooperate with transcription factors. Together, microRNAs
and transcription factors determine gene expression patterns
in the cell (15). Therefore, the discovery of microRNAs adds
anew layer of gene regulation to the complex gene expression
network.

Given the important role of microRNA in regulating cel-
Iular pathways, it has been found that a unique set of microR-
NAs (or microRNA signatures) are often associated with
human cancer. Lu et al. reported a general downregulation of
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a number of microRNAs in tumors compared with normal
tissues in multiple human cancers (16). Of considerable inter-
est, microRNA expression profiles are able to successfully
classify poorly differentiated tumors whereas mRNA profiles
are highly inaccurate for the same samples (16). MicroRNA
signatures have also been reported in other types of cancers,
including chronic lymphocytic leukemia (CLL) (17), lung
cancer (18), pituitary adenomas (19), uterine leiomyomas
(20) and adult acute myeloid leukemia (AML) (21). In lung
cancer, microRNA expression profiles correlate with survival
of lung adenocarcinomas, including those classified as dis-
ease stage I; high miR-155 and low let-7a-2 expression cor-
relates with poor survival (18). Hierarchical clustering analy-
sis of microRNA expression profiles is able to distinguish
tumor from normal pancreas, pancreatitis and cell lines (22).
In pituitary adenomas, 30 microRNAs are differentially
expressed between normal pituitary and pituitary adenomas
and among them, 24 microRNAs can serve as a predictive
signature of pituitary adenoma and 29 microRNAs are able to
predict pituitary adenoma histotype (19). In human uterine
leiomyomas, 31 of 206 microRNAs examined reveal a dis-
tinct microRNA expression profile associated with tumor size
and race (20). More interestingly, a solid cancer microRNA
signature is suggested by a large portion of overexpressed
microRNAs from a large-scale miRnome analysis on 540
samples, including lung, breast, stomach, prostate, colon, and
pancreatic tumors (23). Together, these findings highlight the
potential of microRNA profiling in cancer diagnosis (16).

The fundamental role of microRNAs in regulating cellular
pathways suggests that deregulation of microRNAs affects
normal cell growth and development, leading to a variety of
disorders including neurological diseases (24) and human
cancer (12, 25-28). Specific overexpression or underexpres-
sion has been shown to correlate with particular tumor types
(16, 17, 32-34) because overexpression of a particular set of
microRNAs could result in down-regulation of tumor sup-
pressor genes, whereas their underexpression could lead to
oncogene up-regulation, suggesting that microRNAs may
function as either oncogenes or tumor suppressor genes (29).
Since microRNAs are often located at fragile sites or in
repetitive genomic sequences of chromosomal regions (30),
this may explain why microRNA expression deregulation
occurs frequently in human cancer. For instance, 68% of
investigated patients suffering from B-cell chronic lympho-
cytic leukemia (CLL) have been shown to have a deletion
located at chromosome 13q14 where the miR-15 and miR-16
genes reside and are under-represented in many B-CLL
patients (31).

Apparently, whether a microRNA functions as an onco-
gene or tumor suppressor is largely determined by the target
genes of each particular microRNA. For example, tumor sup-
pressive microRNAs, such as let-7, miR-15 and miR-16, are
ableto suppress expression of oncogenes. let-7 suppresses ras
oncogene and is downregulated in lung cancer (32); miR-15
and miR-16 suppress Bel-2 anti-apoptotic gene, and they are
deleted or downregulated in leukemia (31, 33). In contrast,
oncogenic microRNAs can silence tumor suppressor genes.
miR-17-5p and miR-20a control the balance of cell death and
proliferation driven by the proto-oncogene c-Myc (34) and
miR-17-5p serves as an oncogene in lymphoma and lung
cancer (35, 36). Similarly, a cluster consisting of miR-372
and miR-373 have been shown to function as oncogenes in
testicular germ cell tumors by suppressing the p53 pathway
(37). Moreover, it has been demonstrated by the present
inventors and others that antisense miR-21 oligonucleotide
suppresses tumor cell growth which is associated with
increased apoptosis and decreased cell proliferation (38, 39)
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thereby suggesting that miR-21 is an oncogene. The present
inventors and others subsequently identified the tumor sup-
pressor gene tropomyosin 1 (TPM1) as a direct miR-21 target
gene (40). Furthermore, miR-21 also plays a role in cell
invasion and tumor metastasis, which is likely through regu-
lation of multiple miR-21 target genes, such as TPM1, pro-
grammed cell death 4 (pdcd4) and maspin (41). Of interest,
certain microRNAs may specifically modulate only tumor
metastasis. For example, miR-10b functions as a metastasis
initiation factor and overexpression of miR-10b causes breast
tumor invasion and metastasis, but it has no effect on primary
tumor growth (42). On the other hand, miR-335 suppresses
metastasis and migration through targeting of the progenitor
cell transcription factor SOX4 and extracellular matrix com-
ponent tenascin C (43).

Since microRNAs regulate cellular pathways by suppres-
sion of their specific target genes, identification of microRNA
target genes is critical to the understanding of molecular
mechanisms of microRNA-mediated tumorigenesis. Compu-
tational algorithms have been a major driving force in pre-
dicting microRNA targets (44-46). The approaches are
mainly based on base pairing between microRNA and target
gene 3'-UTR, emphasizing the location of microRNA
complementary elements in 3'-UTR of target mRNAs, the
concentration in the seed sequence (6-8 bp) of continuous
Watson-Crick base pairing in 5' proximal half of the
microRNA and the phylogenetic conservation of the comple-
mentary sequences in 3'-UTRs of orthologous genes. They
provide very useful primary sources in search for microRNA
targets. However, despite the fundamentally similar
approaches used for the published screens for microRNA
targets, predicted targets for a given microRNA often vary
among different methods. Presumably the approaches differ
in certain important details, such as defining phylogenetic
conservation, thermodynamic and statistical factors applied
to score and rank predicted sites. The fact that mature microR-
NAs are short and typically contain several sequence mis-
matches with their target transcripts has complicated compu-
tational target predictions. This might explain why computer-
aided algorithms are still unable to provide a precise picture
of microRNA regulatory networks. In addition, a recent
report indicates that perfect seed pairing is not a generally
reliable predictor for miRNA-target interactions at least in
some cases (47, 48), which further highlights the difficulty of
microRNA target predictions. Thus, they can only serve a
complementary approach and certainly need in vivo experi-
mental validations. Another challenge is that it is not clear
whether a microRNA can target mRNA which does not carry
a putative binding site for this microRNA. If this is the case,
such a target gene may escape from these prediction methods
because all of them are mainly based on sequence homology
between microRNA and mRNA. More recently, there are
reports that microRNAs are able to bind to 5'-UTR or coding
regions and silence or even enhance the corresponding genes.
These findings suggest that microRNAs are not necessarily
restricted to the 3'-UTR to exert their function. However, the
currently prediction methods are mainly based on the
3'-UTR. In other words, some microRNA targets would also
escape from these prediction methods.

Regarding microRNA prediction methods, currently there
is no clear consensus as to which one is most reliable. The
present inventors have compared four commonly cited
microRNA target prediction programs, TargetScand (49),
miRBase Target5 (http://microrna.sanger.ac.uk/targets/v5/),
PicTar (50) and miRanda (http://www.microma.org) (51). In
general, miRBase Target5 and miRanda tend to predict more
targets than TargetScan4 or PicTar does presumably because
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the first two programs do not weigh as much on conservations
among different species as the other two programs. Using
miR-21 as an example, miRBase Target5 and miRanda pre-
dict 1000 and 2501 targets, respectively. On the other hand,
TargetScan4 and PicTar predict 186 and 175 targets, respec-
tively. However, only a small fraction of predicted targets
among these methods overlap thereby suggesting that each
method has its own unique set of parameters. For example,
some of these models have recently been refined to consider
the presence of secondary structures and other features of'the
3'-UTR sequence surrounding the target site, and for the
ability of complementarity at the 3' end of the cognate
miRNA to compensate for imperfect seed matching (49, 52).
Nevertheless, despite these efforts, little is known about the
prediction accuracy of these methods because only a very
limited number of targets have been experimentally vali-
dated. Therefore, there is a need in the art for systematic target
validation methods.

Microarray technology could be one of target validation
approaches because it is capable of determining expression of
potential microRNA targets at the mRNA level (53, 54).
However, given that a large fraction of microRNA target
genes are silenced by the translation repression mechanism,
those microRNA targets may escape from the microarray
detection. Alternatively, microRNAs can be used as endog-
enous cytoplasmic primers to synthesize cDNA on an mRNA
template (55) such that recovered primers would presumably
be functional microRNAs. However, this is technically chal-
lenging because of limited sequence homology between
mRNA and microRNA. In addition, it could be extremely
difficulty to recover those microRNAs that can cause mRNA
degradation. Alternatively, biochemical or proteomic meth-
ods have been used for this purpose (56-61), but they could be
labor intensive.

Currently, in research laboratories a common approach to
validate whether a gene is a direct microRNA target involves
cloning of the 3'-UTR of this gene into a reporter (e.g.,
luciferase), followed by reporter assays. It is further verified
to be suppressed by a given microRNA at the mRNA level
(e.g., real-time RT-PCR) or at the protein level (e.g., Western
blot). Apparently, validation of multiple microRNA targets
with this approach needs a high throughput screening system
because each microRNA will have to be individually tested
against a given UTR sequence, which requires intensive labor
and costly reagents (FIG. 13 right). Therefore, the selection
system described here will save tremendous time and cost
because this method allows selection of positive microRNA/
mRNA interactions (FIG. 13 left).

The genetic selection method of the present invention rep-
resents a unique systematic validation system for microRNA
targets that provides a comprehensive picture of microRNA/
mRNA interactions for a given gene or a given microRNA.
One of the advantages of this system is that it allows for the
determination of microRNA/mRNA interactions whether
mRNA degradation or translation repression is involved or
whether conserved microRNA binding sites are required.
Moreover, this is a simple but powerful selection method that
does not require intensive labor or costly instrument and
reagents and it is suitable for a large number of microRNAs or
target genes.

The following references that are referred throughout this
disclosure are hereby incorporated by reference in their
entirety to the extent permitted by law. These references
merely serve to support the invention and to provide back-
ground and context. Applicant reserves the right to challenge
the veracity of any statements therein made.
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SUMMARY OF THE INVENTION

In one of many illustrative, non-limiting aspects of the
present invention, there is provided an expression cassette
comprising a 3'-UTR ¢DNA library fragment, mammalian
cells transfected with the expression cassette, and kits com-
prising the same. Furthermore, methods for identifying target
genes for microRNAs are provided that utilize the expression
cassette hereof. The following abbreviations and terms are
used throughout the specification and have the following
definitions:
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When introducing elements of the present invention or
embodiments(s) thereof, the articles “a”, “an”, “the” and
“said” are intended to mean that there are one or more of the
elements. The terms “comprising”, “including” and “having”
are intended to be open and inclusive and mean that there may
be additional elements other than the listed elements.

A “bp” is an abbreviation for base pair.

A “ds” is an abbreviation for double-stranded.

A “GFP” is an abbreviation for green fluorescent protein.

An “nt” is an abbreviation for nucleotide.

A “target gene” refers to any gene suitable for regulation of
expression, including both endogenous chromosomal genes
and transgenes, as well as episomal or extrachromosomal
genes, mitochondrial genes, chloroplastic genes, viral genes,
bacterial genes, animal genes, plant genes, protozoal genes
and fungal genes.

A “library” as used herein refers to a collection of nucleic
acid sequences that possesses a common characteristic. For
example, a library of nucleic acids can be representative of all
possible configurations of a nucleic acid sequence over a
defined length. Alternatively, a nucleic acid library may be a
collection of sequences that represents a particular subset of
the possible sequence configurations of a nucleic acid of a
defined length. A library may also represent all or part of the
genetic information of a particular organism. A nucleic acid
“library” is typically, but not necessarily, cloned into a vector.

The term “gene” refers to a nucleic acid (e.g., DNA)
sequence that comprises coding sequences necessary for the
production of a polypeptide or precursor or RNA (e.g., tRNA,
siRNA, rRNA, etc.). The polypeptide can be encoded by a full
length coding sequence or by any portion of the coding
sequence so long as the desired activity or functional proper-
ties (e.g., enzymatic activity, ligand binding, signal transduc-
tion, etc.) of the full-length or fragment are retained. The term
also encompasses the coding region of a structural gene and
the sequences located adjacent to the coding region on both
the 5'and 3' ends, such that the gene corresponds to the length
of'the full-length mRNA. The sequences that are located 5' of
the coding region and which are present on the mRNA are
referred to as 5' untranslated sequences. The sequences that
are located 3' or downstream of the coding region and that are
present on the mRNA are referred to as 3' untranslated
sequences. The term “gene” encompasses both cDNA and
genomic forms of a gene. A genomic form or clone of a gene
contains the coding region, which may be interrupted with
non-coding sequences termed “introns” or “intervening
regions” or “intervening sequences.” Introns are removed or
“spliced out” from the nuclear or primary transcript, and are
therefore absent in the messenger RNA (mRNA) transcript.
The mRNA functions during translation to specify the
sequence or order of amino acids in a nascent polypeptide.

The term “expression vector” refers to both viral and non-
viral vectors comprising a nucleic acid expression cassette.

The term “expression cassette” is used to define a nucle-
otide sequence containing regulatory elements operably
linked to a coding sequence that result in the transcription and
translation of the coding sequence in a cell.

A “mammalian promoter” refers to a transcriptional pro-
moter that functions in a mammalian cell that is derived from
a mammalian cell, or both.

A “mammalian minimal promoter” refers to a ‘core’ DNA
sequence required to properly initiate transcription via RNA
polymerase binding, but which exhibits only token transcrip-
tional activity in the absence of any operably linked transcrip-
tional effector sequences.

The phrase “open reading frame” or “coding sequence”
refers to a nucleotide sequence that encodes a polypeptide or
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protein. The coding region is bounded in eukaryotes, on the 5'
side by the nucleotide triplet “ATG” that encodes the initiator
methionine and on the 3' side by one of the three triplets which
specify stop codons (i.e., TAA, TAG, and TGA).

“Operably linked” is defined to mean that the nucleic acids
are placed in a functional relationship with another nucleic
acid sequence. For example, a promoter or enhancer is oper-
ably linked to a coding sequence if it affects the transcription
of'the sequence; or a ribosome binding site is operably linked
to a coding sequence if it is positioned so as to facilitate
translation. Generally, “operably linked” means that the DNA
sequences being linked are contiguous. However, enhancers
do not have to be contiguous. Linking is accomplished by
ligation at convenient restriction sites. If such sites do not
exist, the synthetic oligonucleotide adaptors or linkers are
used in accord with conventional practice.

“Recombinant” refers to the results of methods, reagents,
and laboratory manipulations in which nucleic acids or other
biological molecules are enzymatically, chemically or bio-
logically cleaved, synthesized, combined, or otherwise
manipulated ex vivo to produce desired products in cells or
other biological systems. The term “recombinant DNA”
refers to a DNA molecule that is comprised of segments of
DNA joined together by means of molecular biology tech-
niques.

“Transfection” is the term used to describe the introduction
of'foreign material such as foreign DNA into eukaryotic cells.
It is used interchangeably with “transformation” and “trans-
duction” although the latter term, in its narrower scope refers
to the process of introducing DNA into cells by viruses, which
act as carriers. Thus, the cells that undergo transfection are
referred to as “transfected,” “transformed” or “transduced”
cells.

The term “plasmid” as used herein, refers to an indepen-
dently replicating piece of DNA. It is typically circular and
double-stranded.

A “reporter gene” refers to any gene the expression of
which can be detected or measured using conventional tech-
niques known to those skilled in the art.

Other objects and features will be in part apparent and in
part pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

In the accompanying drawings that form a part of the
specification and that are to be read in conjunction therewith:

FIG. 1 is a schematic representation of a plasmid pSSMT1
carrying both tTR-KRAB and tetO-Pu in accordance with
one embodiment of the present invention;

FIG. 2 is a schematic representation of the construction of
apSSMT1 library in accordance with one embodiment of the
present invention;

FIG. 3A is a schematic representation of one embodiment
of the selection method of the present invention;

FIG. 3B is a schematic representation of another embodi-
ment of the selection method of the present invention;

FIG. 4 is a schematic representation of primers derived
from known sequences flanking the inserts in accordance
with one embodiment of the present invention;

FIG. 5 is a schematic representation of the selection system
in accordance with one embodiment of the present invention;

FIG. 6A is a schematic representation of validation of
miR-21 target TPM1 by the selection system in accordance
with one embodiment of the present invention;
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FIG. 6B is a schematic representation of validation of
miR-21 target TPM1 by the selection system in accordance
with another embodiment of the present invention;

FIG. 7A is a western blot showing validation of miR-21
target TPM1 by the selection system in accordance with one
embodiment of the present invention;

FIG. 7B is a graphical representation of the western blot of
FIG. 7A,;

FIG. 8A is a representation of a programmed cell death 4
(PDCD4)/miR-21 target in accordance with one embodiment
of the present invention;

FIG. 8B is a representation of a maspin/miR-21 target in
accordance with one embodiment of the present invention;

FIG. 8C is a graphical representation showing that PDCD4
is a direct target for miR-21 in accordance with one embodi-
ment of the present invention;

FIG. 8D is a graphical representation showing that maspin
is a direct target for miR-21 in accordance with one embodi-
ment of the present invention;

FIG. 9A is a graphical representation showing suppression
of Luc-cytokeratin 8 UTR by miR-21 in accordance with one
embodiment of the present invention;

FIG. 9B is a representation of a gel-electrophoresis analy-
sis showing the downregulation of the GFP protein by miR-
21 when the cytokeratin 8 UTR was cloned downstream of
GFP in accordance with one embodiment of the present
invention;

FIG. 10A is an immunostain that demonstrates transfected
MCF-7 cells with locked nucleic acid LNA anti-miR-21 oligo
and then immunostained with anti-PDCD4 antibody;

FIG. 10B is an immunostain that demonstrates non-trans-
fected MCF-7 cells;

FIG. 11A is a western blot showing PDCD4 protein levels
in 8 pairs of matched breast tumor specimens;

FIG.11Bis a graphical representation of a statistical analy-
sis using the Pearson’s method confirming the inverse corre-
lation between PDCD4 protein and miR-21 in the tissue
samples of FIG. 11A with a correlation coefficient of -0.824;

FIG. 12A is an immunohistochemical stain showing a
negative correlation between miR-21 and PDCD4 in matched
breast tumor specimens;

FIG. 12B is an in situ hybridization of the tumor specimens
of FIG. 124,

FIG. 13 A is a schematic representation of one embodiment
of the selection method of the present invention;

FIG.13B is a schematic representation of a prior art screen-
ing method;

FIG. 14A is a schematic representation of constructs in
accordance with one embodiment of the present invention;

FIG. 14B is a graphical representation of the survival rates
ofthe constructs of FIG. 14A in accordance with one embodi-
ment of the present invention;

FIG. 15A is a table summarizing putative mir-21 targets;
and

FIG. 15B is a table providing genes for target validation.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally directed to a genetic
selection system capable of identifying target genes for
microRNAs. In particular, there is provided herein an expres-
sion cassette including at least one repressor, at least one
3'-UTR c¢DNA library fragment operably linked to the repres-
sor, an operator gene corresponding to the repressor which is
operably linked to a constitutive promotor, and an antibiotic
resistance gene operably linked to the constitutive promotor.
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As one skilled in the art will appreciate, the expression
cassette hereof is expressible in and/or transforms any mam-
malian cells suitable for use in the present invention. In cer-
tain embodiments, a mammalian cell can be a mammalian
cell that is isolated from an animal (i.e., a primary cell) or a
mammalian cell line. Methods for cell isolation from animals
are well known in the art. In some embodiments, a primary
cell is isolated from a mouse. In other embodiments, a pri-
mary cell is isolated from a human. In still other embodi-
ments, a mammalian cell line can be used. Exemplary cell
lines include HEK293 (human embryonic kidney), HT1080
(human fibrosarcoma), NTera2D (human embryonic ter-
atoma), HeLLa (human cervical adenocarcinoma), Caco2 (hu-
man colon adenocarcinoma), HepG2 (human liver hepatocel-
Iular carcinoma), Cos-7 (monkey kidney), ES-D3 (mouse
embryonic stem cell), BALBC/3T3 (mouse fibroblast), hES
H1 (human embryonic stem cell), MCF-7 and MDA-MB-231
(human breast cancer). Host cell lines are typically available
from, for example, the American Tissue Culture Collection
(ATCC), any approved Budapest treaty site or other biologi-
cal depository. In still other embodiments, a mammalian
embryonic stem (ES) cell can be used, such as amouse ES cell
mES-D3 or a human ES cell hES H1.

The expression cassette of the present invention may be
contained in a plasmid, shuttle vector, viral vector, or the like,
and the expression cassette or plasmid hereof may include, in
a 5' to 3' direction, at least one repressor, at least one fusion
protein, and combinations thereof. To enable the selection
method of the present invention, the expression cassette
hereof is also configured to be transfected by a microDNA-
expressing vector capable of gene suppression. Suitable
microDNA include, but are not limited to, miR-21, miR-15,
miR-16, miR-17-5p, miR-20a, miR-372, miR-373, miR-335,
miR-10b, miR-30, miR-224, and let-7.

Suitable repressors include, but are not limited to, tetracy-
cline repressors (tetR), Lac I, and combinations thereof.
Alternatively or in combination, a fusion protein may be used.
A fusion protein is derived from a repressor and a repressor
domain of a protein. In an illustrative example, a plasmid
pSSMT-1 was constructed to carry tTR-KRAB which is a
fusion protein derived from tetracycline repressor (tTR)and a
repressor domain of the human Kox1 zinc finger protein (64).
This fusion protein has been shown to tightly control the
target gene expression by binding to the corresponding tetO
(65-67). Moreover, tTR-KRAB is able to effectively silence
gene expression from tetO sequences placed more than 3 kb
from the transcriptional start site (65).

In certain embodiments, the expression cassette of the
present invention may also include a 3'-untranslated region
(3'-UTR) cDNA library or library fragment operably linked to
the repressor, the fusion protein, or a combination thereof. It
will be appreciated by one skilled in the art that any 3'-UTR
c¢DNA library or library fragment suitable for use in the
present invention may be used including tumor-specific UTR
libraries, pathway-specific UTR libraries, and genome-wide
c¢DNA libraries. However, the quality and complexity of the
library is likely a major factor determining how many poten-
tial targets can be selected out. Thus, one way to improve its
selection efficiency would be to use libraries from various
sources because some genes are only expressed under a cer-
tain circumstance or in a different tissue. For example, it is
possible for maspin to be identified only from a normal breast
library but not from the tumor library. Therefore, libraries
suitable for use in the present invention may include, but not
limited to, normal tissue libraries and libraries derived from
breast tumors, lung tumors, stomach tumors, prostate tumors,
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colon tumors, pancreatic tumors, chronic lymphocytic leuke-
mia, pituitary adenomas, uterine leiomyomas, or adult acute
myeloid leukemia.

Moreover, to generate a 3'-UTR library in pSSMT-1, com-
mercially available cDNA libraries may be used that were
made from various tumor specimens or normal tissues or even
cell lines. In particular, those libraries having cDNA inserts
that can be easily released from the vectors by EcoRIand Notl
and which are compatible with the cloning sites in pSSMT-1
are particularly useful. Most libraries are made using the
oligo-dT as a primer during reverse transcription and should
therefore carry the 3'-UTRs. In the illustrative examples dis-
cussed hereinbelow, cDNA libraries from tumor specimens
were the primary UTR sources. However, given that a large
set of genes involved in basic cellular processes can avoid
microRNA regulation due to short 3'-UTRs, microRNA bind-
ing sites could be specifically depleted (71) or altered through
alternative splicing. Furthermore, tumor cells tend to express
different gene patterns than normal tissues. Therefore, it is
also within the scope of the present invention to generate UTR
libraries from normal cDNAs of corresponding tissues.

In an illustrative example, a 3'-UTR library was con-
structed by migrating a breast tumor cDNA library clone
(Invitrogen) into the pSSMT-1 plasmid resulting in pSSMT-
1-Lib (FIG. 2). One skilled in the art will also appreciate that,
the 3'-UTR library hereof does not necessarily need to be a
true 3'-UTR library because some clones carry complete gene
coding sequences and it is believed that that an entire coding
region plus the 3'-UTR carrying a microRNA target binding
site is still able to respond to regulation by the microRNA
(57). Furthermore, a library of this type permits a determina-
tion as to whether any sequences in addition to the 3'-UTR can
be responsible for regulation by the target microRNA.

The expression cassette may also include an operator gene
corresponding to the repressor. As an illustrative example, if
tetracycline repressor (tetR) is being used then the corre-
sponding operator gene, tetracycline operator (tetO) would be
used. Suitable operator genes include, but are not limited to,
tetO, LacO, and combinations thereof.

In certain embodiments, the operator gene may be operably
linked to a promotor. In one embodiment, the transcriptional
effector sequence is a mammalian promoter. In addition, the
transcriptional effector can also include additional promoter
sequences and/or transcriptional regulators, such as enhancer
and silencers or combinations thereof. These transcriptional
effector sequences can include portions known to bind to
cellular components which regulate the transcription of any
operably linked coding sequence. For example, an enhancer
or silencer sequence can include sequences that bind known
cellular components, such as transcriptional regulatory pro-
teins. The transcriptional effector sequence can be selected
from any suitable nucleic acid, such as genomic DNA, plas-
mid DNA, viral DNA, mRNA or cDNA, or any suitable
organism (e.g., a virus, bacterium, yeast, fungus, plant, insect
or mammal). It is within the skill of the art to select appro-
priate transcriptional effector sequences based upon the tran-
scription and/or translation system being utilized. Any indi-
vidual regulatory sequence can be arranged within the
transcriptional effector element in a wild-type arrangement
(as present in the native genomic order), or in an artificial
arrangement. For example, a modified enhancer or promoter
sequence may include repeating units of a regulatory
sequence so that transcriptional activity from the vector is
modified by these changes.

In certain embodiments of the present invention, the pro-
moters are constitutive promoters. Constitutive promoters
can be selected, e.g., from Rous sarcoma virus (RSV) long
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terminal repeat (LTR) promoter, cytomegalovirus immediate
early gene (CMV) promoter, simian virus 40 early (SV40E)
promoter, elongation factor 1 alpha promoter (EF1a), cyto-
plasmic beta-actin promoter, adenovirus major late promoter,
and the phosphoglycerol kinase (PGK) promoter. In one
embodiment, a constitutive promoter is a CMV promoter. In
another embodiment, a constitutive promoter is an SV40E
promoter.

The expression cassette hereof may further include an anti-
biotic-resistant gene which may, in turn, be operably linked to
the promotor. Any antibiotic-resistant gene suitable for use in
the present invention may be used including, but not limited
to, puromycin, hygromycin, neomycin, zeocin, ampicillin,
kanamycin, tetracycline, chloramphenicol, and combinations
thereof.

In certain aspects, the present invention is also directed to
a simple and efficient technique for identification of physi-
ologic targets for microRNA. One of many advantages of this
method is that it allows for identification of those targets that
carry no conserved microRNA binding sites. Finally, this
technique can be easily applied to identify targets for other
microRNAs.

In particular, the genetic selection system of the present
invention includes a method for identifying a protein as a
target for a microRNA. This method includes a first step of
introducing a plasmid into host cells wherein the plasmid
includes an antibiotic-resistant gene under transcriptal regu-
lation of an operator gene and a 3'-UTR cDNA library frag-
ment under transcriptional regulation of a repressor gene
corresponding to the operator gene. Next, a microRNA is
introduced into the host cells which are then grown in the
presence of an antibiotic corresponding to the antibiotic-
resistant gene. The cells containing the microDNA and the
3'-UTR ¢DNA library fragment that are bound to each other
can then express the antibiotic-resistant gene. The protein can
then be identified based on the 3'-UTR ¢DNA fragment from
the host cells that grows in the presence of the antibiotic.

In an illustrative example of the method of the present
invention, the plasmid pSSMT-1 described hereinabove was
constructed to carry tetO-Pu which is an element that codes
for puromycin gene (puromycin-N-acetyl-transferase) under
tet operator (tetO). This antibiotic-resistant gene is able to
confer resistance to puromycin when no repressor (e.g., tetR)
is bound on the tetO site. Thus, for example, when the
pSSMT-1-Lib is introduced into 293T cells (chosen for high
transfection efficiency and a low level of miR-21 expression),
the transfected cells are expected to die in the presence of
puromycin because, like pSSMT-1, the puromycin gene in
pSSMT-1-Lib is repressed by tTR-KRAB (FIG. 3). However,
when a miR-21 expressing vector is co-transfected into these
cells, the cells with a cDNA clone carrying a miR-21 recog-
nition site in pSSMT-1-Lib are expected to survive and form
colonies in the presence of puromycin (FIG. 3). This is
because miR-21 is capable of suppressing expression of tTR-
KRAB by interacting with a potential miR-21 site. In con-
trast, no colony is formed for the vast majority of clones
which do not carry a potential miR-21 recognition site, just
like those of un-transfected cells.

In another embodiment of the method of the present inven-
tion, microRNAs are selected from a pre-microRNA collec-
tion against a specific target gene. One benefit of using a
pre-microRNA collection is that microRNAs may be identi-
fiable even though those microRNAs were not in the pre-
dicted list. For example, the following 12 genes were chosen
for target validation (Table 2) because these genes: (1) play an
important role in tumorigenesis or tumor resistance to che-
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motherapy/hormone therapy; (2) have been previously shown
to be often aberrantly expressed in tumor specimens; and (3)
are likely microRNA targets.

In this embodiment, the pre-microRNA collection is intro-
duced into host cells by infection. After infection, each
pSSMT1-xxx-UTR is introduced into these cells. Selection
may be performed, for example, in the presence of 1.5 ng/ml
puromycin. A slightly higher concentration than normal may
be used to reduce the background from the vector control.
Once survival colonies are visible, they are transferred to
24-well plates and expanded. These cells are then used as a
source for extraction of genomic DNA. PCR is then carried
out using the primers flanking the pre-microRNA to recover
microRNA sequences. Those microRNAs are candidates that
potentially target this specific gene. Thus, for each target
gene, two selections are possible—one for vector control and
another for a pre-microRNA clone.

To confirm that the recovered microRNAs are truly respon-
sible for puromycin resistance in this embodiment of the
selection system, each of the recovered microRNA clones are
individually introduced in order to test against a single
microRNA instead of the pre-microRNA collection. Once
each microRNA clone is verified by puromycin resistance, it
is then determined whether such a microRNA clone is able to
silence the endogenous gene expression by a suitable analysis
technique such as Western blot. It is also determined whether
the microDNA clone it is a direct target for this microRNA or
which region of the 3'-UTR sequence is responsible for
microRNA regulation. Finally, it is determined whether an
antisense oligo against a specific microRNA will have an
opposite effect on the validated targets.

In contrast to target genes that have a small number of
potential microRNAs, a microRNA usually has a large num-
ber of potential targets. Many microRNAs can have over a
thousand of potential targets based on prediction methods. In
order to determine how many of the targets are specifically
regulated by a particular microRNA, a third embodiment of
the method of the present invention is provided wherein the
selection procedure is reversed (i.e., target genes are selected
for against a specific microRNA). In this method, cDNAs
carrying the 3'-UTR are first cloned into a selection plasmid
to generate a 3'-UTR library. It is then determined how many
target genes can be selected out from this 3'-UTR library by
overexpression of a specific microRNA. Using this method
allows for further validation of predicted targets as well as
identification of new microRNA targets.

Moreover, using this method allows for the use of different
types of UTR libraries for selection purposes in accordance
with the methods of the present invention. In a tumor-specific
UTR library, a UTR library specific to certain type of cancer,
such as breast cancer, can be generated. These tumor specific
primers can be cloned into pSSMT1 and used in the selection
against a given microRNA. In a pathway specific UTR
library, 3'UTR sequences are cloned into a lentivector down-
stream of the repressor open reading frame to generate miR-
Select 3'UTR libraries. For example, initial collections may
include 654 human kinase and ~200 phosphatase mRNA
3'UTRs, as the products of these genes are known to play key
roles in cellular signaling, and disruption of these regulatory
networks can lead to cancer.

In a genome-wide cDNA library, the selection plasmid
ideally would carry only 3'-UTR sequences because microR-
NAs are believed to interact specifically with targets at the
3'-UTR. However, there is a technical challenge to separate
the coding region from the 3'-UTR sequence during construc-
tion of a UTR library, i.e., a pool of cDNAs, because there is
no experimental sequence border between the coding region
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and 3'-UTR. Thus, each 3'-UTR sequence must be individu-
ally cloned to construct such a library which could be cum-
bersome. Therefore, using the method of the present inven-
tion, it was theorized that cDNA carrying the3'-UTR plus the
coding region sequence is still able to be efficiently silenced
by microRNAs. For comparison, tTR-KRAB was fused to the
entire p27 coding region plus the 3'-UTR (pSSMT1-p27-
UTR-1), to the part of p27 coding region plus the 3'-UTR
(pSSMT1-p27-UTR-2), and to the 3'-UTR alone (pSSMT1-
p27-UTR-3) (FIG. 14A), respectively. After transfection of
293T cells with these constructs along with miR-221 expres-
sion vector and selection in the presence of puromycin (1.0
ng/ml) for 5 days, remarkable number of viable cells was
recovered for all three constructs (FIG. 14B). In contrast, very
few viable cells were recovered from the vector control.
Importantly, there was no significant difference in cell sur-
vival among three p27-UTR-containing constructs (FIG.
14B). Therefore, these results suggest that it is not necessary
to generate a “pure” 3'-UTR library for microRNA suppres-
sion. In other words, it is feasible to use a 3'-UTR containing
c¢DNA library as source to save time and costs for reagents.
Additional benefits of this UTR containing library including
enabling a determination as to whether microRNAs can inter-
act with coding regions or 5'-UTR to silence gene expression.

To generate a 3'-UTR library in pSSMT-1, commercially
available cDNA libraries may be used. For example, previ-
ously purchased several cDNA libraries made from various
tumor specimens or normal tissues or even cell lines from
Invitrogen may be used. In particular, their libraries can be
made in pSPORT, and cDNA inserts can be easily released
from the vectors by EcoRI and Notl, which are compatible
with the cloning sites in pSSMT-1. Finally, all of the libraries
may be made using the oligo-dT as a primer during reverse
transcription, meaning that they all should carry the 3'-UTRs.
In this embodiment of the present invention, cDNA libraries
from tumor specimens are used as the primary UTR sources.
However, given that a large set of genes involved in basic
cellular processes can avoid microRNA regulation due to
short 3'-UTRs, microRNA binding sites could be specifically
depleted (71) or altered through alternative splicing. Further-
more, tumor cells tend to express different gene patterns than
normal tissues. Therefore, one embodiment of the present
invention also the generation of UTR libraries from normal
c¢DNAs of corresponding tissues. In this embodiment, the
c¢DNA library is first digested with EcoRI and Notl and most
of inserts ranging from 0.5 to 3.0 kb can be isolated after gel
separation. The pooled cDNA fragments can then be ligated
to the EcoRI and Notl-digested pSSMT-1. After transforma-
tion, colonies formed on LB plates can be pooled and plasmid
DNA can be isolated.

In certain embodiments, the present invention also contem-
plates a kit for for identifying a protein as a target for a
microRNA or for selecting microRNAs from a pre-mi-
croRNA collection against a specific target gene. The kit may
include, but is not limited to, an expression cassette compris-
ing at least one repressor, at least one 3'-UTR c¢DNA library
fragment operably linked to the repressor, an operator gene
corresponding to the repressor which is operably linked to a
constitutive promotor, and an antibiotic resistance gene oper-
ably linked to the constitutive promotor.

EXAMPLES

The following non-limiting examples are provided to fur-
ther illustrate the present invention.
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Example 1

Construction of pSSMT-1

Referring now to FIG. 1, a pGL3 control vector (Promega)
was used as a backbone to construct pSSMT-1. pGL3 vector
control was digested with Notl, followed by filling with Kle-
now and self-ligation to eliminate the NotI site. The purpose
of this step was to introduce a new Notl site downstream of
tTR-KRAB to facilitate ligation of cDNA clones from the
breast tumor library (in pPCMV-SPORTS from Invitrogen) at
a later stage. The modified vector was then digested with
Hind3 and Kpnl to remove the 240 bp SV40 promoter and
insert the self-annealed adaptor sequences pGL3-Adaptor-5

(8'-CTTGGGATTTGAATAGGAA CCTGCAGGT) and
pGL3-Adaptor-3 (5'-AGCTA
CCTGCAGGTTCCTATTCAAATC CCAAGGTACQ)

through which a Sbfl site (underlined) was introduced to
accommodate the tTR-KRAB fragment carrying Kpn1 at one
end and Sfb1 on the other end. To introduce the tet operator
element (tetO), tetO was amplified using primers TRE-Bgl2-
52 (AGGCGTATCACGAGGCCCTTTCG
AGATCTAGTTTACCACTCCCTATCAGT, where Bgl2
was underlined) and TRE-Spel-3.1 (TT
ACTAGTGCGGAGGCTGGAT, where Spel was under-
lined) from pTRE (Clontech). This tetO element that ended
with Bgl2 and Spel, along with CMV promoter-Pu (1.2 kb)
derived from pFIV-puro H1 (System Biosciences) which
ended with Spel and Sall was ligated to the modified vector
at BamHI and Sall sites by a three way ligation, resulting in
pGL3 control-tetO-Pu. Thereafter, the PCR-amplified tTR-
KRAB fragment was cloned into Sfbl and Kpnl sites of
pGL3 control-tetO-Pu. During PCR amplification, EcoRI
and Notl sites were introduced. The resultant plasmid was
named pSSMT-1 which stands for selection system for
microRNA targets.

Example 2
Construction of pSSMT-1-Lib

A 3'-UTR library was constructed by migrating a breast
tumor cDNA library clones (Invitrogen) into pSSMT-1,
resulting in pSSMT-1-Lib (FIG. 2). Although this is not a true
3'-UTR library because some clones carry complete gene
coding sequences, a previous study suggests that an entire
coding region plus the 3'-UTR carrying a miR-21 binding site
is able to respond to regulation by miR-21 (Zhu et al, J Biol
Chem 2007; 282:14328-14336). Furthermore, this library
allows for determination of whether any sequences in addi-
tion to the 3'-UTR are responsible for regulation by miR-21.

Referring now to FIG. 2, a commercially available cDNA
library expected to contain fragments to carry protein-coding
sequences, was subcloned into pSSMT-1 to generate pSSMT-
1-Lib. In particular, a breast tumor cDNA library made in
pCMV-SPORTS (Invitrogen) was digested with EcoRI and
Notl. The cDNA library was digested with EcoRI and Notl
and most of the inserts ranging from 0.5 to 3.0 kb were
isolated after gel separation. The pooled cDNA fragments
were then ligated to the EcoRI and Notl-digested pSSMT-1.
After transformation, colonies formed on LB plates were
pooled and plasmid DNA was isolated. After separation in an
agarose gel, fragments ranging from 0.5 to 3 kb were isolated,
purified and finally ligated to pSSMT-1 at EcoRI and Notl,
resulting in pSSMT-1-Lib. Over 40,000 colonies were
obtained through this procedure and the quality of this library
was determined by isolating randomly picked colonies and
restriction digestion. Over 90% of colonies carry an insert
with size ranging from 0.5 kb to 2.5 kb.
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Example 3

Enforced Expression of miR-21

PCR was then used to amplify the pre-miR-21 contained in
DNA fragments from MCF-10A genomic DNA as described
previously (Zhu et al, J Biol Chem 2007; 282:14328-14336),
and the expression of mature miR-21 was confirmed by Tag-
Man real-time PCR.

Example 4
Transfection

Plasmid DNA was introduced into cells by the calcium
phosphate method as described previously (Mo et al., J Biol
Chem 2000; 275:41107-41113). Briefly, cells were seeded in
10 cm dishes 2 h before transfection. The transfection effi-
ciency was monitored by sparking a /1o EGFP vector. In most
cases, the transfection rate was about 75%. One day after
transfection, the cells were split from one to two dishes. Once
cells were attached, puromycin was added at 1.0-1.5 pg/ml.
To suppress miR-21 expression, a locked nucleic acid (LNA)
anti-miR-21 oligo was used. To monitor the localization of
the oligo, it was labeled with FAM, a green fluorescent dye.
The transfection of LNA-anti-miR-21 was carried out using
RNAfectin (Applied Biological Materials, British Columbia,
Calif.) per the manufacturer’s protocol.

When pSSMT-1-Lib is introduced into 293T cells, the
transfected cells are expected to die in the presence of puro-
mycin because like pSSMT-1, the puromycin gene in
pSSMT-1-Lib is repressed by tTR-KRAB (FIG. 3). 293T
cells were chosen because of their high transfection efficiency
and low level of miR-21 expression (not shown). However,
when the miR-21 expressing vector is co-transfected into
these cells, the cells with a cDNA clone carrying a miR-21
recognition site in pSSMT-1-Lib are expected to survive and
form colonies in the presence of puromycin (FIG. 3). This is
because miR-21 is capable of suppressing expression of tTR-
KRAB by interacting with a potential miR-21 site. In con-
trast, no colonies are formed for the vast majority of clones
which do not carry a potential miR-21 recognition site, simi-
larly to un-transfected cells.

Example 5
Selection

After transfection, the cells were grown at 1-1.5 pg/ml
puromycin. New medium with fresh puromycin was changed
every other day. Two weeks later, when colonies were formed,
they were transferred to 24-well plates for further growth. To
determine whether the surviving colonies carried a potential
miR-21 target sequence from the library, genomic DNA was
extracted from these cells and PCR was carried out to amplify
potential sequences using primers Krab-Lib-5.2 (5'-TTCA-
GAGACTGCATTTGAAATC) and Krab-Lib-3.2 (5'-TGC-
CAAGCTACCTGCAGGTTG) derived from known
sequences from the vector (FIG. 4). The PCR products were
re-cloned into pSSMT-1 to determine whether they still con-
ferred resistance to puromycin. At this point, each of the
potential clones was tested individually. The positive clones
were selected and re-tested by luciferase assays by subclon-
ing them into the pGL3-control vector. Finally, the clones,
which tested positive both by puromycin resistance tests and
luciferase assays, were sequenced following the selection
procedure shown in FIG. 5.

Example 6
Suppression

To determine whether any sequence downstream of tTR-
KRAB can suppress tTR-KRAB expression such that it con-
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fers resistance to puromycin, tropomyosin 1 (TPM1) 3'-UTR
which carries a known miR-21 binding site was cloned into
pSSMT-1 (FIG. 6) since it was shown to be functional and
respond to miR-21 regulation (Zhu et al, J Biol Chem 2007,
282:14328-14336). Firstly, a Western blot was performed to
determine whether tTR-KRAB is suppressed by TPM1-UTR.
As shown in FIG. 7A, a 38 kDa band corresponding to tTR-
KRAB fusion protein was detected in cells transfected with
pSSMT-1, but the level of this protein was reduced in the cells
transfected with pSSMT-1-TPM1-UTR, likely due to the
endogenous miR-21. Overexpression of miR-21 further
reduced the level of tTR-KRAB. Consistent with this result, it
was found that the cells transfected with pSSMT-1-TPM1-
UTR plus miR-21 were more resistant to puromycin than
those transfected with pSSMT-1-TPM1-UTR plus vector
control (FIG. 7B). In contrast, the cells transfected with either
pGL3 control-tetO-Pu or pSSMT-1 were very sensitive to
puromycin. Therefore, miR-21 specifically inhibited the pro-
tein level of tTR-KRAB and made cells more resistant to
puromycin, demonstrating the feasibility of this system.

Example 7

Isolation

Through the selection procedures as described in FIG. 5, a
total of 14 putative miR-21 targets were isolated as shown in
Table 1. Two of them were programmed cell death 4 (PDCD4)
and maspin proteins, which have previously been implicated
in tumorigenesis and metastasis (Cmarik et al., Proc Natl
Acad Sci USA 1999; 96:14037-14042) or carcinogenesis
(Lau et al., Cancer Res 2007; 67:2107-2113). Furthermore,
both PDCD4 and maspin carry a predicted miR-21 binding
side (FIG. 8) based on two miRNA target predicting pro-
grams, “program miRBase target” (http://microrna.sanger-
.ac.uk) or Targetscan (http://www.targetscan.org/). The
luciferase reporter carrying the PDCD4 3'-UTR revealed
about 60% reduction of luciferase activity by miR-21 com-
pared to the vector control (FIG. 8); deletion of the putative
miR-21 binding site abolished the effect (data not shown). To
further determine the regulation by miR-21, we cloned the
PDCD4 3'-UTR into a modified GFP vector as described in
Zhu et al, ] Biol Chem 2007; 282:14328-14336. In addition,
we made a similar finding for maspin (FIGS. 8 C and D).

On the other hand, although cytokeratin 8 caries no con-
served miR-21 binding site, a two-dimensional in gel differ-
entiation (2-DIGE) analysis indicated that this gene was
upregulated by anti-miR-21 oligonucleotide (not shown),
also suggesting cytokeratin 8 as a miR-21 target. Thus, the
3'-UTR of cytokeratin 8 was cloned into the pGL3 control
vector. The luciferase activity from Luc-cytokeratin 8 UTR
was specifically suppressed by miR-21 (FIG. 9A). Similarly,
downregulation of the GFP protein by miR-21 was detected
when this cytokeratin 8 UTR was cloned downstream of GFP
(FIG. 9B).

To better characterize the effect of miR-21 on PDCD4
expression, MCF-7 cells were transtected with locked nucleic
acid LNA anti-miR-21 oligo and then immunostained with
anti-PDCD4 antibody. Since the anti-miR-21 was labeled
with FAM, it was easy to detect the transfection. As expected,
anti-miR-21 was predominantly localized to stress bodies
(puncture like structures) (FIG. 10B). In addition, the trans-
fected cells expressed higher levels of PDCD4 than the un-
transfected ones (FIG. 10B). In contrast, scrambled oligos did
have not any effect on PDCD4 expression (FIG. 10A).

Example 8
Western Blot

To determine the clinical significance of miR-21 target
genes, PDCD4 protein levels in 8 pairs of matched breast
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tumor specimens were examined by Western blotting. As
expected, lower levels of PDCD4 were detected in tumors in
all cases (FIG. 11A). To determine whether there is any cor-
relation between PDCD4 and miR-21, miR-21 expression
was also measured in these samples by TagMan real-time
PCR. The findings indicated that all tumors revealed higher
levels of miR-21 expression. Statistical analysis using the
Pearson’s method confirmed the inverse correlation between
PDCD4 protein and miR-21 in these tissue samples, with a
correlation coefficient of -0.824 (FIG. 11B). Protein was
extracted as described previously (Zhu et al, J Biol Chem
2007; 282:14328-14336) and the concentration was deter-
mined by Protein assays kit (Bio-Rad). Protein separation and
immunoblot were carried out according to standard methods.

Example 9

Immunofluoresence Microscopy

Finally, this inverse relationship was examined at the cel-
Iular levels by immounohsitochemistry (IHC) and in situ
hybridization (ISH). As shown in FIG. 12, both PDCD4 and
maspin were highly expressed in normal breast tissue (N), but
lowly expressed in tumor tissue (T). In contrast, miR-21 level
was low in normal tissue, but high in breast tumor tissues.

Together, these results suggest that PDCD4, maspin and
cytokeratin 8 are physiologic targets for miR-21, demonstrat-
ing the feasibility of this selection system for miRNA targets.
Given the importance of miR-21 in cancer, identification of
these targets provides new insight into molecular mecha-
nisms of miR-21-mediated gene expression and tumorigen-
esis. Thus, as an oncogenic microRNA, miR-21 may exert its
function through suppression of tumor suppressor genes like
PDCD4 or maspin and special cytoskeletal proteins like
cytokeratin 8, in addition to the previously identified TPM1
(Zhu et al, J Biol Chem 2007; 282:14328-14336).

Immunofluoresence staining was used to determine PDCD
expression in anti-miR-21 transfected cells as previously
described (Wu et al., Mol Cancer Ther 2007; 6:1823-1830).
Briefly, MCF-7 were transfected with scrambled and were
fixed with 3% paraformaldehyde. Primary antibody against
PDCD (Rockland) was used to detect the PDCD signal, fol-
lowed by a secondary antibody conjugated with Alexa Fluor
560.

Paraffin-embedded tissue was pretreated at 65° C. for 2 h,
followed by deparaffinization using standard procedures.
Antigen retrieval was carried out in antigen retrieval solution
(10 mM Tris, 1 mM EDTA, pH9.0) before applying the pri-
mary Ubc9 antibody. Thereafter, the slides were incubated for
2 h at room temperature followed by extensive washes with
PBST and further incubated for 1 h at room temperature with
the secondary antibody conjugated with horse radish peroxi-
dase (HRP). HRP activity was detected using Histostain Plus
kit (Invitrogen) according to the manufacturer’s instruction.
Finally, sections were counterstained with hematoxylin and
mounted.

Having described the invention in detail, those skilled in
the art will appreciate that modifications may be made of the
invention without departing from the spirit and scope thereof.
Therefore, it is not intended that the scope of the invention be
limited to the specific embodiments described. Rather, it is
intended that the appended claims and their equivalents deter-
mine the scope of the invention.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10

<210> SEQ ID NO 1

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 1

cttgggattt gaataggaac ctgcaggt

<210> SEQ ID NO 2

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 2

agctacctge aggttectat tcaaatccca aggtac

<210> SEQ ID NO 3

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 3

aggcgtatca cgaggecctt tcgagatcta gtttaccact ccectatcagt

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 4

ttactagtgce ggaggctgga t

<210> SEQ ID NO 5

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 5

ttcagagact gcatttgaaa tc

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 6
tgccaagcta cctgcaggtt g
<210> SEQ ID NO 7
<211> LENGTH: 17

<212> TYPE: RNA
<213> ORGANISM: Artificial

28

36
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: synthetic sequence
<400> SEQUENCE: 7

uagcuuauca gacugau

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 8

agtggaatat tctaataage ta

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 9

LENGTH: 22

TYPE: RNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 9

uagcuuauca gacugauguu ga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 10

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic sequence

<400> SEQUENCE: 10

gtaaagttgg ttggataagc ta

17
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We claim:

1. A nucleic acid expression cassette expressible in mam-
malian cells, wherein the expression cassette comprises the
following elements in a 5' to 3' direction: a) a promoter; b) a
repressor operably linked to the promoter; ¢)a 3'-UTR cDNA
library fragment including mRNA of the 3'-UTR cDNA
library sequence operably linked to the repressor; d) an opera-
tor gene corresponding to the repressor, which is operably
linked to a constitutive promoter, and e) an antibiotic-resis-
tant element operably linked to the constitutive promoter,
wherein the mRNA encoding the repressor comprises a
fusion mRNA that also includes the mRNA of the 3'-UTR
c¢DNA library fragment.

2. The expression cassette of claim 1, wherein the repressor
is selected from the group consisting of tetracycline repressor
(tetR), Lacl, and combinations thereof.

3. The expression cassette of claim 2, wherein the repressor
is tetR.

4. The expression cassette of claim 1, wherein the 3'-UTR
c¢DNA library is selected from the group consisting of breast
tumor cDNA libraries, normal ¢cDNA libraries, other tumor
c¢DNA libraries, and combinations thereof.

5. The expression cassette of claim 1, wherein the antibi-
otic-resistant element is selected from the group consisting of
puromycin, hygromycin, neomycin, zeocin, ampicillin, kana-
mycin, tetracycline, chloramphenicol, and combinations
thereof.

6. The expression cassette of claim 1, wherein the consti-
tutive promoter is selected from the group consisting of ret-
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roviral Rous sarcoma virus (RSV) long terminal repeat (LTR)
promoter, cytomegalovirus immediate early gene (CMV)
promoter, elongation factor 1 alpha promoter (EF1a), simian
virus early (SV40) promoter, cytoplasmic beta-actin pro-
moter, adenovirus major late promoter, and phosphoglycerol
kinase (PGK) promoter.

7. The expression cassette of claim 6, wherein the consti-
tutive promoter is CMV promoter.

8. The expression cassette of claim 1, wherein the expres-
sion cassette is contained in a plasmid, shuttle vector, or viral
vector.

9. A nucleic acid expression cassette expressible in mam-
malian cells, wherein the expression cassette comprises the
following elements in a 5' to 3' direction: a) a promoter; b) a
fusion gene of tetracycline repressor and Krab gene operably
linked to the promoter; ¢) a 3'-UTR c¢DNA library fragment
including mRNA of the 3'-UTR c¢DNA library sequence oper-
ably linked to the fusion gene; d) a tetracycline operator gene
operably linked to a constitutive promoter, and e) an antibi-
otic-resistant element operably linked to the constitutive pro-
moter, wherein the mRNA encoding the repressor comprises
a fusion mRNA that also includes the mRNA of the 3'-UTR
c¢DNA library fragment.

10. The expression cassette of claim 9, wherein the 3'-UTR
c¢DNA library is selected from the group consisting of breast
tumor cDNA libraries, normal cDNA libraries, other tumor
c¢DNA libraries, and combinations thereof.

11. The expression cassette of claim 9, wherein the antibi-
otic-resistant element is selected from the group consisting of
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puromycin, hygromycin, neomycin, zeocin, ampicillin, kana-
mycin, tetracycline, chloramphenicol, and combinations
thereof.

12. The expression cassette of claim 9, wherein the consti-
tutive promoter is selected from the group consisting of ret-
roviral Rous sarcoma virus (RSV) long terminal repeat (LTR)
promoter, cytomegalovirus immediate early gene (CMV)
promoter, simian virus early (SV40) promoter, cytoplasmic
beta-actin promoter, adenovirus major late promoter, and
phosphoglycerol kinase (PGK) promoter.

13. The expression cassette of claim 12, wherein the con-
stitutive promoter is CMV promoter.

14. A mammalian cell that is transformed with the expres-
sion cassette of claim 1.

15. The mammalian cell of claim 14, wherein the mamma-
lian cell is selected from the group consisting of HEK293,
HT1080, NTERA-2D, Hela, Caco2, HepG2, BALBC/3T3,
MCF-7 and MDA-MB-231, and Cos-7.

16. A method for identifying a protein as a target for a
microRNA, the method comprising: a) introducing into host
cells a plasmid comprising a promoter, an antibiotic-resistant
element under transcriptional regulation of an operator gene
and a 3'-UTR c¢DNA library fragment including mRNA of'the
3'-UTR cDNA library sequence under transcriptional regula-
tion of a repressor corresponding to the operator gene; b)
introducing into the host cells the microRNA; ¢) growing the
host cells in the presence of the antibiotic, wherein the cells
which contain the microRNA and the 3'-UTR cDNA library
fragment that bind to each other can express the antibiotic-
resistant element; d) identifying the protein based on the
3-UTR c¢DNA fragment from the host cells that can grow in
the presence of the antibiotic, wherein the mRNA encoding
the repressor comprises a fusion mRNA that also includes the
mRNA of the 3'-UTR cDNA library fragment.

17. The method of claim 16, wherein the repressor is
selected from the group consisting of tetracycline repressor
(tetR) gene, Lacl, and combinations thereof.

18. The method of claim 17, wherein the repressor is tet-
racycline repressor (tetR) gene.

19. The method of claim 16, wherein the microRNA is
selected from the group consisting of miR-21, miR-15, miR-
16, let-7, miR-17-5p, miR-20a, miR-372, miR-373, miR-
335, miR-105, miR-30, and miR-224.

20. The method of claim 19, wherein the microRNA is
selected from the group consisting of miR-21, miR-15, miR-
16, let-7, miR-17-5p, miR-20a, miR-372, miR-373, miR-
335, miR-105, miR-30, and miR-224.

21. The method of claim 16, wherein the host cells are
selected from HEK 293, HT1080, NTERA-2D, HelLa, Caco2,
HepG2, BALBC/3T3, MCF-7 and MDA-MB-231, and Cos-
7.

22. The method of claim 16, wherein the 3'-UTR ¢cDNA
library is selected from the group consisting of breast tumor
cDNA libraries, normal cDNA libraries, other tumor cDNA
libraries, and combinations thereof.

23. The method of claim 16, wherein the antibiotic-resis-
tant element is an element that codes for genes selected from
the group consisting of puromycin, hygromycin, neomycin,
zeocin, ampicillin, kanamycin, tetracycline, and chloram-
phenicol.
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24. The method of claim 16, wherein the step of identifying
the protein is selected from the group consisting of PCR,
Western blotting, immunohistochemistry and immunofiuo-
rescence microscopy.

25. A method for identifying a protein as a target for a
microRNA, the method comprising: a) introducing into host
cells a plasmid comprising a promoter, an antibiotic-resistant
element under transcriptional regulation of tetracycline
operator (tetO) gene and a 3'-UTR ¢DNA library fragment
including mRNA of the 3'-UTR c¢DNA library sequence
under transcriptional regulation of tetracycline repressor
(tetR) gene; b) introducing into the host cells the microRNA;
¢) growing the host cells in the presence of the antibiotic,
wherein the cells which contain the microRNA and the
3'-UTR cDNA library fragment that bind to each other can
express the antibiotic-resistant element; d) identifying the
protein based on the 3-UTR ¢DNA fragment from the host
cells that can grow in the presence of the antibiotic, wherein
the mRNA encoding the repressor comprises a fusion mRNA
that also includes the mRNA of the 3'-UTR c¢DNA library
fragment.

26. The method of claim 25, wherein the microRNA is
selected from the group consisting of miR-21, miR-15, miR-
16, let-7, miR-17-5p, miR-20a, miR-372, miR-373, miR-
335, miR-105, miR-30, and miR-224.

27. The method of claim 26, wherein the microRNA is
selected from the group consisting of miR-21, miR-15, miR-
16, let-7, miR-17-5p, miR-20a, miR-372, miR-373, miR-
335, miR-105, miR-30, and miR-224.

28. The method of claim 25, wherein the host cells are
selected from HEK 293, HT1080, NTERA-2D, HelLa, Caco2,
HepG2, BALBC/3T3, MCF-7 and MDA-MB-231, and Cos-
7.

29. The method of claim 25, wherein the 3'-UTR ¢cDNA
library is selected from the group consisting of breast tumor
cDNA libraries, normal cDNA libraries, other tumor cDNA
libraries, and combinations thereof.

30. The method of claim 25, wherein the antibiotic-resis-
tant element is an element that codes for a gene selected from
the group consisting of puromycin, hygromycin, neomycin,
zeocin, ampicillin, kanamyecin, tetracycline, and chloram-
phenicol.

31. The method of claim 25, wherein the step of identifying
the protein is selected from the group consisting of PCR,
Western blotting, immunohistochemistry, and immunofluo-
rescence microscopy.

32. A kit comprising the expression cassette of claim 1.

33. The kit of claim 32, wherein the repressor is tetR.

34. The kit of claim 32, wherein the 3'-UTR c¢DNA library
is selected from the group consisting of breast tumor cDNA
libraries, normal cDNA libraries, other tumor cDNA librar-
ies, and combinations thereof.

35. The kit of claim 32, wherein the antibiotic-resistant
element is selected from the group consisting of puromycin,
hygromycin, neomycin, zeocin, ampicillin, kanamycin, tet-
racycline, and chloramphenicol.
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