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METHODS AND COMPOSITIONS FOR THE REGULATION OF MICRORNA
PROCESSING

FIELD OF THE INVENTION
The present invention relates to the field of molecular biology and the regulation of

gene expression, in particular, the regulation of microRNA processing.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with United States Government support under grant
number GM070674 awarded by the National Institutes of Health. The United States

government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Diverse forms of double stranded RNA can act as triggers of RNA interference
(RNAI1) or related homology dependent gene silencing pathways (Chapman & Carrington
(2007) Nat Rev Genet 8:884-896). Among these triggers are microRNAs (miRNAs),
noncoding polynucleotides of about 19 to about 25 nucleotides in length that are processed
from primary transcripts encoded by endogenous genes. miRNAs are encoded in the
genomes of most metazoans and function in a post-transcriptional layer of gene regulation
through miRNA-directed degradation or translational inhibition of target mRNAs (see
Bartel (2004) Cell 116:281-297 for a review).

The founding miRNA, /in-4, was discovered in C. elegans as a mutant that
displayed heterochronic, or developmental timing defects (Lee, Feinbaum & Ambros
(1993) Cell 75:843-854; Wightman, Ha & Ruvkun (1993) Cell 75:855-862). The activity
of this small RNA is mediated largely through repression of two well established target
mRNAs, lin-14 and [in-28 (Ambros (1989) Cell 57:49-57). A second miRNA, let-7, was
later identified as a heterochronic mutant (Reinhart ez al. (2000) Nature 403:901-906).
Surprisingly, this miRNA has complete nucleotide conservation from C. elegans to
humans, suggesting an ancient biological role (Pasquinelli e al. (2000) Nature 408:86-
89). More recently, thousands of miRNAs have been identified across many phyla.
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Computational predictions suggest that each miRNA has tens to hundreds of targets,
underscoring their immense potential for controlling gene expression (Bartel (2004) Cell

116:281-297).

BRIEF SUMMARY OF THE INVENTION

The present invention provides isolated polynucleotides and expression cassettes
comprising the same that promote the processing of at least one of regulated primary
microRNA transcripts by Drosha and regulated precursor microRNAs by Dicer when
troduced into or expressed in a cell. These isolated polynucleotides can be introduced
into a cell as a method for differentiating a cell or inhibiting the growth of a cell. Further
provided herein are methods for inhibiting the activity of a Lin-28-like polypeptide
comprising contacting a cell with a compound that reduces the Lin-28-like polypeptide-
mediated inhibition of at least one of regulated primary microRNA transcript processing
by Drosha and regulated precursor microRNA processing by Dicer. The presently
disclosed subject matter also provides methods for treating a cancer comprising
administering to a subject in need thereof an effective amount of a compound that inhibits
the activity of a Lin-28-like polypeptide. In addition, isolated polynucleotides comprising
or encoding a stem-loop structure are provided herein, wherein the loop sequence is from a
regulated primary microRNA transcript or a regulated precursor microRNA or an active
variant or fragment thercof, and wherein the stem of the stem-loop structure comprises a
miRNA. Such polynucleotides are useful for the treatment of diseases such as cancer and
for the selective suppression of target polynucleotides in a population of cells, which in
some embodiments can lead to the enrichment of a subpopulation of cells, such as stem

cells.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A shows an autoradiograph, the quantitation of which is depicted in Figure
1B, demonstrating that embryonic cells contain a Drosha inhibitor that regulates Let-7
processing. Radiolabeled primary miRNA (pri-miRNA) substrates corresponding to Let-
7¢ and miR-17 were incubated in P19 or Hela nuclear extracts, as indicated. Drosha
protein, or mock, was immunoprecipitated with a polyclonal antibody. Immobilized
protein was incubated with Let-7g and miR-17 primar miRNA (pri-miRNA) substrates, as
indicated. Drosha endonuclease products were resolved on a denaturing polyacrylamide

gel. The production of Let-7g and miR-17 precursors is indicated by arrows. A labeled

0.
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RNA oligonucleotide ladder is shown for size reference. In Figure 1B, the ratio of Let-7¢g
product to miR-17 product was quantitated using ImageQuant software and is plotted as a
bar graph.

Figure 2 presents a sequence alignment of Let-7 family members. The mature
miRNA sequence, complementary stem strand (not exactly the star strand), and loop
region are indicated. Gray boxes indicate regions of homology. Arrows indicate
nucleotides that were mutagenized. Sequence changes are indicated below the alignment.
mmu: Mus musculus; gga: Gallus gallus; bta: Bos taurus; xtr: Xenopus tropicalis; cel:
Caenorhabditis elegans.

Figure 3 provides an autoradiograph indicating Drosha processing products. Wild
type or mutant pri-Let-7g substrates were combined with the pri-miR-17 substrate and
incubated in a P19 nuclear extract. Drosha products were resolved and are indicated.

Figure 4 provides an autoradiograph indicating Drosha processing products. Pri-
miRNA substrates for Let-7g and miR-17 were combined and incubated in P19 nuclear
extracts. Competitor RNA transcripts corresponding to the loop plus 12 nucleotides of
cach stem, or competitor 2°-O methyl oligonucleotides, were included at 10, 50, and 250
nM final concentration. In one case, the oligonucleotide had a 3’ biotin moiety. The left
lane had no competitor. Drosha products were resolved on a denaturing polyacrylamide
gel. Precursor products are indicated by arrows.

Figure 5 shows a Coomassie blue-stained polyacrylamide gel that has resolved
proteins that have been captured with a capture probe comprising the Let-7d loop region.
Oligonucleotide capture probes corresponding to the Let-7d loop or a random (control)
sequence, fully 2°-O-methyl modified and 3’ biotin linked, were bound to streptavidin
agarose. Proteins were captured from P19 nuclear extracts, were resolved on a 4-20%
polyacrylamide gel, and stained with Coomassie blue. Proteins were isolated and
identified by MALDI-TOF fingerprinting.

Figure 6 presents an autoradiograph, wherein increasing concentrations of a cold
Let-7g competitor oligonucleotide inhibited the interaction of Let-7d with Lin-28.
Radiolabeled RNA probes corresponding to the Let-7d stem-loop or miR-20a stem-loop
were incubated with P19 nuclear extracts. Non-labeled Let-7d loop oligonucleotide
competitors were included as indicated. Proteins were crosslinked to probes with UV
light. Lin-28 was immunoprecipitated from crosslink reactions with a polyclonal
antibody. Total extract (IP input) and immunoprecipitates were resolved, as indicated, on

a polyacrylamide gel.
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Figure 7 presents a heatmap from a microarray study, along with hierarchical
clustering of microRNAs whose expression was reduced upon ectopic Lin-28 or Lin-28B
expression. NIH-3T3 cells were transduced with MSCV retroviral constructs that drive
expression of Lin-28 or Lin-28B or control, as indicated. Steady state miRNA expression
levels were quantitated using a custom microarray platform 10 days post-infection.
Normalized measurements were hierarchically clustered and are plotted as a heat map.
Light gray indicates high expression and dark gray low expression, relative to the mean.
Let-7 family members are underlined.

Figure 8 provides steady state miRNA expression levels from NIH-3T3 cells (from
Figure 7) expressing Lin-28, Lin-28B, or control. The miRNA expression levels were
quantitated by real time RT-PCR. U6 snRNA was used as the reference. Expression of
pri-Let-7g was also quantitated by real time RT-PCR. B2-microglobulin was used as the
reference.

Figure 9 presents steady state miRNA expression levels from P19 cells transfected
with siRNAs targeting Lin-28. Two effective siRNAs were used alone or in combination.
Five days post-transfection, mature miRNA levels were measured by real time RT-PCR.
U6 was used as a reference. Expression of pri-Let-7g was also quantitated by real time
RT-PCR. B2-microglobulin was used as the reference.

Figure 10 presents an autoradiograph demonstrating that purified recombinant Lin-
28 inhibits Let-7g processing. Pri-miRNA substrates for Let-7g and miR-17 were
combined and incubated in Hela nuclear extracts. Purified, recombinant NF-45 (control)
or Lin-28 were included at 1, 10, and 100 ng/ul final concentration. Drosha products were
resolved on a denaturing polyacrylamide gel. Precursor products are indicated by arrows.
Recombinant protein was produced in E. coli.

Figure 11 presents an autoradiograph demonstrating that purified recombinant Lin-
28 inhibits Let-7g processing when endogenous Lin-28 has been immunodepleted from
extracts. Polyclonal Lin-28 antibody, or mock, was bound to protein A sepharose. P19
nuclear extracts were incubated with immobilized antibody. Resultant immunodepleted
extracts were incubated with pri-miRNA substrates for Let-7g and miR-17. In right lanes,
recombinant Lin-28 was added back to immunodepleted reactions at 100 ng/pl final
concentration. Drosha products were resolved on a denaturing polyacrylamide gel.
Precursor products are indicated by arrows. Recombinant protein was produced in HEK-

293 cells.
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Figure 12 presents data depicting Drosha processing of Let-7g and miR-17 in
differentiated P19 extracts. P19 cells were differentiated in retinoic acid for 10 days.
Nuclear extracts were made from differentiated and undifferentitiated P19 cells.
Radiolabeled pri-miRNA substrates corresponding to Let-7g and miR-17 were incubated
in nuclear extracts, as indicated. Drosha products were resolved on a denaturing
polyacrylamide gel. The production of Let-7g and miR-17 precursors is indicated by
arrows.

Figure 13 provides verification of Drosha products. Hela nuclear extracts were
incubated with labeled pri-Let-7g and pri-miR-17 (left panel) or unlabeled pri-Let-7g and
pri-miR-17 (center and right panels, respectively). Drosha products were resolved on a
denaturing polyacrylamide gel. Reaction products were visualized by direct
autoradiography (left panel) or by northern blot analysis (center and right panel).
Northern blot probes consisted of locked nucleic acid oligonucleotides complementary to
the mature region of the indicated miRNAs.

Figure 14 presents an autoradiograph demonstrating that the SD2 mutant partially
releases the Drosha block. Wild type or mutant SD2 pri-Let-7g substrates were combined
with the pri-miR-17 substrate and incubated in a P19 or Hela nuclear extract, as indicated.
Drosha products were resolved and are indicated. The ratio of Let-7g product to miR-17
product was quantitated using ImageQuant software. SD2 led to a 2.2 fold increase in
relative Let-7g processing.

Figure 15 depicts a crosslinking analysis using non-specific control competitors.
Radiolabeled RNA probes corresponding to the Let-7d stem-loop were incubated with P19
nuclear extracts. Non-labeled Let-7d loop oligonucleotide competitors, or non-specific
oligonucleotide competitors were included as indicated. Proteins were crosslinked to
probes with UV light. Lin-28 was immunoprecipitated from crosslink reactions with a
polyclonal antibody. Immunoprecipitates were resolved on a polyacrylamide gel.

Figure 16 provides a Coomassie blue-stained polyacrylamide gel demonstrating
purified NF-45 and Lin-28 recombinant proteins. NF-45 and Lin-28 were expressed in E.
coli and purified by metal ion affinity chromatography. Proteins were resolved on a
polyacrylamide gel and stained with Coomassie blue. Lin-28 appears as multiple bands
for unknown reasons. This is also observed with endogenous protein in mouse embryonic
cells.

Figure 17 depicts an immunoblot demonstrating the level of Lin-28 and actin

(control) proteins in the presence of GAPDH (control) or Lin-28-targeted siRNAs.

-5-
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Multiple siRNAs against Lin-28 were designed and transfected into P19 cells alone, or in
combination. Knockdown is represented by western blotting with a polyclonal Lin-28
antibody.

Figure 18 shows the expression level of ectopically expressed Lin-28 protein. Lin-
28 was ectopically expressed in NIH-3T3 cells by retroviral transduction. Expression
level was quantitated by western blotting using a polyclonal Lin-28 antibody. P19 whole
cell extract is shown for reference.

Figure 19 shows an autoradiograph demonstrating that Lin-28 blocks Dicer-
mediated processing of precursor miRNAs. RNA oligonucleotides comprising a PLK-1
miRNA sequence and a Let-7a2 loop sequence are not efficiently converted to miRNA
duplexes in the presence of recombinant Lin-28 (left gel). A control RNA oligonucleotide
comprising the identical PLK-1 miRNA but with an artificial loop sequence is converted
to a miRNA duplex in the presence of identical concentrations of Lin-28 (right gel).

Figure 20 provides an alignment between the microRNA loop sequences of Homo
sapiens let-7a-3 (SEQ ID NO: 5), let-7f-1 (SEQ ID NO: 3), let-7b (SEQ ID NO: 11), let-
7f-2 (SEQ ID NO: 7), let-7a-1 (SEQ ID NO: 9), let-7a-2 (SEQ ID NO: 2), let-7c (SEQ ID
NO: 4), let-7¢ (SEQ ID NO: 10), let-7d (SEQ ID NO: 1), let-7i (SEQ ID NO: 6), and let-
7¢ (SEQ ID NO: 8); Mus musculus let-7g (SEQ ID NO: 8) and let-7i (SEQ ID NO: 6);
Gallus gallus let-7g (SEQ ID NO: 8) and let-7i (SEQ ID NO: 6), and Xenopus tropicalis
let-71 (SEQ ID NO: 6). Also provided is the consensus sequence of these sequences,
which is set forth in SEQ ID NO: 102. hsa: Homo sapiens; mmu: Mus musculus; gga:

Gallus gallus; xtr: Xenopus tropicalis.

DETAILED DESCRIPTION OF THE INVENTION

L General Overview

The presently disclosed subject matter relates to microRNA biogenesis.
Specifically, the methods and compositions provided herein are useful in promoting the
biogenesis of particular microRNAs whose processing into mature microRNAs is
regulated at a certain step within the biogenesis pathway or to selectively suppress a target
polynucleotide with a polynucleotide comprising or encoding a stem-loop structure having
a microRNA and a loop sequence that is recognized by an inhibitor of microRNA
processing.

As used herein, the terms “microRNA,” “miRNA,” “mature microRNA,” and

“mature miRNA” refer to a non-coding single-stranded RNA molecule that is about 19 to

-6 -
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about 25 nucleotides in length (including about 19, about 20, about 21, about 22, about 23,
about 24, and about 25 nucleotides) that effectively reduces the expression level of target
polynucleotides and polypeptides encoded thereby through the RNA interference pathway
(i.e., through association with the RISC and subsequent degradation of target mRNA or
translational inhibition). The term “microRNA” refers to both endogenous miRNAs that
have been found in any organism (e.g., plants, animals) and artificial miRNAs that include
single-stranded RNA molecules with sequences of about 19-25 nucleotides in length other
than those found in endogenous miRNAs, that effectively reduce the expression of target
polynucleotides through RNA interference. While artificial miRNAs have a sequence that
is different from endogenous miRNAs, artificial miRNAs may exhibit sequence similarity
to an endogenous miRNA and effectively mimic the endogenous miRNA. In some
embodiments, the artificial miRNA has at lcast 40%, at least 45%, at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or greater
sequence similarity to an endogenous miRNA. A microRNA may be generated from
various precursors, including but not limited to, an endogenous primary microRNA
transcript (pri-miRNA), a hairpin RNA comprising a miRNA that has been introduced into
a cell (including shRNA molecules), or a transcript comprising a microRNA that has been
encoded by plasmid DNA that has been introduced into a cell.

An entity such as a gene or an expression product thereof, is considered
“endogenous” to a cell if it is naturally present within the cell in the absence of
modification of the cell, or an ancestor of the cell, by the hand of man. It will be
appreciated that the amount of an endogenous miRNA present within a cell can be
increased above its naturally occurring level by introducing a polynucleotide comprising

or encoding an endogenous miRNA sequence.

A. MicroRNA Biogenesis

Endogenous miRNAs are generated through a series of steps beginning with the
transcription of a primary miRNA transcript (pri-miRNA) that is encoded by a microRNA
gene. MicroRNA genes can be found throughout the genome, including within coding
regions for polypeptides (see Kim (2005) Nat Rev Mol Cell Biol 6:376-385 for review on
microRNA biogenesis). The pri-miRNA transcript is a single-stranded RNA molecule
that can be recognized and cleaved by Drosha and that comprises at least one stem-loop

structure with a microRNA sequence incorporated therein. Endogenous pri-miRNA

-7-
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transcripts are typically thousands of nucleotides long and are often capped, spliced, and
poly-adenylated. Under some circumstances, the primary microRNA transcript can be
found within the introns of a messenger RNA (mRNA) that encodes a polypeptide. In
these instances, the primary microRNA transcript is spliced out of the mRNA through
splicing mechanisms prior to processing of the resultant primary microRNA transcript by
Drosha (as described herein below). The pri-miRNA transcript can be polycistronic,
comprising multiple microRNAs of the same or different sequence.

A "stem-loop structure” refers to a polynucleotide having a secondary structure
that includes a region of nucleotides which are known or predicted to form a double
stranded portion (the stem portion or stem region) that is linked on one side by a region of
predominantly single-stranded nucleotides (loop portion or loop region). The term
"hairpin” structure is also used herein to refer to a stem-loop structure. The stem-loops of
pri-miRNA and precursor miRNAs (pre-miRNAs) comprise the microRNA sequence,
which is complementary (fully or partially) to the target mRNA, and base pairs with the
microRNA* sequence (also referred to as the “star strand”). The microRNA and
microRNA* sequences make up the stem of the stem-loop structure and can be fully or
partially complementary to one another.

In addition to endogenous microRNA genes, primary microRNA transcripts can
also be encoded by DNA (e.g., an expression cassette) that has been introduced into a cell
and that comprises a sequence that encodes the primary microRNA transcript operably
linked to regulatory sequences that control the expression of the transcript.

Alternatively, primary microRNA transcripts can also refer to hairpin-comprising
single-stranded RNAs that have been introduced into a cell, that comprise a microRNA
sequence, and can be recognized and cleaved by the enzyme Drosha to generate a
precursor miRNA.

The primary microRNA transcript is processed by the RNase III enzyme Drosha,
wherein the pri-miRNA is cleaved by Drosha to release the stem-loop structure
comprising the microRNA, which is now referred to as the precursor miRNA or pre-
miRNA. Thus, the terms "precursor microRNA," “pre-miRNA,” and “precursor miRNA”
refer to a nucleic acid that can be recognized and processed by Dicer and have a stem-loop
structure with a microRNA sequence incorporated therein. Drosha asymmetrically cleaves
the primary microRNA transcript at sites near the base of the primary stem loop, creating
precursor miRNAs comprising a 5° phosphate and a short (about 2 nucleotide) 3’

overhang. Precursor miRNAs can have a length of about 50 to about 90 nucleotides,

-8 -
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including but not limited to about 50, about 55, about 60, about 65, about 70, about 75,
about 80, about 85 nucleotides, or about 90 nucleotides.

Drosha is a protein of approximately 160 kDa in size with two tandem RNase 11
domains (RIIIDs) and a double-stranded RNA-binding domain (dsRBD) that are all
necessary for catalysis. The region of the protein adajacent to the RIIIDs is also essential
for pri-miRNA processing. Drosha is found in a large complex (approximately 500-650
kDa) called the Microprocessor complex, which in humans, includes the DiGeorge
syndrome critical region gene 8 (DGCRS) protein (also known as Pasha in D.
melanogaster and C. elegans). DGCR&/Pasha is an approximately 120 kDa polypeptide
containing two dsRBDs and a putative WW domain, which typically interacts with
proline-rich sequences. The exact contribution of DGCR8/Pasha to pri-miRNA
processing is unclear, but it is believed to be involved in substrate recognition.

Pre-miRNAs are exported from the nuclear compartment into the cytoplasm by
exportin-5, where the pre-miRNAs are further processed into miRNA duplexes by the
cytoplasmic RNase III Dicer. Dicer is a protein of about 200 kDa, comprising two RIIIDs,
a dsRBD, and an N-terminal segment comprising a DEAD-box RNA helicase domain, a
DUF283 domain, and a PAZ domain. PAZ domains bind to the 3* overhanging end of
small RNAs, such as the short (about 2 nucleotide) 3° overhang on pre-miRNAs created
by Drosha cleavage of the pri-miRNA transcript. Unlike Drosha, which is restricted to
animals, Dicer is found in almost all eukaryotic organisms, including yeast, plants, and
animals.

Exogenously introduced small hairpin RNAs (shRNAs) can essentially mimic
endogenous precursor miRNAs by comprising a stem-loop structure with a double-
stranded stem comprising a miRNA, wherein the ShRNA can be recognized by Dicer. As
described above, recognition by Dicer occurs through the presence of 3* overhanging ends
(with approximately two nucleotides) on the ShRNA molecule. The loop of the sShRNA is
cleaved by Dicer and the resulting miRNA duplex enters the RISC complex. MiRNA
duplexes produced from exogenously introduced shRNA molecules can also be referred to
herein as small interfering RNA (siRNA).

The miRNA duplexes (double-stranded RNA) generated by Dicer comprise the
mature microRNA, which is the strand that will bind to the complementary (fully or
partially) target mRNA, and the microRNA* strand or “star strand,” which is
complementary to the microRNA itself (fully or partially). The mature miRNA is
incorporated into RNA-induced silencing complexes (RISC) and guides the RISC to

-9._
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complementary RNA molecules, wherein the RISC either nucleolytically degrades the
target mRNA or blocks the translation of the target mRNA, thereby inhibiting the
expression of the target polynucleotide. The strand that is chosen by RISC to direct the
degradation or translational inhibition of a complementary target mRNA is dependent
upon the degree of stability of the termini of the miRNA duplex. The strand with lower
stability base pairing of the 2-4 nucleotides at the 5’ end of the duplex preferentially
associates with RISC and thus, becomes the mature miRNA (Schwarz et al. (2003) Celi
152y 199-208.

B, Biological Effects of MicroRMAsg

MicroRNAs direct the degradation or inhibit the translation of target messenger
RNAs (mRNAs), effectively reducing the expression of target polynucleotides.

By “target polynucleotide” is intended a polynucleotide the expression of which is
reduced by a microRNA that is complementary (fully or partially) to the target mRNA that
is encoded by the target polynucleotide. In some cases, the target mRNA can comprise
more than one region that is complementary to a particular microRNA. Likewise, a target
polypeptide is the polypeptide encoded by the polynucleotide whose expression is reduced
by a miRNA. Thousands of endogenous miRNAs have been identified across many
phyla. While few validated mRNA targets have been assigned to these miRNAs,
computational predictions suggest that each miRNA has tens to hundreds of target
polynucleotides (Bartel (2004) Cell 116:281-297).

The term “expression” has its meaning as understood in the art and refers to the
process of converting genetic information encoded in a DNA sequence (coding sequence)
into RNA (e.g., mRNA, rRNA, tRNA, or snRNA) through “transcription” of a
polynucleotide (e.g., via the enzymatic action of an RNA polymerase), and for
polypeptide-encoding polynucleotides, into a polypeptide through “translation” of mRNA.
Thus, an “expression product™ is, in general, an RNA transcribed from the coding
sequence (e.g., either pre- or post-processing) or a polypeptide encoded by an RNA
transcribed from the DNA coding sequence (e.g., either pre- or post-modification).

A miRNA reduces or suppresses the expression of target polynucleotides or

29 <& 29 <

polypeptides encoded thereby. By “reduces,” “reducing,” “suppresses,” or “suppressing”
the expression level of a polynucleotide or a polypeptide encoded thereby is intended to
mean the level of the target mRNA that is encoded by the target polynucleotide or the

encoded polypeptide is statistically lower than the target mRNA level or encoded

- 10 -
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polypeptide level in an appropriate control which is not exposed to the miRNA. In
particular embodiments of the present invention, reducing or suppressing the target mRNA
level and/or the encoded polypeptide level according to the presently disclosed subject
matter results in less than 95%, less than 90%, less than 80%, less than 70%, less than
60%, less than 50%, less than 40%, less than 30%, less than 20%, less than 10%, or less
than 5% of the target mRNA level, or the level of the polypeptide encoded thereby in an
appropriate control. Methods to assay for the level of the target mRNA, the level of the
encoded polypeptide, or the activity of the polynucleotide or polypeptide are well known
in the art and can include various biochemical techniques, including but not limited to,
RNA solution hybridization, nuclease protection, Northern hybridization, reverse
transcription-polymerase chain reaction (RT-PCR), microarray, antibody binding, enzyme
linked immunosorbent assay (ELISA), Western blotting, radioimmunoassay (RIA), other
immunoassays, and fluorescence activated cell analysis (FACS). Also, the consequences
of target polynucleotide suppression can be confirmed by examination of the phenotype of
the cell or organism.

The target mRNA is nucleolytically degraded or translation of the target mRNA
into the target polypeptide encoded thereby is inhibited by microRNA-directed RISC
activity. The choice of mRNA degradation or translational inhibition is dictated somewhat
by the complementarity between the microRNA and the complementary region of the
target mRNA. For those target mRNAs that comprise region(s) that are fully
complementary to a microRNA, the target mRNA will be degraded by the microRNA-
directed RISC. On the other hand, for those target mRNAs that comprise region(s) that
are only partially complementary to a microRNA, the translation of the target mRNA will
be inhibited by RISC. In animals, translational inhibition of target mRNAs is the
preferred mechanism of post-transcriptional regulation by endogenous microRNAsS,
whereas most microRNA-targeted mRNAs are degraded in plants.

The term “complementary” is used herein in accordance with its art-accepted
meaning to refer to the capacity for pairing via hydrogen bonds (e.g., Watson-Crick base
pairing or Hoogsteen base pairing) between two nucleosides, nucleotides or nucleic acids,
and the like. For example, if a nucleotide at a certain position of a first nucleic acid is
capable of stably hydrogen bonding with a nucleotide located opposite to that nucleotide
in a second nucleic acid, when the nucleic acids are aligned in opposite 5' to 3' orientation
(i.e., in anti-parallel orientation), then the nucleic acids are considered to be

complementary at that position (where position may be defined relative to either end of
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either nucleic acid, generally with respect to a 5' end). The nucleotides located opposite
one another can be referred to as a “base pair.” A complementary base pair contains two
complementary nucleotides, e.g., A and U, A and T, G and C, and the like, whereas a
noncomplementary base pair contains two noncomplementary nucleotides (also referred to
as a mismatch). Two polynucleotides are said to be complementary to each other when a
sufficient number of corresponding positions in each molecule are occupied by nucleotides
that hydrogen bond with each other, i.e., a sufficient number of base pairs are
complementary.

MicroRNAs can be fully or partially complementary to target mRNAs. In some
embodiments of the presently disclosed subject matter, microRNAs exhibit at least 10%,
at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or higher complementarity to a target mRNA to effect target mRNA
degradation or translational inhibition.

The microRNA can be complementary to any region of the target mRNA to effect
degradation or translational inhibition. In animals, endogenous microRNAs are typically
complementary to the 3° untranslated region (3° UTR) of target mRNAs. Although the
microRNA can be only partially complementary with the target mRNA, in general, the
first 2-8 nucleotides (counting from the 5’ end) of the miRNA is fully complementary with
the target mRNA. In some instances, the region of precise sequence complementarity is
interrupted by a bulge. See, Ruvkun (2001) Science 294: 797-799, Zeng et al. (2002)
Molecular Cell 9:1-20, and Mourelatos ef al. (2002) Genes Dev 16:720-728.

There is also evidence that in plants, and possibly in animals, in addition to post-
transcriptional silencing mechanisms, miRNAs also might direct transcriptional silencing
of the genes that encode miRNA-targeted mRNAs through methylation of the gene. In
some circumstances, the polynucleotide encoding the target mRNA (target polynucleotide)
is transcriptionally silenced by microRNA-directed chromatin methylation of the target
polynucleotide (Bao ef al. (2004) Dev. Cell 7:653-662; Mette et al. (2000) EMBO J
19:5194-5201; Hamilton ef al. (2002) EMBO J 21:4671-4679; Zilberman et al. (2003)
Science 299:716-719).

Data presented herein demonstrate the inhibition of Drosha-mediated processing of
certain primary microRNA transcripts into precursor microRNAs by Lin-28-like

polypeptides and the effective reversal of this inhibition through the introduction of
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polynucleotide sequences comprising a nucleotide sequence corresponding to the loop
region of these regulated microRNAs into a cell. As is also demonstrated herein, Lin-28
can also inhibit Dicer-mediated processing of precursor-miRNAs into miRNA duplexes.
Thus, the presently disclosed subject matter provides methods and compositions for
promoting the processing of at least one of regulated primary microRNA transcripts and
regulated precursor-miRNAs, methods for differentiating a cell or inhibiting its growth,
and for the treatment of cancer with compounds that inhibit the activity of a Lin-28-like
polypeptide. Also provided herein are methods for the selective suppression of target
polynucleotides and the treatment of diseases such as cancer with stem-loop structures
comprising a microRNA and a loop sequence from Lin-28-like polypeptide-regulated
primary microRNA transcripts or Lin-28-like polypeptide-regulated precursor-
microRNAsS.

II. Compositions

The presently disclosed subject matter provides compounds that promote the
processing of at least one of a regulated primary microRNA transcript by Drosha and a
regulated precursor microRNA by Dicer when introduced into a cell. As used herein, a
“compound” can refer to a small molecule, a polynucleotide, or other naturally occurring
or synthetically derived molecule. In some embodiments, the compounds are isolated
polynucleotides that exhibit this activity or expression cassettes encoding polynucleotides
with the activity. Also provided are host cells and pharmaceutical compositions
comprising the isolated polynucleotides and expression cassettes. In some embodiments,
such polynucleotides comprise loop regions from regulated primary microRNA
transcripts, the Drosha-mediated processing of which is regulated by Lin-28-like
polypeptides or loop regions from regulated precursor microRNAs, the Dicer-mediated
processing of which is regulated by Lin-28-like polypeptides.

The term “regulated primary microRNA transcript” refers to a primary microRNA
transcript that is capable of being processed by Drosha, but under certain physiological or
pathological conditions, the processing or cleavage of the primary microRNA transcript by
Drosha is inhibited or reduced. In some embodiments, the inhibition of the Drosha-
mediated processing is due to the activity of a Lin-28-like polypeptide.

Similarly, the term “regulated precursor microRNA” or “regulated pre-miRNA”
refers to a precursor microRNA that is capable of being processed by Dicer, but under

certain physiological or pathological conditions, the processing or cleavage of the
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precursor microRNA by Dicer is inhibited or reduced. In some embodiments, the
inhibition of the Dicer-mediated processing is due to the activity of a Lin-28-like
polypeptide.

As used herein, when referring to a loop region or loop sequence of a primary
microRNA transcript or a precursor microRNA, the loop region is the single-stranded loop
of the stem-loop structure of the molecule, with the miRNA sequence comprised in the
stem.

As used herein, the term “promote” in reference to Drosha or Dicer processing
refers to an increase in or enhancement of Drosha or Dicer processing within a cell when
compared to an appropriate control cell. The control cell can be the cell prior to the
introduction of a compound that enhances Drosha or Dicer activity or a cell of the same
type (e.g., same tissue of origin, developmental stage, phenotype) that does not comprise
the compound. In those embodiments wherein the compound comprises a polynucleotide,
the control cell is a cell of the same type that does not express the polynucleotide or that
expresses the polynucleotide to a lesser degree. The increase in Drosha processing of the
regulated primary microRNA transcripts can be due to a reversal of an inhibitory block in
Drosha processing (e.g., due to the activity of a Lin-28-like polypeptide). Likewise, the
increase in Dicer processing of the regulated precursor microRNAs can be due to the
reversal of an inhibitory block in Dicer processing (e.g., due to the activity of a Lin-28-
like polypeptide). In some embodiments, the promotion of Drosha processing can be an
increase in the processing of a regulated primary microRNA transcript into a precursor
miRNA, wherein the increase in activity is at least 5%, at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or higher. In certain
embodiments, the promotion of Dicer processing can be an increase in the processing of a
regulated precursor microRNA into a microRNA duplex, wherein the increase in activity
is at least 5%, at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or higher. Drosha and Dicer activity can be measured using
assays known in the art, including but not limited to, those described elsewhere herein.

In certain embodiments, the presently disclosed compounds promote at least one of
Drosha processing of regulated primary microRNA transcripts and Dicer processing of
regulated precursor microRNAs by inhibiting the activity of a Lin-28-like polypeptide,

wherein the activity comprises the inhibition of the processing of at least one of a
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regulated primary microRNA transcript by Drosha and a regulated precursor microRNA
by Dicer. In some embodiments, the compounds promote the processing of Drosha-
mediated processing of regulated primary microRNA transcripts. In other embodiments,
the compounds promote the processing of Dicer-mediated processing of regulated
precursor microRNAs. In yet other embodiments, the compounds promote both the
processing of Drosha-mediated processing of regulated primary microRNA transcripts and
Dicer-mediated processing of regulated precursor microRNAs.

As used herein, the term “activity” in reference to a polypeptide refers to a
biological function associated with the polypeptide. An agent that inhibits the activity of a
polypeptide does so regardless of the agent’s effects on the expression level of the protein
and an agent that solely reduces the expression level of a polypeptide is not considered to
be an agent that inhibits the activity of the polypeptide. In some embodiments, the activity
of the Lin-28-like polypeptide (e.g., inhibition of the processing of a regulated primary
microRNA transcript by Drosha, inhibition of the processing of a regulated precursor
microRNA by Dicer) is inhibited by the polynucleotide or compound by at least 5%, at
least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or higher.

The compound may bind directly to the Lin-28-like polypeptide, inhibiting its
activity, or it might indirectly inhibit the activity of the Lin-28-like polypeptide by binding
to and regulating the activity of a biological molecule that regulates the activity of the Lin-
28-like polypeptide.

A “Lin-28-like polypeptide” refers to a polypeptide having the ability to inhibit at
least one of Drosha-mediated processing of particular primary microRNA transcripts (e.g.,
primary Let-7 microRNA transcripts) and Dicer-mediated processing of particular
precursor microRNAs (e.g., precursor Let-7 microRNAS), an activity that has been
ascribed to the Lin-28 and Lin-28-B polypeptides. In some embodiments, the Lin-28-like
polypeptide is an animal polypeptide, including but not limited to a human polypeptide.
The amino acid sequences of human Lin-28 and Lin-28-B are set forth in SEQ ID NO: 92
and 93, respectively. Lin-28 and Lin-28-B are RNA-binding proteins that comprise two
retroviral-type CCHC zinc-finger motifs (corresponding to amino acids 138-154 and 160-
176 of SEQ ID NO: 92 and amino acids 128-144 and 150-166 of SEQ ID NO: 93) and a
cold-shock domain (corresponding to amino acids 41-112 of SEQ ID NO: 92 and amino
acids 31-102 of SEQ ID NO: 93), which is a unique domain organization among all
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known RNA binding proteins (Moss ef al. (1997) Cell 88:637-646). A Lin-28-like
polypeptide can be a naturally occurring polypeptide from any type of organism or one
that has been synthetically produced through recombination methods, mutagenesis, or
chemical synthesis.

Without being bound to any theory or mechanism of action, it is believed that the
Lin-28/Lin-28-B proteins interact directly with primary miRNA transcripts or precursor
miRNAs through either the zinc-finger motifs, the cold-shock domain, or both domains of
the polypeptides. The term “Lin-28-like polypeptide” can refer to variants and active
fragments of Lin-28 or Lin-28B that retain the ability to inhibit at least one of Drosha
processing of regulated primary microRNA transcripts and Dicer processing of regulated
precursor microRNAs. In some embodiments, a “Lin-28-like polypeptide” refers to a
polypeptide comprising an amino acid sequence having at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% sequence identity to SEQ ID NO: 92 or 93. In some embodiments, a Lin-28-like
polypeptide comprises similar functional domains as the Lin-28 and Lin-28-B
polypeptides. Accordingly, in some embodiments, a Lin-28-like polypeptide comprises at
least one zinc-finger motif similar to the first or second zinc-finger motif found in Lin-28
or Lin-28-B. The first and second zinc-finger motifs of Lin-28 are set forth in SEQ ID
NO: 94 and 95, respectively. The first and second zinc-finger motifs of Lin-28-B are set
forth in SEQ ID NO: 96 and 97, respectively. Thus, in these embodiments, a Lin-28-like
polypeptide is one comprising at least one zinc finger motif having an amino acid
sequence having at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
05%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ ID
NO: 94, 95, 96, or 97. In other embodiments, a Lin-28-like polypeptide comprises a cold-
shock domain similar to the cold-shock domain of Lin-28 or Lin-28-B, which is set forth
in SEQ ID NO: 98 and 99, respectively. In these embodiments, a Lin-28-like polypeptide
is one comprising an amino acid sequence having at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
sequence identity to SEQ ID NO: 98 or 99. In some of these embodiments, the Lin-28-
like polypeptide comprises at least one zinc-finger motif and a cold shock domain similar

to these domains in Lin-28 and Lin-28-B. In these particular embodiments, a Lin-28-like
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polypeptide comprises at least one zinc-finger motif having an amino acid sequence
having at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ ID NO: 94, 95,
96, or 97 and a cold shock domain having at least 40%, at least 45%, at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to SEQ ID NO: 98 or 99.

In some embodiments, the presently disclosed compounds can inhibit the
interaction between the Lin-28-like polypeptide and at least one of a regulated primary
microRNA transcript and a regulated precursor microRNA when introduced into a cell.
As used herein, the terms “interact” and “interaction” refer to a transient or stable binding
between two molecules. The two molecules may be directly bound to one another or
bound indirectly through at least one intervening molecule. The ability of a compound to
inhibit the interaction between a Lin-28-like-polypeptide and at least one of a regulated
primary microRNA transcript and a regulated precursor microRNA can be measured using
methods known in the art, including, but not limited to iz vitro binding assays and UV
cross-linking analysis (see, for example, Experimental Examples 1 and 2 and Myer, Fan &
Steitz (1997) EMBO J 16:2130-2139, which is herein incorporated by reference in its
entirety). In some embodiments, the interaction between the Lin-28-like polypeptide and
a regulated primary microRNA transcript or a regulated precursor microRNA is inhibited
by the introduction of a compound by at least 5%, at least 10%, at least 20%, at least 30%,
at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or higher.

Primary microRNA transcripts and precursor microRNAs that are regulated by
Lin-28-like polypeptides, referred to herein as “Lin-28-like polypeptide-regulated primary
microRNA transcripts” and “Lin-28-like polypeptide-regulated precursor microRNAs,”
can be identified by overexpressing or ectopically expressing a Lin-28-like polypeptide in
a cell and identifying those corresponding mature microRNA molecules whose
expression/processing is reduced relative to those cells that do not express the Lin-28-like
polypeptide or express it at lower levels using any method known to one of ordinary skill
in the art that can measure the expression level or processing of one or more microRNAs,
including a microRNA microarray format (see, for example, Thomson et al. (2004) Nature

Methods 1:47-53, which is herein incorporated by reference in its entirety), quantitative
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PCR, Northern blots, or a cell-free Drosha or Dicer processing assay (see Experimental
Example 1). Alternatively, primary microRNA transcripts and precursor microRNAs
regulated by Lin-28-like polypeptides can be identified by reducing the expression of a
Lin-28-like polypeptide using any technique known in the art, including but not limited to
RNAi-mediated silencing with siRNA, and gene disruption techniques, followed by an
analysis of the expression of a panel of mature miRNAs and the identification of those
miRNAs present at increased levels upon reducing the expression of the Lin-28-like
polypeptide.

In some embodiments, the regulated primary microRNA transcript comprises a
primary Let-7 microRNA transcript or the regulated precursor microRNA comprises a
precursor Let-7 microRNA. Data presented elsewhere herein demonstrate that during
embryonic development, Let-7 microRNA processing is regulated at the level of Drosha
processing and that Lin-28 and Lin-28B polypeptides are responsible for the inhibition of
Drosha-mediated processing of primary Let-7 microRNA transcripts (see Experimental
Example 1). Other data presented herein demonstrates that Lin-28 similarly inhibits
Drosha-mediated processing of precursor miRNAs. Let-7 microRNAs have been
identified in a wide array of organisms, from C. elegans to humans. The human let-7
miRNA family currently comprises 12 members, including Let-7a-1, Let-7a-2, Let-7a-3,
Let-7b, Let-7¢, Let-7d, Let-7e, Let-7f-1, Let-7f-2, Let-7g, Let-7i, and miR-98. Other Let-
7 family members from other species can be found on the online microRNA database
miRBase (microrna.sanger.ac.uk/sequences/; Griffiths-Jones et al. (2008) Nucleic Acids
Research 36(Database Issue):D154-D158; Griffiths-Jones ef al. (20006) Nucleic Acids
Research 34(Database Issue):D140-D144; Griffiths-Jones (2004) Nucleic Acids Research
32(Database Issue):D109-DI111).

A. Polynucleotides

Data presented elsewhere herein demonstrates that Lin-28-like polypeptides inhibit
the Drosha-mediated processing of particular primary microRNA transcripts, including but
not limited to the Let-7 family of microRNAs. In addition, data is presented herein that
demonstrates that Lin-28-like polypeptides inhibit Dicer-mediated processing of precursor
miRNAs. Polynucleotides comprising the loop region sequence of these regulated
primary microRNA transcripts or regulated precursor microRNAs (e.g., Let-7 family
primary microRNA transcripts or pre-miRNAs) or active variants or fragments thereof can

promote the processing of these regulated miRNAs. In some of these embodiments, the
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loop region sequence is from a Lin-28-like polypeptide-regulated primary microRNA
transcript or Lin-28-like polypeptide-regulated precursor microRNA. Thus, in some
embodiments, the present invention provides isolated polynucleotides comprising or
encoding a nucleotide sequence corresponding to the loop region of Let-7 primary and
precursor microRNAS or active variants or fragments thereof. Sequences of the loop
regions of representative Let-7 microRNA family members are set forth in SEQ ID NOs
1-14 (see Table 1). A consensus sequence of some of the Let-7 family members is set
forth in SEQ ID NO: 102 (see Figure 20). Compositions of the invention include, but are
not limited to, isolated polynucleotides comprising or encoding a nucleotide sequence
having at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or more sequence identity to any one of the
sequences set forth in SEQID NO: 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 102, or an
active fragment thereof, and wherein the polynucleotide promotes the processing of at
least one of a regulated primary microRNA transcript by Drosha and a regulated precursor
microRNA by Dicer when introduced into or expressed in a cell. In some embodiments,
the polynucleotide or expression product thereof can not be processed to form a mature
Let-7 miRNA. In other embodiments, the polynucleotide or expression product thercof
can not be processed to form a mature endogenous miRNA molecule. In certain
embodiments, the isolated polynucleotide comprises or encodes the nucleotide sequence
set forth in SEQ ID NO: 102.

While not being bound to any theory or mechanism of action, it is believed the
polynucleotides of the invention inhibit the activity of a Lin-28-like polypeptide by
binding (directly or indirectly) to a Lin-28-like polypeptide and competing with primary
microRNA transcripts or precursor microRNAs for the polypeptide. In the absence of the
polynucleotides of the invention, these primary microRNA transcripts would not be
processed by Drosha or the precursor microRNAs would not be processed by Dicer due to
their association with the Lin-28-like polypeptide. Thus, the polynucleotides of the
invention must be introduced or expressed in a sufficient amount to compete with
regulated primary microRNA transcripts or regulated precursor microRNAs for binding to
Lin-28-like polypeptides and to promote the processing of these regulated primary
microRNA transcripts by Drosha or the processing of the regulated precursor microRNAs

by Dicer.
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The terms “nucleic acid,” “polynucleotide,” or “oligonucleotide” generally are
used herein in their art-accepted manners to refer to a polymer of nucleotides. As used
herein, an oligonucleotide is typically less than 100 nucleotides in length. Polynucleotides
can be single-stranded (with or without a secondary structure, e.g., hairpin) or double-
stranded. Naturally occurring nucleic acids include deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). The polynucleotide or oligonucleotide may include natural
nucleosides (e.g., adenosine, thymidine, guanosine, cytidine, uridine, deoxyadenosine,
deoxythymidine, deoxyguanosine, and deoxycytidine), or synthetic nucleosides, such as,
nucleoside analogs (e.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine,
3-methyl adenosine, C5-propynylcytidine, CS5-propynyluridine, C5-bromouridine, C5-
fluorouridine, C5-iodouridine, C5-methylcytidine, 7-deazaadenosine, 7-deazaguanosine,
8-oxoadenosine, 8-oxoguanosine, O(6)-methylguanine, and 2-thiocytidine), and/or
nucleosides comprising chemically or biologically modified bases, such as those
ribonucleosides that are substituted at the 2’ position, for example, with an alkyl or
alkyloxy group (e.g., methylated bases, such as those that are 2’-O-methylated, and 2’°-O-
methoxyethylated) or a fluoro group, intercalated bases, and/or modified sugars (e.g., 2'-
fluororibose, ribose, 2'-deoxyribose, arabinose, and hexose). The phosphate groups in a
polynucleotide or oligonucleotide are typically considered to form the internucleoside
backbone of the polymer. In naturally occurring nucleic acids (e.g., DNA or RNA), the
backbone linkage is via a 3' to 5' phosphodiester bond. Polynucleotides and
oligonucletides containing modified backbones or non-naturally occurring internucleoside
linkages, however, also can be used in the presently disclosed subject matter. Such
modified backbones include backbones that have a phosphorus atom in the backbone and
others that do not have a phosphorus atom in the backbone. Examples of modified
linkages include, but are not limited to, phosphorothioate and 5'-N-phosphoramidite
linkages. The polynucleotide also may be a locked nucleic acid molecule, which
comprises a ribonucleotide that has a methylene bridge between the 2'-oxygen atom and
the 4'-carbon atom. See, for example, Kurreck ef al. (2002) Nucleic Acids Res. 30: 1911-
1918; Elayadi et al. (2001) Curr. Opinion Invest. Drugs 2: 558-561; Orum et al. (2001)
Curr. Opinion Mol. Ther. 3: 239-243; Koshkin et al. (1998) Tetrahedron 54: 3607-3630;
Obika et al. (1998) Tetrahedron Lett. 39: 5401-5404. In other embodiments, the
polynucleotide comprises peptide nucleic acid (PNA) moieties that comprise a base
bonded to an amino acid residue as the backbone unit (Niclson (1999) Methods Enzymol.
313: 156-164; Elayadi, et al. (2001) Curr. Opinion Invest. Drugs 2: 558-561; Braasch et
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al.(2002) Biochemistry 41: 4503-4509, Nielsen et al. (1991) Science 254: 1497-1500). In
other embodiments, the polynucleotide comprises at least one morpholino
phosphoroamidate nucleotide moiety (Heasman (2002) Dev. Biol. 243: 209-214), at least
one cyclohexene nucleotide moiety (Wang et al. (2000) J. Am. Chem. Soc. 122: 8595-
8602, Verbeure et al. (2001) Nucleic Acids Res. 29: 4941-4947), or at least one tricyclo
nucleotide moiety (Steffens ef al. (1997) J. Am. Chem. Soc. 119: 11548-11549, Renneberg
et al. (2002) J. Am. Chem. Soc. 124: 5993-6002. Polynucleotides and oligonucleotides
need not be uniformly modified along the entire length of the molecule. For example,
different nucleotide modifications, different backbone structures, and the like, may exist at
various positions in the polynucleotide or oligonucleotide. Any of the polynucleotides
described herein may utilize these modifications.

Thus, in some embodiments, the polynucleotide used to inhibit the activity of a
Lin-28-like polypeptide is a single-stranded RNA oligonucleotide. In certain
embodiments, the polynucleotide comprises modified nucleic acids (such as those defined
elsewhere herein) to impart stability to the polynucleotide. In some of these embodiments,
the polynucleotide comprises 2°-O-methylated ribonucleotides.

The invention encompasses isolated or substantially purified polynucleotide
compositions. An "isolated" or "purified" polynucleotide, or biologically active portion
thereof, is substantially or essentially free from components that normally accompany or
interact with the polynucleotide as found in its naturally occurring environment. Thus, an
isolated or purified polynucleotide is substantially free of other cellular material, or culture
medium when produced by recombinant techniques, or substantially free of chemical
precursors or other chemicals when chemically synthesized. In some embodiments, an
"isolated" polynucleotide is free of sequences that naturally flank the polynucleotide (i.e.,
sequences located at the 5' and 3' ends of the polynucleotide) in the genomic DNA of the
organism from which the polynucleotide is derived. In some embodiments, the presently
disclosed isolated polynucleotides further comprise an additional 1, 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000,
3000, 4000, 5000 nucleotides or more on either the 5” end, the 3° end, or both ends of the
genomic or RNA sequence.

Fragments and variants of the disclosed polynucleotides are also encompassed by
the present invention. By "fragment" is intended a portion of the polynucleotide and

include active fragments that retain the biological activity of the polynucleotide of the

221 -



10

15

20

25

30

WO 2009/126563 PCT/US2009/039629

invention. Therefore, an active fragment can exhibit at least one of the following
activities: promotes the processing of at least one of a regulated primary microRNA
transcript by Drosha and a regulated precursor microRNA by Dicer (e.g., through the
inhibition of the activity of a Lin-28-like polypeptide), and interacts with a Lin-28-like
polypeptide. Alternatively, fragments of a polynucleotide that are useful as hybridization
probes or PCR primers need not retain this biological activity. Thus, fragments of a
nucleotide sequence may range from at least about 5 nucleotides, about 10 nucleotides,
about 20 nucleotides, and up to the full-length polynucleotide of the invention.

Thus, a fragment of the polynucleotides of the invention may be biologically active
or it may be a fragment that can be used as a hybridization probe or PCR primer using
methods disclosed below. An active fragment of the disclosed sequences can be prepared
by isolating a portion of one of the polynucleotides of the invention (e.g., by recombinant
expression in vitro) or chemically synthesizing the polynucleotide and assessing the
activity of the polynucleotide. Polynucleotides that are active fragments of the
polynucleotides of the invention have a nucleotide sequence comprising at least 3, 4, 5, 6,
7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, or 33 contiguous nucleotides of the sequences of the invention, or up to the number of
nucleotides present in a full-length polynucleotide disclosed herein (for example, 34
nucleotides for SEQ ID NO : 12).

"Variants" is intended to mean substantially similar sequences. A variant
comprises a polynucleotide having deletions (i.e., truncations) at the 5" and/or 3' end;
deletion and/or addition of one or more nucleotides at one or more internal sites in
comparison to a particular polynucleotide of the invention; and/or substitution of one or
more nucleotides at one or more sites in the polynucleotide of the invention. Naturally
occurring allelic variants such as these can be identified with the use of well-known
molecular biology techniques, for example, with polymerase chain reaction (PCR) and
hybridization techniques as outlined below. Variant polynucleotides also include
synthetically derived polynucleotides, such as those generated, for example, by using site-
directed mutagenesis (but which still retain the activity of the polynucleotides of the
invention). Generally, variants of a particular polynucleotide of the invention will have at
least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence identity to that particular
polynucleotide as determined by sequence alignment programs and parameters as

described elsewhere herein.
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The presently disclosed isolated polynucleotides can encode a loop region
nucleotide sequence. In some embodiments, the isolated polynucleotide encodes a
nucleotide sequence having at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99% or more sequence identity
to any one of the sequences set forth in SEQID NO: 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13,
14, or 102 or an active fragment thereof, and wherein the polynucleotide promotes the
processing of at least one of a regulated primary microRNA transcript by Drosha and a
regulated precursor microRNA by Dicer when introduced into or expressed in a cell. In
some of these embodiments, the polynucleotide can not be processed to form a mature let-
7 miRNA when introduced into or expressed in a cell. In other embodiments, the
polynucleotide can not be processed to form a mature endogenous miRNA. In some
embodiments, the polynucleotide encodes the nucleotide sequence set forth in SEQ 1D
NO: 102.

In these embodiments, the polynucleotide comprises a coding sequence for the
disclosed sequences. A “coding sequence” refers to a nucleotide sequence (e.g., DNA)
that encodes a specific RNA or polypeptide.

In some of these embodiments, the isolated polynucleotides that encode for the
disclosed RNA sequences comprise a nucleotide sequence having at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
08%, at least 99% or more sequence identity to any one of the sequences set forth in SEQ
ID NO: 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, or 91, or an active fragment
thereof.

In some embodiments, the isolated polynucleotides of the invention or an
expression product thereof comprise a stem-loop structure and can be recognized and
processed by Dicer or Drosha, wherein the loop of the stem-loop structure has the loop
sequence of a regulated primary microRNA transcript, a regulated precursor microRNA,
or an active variant or fragment thereof. In particular embodiments, the loop sequence is
from a loop of a Lin-28-like polypeptide-regulated primary microRNA transcript, a Lin-
28-like polypeptide-regulated precursor microRNA or an active variant or fragment
thereof. In some of these embodiments, the loop has a nucleotide sequence having at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
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97%, at least 98%, at least 99% or more sequence identity to any one of the sequences set
forth in SEQ ID NO: 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 102 or an active
fragment thercof. In these embodiments, the stem of the stem-loop structures comprise a
microRNA. The processing of the polynucleotide or expression product thereof by Drosha
or Dicer is inhibited by a Lin-28-like polypeptide. Thus, the miRNA of the stem-loop
structure will be selectively processed by Drosha or Dicer and the target polynucleotide
suppressed in those cells that have a relatively low level of Lin-28-like polypeptides. In
some embodiments, the loop has the nucleotide sequence set forth in SEQ ID NO: 102.

In some embodiments, the loop has a sequence that is heterologous to the sequence
of the stem of the stem-loop structure. As used herein, “heterologous” in reference to a
sequence is a sequence that originates from a foreign species, or, if from the same species,
is substantially modified from its native form in composition and/or genomic locus by
deliberate human intervention. For example, a stem sequence of a stem-loop structure
(e.g., of a primary microRNA transcript or a precursor microRNA) is heterologous to the
loop sequence of the same stem-loop structure if the stem sequence is from a species
different from the species from which the loop sequence was derived, or, if from the
same/analogous species, one or both are substantially modified from their original form.

In some embodiments, the loop sequence interacts with a Lin-28-like polypeptide
(e.g., Lin-28, Lin-28B).

In some embodiments, a target polynucleotide of the miRNA of the stem-loop
structure is a disease-causing gene. As used herein, a “disease-causing gene” is a gene
that contributes to the initiation, progression, or maintenance of a pathological state. A
disease-causing gene can refer to a gene that is overexpressed or mutated in such a manner
as to activate the encoded polypeptide, or wherein the polypeptide encoded by the gene is
modified in such a manner as to contribute to the disease state. In certain embodiments,
the disease-causing gene comprises an oncogene. The term “oncogene” is used herein in
accordance with its art-accepted meaning to refer to those polynucleotide sequences that
encode a gene product that contributes to cancer initiation or progression. The term
“oncogene” encompasses proto-oncogenes, which are genes that do not contribute to
carcinogenesis under normal circumstances, but that have been mutated, overexpressed, or
otherwise activated in such a manner as to function as an oncogene. Non-limiting
examples of oncogenes include growth factors or mitogens (e.g., ¢c-Sis), receptor tyrosine
kinases (e.g., epidermal growth factor receptor (EGFR), platelet-derived growth factor
receptor (PDGFR), vascular endothelial growth factor receptor (VEGFR), HER2/neu),
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cytoplasmic tyrosine kinases (e.g., src, Abl), cytoplasmic serine/threonine kinases (e.g., raf
kinase, cyclin-dependent kinases), regulatory GTPases (e.g., ras), and transcription factors
(e.g., myc).

In some embodiments, the reduction in the expression level of a target
polynucleotide of the microRNA suppresses the growth or viability of the cells in which
the polynucleotide comprising or encoding the stem-loop structure comprising the miRNA
has been introduced or expressed. Non-limiting examples of target polynucleotides the
suppression of which would result in growth suppression or a decrease in cellular viability
can be found, for example, in Schlabach ef al. (2008) Science 319(5863):620-624, which
is herein incorporated by reference in its entirety.

In some of these embodiments, the polynucleotide or expression product thereof
having the stem-loop structure can be recognized and processed by Drosha and is
essentially a primary miRNA transcript as defined elsewhere herein, whereby the stem-
loop structure is cleaved from the polynucleotide sequence, similar to the processing of
endogenous primary microRNA transcripts. Flanking sequences that are found on either
side of the stem-loop structure of particular sequences or structure can be used or added to
the polynucleotide to allow the polynucleotide to be recognized and cleaved by Drosha.
Such sequence and structural preferences of Drosha are known in the art (see, for example,
Han et al. (2006) Cell 125:887-901 and Helvik ef al. (2007) Bioinformatics 23:142-149,
both of which are herein incorporated by reference in their entirety). In some
embodiments, the polynucleotide or expression product thereof comprising the stem-loop
structure can be recognized and processed by Dicer and is essentially a pre-miRNA as
defined elsewhere herein, whereby the stem-loop structure is processed to generate a
double-stranded miRNA duplex, similar to the processing of endogenous precursor
miRNAs. Dicer binds to short 3” overhanging end of small RNAs that mimic the short
(about 2 nucleotide) 3’ overhang on endogenous pre-miRNAs created by Drosha cleavage
of the pri-miRNA transcript.

The polynucleotides of the invention can be used to isolate variants of the presently
disclosed polynucleotide sequences from any organism. In this manner, methods such as
PCR, hybridization, and the like can be used to identify such sequences based on their
sequence homology to the sequences set forth herein. Sequences isolated based on their
sequence identity to the entire polynucleotides sequences set forth herein or to variants and
fragments thereof are encompassed by the present invention. In a PCR approach,

oligonucleotide primers can be designed for use in PCR reactions to amplify
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corresponding polynucleotide sequences from cDNA or genomic DNA extracted from any
organism of interest. Methods for designing PCR primers and PCR cloning are generally
known in the art and are disclosed in Sambrook ef al. (1989) Molecular Cloning: A
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Plainview, New York).
See also Innis et al., eds. (1990) PCR Protocols: A Guide to Methods and Applications
(Academic Press, New York); Innis and Gelfand, eds. (1995) PCR Strategies (Academic
Press, New York); and Innis and Gelfand, eds. (1999) PCR Methods Manual (Academic
Press, New York). Known methods of PCR include, but are not limited to, methods using
paired primers, nested primers, single specific primers, degenerate primers, gene-specific

primers, vector-specific primers, partially-mismatched primers, and the like.

B. Assays to Measure Drosha-Mediated and Dicer-Mediated Processing

Drosha-mediated processing of a regulated primary microRNA transcript can be
measured in vitro or in vivo through the measurement of the levels of pre-miRNA, miRNA
duplexes, or mature miRNA. Cells which exhibit enhanced Drosha processing are
expected to have higher levels of pre-miRNA, miRNA duplexes, or mature miRNA
relative to a control cell. In some embodiments, these cells may also exhibit reduced
levels of primary miRNA transcripts relative to a control cell. Similarly, Dicer-mediated
processing of regulated precursor microRNAs can be measured in vitro or in vivo through
the measurement of the levels of miRNA duplexes or mature miRNAs, the levels of which
are expected to be higher in cells with enhanced Dicer activity. In some embodiments,
these cells may also exhibit reduced levels of pre-miRNAs relative to a control cell. The
levels of the miRNA or various precursors can be measured using techniques known in the
art, including, but not limited to, PCR (e.g., quantitative RT-PCR), Northern blots, and
microRNA microarrays (see, for example, Thomson et al. (2004) Nature Methods 1:47-
53).

Alternatively, the level of Drosha or Dicer processing can be indirectly measured
by monitoring the expression of a target polynucleotide (either the target mRNA or
polypeptide encoded thereby) that is known to be regulated by the mature miRNA using
techniques known in the art. For example, PCR (e.g., quantitative RT-PCR), Northern
blots, or microarrays can be used to measure the level of target mRNAs and Western blots
or an ELISA, for example, can be used to measure the level of target polypeptides. In
addition, assays that measure the activity of target polypeptides can be used as an indirect

measure of miRNA production.
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It should be noted that the levels of miRNA and the expression of target
polynucleotides can also be affected by various downstream mechanisms, including, but
not limited to other post-transcriptional and translational regulatory mechanisms. Thus,
the most direct measurement of the ability of a nucleotide sequence to promote Drosha
processing of a particular regulated primary microRNA transcript is the levels of pre-
miRNA in a cell. In vitro assays that measure Drosha activity such as the cell-free Drosha
processing assay described elsewhere herein (see, for example, Experimental Example 1)
and known in the art (Lee et al. (2002) EMBO J 21:4663-4670, which is herein
incorporated by reference in its entirety), can also be used to assess the ability of a
compound (e.g., polynucleotide) to promote Drosha processing. The cell-free Drosha
processing assay involves preparing nuclear extracts from cells and incubating the extracts
with a primary miRNA transcript in the presence or absence of the compound in question,
resolving the pri-microRNA products on a sequencing gel and detecting the presence of
processed pre-miRNA products (e.g., using radiolabeled primers specific for the pre-
miRNA product). In some embodiments, the cell-free Drosha processing assay can further
comprise immunoprecipitated Drosha protein (see, for example, Experimental Example 1).
A similar experimental design can be used to measure the effect of a polynucleotide on
Dicer processing in vitro, wherein cellular or cytoplasmic extracts are incubated with a
precursor miRNA and processed miRNA duplexes (or mature miRNA or miRNA*
sequences) are detected, such as the Dicer processing assay described elsewhere herein
(see Experimental Example 2). The cell-free Dicer processing assay can further comprise
recombinant Dicer or Dicer immunoprecipitates.

To determine if the Dicer-mediated processing of a given precursor miRNA or the
Drosha-mediated processing of a given primary miRNA transcript is inhibited by a Lin-
28-like polypeptide, various assays can be utilized. For example, the ability of a Lin-28-
like polypeptide to inhibit the Drosha-mediated processing of a primary miRNA transcript
or a miRNA-comprising polynucleotide can be measured in a cell-free Drosha processing
assay known in the art or described herein. Likewise, the Dicer-mediated processing of a
given polynucleotide can be measured using a cell-free Dicer processing assay known in
the art or described herein. For example, the Lin-28-like polypeptide can be
overexpressed or silenced within cells from which the nuclear or cytoplasmic extract is
prepared. Alternatively, recombinantly produced or immunoprecipitated Lin-28-like
polypeptide can be added to the Drosha or Dicer assay. The ability of a Lin-28-like

polypeptide to inhibit the Drosha-mediated or Dicer-mediated processing of a
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polynucleotide can also be assayed by measuring the generation of precursor miRNAs or
mature miRNAs using, for example, quantitative PCR in cells expressing the primary

miRNA transcript, precursor miRNA, or miRNA-comprising polynucleotide wherein the
Lin-28-like polypeptide has been overexpressed or silenced and comparing the results to

an appropriate control.

C. Expression Cassettes

The presently disclosed subject matter also provides for expression cassettes
comprising a polynucleotide encoding a nucleotide sequence corresponding to the loop
region of microRNAs comprised within regulated primary microRNA transcripts or
regulated precursor microRNAs. In some embodiments, the expression cassette comprises
a polynucleotide encoding a nucleotide sequence having at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
or more sequence identity to any one of the sequences set forth in SEQ ID NO: 1, 2, 3, 4,
5,6,7,8,9,10,11, 12, 13, 14, or 102, or an active fragment thercof, and wherein the
polynucleotide promotes the processing of at least one of a regulated primary microRNA
transcript by Drosha and a regulated precursor by Dicer when expressed in a cell. In some
of these embodiments, the polynucleotide or an expression product thereof can not be
processed to form a mature Let-7 miRNA when introduced into or expressed in a cell. In
certain embodiments, the polynucleotide or expression product thereof can not be
processed to form a mature endogenous miRNA when introduced into or expressed in a
cell. In some embodiments, the expression cassette comprises a polynucleotide encoding
the nucleotide sequence set forth in SEQ ID NO: 102.

In some of these embodiments, the isolated polynucleotides that encode for the
disclosed RNA sequences comprise a nucleotide sequence having at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
08%, at least 99% or more sequence identity to any one of the sequences set forth in SEQ
ID NO: 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, or 91, or an active fragment
thereof.

In some embodiments, the expression cassettes of the invention comprise a
polynucleotide having a stem-loop structure that is recognized and processed by Drosha or

Dicer, wherein the loop of the stem-loop structure has the loop sequence of a regulated
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primary microRNA transcript, a regulated precursor microRNA, or an active variant or
fragment thereof. In particular embodiments, the loop sequence is from a loop of a Lin-
28-like polypeptide-regulated primary microRNA transcript, a Lin-28-like polypeptide-
regulated precursor microRNA, or an active variant or fragment thereof. In some of these
embodiments, the loop has a nucleotide sequence having at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99% or more sequence identity to any one of the sequences set forth in SEQ ID NO:
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 102, or an active fragment thereof. The stem
of the stem-loop structures comprise a microRNA. The processing of the polynucleotide
or expression product therecof by Drosha or Dicer is inhibited by a Lin-28-like polypeptide.
In certain embodiments, the loop sequence is heterologous to the stem sequence. In some
embodiments, the target polynucleotide of the miRNA comprises a disease-causing gene,
such as an oncogene. In certain embodiments, the loop sequence interacts with a Lin-28-
like polypeptide (e.g., Lin-28, Lin-28B). In some embodiments, the loop has the
nucleotide sequence set forth in SEQ ID NO: 102.

The expression cassette comprises one or more regulatory sequences operably
linked to the polynucleotide encoding the active polynucleotide. “Regulatory sequences”
refer to nucleotide sequences located upstream (5' non-coding sequences), within, or
downstream (3" non-coding sequences) of a coding sequence, and which influence the
transcription, RNA processing or stability, or translation of the associated coding
sequence. See, for example, Goeddel (1990) in Gene Expression Technology: Methods in
Enzymology 185 (Academic Press, San Diego, California). Regulatory sequences include
those that direct constitutive expression of a nucleotide sequence in many types of host
cells and those that direct expression of the nucleotide sequence only in certain host cells
(e.g., tissue-specific regulatory sequences). Regulatory sequences may include promoters,
translation leader sequences, introns, and polyadenylation recognition sequences.

"Operably linked" is intended to mean a functional linkage between two or more
elements. For example, an operable linkage between a polynucleotide that encodes a loop
region sequence or a stem-loop structure comprising the same and a regulatory sequence
(i.e., a promoter) is a functional link that allows for expression of the loop region sequence
or stem-loop structure comprising the same. Operably linked elements may be contiguous
or non-contiguous. Polynucleotides may be operably linked to regulatory sequences in

sense or antisense orientation. The regulatory regions (i.e., promoters, transcriptional
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regulatory regions, and translational termination regions) and/or the presently disclosed
polynucleotides may be native/analogous to the host cell or to each other. Alternatively,
the regulatory regions and/or the presently disclosed polynucleotides may be heterologous
to the host cell or to each other. For example, a promoter operably linked to a
heterologous polynucleotide is from a species different from the species from which the
polynucleotide was derived, or, if from the same/analogous species, one or both are
substantially modified from their original form and/or genomic locus, or the promoter is
not the native promoter for the operably linked polynucleotide.

“Promoter” refers to a polynucleotide capable of controlling the expression of a
polynucleotide. In general, the polynucleotide to be transcribed is located 3' to a promoter
sequence. The promoter sequence may comprise proximal and more distal upstream
elements; the latter elements often referred to as enhancers. Accordingly, an “enhancer” is
a polynucleotide, which can stimulate promoter activity, and may be an innate element of
the promoter or a heterologous element inserted to enhance the level or tissue-specificity
of a promoter. Promoters may be derived in their entirety from a native gene, or be
composed of different elements derived from different promoters found in nature, or even
comprise synthetic nucleotide segments. It is recognized that since in most cases the exact
boundaries of regulatory sequences have not been completely defined, polynucleotide
fragments of different lengths may have identical promoter activity.

In some embodiments, the promoter utilized to direct intracellular expression of a
loop region sequence or a stem-loop structure comprising the same is a promoter
recognized by RNA polymerase II (Pol II). In other embodiments, the expression of a
loop region sequence or a stem-loop structure comprising the same is directed by a
promoter recognized by a RNA polymerase III (Pol III), such as the U6 promoter (e.g.,
human, murine) or H1 promoter (e.g., human, murine).

It will be appreciated by those skilled in the art that the design of the expression
cassette can depend on such factors as the choice of the host cell to be transformed, the
level of expression of the presently disclosed polynucleotides, and the like. Such
expression cassettes typically include one or more appropriately positioned sites for
restriction enzymes, to facilitate introduction of the nucleic acid into a vector.

It will further be appreciated that appropriate promoter and/or regulatory elements can
readily be selected to allow expression of the presently disclosed polynucleotides in the
cell of interest. In some embodiments, a promoter can be selected that confers inducible,

constitutive, environmentally- or developmentally-regulated, or cell- or tissue-
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specific/selective expression. Chemical-regulated promoters can be used to express the
presently disclosed polynucleotide through the application of an exogenous chemical
regulator. Depending upon the objective, the promoter may be a chemical-inducible
promoter, where application of the chemical induces gene expression, or a chemical-
repressible promoter, where application of the chemical represses gene expression. Other
chemical-regulated promoters of interest include steroid-responsive promoters (see, for
example, the glucocorticoid-inducible promoter in Schena et al. (1991) Proc. Natl. Acad.
Sci. USA 88:10421-10425 and McNellis et al. (1998) Plant J. 14(2):247-257) and
tetracycline-inducible and tetracycline-repressible promoters (see, for example, Gatz et al.
(1991) Mol. Gen. Genet. 227:229-237, and U.S. Patent Nos. 5,814,618 and 5,789,156),
herein incorporated by reference.

Additional regulatory sequences found within expression cassettes include a 3°
non-coding region. The “3' non-coding region” or “terminator region” refers to DNA or
RNA sequences located downstream of a coding sequence and may include
polyadenylation recognition sequences and other sequences encoding regulatory signals
capable of affecting mRNA processing or gene expression. The polyadenylation signal is
usually characterized by effecting the addition of polyadenylic acid tracts to the 3' end of
the mRNA precursor. The use of different 3' non-coding sequences is exemplified by
Ingelbrecht et al. (1989) Plant Cell 1:671-680.

Regulatory sequences can be provided by viral regulatory elements. For example,
commonly used promoters are derived from polyoma, Adenovirus 2, cytomegalovirus, and
Simian Virus 40. For other suitable expression systems for both prokaryotic and
cukaryotic cells, see Chapters 16 and 17 of Sambrook et al. (1989) Molecular Cloning: A
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Plainview, New York).
See, Goeddel (1990) in Gene Expression Technology: Methods in Enzymology 185
(Academic Press, San Diego, California).

The expression cassette can also comprise a selectable marker gene for the selection
of transformed cells. Selectable marker genes are utilized for the selection of transformed
cells or tissues. Marker genes include genes encoding antibiotic resistance, such as those
encoding neomycin phosphotransferase II (NEO) and hygromycin phosphotransferase
(HPT). Additional selectable markers include phenotypic markers such as B-galactosidase
and fluorescent proteins such as green fluorescent protein (GFP) (Su et al. (2004)
Biotechnol Bioeng 85:610-9 and Fetter et al. (2004) Plant Cell 16:215-28), cyan
florescent protein (CYP) (Bolte et al. (2004) J. Cell Science 117:943-54 and Kato et al.
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(2002) Plant Physiol 129:913-42), and yellow florescent protein (PhiYFP™ from Evrogen,
see, Bolte et al. (2004) J. Cell Science 117:943-54). For additional sclectable markers,
see generally, Yarranton (1992) Curr. Opin. Biotech. 3:506-511; Christopherson et al. (1992)
Proc. Natl. Acad. Sci. USA 89:6314-6318; Yao et al. (1992) Cell 71:63-72; Reznikoff (1992)
Mol. Microbiol. 6:2419-2422; Barkley et al. (1980) in The Operon, pp. 177-220; Hu et al.
(1987) Cell 48:555-566; Brown et al. (1987) Cell 49:603-612; Figge et al. (1988) Cell
52:713-722; Deuschle et al. (1989) Proc. Natl. Acad. Aci. USA 86:5400-5404; Fuerst et al.
(1989) Proc. Natl. Acad. Sci. USA 86:2549-2553; Deuschle et al. (1990) Science 248:480-
483; Gossen (1993) Ph.D. Thesis, University of Heidelberg; Reines e al. (1993) Proc. Natl.
Acad. Sci. US4 90:1917-1921; Labow et al. (1990) Mol. Cell. Biol. 10:3343-3356; Zambretti
et al. (1992) Proc. Natl. Acad. Sci. USA 89:3952-3956; Baim et al. (1991) Proc. Natl. Acad.
Sci. USA 88:5072-5076; Wyborski et al. (1991) Nucleic Acids Res. 19:4647-4653; Hillenand-
Wissman (1989) Topics Mol. Struc. Biol. 10:143-162; Degenkolb et al. (1991) Antimicrob.
Agents Chemother. 35:1591-1595; Kleinschnidt ez al. (1988) Biochemistry 27:1094-1104;
Bonin (1993) Ph.D. Thesis, University of Heidelberg; Gossen et al. (1992) Proc. Natl. Acad.
Sci. USA 89:5547-5551; Oliva et al. (1992) Antimicrob. Agents Chemother. 36:913-919;
Hlavka et al. (1985) Handbook of Experimental Pharmacology, Vol. 78 ( Springer-Verlag,
Berlin); Gill ef al. (1988) Nature 334:721-724. Such disclosures are herein incorporated by
reference.

The above list of selectable marker genes is not meant to be limiting. Any
selectable marker gene can be used in the present invention.

In preparing the expression cassette, the various DNA fragments may be
manipulated, so as to provide for the DNA sequences in the proper orientation and, as
appropriate, in the proper reading frame. Toward this end, adapters or linkers may be
employed to join the DNA fragments or other manipulations may be involved to provide
for convenient restriction sites, removal of superfluous DNA, removal of restriction sites,
or the like. For this purpose, in vitro mutagenesis, primer repair, restriction, annealing,
resubstitutions, e.g., transitions and transversions, may be involved.

In some embodiments, the expression cassettes can be used for in vitro
transcription of the coding sequence into an RNA oligonucleotide. In vitro transcription
may be performed using a variety of available systems including the T7, SP6, and T3
promoter/polymerase systems (e.g., those available commercially from Promega,

Clontech, New England Biolabs, and the like). Vectors including the T7, SP6, or T3
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promoter are well known in the art and can readily be modified to direct transcription of
the presently disclosed polynucleotides.

Such expression cassettes can be contained in a vector which allow for the
introduction of the expression cassette into a cell. In specific embodiments, the vector
allows for autonomous replication of the expression cassette in a cell or may be integrated
into the genome of a cell. Such vectors are replicated along with the host genome (e.g.,
nonepisomal mammalian vectors). In general, expression vectors of utility in recombinant
DNA techniques are often in the form of plasmids (vectors). However, the invention is
itended to include such other forms of expression vectors, such as viral vectors (e.g.,

replication defective retroviruses, adenoviruses, and adeno-associated viruses).

D. Methods of Expression

According to the present invention, polynucleotides or expression cassettes can be
introduced into a cell. "Introducing” is intended to mean presenting to the cell the
polynucleotide in such a manner that the sequence gains access to the interior of the cell.
The methods of the invention do not depend on a particular method for introducing a
sequence into a cell, only that the polynucleotide gains access to the interior of the cell.
Methods for introducing polynucleotides into cells are known in the art including, but not
limited to, stable transformation methods, transient transformation methods, and virus-
mediated methods.

"Stable transformation"” is intended to mean that the polynucleotide introduced into
a cell integrates into the genome of the cell and is capable of being inherited by the
progeny thereof. "Transient transformation” is intended to mean that a polynucleotide is
introduced into the cell and does not integrate into the genome of the cell.

Exemplary art-recognized techniques for introducing foreign polynucleotides into
a host cell, including calcium phosphate or calcium chloride co-precipitation, DEAE-
dextran-mediated transfection, lipofection, particle gun, or electroporation and viral
vectors. Suitable methods for transforming or transfecting host cells can be found in U.S.
Pat. No. 5,049,386, U.S. Pat. No. 4,946,787; and U.S. Pat. No. 4,897,355, Sambrook ef al.
(1989) Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor Laboratory
Press, Plainview, New York) and other standard molecular biology laboratory manuals.
One of skill will recognize that depending on the method by which a polynucleotide is
itroduced into a cell, the polynucleotide can be stably incorporated into the genome of the

cell, replicated on an autonomous vector or plasmid, or present transiently in the cell. In
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some embodiments, transient expression may be desired. In those cases, standard transient
transformation techniques may be used. Such methods include, but are not limited to viral
transformation methods, and microinjection of DNA or RNA, as well other methods well
known in the art.

Viral vector delivery systems include DNA and RNA viruses, which have either
episomal or integrated genomes after delivery to the cell. For a review of viral vector
procedures, see Anderson (1992) Science 256:808-813; Haddada ef al. (1995) Current
Topics in Microbiology and Immunology Doerfler and Bohm (eds); and Yu et al. (1994)
Gene Therapy 1:13-26.

Conventional viral based systems for the delivery of the presently disclosed
polynucleotides could include retroviral, lentivirus, adenoviral, adeno-associated and
herpes simplex virus vectors for gene transfer. Viral vectors are currently the most
efficient and versatile method of gene transfer in target cells and tissues. Integration in the
host genome is possible with the retrovirus, lentivirus, and adeno-associated virus gene
transfer methods, often resulting in long term expression of the inserted transgene.

Viral vectors can be delivered in vivo by administration to an individual patient,
typically by systemic administration (e.g., intravenous, intraperitoneal, intramuscular,
subdermal, or intracranial infusion) or topical application, as described below.
Alternatively, vectors can be delivered to cells ex vivo, such as cells explanted from an
individual patient, followed by reimplantation of the cells into a patient, usually after
selection for cells which have incorporated the vector.

Host organisms containing the introduced polynucleotide are referred to as
“transgenic” organisms. By "host cell" is meant a cell that contains an introduced
polynucleotide construct and supports the replication and/or expression of the construct.
Host cells may be prokaryotic cells such as E. coli, or eukaryotic cells such as fungi, yeast,
insect, amphibian, nematode, or mammalian cells. Mammalian cells of interest include
cells from humans or from agricultural or domestic animals. Alternatively, the host cells
are monocotyledonous or dicotyledonous plant cells. Examples of methods of plant
transformation include Agrobacterium-mediated transformation (De Blaere er al. (1987)
Meth. Enzymol. 143:277) and particle-accelerated or “gene gun” transformation
technology (Klein et al (1987) Nature (London) 327:70-73; U.S. Patent No. 4,945,050),
among others.

The skilled artisan will recognize that different independent transformation events

will result in different levels and patterns of expression (Jones et al. (1985) EMBO J.
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4:2411-2418; De Almeida et al. (1989) Mol. Gen. Genetics 218:78-86), and thus that
multiple events may have to be screened in order to obtain cells displaying the desired
expression level and pattern. Such screening may be accomplished by PCR or Southern
analysis of DNA to determine if the introduced polynucleotide is present in complete
form, and then northern analysis or RT-PCR to determine if the expected RNA is indeed

expressed.

E. Pharmaceutical Compositions

The compounds (e.g., polynucleotides and expression cassettes) described herein
are useful in mammalian tissue culture systems, in animal studies, and for therapeutic
purposes. The presently disclosed compositions can be formulated for delivery, i.e.,
administering to the subject, by any available route including, but not limited, to parenteral
(e.g., intravenous), intradermal, subcutancous, oral, nasal, bronchial, opthalmic,
transdermal (topical), transmucosal, rectal, and vaginal routes. In some embodiments, the
route of delivery is intravenous, parenteral, transmucosal, nasal, bronchial, vaginal, or
oral.

The presently disclosed pharmaceutical compositions also can include a compound
with a pharmaceutically acceptable carrier. As used herein the term “pharmaceutically
acceptable carrier” includes solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like, compatible with
pharmaceutical administration. Supplementary active compounds also can be
incorporated into the compositions.

The presently disclosed subject matter contemplates pharmaceutical compositions
comprising a pharmaceutical carrier and isolated polynucleotides (or expression cassettes
comprising the same) comprising or encoding a nucleotide sequence of a loop region of
regulated primary microRNA transcripts or loop regions of regulated precursor
microRNAs or active variants or fragments thereof that promote the processing of at least
one of primary microRNA transcripts by Drosha and precursor microRNAs by Dicer. In
some of these embodiments, the loop region sequence is from a Lin-28-like polypeptide-
regulated primary microRNA transcript or Lin-28-like polypeptide-regulated precursor
microRNA. In particular embodiments, the isolated polynucleotide comprises or encodes
a nucleotide sequence having at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99% or more sequence identity
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to any one of the sequences set forth in SEQID NO: 1,2,3,4,5,6,7,8,9,10, 11, 12, 13,
14, or 102, or an active fragment thercof, and wherein the polynucleotide promotes the
processing of at least one of a regulated primary microRNA transcript by Drosha and a
regulated precursor miRNA by Dicer when introduced into or expressed in a cell. In some
of these embodiments, the polynucleotide or an expression product thereof can not be
processed to form a mature Let-7 miRNA when introduced into or expressed in a cell. In
certain embodiments, the polynucleotide or expression product thereof can not be
processed to form a mature endogenous miRNA. In some embodiments, the
polynucleotide encodes the nucleotide sequence set forth in SEQ ID NO: 102.

In some of these embodiments, the isolated polynucleotide of the pharmaceutical
composition or an expression product thereof comprises a stem-loop structure and can be
recognized and processed by Dicer or Drosha, wherein the loop of the stem-loop structure
has the loop sequence of a regulated primary microRNA transcript, a regulated precursor
microRNA, or an active variant or fragment thereof. In particular embodiments, the loop
sequence is from a loop of a Lin-28-like polypeptide-regulated primary microRNA
transcript, a Lin-28-like polypeptide-regulated precursor microRNA, or an active variant
or fragment thereof. In some of these embodiments, the loop has a nucleotide sequence
having at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or more sequence identity to any one of the
sequences set forth in SEQIDNO: 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 102, or an
active fragment thereof. In these embodiments, the stem of the stem-loop structures
comprises a microRNA. The processing of the polynucleotide or expression product
thereof by Drosha or Dicer is inhibited by a Lin-28-like polypeptide. Thus, the miRNA of
the stem-loop structure will be selectively processed by Drosha or Dicer and the target
polynucleotide suppressed in those cells that have a relatively low level of Lin-28-like
polypeptides. In certain embodiments, the loop sequence is heterologous to the stem
sequence. In particular embodiments, the loop sequence interacts with a Lin-28-like
polypeptide (e.g., Lin-28, Lin-28B). In certain embodiments, the loop has the nucleotide
sequence set forth in SEQ ID NO: 102. In some embodiments, the target polynucleotide
of the miRNA comprises a disease-causing gene, such as an oncogene.

As one of ordinary skill in the art would appreciate, a presently disclosed
pharmaceutical composition is formulated to be compatible with its intended route of

administration. Solutions or suspensions used for parenteral (e.g., intravenous),
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intramuscular, intradermal, or subcutaneous application can include the following
components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents, such as benzyl alcohol or methyl parabens; antioxidants, such as ascorbic acid or
sodium bisulfite; chelating agents, such as ethylenediaminetetraacetic acid; buffers, such
as acetates, citrates or phosphates; and agents for the adjustment of tonicity, such as
sodium chloride or dextrose. pH can be adjusted with acids or bases, such as hydrochloric
acid or sodium hydroxide. The parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use typically include sterile
aqueous solutions (where water soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersions. For intravenous
administratio