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METHODS AND COMPOSITIONS INVOLVING MIRNA AND MIRNA
INHIBITOR MOLECULES

ABSTRACT

The present invention concerns methods and compositions for introducing
miRNA activity or function into cells using synthetic nucleic acid molecules.
Moreover, the present invention concerns methods and compositions for identitying
miRNAs with specific cellular functions that are relevant to therapeutic, diagnostic,
and prognostic applications wherein synthetic miRNAs and/or miRNA 1nhibitors are

used in library screening assays.
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METHODS AND COMPOSITIONS INVOLVING MIRNA AND MIRNA
INHIBITOR MOLECULES

This application is a divisional of application serial number 2,587,189, which
is the national phase application derived from international application
PCT/US2005/041162 filed internationally on November 14, 2005, which claims
convention priority from United States patent applications 60/627,171 filed
November 12, 2004, 60/649,634 filed February 3, 2005, and 60/683,736 filed

May 23, 2005.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the field of molecular biology.
More particularly, it concerns methods and compositions involving nucleic acid
molecules that simulate microRNA (miRNAs) and that inhibit miRNAs. Methods and
compositions involving synthetic miRNAs and miRNA inhibitor molecules are
described. In addition, methods and compositions for identifying miRNAs that
contribute to cellular processes are also described. In addition, the identification of
miRNAs that contribute to cellular processes provides targets for therapeutic

intervention as well as diagnostic and/or prognostic analysis.

2. Description of the Related Art

In 2001, several groups used a novel cloning method to i1solate and 1dentify a
large group of “microRNAs” (miRNAs) from C. elegans, Drosophila, and humans
(Lagos-Quintana et al., 2001; Lau er al., 2001; Lee and Ambros, 2001). Several
hundreds of miRNAs have been identified in plants and animals—including
humans—which do not appear to have endogenous siRNAs. Thus, while similar to

sSiIRNAs, miRNAs are nonetheless distinct.

miRNAs thus far observed have been approximately 21-22 nucleotides in
length and they arise from longer precursors, which are transcribed from non-protein-
encoding genes. See review of Carrington ef al. (2003). The precursors form

structures that fold back on each other in self-complementary regions; they are then
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processed by the nuclease Dicer in animals or DCLI1 in plants. miRNA molecules

interrupt translation through precise or imprecise base-pairing with their targets.

miRNAs seem to be mnvolved in gene regulation. Some miRNAs, including
[in-4 and let-7, 1nhibit protein synthesis by binding to partially complementary 3’
untranslated regions (3' UTRs) of target mRNAs. Others, including the Scarecrow

miRNA found 1n plants, function like siRNA and bind to perfectly complementary
mRNA sequences to destroy the target transcript (Grishok et al., 2001).

Research on microRNAs 1s increasing as scientists are beginning to appreciate
the broad role that these molecules play in the regulation of eukaryotic gene
expression. The two best understood miRNAs, /in-4 and let-7, regulate developmental
timing in C. elegans by regulating the translation of a family of key mRNAs
(reviewed 1n Pasquinelll, 2002). Several hundred miRNAs have been identified in C.
elegans, Drosophila, mouse, and humans. As would be expected for molecules that
regulate gene expression, miIRNA levels have been shown to vary between tissues and
developmental states. In addition, one study shows a strong correlation between
reduced expression of two miRNAs and chronic lymphocytic leukemia, providing a
possible link between miRNAs and cancer (Calin, 2002). Although the field is still
young, there 1s speculation that miRNAs could be as important as transcription factors

in regulating gene expression in higher eukaryotes.

There are a few examples of miRNAs that play critical roles in cell
differentiation, early development, and cellular processes like apoptosis and fat
metabolism. /in-4 and let-7 both regulate passage from one larval state to another
during C. clegans development (Ambros, 2003). mir-I/4 and bantam are drosophila
miRNAs that regulate cell death, apparently by regulating the expression of genes
involved 1n apoptosis (Brennecke et al., 2003, Xu ef al., 2003). MiR14 has also been
implicated in fat metabolism (Xu er al., 2003). Lsy-6 and miR-273 are C. elegans
miRNAs that regulate asymmetry in chemosensory neurons (Chang et al., 2004).
Another animal miRNA that regulates cell differentiation is miR-181, which guides
hematopoietic cell differentiation (Chen et al., 2004). These molecules represent the
full range ot animal miIRNAs with known functions. Enhanced understanding of the
functions of miRNAs will undoubtedly reveal regulatory networks that contribute to

normal development, differentiation, inter- and intra-cellular communication, cell
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cycle, angiogenesis, apoptosis, and many other cellular processes. Given their
important roles in many biological functions, i1t 1s likely that miRNAs will offer

important points for therapeutic intervention or diagnostic analysis.

Characterizing the functions of biomolecules like miRNAs often involves
introducing the molecules into cells or removing the molecules from cells and
measuring the result. If introducing a miRNA into cells results in apoptosis, then the
miRNA undoubtedly participates in an apoptotic pathway. Methods for introducing
and removing miRNAs from cells have been described. Two recent publications
describe antisense molecules that can be used to inhibit the activity of specific
miRNAs (Meister ef al., 2004; Hutvagner et al., 2004). Another publication describes
the use of plasmids that are transcribed by endogenous RNA polymerases and yield
specific miIRNAs when transfected into cells (Zeng et al., 2002). These two reagent

sets have been used to evaluate single miRNAs.

A limitation of the plasmid-based miRNA expression system is that the
transfection efficiencies for plasmids tend to be very low, with only approximately
50% ot cells expressing RNA from the plasmid in cells that are easy to transfect.
Transtection efficiencies for plasmids in primary cells are much lower, with fewer
than 10% of cells typically expressing the desired RNA. Therefore, there is a need for
alternative compositions and methods for introducing miRNA molecules into cells so

that they can be characterized and studied.

SUMMARY OF THE INVENTION

Certain exemplary embodiments provide a synthetic RNA molecule
comprising: a) a first 17-25 residue oligonucleotide comprising a sequence that is 80-
100% 1dentical to a mature microRNA sequence, b) a second 17-25 residue
oligonucleotide comprising a sequence that is 60-100% identical to a sequence
complementary to the mature microRNA sequence, and c¢) at least one of i) a
replacement group for the phosphate or the hydroxyl of the nucleotide at the 5' end of
the second oligonucleotide, ii) one or more sugar modifications in the first or last 1-6
residues of the second oligonucleotide, and i11) a noncomplementarity between one or
more nucleotides 1n the last 1-5 residues at the 3' end of the second oligonucleotide

and the corresponding nucleotides of the first oligonucleotide.
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Other exemplary embodiments provide a synthetic RNA molecule comprising:
a) a first 17-25 residue oligonucleotide comprising a sequence that 1s 80-100%
identical to a mature microRNA sequence, b) a second 17-25 residue oligonucleotide
comprising a sequence that is 60-100% identical to a sequence complementary to the
mature microRNA sequence, and c¢) at least one modification to the second

oligonucleotide that enhances the uptake of the first oligonucleotide.

The present invention is based on the inventors’ studies regarding the
introduction into cells of one or more nucleic acids that function like miRNA or
inhibit the activities of one or more miRNAs in cells to characterize their roles in
various biological processes. The invention concerns nucleic acids that perform the
activities of endogenous miRNAs when introduced into cells. These nucleic acids are
synthetic miRNA in some embodiments. The invention further concerns a library of
synthetic miRNAs specific to a variety of known miRNAs that can be used to
introduce sequentially or in combination one or more miRNAs into cells in vitro or in
vivo for the purpose of identifying miRNAs that participate in cellular processes. The
invention further involves a library of sequence-specific miRNA inhibitors that can be

used to inhibit sequentially or in combination the activities of one or more miRNAs 1n
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cells. The two libraries of miRNA-specific reagents are used to introduce or eliminate

specific miRNAs or combinations of miRNAs to define the roles of miRNAs in cells.

The term “miRNA” 1s used according to its ordinary and plain meaning and
refers to a microRNA molecule found in eukaryotes that is involved in RNA-based
gene regulation. See, e.g., Carrington ef al., 2003. The term will be used to refer to
the single-stranded RNA molecule processed from a precursor. Individual miRNAs
have been i1dentified and sequenced in different organisms, and they have been given
names. Names of miRNAs and their sequences are provided herein. Additionally,
other miRNAs are known to those of skill in the art and can be readily implemented in
embodiments of the invention. The methods and compositions should not be Iimited
to miIRNAs 1dentified 1n the application, as they are provided as examples, not

necessarily as limitations of the invention.

The present invention concerns, in some embodiments of the invention, short
nucleic acid molecules that function as miRNAs or as inhibitors of miRNA in a cell.
The term “short” refers to a length of a single polynucleotide that is 150 nucleotides
or fewer. The nucleic acid molecules are synthetic. The term “synthetic” means the
nucleic acid molecule 1s 1solated and not identical in sequence (the entire sequence)
and/or chemical structure to a naturally-occurring nucleic acid molecule, such as an
endogenous precursor miRNA molecule. While in some embodiments, nucleic acids
of the invention do not have an entire sequence that is identical to a sequence of a

naturally-occurring nucleic acid, such molecules may encompass all or part of a

naturally-occurring sequence. It 1s contemplated, however, that a synthetic nucleic

acld administered to a cell may subsequently be modified or altered in the cell such
that 1ts structure or sequence 1s the same as non-synthetic or naturally occuring
nucleic acid, such as a mature miRNA sequence. For example, a synthetic nucleic
acid may have a sequence that differs from the sequence of a precursor miRNA, but
that sequence may be altered once in a cell to be the same as an endogenous,
processed miRNA. The term “isolated” means that the nucleic acid molecules of the
invention are mitially separated from different (in terms of sequence or structure) and
unwanted nucleic acid molecules such that a population of 1solated nucleic acids is at
least about 90% homogenous, and may be at least about 95, 96, 97, 98, 99, or 100%

homogenous with respect to other polynucleotide molecules. In many embodiments of
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the invention, a nucleic acid 1s 1solated by virtue of it having been synthesized in vitro

separate from endogenous nucleic acids in a cell. It will be understood, however, that

1solated nucleic acids may be subsequently mixed or pooled together.

Of course, 1t 1s understood that a “synthetic nucleic acid” of the invention
means that the nucleic acid does not have a chemical structure or sequence of a
naturally occuring nucleic acid. Consequently, it will be understood that the term
“synthetic miRNA” refers to a “synthetic nucleic acid” that functions in a cell or

under physiological conditions as a naturally occuring miRNA.

While many of the embodiments of the invention involve synthetic miRNAs
or synthetic nucleic acids, in some embodiments of the invention, the nucleic acid
molecule(s) need not be “synthetic.” In certain embodiments, a non-synthetic miRNA
employed in methods and compositions of the invention may have the entire sequence
and structure of a naturally occurring miRNA precursor or the mature miRNA. For
example, non-synthetic miRNAs used in methods and compositions of the invention
may not have one or more modified nucleotides or nucleotide analogs. In these
embodiments, the non-synthetic miRNA may or may not be recombinantly produced.
In particular embodiments, the nucleic acid in methods and/or compositions of the
invention 1s specitically a synthetic miRNA and not a non-synthetic miRNA (that is,
not an miRNA that qualifies as “synthetic”); though in other embodiments, the
invention specifically involves a non-synthetic miRNA and not a synthetic miRNA.
Any embodiments discussed with respect to the use of synthetic miRNAs can be

applied with respect to non-synthetic miRNAs, and vice versa.

It will be understood that the term “naturally occurring” refers to something
found i1n an organism without any intervention by a person; it could refer to a
naturally-occurring wildtype or mutant molecule. In some embodiments a synthetic
miRNA molecule does not have the sequence of a naturally occurring miRNA
molecule. In other embodiments, a synthetic miRNA molecule may have the sequence

of a naturally occurring miRNA molecule, but the chemical structure of the molecule,
particularly in the part unrelated specifically to the precise sequence (non-sequence
chemical structure) differs from chemical structure of the naturally occurring miRNA
molecule with that sequence. In some cases, the synthetic miRNA has both a
sequence and non-sequence chemical structure that are not found in a naturally-

occurring miIRNA. Moreover, the sequence of the synthetic molecules will identify
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which miRNA 1s effectively being provided or inhibited; the endogenous miRNA will
be referred to as the “corresponding miRNA.” Corresponding miRNA sequences that
can be used 1n the context of the invention include, but are not limited to, those
sequences in SEQ ID NOs: 1-593 and those miRNAs listed in the appendix.. In
addition synthetic nucleic acids of the invention may include SEQ ID NOs:594-703 as
well as any other miRNA sequence, miRNA precursor sequence, or any sequence
complementary thereof. In some embodiments, the sequence is or 1s derived from a
probe sequence 1dentified in the appendix to target the particular miRNA (or set of

mi1RNAs) that can be used with that probe sequence.

Synthetic miRNA of the invention are RNA or RNA analogs in some
embodiments of the invention. MiRNA inhibitors may be DNA or RNA, or analogs
thereof. miIRNA and miRNA inhibitors of the invention are collectively referred to as

“synthetic nucleic acids.”

In some embodiments, there 1s a synthetic miRNA having a length of between
17 and 130 residues. The present invention concerns synthetic miRNA molecules that
are, are at least, or are at most 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
33, 54, 35, 56, 57, 58, 39, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74, 75,
76,777,778, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, or 130 residues

in length, or any range derivable therein.

In certain embodiments, synthetic miRNA have a) an “miRNA region” whose
sequence from 5 to 3’ 1s 1dentical to a mature miRNA sequence, and b) a
“complementary region” whose sequence from 5’ to 3’ is between 60% and 100%

complementary to the miRNA sequence. In certain embodiments, these synthetic
miRNA are also 1solated, as defined above. The term “miRNA region” refers to a
region on the synthetic miRNA that 1s at least 90% identical to the entire sequence of
a mature, naturally occurring miRNA sequence. In certain embodiments, the miRNA
region 1s or 18 at least 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99 4,
99.5. 99.6, 99.7, 99.8, 99.9 or 100% 1dentical to the sequence of a naturally-occurring

miRNA.



10

15

20

23

30

CA 02857880 2014-07-29

The term “complementary region” refers to a region of a synthetic miRNA
that 1s or 1s at least 60% complementary to the mature, naturally occurring miRNA
sequence that the miRNA region is 1dentical to. The complementary region is or is at
least 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.1, 99.2,
99.3, 99.4, 99.5, 99.6, 99.7, 99.8, 99.9 or 100% complementary, or any range
derivable therein. With single polynucleotide sequences, there is a hairpin loop
structure as a result of chemical bonding between the miRNA region and the
complementary region. In other embodiments, the complementary region is on a
different nucleic acid molecule than the miRNA region, in which case the
complementary region 1s on the complementary strand and the miRNA region is on

the active strand.

In other embodiments of the invention, there are synthetic nucleic acids that

are miRNA 1nhibitors. An miRNA 1nhibitor 1s between about 17 to 25 nucleotides in
length and comprises a 5’ to 3’ sequence that is at least 90% complementary to the 5’

to 3’ sequence of a mature miRNA. In certain embodiments, an miRNA inhibitor

molecule 1s 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides in length, or any range

derivable therein. Moreover, an miRNA inhibitor has a sequence (from 5’ to 3') that is
or 1s at least 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6,
99.7, 99.8, 99.9 or 100% complementary, or any range derivable therein, to the 5’ to
3’ sequence of a mature miRNA, particularly a mature, naturally occurring miRNA.
Probe sequences for miRNAs are disclosed in the appendix. While they have more
sequence than an miRNA inhibitor, one of skill in the art could use that portion of the

probe sequence that 1s complementary to the sequence of a mature miRNA as the

sequence for an miRNA inhibitor. Table 1 indicates what the mature sequence of an
miRNA 1s. Moreover, that portion of the probe sequence can be altered so that it is

still 90% complementary to the sequence of a mature miRNA.

In some embodiments, of the invention, a synthetic miRNA contains one or

more design elements. These design elements include, but are not limited to: i) a
replacement group for the phosphate or hydroxyl of the nucleotide at the 5’ terminus

of the complementary region; 11) one or more sugar modifications in the first or last 1

to 6 residues of the complementary region; or, i11) noncomplementarity between one
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or more nucleotides 1n the last 1 to 5 residues at the 3" end of the complementary

region and the corresponding nucleotides of the miRNA region.

In certain embodiments, a synthetic miRNA has a nucleotide at 1ts 5’ end of
the complementary region in which the phosphate and/or hydroxyl group has been
replaced with another chemical group (referred to as the “replacement design™). In
some cases, the phosphate group i1s replaced, while in others, the hydroxyl group has
been replaced. In particular embodiments, the replacement group is biotin, an amine
group, a lower alkylamine group, an acetyl group, 2°0O-Me (2’oxygen-methyl),
DMTO (4,4’-dimethoxytrityl with oxygen), fluoroscein, a thiol, or acridine, though
other replacement groups are well known to those of skill in the art and can be used as

well. This design element can also be used with an miRNA 1nhibitor.

Additional embodiments concern a synthetic miRNA having one or more
sugar modifications in the first or last 1 to 6 residues of the complementary region
(referred to as the “sugar replacement design™). In certain cases, there 1s one or more
sugar modifications 1n the first 1, 2, 3, 4, 5, 6 or more residues of the complementary
region, or any range derivable therein. In additional cases, there i1s one or more sugar
modifications in the last 1, 2, 3, 4, 5, 6 or more residues of the complementary region,

or any range derivable therein, have a sugar modification. It will be understood that

the terms “first” and “last” are with respect to the order of residues from the 5’ end to

the 3’ end of the region. In particular embodiments, the sugar modification is a 2’O-
Me modification. In further embodiments, there is one or more sugar modifications in
the first or last 2 to 4 residues of the complementary region or the first or last 4 to 6

restdues of the complementary region. This design element can also be used with an

miRNA 1nhibitor. Thus, an miRNA inhibitor can have this design element and/or a

replacement group on the nucleotide at the 5° terminus, as discussed above.

In other embodiments of the invention, there is a synthetic miRNA in which
one or more nucleotides 1n the last 1 to 5 residues at the 3’ end of the complementary
region are not complementary to the corresponding nucleotides of the miRNA region
(“noncomplementarity”) (referred to as the “noncomplementarity design™). The
noncomplementarity may be n the last 1, 2, 3, 4, and/or 5 residues of the
complementary miRNA. In certain embodiments, there 1s noncomplementarity with at

least 2 nucleotides in the complementary region.
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It is contemplated that synthetic miRNA of the invention have one or more of
the replacement, sugar modification, or noncomplementarity designs. In certain cases,

synthetic RNA molecules have two of them, while in others these molecules have all

three designs in place.

The miRNA region and the complementary region may be on the same or
separate polynucleotides. In cases in which they are contained on or in the same
polynucleotide, the miRNA molecule will be considered a single polynucleotide. In
embodiments in which the different regions are on separate polynucleotides, the

synthetic miRNA will be considered to be comprised of two polynucleotides.

When the RNA molecule is a single polynucleotide, there is a linker region
between the miRNA region and the complementary region. In some embodiments, the
single polynucleotide is capable of forming a hairpin loop structure as a result of
bonding between the miRNA region and the complementary region. The Ilinker
constitutes the hairpin loop. It 1s contemplated that in some embodiments, the linker
region 1s, 1s at least, oris at most 2, 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, 33, 34, 35, 36, 37, 38, 39, or 40
residues in length, or any range derivable therein. In certain embodiments, the linker

1s between 3 and 30 residues (inclusive) in length.

In addition to having an miRNA region and a complementary region, there
may be flanking sequences as well at either the 5’ or 3’ end of the region. In some

embodiments, there 1s or 1s at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 nucleotides or more, or

any range derivable therein, flanking one or both sides of these regions.

The present invention also concerns a collection of synthetic nucleic acid
molecules, referred to as a library. A collection may contain, contain at least or
contain at most 2, 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, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 33, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70, 71,72, 73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161,



10

15

20

25

30

CA 02857880 2014-07-29

162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195,
196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229,
230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246,
247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263,
264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280,
281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297,
298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314,
315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331,
332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348,
349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365,
366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382,
383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399,
400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416,
417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433,
434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450,
451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467,
468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484,
485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500, 501,
502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515, 516, 517, 518,
519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535,
336, 537, 538, 539, 540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550 or more
different types (by structure and/or sequence) of nucleic acids. Libraries may contain

synthetic miRNAs and/or miRNA inhibitors.

Embodiments involving libraries and methods of using nucleic acids of the
invention may be applied to miRNA and miRNA inhibitors. Thus, any embodiment
discussed with respect to nucletc acids of the invention may generally be applicable to

miRNA and miRNA 1nhibitor molecules, and vice versa. Moreover, embodiments

discussed with respect to miRNA may be applied to miRNA inhibitors and vice versa.

The present invention also concerns methods of characterizing an miRNA
activity or function in a cell. In some embodiments, a method comprises: a)

introducing into one or more cells a synthetic miRNA molecule; and b) comparing

10
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one or more characteristics of cell(s) having the RNA molecule with cells in which
the synthetic miRNA molecule has not been introduced. In certain embodiments, the
cells with the synthetic miRNA may be compared to cells in which a different
molecule was introduced (such as a negative control that does not include an miRNA
region or has an miRNA region for a different miRNA). It is contemplated that the
compared cells need not be evaluated at the same time. In fact, the comparison cells

need not have been cultured at the same time; one may refer to a report or previous

observation.

Other methods include reducing or eliminating activity of one or more
miRNAs from a cell comprising: a) introducing into a cell an miRNA inhibitor. In
certain embodiment, methods also include comparing one or more characteristics of a

cell having the miRNA inhibitor with a cell not having the miRNA inhibitor.

The synthetic nucleic acids discussed above and herein can be used in methods
of the invention. Thus, 1n certain embodiments, the methods involve synthetic nucleic

acids with the different designs in them.

Characteristics of cells that may be evaluated are not limited. They include the
following characteristics and characteristics associated with the following: cell
proliferation, mitotic index, cell cycle, apoptosis, motility, adhesion, signal
transduction, protein localization, gene expression, RNA localization, cell division,
DNA replication, post-translational modification, differentiation, de-differentiation,
transcriptional activation, protein activation, angiogenesis, metabolism (energy
production and/or consumption), protein degradation, chromatin condensation,
microtubule production, DNA replication, recombination, and DNA repair functions.
It 1s contemplated that these characteristics may be relevant globally to the cell (for

example, overall protein production reduced) or to individual species in the cell (for

example, induction of a specific protein(s)).

It 1s contemplated that this method may be applied with respect to a variety of
different synthetic and/or nonsynthetic miRNAs in separate or the same cells. In some
cases, the following numbers of different synthetic miRNA molecules may be
introduced 1nto different cells: 2, 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, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42. 43,44, 45, 46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58. 59, 60, 61, 62, 63, 64,
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65, 66, 67, 68, 69, 70,71, 72, 73,74, 75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 103, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158,
159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175,
176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209,
210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243,
244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260,
261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277,
278, 279, 280, 281, 282, 283, 284, 2835, 286, 287, 288, 289, 290, 291, 292, 293, 294,
295, 296, 297, 298, 299, 300 or more, or any range derivable therein (or at least or at
most these numbers). The invention 1s not limited by cell type. It is contemplated that
any cell expressing miRNA or any cell having a characteristic altered by an miRNA is
amenable to the methods and compositions of the invention. Use of two or more
miRNAs may be combined in a single pharmaceutical composition as a cocktail or
may be used in any therapeutic, diagnostic or prognostic method of the invention. It
1s contemplated that methods of the invention may involve, involve at least, or
involve at most 1, 2, 3, 4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
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