10

15

20

25

30

WO 2009/043353 PCT/DE2008/000344

MICROMIRs

FIELD OF THE INVENTION

The present invention relates to very short oligonucleotides which target and inhibit microRNAs
In vivo, and their use in medicaments and pharmaceutical compositions.

BACKGROUND OF THE INVENTION

MicroRNAs (miRNAs) are an abundant class of short endogenous RNAs that act as post-
transcriptional regulators of gene expression by base-pairing with their target mRNAs. They are
processed from longer (ca 70-80 nf) hairpin-like precursors termed pre-miRNAs by the RNAse
Il enzyme Dicer. MicroRNAs assemble in ribonucleoprotein complexes termed miRNPs and
recognize their target sites by antisense complamentarity thereby mediating down-regulation of
their target genes. Near-perfect or perfect complementarity betweaen the miRNA and its target
site results in target mRNA cleavage, whereas limited complementarity between the microRNA
and the target site results in translational inhibition of the target gene.

A summary of the role of microRNAs in human diseases, and the inhibition of microRNAs
using single stranded oligonuclectides is provided by W02007/112754 and WQ2007/112733,
which are both hereby incorporated by referencs in its entirefy. WO2008046911, hereby
incorporated by reference, provides microRNA sequences which are associated with cancer.
Numerous microRNAs have been associated with dlsease phenotypes and it is therefore
desirable fo provide substances capable of modulating the availability of microRNAs in vivo.
WOQ2007/112754 and WO2007/112753 dlsclose short single stranded oligonucleotides which
are consicered to form a strong duplex with their target miRNA. SEQ ID NQs 1 - 45 are
examples of anti microRNA oligonuclectides as disclosed in WO2007/112754 and
WO2007/112753.

RELATED APPLICATIONS

This application claims priority from four applications: US 60/877497 filed 4 October 2007, US
60/979217 filed 11™ October 2007, US 61/028062, filed 12 February 2008, and EP08104780,
filad 17" July 2008, all of which are hereby incorporated by reference, Furthermore we
reference and incorporate by reference W02007/112754 and WO2007/112753 which are earlier
applications from the same applicants.

SUMMARY OF THE INVENTION

The present invention is based upon the discovery that the use of very short
oligonucleotides which target microRNAs and which have a high proportion of nucleotide
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analogue nucleotides, such as LNA nucleotides, are highly effective in alleviating the repression
of RNAs, such as an mRNA, by the targeted microRNAs in vivo.

The present invention provides an oligomer a contiguous sequence of 7,8, 90r10
nucleotide unlts in length, for use in reducing the effective amount of a microRNA target in 2 cell
or an organism, wherein at least 70%, such as at least 80% of the nucleotide units of the
oligomer ara selected from the group consisting of LNA uniis and 2' substituted nucleotida
analogues.

The present invention provides an oligomer a contiguous sequence of 7, 8 90r10
nucleotide unlts in length, for use in reducing the effective amount of a microRNA target in a cell
or an organlsm, wherein at least 70% of the nucleotide units of the cligomer are selected from
the group congisting of LNA units and 2" substituted nucleotide analogues, and wherein at least
50%, such as at least 60%, such as at least 70% of the nuclectide units of the oligomer are LNA
units. _

The Invention provides oligomers of between 7-10 nucleotides in length which comprises
a contiguous nuclectide sequence of a total of between 7-10 nucleotides, such as 7, 8, 9,
nucleatide units, wherein at least 50% of the nucleotide units of the oligomer are nucieolide

analogues. .
The invention further provides for an oligomer of between 7-10 nucleotides in length which

. comprises a contiguous nucleotide sequence of a total of between 7-10 nucleotides, such as 7,

8, 9, or 10, nucleotide units, whersin the nucieotide sequence Is cornplementary to a
corresponding nucleotide sequence found in mammalian or viral microRNA, and wherein at
least 50% of the nucleotide units of the oligomer are nucleotide analogues.

The present invention provides olglomers according fo the invention as a medicament.

The present invention provides phammaceutical compositions comprising the oligomer of
the invention and a pharmaceutically acceptable diluent, carrier, salt or adjuvant.

The invention provides for a conjugate comprising an oligomer according to the invention,
conjugated to at least one non-nucleotide or polynucleotide entity, such as a sterol, such as
cholesterol.

The invention provides for the use of an oligomer or a conjugate according to the
invention, for the manufacture of a medicament for the treatment of a disease or medical
disorder associated with the presence or over-expression of a microRNA, such as one or more
of the microRNAs referred to harein.

The invention provides for the treaiment of a disease or medical disorder associated with
the presence or overexpression of the microRNA, comprising the step of administering a
composition {such as the pharmaceutical composition) comprising an oligomer or conjugate
according te the invention to a patient suffering from or likely to suffer from sald disease or
medical disorder.
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The invention provides for a method for reducing the effective amount of a microRNA
target in a cell or an organism, comprising administering the oligomer of the invention, ora
composition (such as a pharmaceutical composition) comprising the oligomer or conjugate
according to the Invention to the cell or organism.

The invention provides for a method for reducing the effective amount of a microRNA
target in a cell or an organism, comprising administering the oligomer or conjugate or
pharmaceutical composition according to the invention fo the cell or organism.

The invention provides for a method for de-repression of a target mRNA (or one cre mor
RNAs) in a cell or an organism, comprising administering an oligomer or conjugate according o
the invention, or a composition compriging said ofigomer or conjugate, to said cell or organism.

The invention provides for the use of an oligomer or a conjugate according to the
invention, for Inhibiting the mircoRNA in a cell which comprises said microRNA, such as a
human cell. The use may be in vivo or in vitro.

BRIEF DESCRIPTION OF THE DPRAWINGS

Figure 1. Schematic presentation of the mIR-21, miR-155 and miR-122 &-mer LNA-antimiRs,
Indicating the targeting positions with the fully LNA-medified and phosphorothiolated LNA-
antimiR. Preferred hybridisation positions for 7mer, 8mer, 9mer and 10mer LNA
oligonucleotides on the mature microRNA are also indicated.

Figure 2. Assessment of miR-21 antagonism by SEQ D #3205 and SEQ ID #3204 LNA-
antimIRs in MCF-7 cells using a luciferase sensor assay. MCF-7 cells were co-transfected with
luciferase sensor plasmids containing a perfect match target site for miR-21 or a mismatch
target site (.mm2) and LNA-antimiRs at different concenirations. After 24 hours, cells were
harvested and luciferase activity measured. Shown are the mean of reniila/firefly ratios for three
separate experiments (bars = s.e.m), were all have been normalized against 0 nM psiCHECK2
(=controf).

Figure 3. Assessment of miR-21 antagonism by SEQ ID #3205 and SEQ 1D #3204 LNA-
antimiRs in HelLa cells using a luciferase sensor assay. HeLa cells were co-fransfected with
luciferase sensor plasmids containing a perfect match target site for miR-21 (mir-21) or a
mismatch target site (mm2) and LNA-antimiRs at different concentrations. After 24 hours, calls
were harvestad and luciferase activity measured. Shown are the mean of renilla/firefly ratlos for
three separate experiments (bars = s.2.m), were all have been normalized against 0 nM
psiCHECK2 (=control).

Figure 4. Assessment of miR-155 antagonism by SEQ ID #3206 and SEQ 1D #3207 LNA-
antimiRs in LPS-treated mouse RAW celis using a luciferase sensor assay. RAW cells were co-
transfected with mIR~155 and the difierent LNA-antimiRs at different concentrations. After 24
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hours, cells were harvested and luciferase activity measured. Shown are the mean of
renilla/firefly, were all have been normalized against 0 nM psiCHECK2.

Figure 5. Assessment of miR-122 antagonism by SEQ ID #3208 and SEQ |D #4 LNA-antimiRs
in HuH-7 cells using a luciferase sensor assay. HuH-7 cells were co-transfected with a miR-122
luciferase sensor containing a perfect match miR-122 target site and the different LNA-antimilRs
at different concentrations. After 24 hours, cells were harvested and luciferase activity
measured. Shown are the mean of reniltaffirefly ratios for three separate experiments (bars =
s.6.m), where all have been normalized against 0 ni psiCHECK2 (=control).

Figure 6. Schematic presentation of the miR-21 luciferase reporter constructs.

Figure 7. Assessment of miR-21 antagonism by an 8-mer LNA-antimiR (SEQ ID #3205) versus
a 15-mer LNA-anfimiR (SEQ ID #3204) in PC3 cells using a luciferase reporter assay. PC3
cells were co-transfected with luciferase reporter plasmids containing a perfect match target site
for miR-21or a mismatch target site and LNA-antimiRs at different concentrations. After 24
hours, cells were harvested and luciferase activity measured. Shown are the mean values
(bars=s.e.m) of three Independent experiments where the renilla/firefly ratios have been
normalized against 0 nM empty vector without target site (=control). Shown Is also a schematic
presentation of the miR-21 sequence and the design and position of the LNA-antimiRs. LNA

" nuclectides are indicated by ovals, and DNA residues are indicated by bars.

Figure 8. Specificity assessment of miR-21 antagonism by an 8-mer LNA-antimiR in Hela cells
using a luciferase reporter assay. Hela cells were co-fransfectad with luciferase reporter
plasmids containing a perfect mafch or a mismatched target site for miR-21 and LNA-antimiRs
(SEQ 1D #3205) or an 8-mer LNA mismatch control oligo (SEQ 1D #321 8) at different
concontrations. After 24 hours, cells were harvested and luciferase activity was measured.
Shown are the mean values (bars=s.e.m) for three indepsndent experiments where the
Renillafirefly ratios have been normaliied against 0 nM empty vector without target slite
(=control), Shown is also a schematic presentation of the miR-21 sequence and the design and
position of tha LNA-antimiRs. Mismatches are indicated by filled ovals.

Figure 9. Assessment of the shortest possible length of a fully LNA-modifled LNA-antimiR that
mediates effective antagonism of miR-21. Hela cells were co-transfected with luciferase
reporter plasmids contalning a perfect match or a mismatch target site for miR-21 and the LNA-
antimiRs at different concentrations (SEQ 1D #3209 =6-mer and SEQ ID #3210=7-mer). After 24
hours, calls were harvested and luciferase activity measured. Shown are the mean values
(bars=s.e.m) for three independent experiments whers the renillaffirefly ratios have been
normalizad against 0 nM empty vector without target site (=control). Shown is also a schematlc
presentation of the miR-21 sequence and the design and position of the LNA-antimiRs.

Figure 10. Length assessment of fully LNA-substituted LNA-antimiRs antagonizing miR-21,
Hela cells were co-transfected with luciferase reporter plasmids containing a perfect match or a
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mismatch target site for miR-21 and LNA-antimiRs at different concentrations (SEQ 1D #3211
=B-mer, SEQ ID #3212=10-mer, SEQ 1D #3213=12-mer and SEQ 1D #3214=14-mer). After 24
hours, cells were harvested and [uciferase activity measured. Shown are the mean values
(bars=s.e.m) for three independent experiments where the renillaffirefly ratios have beaen
normalized against 0 nM empty vector without target site (=control). Shown is also a schematic
presentation of the miR-21 sequence and the design and position of the LNA-antimiRs,

Figure 11. Determination of the most optimal position for an 8-mer LNA-antimiR within the miR
target recognition sequence, Hel-a cells were co-transfected with luciferase reporter plasmids
contalning a perfect match or a mismatceh target site for miR-21 and the LNA-antimIRs at
different concentrations. After 24 hours, cells were harvested and luciferase activity measured.
Shown are the mean values (bars=s.e.m) for three independent experiments where the
renillaffirefly ratios have been normalized against 0 nM empty vector without target site
(=control). Shown 15 also a schematic presentation of the miR-21 sequence and the deslgn and
position of the LNA-antimiRs.

Figure 12. Validation of interaction of the Pded4-3"-UTR and miR-21 by the &-mer SEQ ID
#3205 LNA-antimiR. HeLa cells wera co-transfected with a luciferase reporter plasmid
containing part of the 3'UTR of Pdcd4 gene and LNA-antimiRs at different concentrations (SEQ
ID #3205 = & mer, perfact match; SEQ ID #3218 = 8 mer, mismatch; SEQ ID #3204 = 15 mer,
LNA/DNA mix; SEQ ID #3220 = 15 mer, gapmer). After 24 hours, cells were harvested and
luciferase activity measured. Shown are renilla/firefly ratios that have been normalized against 0
nM. Shown is also a schematic presentation of the miR-21 sequence and the deslgn and
position of the LNA-antimiRs.

Figure 13. Comparison of an 8-mer LNA-antimiR (SEQ 1D #3207) with a 15-mer LNA-antimIR
(SEQ ID #3208) in antagonizing miR-155 in mouse RAW cslls. Mousa RAW cells were co-
transfected with luciferase reporter plasmids containing a perfect match for miR-155 and the
different LNA-antimiRs at different concentrations. After 24 hours, celis were harvested and
luciferase activity measured. Shown are the mean values (bars=s.e.m) of three independent
experiments where the renilla/firefly ratios have been normalized agalnst 0 nM empty vector
without miR-155 target slte (=control). Shown is also a schematic presentation of the miR-155
sequence and the design and position of the LNA-antimiRs,

Figure 14. Assessment of c/EBPTJAssessment of ¢/EBPer LNA-antimiR (SEQ D #3207) with a
15-mer LNA-antimiR (SEQ ID #3206) in antagonizing miR-155 in mouse RAW cells. Mouse
RAW cells were co-transfected with luciferase reporter plasmids containing a perfect match for
miR~155 and the diffter 20 hours, cells were harvasted and westem blot analysis of protein
extracts from RAW cells was performed. The different isoforms of ¢/EBPB are Indicated, and the
ratlos caleulated on ¢/EBFp LIP and beta-tubulin are shown below.
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Figure 15. Antagonism of miR-106b by a fully LNA-modified 8-mer (SEQ ID #3221) LNA~
antmiR or by a 15-mer mixmer (SEQ ID #3228) antimiR. Hela cells were co-tfransfected with
luciferase reporter plasmids containing a perfect match for miR-106b and the different LNA-
antimiRs at different concentrations. After 24 hours, cells were harvested and luciferase activity
measurad. Shown are the mean valuses of four replicates where the renillaffirefly ratios have
bean normalized against 0 nW empty vector without miRNA target site (=control). Shown is also
a schematlc presentation of the miR-106b sequence and the design and position of the LNA-
antimiRs.

Flgure 16. Antagonism of miR-~18b by a fully LNA-modified 8-mer (SEQ 1D #3222) LNA-antimiR
and a 15-mer (SEQ ID #3229) mixmer antimiR. Hela cells were co-transfected with luciferase
reporter plasmids containing a perfect match for miR-19a and the two LNA-antimiRs at different
concentrations. After 24 hours, cells were harvested and [uciferase activity measured, Shown
are the mean values of four replicate experiments, where the renillafirefly ratios have been
normalized against 0 nM empty vector without a miR-19a target site (=control). Shown is also a
schematlc presentation of the miR-19a sequence and the design and position of the LNA-
antimiRs.

Figure 17. Schematic presentation showing the mature human miR-221 and miR-222
sequences. Shown in the square is the seed sequence (7-mer) that is conserved in both miRNA
sequences.

Figure 18. Targeting of a microRNA family using short, fully LNA-substituted LNA-antimiR. PC3
cells were co-transfected with luciferase reporter plasmids for miR-221 and miR-222 separately
or together and with the different LNA-antimiRs at varying concentrations. When co-fransfecting
with the LNA-antimiRs (15-mers) SEQ ID #3223 (against miR-221) and SEQ ID #3224 (against
miR-222), the total concentration was 2 nM (1 nM each), while transfecting the cells with SEQ
ID #3225 (7-mer) the concentrations were 0, 1, 5, 10 or 25 nM. After 24 hours, cells were
harvasted and luciferase activity measured, Shown are the mean values (bars=s.e.m) of three
indapendent experiments where the renilla/firefly ratios have been normalized against 0 nM
empty vector without a miRNA target site (=control). Shown is also a schematic presentation of
the miR-221/222 sequence and the design and position of the LNA-antimiRs.

Figure 19. Assessment of p27 protein levels as a functional readout for antagonism of the miR-
221/222 family by the 7-mer SEQ ID #3225 LNA-antimiR. PC3 cells were transfected with the 7-
mer LNA-antimiR SEQ |D #3225 targeting both miR-221 and mIR-222 at varying
concentrations. After 24 hours, cells were harvested and protein levels were measured on a
westemn blot. Shown are the ratios of p27/tubulin.

Figure 20. Assessment of miR-21 antagonism by an 8-mer LNA-antimiR (SEQ 1D #3205)
varsus a 15-mer LNA-antimiR (SEQ 1D #3204) and an 8-mer with 2 mismatches (SEQ ID
#3218) in HepG2 cells using a luciferase reporter assay.
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HepG2 cells were co-fransfected with luciferase reporter plasmid containing a perfect match
target stte for miR-21 and LNA-antimiRs at different concentrations. After 24 hours, cells were
harvested and luciferase aciivity measured. Shown are the mean values (bars=s.e.m) of three
Independent experiments where the renilla/firefly ratios have been normalized agalnst 0 nM
empty vector without target site (=control). Shown is also a schematic presentation of the miR-
21 sequence and the design and position of the LNA-anfimiRs.

Figure 21. Validation of interaction of the Pdcd4 3'UTR and miR-21 by the &-mer SEQ ID
#3205 LNA-antimiR versus the 15-mer (SEQ ID #3204) and an 8-mer with two mismatches
(SEQ ID #3218).

Huh-7 cells were co-transfected with a luciferase reporter plasmid contalning part of the 3'UTR
of Pdecd4 gene, pre-miR-21" (10 nM) and LNA-antimiRs at different concentrations. After 24
hours, cells were harvested and luciferase activity measured. Shown are the mean values
(bars=s.e.m) of three independent experiments where the renilla/firefly ratios have been
normalized against 0 nM empty vector without target site {(=control). Shown is also a schematic
presentation of the miR-21 sequence and the design and position of the LNA-antimiRs.

Figure 22. Antagonism of miR-21 by SEQ ID #3205 leads to increased levels of Pded4 protein
levels.

Hela calls were transfected with 5 nM LNA-antimiR, SEQ ID #3205 (perfect match), or SEG 1D
#3219 LNA scrambled (8mer) or SEQ 1D #3218 (8-mer mismaich). Cells were harvested after
24 hours and subjected fo Western blot with Pded4 antibody.

Figure 23. ALT and AST levels in mice freated with SEQ ID #3205 (perfect match) or SEQ ID
#3218 (mismatch control). Mico were sacrificed after 14 days and after receiving 25 mg/kg
avery other day.

Flgure 24. Assessment of PU.1 protein levels as a functional readout for miR-155 antagonism
by short LNA-antimiR (SEQ ID #3207).

THP-1 cells were co-fransfected with pre- miR-155 (5 nmol) and different LNA oligonucleotides
(5 nM) and 100 ng/ml LPS was added, After 24 hours, cells were harvested and westemn blot
analysis of proteln extracts from the THP-1 cells was performed. PU.1 and tubulin are indicated.
Figure 25. Assessment of p27 protein levels as a functional readout for antagonism of the miR-
221/222 family by the 7-mer SEQ ID #3225 LNA-antimiR.

PG3 cells were transfected with the 7-mer LNA-antimiR SEQ 1D #3225 targeting both miR-221
and miR-222 and a LNA scrambled control at 5 and 25 nM. After 24 hours, cells were harvested
and protsin [evels were measured on a western blot. Shown are the ratios of p27/tubulin.
Figure 26. Knock-down of miR-221/222 by the 7-mer SEQ ID #3225 (perfect match) LNA-
antimiR reduces colony formation in soft agar in PC3 cells.

PC3 cells were transfected with 25 nM of the 7-mer LNA-antim|R SEQ ID #3225 targeting both
miR-221 and mIR-222 or a 7-mer scrambled control ((SEQ 1D #3231). After 24 hours, cells were
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harvested and seeded on soft agar. After 12 days, colonies were counted. One experiment has
been done in friplicate.

Figure 27. Overview of the human let-7 famlly, and of tested antagonists.

(upper) The sequences represent the mature miRNA for each member and the box depicts_
nuclectides 2-16, the positions typically antagonized by LNA-antimiRs. Columns to the right
show the number of nucleotide differences compared fo let-Ta, within the seed (S: position 2-8),
extended seed (ES; position 2-9), and the remaining sequence typically targeted by LNA-
antimiRs (NE; position 9-16), respectively. Nucleotides with Inverted colors are aliered
compared to let-7a. {lower) Summary of tested antagonists against the let-7 family, including
Information on design, length and perfactly complementary targets. All compounds are fully
phoshorothlolated,

Figure 28. Assessment of let-7 antagonlsm by six different LNA-antimiRs in Huh-7 cells using a
luciferase sensor assay. .

Huh-7 cells were co-transfected wiih [uciferase sensor plasmids containing a partial HMGA2
F'UTR (with four let-7 binding sites), with or without let-7a precursor (grey and black bars,
respectively), and with 6 different LNA-antimiRs at increasing concentrations, After 24 hours,
cells wera harvested and luciferase activity measured. Shown are the mean of renillaffirefly
ratios for duplicate measurements and standard deviations for each assay. Within each LNA-
antimiR group al! ratios have been normalized o the average of wells containing no let-7a
precursor (black bars).

Figure 29. Luciferase results from Huh-7 cells transfected with the HMGA2 3'UTR sensor
plasmid, LNA-antimiRs SEQ |D #3226 (left) and SEQ 1D #3227 (right), and pre-miRs for let-7a
(A), let-7d (B), let-7e (C), and let-7i (D). Grey bars indicate the target de-repression after pre-mis
Inclusion, whereas black control bars represent the equivalent level without pre-miR addition.
Each ratio is based on quadruplicate measurements and have been normalized against the
average of walls containing no precursor (black bars) within each treatment group.

Figure 30. Luciferase results from Hela cells transfected with the HMGA2 3'UTR sensor
plasmid or control vector, and the LNA-antimiR SEQ ID #3227 at various concentrations. Each
ratio is based on quadruplicate measurements normalized against unireated (0 nM) empty
control vector (psi-CHECK:-2; grey hars).

Figure 31. Assessment of miR-21 antagonism by 8mer (#3205) in HCT116 cells using a
luciferase sensor assay, MCT116 cells were co-transfocted with luciferase sensor plasmids
containing a perfect match target site for miR-21(grey bars) and LNA-antimiR and control
oigonucleotides at different concentrations. After 24 hours, cells were harvested and luciferase
activily measured. Shown is one typical example of two where the renillaffirefly ratios have

been normalized against 0 nM empty vector (=black bars).
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Flgure 32. Sliencing of miR-21 by the 8-mer #3205 LNA-antimiR reduces colony formation in
soft agar in PC3 cells. PC3 cells were fransfected with 25 nM of the 8-mer LMNA-antimifR #3205
targeting miR-21, After 24 hours, cells were harvested and seeded on soft agar. After 12 days,
colonies were countaed, Shown Is the mean of three separate experiments, each performed in
triplicate, and normalised against 0 nM control {i.e. fransfection but with no LNA). p=0.01898 for
#3205.

Figure 33. Knock-down of miR-21 by the 8-mer #3205 LNA-antimiR reduces colony formation
in soft agar in HepG2 cells. HepG2 cells were transfecied with 25 nM of the 8-mer LNA-antimiR
#3205 targeting miR-21. After 24 hours, cells wers harvested and seeded on soft agar. After 17
days, colonies were counted. Shown is the mean of three replicates frorn one experiment
{bars=SEM).

Figure 34. Wound closure in the invasive human prostate cell line PC3 after treaiment with
#3206. (A) PC3 cells were transfected at day 3 with LNA-antimiR and control oligonucleotides at
25 nM, #3205 (3mer, perfect match) and #3219 (8mer, mismaich) and the following day a
scratch was made. Pictures were taken after 24 hours in order to monitor the migration. (B) The
area in each timepoint has been measured with the software program Image J and normalized
against respective 0 h time-paint.

Figure 35. Length assessment of fully LNA-substituted LNA-antimiRs antagonizing miR-155.
RAW celis were co-fransfected with luciferase reporter plasmids containing a perfect match
target site for mIR-155 and with LNA-antimiR cligonucleotides at different concentrations. After
24 hours, cells were harvested and luciferase activity measured. Shown are the mean values
(bars=s.e.m) for three independent experiments where the renllla/firefly ratlos have been
normalized against 0 nM emply vector without target site (=mock). Shown is also a schamatic
presentation of the miR sequence and the design and pesition of the LNA-antimiRs.

Figure 36. Binding of 5'-FAM labelad LNA-antimiR-21 (#3205) to mouse plasma protein.

{A)% unbound LNA-antimiR-21 compound as a function of oligonucleotide concentration In
mouse plasma. (B) Concentration of unbound LNA-antimiR-21 compound #3205 as a function
of #3205 concentratlon in mouss plasma.

Figure 37. Quantification Ras proteln levels by Western blot analysis.

A. Gel image showing Ras and Tubulin (internal standard) protein In treated (anti-lot-7; 8-
mer) vs. unireated (saline) lung and kidney samples. B. Quantifications of Ras profein
levels in the lung and kidney, respectively, of LNA-anfimiR-treated mice {black bars),
normalized against equivalent saline controls (grey bars), using tubulin as equal-loading
control.

B. Silencing of miR-21 by #3205 leads to increased levels of Pded4 protein levels I vivo.
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C. Mice were injected with saline or 25 mg/kg LNA-antimiR (#3205) over 14 days every
other day, with a total of 5 doses. Mice were sacrificed and profein was isclated from
kidney and subjected to Western blot analysis with Pdcd4 antibody, A, Gel image
showing Pdcd4 and Gapdh (internal standard) protein in treated (antimiR-21; 8-mer) vs.
untreated (saline) kidney samples (M1, mouse 1; M2, mouse 2). B. Quantification of
Pdcd4 protein levels in kidneys of LNA-antimiR-treated mice (dark grey bars),
normalized against the average of equivalent saline controls (light grey bars), using
Gapdh as loading control.

DETAILED DESCRIPTION OF THE INVENTION

Short ollgonucleotides which incorporate LNA are known from the in vifro reagents area,
(see for example WO2005/098029 and WO 2006/069584). However the molecules designad
for diagnostic or reagent use are very different in design than those for /n vivo or pharmaceutical
use. For example, the terminal nucleotides of the reagent oligos are typically not LNA, but
DNA, and the internucleoside linkages are typically other than phosphorothioate, the prefarred
linkage for use in the oligonuclectides of the present invention. The invention therefore
provides for & novel class of oligonucleotides (referred to herein as oligomers) per se.

The following embodiments refer to certain embodiments of the oligomer of the inveniton,
which may be usad In a phammacsutical composition. Aspects which refer to the oligomer may
also refer to the contiguous nucleotide sequence, and vice versa,

The Oligomer

The oligomer of the invention is a single stranded oligonucleotide which comprises
nucleotide analogues, such as LNA, which form part of, or the entire contiguous nuclaotide
sequence of the oligonucleotide. The nucleotide sequence of the oligomer consists of a
contiguous nucleatide sequence.

The term “oligonuclzotide” (or simply “oligo”), which is used Interchangeably with the term
‘oligomer” refers, In the context of the present invention, to a molacule formed by covalent
linkage of two or more nuclectides. When used in the context of the oligonucleotide of the
Invention (also referred to the single stranded oligonucleotide), the term “oligonucleotide” may
have, in one embodiment, for example have betwaen 7 - 10 nuclectides, such as in indlvidual
embodiments, 7, 8, 9, or 10.

The term 'nucleotide’ refers to nucleotides, such as DNA and RNA, and nucleotide
analoguss. It should be recognised that, in some aspects, the term nucleobase may also be
used to refer to a nucleofide which may be efther naturally occurring or non-naturally occurring -

in this respect the term nucleobase and nucleotide may be used interchangeably herein.
In some embodiments, the contiguous nucleotide sequence consists of 7 nucleotide

analogues. In some embodiments, the contiguous nucleotide sequence consists of 8 nucleotide
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analogues. In some embadiments, the contiguous nucleotide sequence consists of @ nucleotide
analogues.

In one embodiment at least about 50% of the nucleotides of the oligomer are nucleotide
analogues, such as at least about 55%, such as at least about 60%, or at least about 65% or at
least about 70%, such as at least about 75%, such as at least about 80%, such as at least
about 85%, such as at least about 90%, such as at least about 95% or such as 100%. H will
also be apparent that the oligonucleotide may comprise of a nucleotide sequence which
conslists of only nucleofide analogues. Suitably, the oligomer may comprise at least one LNA
monomer, such as 2, 3, 4, 5, 8, 7, 8, 9 or 10 LNA monomers. As described below, the
contiguous nucleotide sequence may consist only of LNA units (including linkage groups, such
as phosphorothicate linkages), or may conists of LNA and DNA units, or LNA and other
nucleotide analogues. In some embodiments, the contiguous nucleotide sequence comprises
either one or two DNA nucieotides, the remainder of the nucleotides bseing nucleotide
analogues, such as LNA unit,

In some embodiments, the contiguous nucleotide sequence consists of 6 nuclectide
analogues and a single DNA nucleotide. In some embodiments, the contiguous nucleotide
consists of 7 nucleotide analogues and a single DNA nucleotide. In some embodiments, the
contiguous nucleotide sequence consisis of 8 nucleotide analogues and a single DNA
nuclectide. In some embodiments, the contiguous nucleotide sequence consists of 9 nucleotide
analogues and a single DNA nuclaotide. In some embodiments, the contiguous nucleotide
sequence consists of 7 nucleotide analogues and fwo DNA nucleotides. In some embodiments,
the contiguous nucleotide sequence consists of 8 nucleotide analogues and fwo DNA
nucleotides.

The oligomer may consist of the contiguous nucleotide sequance.

In a specially preferred embodiment, a1l the nucleotide analogues are LNA. In a further
preferred embodiment, 2ll nucleotides of the oligomer are LNA. In a further preferred
embodiment, all nucleotides of the oligomer are LNA and all intsmucleoside linkage groups are
phesphothioate,

Hersin, the term “nitrogenous base” is intended to cover purines and pyrimidines, such as
the DNA nucleobases A, C, T and G, the RNA nudleobases A, C, U and G, as well as non-
DNA/RNA nuclecbases, such as S-methylcyiosine (*°C), isocytosine, pseudoisocytosine, 5-
bromouracil, 5-propynyluracil, 5-propyny-6-fluoroturacll, 5-methylthiazoleuracil, 6-aminopurine,
2-aminopurine, inosine, 2,8-diaminopurine, 7-propyne-7-deazaadenine, 7-propyne-7-
deazaguanine and 2-chloro-6-aminopurine, in particular Mees It will be understood that the actual
selection of the non-DNA/RNA nucleobase will depend on the corresponding (or matching)
nucleotide present in the microRNA strand which the oligonuclectide is intended to target. For
example, in case the corresponding nucleotide is G it will normally be necessary fo selecta
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non-DNA/RNA nucleobase which is capable of establishing hydrogen bonds to G, In this
specific case, where the corresponding nucleotide is G, a typical example of a preferred non-
DNA/RNA nucleobase is MC.

It should be recognised that the term In ‘one embodiment’ should not necessarily be
limited to refer to one specific embodiment, but may refer to a feature which may be present in
‘some embodiments’, or even as a generic feature of the invention. Likewise, the use of the
tern 'some emboidments’ may be used to describe a feature of one specific embodiment, or a
collection of embodiments, or aven as a generic feature of the invention.

The terms “corresponding to" and "corresponds to” refer to the comparison between the
nuglectide sequence of the oligomer or contiguous nucleotide sequence (a first sequence) and
the equivalent contiguous nucleotide sequence of a further sequence selected from either i) a
sub-sequence of the reverse complement of the microRNA nucleic acid target (such as a
microRNA targei selected from SEQ ID 40 — SEQ ID 976, and/or ii) the sequenca of nucleotides
provided herein such as the group consisting of SEQ ID NO 877 — 1913, or SEQ 1D NO 1914-
2850, or SEQ 1D NO 2851 - 3787. Nucleotide analogues are comparad directly to their
equivalent or comasponding nuclectides. A first sequence which ¢orresponds to a further
sequence under i} or i) typically is Identical to that sequence over the length of the first
sequenca (such as the contiguous nucleolide sequence).

When referring to the length of a hucleotide molecule as referred to hersin, tha langth
corresponds to the number of monomer units, /.e. nucleotides, Irrespective as to whether those
monomer uhits are hucleotides or nucleotide analogues. With respect to nucleotides or
nucleohases, the terms monomer and unit are used interchangaably herein.

It should be understood that when the term “about” is used in the context of specific
values or ranges of values, the disclosure should be read as to include the specific value or
range refarrad to.

As used herein, “hybridisation” means hydrogen bonding, which may be Watson-Crick,
Hoogsteen, reversed Hoogsteen hydrogen bonding, efc., beiween complementary nucleoside
or nucleotide bases, The four nuclaobases commonly found in DNA are G, A, T and C of which
G pairs with C, and A palrs with T. In RNA T is replaced with uracil (), which then pairs with A.
The chemical groups in the nucleobases that parficipate in standard duplex formation constitute
the Watson-Crick face. Hoogsieen showed a couple of years later that the purine nucleobases
(G and A) in addition to their Watson-Crick face have a Hoogsteen face that can be recognised
from the outside of a duplex, and used to bind pyrimidine oligonucieatides via hydrogen
bonding, thereby forming a triple hellx structure.

In the context of the present invention "complementary” refers to the capacity for precise
pairing between two nucleotides sequences with one another. For example, if a nucleotide ata
certain position of an oligonucleatide is capable of hydrogen bonding with a nucleotide at the
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corresponding position of a DNA or RNA molecule, then the oligonucleotide and the DNA or
RNA are considered o be complementary to each other at that position. The DNA or RNA
strand are considered complementary to each other when a sufficient number of nuclectides in
the oligonucleotide can form hydrogen bonds with correspending nucleotides in the target DNA
or RNA to enable the formation of a stable complex. To be stable in vitro or In vivo the
sequence of an oligonucleotide need not be 100% complementary to its target microRNA. The
terms "complementary” and “spacifically hybridisable” thus imply that the oligonucleotide binds
sufficiently strong and speclfic to the target molecule fo provide the desired interference with the
normal function of the targst whilst leaving the function of non-target RNAs unaffected.
However, in one preferred embodiment the term complementary shall mean 100%
complementary or fully complementary.

In a preferred example the oligonucleotide of the inventlon is 100% complementary to a
miRNA sequence, such as a human microRNA sequence, or one of the microRNA sequences
refered to herein,

In a preferred example, the oligonucleotide of the invention comprises a contiguous
seguencs, which is 100% complementary to the seed region of the human microRNA
sequence.

Preferably, the term “microRNA” or “miRNA”, in the context of the present invention,
means an RNA aligonucleotide consisting of between 18 to 25 nucieotides in length. In
functional terms miRNAs are typlcally regulatory endogenous RNA molecules.

The terms “target microRNA” or “target miRNA" refer to a microRNA with a biologleal role
in human disease, e.g. an upragulated, oncogsnic miRNA or 2 fumor suppressor miRNA in
cancer, thereby being a target for therapeutic intervention of the disease in guestion.

The terms “target gene” or “target mRNA” refer to regulatory mRNA targets of microRNAS,
in which said “target gene” or “target mRNA" is requlated post-transcriptionally by the microRNA
based on near-perfect or perfect complementarity between the mIRNA and its target site
resulting in target mMRNA cleavage; or limited complementarity, often conferred to
complementarity between the so-called seed sequence (nuclectides 2-7 of the mIRNA) and the
target site resulting in translational inhibition of the target MRNA.

In the context of the present invention the oligonucleotide is single stranded, this refers to
the situation where the oligonuclectide is in the absence of 2 complementary oligonucleotide —
ie, it is not a double stranded oligonucleotide complex, such as an siRNA. In one embodiment,
the composition according ot the invention does not comprise a further oligonucleotide which
has a region of complementarity with the oligomer of & or more, such as 6, 7, 8, 8, or 1 0
consecutive nucleotides, such as eight or more.
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Length

Surprisingly we have found that such short ‘antimiRs’ provide an improved specific
inhibition of microRNAs /n vivo, whilst retaining remarkable specificity for the microRNA target.
A further benefit has besn found to be the ability to inhibit several microRNAs simultaneously
due to the congervation of homologous short sequencas between microRNA specles — such as
the seed regions as described herein, According to the present invention, it has bean found that
it is particularly advantageous to have short oligonucleotides of 7, 8, 9, 10 nucleofides, such as
7, 8 ar & nucleotides.

Sequences

The contiguous nucleotide sequence Is complemeantary (such as 100% complementary —
i.e. perfectly complementary) to a corresponding region of a mammalian, human or viral
microRNA (miRNA) sequence, preferably a human or viral miRNA sequence.

The microRNA sequence may suitably be a mature microRNA. |n some embodiments the
microRNA may be a microRNA precursor.

The human microRNA sequence may ba selacted from SEQ ID No 1 - 558 as disclosed
in WO2008/046911, which are all hereby and specifically incarporated by reference. As
described in W02008/046911, these microRNAs are associated with cancer.

The viral microRNA sequence may, in some embodiments, be selsected from the group
conslsting of Herpes simplex virus 1, Kaposi sarcoma-associated herpesvirus, Epstein Barr
virus and Human cytomegalovirus.

In one embodiment, the contiguous nucleotide sequence is complementary (such as
100% complementary) to a corresponding region of a miRNA sequence selected from the group
of miRNAs listed in table 1. Table 1 provides 7mer, Bmer and 9mer ollgomers which targst
human and viral microRNAs published in miRBase (Release 12.0-
http://microma.sanger.ac.uk/sequences/).

In some embodiments, the oligomers according to the invention may consist of or
comprise a contiguous nucleotide sequence which is complemantary to a corresponding
microRNA sequence selected from the group consisting of miR-1, miR-10b, miR-17-3p, mIR-18,
miR-19a, miR-19b, miR-20, miR-21, miR-34a, miR-93, miR-106a, miR-106b, miR-122, miR-133,
miR-134, miR-138, miR-155, mIR-122, miR-194, miR-221, miR-222, miR-375.

Therefore, In one embodiment, the miRNA (i.e target miRNA) |e selected from the group
consisting of miR-1, miR-10b, miR-17-3p, miR-18, miR-19a, miR-19b, mIR-20, miR-21, miR-
34a, miR-93, miR-106a, miR-106b, miR-122, miR-133, miR-134, miR-138, miR-155, miR-192,
miR-194, miR-221, miR-222, and miR-375.

In one embodiment, the miRNA target Is a member of the miR 17 ~ 92 cluster, such as
miR 17, miR 108a, miR 106b, miR 18, miR 193, miR 19b/1, miR 19b/2, mIR20/93, miR92/1,
miR92/2 and miR25.
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In some embodiments the contiguous nucleotide sequence |5 complementary to a
corresponding reglon of a microRNA (miRNA) sequence selected from the group consisting of
miR-21, miR-155, miR-221, mir-222, and mir-122.

In some embodiments sald mIRNA is selected from the group consisting of miR-1, miR-
10miR-29, mIR-1 25b,miR-126, miR-133, miR-141, miR-143, miR-200b, mIR-206, miR-208, miR-
302, miR-372, miR-373, miR-375, and miR-520c/e.

In some embodiments the contiguous nucleotide sequenca is complementary fo a
corresponding reglon of a microRNA (miRNA) sequence present in the miR 17 — 92 cluster,
such as a microRNA selected from the group consisting of miR-17-6p, miR-20a/b, miR-93,
miR-106a/b, miR-18a/b, miR-19a/b, miR-25, miR-92a, , miR-363.

In one embodiment, the miRNA (/.e target miRNA) is miR-21, such as hsa-miR-21. In one
embodiment, the MIRNA (/e target miRNA) is mIR-122, such as hsa-miR-122. In one
embodiment, the miRNA (i.e target miRNA) is miR-19b, such as hsa-miR-12b. In one
embaodiment, the miRNA (i.e target miRNA) is miR-155, such as hsa-miR~155. In one
embodiment, the miRNA (i.e target miRNA) is miR-375, such as hsa-miR-375. In one
embodiment, the mIRNA (/.e target miRNA) is miR-375, such as hsa-miR-106b.

Suitably, the contiguous nucleotide sequence may be complementary to a corresponding
region of the microRNA, such as a hsa-miR selected from the group consisting of 19b, 21, 122,
155 and 375. '

The Seed Region and Seedmers

The inventors have found that carefully designed short single sfranded oligonucleotides
comprising or consisting of nucleotide analogues, such as high affinity nucleotide analogues
such as locked nucleic acid (LNA) units, show significant silencing of microRNAs, resulting in
reduced microRNA levels. It was found that tight binding of sald oligonucleotides to the so-
called seed sequence, typically nucleotides 2 to 8 or 2 to 7, counting from the &' end, of the
target microRNAs was important. Nucleotide 1 of the target microRNAs is a non-palring base
and Is most likely hidden in a binding pocket in the Ago 2 protein. Whilst not wishing to be
bound to a specific theory, the present inventors consider that by selecting the seed region
sequences, particularly with oligonucleotides that comprise LNA, preferably LNA units in the
region which Is complementary to the seed region, the duplex between miRNA and
oligonucleotide is particularly effective In targeting miRNAs, avoiding off target effects, and
possibly providing a further feature which prevents RISC directed miRNA function.

The inventors have found that microRNA sllencing is even more enhanced when LNA-
modified single stranded oligonucleotides do not contain a nuclectide at the 3’ end
cormresponding to this non-paired nuclectide 1. it was further found that at least two LNA units in
the 3’ end of the oligonucleotides according to the present invention made said oligonuclectides

highly nuclease reslstant.
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In one embadiment, tha first or second 3' nucleotide of the oligomer cotresponds to the
second 5' nucleotide of the microRNA sequence, and may be a nucleotide analogue, such as
LNA.

In one embodiment, nucleotide units 1 10 6 (inclusive) of the oligomer as measured from
the 3" end the region of the cligomer are complementary to the microRNA seed region
saquence, and may all be nucleotide analogues, such as LNA.

In one embodiment, nucleotide units 1 fo 7 (inclusive) of the oligomer as measured from
the 3' end the region of the oligomer are complementary to the microRNA seed region
sequence, and may all be nucleotide analogues, such as LNA.

In one embodiment, nucleotide units 2 to 7 (incluslve) of the cligomer as measured from
the 3' end the region of the oligomer are complementary to the microRNA seed region
sequence, and may all be nucleotide analogues, such as LNA.

In one embodiment, the oligomer comprises at least one nucleotide analogue unit, such
as at least one LNA unit, in a position which is within the region complementary to the miRNA
seed region. The oligomer may, in one embodiment comprise at between one and 6 or
between 1 and 7 nucleotide analogue unlts, such as between 1 and 6 and 1 and 7 LNA units, in
a position which is within the region complementary to the miRNA seed ragion.

In one embodiment, the contiguous nucleotide sequence consists of or comprises a
sequence which is complementary (such as 100% complementary) to the seed sequence of
said microRNA.

In one embodiment, the contiguous nucleotide sequence consists of or comprises a
sequence selected from any one of the seedmer sequences listed in fable 1.

In one embodiment, the 3’ nucleotide of the seedmer forms the 3' most nucleotide of the
contiguous nucleotide sequence, wharsin the contiguous nucleotide sequence may, optionally,
comprise one or two further nucleotide 5’ to the seedmer sequenca.

In one embodiment, the aligomer does not comprise a nucleotide which corresponds to
the first nucleotide present in the microRNA sequencs counted from the 5’ end.

In one embodiment, the oligonucleotide according to the invention does not comprise a
nuclectide at the 3' end that corresponds to the first 5’ end nucleotide of the target microRNA.
Nucleofide Analogues

According to the present invention, It has been found that it is particularly advantageous to
have short oligonucieotides of 7, 8, 9, 10 nuclectides, such as 7, 8 or 9 nuclaotides, wherein at
least 50%, such as 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or such as 100% of the
nucleotide units of the cligomer are (preferably high affinity) nucleotide analogues, such as a
Locked Nucleic Acid (LNA) nucleotide unit.

In some embodiments, the ollgonucleotide of the invention is 7, 8 or 9 nucleotides long,
and comprises a contlguous nucleotide sequence which is complementary to a seed region of a
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human er viral microRNA, and wherain at least 75 %, such as at least 80 %, such as at least
85%, such as at least 90%, such as at least 95%, such as 100% of the nucleoiides are are
Locked Nuclelc Acid (LNA) nucleotide units.

In such oligomers, in some embodiments, the linkage groups are other than
phosphodiester linkages, such as are phosphorothioate linkages.

In one embadiment, all of the nucleotide units of the contiguous nucleotide sequence are
I.NA nucleotide units.

In one embodiment, the contiguous nucleotide sequence comprises or consists of 7, 8, 2
or 10, preferably contiguous, LNA nucleotide units.

In a further preferred embodiment, the oligonucleotide of the invention is 7, 8 or 9
nuclectides long, and comprises a contiguous nucleotide sequanca which is complementary fo
a seed region crfé human or viral microRNA, and wherein at least 80 % of the nucleotides are
LNA, and wherein at least 80%, such as 85%, such as 90%, such as 85%, such as 100% of the
intarnucleotide bonds ara phosphorothioate bonds. It will be recognised that the contiguous
nucleotide sequence of the oligmer (a seadmer) may extend beyond the seed region.

In some embodiments, the oligonucleotide of the invention is 7 nucleotldes long, which
are all LNA.

In some embodimants, the oligonucleotide of the inventlon is & nucleotides long, of which
up to 1 nucleotide may be other than LNA. In some embaodiments, the oligonucleotide of the
inventlon is 9 nucleotides long, of which up to 1 or 2 nucleotides may be other than LNA. In
some embodiments, the oligonucleotide of the invention is 10 nucleotides long, of which 1, 2 or
3 nucleotides may be other than LNA. The nucleotides ‘other than LNA, may for example, be
DNA, or a 2' substituted nucleofide analogues.

High affinity nucleotide analogues are nucleotide analogues which result in
oligonuclectides which has a higher thermal duplex stability with a complementary RNA
nuclectide than the binding affinity of an equivalent DNA nucleotide. This may be determined
by measuring the Ty,

In some embodiments, the nucleotide analogue units present in the contiguous nuclectide
sequence are selected, optionally independently, from the group consisting of 2'-0_alkyl-RNA
unit, 2-OMea-RNA unit, 2'-amino-DNA unit, 2™-fluore-DNA unlf, LNA unit, PNA unit, HNA unit,
INA unlt, and a 2’MOE RNA unit.

In some embodiments, the nucleotide analogue units present in the contiguous nucleotide
sequence are selected, optionally independently, from the group consisting of 2'-O_alkyl-RNA
unit, 2'-OMa-RNA unit, 2"-amino-DNA unit, 2'-fluoro-DNA unit, LNA unit, and a 2MOE RNA unit.

The term 2fluoro-DNA refers to a DNA analogue with a substitution to fluorine at the 2'
position (2'F). 2'fluoro-DNA is a preferred form of 2 flucro-nucleotide.
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In some embaodiments, the oligomer comprises at least 4 nucleotide analogue units, such
as at least 5 nucleotide analogue units, such as at least 6 nucleotide analogue units, such as at
least 7 nucleotide analogue units, such as at least 8 nucleofide analogue units, such as at least
9 nucleotide analogue units, such as 10, nucleotide analogue units.

In one embodiment, the oligomer comprises at least 3 LNA units, such as at least 4 LNA
units, such as at least 5 LNA units, such as at least 6 LNA units, such as at least 7 LNA units,
such as at least 8 LNA units, such as at least 9 LNA units, such as 10 LNA,

In one embodiment wherein at least one of the nucleotide analagues, such as LNA units,
is either cytosine or guanine, such as between 1 — 10 of the of the nucleotide analoguss, such
as LNA units, is either cytosine or guanine, such as 2, 3, 4, 5, 6, 7, 8, or 9 of the of the
nucleotide analogues, such as LNA units, is either cytosine or guanine.

In one embadiment at least two of the nuclectide analogues such as L.INA units are either
cytosine or guanine. In one embodiment at least threa of the nucleotide analogues such as
LNA units are either cylosine or guanine. In one embodiment at least four of the nucleotide
analogues such as LNA units are either cytosine or guanine. In one embodiment at least five of
the nucleotide analogues such as LNA units are either ¢cytosine or guanine. inone embodiment
at least six of the nucleofide analogues such as LINA units are either cytosine or guanine. In
one embodiment at least seven of the nucleotide analogues such as LNA units are elther
cytosine or guanine. In one embodiment at least eight of the nucleotide analogues such as LNA
units are etther cytosine or guanine.

In a preferred embodiment the nucleotide analogues have a higher thermal duplex
stability for a complementary RNA nucleotide than the binding affinity of an equivalent DNA
nucleotide to said complementary RNA nucleotide.

In one embodiment, the nucleotide analogues confer enhanced serum stability to the
single stranded oligonucleofide.

Whilst the specific SEQ IDs in the sequence listing and table 1 refer to oligamers of LNA
monomers with phosphorothioate (PS) backbone, it will be recognised that the invention also
encompasses the use of other nucleotide analogues and/or linkages, either as an alternative fo,
or in combination with ILNA. As such, the sequence of nucleotides (bases) shown in the
sequence listings may be of LNA such as LNA/PS, LNA or may be oligomers containing
alternafive backbone chemistry, such as sugar/linkage chemistry, whilst retaining the same
base sequence (A, T, C or G).

Whilst it is envisaged that other nucleotide analogues, such as 2'-MOE RNA or 2*fluoro
nucleotides may be useful in the oligomers according to the invention, it is preferred that the
oligomers have a high proportion, such as at least 50%, LNA. nucleciidses.

The nucleotide analogue may be a DNA analogue such as a DNA analogue where the 2-H
group is substituted with a substitution other than —OH (RNA) e.g. by substitution with -O-CHj, -
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O-CHo-CHo-0O-CHa, -0-CH-CH2~-CHz-NHz, -O-CH-CHZ-CH-OH or -F. The nucleotide
analogue may be a RNA analogues such as a RNA analogue which have been modified In its
“OH group, e.g. by substitution with a group other than —H (DNA), for example -Q-CH, -O-

CHe-CH-0-CH;, -0-CHy-CHz-CH2-NH,, -O-CHz-CH2-CHz-OH or -F. In one emdodiment the
nucleotide analogue Is “ENA".

LNA

When used in the present context, the terms "LNA unit”, “LNA monomaer”, "LNA residue”,
“locked nucleic acid unit*, locked nucleic acid monomer” or “locked nucleic acid residue”, refer
to a bicycllc nucleoside analogue. LNA units are described in infer alia WO 99/14226, WO
00/56746, WO 00/56748, WO 01725248, WO 0228875, WO 03/006475 and WO 03/095467.
The LNA unit may also be defined with respect to its chemical formula, Thus, an “LNA unit’, as
used herein, has the chemical structure shown in Scheme 1 below:

Scheme 1

B
: y—xB
S
X ar
1A 1B

whereln
X Is selectad from the group consisting of O, 8 and NR", where R” Is H or Cy_-atkyl; Y is
'(-CHz),, where r is an integer of 1-4; and B is a nitrogenous base.
In a preferred embodiment of the invention, ris 1 or 2, in particular 1, i.e. a preferred LNA unlt
has the chemical structure shown in Scheme 2 below:
Scheme 2

B
x B
&
T
X or
2A 28

wherein X and B are as defined above.
in an interesting embodiment, the LNA units incorporated in the oligonuclectides of the
invention are Independently selected from the group conslsting of thio-LNA units, amino-LNA
units and oxy-LNA units.
Thus, the thlo-LNA unlt may have the chemical structure shown in Scheme 3 balow:

Scheme 3
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o f B
O

e
or

3A 3B
wherein B is as defined above.
Preferably, the thio-LNA unit is in its beta-D-form, i.e. having the structure shown in 3A above.
5 likewlse, the amino-LNA unit may have the chemical structure shown in Scheme 4 below:
Scheme 4

o P . NRH B
TNRH or
4A 4B

wherein B and R" are as defined above.

10 F'refefably, the amino-LNA unit is in its beta-D-form, i.e. having the structure shown in 4A
above.
The oxy-LNA unit may have the chemical structure shown in Scheme 5 below:

Scheme 5

B
0 B
15 H“‘O or
BA 5B

wherein B is as defined above.
Preferably, the oxy-LNA unit is in Its beta-D-form, i.e. having the structure shown in B5A
above. As indicated above, B is a nitrogenous base which may be of natural or non-natural

20  origin. Specific examples of nitrogenous bases include adenine (A), cytosine (C), 5-
methyleytosine (MC), isocytosine, pseudoisocytosine, guanine (@), thymine (T), uracil (U), 5-
bromouracil, 5-propynyluracil, 5-propyny-6, 8-methylthiazoleuracil, 6-aminopurine, 2-
aminopurine, inosine, 2,6-diaminopurine, 7-propyne-7-deazaadenine, 7-propyne-7-
deazaguanine and 2-chloro-6-aminopurine.

25 The term “thio-LNA unit” refers to an LNA unit in which X in Scheme 1 is 8. A thio-LNA
unit can be In both the beta-D form and in the alpha-L form. Generally, the beta-D form of the
thio-LNA unit is preforred. The beta-D-form and alpha-L-form of a thio-LNA unit are shown in
Scheme 3 as compounds 3A and 3B, respectively.
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The term “amino-LNA unif” refers to an LNA unit in which X in Scheme 1 is NH or NR",
where R" is hydrogen or Cy.-alkyl. An amino-LNA unit can be in both the beta-D form and in the
alpha-L form. Generally, the beta-D form of the aminc-LNA unit is preferred. The beta-D-form
and alpha-L-form of an amino-LNA unit are shdwn in Schame 4 as compounds 4A and 4B,
respectively.

The term “oxy-LNA unit’ refers to an LNA unit in which X in Scheme 1 is O. An Oxy-LNA
unit ean be in both the beta-D form and in the alpha-L form. Génerally, the beta-D form of the
oxy-LNA unit is preferred. The beta-D form and the alpha-L form of an axy-LNA unit are shown
in Scheme 5 as compounds 5A and 5B, respectively.

In the present context, the term “Cyg-alkyl” is infended to mean a linear or branched
saturated hydrocarbon chain wherein the longest chains has from one to six carbon atoms,
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopenty!, neopentyl and hexyl. A branched hydrocarbon chaln is intended to mean a Cigalkyl
substituted at any carbon with a hydrocarbon chain.

In the present context, the term “C..-alkyl” is intended to mean a linear or branched
saturated hydrocarbon chain wherein the longest chains has from one to four carbon atoms,
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-bufyl and tert-butyl. A branched
hydrocarbon chain is intended to mean a G ¢-alkyl substituted at any carbon with a hydrocarbon
chain,

When used herein the tarm “Cy g-alkoxy” is Intended to mean Cy.¢-alkyl-oxy, such as
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentoxy,
isopentoxy, neopentoxy and hexoxy.

In the present context, the term “Cxs-alkenyl” is intended to mean a linear or branched
hydrocarbon group having from two to six carbon atoms and containing one or more double
bonds. llustrative examples of Cag-alkenyl groups include allyl, homo-aliyl, vinyl, crotyl, butenyl,
butadienyi, pentenyl, pentadienyl, hexeny! and hexadienyl. The position of the unsaturation (the
double bond) may be at any position along the carbon chain.

[n the present context the term “Cg-alkynyl” is intended to mean linear or branched
hydrocarbon groups containing from two o six carbon atoms and containing one or rmore triple
bonds. lllustrative examples of Cog-alkynyl groups include acetylene, propynyl, butynyl, pentynyl
and hexynyl. The position of unsaturation (the triple bond) may be at any position along the
carbon chain. More than one bond may be unsaturated such that the “Cog-alkyny!” is a di-yne or
enedi-yne as is known to the person skilled in the art.

When referring to substituting a DNA unit by its corresponding LNA unit in the context of
the present invention, the term “corresponding LNA unit’ Is intended o mean that the DNA unit
has been replaced by an LNA unit contalning the same nitrogenous base as the DNA, unit that it
has replaced, e.g. the comesponding LNA unit of a DNA unit contalning the nitrogenous base A
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also contains the nitrogenous base A, The exception is that when a DNA unit contains the base
C, the corresponding LNA unit may contain the base C or the base ¥°C, prefarably *°C.

Hereln, the term "non-LNA unit” refers to a nucleoside different from an LNA-unlt, i.s. the
term “non-LNA unit’ includes a DNA unit as well as an RNA, unit. A preferred non-LNA unit s a
DNA unit.

The terms “unit”, “residue” and “monomer” are used interchangeably herein.

The term "at least one" encompasses an integer larger than or equal to 1, such as 1, 2, 3,
4,5,6,7, 8,9 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20 and so forth.

The terms “a" and “an” as used about a nuclectide, an agent, an LNA unit, etc., is
intended to mean one or more. In particular, the expression “a component (such as a
nucleotlde, an agent, an LNA unit, or the like) selected from the group consisting of ..." is
Intended to mean that one or more of the cited components may ba selected. Thus, exprassions
like “a component selected from the group consisting of A, B and C” is intended fo include all
comblnations of A, B and C, i.e. A, B, C, A+B, A+C, B+C and A+B+C,

Internucleoside Linkages

The term “internucleoside linkage group” is intended to mean a group capable of
covalently coupling together two nucleotides, such as between DNA units, between DNA units
and nuclectide analogues, between two non-LNA units, batwesn a non-LNA unit and an LNA
unit, and between two LNA units, etc. Examples include phosphate, phosphodisster groups and
phosphorothioate groups.

In some embodiments, at least one of, such as all of the internucleoside linkage in the
oligorner is phosphodiester. However for in vive use, phosphofomloate linkages may be
preferred,

Typical internucleoside linkage groups in oliganuclectides are phosphate groups, but
these may be replaced by internucleoside linkage groups differing from phosphate. In a further
interesting embodiment of the invention, the oligonuclectide of the invention is modified in its
internucleoside linkage group structure, i.e. the modified oligonucleotide comprises an
internucleoside linkage group which differs from phosphate. Accordingly, in a preferred
embodiment, the oligonucleotide according to the present invention comprises at least one
internucleoside linkage group which dliffers from phosphate.

Specific examples of internucleoside linkage groups which differ from phosphate

(-0-P(0)-0-) include -O-P(Q,8)-0-, -Q-P(8);-0-, -5-P(0)0-, -5-P(0,5)-0-, -5-P(8)-0-,
-O-P(0)=5-, -O-P(0,8)-5-, -5-P(0)-8-, -O-PO(R"}-0-, O-PO(OCH:)-O-, -O-PO(NR™-0-, -O-
PO(OCH,CH,8-R)-0-, -O-PO(BHz 1O, ~O-PONHRM)-0-, -0-P(Q)-NR™-, -NR*-P(O)-0-,
-NR"-CO-O-, -NR*-CO-NR™., -0-CO-0-, -0-CO-NR"-, -NR"-CO-CH;-, -O-CHz-CO-NR™-, -
0-CHACHo-NR™, -CO-NR"-CHz-, -CHa-NR-COQ-, -0-CHz-CHo-8-, ~8-CHy-CHz0-, -5-CH,-CHg-
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8-, -CHz-S05-CHaz-, -CH-CO-NR™-, -O-CH,CHe-NR-CO -, ~CHz-NCH3-0-CH,-, where R is
hydragen ar Ci-alkyl.

When the internucleoside linkage group Is modified, the intemucleoside linkage group is
preferably a phosphorothioate group ((O-P(Q,5)-0- ). In a preferred embodiment, all
internucleoside linkage groups of the oligonucleotides according to the present Invention are
phosphorothioate.

The Intemucleoside linkage may be selected form the group consisting of: «O-P(Q)z-0-,
-O-P(0,5)-0-, -O-P(8)£0-, -$-P{0)-0-, -8-P(0,5)-0-, -58-P(8)0, -0-P(0)S-, -0-P(0,5)-5-,
-S-P(0),-S-, -0-PO(RM-0-, O-PO(OCH,)}-0-, -0-PO(NRM-O-, -0-PO(OCH,CH,5-R)}-O-,
-O-PO(BH3)-O-, ~O-PONHR™)-0-, -O-P(0)-NR"-, -NR"-P(0),-O-, -NR".C0-0-,
-NRP-CO-NR"-, and/or the internucleoside linkage may be selected form the group consisting
of: -0-CO-O-, -0-CO-NR-, NRH-CO-CH;-, -0-CHz-CO-NR™-, -0-CHp-CHo-NR™-, -CO-NR"-
CHgz-, -CH;-NRP-CO-, -Q-CHa-CHy-8-, -8-CHz-CHz-0O-, -5-CH-CHp-5-, -CHz-502-CHz-, -CHz-
CO-NR"-, -O-CH-CH-NRM-CO -, ~CHxNCHs-Q-CHs-, where R" is selected from hydrogen and
Cia-alkyl. Suitably, in some embodiments, sulphur (S) containing Intemucleoside litkages as
provided above may be preferred. The internucleoside linkages may be independently
selected, or all be the same, such as phosphorothloate linkages.

In one embodiment, at least 75%, such as 80% or 85% or 90% or 95% or ali of the
internucleoside linkages present between the nucleotide units of the contiguous nucleotide
sequence are phosphorothioate Internucleoside linkages.

Micromir oligonucieotides targeting more than one microRNA

In one embodiment, the configuous nucleotide sequence is complementary to the
corresponding sequence of at least two miRNA sequences suchas 2, 3,4, 5,6, 7, 8,9, or 10
miRNA sequence,. The use of a single universal base may allow 2 single oligomer of the
invention {o target two independant microRNAs which either one or both have a single
mismatch in the region which corresponds to oligomer at the position where the universal
nucleotide is positioned,

In one embadiment, the contiguous nucleotide sequence consists of or comprises a
sequence which Is complementary to the sequence of at least two miRNA seed reglon
sequences such as 2, 3,4, 5, 6, 7, 8, 9, or 10 miRNA seed region sequences.

In one embadiment, the contiguous nucleotide sequence is complamentary to the
comesponding region of both miR-221 and miR-222.

In one embodiment, the coniiguous nucleotide sequence s complementary to the
corresponding region of more than one member of the miR-17-92 cluster - such as two or more
or all of miR-17-5p, miR-20a/b, MiR-93, miR-108a/b; or two or more or all of MiR-25, MIR-92a
and miR-363,
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In one embodiment, the contiguous nucleotide sequence consists of or comprises a
sequence that is complementary to 5GCTACAT3I
Oligomer Design

In one embodiment, the first nuclecotide of the oligomer according to the invention,
counting from the 3’ end, is a nucleotide analogus, such as an LNA unit. In one embodiment,
which may be the same or different, the last nucleotide of the oligomer according to the
invention, counting from the 3' end, is a nuclecotide analogue, such as an LNA unit.

In one esmbodiment, the second nucleotide of the oligomer according to the inventlon,
counting from the 3' end, is a nucleotide analogue, such as an LNA unit.

In one embodiment, the ninth and/or the tenth nucleotide of the ollgomer according to
the invention, counting from the 3' end, is a nucleotide analogus, such as an LNA unit.

In one embodiment, the ninth nucleotide of the ollgomer according to the invention,
counting from the 3' end is a nucleofide analogue, such as an LNA unit.

In one embodiment, the tenth nucleotide of the oligomer according to the invantion,
counting from the 3' end is a nucleotide analogue, such as an LNA unit.

In one embodiment, both the ninth and the fenth nucieotide of the cligomer according to
the invention, calculated from the 3’ end is a nucleotida analogue, such as an LNA unit.

In one embodiment, the oligomer according to the invention does not comprise a region
of more than 3 consecutive DNA nucleotide units, In one embodiment, the oligomer aceording
to the invention does not comprise a region of more than 2 consecutive DNA nucleotide unifs.

In one embodiment, the ollgomer comprises at least a reglon consisting of at least two
consecutive nucleotide analogue units, such as at least two consecutlve LNA units.

In one embodiment, the oligomer comprises at least a region consisting of at least three
consecutive nuclaotide analogue units, such as at least three consecutive LNA units.
Other Patterns of Nucleotide Analogues such as LNA in the Oligomer

Whilst it is envisaged that ollgomers containing at least 6 LNA, such as at least 7 nucleotide
units may be preferable, the discovery that such short cligomers are highly effective at targeting
microRNAs in vivo ¢an be used to prepare shorter oligomers of the invention which compriss
other nucleotide analogues, such as high affinity nucleoflde analogues. Indasd, the combination
of LNA with other high affinity nucleofide analogues are considered as part of the present
invention,

Moadification of nucleotides in positions 1 to 2, counting from the 3' end. The nucleotide at
positions 1 and/ or 2 may be a nuclectide analogue, such as a high affinity nucleotide analogue,
such as LNA, or a nucleotide analogue seiected from the group consisting of 2'-0-alkyl-RNA
unit, 2'-OMe-RNA unit, 2'-amino-DNA unit, 2'-fluoro-DNA unit, 2-MOE-RNA unit, LNA unit,
PNA unit, HNA unit, INA unit. The two 3’ nuclectide may therefore be
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Xx, %X, XX or xx, wherein: In one embodiment X is LNA and x is DNA or another nucleofide
analogue, such as as a 2' substituted nucleotide analogue selected from the group consisting of
2-0_alkyl-RNA unit, 2-OMe-RNA unlt, 2h-amino-DNA unit, 2'-fluoro-DNA unit, LNA, and a
Z’MOE RNA unit. Said non-LNA unit (x) may therefore be 2’MOE RNA or 2’-fluoro-DNA.
Alternatively X is a nucleofide analogue, and x is DNA.

The above modlfication at the 2 3' terminal nucleotides may be combined with modification
of nucleotides in positions 3 — 8 counting from the 3’ end, as described below. In this respect
nucleotides designated as X and x may be the same throughout the oligomer. It will be noted
that when the oligomer is only 7 nucleotides in length the 8" nucleotide counting from the 3’ end
should be discarded.In the following embodiments which refer to the modification of nucleotides
in positions 3 to 8, counting from the 3° end, the LNA units, in one embodiment, may be
replaced with other nucleotide anlogues, such as those referred to herein. "X” may, therefore
be selected from the group consisting of 2'-O-alkyl-RNA unit, 2'-OMe-RNA unit, 2'-amino-DNA
unit, 2'-fluoro-DNA unit, 2°-MOE-RNA unit, LNA unit, PNA unit, HNA unlt, INA unit. X" is
preferably DNA or RNA, most preferably DNA. However, it is prefemrad that X is LNA.

In one embodiment of the invention, the oligonucleotides of the invention are modified in
positions 3 to B, counting from the 3’ end. The design of this sequence may be defined by the
number of non-LNA units present or by the number of LNA units present. In a preferred
ermbodiment of the farmer, at least one, such as one, of the nucleotides in positions three to
eight, counting from the 3 end, is a non-LNA unit. In another embodiment, at least two, such as
two, of the nucleotidas in positions three to eight, counting from the 3' end, are non-LNA uniis.
In yet another embodiment, at least three, such as three, of the nucleotides in posltions three to
eight, counting from the 3' end, are non-LNA units. In still another embodiment, at least four,
such as four, of the nucleotides in positions three to eight, counting from the 3' end, are non-
LMNA units, In a further embodiment, at least five, such as five, of the nuclsotides in positions
three to elght, counting from the 3" end, are non-LNA units, In yet a further embodiment, all six
nucleotides in positions three to eight, counting from the 3' end, are non-LNA units.

Alternatively defined, in an embodiment, the aligonucleotide according to the present
invention comprises at least three LNA units in positions three to eight, counting from the 3’ end.
In an embodiment thereof, the oligonucleotide according to the present invention comprises
three LNA unlts In positions three to eight, counting from the 3' end. The substitution pattern for
the nucleotides in positions three to eight, counting from the 3’ end, may be selected from the
group consisting of 0000, XXX, 30K, 20000, X000, XXxxKx, 20000, 10000,
XXX0EK, 20000, X000, KooK, X000, )00, :0000XK, 00000, xX000XX and X000CXX,
wherein “X" denotes an LNA unit and "x" denotes a non-LNA unlt. In a preferred embodiment,
the substitution pattern for the nucleotides in positions three to eight, counting from the 3' end, is
selected from the group consisting of X2X000¢, X300dXx, 200000X, 1OXKKKKX, 30000, 10KXX,
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200608, XXX, 20000, 100004, 30600, 3000XXX, 10000 and X00ckx, wherein "X
denotes an LNA unit and “X” denotes a non-LNA unit. In & more preferred embodiment, the
substitution pattem for the nucleotides in positions three to gight, counting from the 3' end, is
selected from the group consisting of XXXXXx, XXX, 30000, 10K0KX, KKK, 000X and
xXxXxX, wherein “X* denotes an LNA unit and “x” denotes & non-LNA unit. In an embodiment,
the substitution pattem for the nucleotides in positions three to elght, counting from the 3'end, 15
OO0 or X00Xx, wherein *X" denotes an LNA unit and “x" denotes a non-L.NA unit. In an
embodiment, the substitution pattern for the nucleotides in positions three to sight, counting
from the &' end, is 00000, wherein "X denotes an LNA unit and “x” denotes a non-LNA unit.

In a further embodiment, the oligonucleotide according to the present invention comprises
at least four LNA units in positions three to eight, counting from the 3' end. In an embodiment
thereof, the oligonucleotide according to the present Invention comprises four LNA units in
positions three to eight, counting from the 3' end. The substitution pattern for the nucleotides in
positions three to eight, counting from the 3' end, may be selected from the group consisting of
DOGOGOK, JKOGOKK, XOOGoXK, X000XKx and X0000x, wherein “X* denotes an LNA unit and “x"
denotes a non-LNA unit,

In yet a further embodiment, the oligonucleotide according to the present invention
comprises at least five LNA units in positions three to eight, courting from the 3'end. In an
embediment thereof, the oligonucleotide according to the present Invention comprises five LNA
units in positions three to eight, counting from the 3 end. The substitution pattern for the
nuclectides in positions three to eight, counting from the 3' end, may be selected from the group
consisting of XXX, XK, JXOGOOKK, J000ACK, X0 and XXXXXx, wherein "X
denoctes an LNA unit and “x" denotes a non-LNA unit.

APreferably, the oligonucleotide according to the present inventlon comprises one or two
LNA units in positions three to eight, counting from the 3’ end. This 1s considered advantageous
for the stability of the A-helix formed by the oligo:microRNA duplex, a duplex resembling an
RNA:RNA duplex in structure.

In yet a further embodiment, the oligonucleotide according to the present Invention
comprises at least six LNA units in positions three fo eight, counting from the 3' end. In an
embodiment thereof, the oligonucleotide according to the present invention comprises at from
three to six LNA units in positions three to eight, counting from the 3' end, and in addition from
none to three other high affinity nucleotide analogues in the same region, such that the total
amount of high affinity nucleotide analogues (including the LNA units) amount to siX in the
region from positions three to eight, counting from the 3’ end.

In some embodiments, such as when X is LNA, said non-LNA unit (x) is another nucleotide
analogue unit, such as a 2' substituted nucleotide analogue selected from the group consisting
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of 2-0_alkyl-RNA unit, 2'-OMe-RNA unit, 2'-amino-DNA unit, 2"-fluoro-DNA unit, LNA, and a
Z'MOE BRNA unit. Said non-LNA unit (x) may therefore ba 2’MOE RNA or 2'fluoro-DNA.

For oligomers which have 9 or 10 nucleotides, the nucleotide at positions 9 and/ or 10 may
be a nucleotide analogue, such as a high affinity nucleotide analogue, such as LNA, or a
nucleotide analogue selected from the group consisting of 2'-O-alkyl-RNA unif, 2-OMe-RNA
unit, 2-amino-DNA unit, 2'-fluoro-DNA unit, 2-MOE-RNA unit, LNA unit, PNA unit, HNA unit,
INA unit. The two &' nucleotides may therefore be

Xx, XX, XX or xx, wherein: In one embodiment X Is LNA and x is DNA or another nucleutiq[e
analogus, such as as a 2’ substituted nucleotide analogue selected from the group consisting of

-0 _alkyl-RNA unit, 2'-OMe-RNA unit, 2-amino-DNA unit, 2'-fluoro-DNA unit, LNA, and a
2’MOE RNA unit. Said non-LNA unit (x) may therefore be 2MOE RNA or 2-fluoro-DNA.
Altemativaly X is a nucleotide analogue, and x is DNA.

The above modlification at the 2 5" terminal nuclectides may be combined with modification
of nucleotides in positions 3 — 8 counting from the 3' end, and/or the 2 3' nucleotitides as
described above. In this respect nucleotides designated as X and x may be the same
throughout the oligomer.

In a preferred embodiment of the invention, the oligonucleotide according to the present
invention contalns an LNA unit at the §' end. In another prefered embodiment, the
oligonudieotide according to the present invention contains an LNA unit at the first two positions,
counting from the 5' end.

In one embodiment, the invention further provides for an oligomer as describad in the
context of the pharmaceutical composition of the invention, or for use in vivo in an orgarism,
such as a medicament, wherein said oligomer (or contiguous nucleotide sequence) comprises
aither

i) atleast one phosphorothioate linkage and/or

) atleastone 3 terminal LNA unit, and/or

i) atleast one 5 teriminal LNA unit.

Tha oligomer may therefore contain at least one phosphorothioate linkage, such as all
linkages being phosphorthioates, and at least one 3’ terminal LNA unit, and at least one &'
teriminal LNA unit.

It is preferable for most therapeutic uses that the oligonucleotide is fully
phosphorothiclated — an exception beling for therapeutic oligonucleotides for use in the CNS,
such as in the brain or spine where phosphorothioation can be toxic, and due fo the absence of
nucleases, phosphodiester bonds may be used, even between consecutive DNA units.

As referred to herein, other in one aspect of the oligonucleotide according to the invention
is that the second 3’ nucleotide, and/or the 9" and 10" (from the 3' end), if presant, may also be
LNA.
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In one embadiment, the oligomer comprises at least five nucleotide analogue units, such
as at least five LNA units, in poslitions which are complementary to the miRNA seed region.

In ore embodiment, the nucleotide sequence of the cligomer which is complementary to
the sequence of the microRNA seed reglon, is selected from the group consisting of
(ROCOXK, (XPGOOOK, (XNOOXX, (OO, (XPOOXX and (XPOOXXXx, wherein X
denotes a nucleotide analogue, such as an LNA unit, (X) denotes an optional nucleotide
analogue, such as an LNA unit, and "X’ denotes a DNA or RNA nuclectide unit.

In one embadiment, the oligomer comprises six or seven nucleotide analogue units, such
as slx or seven LNA units, in positlons which are complementary to the miRNA seed region.

In one embodiment, the nuclsotide sequence of the oligomer which is complementary to
the sequence of the microRNA seed reglon, is selected from the group consisting of X0000CX,
Y000, XOBOGK, KIOGOOOK, JXOO0KX, XCOOOXEX and XXCOOKx, whereln X denotes a
nucleofide analogue, such as an LNA unit, such as an LNA unit, and "X" denotes a DNA or RNA
nucleotlde unit.

In one embodiment, the two nucleotide motif at position 7 to 8, counting from the 3' end of
the oligomer is selected from the group consisting of xx, XX, xX and Xx, wherein “X" denotes a
nucleotide analogue, such as an LNA unit, such as an LNA unit, and X" denotes a DNA or RNA
nucleotide unit,

In one embodiment, the two nucleotide motif at position 7 to 8, counting from the 3' end of
the oligomer is selected from the group conslsting of XX, X and Xx, wherein “X” denotes a
nuclectide analogue, such as an LNA unit, such as an LNA unit, and “x” denotes a DNA or RNA
huclectida unit.

In one embodiment, the cligomer comprises at 12 nucleotides and wherein the two
nucleotide motif at position 11 to 12, counting from the 3' end of the oligomer i= selected from
the group conslsting of xx, XX, xX and Xx, wherein "X denctes a nucleotide analogue, such as
an LNA unit, such as an LNA unit, and “x" denotes a DNA or RNA nuclectide unit.

In one embodiment, the oligomer comprises 12 nucleotides and wherein the two
nucleotide mofif at position 11 to 12, counting from the 3' end of the oligomer is selected from
the group consisting of XX, xX and Xx, wherein “X" denotes a nucleotide analogue, such as an
LNA unit, such as an LNA unit, and "x” denotes a DNA or RNA nucleotide unit, such as a DNA
unit.

In one embodiment, the ollgomear comprises a nucleotide analogue unit, such as an LNA
unit, at the §' end.

In one embodiment, the nuclectide analogue units, such as X, are independently selected
form the group consisting of: 2'-O-alkyl-RNA unif, 2'-OMa-RNA unit, 2'-amino-DNA unit, 2
fluoro-DNA unit, 2-MOE-RNA unit, LNA unit, PNA unit, HNA unit, INA unit.
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In one embodiment, all the nucleotides of the oligomer of the invention are nucleotide
analogue units.

In one embodiment, the nucleotide analogue units, such as X, are independently selected
form the group consisting of: 2~OMe-RNA units, 2'fluoro-DNA units, and LNA units,

In one embodiment, the oligomer comprises said at least one LNA analogue unit and at
least one further nucleotide analogue unit other than LINA.

In one embediment, the non-LNA nucleotide analogue unit or units are independently
selected from 2’-OMe RNA units and 2'-fluoro DNA units.

In one embodiment, the oligomer consists of af least one sequence XYX or YXY, wherein
X is LNA and Y Is either a 2'-OMe RNA unit and 2™-fluoro DNA unit.

In ohe ambadiment, the sequence of nucleotides of the vligomer consists of alternative X
and Y units.

In one embodiment, the oligomer comprises aliernating LNA and DNA units (Xx) or (xX).
In one embodiment, the oligomer comprises a motif of alternating LNA followed by 2 DNA units
{000}, ¥Xx or X

In one embodiment, at least one of the DNA or non-LNA nucleotide analogue uniis are
replaced with a LNA nucleotide in a position selected from the positions identified as LNA
nucleotide units In any one of the embodiments referred to above. In one embodiment, X"
donates an LNA unit.

Further Designs for Oligomers of the invention

Table 1 below provides non-limiting examples of short microRNA sequences that could
advantageously be targeted with an oligonuclectide of the present invention.

The oligonucleotides according to the invention, such as those disclosed in table 1 may, In
one embodiment, have a sequence of 7, 8, 2 or 10 LNA nucleotides 5 — 3" LLLLLEL(L)(LXL)(L).
or have a seguence of nucleotides selected form the group conslsting of, the first 7, 8 %o0r10
nucleotides of the following motifs:

LdLddL(LXdNe)LYDHLIANLIL), LaLdLi(L)(dUENI)NLN)ENL),
LMLMMLL)(M)MYL)MYLIM)(LIL), LMLMLL(LYM)MYLYLXLXM)(LNL),
LFLFFL(L)(FYFXLXFYLYF)LYL), LFLFLL(LY(FYFXLXLYLY(F)(L)L), and every third designs such as;
LddLdd(L)(dXdXL)A)(d)(L)d)(d)(L)(d) ‘dLddLd{d)(LHd)d) L)) ANLIEA)L),
ddLddL{d)(d}{L){d) (L)) dXL)d)(d), LMMLMM(LYM)M)LXMUMNL)MYM)LIM),
MLMMLM(M)LY(M(MYL)MYMYLIMM)(L), MMLMMLIM)M)(LYMYMYL)MYMYLYMXM),
LFFLEF(LYFXFXLYFXF)LYF)FXLYF), FLEFLFE)LYF)EXLXF)FYLFXEL).
FFLFFL{F)FYLXF){FXLXFYFXLXFXF), and dLdLdL{d){LY(d)(IX (LYK XdXL)(d) and an every second
design, such as; LdLdLd(L)(d)(L){d)(LY(d)L){d)(L)(dXL), MLMLML{M)(L)Y(MYLYMY L XMYLYMYL)(M),
LMLMLM(LY(M)(LYMYLYMYLYM)LIMNL), FLFLFL(FXL)(ENLFXLYFXLIF)L)F), and
LFLFLRLXF)LF(LYP)L)E)LNF)L); wherein L = LNA unit, d= DNA units, M = 2'MOE RNA, F =
2'Fluoro and residues in brackets are optional.
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Pharmaceutical Composition and Medlcal Application

The inventlon provides for a pharmaceutical composition comprising the oligomer
according to the invention, and a pharmaceutically acceptable diluent, carrier, salt or adjuvant.

The invention further provides for the use of an oligonucleotide according fo the invention,
such as those which may form part of the pharmacsutical composition, for the manufacture of a
medicament for the ireatment of a disease or medical disorder assoclated with the presence or
ovar-expression (upregulation) of the microRNA.

The invention further provides for a method for the treatment of a disease or medical
disorder associated with the presence or over-expression of the microRNA, comprising the step
of administering a composition (such as the pharmaceutical composition) according to the
invention to a person in need of treatment.

The invention further provides for a method for reducing the effective amount of a mIRNA
in & cell or an organism, comprising administering a composition (such as the pharmaceutical
composition) according fo the invention or a oligomer according to the Invention to the cell or
the organism. Reducing the effective amount in this context refers to the raduction of functional
miRNA present in the cell or organlsm. It is recognised that the preferred oligonuclectides
according to the Invention may not always significantly reduce the actual amount of miRNA in
the cell or organism as they typically form very stable duplexes with thelr mIRNA targets. The
reduction of the effective amount of the miRNA in a cell may, in one embodiment, be measured
by detecting the level of de-repression of the miRNA's target in the call.

The invention further. provides for a method for de-represslon of a target mRNA of a
miRNA In a cell or an organism, comprising administering a composlition (such as the
pharmaceutical composition) or a oligomer according to the Invention to the cell or the
organism.

The invention further provides for the use of a oligomer of between 7--10suchas 7, 8, 9,
ar 10 nucleotides in length, for the manufacture of a medicament for the treatment of a disease
or medical disorder associated with the presencs or over-expression of the microRNA.

In one embodiment the medical condition (or disease) Is hepatitls C (HCV), and the
MIRNA is miR-122.

In one embodiment, the pharmaceuticat composition according to the invention is for use
in the treatment of a medical disorder or disease selected from the group consisting of: hepatitis
C virus infection and hypercholesterolemia and related disorders, and cancers.

In one embodiment the medical disorder or disease is a CNS disease, such as a CNS
disease where one or more microRNAs are known to be indicated.

In the context of hypercholesterolemia related disorders refers to diseases such as
atherosclerosis or hyperlipidemia. Further examples of related diseases also include different
types of HDL/LDL cholesterol imbalance; dyslipidemias, e.g., famillal combined hyperlipideria
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(FCHL), acquired hypetlipidemia, statin-resistant hypercholesterolemia; coronary artery disease
(CAD) coronary heart disease (CHD), atherosclerosis.

In one embodiment, the phamacautical composition according to ihe invention further
comprises a second independent active ingredient that is an inhibitor of the VDL assembly
pathway, such as an ApoB inhibitor, or an MTP inhibitor (such as those disclosed inUs
60/977,497, hereby Incorporated by reference).

The invention further provides for a method for the treatment of a disease or medical
disorder associated with the presence or over-expression of the micraRNA, comprising the step
of administering a composition (such as the phammaceutical compasition) comprising a oligomer
of between between 7 — 10 such as 7, 8, 8, or 10 nudleotides In length, to a person in need of
treatment.

The inventlon further provides for a method for reducing the effective amount of a mIRNA
target (i.e. "available’ miRNA} in a cell or an organism, comprising administering a composition
(such as the pharmaceutical composition) comprising a oligomer of between 6 7—10 suchas 7,
8, 9, or 10 nucleotides in langth, to the ¢ell or the organism.

It should be recognised that "reducing the effective amount” of one or more microRNAs in
a cell or organism, refers to the inhibition of the microRNA functlon in the call or organism. The
cell Is preferably amammalain cell or a human cell which expresses the microRNA or
microRNAs.

The invention further provides for a method for de-repression of a target mRNA of a
miRNA in a cell or an organism, comprising a oligomer of 7 - 10 such as 7, 8, 9, or 10
nucleotides in length, or (or a composfition comprising said oligenucleotide) to the cell or the
organlsm.

As mentionad above, microRNAs are related to a number of diseases. Hence, a fourth
aspect of the invention relates to the use of an oligonucleotide as defined hersin for the
manufacture of a medicament for the treatment of a disease associated with the expression of
microRNAs selected from the group consisting of spinal muscular atrophy, Tourette’s syndrome,
hepatitis C, fragile X mental retardation, DiGeorge syndrome and cancar, such as in non lImiting
example, chronic lymphocytic leukemia, breast cancer, lung cancer and colon cancer, In
particular cancer.

Methods of Synthesis

The invention further provides for a method for the synthesis of an oligomer targeted against a

human microRNA, such as an oligomet described herein, said method comprising the steps of:

a. Optionally selecting a first nucleotide, counting from the 3’ end, which is a nuclectide
analogue, such as an LNA nuclectide.

b. Optionally sslecting a second nucleotide, counting from the 3' end, which is a nucleotide

analogua, such as an LNA nucleotide.
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¢. Selecting a region of the cligomer which corresponds to the miRNA seed region, whersin
said region is as defined herein.

d. Selecting a seventh and optionally an eight nucleofideas defined herein.
e. Optionally selecting one or two further &' terminal of the oligomer is as defined herein;

wherein the synthesis is performed by sequential synthesis of the regions defined in steps
a - a, whereln said synthesis may be performed in either the 3-5'{(a tof)ors' - & {eto
a)direction, and wherein sald oligomer is complementary 0 a sequence of the miRNA target.

The invention further provides for a method for the preparation of an oligomer (such as an
oligomer according to the invention), said method comprising the steps of a) comparing the
sequences of two or more miRNA sequences to identifiy two or mora miRNA sequences which
comprise a comman contiguous nucleotide sequence of at least 7 nucleotides in length, such as
7. 8, 9 or 10 nucleotides in length {i.e. a sequence found In both non-idnetical miRNAS), b)
breparing an oligomer sequence which consists or comprises of a contlguous nucleotide
sequence with is complementary to said common contiguous hucleotide sequence, wherein
said oligomer Is, as according to the oligomer of the Invention. In a preferred examplae, the
common caontiguous nucleofide sequence consists or comprises of the seed region of each of
said two or more mIRNA sequences (which comprise a common contiguous nucleotide
seqeunce of at least 6 nucleotides in length). In one embodiment, the seed regions of the two
or mare miRNAs are Identical. Sultably the oligomer consists or comprises a seedmer
sequence of 7 or 8§ nucleotides in length which comprises of a seqeunce which Is
complementary o said ftwo or more miRNAs. This method may be usaed in conjunction with step
¢ of the above method. .

The method for the synthesis of the oligomer according to the invention may be performed
uslng standard solid phase oligonucleotide systhesls.

In one embadimant, the method for the synthasis of a oligomer targeted agalnst a human
microRNA, is performed in the 3' to 5' direction a - e.
A further aspect of the invention is a method to reduce the levels of target microRNA by
contacting the target microRNA to an oligonucleotide as defined herein, wherein the
oligonucleotide (i) is complementary to the target microRNA sequence (i) does not contain a
nucleotide at the 3> end that comesponds to the first 5’ end nuclectide of the target microRNA.
Duplex stability and Ty,
In one embodiment, the oligomer of the invention is capable of forming a duplex with a
complementary single stranded RNA nucisic acid molecule (typically of about the same length
of said siﬁgla stranded oligonucleotide) with phosphodiester internucleoside linkages, whereln
the duplex has a T, of between 30°C and and 70°C or 80°C, such as between 30°C and 60°C
ot 70°C, or between 30°C and 50°C or 60°C. In one embodiment the Ty, is at least 40°C. T,
may be determinad by determining the T, of the oligomer and a complementary RNA target in
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the following buffer conditions: 100mM Nacl, 0.1mM EDTA, 10mM Na-phosphate, pH 7.0 (see
examples for a detailed protocol). A high affinity analogue may be defined as an analogue
which, when used in the cligomer of the invention, resulis in an increase In the T, 0f the
oligomer as compared to an identicial oligomer which has contains only DNA bases.
Conjugates

In one embadiment, said oligomer is conjugated with one or more non-nucleotide (or poly-
nucleotide) compounds.

In the context the term “conjugate” Is intended to Indicate a heterogenous molecule
formed by the covalent attachment (“conjugation®) of the ofigomer as described herein to one or
more non-nucleotide, or non-polynuclectide moleties. Examples of non-nucleotide or non-
polynucleotide moietles include macromolecular agents such as protelns, fatty acid chains,
sugar residues, glycoprotelns, polymers, or combinatlons thereof. Typically proteins may be
antibodies for a target protein. Typical polymers may be polyethylene glycol.

Therefore, In various embodiments, the oligomer of the invention may comprise both a
polynucleotide region which typically conslsts of a contiguous sequence of nucleotides, and a
further non-nucleotide region. When referring to the oligomer of the invention consigting of a
contiguous nucleotide sequence, the compound may comprise non-nucleotide components,
such as a conjugate component.

In various embodiments of the invention the oligomeric compound ig linked fo
ligands/conjugates, which may be used, e.g. to increase the cellutar uptake of oligomaric
compounds, W02007/031091 provides suitable ligands and conjugates, which are hereby
incorporated by reference.

The invention also provides for a conjugate comprising the compound according to the
invention as hereln described, and at least one non-nucleotide or non-polynucleotide moiety
covalently attached to said compound. Therefore, in various embodiments where the
compound of the invention consists of a specified nuclelc acid or nuclectide sequence, as
hersin dlsclosed, the compound may also comprise at least one non-nucleotide or non-
polynucleotide moiety (2.9. not comprising one or more nucleotides or nucleotide analogues)
covalently attached to said compound.

Conjugation (to a conjugate molety) may enhance the activity, cellular distribution or
cellular uptake of the oligomer of the invention. Such moisties include, but are not limited to,
antibodies, polypeptides, lipid moieties such as a cholesterol molety, chollic acid, a thioether,
a.g. Hexyl-s-ritylthiol, a thlocholesterol, an aliphatic chain, e.g., dodecandiol or undecyl
residues, a phospholipids, e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-di-o-
hexadecyl-rac-glycero-3-h-phosphonate, a polyamine or a polysthylens glycol chain, an
adamantane acetic acid, a palmityl moiety, an octadecylamine or hexylamino-carbonyl-
oxycholesterol moiety.



10

15

20

25

3o

WO 2009/043353 PCT/DE2008/000344

34

The oligomers of the invention may also be conjugated to active drug substancas, for
example, aspirin, ibuprofen, a sulfa drug, an antidiabetic, an antlbacterial or an antibiotic.

In certain embodiments the conjugated moiety is a sterol, such as cholasterol.

In various embodiments, the conjugated moiety comprises or consists of a positively
charged polymer, such as a positively charged peptides of, for example betwean 1 -30, such as
2 — 20 such as 3— 10 amino acid residues in length, and/or polyalkylene oxide such as
polyethylglycol(PEG) or polypropylene glycol — see WO 2008/034123, hereby incorporated by
reference. Suitably the positively charged polymer, such as a polyalkylene axide may be
attached to the oligomer of the invention via a linker such as the releasable inker described in
WO 2008/034123.

By way of example, the following conjugate moisties may be used in the conjugates of the
inventlon:

@AL%NW% 5- OLIGOMER -3’

o

w/\/\/\/"Jl_"' 5'- OLIGOMER -3’
¥

Activated oligomers
The term “activated oligomer,” as used herein, refers to an oligomer of the invention that is

covalently linked (i.., functionalized) to at least one functional moiety that permits covalent
linkage of the oligomer to one or more conjugated moleties, i.e., moieties that are not

" themselves nucleic acids or monomers, fo form the conjugates herein described. Typically, a

functional moiety will comprise a chemical group that is capable of covalently boniding to the
oligomer via, 6.g., a 3'-hydroxy! group or the exocyclic NH; group of the adenine base, a spacer
that is preferably hydrophilic and a terminal group that is ¢capable of binding to a conjugated
molety (e.g., an amino, sulfhydryl or hydroxyl group). In some embodiments, this terminal group
is not protected, e.g., 1s an NH; group. In other embodiments, the terminal group is protected,
for example, by any suitable protecting group such as those described in "Protactive Groups in
Organic Synthesis" by Theodora W Greene and Petor G M Wuts, 3rd edition (John Wiley &
Sons, 1999). Examples of suitable hydroxyl protecting groups include esters such as acetate
ester, aralkyl groups such as benzyl, diphenyimethyl, or triphenylmethyl, and tetrahydropyranyl.
Examples of suitable amino protecting groups include benzyl, alpha-methylbenzyl,
diphenylmethyl, triphenylmsthyl, benzyloxycarbonyl, tert-butoxycarbonyl, and acyl groups such
as trichloroacetyl or triflucroacstyl. In some embodiments, the functional moiety Is self-cleaving.
In other embadiments, the functional moiety is biodegradable. See e.9., U.S. Patent No.
7,087,229, which is incorporated by reference herein in Its entirety.
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In some embodiments, oligomers of the invention are functionalized at the 5' end in order
to allow covalent attachment of the conjugated moiety to the 5 end of the oligomer. In other
embodiments, oligomers of the invention can be functionalized at the 3' end. In still other
embodiments, oligomers of the invention can be functionalized along the backbone or on the
heterocyclic base malety. In yet other embodiments, oligomers of the invention can be
functionalized at more than one position independently selected from the 5’ end, the 3 end, the
hackbone and the base.

In some embodiments, activated oligomers of the invention are synthesized by
incorporating during the synthesis one or more monomers that is covalently attached to a
functional moiety. In other embodiments, activated oligomers of the invention are synthesized
with monomers that have not been functionalized, and the oligomer is functionalized upon
completion of synthesis. In some embodiments, the oligomers are functionalized with a
hindered ester containing an aminoalkyl linker, wherein the alkyl portion has the formula (CHz)w,
wherein w Is an integer ranging from 1 to 10, preferably about 6, whereln the alkyl portion of the
alkylamino group can be straight chain or branched chain, and wherelin the functional group is
attached fo the oligomer via an ester group (-O-C(0)-{CHz),NH).

In other embodiments, the oligomers are functionalized with a hindered ester containing a
(CHy)w~sulfhydryl (SH) linker, wherein w is an integer ranging from 1 to 10, preferably about 6,
wherein the alkyl portion of the alkylamino group can be straight chain or branched chain, and
whereln the functional group attached to the oligomer via an ester group (-O-C(O)-(CH.wSH).

In some embodiments, sulfhydryl-activated oligonucleotides are conjugated with polymer
moleties such as polyethylene glycol ar peptides (via formation of a disulfide bond).

Activated oligomers containing hindered esters as described above can be synthesized by
any method known in the art, and in particular by methods disclosed in PCT Publication No. WO
2008/034122 and the examples therein, which is incorporated herein by reference In lts entirety.

In still other embodiments, the oligomers of the invention are functionallzed by Introducing
sulfhydryl, amino or hydroxyl groups into the oligomer by means of a funciionalizing reagent
substantially as described in U.S. Patent Nos. 4,962,029 and 4,914,210, ie., a substantially
linear reagent having a phosphoramidite at one end linked through a hydrophilic spacer chain to
the opposing end which comprises a protected or unprotected sulfhydryl, amino or hydroxyl
group. Such reagents primarily react with hydroxyl groups of the oligomer. In some
embodiments, such activated oligomers have a functionalizing reagent coupled to a 5'-hydroxyl
group of the oligomer. In other embodiments, the activated cligomers have a functionallzing
reagent coupled to a 3"-hydroxyl group. In still other embodiments, the activated cligomears of
tha invention have a functlonallzing reagent coupled to a hydroxyl group on the backbone of the
oligomer. In yet further embodiments, the oligomer of the invention is functionalized with more
than one of the functionalizing reagents as described in U.S. Patent Nos. 4,962,029 and
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4,914,210, incorporated herein by reference in their entirety. Methods of synthesizing such
functionalizing reagents and incorporating them into monomers or oligomers are disclosed in
U.S. Patent Nos. 4,962,029 and 4,914,210,

In some embodiments, the 5'-terminus of a solid-phase bound eligomer Is functionalized
with a dlenyl phosphoramidite derivative, followed by conjugation of the deprotected oligomer
with, e.g. an amino acid or peptide via a Diels-Alder cycloaddition reaction.

In varlous embodiments, the Incorporation of monomers containing 2'-sugar
modifications, such as a 2-carbamate substituted sugar or a 2'-(0O-pentyl-N-phihalimido)-
deoxyribose sugar into the oligomer facilitates covalent attachment of conjugated moieties to
the sugars of the oligomer. In other embodiments, an oligomer with an amino-containing linker
at the 2'-position of one or more monomers is prepared using a reagent such as, for example,
5'-dimethoxytrityl-2'-0-(e-phthalimidylaminopeniyl)-2'-deoxyadenosine-3'-- N,N-dilsopropyi-
cyanoethoxy phosphoramidite. See, e.g., Mancharan, et al., Tetrahedron Letters, 1991, 34,
7171.

In still further embodiments, the oligomers of the invention may have amine-contalning
functional moletles on the nucleotide, including on the N6 purine amino groups, on the axocyclic
N2 of guanine, or on the N4 or 5 positions of cytosine. In various embodiments, such
functionalization may be achleved by using a commerclal reagent that is already functionalized
in the ollgomer synthesis.

Some functional moieties are commercially available, for example, heterobifunctional
and homabifunctional Ilnl-;ing moieties are available from the Pierce Co. (Rockford, lIl.). Other
commercially available linking groups are 5'-Aminc-Modifier C6 and 3'-Amino-Modifier reagents,
both available from Glen Research Corporation (Sterling, Va.). 5'-Aminc-Modifler Cé is also
available from ABI (Applied Biosystems Inc., Foster Clty, Calif.) as Aminolink-2, and 3'-Amino-
Modifler Is also available from Clontech Laboratories Inc. (Palo Alto, Calif.).

Therapy and pharmaceutical compositions - formulation and administration

As explained initially, the oligonucleotides of the Invention will constitute sutable drugs
with improved propsrties. The design of a potent and safe drug requires the fine-tuning of
various parameters such as affinity/specificity, stability in blological fluids, cellular uptake, mode
of action, pharmacokinetic properties and toxicity.

Accordingly, in a further aspect the present invention relates to a pharmaceutical
composition compriging an ollgonucieotide according to the Invention and a pharmaceutically
acceptable dlluent, carrier or adjuvant. Preferably said carrler Is saline or buffered saline.

In a still further aspect the present inventlon relates to an oligonucleotide according to
the present invention for use as a medicament.
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As will be understood, dosing is dependent on severity and responsiveness of the
disease state fo be freated, and the course of treatment lasting from several days to several
months, or until a cure Is effectad or a diminution of the disease state is achleved. Optimal
dosing schedules can be calculated from measurements of drug accumulation in the body of the
patient. Optimum dosages may vary depending on the relative potency of individual
ollgonucleotides. Generally it can be estimated based on EC50s found fo be effective in in vitro
and /i vivo animal models. In general, dosage is from 0.01 g to 1 g per kg of body weight, and
may be given once or more dafly, weekly, monthly or yearly, or even once every 2 to 10 years
of by continuous infuslon for hours up to several months. The repetition rates for dosing can be
estimated based on measured residence times and concentrations of the drug in bodily fluids or

' tissues. Following successful treatment, it may be desirable to have the patient undergo

malintenance therapy to prevent the recurrence of the disease state.

As indicated above, the invention also relates to a pharmaceutical composition, which
comprises at least one oligonucleotide of the invention as an active Ingredient. It should be
understood that the pharmaceutical composition according fo the invention optionally comprises
a pharmaceutical camier, and that the pharmaceutical composition optionally comprises further
compounds, such as chemotherapsutic compounds, anti-inflammatory compounds, antiviral
compounds and/or immuno-modulating compounds.

The oligonuclectides of the invention can be used “as Is" or in form of a variety of
phamaceutcally acceptable salts. As used herein, the term “phamaceutically aecoptable salts”
refers to salts that retain the deslred biological activity of the herein-identified ofigonucleotides
and exhibit minimal undesired toxicological effects. Non-limiting examples of such salts can be
formed with organic amino acid and base addition salts formed with metal cations such as zinc,
calcium, bismuth, barlum, magnesium, aluminum, copper, cobalt, nickel, cadmium, sodium,
potassium, and the like, or with & cation formed from ammonia, N,N-dibenzylethylene-diamine,
D-glucosamine, tetracthylammonlum, or ethylenediamine.

In one embodiment of the invention, the oligonuclectide may be In the form of a pro-
drug. Oligonucleotides are by virtue negatively charged ions. Due fo the lipophilic nature of cell
membranes the celllar uptake of oligonucleotides are reduced compared to neutral or lipophilic
equivalents. This polarity “hindrance” can be avoided by using the pro-drug approach (see e.q.
Crooke, R. M, {1998) in Crooke, S. T. Antisense research and Application. Springer-Verlag,
Berlin, Germany, vol. 131, pp. 103-140).

Pharmaceutically acceptable binding agents and adjuvants may comprise part of the
formulated drug.

Examples of delivery methods for delivery of the therapeutic agents described herein, as
well as detalls of pharmaceutical formulatlons, salts, may are well described elsewhere for
example In US provisional application 60/838,710 and 60/788,995, which are hereby



10

15

20

25

30

35

WO 2005/043353 PCT/DK2008/000344

38

incorporated by referaence, and Danish applications, PA 2006 00615 which is also bereby
incorporated by reference.

Pharmaceufical compositions of the present invention include, but are not limited to,
solutions, emulsions, and liposome-containing formulations, These compositions may be
generated from a variety of components that include, but are not limited to, preformed liquids,
self- emulsifylng solids and self-emulsifying semisolids. Delivery of drug to tumour tissue may
be enhanced by carmier-mediated delivery including, but not limited to, cationic liposomes,
6ycludextn'ns, porphyrin derivatives, branched chain dendrimers, polyethylenimine polymers,
nanoparticles and microspheres (Dass CR, J Pharm Pharmacol 2002; 54(1):3-27). The
pharmaceutical formulations of the present invention, which may conveniently be presented in
unit dosage form, may be prepared according to conventional techniques well known in the
pharmaceautical indusiry. Such techniques include the step of bringing into agsociation the active
ingredients with the pharmaceutical carrler(s) or excipient(s). In general the formulations are
prepared by uniformly and intimately bringing into association the active Ingredients with liquid
camiers or finely divided =solid carriers or both, and then, if necessary, shaping the product. The
compositions of the present invention may be formulated into any of many possible dosage
forms such as, but not limited to, tablets, capsules, gel capsules, liquid syrups, soft gels and
suppositories. The compositions of the present invention may also be formulated as
suspensions in agueous, non-aqueous or mixed media. Aqueous suspensions may further
contaln substances which increase the viscosity of the suspension including, for example,
sodlum carboxymethylesllulosa, sorbitol and/or dextran. The suspension may also contain
stabllizers, The compounds of the invention may also be conjugated {0 active drug substances,
for examplse, aspirin, ibuprofen, a sulfa drug, an antidiabetic, an antibacterial or an antibiotic.

In another embodiment, compasitions of the inveniion may contain one or more
oligonucleoiide compounds, targeted to a first microRNA and one or more addltlonal
oligonucleotide compounds targeted to a second microRNA target. Two or more combinad
compounds may be used together or sequentially.

The compounds disclosed herein are useful for a number of therapeutic applications as
indicated above. In general, therapeutic methods of the invention include administration of a
therapeutically effective amount of an oligonucleotide to a mammal, particularly a human. Ina
certain embodiment, the present invention provides pharmaceutical compositions containing (a)
one or more compounds of the invention, and (b) one or mare chamotherapeutfc agents. When
used with the compounds of the invention, such chemotherapeutic agents may be used
individually, sequentially, or in combination with one or more other such chamotherapautic
agents or in combination with radlotherapy. All chemotherapeutic agents known to a person
skilled in the art are here incorporated as combination treatments with compound according to
the invantion. Other active agents, such as anti-inflammatory drugs, including but not limited to
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nonsteroidal anti-inflammatory drugs and corticosteroids, antiviral drugs, and immuno-
modulating drugs may also be combined In compositions of the inveniion. Two or more
combined compounds may be used together or sequentially.

Examples of therapeutic indications which may be treated by the phammaceutical

composifions of the invention:

milcroRNA Paosslble medical indications

miR-1 Cardiac arythmia

miR-21 Glioblastomna, breast cancer, hepatocellular carcinoma, colorectal
cancer, sensitization of gliomas to cytotoxic drugs, cardlac
hypertrophy

miR-21, mIR-200b | Response to chemotherapy and regulation of cholangiocarcinoma

and miR-141 growth

miR-122 hypercholesterolemia, hepatitis C infection, hemochromatosis

miR-19b lymphoma and ¢ther tumour fypes

miR-26a QOsteoblast differentiation of human stem cells

miR-155 lymphoma, pancreatic tumor development, breast and lung
cancer

miRR-203 Psoriasis

miR-375 diabetes, metabolic disorders, glucose-induced insulin secretion
from pancreatic endocrine cells

miR-1581 myoblast differantiation, auto immune disorders

miR-10b Breast cancer cell Invasion and metastasis

miR-125b-1 Breast, lung, ovarian and cervical cancer

miR-221 and 222 | Prostate carcinoma, human thyroid papillary ¢ar, human
hepatocellular carcinoma

miRNA-372 and - | testicular germ cell tumors.

373

miR-142 B-cell leukemia

miR-17 — 18b B-cell lymphomas, lung cancer, hepatocallular carcinoma

cluster

Tumor suppressor gene tropomysin 1 (TPM1) mRNA has been indicated as a target of
miR-21. Myotrophin (mitpn) mRNA has been indicated as a target of mIR 375.

In an even further aspect, the present invention relates to the use of an oligonucleotide
according to the Invention for the manufacture of a medicament for the treatment of a disease
selected from the group consisting of: atherosclerosis, hypercholesterolemia and
hyperlipidemia; cancer, glioblastoma, breast cancer, lymphoma, lung cancer; diabetes,
metabolic disorders; mycblast differentiation; immune disorders.

The inventlon further refers to oligonucleotides according to the inventlon for the use in
the treatment of from a disease selected from the group consisting of: atherosclerosis,
hypercholesterolemia and hyperlipidemia; cancer, glioblastoma, breast cancer, lymphoma, lung
cancer; diabetes, metabolic disorders; myoblast differenfiation; immune disorders.

The invention provides for a method of treating a subject suffering from a disease or
condition selected from from the group consisting of: atherosclerosis, hypercholesterolemia and
hyperlipidemia; cancer, glioblastoma, breast cancer, lymphoma, lung cancer; diabetes,
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metabolic disorders; myoblast differentiation; immune disorders, the method comprising the
stap of adminlstering an oligonucleotide or pharmaceutical composition of the invention to the
subject in need thersof.

The invention further provides for a kit comprising a pharmaceutical composition
according to the invention, and a second independent active ingredient that is an inhibitor of the
VLDL assembly pathway, such as an ApoB inhibitor, or an MTP Inhibitor.

Cancer

In an even furiher aspact, the present invention relates to the use of an oligonuclectide
according to the invention for the manufacture of a medicament for the treatment of cancer. In
another aspect, the present invention concerns a method for treatment of, or prophylaxis
against, cancer, said method comprising administering an oligonucleotide of the invention or a
pharmaceutical composition of the invention to a patient in need thereof.

Such cancars may include lymphoreticular neoplasla, lymphoblastic leukemia, brain
tumors, gastric tumors, plasmacytomas, multiple myeloma, leukemia, conneclive tlssue tumors,
lymphomas, and solid tumnors.

In the use of a compound of tha invention for the manufacture of a medicament for the
treatment of cancer, said cancer may suitably be in the form of a solid tumor. Analogously, in
the mathod for treating cancer disclosed herein said cancer may suitably be in the form of a
solid tumor.

Furthermore, said cancer is also suitably a carcinoma. The carcinoma is typically selacted
from the group consisting of malignant melanoma, basal cell carcinoma, ovarian carcinoma,

. breast carcinoma, non-small call lung cancer, renal call carcinoma, bladder carcinoma,

recurrent superficial bladder cancer, stomach carcinoma, prostatic carcinoma, pancreatic

R carcinoma, lung carcinoma, cervical carcinoma, cervical dysplasla, laryngeal papillomatosis,

colon carcinoma, colorectal carcinoma and carcinold tumors, Mors typically, said carcinoma is
selected from the group conslsting of malignant melanoma, nen-small cell lung cancer, breast
carcinoma, colon carcinoma and renal cell carcinoma. The malignant melanoma is typically
selected from the group consisting of superficial spreading melanoma, nodular melanoma,
lentigo maligna melanoma, acral melagnoma, amelanotic melanoma and desmoplastic
melanoma.

Alternatively, the cancer may suitably be a sarcoma. The sarcoma is typically in the form
selected from the group consisting of osteosarcoma, Ewing's sarcoma, chondrosarcoma,
malignant fibrous histiocytoma, fibrosarcoma and Kaposl's sarcoma.

Alternatively, the cancer may suitably be a glioma.

A further embodiment is directed to the use of an oligonucleofide according to the

Invention for the manufacture of a medicament for the treatment of cancer, wherein said



10

15

20

25

30

35

WO 2009/043353 PCT/DE2608/000344

41

medicament further comprises a chemotherapeutic agent selected from the group consisting of
adrenocorficosteroids, such as prednisone, dexamethasone or decadron; altretamine (hexalen,
hexamethylmelamine (HMM)); amifostine (ethyol); aminoglutethimide (cytadren); amsacrine (M-
AMSA); anastrozole (arimidex); androgens, such as testosterone; asparaginase (elspar);
bacillus calmette-gurin; blcalutamide (casodex); blaomycin (blenoxane); busuifan {myleran),
carboplatin (paraplatin); carmustine (BCNU, BiCNU}; chlorambucil (leukeran);
chlorodeoxyadenosine (2-CDA, cladribine, leustatin; cisplatin (platinol); cytosine arabinoside
(cytarabine); dacarbazine (DTIC); dactinomycin (actinomycin-D, cosmegen); daunorubicin
{cerubidine); docetaxs! (taxotere); doxorublcin (adriomycin); eplrubicin; estramusting (emcyt);
sstrogens, such as disthylstilbesirol (DES); etopside (VP-16, VePesid, etopophos); fludarabine
{fludara); flutamide (eulexin); 5-FUDR (floxuridine); 5-fluorouracil (5-FU); gemcitabine (gemzar),
goserelin (zodalex); herceptin (trastuzumab); hydroxyurea (hydrea); idarubicin (idamycin);
ifosfamide; IL-2 (proleukin, aldesleukin); interferon alpha (intron A, roferon A); irinotecan
(camptosar); leuprolide (lupron); levamisole (ergamisole); lomustine (CCNU); mechlorathamine
(mustargen, nitrogen mustard); melphalan (alkeran); mercaptopurine (purinethol, 6-MP);
methotrexate {mexate); mitomycin-C (mutamucin); mitoxantrone (novantrone); octrectide
(sandostatin); pentostatin (2-deoxycoformyein, nipent); plicamygin (mithramycin, mithracin);
prorocarbazine (matulane); streptozocln; tamexifin (nolvadex); taxol (paclitaxel); teniposide
(vurrion, VM-26); thiotepa; topotecan (hycamtin); tretinoln (vesanoid, all-trans retinoic acid);
vinblastine (valban); vineristine (oncovin) and vinorelbine (navelbine). Suitably, the further
chemotherapeutic agent Is selacted from taxanes such as Taxol, Paclitaxel or Docetaxel.
Similarly, the inventlon is further directed to the use of an oligonucleotide according to the
Invention for the manufacture of a medicament for the treatment of cancer, wherein said
treatment further comprises the administration of a further chemotherapeutic agent selected
from the group consisting of adrenocorticosteroidé, stch as prednisone, dexamethasone or
decadron; altretamine (hexalen, hexamethylmelamine (HMM)); amifostine (ethyol);
aminoglutethimide (cytadren); amsacrine (M-AMSA); anastrozole (arimidex); androgens, such
as testosterone; asparaginase (elspar); bacillus calmette-gurin; bicalutamide {casodex);
bleomycin (blenoxane); busulfan (myleran); carboplatin (paraplatin); carmustine (BCNU,
BiCNU); chlorambucil (leukeran); chlorodeoxyadenosine (2-CDA, cladribine, leustatin); cisplatin
{platinol); cytosine arabinoside (cytarabine); dacarbazine (DTIC); dactinomycin (actinomycin-b,
cosmegen); daunorubicin {cerubidine); docetaxel (taxotere); doxorubicin (adriomycin);
epirublcin; estramustine (emcyt); estrogens, such as diethylstilbestrol (DES), etopside (VP-16,
VePesid, stopophos); fludarabine (fludara); flutamide (eulexin); 5-FUDR (floxuridine); 5-
fluorouracil {5-FU); gemcltabine (gemzar); goserelin (zodalex); herceptin (trastuzumab);
hydroxyurea (hydrea); idarubicin {idamycin); ifosfamide; IL-2 (proleukin, aldesleukin); interferon
alpha (intron A, roferon A); irinotecan (camptosar); leuprolide (lupran); levamisole (ergamisole);
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lomustine (CCNU); mechiorathamine (mustargen, nitrogen mustard); melphalan (alkeran);
mercaptopurine (purinethol, 6-MP); methotrexate (mexate); mitomycin-C (mutamucin);
mitoxantrone {(novantrons); ocireotide {(sandostatin}, pentostatin (2-deoxycoformyeln, nipant);
plicamyein (mithramycin, mithracin); prorocarbazine {matulane); streptozocin; tamoxifin
(nolvadex); taxol {paclitaxel); teniposide (vumon, VM-26); thiotepa; topotecan (hycamtin;
tretinein (vesanoid, all-frans retinoic acid), vinblastine (valban); vincristine (oncovin) and
vinoralhine (havelbine), Suitably, said treatment further comprises the administrafion of a further
chemotherapautic agent selected from taxanes, such as Taxol, Paclitaxel or Docetaxel.

Aliermnatively stated, the invention is furthermore diracted to a method for treating cancer,
sald method comptising administering an oligonucleotide of the invention or a pharmaceutical -
composition according to the Invention to a patient in need thereof and further comprising the
administration of a further chemotherapeutic agent, Said further administration may be such that
the further chemotherapeutic agent is conjugated to the compound of the invention, is present in
the pharmaceutical composition, or is administered in a separate formulation.

Infectious diseases

It is contemplated that the compounds of the invention may be broadly applicable to a
broad range of infectious diseases, such as diphtheria, tetanus, pertussis, polio, hepatitis B,
hepatitis C, hemophilus influenza, measles, mumps, and rubella.

Hsa-miR122 is indicated in hepatitis C infection and as such oligonucleotides actording to
the invention which target miR-122 may be used to treat Hapatitus C infection.

Accordingly, in yet another aspect the present invention relates the use of an
oligonuclectide according to the invention for the manufacture of @ medicament for the
traatment of an Infectious disease, as well as to a method for treating an infectious disease,
said method comprising administering an oligonucleotide according to the invention or a
pharmacautical compaosition according to the invention to a patient in need thereof.

In a preferred embodiment, the invention provides for a combination treatment providing
an anti miR-122 oligomer in combination with an Inhibitor of VLDL assembly, such as an
inhibitor of apoB, or of MTP.

Inflammatory diseases

The inflammatory response is an essential mechanism of defense of the organism
against the attack of infectious agents, and it is also implicated in the pathogenesis of many
acute and chronic diseases, including auioimmune disorders. In spite of being needed io fight
pathogens, the effects of an inflammatory burst can be devastating. It is therefore often
necessary to resirict the symptomatology of inflammation with the use of anti-inflarmimatory
drugs, Inflammation is a complex process normally triggered by tissue injury that includes
activation of a large ammay of enzymes, the increase in vascular permeability and extravasation
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of blood fluids, cell migration and release of chemical mediators, all aimed to both destroy and
repair the injured tissus,

In yat another aspect, the present invention relates to the use of an oligonucleotide
according to the invention for the manufaciure of a medicament for the treatment of an
inflammatory diseass, as well as to a method for treating an inflammatory disease, said method
comprising administering an oligonucleotide according ta the invention or a pharmaceutical
composition according to the invention to a patient in need thereof.

In one preferred embodiment of the invention, the inflammatory disease is a rheumatic
disease andfor a connective tissue diseases, such as rheumatoid arthritis, systemic lupus
erythematous (SLE) or Lupus, scleroderma, polymyositis, inflammatory bowel disease,
dermatomyositis, ulcerative colitis, Crohn's disease, vasculitis, psoriatic arthritis, exfoliative
psoriatic dermatitis, pemphlgus vulgaris and Sjorgren’s syndroms, in particular inflammatory
bowel disease and Crohn's disease.

Alternatively, the inlammatory disease may be a non-rheumatic inflammation, llke
bursitis, synovitis, capsulitis, tendinitis and/or other inflammatory lesions of traumatic and/or
sportive origin,

Metabolic diseases

A metabolic disease is a disorder caused by the accumulation of chemicals produced
naturally in the body. These diseases are usually serious, some even lffe threatening. Others
may slow physical development or cause mental retardation. Most Infants with these disorders,
at first, show no obvious signs of disease. Proper screening at birth can often discover these
problems. With early diagnosis and treatment, metabolic diseases can often be managed
effectively.

In yet another aspect, the present invention relates to the use of an oligonuclaotide
according o thé invention or a conjugate thereof for the manufacture of a medicament for the
freatment of a metabolic disease, as well as to a method for treating a metabolic disease, said
method comprising administering an oligonucleotide according to the invention or a conjugate
thereof, or a pharmaceutical composition according to the invention to a patient in need thereof.

In one preferred embodiment of the invention, the metabolic disease is selected from the
group consisting of Amyloidosis, Biotinidase, OMIM {Online Mendelian Inheritance in Man),
Crigler Najjar Syndrome, Diabetes, Fabry Support & Information Group, Fatty acid Oxidation
Disorders, Galactosemia, Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency, Glutaric
aciduria, Intemational Organlzation of Glutaric Acidemia, Glutaric Acidemia Type |, Glutaric
Acidemia, Type I, Glutaric Acldemla Type |, Glutaric Acidemia Type-ll, F-HYPDRR - Familial
Hypophosphatemla, Vitamin D Resistant Rickets, Krabbe Diseass, Long chaln 3 hydroxyacyl
CoA dehydrogenase deficiency (LCHAD), Mannosidosls Group, Maple Syrup Urine Disease,
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Mitochondrial disorders, Mucopolysaccharidosls Syndromes: Nismann Pick, Organic acidemias,
PKU, Pompe disease, Porphyria, Metabolic Syndrome, Hyperlipidemia and inherited lipid
disorders, Trimethylaminuria: the fish malodor syndrome, and Urea cycle disordars.

Liver disorders

In yet another aspect, the present invention relates to the use of an oligonucleotide
according 1o the invention or a conjugate thereof for the manufacture of a medicament for the
treatment of a liver disorder, as well as to a method for freating a liver disorder, said method
comprising administering an oligonucleotide according to the Inventlon or a conjugate thereof,
or a pharmaceutical composition according to the Invention to a patient in need thareof.

In ane preferred embodiment of the invention, the liver disorder is selected from the group
consisting of Biliary Atresia, Alagllle Syndrome, Alpha-1 Antitrypsin, Tyrosinemia, Neonatal
Hepatitis, and Wilson Disaase.

Other uses

The cligonucleotides of the present invention can be utilized for as research reagents for
diagnostics, therapeutics and prophylaxis. In research, the oligonucleotide may be used to
specifically inhibit the synthesis of target genes in cells and experimental animals thereby
facllitating functional analysis of the target or an appraisal of its usefulness as a target for
therapeutic intervention. In diagnostics the oligonuclectides may be used to detect and
quantitate target expression in cell and tissues by Northern blotting, in-situ hybridlsation or
similar téchniques. For therapeutles, an anlmal or a human, suspected of having a disease or
disorder, which can be treated by modulating the expression of target is treated by
administering the oligonuclectide compounds in accordance with this invention. Further
provided are methods of treating an animal particular mouse and rat and treating a human,
suspected of having or being prone to a disease or condition, associated with expression of
target by administering a therapeutically or prophylactically effective amount of one or more of
the oligonucleotide compounds or caompositions of the invention.

Therapeutic use of ofigonucleotides targeting miR-122a

We have demonstrated that a LNA-antimiR, targeting miR-122a reduces plasma
cholesterol levels. Therefore, another aspect of the inventlon is use of the above described
oligonucleotides targeting miR-122a as medicine,

Still another aspect of the invention is use of the above described ollgonucleotides
targeting miR-122a for the preparation of a medicament for treatment of Incteased plasma
cholesterol levels (or hypercholesterolemia and related disorders), The skilled man will
appreciate that increased plasma cholesterol levels is undesireable as it increases the risk of
various conditions, e.g. atherosclarosis.
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Still another aspect of the invention is use of the above described oligonucleotides
targeting miR-122a for upregulating the mRNA levels of Nrdg3, Aldo A, Bekdk or CD320,
EMBODIMENTS

The following embodiments of the present invention may be used in combination with the

other embodiments described herein.
1. A pharmaceutical composition compriging an oligomer of between 6-12 nucleotides in length,

wherein said oligomer comprises a contiguous nucleotide sequencs of a total of between 6-12
nucleotides, such as 6, 7, 8, 9, 10, 11 or 12 nuclectide units, wherein at least 50% of the
nuclecbase units of the ollgomer are high affinity nucleotide analogue units, and a
pharmaceutically acceptable diluent, carrier, salt or adjuvant,

2. The phammaceutical composition according to embodiment 1, wherein the contiguous
nucleotide sequence is complementary to a comesponding region of a mammalian, human or
viral microRNA (miRNA) sequence,

3. The pharmaceutical composition according to embodiment 2, wherein the contiguous
nucleotide sequence is complementary to a corresponding region of a miRNA sequence
selected from the group of miRNAs listed in any one of tables 3, 4 or 5.

4, The pharmaceutical composition according to embodiment 2 or 3, wherain the contiguous
nucleotide sequence consists of or comprises a sequence which is complementary to the seed
sequence of sald microRNA.

5. The pharmaceutical composition according to any one of embodiments 2 - 4, wherein the
contiguous nucleotide sequence consists of or comprises a sequence selected from any one of
the sequences listed in table 3 or 4.

6. The pharmaceutical composition according to embodiment 4 or 5, wherein the 3' nuclecbase
of the seedmer forms the 3’ most nucleobase of the contiguous nucleotide sequence, whersin
the contiguous nucleotide sequence may, optionally, comprise one or two further 5'
nucleobases.

7. The pharmacsutical composition according to any one of embodiments 1-6, wherein said
contiguous nucleotide sequence does not comprise a nucleotide which corresponds to the first
nucleotide present in the micro RNA sequence counted from the 5’ end.

8. The pharmaceutical composition according to any one of embodiments 1-7, whereln the
contiguous nucleotide sequence is complementary to a corresponding nucleotide sequence
present in a mIRNA selected from those shown in table 3 or 4 or 5.

9. The pharmaceutical composition according to embediment 8, wherein said miRNA is
selected from the group consisting of miR-1, miR-10b, miR-17-3p, miR-18, miR-19a, miR-19b,
miR-20, miR-21, miR-34a, miR-23, miR-106a, miR-106b, miR-122, miR-133, miR-134, miR-138,
miR-155, miR-192, miR-194, miR-221, miR-222, and mIR-375.
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10.  The pharmacsutical composition according to any one of embodiments 1-9, wherein at
least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or all of the nucleobase units of the
contiguous nucleotide sequence are nucleotide analogue units.

11. The pharmaceutical composition according to embodiment 10, wherein the nuclectide
analogue units are selected from the group consisting of 2'-O_alkyl-RNA unlt, 2'-0OMe-RNA unit,
2-amino-DNA unit, 2'-fluoro-DNA unit, LNA unit, PNA unit, HNA unif, INA unit, and a 2’MOE
RNA unit.

12.  The pharmaceutical composition according to embodiment 10 of 11, wherein at lsast
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or all of the nucleobase unlis of the contiguous
nucleotide sequence are Locked Nucleic Acid (LNA} nucleobase units,

13.  The pharmaceutical composition according to embodiment 12, wherein all of the
nucleobase units of the contiguous nucleotide sequence are LNA nuclecbase units.

14.  The pharmaceutical composition according to any one of embodiments 1 - 13, wherein
the contiguous nucleotide sequence comprises or consists of 7, &, 9 or 10, preferably
contiguous, LNA nucleobase units.

15.  The pharmacsutical composition according to any one of embodiments 1-14, wherein
the oligomer consist of 7, 8, 9 or 10 contiguous nucleobase units and whereln at least 7
nuclecbase units are nucleotide analogue units.

16.  The pharmaceutical composlition according to embodiment 15, wherein the nucleotide
analogue units are Locked Mucleic Acid (LNA) nucleobase units,

17.  The pharmaceutical composition according to embadiment 15, wherein the nucleotide
analogue units In the molecule consists of a mixture of at least 50% LNA units and up to 50 %
other nucleotide analogue units.

18,  The phamaceutical compositlon according to any cne of embodiments 1 - 17, wherein
at least 75%, such as 80% or 85% or 90% or 95% or all of the internucleoside linkages present
between the nucleobase units of the contiguous nucleotide sequence are phosphorothicate
internucleoslde finkages.

19.  The phamacautical composition according fo any one of embodiments 1 - 18, wherein
said oligomer [s conjugated with one or more non-nucleobase compounds.

20. The phamacsutical composition according to any one of embodiments 1 - 19, wherein
the contiguous nucleotide sequence is complementary to the coresponding sequence of at
least two miRNA sequences such as 2, 3, 4, 5, 6, 7, 8, 9, or 10 miRNA sequences.

21, The pharmaceutical composition according to any one of embodiments 1 - 20, wherein
the contiguous nucleotide sequence consists or comprises of a sequence which is
complementary to the sequence of at least two miRNA seed region sequences such as 2, 3, 4,
5, 6,7, 8, 9, or 10 miRNA seed region sequences.
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22, The pharmaceutical composition according to any one of embodiments 20 or 21,
wherein the contiguous nucleotide sequence is complementary to the corresponding region of
both miR-221 and mIR-222.

23. The phamaceutical composition according to embodiment 22, wherein the contiguous
nucleotide sequence conslsts or comprises of a sequence that is complementary to
S'GCUACALZ,

24. The pharmaceutical composition according to any one of embodiments 1 - 23, wharein
the oligomer is constifuted as a prodrug.

25.  The pharmaceutical composition according to any one of embodiments 1 - 24, whereln
the contiguous nucleotide sequence is complementary to a corresponding region of has-miR-
122.

26. The pharmaceutical composition according to embediment 25, for use in the treatment of
a medical disorder or disease selected from the grotp consisting of: hepatitis C virus infection
and hypercholesterolemia and related disorders.

27.  The pharmaceutical composition according to embodiment 25 or 26, wherein the
composition further comprises a second independent active ingredient that Is an inhibitor of the
VLDL assembly pathway, such as an ApoB inhibitor, or an MTP inhibitor.

28.  AKit comprising a pharmaceutical composition according to embodiment 25 or 26, and a
second Independent active ingredient that ig an inhibitor of the VLDL assembly pathway, such
as an ApoB inhibitor, or an MTP inhibitor.

29, A method for the treatment of a disease or medical disorder associated with the
presence or overexpresslon of a microRNA, comprising the step of administering a the
pharmmaceutical composition) according to any one of embodiments 1 — 28 to a patient who is
suffering from, or s likely to siffer from said disease or medical disorder.

30.  Anoligomer, as defined according to anyone of embodiments 1 -~ 25.

31. A conjugate comprising the oligomer according to embodiment 30, and at least one non-
nuclecbase compounds.

32.  The use of an oligomer or a conjugate as defined in any one of embodiments 30 - 31, for
the manufacture of a medicament for the treatment of a disease or medical disorder associated
with the presence or over-expression of the microRNA.

33 A method for reducing the amount, or effective amount, of a miRNA in a cell, comprising
administering an oligomer, a conjugate or a pharmaceutical composition, according to any one
of the praceeding embodiments to the cell which is expressing said miRNA so as to reduce the
amount, or effective amount of the miRNA in the cell,

34, A method for de-repression of a mRNA whose expression is repressed by a miRNATn a
cell comprising administering an oligomer, a conjugate or a pharmacsutical composition,
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according to any one of the pracaading embodiments to the cell fo the cell which expressed
both sald mRNA and sald miRNA, in order to de-repress the expression of the mRNA.
References: Details of the reference are provided In the priority documents.

EXAMPLES

LNA Monomer and oligonucleotide synthesis were parformed using the methodology referred to
in Examples 1 and 2 of W02007/112754. The stability of LNA oligonucletides in human or rat
plasma is performad using the methodology referred to in Example 4 of WO2007/112754. The
treatment of in vitro cells with LNA anfi-miR antisense oligonucleofide {targeting miR-122) is
performed using the methodology referred to in Example 6 of W02007/112754. The analysis of
Qligonucleotide Inhibition of miR expression by microRNA specific quantitative PCR in both an
in vitro and in viva model is performed using the methodology referred to in Example 7 of
WO2007/112754. The assessment of LNA antimir knock-down specificity using miIRNA
microarray expression profiling is performed using the methodology refamrad to In Example 8 of
WO2007/112754. The detection of microRNAs by in situ hybridization is performed using the
methodolegy referred to in Example 9 of WO2007/112754. The Isolation and analysis of mRNA
axpression (fotal RNA isolation and cDNA synthesis for mRNA analysls) in both an in vitro and
in vivo model is performed using the methodology referred to in Example 10 of
WO2007/112754. In vivo Experiments using Oligomers of the invention fargeting microRNA-
122. and subsequent analysis are performed using the methods disclosed in Examples 11 =27
of WO2007/112754. The above mantioned examples of W02007/112754 ars heraby
specifically incorporaied by referencs.

Example 1: Deslgn of the LNA antimiR oligonucleotides and melting temperatures

Table 2 — Oligomers used in the examples and figures. The SEQ# is an identifier used
throughout the examplss and figures — the SEQ ID NO which is used in the sequencs listing is

also provided.

Example/Figure | SEQ ID Compound Sequence | Comment
SEQ# NO

#3204 1 TeAGICTGaTaAgCT
#3205 2 GATAAGCT

#3206 3 TcAcAATtaGCAITA
#3207 4 TAGCATTA

#4 5 CcAHGTcaCaCtCC
#3208 6 CACACTCC

#3209 7 TAAGCT

#3210 8 ATAAGCT

#3211 9 TGATAAGCT

#3212 10 CTGATAAGCT
#3213 11 GTCTGATAAGCT
#2114 12 CAGTCTGATAAGCT
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#3215 13 TCTGATAA
#3216 14 ATCAGTCT
#3217 15 TCAACATC
#32184£3230 16 GGTAAACT Undetling = mismatch
#3219 17 CGTAATGA Underiine = mismaich
#3220 18 TCAqtcigataaGCTa 5 fluorescent label (FAM)
#3221 19 AGCACTTT
#3222 20 ATTTGCAC
#3223 21 AgCagACaaTgTaGC 5 fluorescent label (FAM)
#3224 22 GtAgcCAgaTgTaGe 5' flugrescent label (FAM)
#3226 23 ATGTAGC
#3226 24 ACaAcCTacTaCcTC
#3227 25 ACTACCTC
#3228 26 CaCigTCagCaCGiTT
#3229 27 _TgCatAGatTiIGCAC
#3231 28 GTAGACT
#3232 29 TACCTC
#3233 30 CTACCTC
#3234 31 TNCTACCTC N = universal base.
#3235 32 TNCTACCTC N = universal base.
#3236 33 GCaAcCTacTaCcTC
#3237 34 AGaAcCTecTaleTC
#3238 35 ACaAaCTacTaCGcTC
#3239 26 CTACCTC
#3240 37 CTAACTC
#3241 3B TTAGCATTA
#3242 39 CGATTAGCATTA
#3243 oF7 CACGATTAGCATTA
#3244 978 GCATTA
.| #3245 979 AGCATTA
#3246 980 ATTAGCATTA

Capital and lower casa letters denola LNA and DNA, mspectively.

LNA cytosines are prefarably methyl cytosine/S'methyl-cytosine™
All intarmucleoslde linkages ara prefarably phosphorothloate®
All LNA may, for example, be bata-D-oxy LNA®

*Used in tha spaciflc examples.

Example 2: In vitro model;: Cell culture

The effect of LNA oligonucleotides on target nucleic acid expression (amount) can be tested in

any of a variety of cell types provided that the target nuclelc acid Is present at measurable

levels. Target can he expressed endogenously or by transient or stable transfection of a nucleic

acid encoding said nucleic acid.
The expression level of target nucleic acid can be routinely determined using, for example,
Northemn blot analysis (including microRNA northem), Quantitative PCR (including microRNA
gPCR), Ribonuclease protection assays. The following cell types are provided for illustrative

purposes, but other cell types can be routinely used, provided that the target is expressed in the

cell type chosen.
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Cells were culfured in the appropriate medium as describad below and maintained at 37°C at
95-98% humidity and 5% CO,. Cells were routinely passaged 2-3 times weekly.

15PC3: The human prostate cancer cell line 15PC3 was Kindly donated by Dr. F. Baas,
Neurozintuigen Laboratory, AMC, The Netherlands and was cultured in DMEM (Sigma) + 10%
fetal bovine serum (FBS) + Glutamax | + gentamicin.

PC3: The human prostate cancer cell ine PC3 was purchased from ATCC and was cultured in
F12 Coon's with glutamine (Glbeo) + 10% FBS + gentamicin.

518A2; The human melanoma cancer cell line 518A2 was kindly donated by Dr. B. Jansen,
Section of exparimantal Oncology, Molecular Pharmacology, Department of Clinleal
Pharmacology, University of Vienna and was cultured In DMEM (Sigma) + 10% fetal bovine
serum (FBS) + Glutamax | + gentamicin,

HeLa: The carvical carcinoma cell line Hela was culturad in MEM (Sigma) containing 10% fetal
bovine serum gentamicin at 37°C, 95% humidity and 5% CO..

MPC-11: Tha murine ruliiple myeloma cell line MPC-11 was purchasad from ATCC and
maintained in DMEM with 4mM Glutamax+ 10% Horse Serum.

DU-145: The human prostate ¢cancer c¢sll line DU-145 was purchased from ATCC and
maintained in RPMI with Glutamax + 10% FBS. ‘

RCC-4 +/- VHL: Tha human renal cancer cell line RCC4 stably transfected with plasmid
expressing VHL or emply plasmid was purchased from ECACC and malintained according to
manufacturers instructions.

786-0: The human renal cell carcinoma cell line 786-0 was purchased from ATCC and
maintalned according to manufacturers instructions

HUVEC: The human umbillical valn endothalial e2ll line HUVEC was purchased from Camcrex
and maintained in EGM-2 medium.

K562: The human chronic myslogenous leukaemia cell line K562 was purchased from ECACC
and maintained in RPMI with Glutamax + 10% FBS. U87MG: The human dlioblastoma cell line
U87MG was purchased from ATCC and maintalned according to the manufacturers
Instructions.

B186: The murine melanoma cell line B16 was purchased from ATCC and maintained according
to the manufacturers instructions.

LNCap: The human prostate cancer cell line LNCap was purchased from ATCC and maintained
in RPMt with Glutamax + 10% FBS

Huh-7: Human liver, epithelial like cultivated in Eagles MEM with 10 % FBS, 2mM Glutamax I,

1x non-essential amino acids, Gentamicin 25 pg/ml
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L428: (Deutsche Sammlung flir Mikroorganismen (DSM, Braunschwieg, Germany)): Human B
cell lymphoma maintained in RPMI 1640 supplemented with 10% FCS, L-glutamine and
antibiotics.

L12386: (Deutsche Sammiung fiir Mikroorganismen (DSM, Braunschwieg, Germany)): Human B
cell lymphoma maintained in RPMI 1640 supplemented with 10% FCS, L-glutamine and
antiblotics.

Example 3: Design of a LNA antimiR library for all human microRNA sequences in
miRBase microRNA database.

The miRBase version used was version 12, as reported in Griffiths-Jones, 5., Grocock, R.J.,
van Dongan, S., Bateman, A., Enright, A.J. 2006. miRBase: microRNA sequences, targets and
gene nomenclature. Nucleic Aclds Res. 34: D140-4, and available via
hitp://microma.sanger.ac.uk/sequences/index.shiml.

Table 1 shows 7, 8 and 9mer nucleotide sequences comprising the seedmer sequenca of micro
RNA’'s according to the miRBase micro RNA database, The seadmer sequence comprises the
reverse complernent of the microRNA seed region. In some smbotdments the oligomer of the
invention has a contiguous nucleotide sequence selected from the 7mer, 8mer or 8mer
sequences. With respect to the 7mar, 8mer and 8mer sequenceas, in some embadiments, all
the internucleoside linkages are phosphorothioate, The 7mer, 8mer and 9mer nucleotide
sequences may consist of sequence of nucleotide analoguss as described herein, such as LNA
nuclectide analogues. LNA cytosines may be methyl-cytosine (S'methyl-cytosing). In some
embodiments, the LNA is beta-D-oxy-LNA.

Table 3 provides a list of microRNAs grouped into those which ¢an be targseted by the sams
seedmer oligomers, such as the 7, 8 or 9mers provided herein (see table 1).

Table 3

hsa-lat-7a*, hea-let-7{-1*

hsaJdet-7a, hsa-let-7b, hea-let-7c, hea-let-7d, haa-let-7f, hsa-miR-98, hsa-let-7g, hsa-lat-71

hsa-miR-1, hsa-miR-206

hza-mIR-103, hsa-miR-107

hea-mIR-10a, hsa-miR-10b

hsa-miR-125b, hsa-miR-125a-5p

hsa-miR-129*, hsa-mIR-129-3p

hsa-miR-130a, hsa-miR-301a, hsa-miR-130b, hea-miR-454, hea-mIR-301h

hsa-mIR-133a, hsa-miR-133b

hea-miR-1358, hea-miR-136b

haa-miR-141, hsa-miR-200a

hsa-mIR-146a, hsa-mIR-146b-5p

hsa-mIR-152, hse-mIR-148h

hsa-miR-154*, hea-miR-487a
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hsa-miR-15a, hsa-miR-16, hsa-miR-15b, hsa-miR-195, hea-miR-407

hsa-miR-17, hsa-miR-20a, hsa-miR-23, hsa-miR-104a, hea-miR-106b, hea-mIR-20b, hsa-miR-626b™

hsa-miR-181a, hsa-miR-18T¢

hsa-miR-181b, hea-miR-181d

hsa-miR-18z, hsa-mIR-18b

hsa-miR-180, hsa-r/R-190b

hsa-miR-192, hsa-miR-215

hsa-miR-196a, hsa-miR-196b

hsa-miR-199a-3p, hea-miR-199b-3p

hsa-miR-199a-6p, hsa-miR-199b-5p

hsa-miR-19a*, hsa-mIR-19b-1%, hsa-mIR-19b-2*

hsa-mIR-19a, hsa-miR-19b

hea-miR-200b, hsa-miR-200c

hza-miR-204, hsa-mIR-211

hsa-miR-208a, hsa-miR-208b

hsa-mIR-212, hsa-mik-132

hsa-mIR-23a*, hza-mIR-23b*

hsa-miR-23a, hsa-mIR-23b, hsa-miR-130a"

hsg-miR-24-1%, hsa-miR-24-2*

hsa-miR-25, hsa-miR-92a, hsa-miR-367, hsa-miR-82b

hsa-miR-26a, hsa-miR-26b

hsa-miR-26a-1*, hsa-miR-26a-2*

hsa-miIR-27a, hsa-mIR-27b

hsa-miR-29a, hsa-mIR-28b, hsa-mIR-29¢

hsa-miR-302a, haa-miR-302b, hsa-mIR-302¢, hsa-mIR-302d, hsa-miR-373, hsa-miR-520e, hsa-miR-
520=-3p, haa-miR-520b, hsa-mIR-520c-3p, hea-miR-520d4-3p

hsa-miR-302b*, hsa-miR-302d"

hsa-miR-30&*, hea-miR-30d*, hsa-miR-30e*

hsa-miR-30a, hsa-miR-30¢, hea-mikk-30d, hsa-miR-30b, hea-mIR-30e

hsa-miR-330-6p, hsa-mIR-326

hsa-miR-34a, hsa-miR-34c-5p, hsa-mIR-449a, hsa-miR-449b

hsa-miR-362-3p, hsa-miR-329

hza-miIR-374a, hea-miR-374b

hsa-miR-376a, hea-mIR-376b

hsa-miR-378, hsa-miR-422a

hsa-miR-379*, hsa-miR-411*

hsa-miR-381, hsa-miR-300

hsa-miR-509-5p, hea-mIR-500-3-5p

hsa-mIR-515-5p, hsa-miR-519¢*

hsa-miR-516b*, hsa-miR-516a-3p

hsa-miR-517a, hsa-miR-517¢

hsa-miR-518a-5p, hga-miR-527

hza-miR-518&f, hsa-miR-518b, hsa-miR-618c, hsa-mIR-518a-3p, hea-mIR-518d-3p

hsa-mIR-519c-3p, hsa-miR-519b-3p, hea-miR-518a

hsa-miR-519¢-5p, hsa-mIR-519b-5p, hsa-mIR-523*, hsa-miR-518f*, hsa-mIR-526a, hsa-miR-520¢c-
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3p, hea-miR-b18e”, hea-miR-518d-5p, hsa-miR-522*, hsa-miR-519a"

hsa-miR-519¢, hea-miR-33b*

hsa-miR-520a-5p, hsa-miR-525-5p

hsa-miR-520g, hsa-miR-520h

hsa-miR-524-5p, hsa-miR-520d-5p

hsa-miR-525-3p, hsa-miR-524-3p

hsa-miR-548b-5p, hsa-miR-548a-5p, hsa-miR-548¢-5p, hsa-miR-548d-5p

hsa-miR-7-1*, hsa-miR-7-2*

hsa-mIR-99a, hea-miR-100, hsa-miR-09b

We have constructed an 8-mer LNA-antimIR against miR-21, miR-155 and miR-122 (designated
here as micromiR) that is fully LNA modified and phospherothlolated (see figure 1 and Table 6).
Qur results from repeated experiments in MCF-7, HelLa, Raw and Huh-7 cells using a [uciferase
sensor plasmid for miR-21, miR-155 and miR-122 demonstrate that the fully LNA-modified short
LNA-antimiRs are highly potent in antagonizing microRNAs.

Table 4. LNA_antimiR & MicromiR sequences and predicted Tps

SEQID # microRNA sequence Tm (°C)
3204 miR-21 TcAGICTGaTaAgCT 73
3205 ' GATAAGCT 33
3206 miR-155 TcAcAATIaGCALTA 63
3207 TAGCATTA 45

4 miR-122 CcAitGTcaCalCtCC 73
3208 CACACTCC 62
Capital letters are LNA uniis, such as beta-D-oxy LNA. Lower case leiters are DNA unils. Intemucleoside
linkages are preferably phosphorothioate. LNA cytosines are all preferably methylated/S-inethyl cylesme.

The melting temperatures can be assessed towards the mature microRNA sequence, using a
synthetic microRNA oligonucleotide (typically consisting of RNA nucleotides with a
phosphodiester backbone). Typically measured T,.s are higher than predicted T,s when using
LNA oligomers against the RNA target. )

Example 4: Assessment of miR-21 antagonlsm by SEQ ID #3205 LNA-antimiR in MCF-7
cells using a luciferase sensor assay.

In order to assess the efficiency of a fully LNA-modified 8-mer LNA-antimiR (SEQ ID #3205)
oligonucleotide in targeting and antagonizing miR-21, luciferase sensor ¢constructs were made
containing a perfect maich target site for the mature miR-21 and as control, a target site with
two mutations in the seed (Fig. 6). In order to monitor microRNA-21 Inhibition, the breast
carcinoma csll line MCF-7 was transfected with the different luciferase constructs together with
the miR-21 antagonist SEQ 1D #3205 at varying concentrations in comparison with a 15-mer
LLNA-antimiR SEQ [D #3204 against miR-21. After 24 hours, luciferase activity was measured.

Results: As seen in Figure 2, the new fully LNA-modified 8-mer LNA-antimiR (SEQ ID #3205)
shows fwo-fold higher potency compared to SEQ ID #3204, as shown by de-repression of the
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luciferase acfivity. By contrast, the control miR-21 sensor construct with two mismaiches in the
miR-21 seed did not show any de-repression of the firefly luciferase activity, thereby
demonstrating the specificity of the perfect match miR-21 sensor in monitoring miR-21 activity in
cells. The de-represslon of luciferase activity by the 8-mer LNA-antimiR is clearly dose-
dependent, which Is not seen with SEQ D #3204. Morsover, the new 8-mer ig also much mora
potent at lower doses than SEQ 1D #3204.

To conclude, the 8-mer LNA-antimiR (SEQ ID #3205) shows significantly improved potency in
inhibition of miR=21 in vitro compared to the 15-mer LNA-antimiR SEQ 1D #3204 targeting miR-
21.

Materlals and Methads:

Cell Jine: The breast carcinoma cell line MCF-7 was purchased from ATCC (#HTB-22™), MCF-
7 cells were cultured in EMEM medium, supplemented with 10% fetal bovine serum, 2 mM
Glutamax, 1x NEAA and 25 ug/ml Gentamicin.

Transfection: 400.000 cells were seaded per well In a 6-well plate the day before transfection in
order to recelve 50-70% confluency the next day. On the day of transfection, MCF-7 cells were
transfected with 0.8 ug mIR-21perfect match/psiCHECK?, miR-21.mm2/psiCHECKZ or empty
psICHECK2 vector (SDS Promega) together with 1 pl Lipofectamine2000 (Invitroegen) according
to manufacturer's instructions. After 24 hours, cells were harvested for luciferase
measurements.

Luciforase assay: The cells were washed with PBS and harvested with cell scraper, after which
cells were centrifugated for 5 min at 10.000 rpm. The supernatant was discarded and 50 pl 1 x
Passive Lysls Buffer (Promega) was added to the cell pellet, after which cells were put onice
for 30 min. The lysed cells were spinned at 10.000 rpm for 30 min after which 20 pl were
transfarred fo a 96 well plate and luciferase measurements were performed according to
manufacturer's instructions (Promega).

Example 5: Assessment of miR-21 antagonism by SEQ ID #3205 LNA-antimiR in HeLa
cells using a luciferase sensor assay.

To further assess the efficiency of the fully LNA-modified 8-mer LNA-antimiR SEQ ID #3205 in
targeting miR-21, the cervix carcinoma cell line HeLa was also transfected with the previously
described miR-21 luciferase sensor constructs alongside SEQ ID #3205 at varylng
concentrations as described in the above section (Figure 3).

Results: The SEQ ID #3205 shows complete de-repression of the miR-21 luclferase sensor
construct in HeLa cells already at 5 nM compared to SEQ ID #3204, which did not show
complete de-reprassion untll the highest dose (50 nM). In addition, antagonism of miR-21 by the
8-mer SEOQ ID #3205 LNA-antimiR is dose-dependent. To demonstrate the specificity of the
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miR-21 luciferase sensor assay, a mismatched miR-21 target site (2 mismatches In seed) was
also transfected Into Hela cells, but did not show any de-repression of the firefly luciferase
activity.

To conclude, the fully LINA-madified SEQ ID #3205 shows significantly improved potency in
inhibition of miR-21 in vitro, in both MCF-7 and Hela calls compared to the 15-mer LNA-antimiR
SEQ 1D #3204.

Materials and Methods:

Cell line: The human cervix carcinoma cell line HeLa was purchased from ECACC
(#93021013). Hela cells were cultured in EMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax, 1x NEAA and 25 ug/mi Gentamicin.

Transfaction: 60.000 calls were seedad per wall in a 24 well plate the day before fransfection in
order to recelve 50-70% confluency the next day. On the day of transfection, HeLa cells were
transfected with 0.2 ug miR-21perfact match/psICHECK2, miR-21.mm2/psiCHECKZ or empty
pslCHECK?2 vector together with 0,7 pl Lipofectamine2000 (Invitrogen) according to
manufaciurers instructions. After 24 hours, cells were harvested for luciferase measurements.
Luciferase assay: The cells were washed with PBS and 100 pl 1 x Passive Lysis Buffer
(Promega) was added to each well, after which the 24 well plates was put on an orbital shaker
for 30 min. The cells were collected and transferred to an eppendorf tube and spinned at 10.000
rpm for 30 min after which 10 pl were transferred to a 96 well plate and luciferase
measurements were performed according to manufacturer's instructions (Promega).

Exarnple 6: Assessment of miR-155 antagonism by SEQ ID #3207 LNA-antimiR in mouse

RAW cells using a luciferase sensor assay.

To ask whether a fully LNA-modifisd 8-mer LNA-antimiR can effectively antagonize miR-155, a
perfect match target site for miR-155 was cloned info the same luciferase vector (psiCHECK2)
and transfected Into the mouse leukaemic monocyte macrophage RAW cell line. Because the
endogenous levels of miR-155 are low in the RAW cell line, the cells were treated with 100
ng/m! LPS for 24 hours in order to induce miR-155 accumnulation,

Results: Luciferase measurements showed that the fully LNA-modified 8-mer LNA-antimiR
SEQ ID #3207 targeting miR-155 was simllarly effective in antagonizing miR-155 compared to
the 15-mer LNA-antimiR SEQ 1D #3206 (Figure 4). Both LNA-antimirs showed a =50% de-
repression of the mIR-155 luciferase sensor at 0.25 nM concentrafion and Inhibited miR-155 in
a dose-dependent manner.

Conclusion: These data further support the results from antagonizing miR-21, as shown in
examples 1 and 2, demonstrating that a fully thiolated 8-mer LNA-antimiR is highly potent in
microRNA targefing.
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Materials and Methods:

Cell line: The mouse leukasmic monocyte macrophage RAW 264.7 was purchased from ATCC
(TIB-71). RAW cells were cultured in DMEM medium, supplemented with 10% fetal bovine
serum, 4 mM Glutamax and 25 ug/ml Gentamicin.

Transfection; 500.000 cells wera seaded per wall in a 6 well plate the day befare transfection in
order o receive 50% confluency the next day. On the day of transfection, MCF-7 cells wera
transfected with 0.2 ug miR-155 or empty psICHECK?Z vector together with 10 pl
Lipofectamine2000 (Invitrogen) according to manufacturer's instructions. In arder to induce miR-
155 accumulation, LPS (100 ng/ml) was added to the RAW cells after the 4 hour incubation with
the transfection complexes. After another 24 hours, cells were harvested for luciferase
measurements.

Luciferase assay: The cells were washed with PBS and harvested with cell scraper, after which
cells were centrifugated for 5 min at 2.500 rpm. The supermatant were discarded and 50 pl 1 x
Passive Lysis Buffer (Fromega) was added to the cell pellet, afier which cells were put on ice
for 30 min. The lysed cells were spinhed at 10.000 rpm for 30 min after which 20 pi were
transferred to a 96 well plate and luciferase measurments were performed according to
manufacturer's instructions {Promega).

Example 7: Assessment of miR-122 antagonism by SEQ ID #3208 LNA-antimiR in HuH-7
cells using a luciferase sensor assay.

The potency of the fully modlified 8-mer LNA-antimiR SEQ 1D #3208 against miR-122 was
assessed in the human hepatoma cell line HuH-7. The HuH-7 cells wera transfected with
luciferase sensor construct containing a perfect match miR-122 target site. After 24 hours
luciferase measurements were performed (Figure 5).

Results: The fully LNA-modified 8mer LNA-antimiR SEQ ID #3208 is more potent than the 15-
mer LNA-antimiR SEQ ID #4 at iow concentration, as shown by de-repression of the miR-122
luciferase sensor, Both LNA-antimiRs Inhlblt miR-122 in a dose-dependst manner (Figure 5).
Conclusion: The fully LNA-modified 8-mer LNA-antimiR SEQ 1D #3208 targefing miR-122
shows improved potency in inhibition of miR-122 in vitro,

Materials and Methods:

Cell line: The human hepatoma cell line HuH-7 was a kind gift from R. Bartenschlager,
Heidelberg. Huh-7 cells were cultured in EMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin.

Transfection: 8.000 cells were seeded per well in a 96 well plate the day hefore transfection in
order to receive 50-70% confluency the next day. On the day of transfection, HuH-7 cells wers
transfected with 57 ng miR-122 or emnpty psiCHECK2 vector together with 1 pl
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Lipofectamine2000 (Invitrogen). After 24 hours, cells were harvested for luciferase
measurements.

Luclferase assay: 50 pl 1 x Passive Lysis Buffer (Promega) was added to each well, after which
the 96 well plate was put on an orbltal shaker for 30 min. To each well the Dual-luciferase
Reporter assay system (Promega) was added and luciferase measurements wera performad
according to manufaciurer’s instructions (Promega).

Example 8. Assessment of miR-21 antagonism by comparing an 8-mer (SEQ 1D #3205)
versus a 15-mer (SEQ 1D #3204) LNA-antimiR in human prostate carcinoma cells (PC3).
We have previously shown (patent application 1057), that an &-mer LNA-antimiR that is fully
LNA-modified and phosphorothiolated is able to completely de-repress the miR-21 luciferase
reporter levels in the human cervix carcinoma cell line Hela and partly de-repress the miR-21
luciferase reporter levels In the human breast carcinoma cell line MCF-7. We next extended this
screening approach to the human prostate cancer cell line PC3. To assess the efficiency of the
different LNA-antimIR oligonucleotides against miR-21, luciferase reporter constructs were
generated in which a perfect match target site for the mature miR-21 and a target site with two
mismatches in the seed were cloned in the 3'UTR of Renilla luciferase gene (Figure 7). In order
to monitor miR-21 inhibitlon, PC3 celis were transfected with the different luciferase constructs
together with the miR-21 antagonist SEQ ID #3205 (8-mer) and for comparison with the 15-mer
LNA-antimiR perfect match SEQ ID #3204 at varying concentrations. After 24 hours, luciferase
acflvity was measured.

Results: The luciferase reporter experiments showed a dose-dependent de-repression of the
luciferase miR-21 raporter activity with the 15-mer LNA-antimiR against miR-21 (SEQ ID
#3204). However, complete de-repression of the luciferase reporter was not obtained even at
the highest concentrations (Figure 7). In conirast, the cells that were transfected with the 8-mer
fully LNA substituted LNA-antimiR showed complete de-repression already at 1 nM, indicating
significantly improved potency compared to the 15-mer LNA-antimiR. The luciferase control
reporter harboring a mismafch target site for miR-21 was not affected by either LNA-antimiR,
demonstrating high specificity of both LNA-antimiRs.

Conclusion: The micromer is far more potent than the 15-mer LNA-antimiR in targefing miR-21
and has so far shown to be most potent in prostate carcinoma cells.

Materials and Methods:

Cell line: The human prostate carcinoma PC3 cell line was purchased from ECACC
(#90112714), PC3 cells were cultured in DMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax and 25 ug/ml Gentamicin,

Transfection: 100.000 cells were seeded per wali in a 12-well plate the day before transfection
in order to receive 50% confluency the next day. On the day of transfection, PC3 cells were
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transfected with 0.3 pg miR-21 or empty psiCHECK2 vector together with 1,2 p
Lipofectamine2000 (Invitrogen) according to manufacturer's instructions. Transfected was also
varying concentrations of LNA-antimiRs. After 24 hours, cells were harvested for luciferase
measurements.

Luciferase assay: The cells were washed with PBS and 250 pl 1 x Passive Lysls Buffer
(Promega) was added to the wells. The plates were placed an a shaker for 30 min., after which
the cell lysates were transferred to eppendorf tubes. The cell lysate was centrifugated for 10
min at 2.500 rpm after which 20 pul were transferrad to a 96 well plate and luciferase
measyrements were performed according to manufacturer's ingtructions (Fromega).

Example 9. Specificity assessment of miR-21 antagonism by an 8-mer LNA-antimiR

To investigate the épeu‘rﬁcity of our short LNA-antimiR targefing miR-21, we dasigned an 8-mer
mismatch control LNA-antimiIR (SEQ ID #3218) containing 2 mismatches in the sead
recognition sequence (see Figure 8). The luciferase reporter constructs described In example 1
were fransiected into the human cervix carcinoma cell line HeLa tegether with the LNA
mismatch control ollgo SEQ ID #3218 and its efficacy was compared with tha 8-mer LNA-
antimiR (SEQ 1D #3205) targeting miR-21. After 24 hours, luciferase activity was measured.
Results: As shown in Figure &, transfection of the fully LNA-modified 8-mer LNA-antimiR in
Hela cells resulted in complete de-repression of the luciferase miR-21 reporter already at 5 nM.
In contrast, when the celis were transfected with the 8-mer LNA mismatch control oligo,
combined with the results obtained with the control miR-21 luciferase reporter having two
mismatches in the miR-21 seed, these data demonstrate high specificity of the fully LNA-
subshiuted S«mer LNA-antimiR in targeting miR-21 in Hela cells.

Analysls of the mIRBase microRNA sequence database showed that the miR-21 recognition
sequence, of the LNA-antimiR SEQ ID #3205 is unlque for microRNA-21. However, when
decreasing the micromer length to 7 nt, it is not speclfic for only mIR-21, since ath-miR-844,
mmu-miR-590-3p and has-miR-590-3p are also targsted.

Conclusion:Exhanging two nucleotide positions within the 8-mer LNA-antimiR with two
mismatching nucleotides completely abolished the antagonizing activity of the LNA-antimiR for
miR-21.

Materials and Methods:

Cell line: The human cervix carcinoma cell line HeLa was purchased from ECACC
(#93021013). HeLa cells were cultured in EMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin.

Transfection: 60,000 cells were seedad per well in a 24-well plate the day before fransfection in

order to receive 50-70% confluency the next day. On the day of transfection, HeLa cells ware



10

15

20

25

30

35

WO 2009/043353 PCT/DK2008/000344

59

transfected with 0.2 ug miR-21perfect match/psiCHECK2, miR-21.mm2/psiCHECK2 or empty
psiCHECK?2 vector together with 0,7 p Lipofectamine2000 (Invitrogen) according fo
manufaciurers instructions. Transfected was also varying concentrations of LNA-antimiRs. After
24 hours, cells were harvested for luciferase measurements.

Luciferase assay; The cells were washed with PBS and 100 ul 1 x Passive Lysls Buffer
{Promega) was added to each well, after which the 24-well plates were put on an orbital shaker
for 30 min. The cells were collected and transferred to an eppendorf tube and splnned at 10.000
rpm for 30 min after which 10 pl were fransferred fo a 96-well plate and luciferase
measurements were performed according to manufacturer’s instructions (Promega).

Example 10. Assessment of the shortest possible length of a fully LNA-modified LNA-
antimiR that mediates effective antagonism of miR-21.

To further investigate the LNA-antimiR length requirements, we designed a 7-mer and a 6-mer
LNA-antimIR targeting miR-21, both fully LNA-modified and phosphorothiolated
oligonucleotides. The miR-21 (uciferase reporter constructs were transfacted into HelLa cells
along with the LNA-antimiRs at varying concentrations. Luciferase measurements were
performed after 24 hours.

Results: As sean in Figure 9, the 7-mer LNA-antimiR mediates de-repression of the miR-21
luclferase reporter plasmid, but at lower potency compared to the 8-mer LNA-antimiR (SEQ ID
#3205). Nevertheless, a dose-dependent trend can still be observed. By contrast, the 6-mer
LNA-antimiR did not show any inhibitory activity.

Conclusion: To conclude, the shortest possible length of an LNA-antimIR which is able to
mediate miR-21 inhibition is 7 nucleotides. However, the 7-mer LNA-antimiR is less potent
compared to the 8-mer LNA-antimiR for miR-21.

Materials and Methods:

Cell line: The human cervix carcinoma cell line HeLa was purchased from ECACC
(#93021013). Hela cells were cultured in EMEM medlum, supplemented with 10% fetal bovine
serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin.

Transfection: 60.000 cells were seeded per wall in a 24 well plate the day before transfection in
order to receive 50-70% confluency the next day. On the day of transfection, Hela cells were
transfected with 0.2 ug miR-21perfect match/psiCHECKZ2, miR-21.mm2/psiCHECK2 or empty
psiCHECK?2 vector together with 0,7 pl Lipofectamine2000 (Invitrogen) according to
manufacturers instructions. Transfected was also varying concanirations of LNA-antimiRs. After
24 hours, cells were harvested for luciferase measurements.

Luciferase assay: The cells were washed with PBS and 100 ul 1 x Passive Lysis Buffer
(Promega) was added to each well, after which the 24-well plates was put on an orbltal shaker
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for 30 min. The cells were collected and transferred to an eppendorf tube and spinned at 10.000
rpm for 30 min after which 10 pl were fransferred to a 96-well plate and luciferase
measursments were performed according to manufacturer's instructions (Promega).

Example 11. Length assessment of fully LNA-substituted LNA-antimiRs antagonizing
miR-21
Next, we investigated the effect of increasing the length from a 9-mer to a 14-mer fully LNA

-substituted LNA-antimiRs on antagonizing miR-21 in Hela calls. The resulting LNA-antimiRs

were fransfected into HelLa cells together with the miR-21 luclferase reporter constructs (Figure
10). Luciferase measurements were performed after 24 hours.

Results: The 9-mer LNA-antimiR $EQ 1D #3211 (9-mer) showed dose-dependent de-
repression of the miR-21 luciferase reporter which did not reach complete de-repression, as
demonstrated for the 7-mer LNA-antimiR (SEQ ID #3210). Increasing the length to 10-mer to
14-mer (SEQ [D #3212, SEQ ID #3213 and SEQ 1D #3214) decreased the potency as shown by
less efficient de-repression of the miR=21 reporter.

Conclusion: As shown in Figure 10, the longest fully LNA-modified and phosphorothiolated
LNA-antimiR which is still able fo mediate miR-21 inhibition is 2 9-mer LNA-antimlR SEQ D>
#3211, However, it is clearly less efficient than the 7-mer and &mer LNA-antimiRs,

Materials and Methods:_Cell fine; The human cervix carcinoma cell line HeLa was purchased
from ECACC (#93021013). HeLa cells were cultured in EMEM medium, supplemented with
10% fetal bovine serum, 2 mM Glutamax, 1x NEAA and 25 ug/m] Gentamicin.

Iransfection: 60,000 cells were seeded per well in g 24-well plate the day before fransfection in
order to achieve 50-70% confluency the next day. On the day of fransfection, Hela cells were
transfected with 0.2 ug miR-21perfect match/psiCHECK2, miR-21.mm2/psiCHECK2 or empty
psiCHECKZ2 control vector without target site together with 0,7 pl Lipofectamine2000
(Invitrogen) according to manufacturer’s instructions. Transfected was also varying
concentrations of LNA-antimiRs. After 24 hours, cells wera harvestad for luciferase
measuraments.

Lucifarase gssay. The cells were washed with PBS and 100 pl 1 x Passive Lysls Buffer
(Promega) was added to each well, after which the 24-well plates were put on an orbital shaker
for 30 min. The cells were collacted and transferred to an eppendorf tube and spinned at 10.000
rpm for 30 min after which 10 pl were transferred to a 96-well plate and lusiferase
measurements were performed according to manufacturer's instructions (Promega).

Example 12. Determination of the most optimal position for an 8-mer LNA-antimiR within
the miR farget recognitlon sequence.
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Qur experiments have shown that the most potent fully LNA-modified phosphorothiclated LNA-
antimiR is 8 nucleotides in length. To assess the most optimal position for an 8-mer LNA-
antimiR within the miR target recognition sequence, we designed four different fully LNA-
modified 8-mer LNA-antimiRs tiled across the mature miR-21 sequence as shown in Figure 11.
The different LNA-antimiRs were co-transfected together with the miR-21 luciferase raporter
constructs info Hela cells. Luciferase measurements were performed after 24 hours.

Results: The only LNA-antimiR that mediated efficient silencing of miR-21 as measured by the
luciferase reporter was SEQ ID #3205, which targets the seed reglon of miR-21. Neither SEQ
ID #3215 which was designed to cover the 3'end of the seed (50% seed targeting) did not show
any effect, nor did the other two LNA-antimiRs SEQ ID #3216 or SEQ ID #3217, which were
positionsd to target the central region and the 3'and of the mature miR-21, respactively.
Conclusion: The only 8-mer LNA-antimiR mediating potent silencing of miR-21 is the one
targeting the seed of the miR-21.

Materials and Methods:

Cell fine: The human cervix carcinoma cell line HeLa was purchased from ECACC
{#93021013). HeLa cells were cultured in EMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin.

Transfection: 60.000 cells were seeded per well in a 24-well plate the day before transfection in
order to achieve 50-70% confluency the next day. On the day of transfection, HelLa cells were
transfected with 0.2 ug miR-21perfect match/psiCHECK2, miR-21.mm2/psiCHECK2 or empty
psiCHECK2 vector together with 0,7 pl Lipofectamine2000 (Invitrogen) according to the
manufacturer's instructions. Transfected was also varying concentrations of LNA-antimiRs. After
24 hours, cells were harvested for luciferase measurements.

Lucifarase assay: The cells were washed with PBS and 100 pl 1 x Passive Lysis Buffer
(Promega) was added to each well, after which the 24-well plates was put on an orbital shaker
for 30 min. The cells were collected and transferred to an eppendorf tube and spinned at 10.000
rpm for 30 min after which 10 1l were transferred to a 96 well plate and luciferase
measurements were performed according to manufacturer’s instructions (Promega).

Example 13. Validation of Interaction of the miR-21 target site in the Pdcd4-3"-UTR and
miR-21 using the 8-mer SEQ ID #3205 LNA-antimiR.

The tumour suppressor protein Pdcd4 inhibits TPA-Induced neoplastic transformation, tumour
promotion and progression. Pdcd4 has alse been shown to be upregulated in apoptosis in
response to different inducers. Furthesmore, downregulation of Pdcd4 in lung and colorectal
cancer has also been assoclated with a poor patient prognosis, Recently, Asangani efal and
Frankel et al showed that the Pded4-3-UTR contains a conserved target site for miR-21, and
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transfecting cells with an antimiR-21, resulted in an Increase in Pded4 protein. We therefore
constructed a luciferase reporter plasmid, harboring 313 nt of the 3"UTR region of Pdcd4
encompassing the aforementioned miR-21 target site, which was co-transfected together with
different LNA-antimiRs into Hel.a cells. The different LNA-antimiRs were; SEQ |D #3205 (8-mer,
perfact match) or SEQ ID #3218 (8-mer, mismatch). Luciferase measurements were performed
after 24 hours.

Results: As shown In Figure 12, in cells transfected with the Pded4 3'UTR luciferase reporter
and SEQ ID #3205, an increase in luciferase activity was observed, indicating interaction
between the Pded4 3°UTR and miR-21. However, transfecting the cells with the mismatch
compound, SEQ 1D #3218, no ¢change In luciferase activity was observed, which was expected
since the compound does not antagonize miR-21, When comparing the &-mer LNA-anfimiR
agalnst two longer designed LNA-antimiRs, the short fully LNA-modified and phosphorothiolated
LNA-antimiR was significantly more potent, confirming previous luciferase assay data.
Conclusion: These data conclude that SEQ 1D #3205, which antagonizes miR-21, can
regulate the interaction betwssn Pded4 3"'UTR and miR-21.

Materials and Methods:

Cell line: The human cervix carcinoma cell line HeLa was purchased from ECACGC
(#93021013). Hel.a cells were cultured in EMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin,

Transfaction: 60.000 cells were seeded per well in a 24-well plate the day before transfection in
order to achieve 50-70% confluency the next day. On the day of transfection, Hela cells were
transfected with 0.2 ug Pded4-3'UTR/psiCHECK2 or empty psiCHECK2 vector fogether with 0,7
pl Lipofectamine2000 (Invitrogen) according fo the manufacturer’s insfructions. Varying
concentrations of the LNA-antimiR oligonucleotides were also transfected. After 24 hours, cells
were harvested for luciferase measurements.

Luciferase assay: The cells were washed with PBS and 100 pi 1 x Passive Lysis Bufier
(Promega) was added fo each well, after which the 24-well plates was put on an orbital shaker
for 30 min. The cealls were collected and transferred to an eppendorf tube and spinned at 10.000
rpm for 30 min after which 10 pl were iransferred to a 96 well plate and luciferase
measurements wers performed according to manufacturer's Instructions (Promega).

Example 14. Comparison of an 8-mer LNA-antimiR (SEQ ID #3207) with a 15-mer LNA-
antimiR (SEQ ID #3206) in antagonizing miR-155 in mouse RAW cells.

To ask whether our approach of using short LNA-antimiRs could be adapted to targeting other
miRNAs we designed a fully LNA-modified 8-mer LNA-antimiR against microRNA-165. A perfect
match target site for miR-155 was cloned Into the 3'UTR of the luciferase gene in the reporter
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plasmid psiCHECK2 and transfected into the mouse RAW macrophage cell line together with
an 8-mer or a 15-mer LNA-antimiR. Because the endoganous levels of miR-155 are low in the
RAW cell line, the cells were freated with 100 ng/ml LPS for 24 hours in order to Induce miR-
155 accumulation. After 24 hours, luciferase analysis was parformed.

Results: Luciferase measurements showed that the fully LNA-modified 8-mer LNA-antimiR
SEQ ID #3207 targeting mIR-155 was similarly effective In antagonizing miR-155 compared to
the 15-mer LNA-antimiR SEQ 1D #3206 (Figure 13). Both LNA-antimiRs showed & >50% de-
repression of the miR-155 luciferase sensor at 0.25 nM concentration and inhibited miR-155 in
a dose-dependent manner.

Analysis of the miRBase mlcroRNA sequence database showed that the miR-155 recognition
sequence, of the LNA-antimiR SEQ ID #3207 is unlque for microRNA-155. However, when
decreasing the LNA-antimiR length to 7 nt, it is not spacific for only miR-155, mdv1-miR-M4 and
keshv-miR-K12-11 is also targeted.

.Concluslon: A fully LNA-modified and phosphorcthiolated 8-mer LNA-antimiR is equally potent
compared with a 15-mer LNA-anfimiR of a mixed LNA/DNA design in antagonizing miR-155.
Thus, our approach of using short LNA-antimiRs can be readily adapted te targeting of other
miRNAs

Materials and Methods:

Cell line: The mouse macrophage RAW 264.7 cell ling was purchased from ATCC (TIB-71).
RAW cells wers cultured in DMEM medium, supplemented with 10% fetal bovine serum, 4 mM
Glutamax and 25 ug/m! Gentamicin.

Transfaction: 500.000 cells were seeded per well in a 6-well plate the day before transfection in
order to receive 50% confluency the next day. On the day of transfection, RAW 264.7 cells
waere transfected with 0.3 ug miR-155 perfect match/psiCHECK2 or emply psiCHECK2 vactor
together with 10 l Lipofectamine2000 (Invitrogen) according to the manufacturer's instructions.
Transfected was also varying concentrations of LNA-antimiRs. In erder to induce miR-155
accumulation, LPS (100 ng/ml) was added to the RAW celis after the 4 hour incubation with the
transfection complexes. After another 24 hours, cells were harvested for luciferase
measurements.

L uciferase assay: The cells were washed with PBS and harvested with cell scraper, after which
cells were spinned for 5 min at 2.500 rpm. The supematant was discarded and 50 pl 1 x
Passive Lysls Buffer (Fromega) was added to the cell pellet, after which cells were put on ice
for 30 min. The lysed cells were spinned at 10.000 rpm for 30 min after which 20 pl were
transfarred fo a 96-well plate and luciferase measurements were performed according to the
manufacturer's instructions (Promega).
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Example 15. Assessment of c/EBPp protein levels as a functional readout for miR-155
anfagonism by short LNA-antimiR (SEQ ID #3207).

As a functional readout for miR-155 antagonism by short LNA-antimiR (SEQ 1D #3207) we
determined the proteln levels of a navel miR-155 target, ¢/EBPB. The mouse macrophage RAW
cell line was transfacted together with sither an 8-mer (SEQ ID #3207) or a 15-mer (SEQ 1D
#3206) LNA-antimiR: in the absonce or presence of pre-miR-155. As mismatch controls for the
15-mer, SEQ ID #4 was used, which targets miR-122 and for the 8-rmer SEQ |D #3205 was
used, which targets miR-21. These two control mIRNAs do not regulate ¢/EEPB expression
levels. LPS was used to induce miR-155 accumulation and cells were harvested after 16 hours
with LPS. o/EBPp has three isoforms; LIP, LAP and LAP* that were detected by Western blot
analysis and the same membranes were re-probed with beta-tubulin as loading control.
Results: Ratios were calculated for o/EBP LIP and beta-tubulin as indicated in Figure 14,
RAW calls that weras transfected with the 15-mer LNA-antimiR and no pre-miR-155 all showed
equal ¢/EBPP LIP/beta-tubulin ratios, due to inhibition of miR-155 increases the ¢/EBPp LIP
levels (Figure 14, left panel). By comparison, fransfection of pre-miR-155 in RAW cells resulted
in decreased ¢/EBPR LIP levels as expected, if o/EBPP was a miR-155 target, as shown in
lanes with proteln extracts from RAW cells treated with no LNA or & mismatch, However, protein
extracts from RAW cells transfected with LNA-antimiR against miR-155, showed an increase of
¢/EBPR LIP Javels, The same axperiments ware also carried out with the 8-mer LNA-antimiR-
155 (SEQ ID #23207) and as shown in Figure 14 {right panel) comparable results to those with
the 15-mer LNA-antimiR SEQ ID #3206 were obtained.

Conclusion: Antagonism of miR-185 using elther an 8-mer or a 15-mer LNA-antimiR leads to
de-repression of the direct target o/EBPS.

Materials and Methods:

Cell line: The mouse macrophage RAW 264.7 cell line was purchased from ATCC (TIB-71).
RAW cells were cultured in DMEM medium, supplemented with 10% fetal bovine serum, 4 mM
Glutamax and 25 ug/ml Gentamicin,

Transfection: 500.000 calis wara seadad per wall in a 6-well plate the day before transfection in
order to achlave 50% confluency the next day. On the day of transfection, RAW 264.7 cells
were transfected with 5 nmol pre-miR-155 {Ambion) and/or § nM LNA-antimiR together with 10
pl Lipofectamine2000 (Invitrogen) according to the manufaciurer's instructions. Transfected was

also varying concentrations of LNA-antimiRs. In order to induce mIR-155 accumulation, LPS
(100 ng/ml) was added to the RAW cells after the 4 hour incubation with the transfection
complexes. After 16 hours, cells were harvested for protein extraction and western blot analysls.
Western blof: Cells were washed with PBS, trypsinated, transferred to eppendorf tubes and 250
pl lysis buffer (1xRIPA) was added. The cell lysate was placed on ice for 20 min and spinned at
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10,000 rpm for 10 minuies. The protein concantration was measured with Coomassie Plus
according to the manufacturer's insfructions and 80 ug was loaded onto & 4-12% BIS-TRIS gel.
The membrane was incubated ovemight at 4°C with the primary monoclonal mouse antibody
C/EBP B (Santa Cruz) with a 1:100 concentration. Immunoreaciive bands were visualized with
ECL Plus (Amersham).

Exampile 16. Antagonism of miR-106b by a fully LNA-modifiad 8-mer (SEQ ID #3221) LNA-~
antimiR

To confirm that our approach of using short LNA-antimiRs could be adapted io targeting of other
miRNAs we designed a fully LNA-madified 8-mer LNA-antimiR against microRNA-106b. A
perfect match target site for miR-106b was cloned into the 3'UTR of the luciferase gene in the
vector (psiCHECK2) and transfected info the human cervix carcinoma Hela cell line together
with a short LNA-antimiR (SEQ ID #3221} or with a 15-mer LNA-antimiR (SEQ 1D #3228) at
varying concentrations. Luciferase measuremsants were psrformed after 24 hours.

Results: Transfection of the 8-mer LNA-antimiR SEQ 1D #3221 against miR-106b resulted In
dose-dependent inhibition of miR-106b as shown by de-repression of the luciferase reporter,
which was completely de-repressed at 1 nM LNA-antimIR concentration (Flgure 15).
Comparable results were obtalnad using the 15-mer LNA-antimiR SEQ ID #3228 demonstrating
that an 8-mer LNA-antimiR is gimilarly potent to a 15-mer.

Conclusion: Targeting of miR-106b in HeLa cells shows that an 8-mer fully LNA-modified and
phosphorotiolated LNA-antimiR is equally potent compared with a 15-mer LNA/DNA mixmer
LNA-antimiR.

Materials and Methods:

Cell line; The human cervix carcinoma cell line HelLa was purchased from ECACC
(#93021013). HelLa cells wars cultured in EMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin.

Transfection: 5.200 cells were seeded per well in a 96-well plate the day before transfection in
order to achleve 50-70% confluency the naxt day. On the day of fransfection, Hel.a cells were
transfacted with 57 ng miR-21perfect match/psiCHECK2, miR-21.mm2/psiCHECK2 or empty
psiCHECK2 vector together with 0,14 pl Lipofectamine2000 (Invitrogen) according to the
manufacturer's instructions. Transfected was also varying concentrations of LNA-antimiRs. After
24 hours, cells were harvested for luciferase measuramenis.

Luciferase assay: The cells were washed with PBS and 30 ul 1 x Passive Lysls Buffer
(Promega) was added to each well, after which the 24-well plates was put on an orbital shaker
for 30 min. The cells ware collected and transferred to eppendorf tubas and spinned at 10.000
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rpm for 30 min after which luciferase measurements were performead according to the
manufacturer's instructions (Promega).

Example 17. Antagonism of miR-19a by a fully LNA-modified 8-mer (SEQ ID #3222) LNA-
antimiR

To further confirm that our approach of using short LNA-antimiRs can be readlly adapted to
targeting of other miRNAs we designed a fully LNA-modified 8-mer LNA-antimiR against
microRNA-19a. A perfect match targst site for miR-19a was cloned in the 3'UTR of the
luciferase gene in the psiCHECK2 vector. The reporter plasmid was fransfected Into the human
cervix carcinoma Hela cell line together with a short LNA-antimiR (SEQ ID #3222) or with a 15-
mer LNA-antimiR (SEQ (D #3229) targeting mIR-19a at varying concentrations. Luciferase
measurements were performed after 24 hours.

Results: As shown in Figure 18, transfection of the 15-mer LNA-antimiR SEQ 1D #3229 into
Hela efficiently antagonizes miR-19a as demonstrated by complete de-repression at 1 nM
LNA-antimiR concentration. By comparnison, fransfection of the 8-mer LNA-antimiR SEQ ID
#3222 resulted in effective miR-19a antagonlsm already at 0.5 nM concentration, indicating that
this 8-mer LNA-antimiR is at least equally potent comparad with a 15-mer LNA-antimiR in Hel.a
cells.

Concluslon: Targsting of miR-19a in HeLa cells shows that an 8-mer fully LNA-modified and
phosphorothiolated LNA-antimiR is at least equally potent compared with a 15-mer LNA/DNA
mixmer LNA-antimiR.

Materials and Methods: Celf line: The human cervix carcinoma cell line HelLa was purchased
from ECACC (#93021013). HeLa cells wera cultured in EMEM medium, supplemented with
10% fetal bovine serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin.

Transfection; 5.200 cells were seeded per well in a 96-well plate the day before transfection in
order to achleve 50-70% confluency the next day. On the day of transfection, Hela cells wera
transfected with 57 ng miR-21perfect match/psiCHECK2, miR-21.mm2/psiCHECK2 or empty
psICHECK? vector tagether with 0,14 pl Lipofactamine2000 (Invitrogen) according to
manufacturer’s instructions, Transfected was also varying concentrations of LNA-antimiRs. After
24 houré, cells wers harvested for luciferase measurements.

Luciferase assay: The cells were washed with PBS and 30 pl 1 x Passive Lysis Bufier
(Promega) was added to each well, after which the 24-well plates was put on an orbital shaker
for 30 min. The cells were collected and transferred to eppendorf tubes and spinned at 10.000
rpm for 30 min after which luciferase measurements were performed according to the

.manufacturer's Instructions (Promega).

Example 18. Targeting of a microRNA family using short, fully LNA-substituted LNA-
antimiR.
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Next, we Investigated whether it is possible to target a microRNA family using a single short 7-
mer LNA-antimiR complementary to the seed sequence that is comrnon for all family members
(see Figure 17). In this experiment, we focused on miR-221 and miR-222 that are
overexpressed in solid tumors of the colon, pancreas, prostate and stomach. It has also been
shown that miR-221 and miR-222 are the most significantly upregulated microRNAs in
glioblastoma multiforme. Furthermore, overexpression of miR-221 and miR-222 may contribute
to the growth and progression of prostate carcinoma, at least in part by blocking the tumor
suppressor protein p27. A perfect match target site for both miR-221 and miR-222,
respectively, was cloned into the 3'UTR of the luciferase gene resulting in two reporter
consiructs. Thesa constructs were then fransfected elther separate or combined into the
prostate carcinoma cell line, PC3. In addition to the 7-mer, targeting both miR-221 and miR-222,
we also co-transfected a 15-mer LNA-anfimiR (15mer) targeting either miR-221 (SEQ ID #3223)
or miR-222 (SEQ ID #3224), each transfected separately or together (see Figure 18 left).
Results: As shown in Figure 18, transfection of PC3 cells with the LNA-antimiR SEQ D #3223
against miR-221 resulted in efficient inhibition of miR-221 at 1 nM LNA-antimiR concentration.
An inhibitory effect is also observed when using the luciferase reporter plasmid for miR-222 as
well as when co-transfecting both luciferase reporters for miR-221 and miR-222 simultaneously
into PC3 cells. This inhlbltory effect is most likely due to the shared seed saquence between
mIR-221 and miR-222. Similarly, fransfection of PC3 cells with the LNA-antimiR SEQ ID #3224
against miR-222 resulted in sfficient inhibltion of miR-222 at 1 nM LNA-antimiR concentration as
shown by complate de-repression of the luciferase reporter for miR-222. An inhibitory effect is
also observed when using the luciferase reporter plasmid for miR-222 as well as when co-
transfecting both luciferase reporters for miR-221 and miR-222 simultaneausly into PC3 cells.
Co-tranfection of both LNA-antimiR compounds SEQ D #3223 and SEQ 1D #3224 against miR-
221 and miR-222, respectively, (see Figure 18 left), resulted in effective inhibition of both
miRNAs as shown by complete de-repression of the luciferase reporter plasmids both when
separately transfected and when co-fransfected into PC3 cells. Interestingly, transfection of a
single fully LNA-modified 7-mer LNA-antimiR (SEQ |D #3225) targeting the seed sequence of
miR-221 and miR-222 into PC3 cells resulted In efficient, dose-dependent antagonism of miR-
221 and miR-222 simultaneously as shown by complete de-repression of the luciferase reporter
plasmids both when separately transfected and when co-transfected Into PC3 cells. This
demonstrates that a single, short LNA-substituted LNA-antimiR can effectively target seed
sequences thereby antagonizing entire microRNA families simultaneously. Analysis of the
miRBase microRNA sequence database showed that the miR-221/222 seed recognition
sequence, of the _LNA-antimiR SEQ ID #3225 is unique for both miRNAs.
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Concluslon: Our results demonstrate that LNA enables design and synthesis of short fully
LNA-substituted LNA-antimiR cligonucleotides that can effectively target microRNA seed
sequences thereby antagonizing entire microRNA families simultaneously,

Materials and Methods:

Cell line: The human prostate carcinoma PC3 cell Iine was purchased from ECACC
(#20112714) PC3 cells were cultured in DMEM medium, supplomented with 10% fetal bovine
serum, 2 mM Glutamax and 25 ug/ml Gentamicin.

Transfection: 100.000 cells were seeded per well in a 12-well plate the day before transfection
in order to receive 50% confluency the next day. On the day of transfection, PC3 cells were
transfected with 0.3 ug of luciferase reporter plasmid for miR~221 or for miR-222 ar with empty
pelICHECKZ vector without miRNA target site as control fogether with 1,2 pl Lipofectarnine2000
(Invitrogen) according to the manufacturer's instructions. After 24 hours, cells were harvestad
for luciferase measurements,

Luciferase assay: The cells were washed with PBS and 250 wl 1 x Pagsive Lysis Buffer
(Promega) was added to the wells. The plates were placed on a shaker for 30 min., after which
the call lysates was transferred to eppendorf tubes. The cell lysate was spinned for 10 min at
2.500 rpm after which 20 ul were transferred to a 96-well plate and luciferase measurements
were performed according to the manufacturer's instructions (Promega).

Example 19. Assessment of p27 protein levels as a functional readout for antagonism of
the miR«221/222 family by the 7-mer SEQ ID #3225 LNA-antimiR.

Previous work has shown (le Sage et al. 2007, Galardi et al. 2007} that miR-221 and miR-222
post-transcriptionally regulate the expression of the fumour suppressor gene p27, which is
involved in cell cycle regulation. In these studles, down-regulation of miR-221 and miR-222 was
shown to increase expression levels of p27. Thus, as a functional readout for antagonism of the
miR~-221/222 family by the 7-mer SEQ 1D #3225 LNA-antimiR we determined the protein levels
of p27 after transfection of the' LNA-antimiR SEQ 1D #3225 into PC3 cells in comparison with an
8-mer LNA mismatch control. After 24 hours the cells were harvested for westemn blot analyzis
(Figure 19).

Results: As shown in Figure 19, transfection of the 7-mer LNA-antimiR SEQ 1D #3225 targeting
the seed sequence In miR-221 and miR-222 resulted in dose-dependent increase of the p27
proteln levels compared to either untransfected or LNA mismatch control fransfected PC3 cells.
These results clearly demonstrate that the 7-mer LNA-antimiR is able to effectively antagonize
the miR-221/222 family leading to de-represslon of the direct target p27 at the protein lavel,
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Conclusion: A fully LNA-modifiad 7-mer LNA-antimiR targefing the seed sequence in the miR-
221/222 family effectively antagonized both miRNAs leading to de-repression of the direct target
p27 at the protein level.

Materials and Methods:

Cell line: The human prostate carcinoma PC3 cell line was purchased from ECACC
(#90112714) PC3 cells were cultured in DMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax and 25 ug/ml Gentamicin.

Transfection: 250.000 cells were seeded per well in a 6-well plate the day before transfection in
order to recaive 50% confiuency the next day. On the day of transfecfion, PC3 cells were
transfected with LNA-antimiRs at varying concentrations with Lipofectamine2000. Cells were
harvested after 24 hours for protein extraction and westemn blot analysis.

Western blot- Cells were washed with PBS, trypsinated, transferred to eppendorf tubes and 250
ul lysis buffer (1xRIPA) was added. The cell lysate was placed on Ice for 20 min, then spinned
at 10.000 rpm for 10 minutes. The protein concentration was measured with Coomassle Plus

| according to the manufacturer’s instructions and 100 ug was loaded ontfo a 4-12% BIS-TRIS

gel. The membrane was incubated overnight at 4°C with the primary monoclonai mouse
antlbody p27 (BD Biosciences) at a 1:1000 dilution. Immunoreactive bands were visualized wlth
ECL Plus {Amersham).

Example 20. Duplex melting temperatures (T,) of the LNA-antimiRs.

As shown in Table 5, T, values increase with increasing the length of short fully modified LNA-
antimiRs (see T., values for SEQ ID #3205, SEQ ID #3209-3214 in Table 7). Most optimal
inhibitory effect was achieved with the 8-mer LNA-aniimiR SEQ ID #3205 against miR-21,
whereas the very low Tm of the 6-mer SEQ ID #3209 is most likely not sufficient to mediate
antagonism of the miR-21 target. On the other hand, Increasing the length beyond a 10-mer
(SEQ ID #3212) significantly increases the Tr, while simultaneously decreasing the inhibitory
activity as measured using the luciferase miR-21 reporter, which is most likely due fo high
propensity of the fully modified 12- and 14-mer LNA-antimiRs to form homodimers. The
experiments using a sliding window of fully LNA-modified 8-mer LNA-antimirs across the mir-21
recognition sequence clearly demonstrate that in addition to adequate Ty value of the LNA-
antimiR, the seed region Is most critical for miRNA function and, thus, the most optimal region
to be targeted by an LNA-antimiR.
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Table 5: T, values for miR-21 LNA-antimiRs, measured against a complementary RNA
oligonuclectide

SEQID | microRN | Length | Sequence Measured Tp,
# A (bp) (RNA) °C
3205 miR-21 |8 5'- GATAAGCT -3 64,0
3209 miR-21 |6 5- TAAGCT -2 32,0
3210 miR-21 |7 5- ATAAGCT -3 45,0
3211 miR-21 |9 5'- TGATAAGCT -3 65,0
3212 miR-21 |10 - CTGATAAGCT -3 63,0
3213 miR-21 |12 5- GTCTGATAAGCT -3' 86,3
3214 miR-21 |14 5- CAGTCTGATAAGCT -3 £§9.9
3215 miR-21 | 8 5-TCTGATAA -3 56,0
3216 miR-21 |8 8- ATCAGTCT -3 72,0
3217 miR-21 | 8 5-TCAACATC -3 48,0

Conclusion: The Tr, values along with experimental data obtained with luciferase reporters
show that potent antagonism by LNA-antimiR is not only dependent on T, but also depends on
the positioning of the LNA-antimiR within the microRNA recognition sequence.

Materials and Methods:

T, measurements; The oligonucleotide:miR-21 RNA duplexes were diluted to 3 pM in 500 ul
RNase free H20 and mixed with 500 pl 2x T~buffer (200 mM NaCl, 0.2 mM EDTA, 20 mM Na-
phosphate, pH 7,0). The solution was heated to 95°C for 3 min and then allowed o anneal in
RT for 30 min. The duplex melting temperatures {T,,) were measured on a Lambda 40 UV/VIS
Spectrophofometer equipped with a Psltier temperature programmer PTP6 using PE Templab
software (Perkin Elmer). The temperature was ramped up from 20°C to 95°C and then down to
25°C, recording absorption at 260 nm. First derivative and the local maximums of both the
melting and annealing were used to assess the duplex melting temperatures.

Example 21. Assessment of miR-21 antagonism by comparing an 8-mer (SEQ ID #3205)
versus a 15-mer (SEQ ID #3204) LNA-antimiR in human hepatocytlc cell line HepG2.

Wae have previously shown in this application, that an 8-mer LNA-antimiR that is fully LNA-
modified and phosphorothiolated effectively antagonizes miR-21 in the human cervix carcinoma
cell line Hela, the human breast carcinoma csll line MCF-7 and the human prostate cancer cell
line PC3. We extended this screening approach to the human hepatocellular cancer cell line
HepG2. To assess the efficiency of the 8-mer LNA-antimiR oligonuclectide against miR-21,
luciferase reporter constructs were generated in which a perfect match target site for the mature
miR~21 was cloned into the 3'UTR of the Renilla luciferase gene. In order to monitor mIR-21
inhibition, HepG2 cells were transfected with the luciferase consfructs fogether with the miR-21
antagonist SEQ ID #3205 (8-mer) and for comparison of specificity with the 8-mer LNA-antimiR
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mismatch (SEQ ID #3218) and for comparison of potency together with the 15-mer (SEQ D
#3204) at varying concentrations. After 24 hours, luciferase activity was measured.

Results: The luciferase reportar experiments showed a dose-dependent de-repression of the
luciferase miR-21 raporter activity with the 15-mer LNA-antimiR against miR-21 (SEQ ID
#3204). However, complete de-repression of the luciferase reporter was not obtained, not even
at the higher concentrations (Figure 20). In contrast, the cells that were transfected with the &-
mer fully LNA modified LNA-antimiR (SEQ 1D #3205) showed complete de-repression already
at 5 nM, indicating significantly improved potency compared to the 15-mer LNA-antimiR.
Comparing the specificity of the 8-mer perfect match and the 8-mer mismatch, the mismatch
LNA-anfimIR (SEQ ID #3218) did not show any de-repression at all, demonstrating high
specificlty of the LNA-antimiR compound against miR-21.

Conclusion: The 8-mer (SEQ ID #3205) is more potent than the 15-mer LNA-antimiR in
targeting miR-21 and antagonism of miR-21 by SEQ |D #3205 is specific.

Materials and Methods:

Cell ine: The human hepatocytic HepG2 cell line was purchased from ECACC (#85011430).
HepG2 cells were cultured in EMEM medium, supplemented with 10% fetal bovine serum, 2
mM Glutamax and 25 ug/m| Gentamicin.

Transfection: 650,000 cells were seeded per wall in a 6-well plate and reverse transiection were
performed. HepG2 cells were transfected with 0.6 pg miR-21 or empty psiCHECK2 vector
together with 2,55 ! Lipofectamine2000 (Invitrogen) according o manufacturer’s instructions.
Transfected was also varying concentrations of LNA-antimIRs. After 24 hours, cells were
harvested for luciferase measurements.

Luciferase assay: The cells were washed with PBS and 300 pl 1 x Passive Lysis Buffer
(Promega) was added fo the wells. The plates were placed on a shaker for 30 min., after which
the cell lysates were transferred to eppendorf tubes. The cell lysate was centrifugated for 10
min at 2.500 rpm after which 50 pl were transferred to a 96 well plate and luciferase
measurements were performed according to the manufacturer's Instructions (Promega).

Example 22. Validation of Interaction of the miR-21 target site in the Pdcd4 3'UTR and
miR-21 using the 8-mer SEQ ID #3205 LNA-antimiR in human hepatocellular cell line Huh-
7.

The tumour suppressor protsin Pdcd4 inhibits fumour promotlon and progression. Furthermore,
downregulation of Pdcd4 in lung and colorectal cancer has also been associated with poor
patient prognosis. Recently, Asangani et af (Oncogene 2007) and Frankel ef &/ {J Biol Chem
2008) showed that the Pded4 3'UTR contalns a conserved target site for miR-21, and
transfecting cells with an antimiR-21, resulted in an Increase in Pdcd4 protein. We therefore
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constructed a luciferase reporter plasmid, harboring 313 nt of the 3°'UTR region of Pdcd4
encompassing the aforementioned miR-21 target site, which was co-transfected together with
different LNA-antimiRs and pre-miR-21 (10 nM) into Huh-7 cells. The different LNA-antimiRs
were; SEQ 1D #3205 (8-mer, perfect match), SEQ 1D #3218 (8-mer, mismatch) and SEQ ID
#3204 (15-mer, DNA/LNA mixmer). Luciferase measurements were performed after 24 hours,
Results: As shown in Figure 21, cells transfacted with the Pdcd4 3'UTR luclferase reporter and
SEQ 1D #3205, an Increase in luciferase activity was observed, Indlcating interaction batween
the Pdecd4 3°UTR and miR-21. However, transfecting the calls with the mismatch compound,
SEQ 1D #3218, no change in luctferase activity was observed, which was expected since the
compound does not antagonlze miR-21. When comparing the 8-mer LNA-antimIR against the
15-mer LNA-antimiR (SEQ ID #3204), the short fully LNA-modified and phosphorothiolated
LNA-antimiR was significantly more potent, confirming previous data.

Materials and Methods:

Cell line; The human hepatoma cell line Huh-7 was a kind gift from R. Bartinschlager (Dept Mol
Virology, University of Heidelberg), Huh-7 cells were cultured In DMEM medium, supplemented
with 10% fetal bovine serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin.
Transfection: 11.000 cells were seeded per well in a 96-well plate the day before transfection in
order to achieve 50-70% confluency the next day. On the day of fransfection, Huh-7 cells were
transfected with 20 ng Pdcd4 3'UTR/psICHECK2 or empty psiCHECK2 vector together with 10
nM pre-miR-21 (Arnbion) and 0,14 pl Lipofactamine2000 (Invitrogen) according to the
manufacturer’s instructions. Varying concenfrations of the LNA-antimiR oligonucleotides ware

also transfected. After 24 hours, cells were harvested for luciferase measurements.

L yciferase sssay: Cells were washed and 30 pl 1 x Passive Lysls Buffer (Promega) was added

- to each well, after which the 96-well plates was put on an orbital shaker. After 30 min., 50 pl

luciferase substrate dissolved in Luciferase Assay Buffer Il (Dual-Luciferase Reporter Assay
System from Promaga, Caf# E1910) was added to the wells with lysated cells and luciferase
measurements were performed according to the manufaciurer's instructions (Promega).

Example 23. Assessment of Pdcd4 protein levels as a functional readout for mIR-21
antagonism by the 8-mer LNA-antimiR {SEQ ID #3205).

In addition, we also fransfected Hela cells with SEQ ID #3205 (perfect match), SEQ 1D #3218
(mismatch), SEQ ID #3219 (scrambled) and analyzed Pdced4 protein levels after 24 hours with
Western blot (Figure 22). As shown, in the protein extracts from cells where SEQ ID #3205 had
been added, the Pdcd4 protein levels increase, due to antagonism of mir-21 by SEQ ID #3205
in contrast to the two control LNA dligonucleotides.
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Conclusion: Antagonism of miR-21 using an 8-mer (SEQ 1D #3205) leads to derapression of
the direct target Pdcddntagonism of miR-21

Materials and Methods:

Cell line: The human cervix carcinoma csll line HeLa was purchased from ECACC
(#93021013). Hela cells were cultured in EMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax, 1% NEAA and 25 ug/ml Gentamicin.

Transfection: 200,000 cells ware seeded per well in a 6-well plate the day before transfection in
order to receive 50-70% confiuency the next day. On the day of transfection, HeLa cells were
transfected with 5 nM LNA oligonucleotides and 2,5 pg/ml Lipofectamine2000 (Invitrogen)
according to the manufaciurer’s instructions. After 24 hours, cells were harvested for Western
blot analysis.

Western blot: Cells were washed with PBS, trypsinated, fransferred to eppendorf tubes and 50
! lysis buffer (1xRIPA) was added. The cell lysate was placed on ice for 20 min and spinned at
10.000 rpm for 10 minutes. Equal amounts (15 pl cell lysate) were loaded onto a 4-12% BIS-
TRIS gel. The protelns were transferred to a nitrocellulose membrane using Blot (Invitrogen)
according to manufacturers instructions. The membrane was incubated avemight at 4°C with
the primary affinity purified rabbit serum antibody Pded4 (Rockland) with a 1:2000
concentration. As control, anti- beta tubulln antibodies (Thermo Scientific) were used ata

* 1:5000 dilution. Immunoreactlve bands were visualized with ECL Plus (Amersham).

Example 24. Assessment of potential hepatotoxicify of the &-mer perfect match LNA-
antimiR SEQ ID #3205 and the LNA mismatch control SEQ ID #3218.

Each compound was injected into female NMR] mice, at doses of 25 mg/kg, 5 mg/kg and 1
mg/kg, every other day for 2 weeks, The animals were sacrificed and serum was collected from
whole blood for ALT and AST analyses. As seen in Figure 23, the ALT and AST levels were not
elevated for SEQ ID #3205 compared to saline or SEQ ID #3218 (mismatch confrol). However,
one mouse showed increased lavels (marked red), since the serum samples were contaminated
with red blood cells, which contain 6-8 times higher levels of ALT and AST compared io plasma.
The mice that received 5 mgfkg and 1 mg/kg were also analyzed for ALT and AST levels and
showed no changes compared to saline treated control animals (data not shown).

Materials and Methods:

Experimental deslgn:
Conc.
Gr. Animal |No.of |Compound
no. h)nno. mice |Dose level per day ?EC:‘?E?(;DL Adm. Route | Dosing
L e 0.9% - Lv 0,2,4,7,9

0.2%
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2 (1115 |5 SEQ ID # 3205 2.5mgiml |iv 0,24,7,9
26malka
3 |16-20 |5 gﬁ&g #3205 0.5mg/mil Lv 0,2,4,79
4 |21-25 |5 155‘93":3 #3205 O.img/mt  |iv 0,2,4,7,9
5 [2630 |8 gsEn?ggg# 3230 2.5mgiml |iv 0.2,4,7,9
6 |[3135 |5 gﬁ;ﬁ #3230 0.5mgiml  |iv 0,2 4,7,9

Sacrifice; The animals was sacrificed by cervical dislocation.

Sarnpling of serum for ALT/AST; The animals were anaesthsetised with 70% CC»-30% O, before
collection of retro arbital sinus blood. The blood was collected into S-monovette Serum-Gel
vials, The serum samples were harvested and stored from each individual mouse. The blood
samples were stored at room temperaturs for fwo hours and thereafter centrifuged 10 min, 3000
rom, at room temp. The serum fractions were harvested into Eppendorf fubes on wet ice.

ALT and AST measurements; ALT and AST measurements were performed in 96-wall plates
using ALT and AST reagents from ABX Pentra (A11A01627 — ALT, A11A016298 — AST)
according to the manufacturer's instructions, In short, serurm samples were diluted 2.5 fold with
H:O and each sample was assayed in duplicate. After addition of 50 pl diluted sample or
standard (multical from ABX Pentra - A11AD1652) to each well, 200 pl of 37 °C AST or ALT
reagent mix was added to each well. Kinefic measurements were performed for 5 min with an
interval of 30s at 340 nm and 37 °C.

Example 25. Asgessment of PU.1 profeln levels as a functlonal readout for miR-155
antagonism by short LNA-anfimiR (SEQ ID #3207).

We have previously shown that the 8-mer (SEQ ID #3207) antagonizing miR-135 leads to
derepression of the miR-155 target o/EBPbeta in the mouse macrophage RAW cells. To further
verify the potency of SEQ ID #3207 we determined the protein levels of another miR-155 target,
PU.1 As a functlonal readout for mIR-155 antagonlsm by short LNA-antimiR (SEQ ID #3207) we
performed Weastern blot. The antagonlsm was verifled in the human monocytic THP-1 cell line
which was transfected together with either an 8-mer (SEQ 1D #3207) perfect match or a 8-mer
control LNA in the absence or presence of pre-miR-155, LPS was used to induce miR-155
accumulafion and cells werae harvastad after 24 hours.

Results: THP-1 cells that wera transfactad with pre-miR-155 shows a decrease in PU.1 levels
(Figure 24). Transfecting the cells with the fully LNA-modified and phosphorothiolated SEQ 1D
#3207 effectively antagonizes miR-155, leading to unalterad levels of PU.1 protein. By
comparison, transfecting the cells with an 8-mer LNA control, PU.1 levels decreased, indicating
that antagonism of mIR-155 by SEQ 1D #3207 LNA-anfimiR is speclfic.
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Concluslon: Antagonism of miR-155 using an 8-mer leads fo de-repression of the direct targst
PU.1 in human THP-1 cells.

Materials and Methods:

Cell line: The human monocytlc THP-1 call line was purchased from ECACC (#38081201).
THP-1 cells were cultured in RPMI with L-glutamine, supplemented with 10% fetal bovine
serum.

Transfection: 200.000 cells were seeded per well in a 12-well plate the day before. On the day
of transfaction, THP-1 cells were transfected with 5 nmol pre-miR-155 (Amblon) and/or 5 nM
LNA-antimiR together with Lipofectamine2000 (Invitrogen) according to the manufacturer's
instructions. LPS (100 ng/mi) was added to the cells after the 4 hour incubation with the
transﬁaction complexes. After 24 hours, cells were harvested for protein exiraction and western
blot analysis.

Western biot: Cells were washed with PBS, trypsinated, transferred to eppendorf tubes and 50
pi lysis buffer (1xRIPA) was added. The cell lysate was placed on ice for 20 min and spinned at
40.000 rpm for 10 minutes. Equal amounts (15 wl cell lysate) were loaded onto a 4-12% BIS-
TRIS gel. The proteins were fransfered to a nitrocellulose membrane using iBlet (Inviirogen)
according to manufacturers instructions The membrane was incubated overnight at 4°C with the
rabbit monoclonal PU.1 antibody (Cell Signaling) with a 1:2000 concentration. As equal loading,
Tubulin {Thermo Scientific) was used at a 1:5000 dilufion. Immunoreactive bands were
visualized with ECL Plus (Amersham).

Example 26. Assessment of p27 protein levels as a functional readout for antagonism of
the mIR-221/222 family by the 7-mer SEQ ID #3225 LNA-antimiR.

Previous work has shown (lo Sage et al. 2007, Galardi et al. 2007) that miR-221 and miR-222
post-transcriptionally ragulate the expresslon of the tumour suppressor gene p27, which is
involved in cell cycle regulation. In these studies, down-regulation of miR-221 and miR-222 was
shown to increase expression levels of p27. Thus, as a functional readout for antagonism of the
miR-221/222 family by the 7-mer SEQ ID #3225 L NA-antimiR we determined the protein levels
of p27 after transfection of the LNA-antimIR SEQ 1D #3225 into PC3 cells.

Results: As shown In Figure 25, transfection of the 7-mer LNA-antimlR SEQ |D #3225 targeting
the seed sequence of mIR-221 and miR-222 resulied in dose-dependent increase of the p27
protein evels compared to either untransfected or our LNA scrambled control fransfected PC3
cells. These results clearly demonstrate that the 7-mer LNA-antimIR is able fo effactively
antagonize the miR-221/222 family leading to de-repression of the direct target p27 at the
protein level at concentrations as low as 5 nM.
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Conclusion: A fully LNA-modified 7-mer LNA-anfimiR targeting the seed saquence in the miR-
221/222 family at 5 nM can effactivaly antagonize both miRNAs leading to de-repression of the
direct target p27 at protein level.

Materials and Methods:

Cell line: The human prostate carcinoma PC3 cell line was purchased from ECACG
(#90112714). PC3 cells were cultured in DMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax and 25 ug/ml Gentamicin.

Transfaction: 250.000 cells were seaded per well in a 6-well plate the day before transfection in
order to receive 50% confluency the next day. On the day of transfection, PC3 cells were
transfected with LNA-oligonucleotides at varying concentrations (see Figure 25) with
Lipofectamine2000. Cells were harvested after 24 hours for protein extraction and western blot
analysis.

Western biof: Cells wera washed with PBS, frypsinated, transferred to eppendorf tubes and 50
ul lysls buffer (1xRIPA) was added. The cell lysate was placed on ice for 20 min, then spinned
at 10.000 rpm for 10 minutes. Equal amounts (15 pl cell lysate) were loaded onto a 4-12% BIS-
TRIS gel. The protsins were transferred to a nifrocellulose membrane using iBlot (Invitrogen)
according o manufacturers instructions. The membrane was incubated avernight at 4°C with
the primary monoclonal mouse antibody p27 (BD Biosciences) at a 1:1000 dilution. As loading
control, Tubufin (Thetmo Sclentific) was used at a 1:5000 dilution. Immunoreactive bands were
visualized with ECL Plus (Amersham).

Example 27. Knock-down of miR-221/222 by the 7-mer SEQ ID #3225 LNA-antimiR
reduces colony formation of PC3 cells

A hallmark of cellular transformation is the ability for tumour cells to grow in an anchorage-
independent way in semisolld medium. We have therefore performed soft agar assay which is a
phenotypic assay that Is relevant for cancer, given that It measures the decrease of tumour
cells. We transfected SEQ 1D #3225 (perfect match) and SEQ 1D #3231 (sarambled) into PC3
cells, and after 24 hours plated cells in soft agar. Colonies were counted after 12 days. We
show in Flgure 26 that inhibition of miR-221 and miR-222 by SEQ ID #3225 can reduce the
amouni of colonies growing in soft agar compared to the scrambled control LNA-antimiR,
indicating decrease of tumour cells.

Conclusion: The 7-mer (SEQ ID #3225) targeting the miR-221/222 family reduces the number
of colonies in soft agar, indicating proliferation arrest of PC3 cells.

Materlals and Methods: :

Cell fine: The human prostate carcinoma PC3 cell line was purchased from ECACC
(#90112714). PC3 cells were cultured in DMEM medium, supplemented with 10% feta] bovine
serum, 2 mM Glutamax and 25 ug/ml Gentamnicin,
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Transfaction: 250.000 cells were seeded per well in a 6-well plate the day before transfection in
order to recelve 50% confluency the next day. On the day of fransfection, PC3 cells were
transfected with 25 nM of different LNA oligonucleotides with Lipofectamine2000.

Clonogenic growth in_soff agar: 2.5x10° PC3 cells wers seeded in 0.35% agar on the top of a
base kayer coniaining 0.5% agar. Cells were plated 24 hours after transfaction. Plates were
incubated in at 37°C, 5%C0, In a humified incubator for 12 days and stained with 0.005%
crystal violet for 1 h, after which cells were counted. The assay was performed In triplicate.

Example 28: Assessment of lef-7 antagonism by 6-9-mer LNA-antimiRs in Huh-7 cells
transfected with let-7a precursor mIRNA, and a luciferase sensor assay.

In order to assess the efficiency of fully LNA-modified 6-8-mer oligonucleotides in targeting and
antagonizing the let-7 family of miRNAs, a luciferase sensor construct was made, containing
some 800 bp of the HMGAZ 3'UTR. The sequence cloned into the vector contains four out of
seven functional let-7 binding sites (sites 2-5), as previously demonstrated by Mayr et al.
(Science, 2007) and Lee and Dutta (Genes Dev, 2007). In order to monitor let-7 Inhibition, the
hepatocsllular carcinoma cell line Huh-7 (with low to non-existing levels of endogenous let-7)
was transfected with the luciferase sensor construct, with let-7a precursor miRNA, and with the
6-9 mer let-7 antagonists SEQ [D #3232, -3233, -3227, -3234, -3235; see Figure 27) at
increasing concentrations. The 6-9-mer LNA-antimiRs were compared with SEQ 1D #3228, a
15-mer against let-7a as a positive control. After 24 hours, luciferase activity was measured.
Results: As seen in Figure 28, the fully LNA-modified 8- and 9-mer LNA-antimiRs (SEQ ID
#3227, SEQ ID #3234, and SEQ ID #3235) show similar potencies in de-repressing the let-7
targets in the luciferase sensor assay, as the positive confrel 15-mer SEQ ID #3226. Full target
de-repression for these highly potent compounds is achieved already at 1-5 nM, whereas the 7-
mer SEQ ID #3233 needs to be present at slightly higher concentrations (10 nM) to generate
the same effect, However, the 6-mer SEQ ID #3232 shows no effect even at as high
goncentrafions as 50 nM. The de-repression of luciferase activity by the 7-2- and the 15-mer
LNA-antimiRs is dose-dependent, which |s particularly clear in the case of the slightly less
potent SEQ ID #3233.

Conclusion: 7o concluds, the 8-9-mer LNA-antimiRs (SEQ 1D #3227, SEQ ID #3234, and SEQ
ID #3235) show equal antagonist potencies in inhibition of let-7a in vitro compared to the 15-
mer LNA-antimiR SEQ ID #3226 fargeting let-7a. A potent effect, albeit at slightly higher
concantrattons is also seen for the 7-mer SEQ ID #3233, whereas a 6-mer has no effect at
tested concentrations,

Materials and Methods:

Cell line: The hepatocellular carcinoma cell line Huh-7 was a kind gift from R, Bartinschlager
(Dept Mol Virology, Unlversity of Heidelberg).Huh-7 cells were cultured in DMEM medium,



10

15

20

25

30

35

WO 2009/043353 PCT/DE2008/000344

78

supplemented with 10% fetal bovine serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml
Gantarnicin.

Transfaction: 8,000 cells were seeded per well in a 96-well plate the day before transfection in
order to receive 50-80% confluency the next day. On the day of transfection, Huh-7 cells in
each well were transfected with 20 ng HMGAZ2 3'UTR/psiCHECK2 plasmid, let-7a precursor
miRNA (Dhamacon; 10 nM end-concentration), LNA-antimiRs SEQ ID #3232, -3233, -3227, -
3234, -3235, -3226; 0-50 nM end concentratlons) together with 0.17 pl Lipofectamine2000
(Invitrogen) according to manufacturer's instructions, After 24 hours, cslls were harvested for
luciferase measurements.

Luciferase assay: Growth media was discarded and 30 pl 1x Passive Lysls Buffer (Promega)
was added to each well. After 15-30 minutes of incubation on an orbital shaker, renilla and
firefly luciferase measurements were petformed according to manufacturer's Instructions
(Promega).

Example 29: Assessment of entire let-7 family antagonism by 8-, and 15-mer LNA-
antimiRs in Huh-7 cells transfected with a luciferase sensor assay. -

In order to assess the efficiency of a fully LNA-modified 8-mer oligohucleotide in antagonizing
the entire let-7 family of miRNAs, the same luciferase sensor construct as described in the
previous example was used. Again, Huh-7 cells {with low to non-existing levels of endogenous
let-7) were transfacted with the sensor construct, with one of the family-representative let-7a,
let-7d, lot-7e, or let-7i precursors, and with the antagonist SEQ |1D #3227 at Increasing
concentrations. The 8-mer LNA-antimiR was compared to SEQ ID #3226, a 15-mer against let-
7a as a positive and potent control, After 24 hours, luciferase activity was measurad.

Results: As seen in Figure 29 the fully LNA-modified 8-mer LNA-antimiRs (SEQ ID #3227)
show similar potencles In de-repressing the various let-7 targets in the luciferase sensor assay,
as the positive control 15-mer SEQ D #3226. Nearly full target de-repression for the 8-mer s
achleved already af 0.5-1 nM, except in the case with let-7e premiR (Fig. 29C), to which only 7
out of 8 nucleotides of SEQ ID #3227 hybridizes to the target. However, despite the terminal
mismatch In thls case, SEQ ID #3227 generates full targst de-repression at 5 nM. The positive
control 15-mer shows potent antagonism of all precursors and gives nearly full de-repression at
0.5 nM. The de-repression of luciferase activity by both the 8- and the 15-mer LNA-antimiRs is
clearly dose-dependesnt, as seen in all four panels (Fig 20A-D).

Conclusion: To conclude, the 8-mer LNA-antimiR (SEQ ID #3227), Is a potent antagonist
against four representative let-7 family members in vifro, and thus likely against the entire
family. Comparad to a 15-mer positive control antagonist, SEQ 1D #3226, the 8-mer is equally
potent for three of four targets, and slightly less potent for the fourth target, let-7e, explalned by
a terminal mismatch in this case.
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Materials and Methods:

Cell line: The hepatocellular carcinoma cell line Huh-7 was a kind gift from R. Bartinschlager
{Dept Mol Virology, University of Heidelberg). Huh-7 cells were cultured in DMEM medium,
supplemented with 10% fetal bovine serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml
Gentamicin,

Transfaction: 8,000 cells were seeded per well in a 86-well plate the day baefore transfection in
order to receive 60-80% confluency the next day. On the day of transfectlon, Huh-7 cealls in
each woll were transfected with 20 ng HMGA2 3'UTR/psiCHECK2 plasmid, with let-7a, -7d, -7e,
or -7i precursor miRNA (Dharmacon; 10 nM end-concentration), and with LNA-antimiRs SEQ
ID #3227 and SEQ D #3226; 0-50 nM end concentrations) togathar with 0.17 pl
Lipofectamine2000 (Invitrogen) according to manufacturer’s instructions. After 24 hours, cells
were harvested for luciferase measurements.

Luciferase assay: Growth medium was discarded and 30 pl 1x Passive Lysis Buffer (Promega)
was added to each well. After 15-30 minutes of incubation on an orbital shaker, renilla and
firefly luciferase measurements were performed according to manufacturer’s instructions

{Promega).

Example 30. Assessment of endogenous let-7 antagonlsm by SEQ 1D #3227, an 8-mer

" LNA-antimiRs, in Hel.a cells transfected with a luciferase sensor assay.

In order to datermine the efficiency of a fully LNA-modified 8-mer oligonucleotide in targeting
and antagonizing endogenous let-7, the same luciferase sensor construct as described In
previous two examples, was co-transfected with SEQ 1D #3227 Into the carvical cancer call [ine
Hela (that expresses moderate to high levels of let-7 as determined by Q-PCR; data not
shown). Empty psiCHECK-2 vector was inciuded as a negatlve control.

Results: As sesn in Figure 30, the fully LNA-modified 8-mer LNA-antimiR SEQ 1D #3227 shows
potent antagonism of endogenous let-7, and gives full target de-represslon at concentrations of
5-10 nM. The de-repression of luclferase activity is dose-dependent, starting around 1 nM and
reaching a plateau at approximatsly 10 nM.

Conclusion: To conclude, the 8-mer LNA-antimiR (SEQ ID #3227), is a potent antagonist
against also endogenous let-7 in vifro, and thus provides definite evidenca that entire miRNA
families can be successfully targetad by short and fully LNA-modified antagonists.

Materials and Methods:

Cell line: The cervical cancer cell line Hel.a was purchased from ATCC (#CCL-2™). Hela cells
waere cultured in Eagle's MEM medium, supplemented with 10% fetal bovine serum, 2 mM
Glutamax, 1x NEAA and 25 ug/ml Gentamicin.

Transfection: 8,000 cells were seeded per well in a 86-well plate the day before transfection in
order to receive 50-70% confluency the next day. On the day of transfection, Hela cells in each
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well were co-transfecied with 20 ng HMGAZ2 3'UTR/psICHECK2 plasmid or psiCHECK-2 (empty
vector), and with LNA-antimiR SEQ ID #3227 (0-50 nM, end concentrations) together with 0.17
pl Lipofectamine2000 (Invitrogen) according to manufacturer's instructions. After 24 hours, cells
ware harvested for luciferase measuraments.

Luciferase assay: Growth media was discarded and 30 pl 1x Passive Lysis Buffer (Promega)
was added to each well, After 15-30 minutes of incubation on an orbital shaker, renilla and
firefly luciferase measurements were performad according to manufacturer’s instructions
(PFromega).

Example 31. Assessment of miR-21 antagoniem by an 8-mer LNA-antimiR-21 (#3205)
versus an 8-mer (#3219) scrambled control LNA in the human colon carcinoma cell line
HCT116.

We have previously shown in this application, that an 8-mer LNA-antimIR that is fully LNA-
modified and phosphorothiolated effectively antagonizes miR-21 in the human cervix carcinoma
cell line Hel.a, the human breast carcinoma cell line MCF-7, the human prostate cancer cell line
PC3 and human hepatocellular carcinoma HepG2 cell line. We extended this screening
approach to the human colon carcinoma cell line HCT116. To assess the sfficiency of the 8-mer
LNA-antimiR oligondc!eotide against miR-21, luciferase reporter constructs were generated in
which a perfect match target site for the mature miR-21 was cloned info the 3'UTR of the Renilla
luciferasa gene. In order to monitor miR-21 Inhibltlon, HCT116 cells were transfected with the
luciferase constructs fogether with the miR-21 antagonist #3205 (8-mer) and for comparison of
specificity with the 8-mer LNA scrambled control (#3219). After 24 hours, luciferase aclivity was
measured.

Results:The luciferase reporter exparimants showed a dose-dependent de-repression of the
luciferase miR-21 roporter activity with the 8-mer LNA-antimiR against miR-21 (#3205) and
complete de-repression was obtained at 5 nM (Figure 31). When comparing the specificity of
the 8-mer perfect match and the 8-mer scrambled confrol, the scrambled control LNA-antimiR
(#3219) did not show any de-repression at all, demonstrating high specificity of the LNA-antimiR
compound against miR-21.

Conclusion: The 8-mer (#3205) is potent in targeting miR-21 and antagonism of miR-21 by
#3205 is specific.

Materials and Methods:

Cell line: The human colon carcinoma HCT116 cell line was purchased from ATCC (CCL-247).
HCT116 cells ware cultured in RPMI medium, supplemented with 10% fetal bovine serum, and
25 ug/ml Gentamicin.
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Transfoction: 110.000 cells were seeded per well in a 12-well plate and transfection was
performed. HCT116 cells were transfected with 0.3 ng miR-21 luciferase sensor plasmid or
empty psiCHECK?2 vector together with 1.2 pl Lipofectamine2000 (Invitrogen) according fo the
manufacturer's instructions. Transfected were also varying concentrations of LNA-antimiR and
contro} oligonuclectides. After 24 hours, cells were harvested for luciferase measurements.
Luciferase assay: The cells were washed with PBS and 250 pl 1 x Passive Lysis Bufier
(Promega) was added to the wells. The plates were placed on a shaker for 30 min., after which
the cell lysates were transferred to eppendorf fubes. The cell lysate was cenfrifugated for 10
min at 2.500 rpm after which 50 pl were transferred to 2 96 wall plate and luciferase
measurements were performed according to the manufacturer's instructions (Promega).

Example 32, Knock-down of miR-21 by the 8-mer #3205 LNA-antimiR reduces colony
formatlon of PC3 cells.

A hallmark of cellular transformation 1s the ability for tumour cells to grow in an anchorage-
Independent way in semisoclid medium. We therefore performed soft agar assay which Is a
phenotypic assay that Is relevant for cancer, given that it measures the decrease of tumour
cells. We fransfected #3205 (perfect match LNA-antimiR-21) and #3219 (LNA scrambled
control) into PC3 cells, and after 24 hours plated cells in soft agar. Colonies were counted after
12 days. We show in Figure 32 that inhibition of miR-21 by #3205 can reduce the amount of
colonies growing in soft agar compared to the scrambled control LNA treafed or untreated
control (transfected, but with no LNA), demonstrating decrease of tumour cells.

Concluslon: The S8-mer (#3205) targeting the miR-21 family reduces the number of colonies in
soft agar, demonstrating proliferation arrest of PC2 cells.

Materlals and Methods:

Cell lins: The human prostate carcinoma PC3 cell line was purchased from ECACC
(#90112714). PC3 cells were cultured in DMEM medium, supplemented with 10% fetal bovine
serum, 2 mM Glutamax and 25 ug/mi Gentamicin,

Transfection: 250.000 cells were seeded per well in a 6-well plate the day before transfection in
order to receive 50% confluency the next day. On the day of transfection, PC3 cells were
transfected with 25 nM of different LNA ollgonucleotides with Lipofectamine2000.

Clonogenic growth in soff agar: 2.5%10° PC3 cells were seeded in 0.35% agar on the top of a
base layer containing 0.5% agar. Cells were plated 24 hours affer transfection. Plates were
incubated in at 37°C, 5% CO» In a humified incubator for 12 days and stained with 0.005%
crystal violet for 1 h, after which cells were counted. The assay was performed In friplicate.
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Example 33. Silencing of miR-21 by the 8-mer #3205 L.NA-antimIR reduces colony
formation of HepG2 cells. miR-21 is overexpressad in the human hepatocellular carcinoma
cel! line HepG2 and we have previously shown that we are able to regulate the luciferase
activity of a miR-21 sensor plasmid with #3205 in these cells. HepG2 cells were transfected with
#3205 and #3219 (scrambled 8-mer), and after 24 hours plated into soft agar. Colonies were
counted afier 17 days with a microscope.

Results: We show in Figure 33 that inhibition of miR-21 by #3205 can reduce the amount of
colonies growing in soft agar, showing that proliferation arrest has occurred. In additlon, our
scrambled 8-mer control, #3219, had no significant effect on the number of colonles.
Conclusion: The 8-mer (#3205) targeting the mIR-21 reduces the number of colonies in soft
agar, Indicating proliferation arrest of HapG2 cells.

Materials and Methods:

Cell line: The human hepatocytic HepG2 cell line was purchased from ECACC (#35011430).
HepG2 cells were cultured in EMEM medium, supplemented with 10% fetal bovine serum, 2
mM Glutamax and 25 ug/ml Gentamicin,

Transfection; 650.000 cells were seeded per well in a 6-well plate and reverse transfection was
performed. HepG2 cells wera transfected with 0.6 pg miR-21 luciferase sensor plasmid or
empty psiCHECK2 vector together with 2,55 ) Lipofectamine2000 (Invitrogen) according to the
manufacturer's instructions. Transfected were also LNA-antimiR and control oligonuclectides as
varying concentrations. After 24 hours, the cells ware harvested for luciferase measurements.
Clonogenic growth in soft agar: 2.0x10* HepG2 cells were seeded in 0.35% agar on the top of
a base layer containing 0.5% agar. Cells were plated 24 hours after transfection. Plates were
incubated In at 37°C, 5% CO; in a humified incubator for 17 days and stained with 0.005%
crystal violet for 1 h, after which cells were counted. The assay was performad in triplicate.

Example 34. Silencing of miR-21 by the 8-mer #3205 LNA-antimiR inhibits cell migration
in PC3 cells.

Cell migration can be monitored by performing a wound healing assay (=scratch assay) where a
"sgratch® is made in a cell monolayer, and Images are captured at the beginning and at regular
intervals during cell migration. By comparing the images, quantification of the migration rate of
the cells can be determined. This was done in the human prostate cancer cell line PC3. Cells
were seeded, and on day 3 the cells wers transfected, and the next day, when 100% confluency
was reached, a scratch (=wound) was made. When the scratch was made, pictures were taken
in order to document the initial wound, Afterwards the area of the wound closure Is measured at
different time polints with the free software program Image J. As shown in Figure 34A, PC3 cells
had been treated with 25 nM #3205 (periect maich, miR-21), the control #3219 or left
untransfected. Pictures were taken after 24 hours, and the area was calculated for the wound
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closure at respective time-point. The wound closure for the untransfected cells and for the
conirol, #3219, was faster as compared to our LNA-antimiR against miR-21, #3205, indicating
that #3205 inhibits miR-21 and prevents the cells from migrating (Figure 34B),

Conclusion: The 8-mer (#3205) targeting miR-21 inhibits the cell migration of PC3 cells
compared to untransfected and control transfected cells.

Materials and Methods:

Cell line: The human prostate carcinoma PC3 cell line was purchased from ECACC
(#90112714). PC3 cells were cultured in DMEM medium, supplemented with 10% fefal bovine
serum, 2 mM Glutamax and 25 ug/ml Gentamicin.

Scratch assay: 150.000 cells were seeded per well in a 8-well plate three days befors
transfection in order to recelve 100% confluency the next day. At 24 hours after transfection, a
scratch was made in the cell monolayer with a 200 pl tip. Pictures were taken at 0 h and after 24
hours by using a digital camera coupled to a microscope. The software program Image J was
used to determine wound closure.

Example 35. Length assessment of fully LNA-substituted LNA-antimiRs antagonizing
miR-155.

We have previously shown a length assessment for miR-21 regarding fully LNA-substituted
LNA-antimiRs, and showed that the most potent LNA-antimiRs are 7-, 8- or 2 ntin length. The
same experiment was repeated with miR-155. A perfect match target site for miR-155 was
cloned into the 3'UTR of the luciferase gena in the reporter plasmid psiICHECK2 and transfected
into the mouse RAW macrophage cell line together with fully LNA-substituted LNA-antim!Rs of
different lengths. Because the endogenous levels of miR-155 are low in the RAW cell iine, the
cells were treated with 100 ng/ml LPS for 24 hours in order to induce miR-155 accumulation.
Aftar 24 hours, luciferase analysis was performed.

Results: As shown in Figure 35, the most potent LNA-antimiRs are #3207(8 nt) and #3241 (9
nt), reaching almost a 80% de-repression af only 0.25 nM LNA conceniration. The 6-mer
(#3244) shows no significant de-repression. Increasing the length fo 12-mer to 14-mer (#3242
and #3243) decreased the potency as shown by less efficlent de-represslon of the miR-155
reporier.

Conclusion:The most potent fully LNA-substituted LNA-antimiRs targeting mIR-155 were an 8-
and 9-mer (#3207and #3241).

Materials and Methods:

Cell line: The mouse macrophage RAW 264.7 cell line was purchased from ATCC (TIB-71).
RAW cells wera cultured in DMEM medium, supplemented with 10% fetal bovine serum, 4 mM
Glutamax and 25 ug/ml Gentamlcin.
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Transfection: 500.000 cslls were seeded per well in a 6-well plate the day before transfection in
order to receive 50% confluency the next day. On the day of transfection, RAW 264.7 cells
were transfected with 0.3 ug miR-155 perfect match/psiCHECK2 or emply psiCHECK2 vector
together with 10 w Lipofectamine2000 (invitrogen) according to the manufacturer’s instructions.
Transfected was also varying concentrations of LNA-antimiRs. In order to induce miR-155
accumulation, LPS (100 ng/ml) was added to the RAW cells after the 4 hour incubation with the
transfection complexes. After another 24 hours, cells wers harvested for luciferase
measuremsnts.

Luciferase agsay: The cells were washed with PBS and harvested with cell scraper, after which
cells were spinned for 5 min at 2.500 rpm. The supernatant was discarded and 50l 1 %
Passive Lysis Buffer (Promega) was added to the cell pellet, after which cells were put on ice
for 30 min. The lysed cells were spinned at 10.000 rpm for 30 min after which 20 ul were
transferred to a 96-well plate and |uciferase measurements ware performed according to the

manufacturer's instructions (Promega).

Example 36. Plasma profein binding for the fully LNA-substituted 8-mer #3205 targeting
miR-21 (LNA-antimiR-21).

The plasma proteins are not saturated with #3205 at the plasma concentrations in the
experment shown in Figure 36A. In & wids range of #3205 concentrations in the plasma the
protein binding is around 95% of the #3205 LNA-antimiR-21 in Figure 36B. At #3205
concentrations 50.1 uM (174 pg/mL) the binding capacity of plasma proteins for FAM-labeled
#3205 has not been saturated.

Materials and Methods: Mouse plasma (100 uL) was spiked with FAM-labeled #3206 to
0.167, 1.67, 5.01, 10.02, 16,7, 25.05 and 50.1 pM concentrations. The solufions ware incubatad
at 37°C for 30 minutes. The solutions were transferred to a Microcon Uliracel YM-30 filter
(regenerated cellulose 30.000 MWCO). The filters were spun for 20 minutes at 2000g and at
room temperaturs in a microcentrifuge. The filtrate was diluted 5, 10 and 20 times and 100pL
samples were transferred to a microtiter plate (Polystyrene Black NUNC-237108). The
fluorascence was detected using a FLUOstar Optima ellsa reader with excitatlon 458 nm and
emission 520 nm. The amount of unbound FAM-abeled #3205 was calculated from a standard
curve derived from flitrated plasma spiked with FAM-labeled #3205 at 12 different (0.45 - 1000
nM) concentrations. The numbers were comected with the recovery number established from
filtration experiments with #3205 concentrations 0.167, 1.67, 5.01, 10.02, 16.7, 25.05 and 50.1
uM in filtrated plasma. The recovery of FAM-labeled #3205 was 86%.
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after single Intravenous administration of **S-labelled #3205 LNA-antimiR-21.

In order to determine the biodistribution of a short fuily LNA-modified LNA-antimiR (#3205, 8-
mer) a whole body tissue distribution of radiocactively labeled compound was done in mice. *s-
labelled #3205 was dosed to mice with a single infravenous administration and mice wers

sacrificad at different time-points, ranging from 5 min to 21 days.

Table 6(i). Individual tissue concentrations (ug #3205/g tissue) after a single infravenous
administration of *3- labelled #3205 in fernale plgmented mice. The figures are mean values of
three measurements for each tissue and ratio. The coefficient of variation (CV) is generally

about 10%.
[ Tiasue Mex, Gone of ollge yg Time of Max conc. hours T hours
#3205/g tissue _
[ Adrenal gl. 18,6 0,083 374
Blla 4 1
Bong marrow 72 . 0,083 411
Brain 0.4 0,083
Brown fat [if:] 0,083
Gastric muc. 10,1 0,083
Haart blocd 262 0,083 10,3
Kidney aix. 53,7 24 104
Liver 11,8 0,083 588
10,7 24
Lung 13.2 0,063 280
| Lyniph hode 5 0,083 262
24 48
Lymph 18,8 4
20,8 168
Myocardium 8.1 0,083 862
COvary 13 0,083 188
Pancregs 5 _ 0,083
Pltuitary gl. 8,7 0,083
Sativary gl. 8,6 (0,083 405
55 168
akel. Muscle 4,8 0,083
Skin plg. B4 0.25
|_Splean 1K 0,083 564
Thymus a8 0,083 185
Thyrold gl 109 0,083 592
Urina 3289 0,063
Uleus 9.6 0,25 177
Uvea of the eye 13,6 0,083
LOGQ 0,045 0,083
0,033 24
0,03 168

Table 6(ll) Tissue fo liver rafios after single intravenous administration of 353- labelled #3205 in

female pigmented mice.

[ F5#3206
Anlmal no 10 i1 12 13 14 15 16 17 18
Surv, Time {h} 0,083 025 1h 4h 24h 48h 96h 168 504
Organ
Adrenal gl Tiver Iver liver IIvar fiver Niver liver iver liver
Bile 1,16 1,08 0,52 0z7 | 024 026 0.23 0,18 017
Bone marmow 0,03 0.11 0,55 0,10 0,03 0,07 0,04 0,03 0,04
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[ Braln 061 | 081 0,55 045 | 040 | 048 043 0,42 0,34
Brown fat 0,03 0,03 o.M 0,00 | 000 0,00 0,00 0,00 0,00
Gastric muc 0,75 0,57 0,20 012 | 007 0,12 0,08 0,10 0,07
Heart blood 0,86 0,71 0.31 022 0,10 021 0,15 0,16 012
Kidney otx 223 1,01 0.74 0,11 oM 0,00 0,00 0,00 0,00
Liver 2,87 3,84 6,45 6,65 551 6,60 3,82 224 0,40
Lung 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Lymph neda 1,12 0,87 0,63 0,00 0,04 0,04 0,03 0,02 002
Lymph 0,43 0,40 0,25 049 | om 0,32 0,20 0,17 0,12
Myocardium 0.82 1,09 1,78 278 | 1.03 2,05 1,62 3,17 1,89
Ovary 0,69 0,63 0,30 0,13 0,10 0,15 0,00 0,11 0,12
Pancreas 1,10 1,40 0,81 0,31 0,27 a28 0.21 021 0,08
Pluftary gland 0,42 0,37 0,22 0,18 0,12 0,17 0,17 0,15 0,11
Salivary gland 0.57 0,54 0.28 0.11 0,15 0,16 0,12 0,10 0,08
Skel. muscle 0,73 0,81 0,38 0.26 0,25 0,42 0,23 0,85 0,24
Skin, pigm. 0,40 0,28 0,14 0,04 0,02 0,04 0,03 0,03 0,03
Spleen 0,34 0,69 0,65 0,36 0,20 0,28 0,20 0,19 0,13
Thyrntes 0,53 0.86 0,44 0;32 0,24 0,34 0,35 029 0,31
Thyroid gland 0,32 0.31 0,14 007 | 008 0,08 0.05 0,04 0,02
Urne 0,9 1,2 0,43 0,28 0,25 0,34 0,19 0,28 0,25
Ulerus 27,96 | 3948 | 980 544 0,24 0,38 0,12 0,15 0,03
Uvsaoftheaya | gzg 1,23 0,65 0,30 0,30 0,07 0.27 018 0,08

Conclusions: #3205 shows blood clearance of radloactivity with elimination half-lives of 8-10
hours. High levels of radioactivity were registered in the kidney cortex, lymph, liver, bone
marrow, spleen, ovary and uterus. The highest level of radioactivity was reglstered In the kidney
cortex showing five times higher levels than that of the liver for #3205. A strong retention of
radicactivity was noticed in the kidney cortex, lymph, liver, bone marrow and spleen for #3205
LNA-antimiR-21.

Materials and Methods:

Dose administration: All mice were welghed before administration. Nine famale mice were given
10 mg/kg of *°S-#3205 intravenously in a tall vein, The volume given to each animal was 10
mL/kg of the test formulation. The spacifie activity 75.7 pCi/mg. Individual mice were Killed 5
min, 15 min, 1 hour, 4 hours, 24 hours, 2 days, 4 days, 7 days and 21 days after administration
of #3205.Whole body autoradiography: The mice were anaesthetized by sevoflurane, and then
immediately immersed In heptane, cooled with dry ice to -80°C, ABR-SOP-0130. The frozen
carcasses were embedded in a gel of aqueous carboxymethyl cellulose (CMC), frozen in
ethanol, cooled with dry tce (-80°C) and sectioned sagittaly for whole body autoradiography,
according to the standard msthod, ABR-SOP-0131. From each animal 20 ym sections were cut
at different levels with a cryomicrotome (Leica CM 3600) at a temparature of about -20°C. The
obtained sections were caught on tape (Minnesota Mining and Manufacturing Co., No. 810) and
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numbered consecuiively with radioactive Ink. After being freeze-dried at -20°C for about 24
hours, selected soctions were covered with a thin layer of mylar foil, and put on Imaging plates
(Fuji, Japan). Exposure took place in light tight cassettes in a lead shielding box at -20°C, {o
protect the image plates from environmental radiation. After exposure the imaging plates were
scanned at a pixel size of 50 pm and analyzed by radloluminography using & biolmaging
analysis system (Bas 2500, Fuji, Japan), and described in ABR-SOP-0214, A water-soluble
standard test solution of S radioactivity was mixed with whale blood and used for production of
a calibration scale, ABR-S0P-0251. However, the different blood standards were dissolved In
500 uL. Soluene-35. 4.5 mL Ultima Gold was then added fo the dissolved samples. As S and
4G have very similar energy spectra, a standard *C-programme (Packard 2200CA) was used
when the radioactivity for the different blood samples was settled.

Pharmacokinetic calculstions: The *°S radioactivity measured in whole blood and tissues was
expressad as nCi/g tissue and recalculated to nmol equiv/g tissue for the pharmacokinetic
evaluation. The pharmacokinetic parameters Cre, 12 and AUC were determined for the whole
blood and tissues by non-compartmental analysis using WinNonlin Professional (Pharsight
Corporation, Mountain View, CA, USA). After Intravenous administration, the concentration was
extrapolated back to zero and expressed as (Cg). The elimination rate constant A was estimated
by linear regresslon analysis of the terminal slope of the logarithmic plasma concentration-time

curve. The elimination half-ife, t,, was calcuiated using the equation, iy = In2/A. The last three
fime-points above LOG were used in the elimination halfHife calculations, if not stated

otherwise.

Example 38. Assessment of let-7 inhlbitlon /n vivo by an 8-mer LNA-antimiR, as
determined through Ras protein quantification in mouse lung and kldney

In order to investigate the possibility to antagonize the abundantly expressed let-7 family in vivo,
mice were intravenously (i.v.) injected with an 8-mer LNA-anfimiR antagonist or with saline. To
measure treatment effect, proteins were isolated from lungs and kidneys. Because the Ras
family of proteins (N-Ras, K-Ras, and H-Ras), in particular N-Ras and K-Ras, has previously
been shown to be regulated (repressed) by the let-7 family by Johnson et al. (Cell, 2005), the
aim was fo analyze whether these let-7 targets could be de-repressed /n vivo,

Results: As seen in Figure 37, the 8-mer LNA-antimiR potently de-repressed Ras protein
levels in the Kidneys of treated mice, normalized against saline controls. The up-regulation in
this organ was more than 3-fold, showing a clear in vivo effect. In the lungs, however, only a
minimal (1.2-fold) Ras de-repression was observed (Fig 18), suggesting that insuificient
amounts of LNA-antimiR has entered this organ in order to inhibit its massive amounts of let-7,
as previously described by Johnson et al. (Cancer Research, 2007).
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Conelusion: The 8-mer LNA-antimiR shows a clear effect in regulating target let-7 miRNA in
vivo, as evaluated based on Ras protein levels in treated vs. control mica, Wheraas the effect
seems to be smaller in lungs, Ras levels in the kidney show & substantial up-regulation upon
antimlRe-treatment.

Materials and Methods:_Animals and dosing: C57BL/6 female mice were fraated with 10
ma/kg LNA-antimiR or galine for three consecutive days (0, 1, and 2) and sacrificed on day 4.
Tissue samples from lungs and kidneys were snapfrozen and stored at -80°C uniil further
processing,

Wesiern blof analysis: Lung and Kidney proteins from saline and LNA-antimiR-treated mice
were separated on NuPAGE Bis Tris 4-12% (Invitrogen), using 100 pg per sample. The proteins
were transferred to a nitrocellulose membrane using iBlot {Invitrogen) according to the
manufacturer's instructions. Blocking, antibody dilution and detection was performed according
to the manufacturer's specifications. For Ras detection, a primary rabbit-anti Ras antibody (SC-
3334, Santa Cruz Biotechnology) and a secondary HRP-conjugzted swine-anti-rabbit antibody
(P0399, Dako) was used, and for tubulin detection, a primary tubulin alpha (M5-581-P1,
Neomarkers) and a secondary HRP-conjugated goat-anti-mouse antibody (P0447, Dako) was
used. '

Example 40. In vivo efficacy assessment of the 8-mer LNA-antimiR (#3205) in targeting
miR-21, as determined by Pdcd4 protein up-regulation in mouse kidney.

We have shown that an 8-rner LNA-antimiR that is fully LNA-modified antagonizes miR-21 and
has the ability to regulate the protein levels of the miR-21 target Pded4 in vifro. We therefore
infected the LNA-antimiR into mice to determine the effects of the LNA-antimiR in vivo. The
mice received 25 mg/kg of #3205 by Lv. injectlon every other day for 14 days (a fotal of &6
doses). The mice were sacrificed on day 14, the kidney was removed, and protein was isolated.
In order to determine target regulation, Western blot analysis was performed.

Results: As shown in Figure 37, trealing mice with #3205 showed significantly increased
Pdcd4 protein levels as compared to the saline control. While the normalized Pdced4 versus
Gapdh ratio was consistent in both saline samples, the protein up-regulation in the two LNA-
antimiR-treated (#32059 mice were measured to 3.3- and 6.3-fold, respectivaely, demonsirating
an in vivo pharmacologleal effect of the #3205 &-mer LNA-antimiR.

Concluslon; The fully LNA-modifled 8-mer LNA-antimiR #3205 antagonlzes miR-21 In vivo, as
demonstrated through its ability to de-repress (up-regulaie) mouse kidney levels of Pded4, a
validated miR-21 target.

Materials and Methods:

Animals and dosing: C5TBL/6 femnale mice with average of 20 g body weight at first dosing
were used in all experiments and received regular chow diet (Allromin no 1324, Brogaarden,
Gentofte, Denmark). Substances were formulated In physiological sallne (0.9% NacCl). The
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animals were dozed with LNA-antimiR or saline (0-9% NaCl), receiving an injection of 256 ma/kg
every other day for 14 days, a total of 5 doses. Animals were sacrificed on day 14.

Western blof analysiz: 80 g kidney tissue from salinge or |LNA-treated mice was separated on
NuPAGE Bis Tris 4-12% (Invitrogen). The proteins were transferred to a nitrocellulose
membrane using iBlot (Invitrogen) according to the manufacturer’s instructions. The membrane
was incubated with Pded4 antibody (Bethyl Laboratories), followed by HRP-conjugated swine-
anti-rabbit anfibody (Dako). As equal loading contral, GAPDH (Abcam) was used, followed by
HRP-conjugated swine-anti-mouss antibody. The membranes were visualized by
chemiluminiscence (ECL, Amersham).
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Table 1
SEQ ZEQ
pual m SEQ 5EQ

InioreRNA bl o RNAS equenaa NO |9=mer Mo |@=mer ID MO |7 I RO
ehv—miR-BARTI-3p [UAGSCACCGCUAUCCACUAUGOC A0 AELEETEET | B7T|GOEETECT 1814|CEETEET 2851
abv-miR-BART1-5p [UCOUAGUGERAGUGARCGUGCUGUG 41|TCCACTARNG | 278|CCRCTAMG 1915|CACTARG 2852
abv=-miPF-BARTIO TACATMACCATGGACTIGECHETT 42 (TGETTATGT | 979(GGTTATAT 1916|GTTATGT 2853
ehbv-miR-BRRT10+ GCCACCUCTUUGGUUCUGUACA 43|aAGREETEE | 980 (AGAGGTGE 1517 |GAGETEG 2854
abv-miR-BART11-3p |ACGCACACCAGGCUGRCUGCC A4 |TEETETECE | 981 |GGETETECE 1918|GTETEEE 28535
ebr=-miR=BART11-5p (UCAGACRGOUUGEIGCGCUAGUUG 45 (AACTGTCTG | 382(ACTGTCTG 1919|CTGETCTG 2056
ehr-mlRE-RART12 UTCCOGUGEUGUIDGGTEUGETY A6|CACCACAGS | 983 (ACCACAGS 1520|CCACAGG ZB57
ebvy-miR-BART13 |UETARCOUGCCAGGGACGECUGA 47 |GCRAGTTAS | 934 |CARGTTAC 1521 |ARGTTAC ZB5H
ebyv=miE=BART13* AACCGECUCGUGGECUCGEUACAG 48|CEAGCCGGET | 985 |GAGCCEET 1922 |AGCCGET 2952
ebv-mlR-BART14 UAARTGCUGCAGUAGURGHGERY 49|GCAGCATTT | 98 6(CAGCATTT 1923 [AGCATIT 2860
ebv-min-BART14* TACCCUACGCOGTCGAUDUACA 5Q|GCGTAGGET | 987 |CGTAGGGT 18524 |GTAGGET 2E6l
ebv-miR-BART1S GHCAGUGEOUUUGUTUCCUTEA 51|AACCRCTER | SB8|ACCACTGEA 1925|CCRCTER 2802
ehv-miF=-BART16 DUAGATAGAGUGGGUGUGUGCUCT 52 |CTCTATCTA | 980(TCTATCTA 18926|CTATCTA 2863
ebv-miR-BART17=3p |UGUAUGCCUGGUGUCCCCUURGT 53|CAGGEATAS | BRO|AGGCATAC 1927|cGCATAC 2864
sbv-miR-BART17-5p |OAAGAGGACGCAGECAUACARG S4|CETCCTCTT | 991 |E@TCCTCTT 1923|TCCTCTT 2865
abyv-miR-BART1E-3p [UAUCGGRAAGDUTSGEGEEUDCEUC §5|ACTTCCGAT | 592 |CTTCCEAT 1925|TTCCGAT 2BE6
ebv=-miR=BART18-5¢ |UCAAGUUCGCACUUCCUATACR 56|GCGAACTTG | 993|CGRACTTG 1930|GRACTTG 2867
ebv-miR-BART19-3p |UUDUGUUUGCUTGECARUGCU 57|GCAARCARR | 994 |CARACARA 1931 |AaAACARA 2868
ebr-miE-BART19-5p [ACAUUCCCCGCAARCAUGALAUG 58|CGRGGARATG | 995(GEEGRARTE 1932 |GGEGEAATG 2868
ehv=-miR-BARTZ=-3p [BAGGAGCGAUUUTGGAGAAARTAAD S8[ATCAETCCT | 996|TCGCTCCT 1933|CGETCCT 2870
abv-nlP~BARTZ=5p |UAUDUUCOECAUUCGSCCOUSEC B0|GCAGARART | 997|CAGAAAAT 1534 |pGAAART 2871
ebv-miR-BART20-3p |CAUGARGGCACAGCCOGUDACC 61]TGCCTTCAT | 290/GCCTTCAT 1935|CCTTCAT 2872
ehv=-miE=-BARTZ20=-5p |TAGCAGECAUGUCUUCADUCC 62 |ATGCCTGCT | D99|TGCCTECT 1836|GCCTGCT 2873
ebv=-mik-BART3 CECACCACTAGUCACCREEUGET 63 |TAGTGGTGE |1L000[AGTEETEC 1937 |GTGETGE 2874
ebv~mil R=-BARTI* ACCOAGIGUHAGUGIIGTIGCT 54 |ARCRCTAGG |1001 |ACACTAGG 1938 |(CACTAGE 2875
ehv-mlR-BART4 CACCUGAUGCOECUGHUGUGIT B65|GCATCAGET |1002[CATCAGET 1835 (ATCAGET 2876
ebv-miR-BARTS CARGGUGRATATAGCUGCCCADCG 66|ATTCACCTT |1003[TTCACCTT 1940|7TCACCTT 2877
ehv=mi R=BARTE-3p |CGGRGGAUCGGACUAGCCUUAGA 67|{CCGATCCOC |1004 |CGRTECCC 1941 |GATCCCC 2878
ebv-mMiR-BARTG-5p |URAGEUDGGUCCARUCCAUAGE GR|ACCRACCTT |1005|CCAACCTT 104F |CARCOTT 2879
ebv-miR-BART7 CAUCATAGUCCAGUGICCAGEE 59|GACTATGAT |1006[ACTATGAT 1943|CTATGAT b4:4: 4]
ebv=-mlR=-BART7T* CCUGGACCUUGACUTAUGARRCS T70|RAGGTCCRG (1007 |AGETCCRG 1544|GETCCAG 2881
ebyv-mi R-BARTH TACGEUUICCOAGATOUGTACAG T1|FEARRCCET (10068 |{GARBACCGET 1345|ARNCCET 2882
ehv=-miR=-BARTEY GUCACAAUCUATGGGGUCGUAGR 72|AGATTGTGA |1005|GATTGTGA 194 6|ATTGTGA 2883
ebv=-miR-BARTS DAACRCUOCAUGGEUCCCGURGY TI|TEAAGTETT |1010|GAAGTGTT 1547 |ARGTGTT 2884
ebv—miR-BARTA* TACOGGERCCCUGARIUGRGARIDC T4|GEETCCAGT |1011 (GETCCAGT 1540|GTCCAGT 2885
ebv-miR-BHRF1-1 UAACCUGAUCAGCCCCGGRGON 75(GATCAGGTT |1012 |ATCAGGTT 1949|TCAGGTT 2886
abv—miR-BHRF1-2 DAGCHIOUGCGACAGRADTUGA TejGCaaaaGAT |1013|CAAARGAT 1350 |ARARGAT 2887
ebr=-miR~BHEF1-2* |ARAUUCUGDUGCAGCAGAUAGE 77 |AACAGARTT |1014|ACAGRATT 1251 |CAGAATT 2aBa
ebv-miR-BHRF1-3 UAACGGREAAGUGUGUAAGCACA 78|CTTCCCETT 1015 [TTCCCGTT 1252 |TCCEGTT 2889
hemy=miR-ULL12 ARGUGACGEUGAGATICCAGECT 78[ACCETCACT (1016|CCETCACT 1953ICGTCACT 2690
henv—miR-~UL14BD UCGUCCUCCCCUUCOUCACCE B0|GEGAGGALG |1017|GGRGERCG 1954 |GAGERCE 2801
hemy=-miR-UL22A URACTAGCCUUCCCEUGRER B1|AGECTRGTT |1018|GECTRGTT 1955|GCTAGTT 2892
hemv-miR-UL22ZAT UCACCAGARAUGCIAGUUUGURAG BZ|ATTCTEETS 1012 |TTCTGGTE 1956 |TCTGGTGE 2803
hemwy—min=-UL36 UEGUUGRRAGACACCUGGAARGA B3|TCTTCAACG |10Z20|CTTCARCG 1957|TTCARCG 2894
hemr-miR-ULIGH TUUCCAGEUGUTTUCARCGUGEC g4 |(crCCTGGhE, |1021|ACCTGGAR 1958 |CCTGGAR 2895
hemy-miR-OL70-3p  (GEEEADCGECUGECGCGCGE B85|GCCCATCCC [1022|CCOATCCC 19sD|CEATCEC 2886
hemer-miR=UL70=-5p |UGCGUCUCGGLCDCGUCCAGR B6|CCGAGACGC |1023 |CCAGRCEC 1360}GAGACGE 2857
hemy=tiR=T525-1 ARCCECUCRGUGGCUCGGACT B7|CTGAGCEGET (1024 |'TERAGCEET 1961 (GAGCGET 2858
honv-miR-T825-1* |JCCGRACGCEUAGEUCGEUDCTC 88|AGCETTCGEE [1025|GCGTTCEG 1962 |CETTCGE 285949
hemr-mi R-1825=2-

ip AUCCACUUGGAGAGCUCCCGLEE B9|CCARGTGEA |102 6 |CARGTEER 1263 (ARGTGGA 2900
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hennr-miR-U525-2-

Sp AGOGEUCOCUTCAGEUGERATGA S0|ACAGACCGC |1027(CAGACCGT 1864 |RGACCED 2501
hcme=-miRk=-U233=-3p |OCACGGUCCGAGCACAUCCA 91|CGGACCETE (1028 |GEACCETE 1965|GACCETE 2902
homv—miR-0S33-5p  |[GATUGUGCCOGGACCEUGGEECE 92|GGECACAAT (1029|GGCAGRAT 1566|GCACART 2903
hemv-miR-TUS4 CGACATGGACEUGCAGREEEAD 93|GTCCATGTC |1030(TCCATETC 1967|CCATGTC 2904
hemy~miR-085-1 OGACAAGCCUGACGAGAGCG S4[AGGCTTETC |1031|GGECTTGTC 1968|GCTTGTC 2905
hemrr=miR=-U55-2 UTAUGADAGGUGUGACGAUGUC 95|CCTATCATA [1032|CTATCATA L980|TATCATA 2906
haa-let=7a UGAGGIAGIAGGNOGUATAGUT 95|TACTACCTE |1033[ACTACCTC 1970(CTACCTC 2907
hsa—-let—7a* COAUACAAUCUACUGUCTOUC 97|GATTGTATA |L034|ATTETATA 1971 (TTGTATA 2908
hsa=-let-Th DEAGGUAGUAGGUUGUGUGGTT 98|TACTACCTC |1035[ACTACCTC 1a72|CTACCTC 2909
hsa-let-Th* CUATACARCCUACOGCOITCCS 99|GGETTGTATA |1036(5TTGTATA 1373|TTGTATA 2910
hsa-let-7¢ UGAGGUAGUAGGUUGUADGGUY 100PACTACCTS |1037|ACTACCTC 1974|CTACCTC 2911
hsa-lab-7u* DAGAGUUACRCCCUGGEAGUUA 101 [TETAACTCT |1038|GTAACTCT 1875|TARCTCT 2912
hea=let-7d AGAGGUAGTAGGUIGCADAGUT 102|TACTACCTC |1032|ACTACCTIC 1976|CTACCTC 2913
hsa-lat-7d* CUAUACGACCUGCUGCLUUICY 103|GETCGTATA |1040|GTCGTATA 1977|TCGTATA 2314
hsa-let-7a OGAGGUAGGAGGUUGUATAGUU 104|TCCTROCTS (1041 |COTACCTC 197B|CTACCTC 2815
hza=-let=-T7e% CUADACGECCUCCOAGCOUUCS 105|EGCCGTATA |1042 |GCCGTATA 1979|CCGTATA 2916
hza=-let=71f UGAGGUAGUAGRITOCTATAGUD 106[TACTACCTC |1043 (ACTACCTC 1980|CTACCTC 2917
haa-ler-7L-1% CUATACAAUCUATDGCCUUCCC 107 |GATTGTATA |1044 (ATTGTATA 1981 |TTGTATA 292119
hsa—-1et-7f-2* CUADACAGUCUACUGUCOUUCC 108 |SACTGTATA |1045|ACTGTATA 1982|CTGTATA 2515
hea~let-T7g UDGAGGUAGDAGUUOGUACAGUD 109|TACTACCTC |1046(ACTACCTC 1983|CTACCTC 2920
nsa-let-Tg* CUGUACAGGCCACTGCCUDGT 110|GCCTGTACA |1047 |CCTGTACR 1964 |CTGTACA 2821
hsa-lat—7i UGAGGUAGUAGUUTGUGECUGTT 111 |TACTACCTC |1048[ACTACCTC 1985(CTACCTC 2822
hsa=let=71i* CUGCECARGCOACTGCCTUGED 112 |GCTTECECA |104 2 |CTTECECA 19896)TTGCGCA 2923
hza-miR-1 UGGAAUGUARAGAAGUATUGUAT 113|TTACATTCE |1050|TACATTCS 1967ACATTCC 2824
ha#—miR-100 AACCCGUAGAUCCGAACUUGTG 114 |TCTACGGGT |1051|CTACGEET 1908 TACGGET 2325
hga=-miR-100% CARGCOUGUAUCUAUAGEUAUG 115)TACARGCTT |1052 |ACARGCTT 1989|CARGCTT 2926
hza-miR-101 TACAGUACUGUGAUAACTGAR L16|CAGTRCTET |1053[AGTACTGT 1990|GTACTGT 2927
hsa-miR-101* CAGUUAUCACAGUGCUGAUGCU 117|GTGATAACT j1Q54(TGRTAACT 1981 |GATAACT 2928
hoa-mik=-103 AGCAGCAITGUACAGGECUAUGA 118|CAATGCTGC |1055|AATGCTGT 1992 |ATGCTEC 2929
hsa-riR-103-as UCAVAGCCCOGUACARTGCUGCY l19|AGGGLTATG |1056(GGGCTATG 1993|cELTATE 2930
haa-miR-105 UCAAAUGCUCAGACUCCOGUGGED 120|GAGCATTTG (1057 (AGCATTTG 1584 |GCATTTG 2031
haa=-miR=-105% ACGEAUGUUUGAGCAUGDGCTA 121|ARACATCCE [1058|{ARCATCCG 1995(|ACATCCG 2932
hea-miR-106a AAAAGUGCUUACAGUGCAGGUAG 122 | ARGCACTTT |1039(AGCACTTT 1956(GCACTTT 2833
hga-miR-106a* COGCARUGUAMGCACUTCUDAC 123|TACATTGCA |1060[ACARTTGCA 1597 |CATTGCA 2534
hsa-mif-106b TAAAGUGCUGACAGUGCAGRY 124|CAGCACTTT |1061(AGCACTTT 1998 (GCACTTT 2835
hsa-miR-106b* CCGCACUGUGEGUACTUGCUGT 125 |CACAGTGLG 11062 [ACAGTGCE 1999|CAGTIGEG 2836
has~miR-107 AGCAGCAUDUGUACAGEGCURTCA 1268|CAATGOTGE | 1063 |ARTGCTGE 2000|ATGCTES 2937
hga-miR-10a UTACCCUGUAGAUCCGRANDDGOG 127|CTACAGGGT |1064|TACRGGET 2001 |ACAGEGET 2938
hsa-miR-10a* CARARUTCGUAUCUAGGGEAAUA 122 |TACGAATTT |LO65]ACGAATTT 2002 |CGAATTT 2935
haa-mik~-10b DACCCUGDAGARCCGRANTUGHG 129|CTACAGGGET |1066|TACAGGGET 2003 |ACAGEGET 2940
hsa-miR-10h+ |ACAGAUUCSATUCUAGCGEAARLT 130|TOCAATENS |1067|CERATETS 2004 |GARTCTG 2541
hasa-miR-1178 TUGCTUCACUGUDCUDCCCOAG 131 |CAGTGAGCA |10GR[AGTGAGCA 2005|GTGAGTA 2842
hsa-miR-1179 ARGCADUCUDUCAUDGGOUGE 132 |AAGAATGCT 11060 |AGRATGCT 2006|GAATGCT 2943
hea-miR-1180 T CGECUCGCGUGEEUGTET 133|GAGCCGGAR |1070|AGCCGEAR 2007|GCCGGAA 2544
hsa-miR-1181 CCGUCACCECCACCCEAGCCG 134|ECEECGACG (1071 |CGECGALG 2008 |GECGACE 2945
hea-miR-1182 GAGEGICIUGEEAGEGATCUGAC 135|CAAGRCECT |1072|ARGRCCCT 2002|AGRCCCT 2946
hza-miR-1183 CACUGUAGGUGAUGGUGAGAGUGESCA|136|ACCTACAGT |1073|CCTACAGT 2010|CTACAGT 2947
haa-mik=1184 CCUGCAGCGACUUGANGECUUCC 137|TCGCTGCAG |1074|CECTECAG 2011 |GCTGCAG 2948
haz-miR-1185 AGAGGATACCCUTOGURTGOU 138 |GGTATCCTC |1075|GTATCCTC 2012|TATCCTC 2948
hya-miR=1197 UAGGACACAUGGTICUACIICHT 139|ATGTETCCT |1076|TETETCCT 2013|GTETCCT 2950
hze-miR-1200 CUCCUGAGCCAUUCUGAGCCUC 140|GGCTCAGER (1077 |GCTCRGGA Z014|CTCAGGA 2951
haa-miR-1201 AGCCUGAUUARACRCAUGCUCUGA 141[TARTCAGGC |107B|AATCAGGT 2015|ATCAGEC 2952
hea-miR=-1202 GUGCCAGCOGCAGUGGEEEAG 142|CAGCTGECA |1079|RGOTGGCA 2016|GCTGGCA 2953
h3a-miR-1203 COCGGAGCCAGGAUGCAGTUC 143 TEECTCCEE | L0B0|GECTCCEE 2017|GETCOGE 2954
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h3a-miR-1204 TCGUGGECCUGEUCHCCATTALT 144|CRGECCACG |1081 |AGGCCACE 2018|GGCCACG 2855
hza-miBR-1205 UCOGCAGGFUUNGCTIUGAG 145(ACCCTGEAG |1002|CCCTGCAG 2019|CCTGCRG 2954
hoa-miR-1206 UGUUCAUGUAGAUGUOUAAGC 146(TACATGAAC (1083 |RCATGARC 2020|CATGAARC 2337
haa-miR-1207-3p DCAGCUGGCCCUCATUC 147|GGCCAGCTG |LOB4|GCCAGETG 2021 |CCAGCTG 2558
. hea-miR-1207-5p OGGCAGGCAGGCUGEGREGEE 148|CTCCCTGEE |1085|TCCCTEEC 2022|ccereee R9549
hia-miR-1208 UCACUGUUCAGACAGGCGEA 145|TGRACAGTE |10D6|GARCAGTE 2023 |ARCAGTE 2960
‘h=a-mir-122 UGGAGUGUGACARUGGUGUUUG 150|TCACRCTCC (1087 |CACACTCE Z024|ACRCTCC 2961
hea-miR-122+ AACGCCAUURATCACACURAATA 151 |TARTGGCGT |108E AATGGLET 2025|ATGGECET 2062
hza-miR-1224-3p CCCCACCUCCUCOCUCCUCAG 152 |GGAGETGEE |10B9|GAGGTEGG 2026|AGGTGES 2963
hsa-miR-1224-5p GOGAGEACUCGEGAGEUGE 153|GAGTCCTCR |1020|AGTCCTCA 2027|GTCCTCA 2964
haa~milRE=-1225=-3p UGAGCCCCUGHGCCECCCOCAR 154 |CAGGGGECTIC [109] |AGEREGCTC 2028|GGGGECTC 29465
haa-miR-1225-5p GUGGGUACGECCCARTGGEREE 155|CCGTACCCA (LOSZ|CGTACCCA 2029(cTRCCCA 2968
haa-miR-1226 UCACCAGCCCUGUGUICCCUAG L56|GEGETEETG 1053 |GGETEETE 20320(GCTGETG 867
hea-miR=-1226% GUGRGEGCATGCAGGCCHEEAUGEEE 157 ATEGCCCTICA (1024 |TGCCCTON 2031 (GECCTCA 2968
haa-miR-1227 CGUGCCACCCUTNICCCCAG 158{GEGTGECAC 1093 |GGTEGCAC 2032|GTGGCAC 2965
hsa-miR-1228 UCACACCIGCCOCGECCCOC 153 (GCAGGTETE (1096|CAGETGTE 2033 |AGETETG 2970
hza-miR-12268+ GUGGGECEEEECCAGCUGUGTG 1é0|cccogCCoh (1027 |CCCenCth 2034|CCGCCCA 2971
haa-miR~1229 CUCDCACCACUGCCCUCCCACAG 161|CTGETGRGA 1096 [TGGTGAGA 2035|GGTGAGA 2872
haa-mik=-1231 GUGTCUGGGCEGACAGCIGE 162|GCCCAGAGA |1089|(CCCAGACR 2036|CCAGACA 25873
heza-miR-1233 UGAGCCCUGUCCUCCCGCAG 1EI|ACAGGGCTE |1100|/CAGGGETE 2037|AGGGECTC 2874
hsa-miR-1234 UCGECCUGACCACCCACCCCAT 164|GTCAGGECCG 1101 |TCAGGCCG 2038 |CAGGCCG 2975
hsa-miR-1236 CCUCHUCCCCUUGUCUCTCCAG 165|GGGGRRGAG |1102|GEGAAGAG 2039|GGARCAG 2978
hea-miR-1237 UCCUDCUGCUCCGUCCCOCAG 166|AGCAGAAGG (1103 |GCAGRRGG 2040|CAGRRAGG 2077
hsa-miR-1238 COUCCUCGUCDGUCUECCoS 167 |GACGAGGAA |1104|ACGAGGAR 2041 |CGRGGAR 2978
haa-miR-124 UAAGGCACGCGGUGARNGCC 168|GCETECCTT (1105|CETECCTT 2042 |GTGCCTT 25979
haa-miR-124% CEUGIUCACAGCGGACCUUGAT 163|TGTGRRCAC (1106|GTERACAC 2043 TGAACAC 2880
hsa-miR-1243 AARCTGGADCRANUTAUAGGAGUG 170|TGATCCAGT (1107 |FATCCAGT 2044|ATCCAGT 2981
haa=-miR-1244 AAGUAGUUGGUUTIGIATGAGADGGUY 171 |CCAACTACT (110B|CAACTACT 2045|ARCTACT 2882
hea-~miR~1245 AAGUGAUGUAAAGGCCUACAT 172|TAGATCACT (1108(RGATCACT Z046|GATCACT 2983
haa-miR-1246 AAUGGAUTTUNGEAGCAGE 173|AAAATCCAT |1110|AAATCCAT 2047|AATCCAT 2984
hea=mlR=1247 ACCCOUCCCETUCGUCCCCE0A 174 |CEEGACGEEE (1111 |GEEACEGGE 2048 |GGACGESE 2995
hza-mir-1244 ACCUNCOUGUATAAGCACTEUGCUAAR |17 S ACAAGRAGE (1)12(CRAGRAGE ZDA9|ARGAAGG 2988
hsa-miR-1249 ACGCCCTUUCCCCCCCUNCTUTA 176|GGRAGGECE (1113 |GAAGGGLG 2050 |AAGEECG 2987
haa=miR=-1250 ACGGUGCUGEADGURGCCOUT 177|ccAGCACCS |1114|CAGCACCE 2051 |AGCACCE 25488
hsa—miR-1251 ACUCUAGCUGCCRAAGGLGCY 178 (CAGCTAGAG [1115|AGCTAGAG 2052|GCTACGAG 25B9
hza=-miR-1252 ACARAGGRARUUGHRAUUCATUTA 172|ATTTCCTTE (1116|(TTTCCTTC 20533 |TTCCTTC 2980
haa-miR-1253 AGAGAAGAAGAUCAGCCUGCA 180(CTRCTTCTE (1117 |TTCTTETC 2054 |TCTTCTC 2591
h&a-miR=-1254 AGCCUGGAAGCIGGAGCCUGCALY 181[CTTCCAGES 1118 |TTCCAGES 2053 (TCCRGEE 2292
hag-miB-1255%a AGCAUGACCARAGRAAGUAGAUT 182|TGCTCATCE |1119(GCTCATCC 2056 |CTCATCC 2993
hza-miR-1255b CGGATGRGCARAGCRARGIGEUT 183|TGCTCATCS [1120|GCTCATCC 2057|CTCATCC 29584
hag-miR-1256 AGGCAUUGACTUCUCACUAGLY 184|GTCAATGCC |1121|TCAATGCC 2058|CARTGCC 2885
hsa-miR-1257 AGUGAAUGAUGGEUUCTGACC 185 [ATCATICAG |1122|TCATTCAC 2059|CATTCAC 2996
haa—miR-12568 AGUUAGGATUAGEUCGUEEAR 1586|2AATCCTAAC |1123|ATCCTAAC 2060|TCCTARC 2957
hga-miR-125%8 AUAUAUGAUGACUTAGCTITD 187|CATCATATA |1124|ATCATATA 2061 |TCATATA 2998
hes-miR-12%a-3p ACAGGUGAGGUUCUDGGEAGCC 1BR|CCTCRCCTG (L125|CTCACCTE 2062(TCACCTG 25839
hsa-miR-125a—5p UCCCUGAGACCCUUDAACCUGUGA 139|GTCTCAGEE |1126[TCTCAGGE 2063 |CTCAGGE 3000
hga-miR-125h UCCCUGAGACCCUARCIUGDGA 190|GTETCAGGE (1127 TCTCAGEG 2064|CTCRGGE 300l
hsa-miR-12%h-1% ACGGEUTAGGCTCUUGGEAGCT 191|CCTARCCOE (1120|CTAACCCG 2065 |TARCCEE 3002
hsa=miR~125h—-2* DCACAAGUCAGGCUCDUGGERC 192 |TGACTTETG |1129|GRCTTETE 2066|ACTTGTG 3003
hsa-miR~-124 UCGUACCGUGAGUARUARUGCG 193 |CACGETACG (1130[ACGETACG 2067|CGGETACG 3004
hza-mdiR-126% CAOTADUACUDOUGGEUACECG 194 (AGTAATAAT (1131|STAATAAT 2068 |TAATART 3005
hsa-miR-1260 AUCCCACCUCTGCCACCA 195 |GAGETGGEA |1132|AGETGGER 2069 |GGTEEGEA 3006
hag-mir=-1261 AUGGAUARGGCUTUGGCTO 196|CCTTATCCA (L133|CTTATCCA 2070|TTATCCA 3007
hea-miR-1262 AUGCEIGRAUITGUAGAAGGAT 197|ATTCACCCA (1134|TTCACCCA 2071 |TCACCCA 3oo8e
hsa-miR-1263 ANGEIACCCUGGCAVACTGAGY 128|AGGETACCA (1135|GEGETACCA 2072|GGTACCA 3003
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hag-miR-1264 CAAGUCTUAUUUGAGCACCUGTT 198)ATAAGARCTT |1136|TARGACTT 2073 |ARGRLTT 3010
haa-miR-1265 CAGGAUGUEENCAAGUGTUGUD 200|CoRCATCCT J1137|CACATCCT 2074|acaTeeT | 30)1
hea-miR=-1266 CCUCAGGGECUGTAGRACAGEECD 201|AGCCCTGAG |1138(SCCCTGAG 2075|cocTEAaG | 3012
hsa—min-1767 COoUEUTGAASUGURAUCCCCR. 20Z|CTTCARCAG |1139|TTGARCAG 2076|TCAACAG | 3013
hea-mlR-1268 CEEECGOCRIEETGEEEG 2(3|accaccace |1140|CCACGERT 2077|cAceoCce | 3014
hea-miR-1259 COGGACUGAGCCETACTACUGS 204|CTCAGTCCR 1141 (TCAGTCCA 2078|cmeTCCA | 3015
h3a-miR=-127-3p UCGGATCCGUCUGAGEIUEECT 205[ACGGATCCEG (1142 |CAGATCCE 2079|ceaTCeE | 3016
hsa=miR=127=5p COGAAGCUCAGAGGECOCUGHT 206|TGAGCTTCA [1143|GAGCTTCA 20BO0JAGCTTCA | 3017
hea~-miR-1Z270 CUGGACAUAUGEARGAGCUGUGT 207|ATATCTCCA (1244|TATCTCCR 2001|ATCTCCA | 3018
hisa-miR-1271 CUUGGCACCUAGCRAGTACTCA 208 |AGGTGCCAA |1146|GGTGCCAA 2082|eTECCRA | 3019
hga=-miR=-1272 GAUGATGATGGCAGCAARDTCIGAAR (209|CATCATCAT |1146[ATCATCAT 2083|TCATCAT 3020
hsa-miR-1273 GGGECEACAAASCAAGACOCOUUCUD  |210|TTTEFEECT |1147 (TTETLGCE 2084 |TGTCGCC 3021
hsa-miR-1274a GUCCCUGTUCARECGLCA 211 |cAachGEEA [1148 |AACAGGGA Z0R5|ACREGEA | 3022
hoa-miR=-1274b OCCCUGUUCGGECGCEA 212|CEARCAGGE |1145(GARACAGGE 2086|ARCAGGE 3023
hag-miR=1275 GUGEGEEAGRGGCIGTT 213|TCTCCCCCA |1A50(CTCCCECh 2087|TCCooch | 3024
hea=miR=-1276 TARMGAGCCCUETEGAGRCA 2ld|ceceTerTT |1151|GECTCTTT 20808|GCTCTTT 3025
haa-miR-1277 UACGUAGAUATATATGTADTOOU 215(TATCTAGCGT |1152|RTCTACGT 2088|TetaceT | 3026
hsa-miR-1278 UAGCUACUGUGCAUATGATCUALT 216|CACAGTACT [1153[ACAGTACT 2090|cAaGTACT | 3027
haa-mik=-1279 DeATATDCCTICOUTCT 217|aGCARTATG 1154 |GCARTATG 2091 |CAATATG 30z2e
hza-miR-128 TCACAGUGARCCGRUCUCTUD 218 |TTCACTETE (1155 | TCACTETG 2092 |CcACTETG 3029
hsa-miR-12B0 OCCCACCECUGCCACCE 219|AGCEETGES (1156|GCEGTERR 2093|CEETEEE | 3030
hsa-miR=1281 UCECCUCCUCCuCUCCe 220|GhEGAGGCGE 1157 |AGGAGEEE 2094)GGAGGCE | 3031
hea=-miR-12B2 uCeIugGCCoigyocuacoy 221 |RGECARACG |1158|GECARACG 2085|GCRAACE 3paz
hsa-miR~1283 DCTACAAAGGAARGCECOOUCD 222 |CCTTTGTAG [1159|CTTTETAG 2096|TTTGTRAG 3033
hsa=-miR=12&4 OCHAUACRGACCCUGGCOUTIUG 223|TCTGTATAG |1160|CTGTATAG 2097|TGTATAG 3034
hga~miR-1285 UCUGGEGCRACARRGUEAGRCCT 224 |grrGeecAs (1161 |TTGCCCAG 20aB|reeccne 3035
hea-miR-1266 UGCAGGACCAAGAUGAGLCCT 225|TGETCCTEE |1162|GETCCTGE 2099|GTCCTGE 3036
haa-miR-1287 UGCUGGAUCAGUGGUUCGAGTL 226|TGATCCAGE (1163 (GATCCRED 2100|aTCCAGE 3037
hsa-miR-1288 UGEGACDGCCCUGRUCUCEAGR 227|GEECASTOS (1164 |GECAGTCC Zi10l|achRETCC | 3038
hsa=-miR=-120% DGEAGUCCAGGARUCTGCANUTT 228|CTEGACTCE (1165 [YEEACTCT 2102|GEACTCC 3038
haa=-miR-129* AAGCCCUUACCCCARRRAGUIAL 229|GTAAGEGCT |1166 | TARGEGCT 2103|AAGGGECT 3040
hsa-miR-129-3p AAGCCCUUACCCCARRAAGCAD 230|GTARGEECT 1167 |TAAGGGECT 2104|aAGEGECT 3041
haa-miR=]129=5p COTUUUGCGEUCUGGECUUGE 231|CCGCRARAA |1168(CGCARRRA 2105|GCARRRA 3042
hpa-miR-1250 UGEATINTUGGEAUCAGGEGA 232 |CARAAATCC [1169|ARRAATCC 2106|ARRATCC | 3043
hsa-miR=-12821 UGGCCCUGACTUGARGACCAGCAGY 233|eTeaceece [1170|TCAGEECC 2107\checaee | 3D44
hea-miR~1252 UEEECAACGGEUTCCGECAGALGCOGE {234 |CCCETTCCC |117] | CoarTece 2108|CGTTCCG | 3045
hea-miR-1223 DGEGFUEEICTGEAGATIUGTGE 235(AGACCACCEC [1172 |GRCCACCC 210%(aceacce | 3046
hzA-miR-1234 IGUGAGEIUGECATDEUNGICT 236|CAACCTCAC {1173 |AACCTCAC 2ilp(aceToRe | 3047
haa-miR-1295 UUAGGCCGCAGATCUGEEUGR 237|TECGRECCTA (1174 (GCGECCTA 211} |ceGooTAa | 3048
hza-miR-1296 UDAGGGCCCOSECUCCANCUCT 238[RGEGCCCTA |1175|GEECECTA 2112|8GCCCTA | 3049
hya-miR-1297 UUCAAGUAAUOUCAGGUS 239|ATTACTEGA |1176|TTACTTGEA 2113|TACTTGA 3050
haa=-mik=129§ GUCAUTCGGCUGUCCAGAUGUA 240|GCCGAATGA |1177|CCCAATEA 2114|CGRAATGA | 3051
hea=-miR-1299 UOCOGGARTOCUGUGTGAGGGA 241 |ARTTCCAGA (1178|ATTCCAGA 2115|TTCCAGA 3052
hea-miR-1300 DUGAGAAGERAGECTGEEUR 242 [PCCTTCTCA [1179|CCTTCTCA 2116|¢rreTcR | 3053
ha-mik=37301 OUGCAGCUGCCUGGGAGUGACIUG 243(GCAGCTECA, [1180|CAGCTECA 2117|AGCTGCA | 3054
hea=-miR-1302 UUGGEACATACUTATIGCORAR 244|TATETCCCA [11B1|ATGTCCCA 2118|{TETCCCA 3055
hsa-miR=-1303 UOUAGAGACGGGEUCUTGCUCY 245[CGTCTCTAA |11E82|GTCTCTAR 2119|TCTCTAR 3056
hsa=-miR-1304 OTIGAGGCURACAGOGRERTIGUG 246|TAGCCTCAR |11B3 [AGCCTCAR 2120|GCCTCAA | 3057
hoa-miR-1305 UUUUCAACUCUARDGGGAGAGH 247|GaGTTGRAA |1104{AGTTGARR 2121|eTTGARA | 3058
hsa-miR-1306 ACGOUGECUCUGEUEEUG 248|GAGCCAACT |11BS|AGCCARCE 2122|GCCAACG | 3059
hea-miR-1307 ACUCGGCGUGECEICEETICEOG 2458|CACECCGAG [1186|RCGLCEAG 2123|ccceche | 3060
hza-miR=-1308 GCAUCEEUGEUUCAGTGE 250|CCACCCATS [1187|CACCCATG 2124|accCcaT | 306l
hoa=-miR=-130a CAGHGCARNGUTARARGGETAT 251 |CATTGCACT |11EB(ATTGCACT 2125|TTECACT 3062
hsa-mir-]130a* TOCACAUUGUGCUACOGUCUGE 252 [ACARTGTGA [1189|CAATGTGA 21Z6[2ATETGA | 3063
haa-miR-130L CAGDCCAATGAUGAARGGGCAD 253|CATTECACT (11.90(ATTGCACT 2127 TTGCACT 3064
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haa—miR-130b* ACUCODUCCENGUUGCACUAG 204|GGGARAGRG |1191|GGAARGNG | Z12B|GAAAGAG | 3065
haa-miR-132 UAACAGUCURCAGCCAUGGUCG 255|TAGACTGTT |1192|AGACTGTT 2128|GACTGTT 3066
hza-miR-132* ACCGUEGCOUTCGATIGUTACT 256|AAGCCACGE [1193|AGOCACEE | 2130|GooaceE | 3087
hag-miR-1321 CAGGEGAGGEUEAAUGIGAY 257)caceTooeT |11ed|acercent | 213ifccTocceT | 3068
hea-miR-1322 GADGANGCUEGCOGAUGCTG 258 |CAGCATCAT |1185[AGEATCAT | 2132|ecaTcar | 3069
hsa-miR=-1323 TCAARACTGAGRRGCAIUIUCY 259|TCAGTTTTG |1196(CAGTTTTG 2133|RETTTIG | 3070
hsa-miR-1324 CCAGACAGAAUUCUAUGCACTUUL  [260/TTCTETCTG |1197|TCTGTOTG | £134|CEGTCTE | 3071
hea-miR-1334 TUUGEUCCCCUTCARCCAGCTE i61|e6Gcaccan |1106|ceeaceAn | 2i3s[eeaccnn | 3072
hsa—miR-133b UUUGGUCCCCUTCAACCAGCTA 262|GECEACCAR |1199|GeERccaA | 2136|GeACCAn | 3073
haa—miR=134 UGUGACUGEUIGACCAGAGGEG 263|ACCRGTCAC |1200|CCAGTCRAC | 2137|CAGTCAC | 3074
hea-miR-1358 UAUGGCUTUTUADUCCUATGOGA 264|nARRGECAT |1201|AARGCCAT | 2138|AAGCCAT | 3073
hsa—miR-1354% UAURGGGAUUGEAGCCCIGEER 2&5|ARTCCCTAT [1202[aTocoTAT | 2139Fecotat | 3076
haa-miR-135k TAUGGCTUUUCAUUCCUAUGIGA 266|nARAGOCAT [1203[nAAGCCAT | 21a0lAnGCCaT | 3077
haa-miR-135b* AUGUAGGGCURAAAGOCANGES 267|AGCCOTACK [1204|GCCCTACA | 214ljccoTAca | 2078
hsa-miR-136 LCOCCAUUUGTTUUGAUGATGER 26B|CARATGGAG [1205|ARRTGEAE | 2142[AATGGAG | 3079
haa=miR=136% CANCANCGUCUCAARTGAGTGD 268|CACGATGAT [1206[pceaTéAT | 2143|ceaTeaT | 30ED
hsa-miR-137 UUADOGCUUAAGARURCEOEOAG 270|TRASCRATA [1207|nnccRATA | 2144(accamTa | doel
haa-miR-138 AGCHEEUCUUGUGARUCAGEECE 271 |ARCACCAGE [1208[ACACCASE | 2I45|cACCAGC | 3082
hoa-miR-138=-1% GCUACTOUCACAACRCCAGEGCS 272|GTERAGTAG [1209]|TGAAGTAG | 2146[CAAGTAG | I083
hea-miR-138-2% GETATVUCACGACACCAGEGOY 273[GTGARATAG [1210|TGAAATAG | 2147|GAAATRG | 30B4
hega-miR-139-3p GEAGACGCGGECCOUGUIGEART 274|C0GCETCTC [1211]|CGCGTCTC | 2148|GCETATC | 3085
hsA-miR-139-5p ' |UCUACAGUGCACGUGUCOCCAG 275|ecacTeTaG [1212]|cacTeras | 2149[AcTGTAG | 3086
hsa-mir-140-3p UACCACAGGGUAGARCCACES 276|CCCTGTGET |1213|COTGTEET | 2150|CTGTEET | 3087
hsa-miR-140-5p CAGUGGUNUUACCOUAIGEUAL 277{aAnncency [1214|annceacT | z15i|anccacT | 3088
hsa-miR-141 DAACACUCUCUGEUARAGATGE 270 |GNCAGTGTT [L215(AcAGTETT | 2152|CReTETT | 3084
haa-mik-141% CAUCTUCCAGUACAGUGUUGGA 279|CTGEAAGAT |1Z16|TeEnaGAT | 2153|GGAAGAT | 3090
hsa-miR-142-3p UCUAGIGUUICCUACUUIATSER 790|AARCRCTAC (1217|ARCACTAC | 2IS54[ACACTAC | 3091
hsa-miR~142=5p CAUAARGUAGAANGCACTACT 281|CTACTTTAT [L218|TACTTTAT | 2155|aCTTTAT | 3092
hea-min-143 UGAGAUGARCCACUGUAGCUC 2B2|CTTCATCTC |LZ18|TTCATCTC | 2156|TCATCTC | 2093
hsa-miR-143* GEUGCAGUGCUGCANCUCUGED 263|GCACTECAC (1220|CACTECAC | 2157[RCTGCAC | 3094
heaa-miR-144 UACAGUAUAGAUGATGUACU 284 |CTATACTGT |1221|TATACTGT | 2158|ATACTGT | 3095
hsa-miR-144* GEAUAUCAUCAUATACDGUAAG 2685|CATGATATC |1222 [ATGATATC | 2153|TEATATC | 3096
hea-miR=-145 GUCCAGTUUTCCCAGERATCELT 2a6|anancTEaa (1223|AnRcTeGR | 2160(AACTGGA | 3097
hsa~-miR-145+ GEAUICCUGGAAATACTGIUCT 287|CCAGGAATC |1224|CAGGAATC | 2161|AGGAATC | 3096
hsa-miR-1466 COCCETUNGCCUGTUNCECUG 2DE|GCAARCGEA |1225(ChancEeA | 2162|AARCGGA | 3099
hea=mlR-1469 CUCGECECGEEECECEEECICTT zi9|coeceeeea [1226/c606C0ER | 2163lGoGoCeA | 2100
" |hsa-min-146a UGAGAACTGAAUICCAUGGEEUD 290|TCAGTTCTC |1227|CAETTCTC | 2164[AGTTCTC | 3101
haa-miR-146a% CCUCUGARATICAGUUCOUCAR 291|ATTTCAGAG |1228|YTTCAGRE | 2165[TTeacas | 3102
haa-mik-14€h-3p |[UGCCCUGTGEACUCAGUUCUGG 252 |CCACAGGEE [1228/CACRGGGE | 2166|ACAGGGC | 3103
hea-miR-146b=-3p |UGAGAACUGARUGCCAUAGGCU 293 |TCAGTTCTC [1230|casTTeTe | 2167[AGTTCTC | 3104
hsa—miR-147 GUGUGTGHERARTGCUICTGE 294|TTCCACACA, [123)|TCCACACA | 2i68|cCACACA | 3105
hoa=miR=1470 GCCCUCCGCCCEUGCATCCCG 295|GGCEEAGEE 1232 |GCGGAGEG | 2163|CGEAGGE | 3106
hea~miR-1471 GCCCGCGUGUEGAGOCACETGT 206|ACACGOGEE [1233][cacelaqs | 2170(acccees | 3107
hsa=miR=147h GUEHECEERAATGCUTCTECTA 257|TTCCGEEACA [L234|TeoeCACA | 2171|COGCACA | 3108
hsa-miR-146a UCAGUGCACUACAGAACUTUED 258|AGTGCACTG [1235[6TGCACTE | 2172|recacra | 3108
hsa-miR-1l48a% ARAGUUCUCARACACUCCGACH 259|TCAGRACTT (1236|CASARCTT | 2173|aGadcTT | 3110
haa-piR~-148h UCAGUGCATCACAGARCDUTIGY 300|GATGCACTG [1237[ATGCACTG | =z174|TGCRCcTE | 3111
hsa-miR-148b* AAGUUCOCUURUACACUCAGES 301|aachcancte [1238[acacAretr | 217S|cAagAncT | 3112
hza-miR-142 UGG ICCEUGUCTUCACTOCT 302|ceeaGtcaG [1239|GEAGECAG | 2176|GAGCCAG | 3113
hsa-miR-145* LGGGAGEEACCEACECUGUEE 3n3|erccoTece |1z4a|recorece | 2177|eccToce | 3114
hsa—miR=150 UCHCCoAACCOUUGUACCAGS A0d|eeTTeeeAs |L241]erreceae | 2178|TTGGGAG | 2115
hsa-miR-150* CUGGOACAGGCCUGGGECACAG 303|CCTGTACCA [1242]|0TGTACCA | 2179(TeTRCCA | 3116
hsa~miR-151-3p CULGACUCARGCUCCITGAGE 306[rYeacTera [1243|reaeTora | 21e0|cacTere | 3119
hga-mniR-151-5p UCGAGEAGCICACAGUICDAGT 307|AGCTCCTCG [1244|GCTCCTCE | 21Bi|cTecTee | 2116
hsa-miR-152 OCAGUGCAUGACAGARCOUGES 308|CATGCACTG [1245|ATGCACTS | 2182|TecncTe | 3119
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hga-miR=-153 TUGCAUAGUCACRAARGUGRDC J09|GRCTATGCA |[L246[ACTATGCA Z2183|CTATGCA 3120
hea-miR~1537 AARACCEUCUASUUACAGUUGT 310(AEACGETTT (1247 |GACGGTTT 2104 |ACGETTT 3121
heze~miR~1530 CEECCCERGCIGCUGCOGUUCCT 311|SCCCEEECC (124R|CorGaEeT 21B5|CCGLGET 3122
hsa-miR-1332 UCCUGCGCGUCCCAGRBGCCE 312 |ACECECAGE 1243 |CGCGOREGE 21680|GCECRGG 3123
hsa=-miR-154 TAGGUUAUCCGUGUUGCCUUCS 313|EGATAACCT [1250 |GATAACCT 2157 ATRACCT 3124
haa-miR-154* AAUCATACACGEUUGACCOADY J14|STETATGAT |1231|TGTATGAT 2108|GTATGAT 3125
haa=-miR-155 UUAATGCUNADCCOGADAGEEGT 315 |TTAGCATTA (1252 [TRGCATTA 2189|AGCATTA 3126
heg-miR-155+* COCCUACAUADUAGCRTIUARCR 316|TATGTAGGA (1253 |ATGTAGEA 2190|TGTAGEA 3127
hza-miR-15a PAGCAGCACAURROGEUUUGTG 317|TGTGECTEET |1254|GTGCTECT 2191 TGECTGRT 3128
hya~miR=-15a* CAGGCCAURDUGUGCUGCCUCA 318|ATATGGCCT |L255|TATEECCT 2192 (ATEECCT 3129
hea-niR-15b URGCAGCACAUCAUGGEUUDACA 318|TGTELTECT |1256|GTGCTHCT 2193 |TGCTGET 3130
has-miR-15b* CGARUCAUTATUOGCIGCTCUR JZ20|TAATGATTC {1257 |ARTGATTC 2194 |ATGATTC 3131
hsa-miR-16 DAGCAGCACGUARAUAUUGGCG 321|CGTGCTECT |1258|ETGCTGCT 2195(TGCTGCT 3132
hsa=-piR-16-1* CCAGUATUAACTGUGCUGCUGR 322 |TTAATACTG |1255|TAATACTG 2196/ARTACTG 3133
h=a-miR—-16~2* CCAMTAUTACUGTGCUGCUOOR 223|GTAATRTTS (1260 |TRATATTG 2197 |ARTATTG 3134
haa=-miR-17 CARRGOGCOOACAGUGCAGEURG 324 |AAGCACTTT (1261 | RGCRCTIT 2198|GCACTTT 3135
haa-mip-17* ACUGCAGUGARGECACUUGURG 325|TCACTGCAG |1262 |CACTGEAG 2159{ACTECAG 3136
hxa-miR-161la ARCATUCAACGCUGUCGGUGAGT 326|GTTGAATGET |1263|TTEAATET 2200|TGRRTGT 3137
haa-miR-18l1a* RCCADCGACCEUUGATUGUALC 327 |GGTCEATGE |1264(GTCGATGE 2201|TCGATGG 3138
hsa-miR=-1A1la=-2* ACCACUGACCGUUGACUGUACT 328|GETCAGTGG |1265|GTCAGTGG 2202 |TCAGTGG 3138
haa-miR-181hb AACROUCADUGCOGUCEEUGEGET 325|BATEARTGT |1266|ATGAATET 2203|TEGRATET 3140
hza-miR-181lec AACANUCRACCUGUCGGEUGAGH 330|GTTEAATSET |1267 | TTGAATET 2204 |TGARATGET 3141
haa-miR=-1Elc* AACCAUCGACCEUUGAGUGEAC 331 |GTCGATGET |1268 |TCGATGET 2205|CGATGET 3142
hea~miR-1E1d AACAUDCAUDGUOGUCEEUGGED 332|AATGAATGT (1269 ATGAATET 2206|TEARTET 3143
hsa-—miR-182 UUUEECAAUGGUAGARCICRACACT J33|caTTscean (1270 [ATTRCCAR 2207 |TTGCCAA 3144
haa=-miR-182* TEGUOCUAGACUUGCCARCTA 334|TCTAGRACG (1271 |CTAGRRCC 2200|TAGRACC 3145
hea-miR-1B25 UCCAGUGLCCUCCUCDCC 335|GEGCACTGE (1272 |GGCACTEG 2209|GCRCTGE 2146
hsa-nlR-1026 AUTGAUCAUCGACACOUCGAACGCARD | 336|GATGATCAR (1273|ATGATCAR 2210|TGATCAR 3147
hsa~miR-1827 UGAGECAGUAGRAUTGART 337|TACTGCCTC (1274 |ACTGLELCTC 2211 |CTGCCTC 31418
‘|hsa-mir-183 UATGEGCACUGGIAGARUTICACT 330|CAGTEGCCAT |1275 AGTECECAT 2212|GTGCCAT 3148
haa-miR-183* GUGRANTACCGAAGSGCCAUAR 339|GGTAATTCA {1L276|GTAATICA 2Z13|TAATTCA 3150
hea-miR-184 DEEACGEAGARCUGRURARGGET 340|TCTCCGTCE |1277|CTCOETCC 2214|TCCGTCC 3151
hea-miR-1E5 UGEAGAGARAGGCAGTTCCUGA 341|TTTCTCTCC |12768|TTCTCTCC 2215|TCTCTCC 3152
hza-miR=-185*% BGEEECUGECTUNCCUCIGEIC 342|GCCAGCCCC |1279|CCAGCCCT 2216|CAGCCCE 3153
hga-miR-186& CAAAGAATUCUCCUIUUGEGCD 343|GAATTCTTT (1280 [ARTTCITT 2217 ATTCTTT 3154
hsa-miR-186* GCCCAAACGUGAATIUTUUGEE 344|ACCTTTEGEE (1281 [CCTTTEEG ZZ1B|CTTTGGG 3153
hsa-miR-187 UCEHGTCUIGUEUTUGCAGCCGE 345|CARGACACG 1282 [ARGACACG 22189 |AGACACG 3156
hza=-miR-187* GGCUACRRCACAGGACCCEEGEE 346|TGTTGTAGE (1283 |GTTGTAGC 2220|TTGTAGL 57
hza-miR-186-3p CUCCCACAUGCAGGGUUUGER 347|CATETGGGA (1284 [ATGTGGGA 2221|TETEEER 3158
hsa=-miR-18B-5p CATCCCUTECATGGUGGAGEE 340 |eCRAGGEAT (1285 |CAAGEEAT 2222|ARGGGAT 31589
hza-miR-1%a DAAGEUGCAUCUAGUGCAGAUAG 348|ATECACCTT |1286|TGCACCTT 2223|GCACCTT 3160
haa~miR-18a* ACHECCCURAGUGCHCCTUCUGE 350|TTAGGGCAG (1287 |TAGGELAG 2224 |BEGGCAG 316l
hea-miR-168b TAAGSUGCAUCTAGUGCAGOUAG A51|ATGCACCTT |12BB|TGCACCTT 2225|GCACCTT 3162
haa-miR~2BkL¥ UGCCCUARAUGCCCCUUCUGEE 35Z2[ATTTAGGGC |1289|TTTRAGEGC 2R26|TTAGGEC 3143
hea-miR-190 UCADATGUUUGATAUAUIAGGT A53[ARACRTATC |1290|ARCATATC 2227|ACATATC 3164
hza-miR=-1208 CEECEEGEACCECEATTGETL 354 |GTCCCOGEE (1291 | TCOCOGER 222f|CCCcece 3165
hza-miR-1909 CECRGGGGCCEGENGCUCACCE 355 )GECCCCTEE (1292 [GCCCCTGE 2229|CCCCTGR 3166
hea—miR-1809% VEAGUECCEEIGLCNGCCCUG 356|CCGRCACTE (1293 |CGECATTC 2230|GECACIC 3le7
hsa-miR=-150b UGATRUGTUUGRATATUGEEUN 357|ARACATATC (1294 [ARCATATC 2231 |ACATATC 3168
hza-miR-13] CAACGEARUCCCARARGCRGCUG 358 |GATTCCETT [1Z205[ATTCCGTT 2232|TTCCETT j1e®
heg-miR-191+ GCUGEGCUUEGATOUCGICCCE 359|CRAGCGCAG |1296|RAGCGCAG 2233 (AGCECHG 3170
hea=-miR=-1210 CCAGUCCUGUGCCUECCGCCT 3&0|ACAGGACTG |[1297 |CAGGRCTE 2234|AGGACTG 3171
hsa-mpiR-1511 UGAGUACCECCAVGUCTGOUGEE 361|GCEGTACTC |1298|CGETACTC 2235|GETACTC 3172
hea-miR-1911~ CACCAGGLATTEUGETCICS 362 [ATGCCTEET |1299| TECCTGEET 2236|GCCTGET 3173
hza-miR=1912 DACCCRGAGCAUGCREUGUGAR A63|GCTCTGEEET [1300)CTETGEET 2237|TCTGGEET 3174
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hgg-miR-1513 UCUGCCCoCUCCGOUGCIGECA 364|AGEGGECAG [1301 |GEE6ECAE 22738 |GGGGCRG 3175
hga-miRr=1514 CeCUGUGECCCEECCCACTUCUG 365|GEECACAGE (1302 |GECACAGG 2239|GCACAGS 3176
hza=-miR-1914* GEAGEGEUCCCGCACIGEEAGE JEB|GEACCCCTC |1303 |GACCCCTC 2240[accecTe 3177
haa-miR-1915 CLCCRABGECHACGOEECGEE 367|CGCCCTEGEE (1304 (GCCCTEEG 2241 )CCCTGEG 3178
hea-miR=1515%* ACCUUGCCUUGCUGCCCGEEET 360 |AACCCRAGG [1305(AGCCARGE 2242 |GGCARGE 3179
hsa-miR-192 CUGACCIAUSAAUUGACAGCE 369|CATAGGTCA [1306|ATAGETGAR 2243|TaGGTCA 3180
hsa-miR-192* CUGCCARDUCCRAUAGGTCACAG 370|GRATTGECA |1307 |AATTGECA 2244|ATTEGECA 3141
hsa-miR-1%3a-3p AARCUGECCUACAAAGUCCCAGD A7) |TAGGCOCAGT [1300[AGGCCAGT 2245 (GGCCAGT 3182
hxa-miR-193&-5p TGGEUCUUUGCGGECEAGATGA 37Z|CAARGACCC (1308|ARAGRCCE 2245|AAGACCC 3183
haa—miR-193b ARCUGGCCCOCARRGUCCOECT 373 |AGEGCCAGT |1310|GEECCAGT 2247 |6GCCAGT 3184
hea=-miR=-193h* CEEEEUUUUGAGEECGRAGAUGA 374|CARARCCCe (1311 [ARARCCCC 2248|ARACCCC 3185
hsa-miR-194 UGUAACAGCRACUCCAGGUGGR 375|TGCTGTTAC [1212|GCTGTTAL 2249|CTGTTAC 3186
haa-miR-154% CORGUGGGGCUGCUGUTAUCTG 376|GCCCCACTE (1313 |CCCoACTE 2250|CCCACTG 3187
hag-miR~195 VAGCAGCACAGAAAUTATUGEC I77|TETECTGCT (1314 |GTGCTGCT 2251|TGCTGET 3188
hea-miR-145* CCAAUATUGECUGUGCUGEULE 378 |CCARTATTG |131S5|CAATATTE 2252 |anTATTG 3185
hsa-miR-196a UAGGUAGUUDCAUGOUGUTGES 370|AARCTACCT |1316[BACTACCT 2253 RCTACCT 3180
haa-miR~196a* CGECAACARGAARCUGCCUGAG IBO|CTTGTTGCE (1317 (TTGTTGCC 2254 |TETTGECE 3191
hza-miR-19&b TAGEUAGUUUCCUGUUGOUGEG 3B1|ARACTACCT (1318|AACTACCT 2255|ACTACCT 3182
hsa-miR-197 UTCACCACCUTCOCCACCCAGT 3B2|AGGTEETEA (1215 |GGTEETER 2256(GTGETGA 3193
hsa—miR-1928 GEUCCAGAGGGGAGATAGGTIC 3B3(CCTCTGEGAC (1320|CTCTGGEAC 2257|TCTGEGAL 3154
hsa-miR=-198a=5p CCCAGIGUDCAGACUACCTGEUUC 3B4|GRACACTGG (1321 |AARCACTGG 2238 |ACACTEE 31585
hea-miR-1%9b-3p ACAGUAGUCUGCACRUTGGIUA 3B5|AGACTACTG 1322 |GACTACTSE 2259 |ACTACTG 3196
hsa-miR=-199b=5p CCCAGUGUIVAGACUADCOEOUC 3B6(RARCACTGG 1323 |AACACTGE 2260 |ACACTGG 3187
hza-miR-19a UGUGCAARUCUAUGCAARACTGA ABGATTTSCAC (1324 (ATTTECAC ZZ2E1|TTTGCAC 3188
hza-miR-1%a* AGUUUUGCAUAGUUGCAGOACA 3EB[ATGCAARAC [1325(TGCAAARLC 2262 |GCAARRG 3198
hsa-miR-15b UGUGCARTCCATGCARARCUGA JBO|GATTTGCRC [1I26|ATTTGCAC 2263|FTTGCAC 3200
hpa=-miR-19b-1+ AGUUUIGCAGGUUUGCAUCCAGE ADD|CTGCAARAC 1327 |TGCAARRC 2264|GCARRARG 3201
hea—miR-19L—2* AGDUOUGCAGGUUNGCATIUCA 391|CTGCARRRC [1328|TGCARBRG 2265 |GCRARAC 3202
haa=-miR=2008 UAACACTGUCUGGURACGATGT 352 |GACRGTGTT [13IZ29|ACAGTGTT 2266[CRAETETT 3203
heaa-miR~-200a* CAUCUUACCGEACAGUGCUGEA 393 |CGETAAGAT [1330(GETRACAT 2267|GTARGAT 3204
hsa-miR~200b TAADACDGOCTGEUARUGADGA 354 |GECAGTATT (1331 |GCAGTATT 21GR|CAGTATT 3203
haa=-miR=-200b* CAUCUUACUGGECAGCATUGEA 395|CAGTARGAT (1332 |AGTAAGAT 2269 |GTAAGAT 3206
hea—miR-200c UAATACTIGCCOGEGUARDGATGEA J96|GGCAGTATT |1333 |GCARTATT 2270\ CAGTATT 3207
hsa~mlR=-200c* CGUCTIACCCAGCAGUGUIIGE 397|GEGETAACAC (1334 |GETAAGRT 2271 |GTAAGAC 3208
haa-miR-202 AGAGGUATAGEGCAUGEEAA J8Q(CTATACCTC (1335|TATACCTC 2272|ATACCTC 3209
hsa=-miR=202* [DUCCUARGCADATACTUCUTDG 3938 |TGCATAGER (1336|GCATAGER 2273|CATAGGA 3210
hsa=-miR=203 GUGARAUGUUUAGGACCACUAG 40D|ARACRYTTCR (1337 |ACATTTCA 2274|CATTTCA 3211
hepa-miR-204 UUCCCUOTEUCAUCCUATGCCY 401 [RCARAGGGA ({1338 |CAAAGGER 2275 |ARAGGEER 3212
haa-miR~205 UCCUUCATUCCACCGRAGUCDG 402|GARTGARGE [1339[AATEAAGE 2276|ATGARGG 3213
haa-miR-20§ UGEARUGUARGGARGTGIGUEG 403|TTREATTCC 11340|TACATTCC 2277|ACATTCC 3214
hza-mi R-208a AUAAGACGAGCAAARAGCUTGT 404 (CTCGTCTTA 1341 [TCETCTTA 2278|CGTCTTA 3215
hsa=miK=208b AUAAGACGRACARARTGUUTGET 405|TTCETCTTA 11342 |TCGTCTTA 2279|CGTCTTA 3216
hza-miR-20a UARAGUGCUTADAGUGCAGGUAG {06ARGCACTTT (1343[AGCRCTTT 22B0|GCACTTT 217
hea—tui R-20a* ACUGCAUUAUGAGCACTUARAG 407|ATAATGCAG [1344[TARTECAG 2201 |ANTGCAG 3218
haa-miB~20h CARAAGUGCTUCAURGUGCAGETAG 408|GAGCACTTT (1345|AGCACTTT 2282 [GCACTTT 3219
hea=-miR-20h* ACTGUAGUAUGGGCACUUCCAG 408 |ATACTACAG [1346|TRCTACAG 22d3|ACTACRG 3220
hsa=-miR=21 UAGCUDAUCAGACUGATGUDGA 410(TEGRTARGCT 1347 |GATARGCT 2284 |ATAAGCT 3221
hea-miR-21+ CARCACCAGUCGANGEGCUGD 411 [ACTGGTGTT [1348(CTGETETT 2285|TGETGTT 3222
hsa=miR-210 CUGHGCGUGUGACAGCGECUGA 412|ACACGCACA (1349|CACGCACA 2286|ACGCACA 3223
hsa-miB-211 QUCCCUNUGUCAICCUTCGCCT 413(ACARAGGGR (1350(CAARGGEGA 2287 |ARAGCGEA 3224
hsa-miR~212 URACAGUCUCCAGUCACGGLC 414|GAGACTGTT (1351 (AGACTGTT 2208 [GACTGTT 32258
hea=miR=214 ACAGCAGGCACABACAGGCAGY 415|TGCCTECTE (1352 |GCCTGCTE 2209|CCTGCTG 3226
hsa-miR-214* OECCUGDCUACACUTGENGUGE 416|TAGACAGGD |1353 |AGACKEEE 2290|GACAGES 3227
hsa-miR-215 ATGACCTAUGAATUGACAGAC 417|CATAGGTCA (1354 |ATAGGTCL 229) |TAGGTCA 3228
haa-miR=-21¢g UAAUCUCAGCUGGCARCTGSUGEA 418|GETGRGATT |1355|CTEARATT 2292 |TGAGATT 3zz29
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hsa-mir-216b AAAUCTCOGCAGGCARADGIGA 419|GCAGRGATT [1356(/CAGAGATT 2293 [hERCGATT 3230
haa=-miR=217 UACUGCADCAGGAACTGATTGEA 420|TeATECRET |1357 [GATGCAGT 2294 [hTGCAGT 3231
heg=-miR=-218 TUGUGCOUGATCOAACCATGT 121|TCRAGCACA {1358 |CaAGCACA 2205(aAGCACA | 3232
hsa-miR-218-1* AUGGUUCCGUCARGCACCAURE 422 |ACGGAACCA |1359|CGGRACCA 2296|GGEARACCR | 3233
hea-miR—-218-2* CAUGGUICUGOCRAGCACLGEG 423|CAGRACCAT (1360|AGAACCAT 2297 |GRACCAT 3234
hea=miR=215~1-3p |[AGRGUUGAGUCHGEFALLUCCCG 424 (ACTCARCTC [1361|CTCARCTC 2298[TCARCTC | 3235
hsa-miR=219=2=3p |AGRRAUUGUGGCUGGRCAUCUGU 425|CCACRATTC |1362|CACARTTC 2299|ACRATTC 3236
hsa-miR-21%-5p DRAUNEUCCARACGCAATUICH 426|TGGACARTC |1363|GGACAATC 2300(sACRATE 3237
hsa-miR-22 AAGCUGCCAGHUEAAGAACTET 427|CTGECAGET (1364 |TGGCAGCT 23201|GGCAGCT 3233
hea-miBR~-22¥ AGIUCUDCAGUGGCAAGCUTUR 428(CTEanGARG [1365|TGAAGAAC 2302|GRAGRAC | 3239
hsa-miR-220a CCACRCCEURUCUGACACUTT 429|TACGGTGTG |1IE6|ACCOTCTG 2303|ceeTETE 3240
haa=-miR-220b CCACCRCCGUGUCOGACACTT 40 |ACEETEETE (1367 [CGETEETE 2304|GETEETE az41
hea-miR-220c ACACAGGECOGUUGUGARGACT 431 |aGCeeTETE |1368|GCCCTETG 2305|CCCTETG 3242
hsa-miR-221 ACCOACATUGUCUGCUGGEGUUIUL 432 |CAATGTAGE |1368(ARTETAGC 2306|arGTAGC 3243
hsa—miR-221% ACCUGEEAUACARDGUAGADTT 433{TATGECCAGRE |L370|ATGCCAGE 2307|TECCAGE 3214
haa=-miR-222 AGCUACAUCIGGCUACIGEGU 434 |AGATETRAGE 12371 |GATGTAGE 2308|ATGTAGC 3245
hga=miR=-222% CUCAGUAGCCAGUGUAGAUCCH 435|GECTACTGR |1372|GCTACTGA 2308{CTAcTGR | 3246
hasa-piR-223 HEUCAGOUDGUCARRTACCCCA 436(CAAACTGAC |1373|ARACTEAC 2310(ARCTERC 3247
hza-miR~223* CEUGIAUIUGACAAGCUGAGUD 437|CAARTACAC (1374 (ARATACAC 2311|ARTACAC 3248
haa-miR-224 CARGUCACTAGUGEUOCCGUT JAR|TAGTEACTT 1375 | AGTGACTT 2312 |GTGACTT 3249
hsa-miR-23a AUCACAUUGCCAGGEAOOUCE 435(GCAATGTGA (1376)CARTETGA 2313 |AATGTGA 3250
hsa-miR-23at GEECUUCCUGEEGAUGGGADTT 440|CAGEARCCC (1377 |AGGAACGCE 2314|GGAACCC | 3251
hsa~miR~23h AUCACATIGCCAGSEATIACT 441 |zcaaTETER (1378|CAATGTGA 2315|ARTETGER | 3252
hzgp=-miR=-230% UGGEUUCCUGECATGCOGATUT 44Z(CAGGRACCC |1379{AGGARCCC 2316|CEARSCT 3253
haa-miRk—24 DeECUCAGUUCAGCAGGARCAG 443(aACTEAGCT |1380 [ACTERAGES 2317|CTGAGCC | 3254
hsa-miR-24-1% UGCCURCIGAGCUGATAICAGT 244|TCAGTAGEC [1381|CAGTAGGE 2318[ACTRGEC | 3255
hza=-miR=24=2% OECCUACTGAGCIGRAACACAG 445 |TCAGTAGGS [1382 |CAGTAGGC 231 9|aGTAGGE 3256
hsa-miR-25 CATGCACTUGUCOCGEUCTGA 446|AAGTGCAAT |1303|AGTGCAAT 2320|GTGCART 3257
hoa~miR-25% AGGCEGAGRCTNSEGCRATTG 447|gTeTeeE0C [13B4 |[TCTCCERC 2321|cTCrECT 3258
hea-mlR-26a OUCAAGUARUCCAGGAUAGECU 448|RTTACTTGR |1385|(TTACTTGA 2322|TACTTGA 32539
hsa—-miR—26a—1% CCOATTCUOGGUDACTOSCACG 44%(CARGARTAG |L30G|ARGRRTAG 2323 [AGAATAG 3260
hza=-miR=26a=-2% CCUAUUCUDGAUTACIUGUDUC 450 |CARSARTAS |1387|ARGAATAG 2324 |AGARTAG 326l
haa-miR-26k OOCAAGUAAUUCAGGRAUAGEU 451 |ATTACTTEA [13088|TTACTTGA 23z5|TACTPGE | 3262
hsa-miR-26b* CoUERTOCOCCATTACTDGGECTC 452 |GGAGAACAG |1369|GAGAACRE 2326|AGAACAG 3263
haa=-niR=-27a UUCACAGUGGCUARGIUCCEC 453|CCACTETEA {1390|CACTGTGA 2327|ACTETER 3264
hza-miR-27a* AGGGCUTAGCUECUUGIGAGTH 454 |GCTARGCCG 11391 |CTARGCCC 2328|TRAGCCC 3265
hsa=miR=27b DOCACAGTGGCUARCUDCUGC 455|CCACTETER (1392 |CACTETGR 2329|ACTGTGA | 3266
haa-miR-27b* AGAGCUUAGCUGAUTIGEUGARC 456|GOTRAGCTC |1393|CTARGCTC 2330|TRAGCTC 3267
hsa-mir-20-3p CACUAGATUGUGAGCICCUGGR 457|CAATCTAGT [1334|AATCTAGT 2331|ATCTAGT | 3268
hsa=-miR-28-5p AAGGAGCICACAGUCTAUTGAG 450 [TGAGCTCCT (13953|GAGCTCCT 2332|AGCTCCT | 3262
hsa-miR=-296=1p EREEEINGEEUGGERGECTCUCE 455 |CCCARCCCT {1396|CCAACCCT 233 3|CARCCCT 3270
haa-miR-296-5p AGEECCCOCCCUCARUCCOGY 460 |GEEGEECCC [1397|GEREEECE 2334|GGGEGCCC | 3271
hea-miR-297 ATGTAISHENECATGTECATG 461 (aCACATACA [1398 |(CACATACR 2335|ACATACH 3272
hsa=-mi R=298 AGCAGAAGCAGEGAGGUUCOCCCA 462 | TGCTTETES |1398|6CTTCTEL Z2I3B|CTTCTGE 3273
hsa-miR=-299=3p UADGUEGEAUGEUAARCCGCOUY A63|ATCCCACAT |1400{TCCCACAT 2337|CCCACAT 3274
hsa~miR-299-51 UGGUIUACCGICCCACAUACAT 464|CGETARRCE [1401 |GGTARACE 2330|errance | 3275
hsa~miR-29a UAGCACCAUCUGAAAUCGGUUA 4 65|GATESTGCT |[1402 |ATGGTGCT 2339|TEGTGCT 276
haa-miR-29a% ACTGATINCONUUGEUGTUCAG 466|aGARATCAG (14035 [GARATCAG 2340|ARRTERG 277
hea-niR-20L DAGCACCAUUUGAARTCAGIGUU 467 |AATGETGCT |1404 | ATGETECT 2341|TeETECT 3278
haa=-miR-29bL-1*% GCIECTUUCATADGRUGEUTUAGA 460 |TGAAACCAG |1405|GAARCCAG 2342{AARCCAG 3279
hs&-miR-235-2% CUGGUUUCACAUGGUGECUTAG 489 [GTGARACCE |1406[TGABRCCR 2343|Gaancca | 3280
hea-miR-2%¢ UAGCACCROUUGAARUCGGUUA 470(AATEGTGCT |1407 [ATGGTGCT 2344 |TGEETECT 3291
hsa=-miR-29%c* UGACCGAUNDETCCTGEUEIUS 471 |AAATCEETC |1408|AATCEGTC 2345|ATCGGTC | 3282
hsa~miR=300 DAUACAAGEGCAGACTCUCDCD 472 |CCCTTGTAT |1409|CETTETAT 2345|cTTaTAT 3283
haa-mip-301s CAGIGCAAUAGUATUGUCAAAGC A73|TATTSCACT |1410ATTGCRCT 2347 |TTGCACT 3264
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hza-miR=-301b CAGUGCAAUGANATUGTGRRAGT 474 |CATTGCACT (1411 [ATTECACT 234E|TTECACT 22H5
hza-miR-302a UAAGTGCUUCCATGUITTGGUGA 475|GARGCACTT [1412|ansCacTr 2349 (aGEACTT 3286
hsa-miR~-302a% ACUDAANCGUGGAUGUACTUGCT A76|ACGTTTARG (1413 |CGTTTAAG 2350|GTTTARG | 3287
h&a-miR=-302b DARGIGCUTCCAUGTUOOAGOAG 477 |GRAGCAGCTT 1414 |[AAGCACTT 2351|AGCACTT | 3289
hsa=-miR=302h* ACUUUAACANGEARGTECTUTG 478 |ATGTTARAG |1415[TGTTARAG 2352|GTTAARE | 3IZEHY
hza-miR-302¢ UARGUGCUICCATGIUUCAGUGS 479|GARGCACTT |1416[AAGCACTT 2353|aceacTr | 3230
hea-niR-302a* UUUARCAUGGGEGUACCOGCTG 4B0|CCATGTTARA |1417(CATETTAA 2354|ATGTTAA | 3281
hsa=mir=302d UAAGUGCUUCCAUSHDUGACHEY 48] |GAAGCACTT |1418|AAGCACTT 2355|AGCACTT 3292
haa-miR-202d* ACTOUARCAUGGAGGCACUDGE 482 |ATGTTAAAG [1419|TGTTAAAG 2356|GTrabaG | 3283
hea-miR-302a UARGUGCHUCCATGCUT 453 |GARGCACTT |1420|AAGCACTT 2357|aceacTT | 3294
hsa-miR-3021 DANIUGCUUCCATGUUY 464 |[CRAGCAATT |1421|ARGCAATT 2358|RGCAATT | 3295
hea~miR=-30a UGUARACAUCCUCEACDGGHAG 405 (GATGTTTAC (1422 [ATGTTTAC 23659(TGTTTAC | 3296
hsa-miR-30a% CUUUCACTCGEATGUUTGCAGT 4B6|CGACTGAAR [1423|GACTGARA 2360 ACTGRAR | 3297
haa-miR=30h UGUAAACAUCCUACACOCAGCY 487 (GRTGTTTAC [1424|ATGTTTAC 2361|TGTTTAC 3298
haa=-miB=30kb* COGGEARGURCAUGHULACLUC 4AB|cAccTCCCA (1425(ACCTCCCR 2362|CCTCCCA | 3299
heg-miR-302 UGUARRCANCCUACACTCOCAGE 485|GATGTTTAC (1426[/ATGTTTAL 2363|TGTTTRC 3300
h2a-miR-30c-1% COGGGAGAGGEUIGUDUACUCC 450|CCTETCCCA (1427 |CTCTCCCA 2364(TCTCCCA 3301
haa=-miR-30g-2+ CUGGGAGARGECIGDUTALTCH 4911CTTCTCCCA |1428 |[TTCTCCOR 2365[TCTCCCA | 3302
hag-miB-30d UGTARACATCCCCEACUGGARG 452 |GATGTTTAC [14Z9(|ATETTTAC 23E6|TETTTAG | 3303
hea-miR-304* CONUCAGUCAGRUGUIIGCTGS 493|TGACTEAAR [1420|CACTEARA 2367|ACTGAAR | 3304
hsa-miR-30a UCUARACADCCTDGACUGGAAG 404 |GATETTTAC [1431(aPETTTAC 2368|{TGTTTAC | 3305
hea=-plR=30e* COUTCAGUCEEAYGHUTACAGE 495|CGACTGAAR |143Z|GACTGRAA 23pR@acrcans [ 3306
" [REa—mir—31 AGGECAAGAUGCUGGCATAGCT 486|CATETTECE (1433 |aTCTTECC 2370|TCTTRCC 307
hsa~miR-31% UGCUAUGCCAACATATURCCAT 497\ TCGCATAGE |1434 |GGCATAGE 2371|GCATRES | 3308
hga-miR-32 TAUUGCACAUTACUAAGHUGER 498 |ATGTGCAAT (1435 |TGTGCRAT 2372|cTECART | 3305
hga=-piR-32* CARUDOAGHENE0GTGRATUATDT 499|CACTAAATT |14326|ACTARATT 2373|CTARATT | 3310
hsa-miR=320a AALAAGCUGGGUUGAGRGGECCA 500|CCCAGCTTT |1437|CCAGCTTT 2374|CAGCTTT 3311
hea-miR-320b ABAAGCUGGEUIEAGAGEECAR S01|CCCAGCTTT (1438|CCAGCTTT 2375 |CAGCTTT 331z
hsa-miR-320c ARARGCOGGEIUGAGAGEET 502 [CCCAGETTT (1439 (CCAGCTTT 2376|cAasCTTT 2313
haa-miR-320d ARAAGCUGGEUUGAGAGEA 503|CCCAGCTTT |1440(CCAGCTTT 2377|CAGCTTT | 3314
hea-miR-323-3p CACRUTACACGGUCGACCTHCD S504|GTGTARTGET |1441|TGTAATET 2378|GTRATEY | 3315
hsa—miR-323=5p AGGUGCUCCGUGECGOEUTCEE 505|CEEACCACE [1442|GERCCACC 2379|GACCACC | 3316
haa-miR-324-3p ACTGCCCCRAGGTECTGECUGHE S06|CTGGGGCAG |1443|TGEGECAG 23eD|aaEacAs | 3317
hza-mpiR-324-5p CECADCCCCUAGGGCAUTGEUGT 507|AGGGEATGC (1444 [CoGERTES 2301 |GGGATGC 3318
hea-miR=325 CCUAGDAGEUGTCCAGURACTCT 508|ACCTACTAG [1445|CCTACTAG 23BZ|CTACTRG | 32318
hza-miR-326 CCUCOGEGCCCUTCCTCGAG S509|GGCCCAGAG |1446|GCCCAGAG 2383 |CCCRGAG 3320
" |hsa-mir-328 COGGCCCUCOCOGCCCUUCCGD 510 [AGAGGGCCA [1447(CAGGECEA 2304 |AGEGCCA | 3321
hoa~miE=-328 AACACACCOGCUUAACCTCOUD S511|CAGGTETGT |1446|AGETGTGT 23B5|GETETET | 3322
hza-miR-330-3p GCARMSCACACGGCCIGCAGARGR £12(TETGCTTTE [1449|GTECTTTG 2386|TGCTTTG | 3323
hsa-miR-330=-5p UCUCUGGECCUGUGDCUUAGGT 513|GECCCAGRAE (1450|cCCCAGRG 2387|CCCAGRG | 3324
hea-miR-331-3p GCCCCUREECCURUCCUAGRA 514|GCCCAGGEG |1451|CCCAGRRG Z3BB|CCAGEGE | 3325
hea-miR-331-5p CUAGGURTGGUCCCAGGEATCE S15|CCATACCTA [1452|cATACCTA 23B9|ATACCTA | 3326
hsa=-miR=335 UCAAGAGCAAUARCGAARARUGT 516[TTECICTTE (1453 |TGCTCTTE 2390(GCTCTTS 3327
hea-miR-335% UOUUDCAYORDUGCUCC UGACT 517|TRATGRARA [1454 |AATGEAAMN 2391 |ATGAARR | 3328
hsa-mik-337-3p CHCCOATATGAUGCCUDUCUDC 91B|CRTATAGGA [L455[ATATAGGA 2392 |TATAGGER | 3328
h&a=-miR-337-5p GRACGGCUUCAUACAGGAGUL 5185|GAAGCCGIT (1456|AAGCCGTT 2393|aGCCETT | 3330
hea-miR-338-3p BECAGCANCAGUGATINUGUTG 520(|TGATGCTGE (1457 |GATECTEG 2394 )aTECTGE | 3331
hsa-miR=-338=-3p AACAATAUCCUGGUGCUGAGDG 521 |GGATATTGT (1458|GATATTGT 2395 (ATAYTET 3332
hea-miR-339-3p UGAGCGCCUCERCGACAGAGCCE 522 (CAGGCGOTC (1459|hGECEHTE 2396|GGCECTC 3333
hsa-tiR=339=9p UCCCUGUCCUCCAGEAGCUCACE S23|AGGACAGGE |1460|GEACAGGEE 2397|eachceEl | 3334
haa~miR=33a GUGCAUOGUAGUUGCAUUGCA 524 |TACAATGCA |1461|ACAATGCR 238B|CARTGCA | 3335
hza-miR-33a% CAATGHUUCCACAGDECANCAC 525|GGARACATT |1452|GAARCATT 2309|ABACATT | 3336
EiumiR-B.'ib GOGCAVUGCUGUUGCATTGE SZ6|AGCAATGCA, [1463|GCARTGCA 2400|CAATGEEA 3337
haa-miR-33b* CAGUGCCUCGRECAGUGCARCCE S2T|CGRGGCACT (1464 |GAGECACT 2401 (AGECACT 3338
hsa-miR-340 UUAUAAAGCARUGABACUGATT 528|TGCTTTATA [1465(GCTTTATA 2402\ CTTTATR | 3339
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haa-miR-340+% |UCCGUCUCAGIUACOUTATAGC 520|CTEACACSE |14 66[TGAGACESE 2403|cazhces | 3340
haa=-miR-342-3p UCUCACACAGAARUCGCRCCCED 530|cTeraTGAG 1467 [TGTETERG ZdDd|erereas | 3341
hsa-miR-342-5p ACEEEUGCUAUCUGUGAUTGA 831 |TaGtActee |1466|AGCACGCCC 2405|ecacece | 3342
h&a-niR-345 GCUSACOCCUAGTCCAGSGETE 532|AGGAGTCAG (1469 |GGACTCAG 2406|GAGTCAG | 3343
hoa=-miR=346 UGUCTGCCCGCAUGCCIGLCUCY S33|CEEECAGRE [1470|GEGCAGAC 2407|GeCAGRC | 3324
nap-miR=-34a OEGCACUGUCUTAGCUCGTIUCT 534|cacacTeed {1471 |ACACTREE 2400|cacTaee | 3345
nhsa-miR-34ar CAAUCACCARGDAUACTGCCCT 535|TTECTEATT (1472 (TGCTGATT z4ng|ceTea™r | 3346
hza-wiR-34b CAAUCACURACUCCRCUGCCAU 536|TTAGTGATT [1473|TRGIGATT 2410|AGTGRTT 2347
hea-miR-34b* UAGGCAGUGUCATTAGCIGRUTG 537|ACACTGCCT (1474(CACTECCT 2411\ACTGCCT | 3348
hsa=miR=-3dc-3p AAUCACUAACCACACGEOCAGS CIR|GTTACTEAT |1475|TTAGTGAT 2412 |TAGTGAT 3342
hea-miR—34c-5p AGGCAGTGUAGIUAGCUSRUDGEE S39{TACACTECC (1476(ACACTGCC 2alifcacTeoc | 3350
hpa-miR-261-3p UCCCCCAGGIGUGRATUCHEAIUY S40|ACCTGEGEE (1477 |CCTGEEEE 2414{CTEGGEGE | 3361
heza-mik-361-5p UUAUCAGRADCUCCAGGGEYAL 541|ATTCTGATA [1478|TTCTGATA 2415|TCTGATA | 3352
hsa-miR-362-3p ARCACACCUADUCARGGAUUCA 542 |TAGETGTIGT (1479|AGGTGTGT 2416|GATGTET | 3353
hea-miR—~362-5p AAUCCUUGGAACCUAGGIGUGAGD E43[TCCAARGGAT |14B0|CCARGGAT 2417|canceaT | 3354
hag-miR-363 ARTUGCACGGEUATCCAUCUGTA S44|CCETGCAAT |1481|CeTECRAT 2418|GTGCAAT | 3355
hza-miR-363% CEEEUGEANCACCATGCAATUD 545|GATCCACCE |14B2|ATCCACCC 2418|Tccacee | 3356
hsa-lR-363 TARDGCCCCUARARABCCUURD 546|AGGGGCATT |14B3 |GEGECATT 2420|GGGCATT 3357
hea=-miR-367 ARUDGCACUTUAGCARTGGUGA 547|AAGTGCAAT |1494 |RGTGCART 2421 |GTGCAAT | 335H
hea-miR=-367* ACOGUUGCUAAUAUGCAACUCT S48|TASCAACLG |1485|AGCRACAG 2422|GCRARCAE | 3359
hza=-miR~-368-3p ARUAATACAUGGUUGADCUDY S549|ATGTATTAT [14686|TETATTAT 2423|GTATTAT 3360
hsa-miR-369-5p AGATCGACCGUGUUAUADUCES 550|CGGTCGATE |1467|GETCGATE 2424|GTCGATC | 3361
hea=-miR-~370 GCCURCUGGEGUGGAACCUGEY 551|CCCAGCAGGE (14BH|CCAGCAGE 2425|CAGCAGS | 3362
hsa-miR-371-3p AAGHECCECCATCTOUTGAGUGY 552|GECGGCACT [1489|GCGGCACT 2426|ceeeneT | 3363
bhea~rmiR-371-5p ACUCAAACUGUGGGGGLACT 553|CAGTTTGAG |[1450|AGTTIGAG 2427|GTTTGAS | 3364
heg=-miR=372 AARGUGCUGCGACAUTUGAGCGY 554 |SCAGCACTT |L491|cAaGcnoTT 242Q[2GEACTT | 3385
hea-miR-373 |[EARGUGEUTCEAUTUUGEGEEUET 555|GARGCACTT (1492 [ARGCACTT 2429|acCacTT | 3366
ha-miR-373* ACTCAARRTGEGEGECEEOUUCE 556|CATTTTGRG |1493 (ATTTTEAG 2330|TTTTGAG 3367
haa=-miR=-374a UUAUARUACARCCUGAUARGTIG 557|TETATTATA |1494 |GTATTATA 2431|TATTRTA | 3368
hsa-miR-374a* COUATCAGROUGUATIGUAROT 558(ATCTGATAR [1495!TCPGATAR 2432|CTGATAA | 3369
hsa-mik-374b AUAUARUACARCCUGCUAAGUG 559|TGTATTATA |1496|GTATTATA 2433|TATTATA | 3370
hza-miR-374b%* CUTAGCAGGUUGUATUAUCATY 560|ACCTECTRA (1497 |CCTGLTAR 243d|ereeTan | 3371
hsa-mlR-375 TOOGIUCGUCGECY CECGUEA 561 )AACEARCRA |1498|ACGARCAA 2435|cepacan | 3372
hsa-piR=-376a AUCATAGAGGRARATCCACGU 56Z(CCTCTATGA |1495|CPCTATGA 2436|TCTATGA 3373
hza-miR-376a* GUASAUUCUCCUUCUAUGAGTA 563|GAGRATCTA |1500|AGAATCTA 2437GaaTeTa | 3374
haa-miR-376b AUCATAGAGGERRRADCCAUGTT 564 |CCTCTATGA |1501|CTCTATGA 2438|TCTATGA | 3375 d
hea=-miR=-376c |RACAUAGAGGARRUTCCACED 565|CCTCTATGT [1302|CTCTATGT 2439|TCTATGT | 3376
hza-mir=-377 AUCACKRCARRGECARCUUIUGY 566|TTTETGETGA |1503 |TTETGIGA 244p|rerarea | 3277
h&a-miR-377* |AGRSEUDECCCTUGAUGAATUC 567 |GECARCCTE (1504 |GCARCCTC 2441|cARCCTC | 3378
hea-miR-378 ACUGGACUUGGAGUCAGRAGE 568 |CARGTCCAG |1305 |ARGTCCAG 2442|AGTCCAG | 3379
hsa-miR-378* CUCCUGRCUCCAGEUCCUGOEY 568|GAGTCAGGA |1506(AGTCAGGA 2443 |GTCAGEA 3380
hsa-miR-379 UGGUAGACTAUGGAACGUAGE 570({TAGICTACC [1507 |AGTCTACC 2444|GTCTACC | 3381
hea=-miR-379% UAUGUAACAUGGUCCACUAACT S7L{ATGTTACAT (1508 |TGTTACAT 2445|GTTACAT | 3382
hsa-mip-380 UANGUARTAUGEDCCACAUCTD 572|aTATTACKRT [1509|TATTACAT 2446|hTTACAT | 3383
hsa-miR-3B0% UGGUUGACCATRGRACRDGLGEC 573|TGGTCARCC (1510|GETCARCE 2447|GTCARCC | 3384
hea-wiR-381 UAUACARGGECAAGCOCUCUST S74|CCCTTETAT (1511|CCTTGTAT 2448)CTTeTAT | 3385
hsa-miR-282 |GARGUUGUDCGUGGUGEATTCE 575|GAACAACTT (1512 |ARCARCTT 2449|ACARCTT | 3386
haa-miR~-383 AGRUCAGAAGGUGAUUGUGGECY 576|CTTCTGATC (1513 |TTCTGATC 2450|TCTGATC | 3287
hsa-mir-324 AUTCCUAGARATUGUTCATA 577|TTCTAGGAR [1514|TCTAGGAR 2451|cTacean | 3368
bea-miR—-409-3p GAAUGUUGCUCGGUGAACCLCY 578 |AGCAACATT (1515|GCAACATT 2452|CAACATT | 3389
hza-miR-405=5p AGGUUACCCGRGCRACTUUGCAD 578|CEEETARCT [1516[GEGTAALC 2453 |ceTARee | 3380
hsa-miR-410 ARUAUARCACAGAUGGCCUGD SBO|GTGTTATAT |1517|TGTTATAT 2454 |GTTATAT | 3391
hoa-miR-411 UAGUAGACCGUAUAGCGUACG 581|CGETCTACT (1518 (86 FCTACT 2455|cTCTACT | 3382
hsa=miR=411% UAUGHARCACEEUCCACUAACT 582 |GTErTACAT [1519(TETTACAT 2456[arTacar | 3383
haa-miR-412 ACUUCACCUGGUCCRACUAGOCGT 583|CAGGTGRAG [L520|AGGTGAAG 2457|GGTGAAG | 33%4
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hsa-miR-421 AUCAACACACAUTARUUGEECGE 5B4|GTCTGTTGA (1521 |TCTGTTGA 2458 (CTETIGA 3385
hsa-miR=-422a ACUGGACUUAGGGUCAGARGEE 5B5|TAAGTCCAS |1522 |ARGTCCAG 2459|AGTCCAG 3396
hoa-miB-423-3p AGCUCGEUCUCAGECCCCUCAGY 586|AGACCGAGE |1523[GACCGAGE 2460|ACCGAGT 3397
hza-miR-423-5p UGAGGGGCAGREAGCGAGRCIUT 5B7|CTGCCCCTC 1524 | TECOCCTE 24 61|GCCCCTC 3398
hsa—miR-424 CAGCAGCARATICATGIUIOGAA S8BIATTGCTECT [1525|TTECTGRT 2462|TGCTECT 3358
hsa=-miR-424* CAARACGUGAGGCGCUGCTAD S89|TCACGTTTT |1526|CACGTTTT 2463 |ACGETTTT 3400
hoa-mip-4235 AAUGACACGRUCACUCCCCUUG I90|TCETEPCAT (1527 [CGTETCAT 2464 |GTGTCAT 3401
hsa-—miR-425% AUCGEGEARUGUCGUGUCCGCLC S81|CATTCCCGA (1528 | ATTCCCGA 2465 |TTCCCEA 3402
haa-miR-429 UAROACUGUCUGGUAARACCEY S9Z2|GACAGTATT |15292|ACAGTRATT 2466|CAGTATT 3403
haa-miR-431 UGUCUTGCAGECCEUCAUGCA D33|CTGCAAGAL |1530|TGCARGAC 2467 |GCARGRE 3404
hga-miR-431* CAGGUCGUCUDGCAGEECUTCT 554 [AGARCGACCT 1153] |GRCGRCOT 2468 (ACGACCT 3405
hsa=-miR-432 UCDUGERGUAGGOCAUDGECEUGE S95(TACTCCARG |1532 [ACTCCAAG 2462|CTCCARG 3408
hag-niR-432* CUGGATGGCICCUCCATGUCTT 596|AGCCATCCA (1533 |GCCATCCR 2470|CCATCCA 3407
haa-miR-433 AUCAUGAUGGGECUCCUCGEUGY S87|CCATCATGA 11534 |CATCATGR 2471 |ATCATGA 3408
hoa-miR-448 ODUGCAUAUGUAGGAUGUCCCAD SO |ACATATGCA |1535(CATATGCA 2472|ATATGCA 3409
h%a=-mi R=44%a UGECAGUGUATUGUUAGCUGGD 599|TACACTECC |1636|ACACTGCC 2473 [CACTGES 3410
hea-miR-445k AGGCAGTGUATUGUDAGCUGGEC GO0|TACARCTGCC |1537|ACACTGES 2474|CACTGEC 3411
hsa-miR-450a UUDUGCGATGUGUICCUARUAY 601|CATCGCARA |1538 [ATCGCARA 2475|TCGCRAR 3412
haa-miR=-450b=3p TUGEGATCADUTUGCAUCCADA G02(ATGATCCCA |1530|TGATCCCA 2476|GATCCCA 413
hea-miR-450k-5p QUDUGCAADAUGIUCCUGARTA 603 |TATTCCAAR [1540|ATTGCARD 2477|TTGCRAR 2414
hsa-miR-451 ARACCGUUACCAUUACUGAGTU 604 |GTARCGGETT |1541|TAACGETT 247B|ARCGGTT 3415
haa-miR=-{52 ARCUGUDUGCACAGGAMACUGA 605 |GCARACAGT |1542|CARACAGT 2479|AARCAGT 3416
h3a-miR-452* CUCADCUGCAARGAAGUAAGUG 606|TGCAGATGA |1543|GCAGATGA 2480 |CRGATGA 3417
hsa-miR-453 AGEUUGUICCEUGCUGAGUUCGTA 607 |CGGACARCC 1544 |GGACRACE 2481 |cACARCE 341a
haa—miR-454 UAGUGCARTAUNGCUUAVAGESET G0B|TATTGCACT |1545|ATTGCACT 2482 |TTGCACT 3418
haa=-miR=454* ACCCUADCAAIANDGHCHCDGE E08|TTGATAGGE |1546|TGATAGEE 2483 |EGATAGGE 3420
haa-—miR-455-3p GCAGUCCAUGEGCATAUACAC G10|CATGGACTG (1547 |ATGEACTG 2484 |TGEACTG 3421
haa=-miR=455=5p DAUGUGCCUUUGGACURCADCG 611 |ARGGCACAT |1548|AGGCACAT 2485|GGCACAT 3422
haa-miR-483-3p DCACHCCUCOCCUCCLGUCRT G12|AGRGGAGTG |154%|GAGGRETE 2486 |AGGAGTS 3423
haa—miR—403-5p AMGACCEGAGEARAGAAGEEAG G13|CTCCOETCT |1550|TCCoETCT 2A87|CECETCT 3424
haa-miR-484 TCAGGCUCAGICCCCUCCCGAD 614|CTGAGCCTG |16551|TGAGCCTE 2488 |GAGCCTGE 2425
hsa—miR—4B5-3p GUCAUACACGGCUCUCCUCUCU 615|CETGTATGA [1552|GTGTATER 2489|TGTATGA 3426
haa-miR-48%-5p AGAGECUGGCCEUGADGARTUC 616|GOCAGCCTC [1553|CCAGOCTC 2450|CAGCCTC 3427
hsa-mip-4&6-3p CEGEGCAGCUCAGUACRGGAT 6l17(AGCTGCCCC |1654|GCTECCCE 24581 |CTECCCC 3428
hsa-miR-4B6-5p TCCUGUACUGAGCUGCCCCGRG G61B|CAGTACAGG [1555|AGTACAGE 2452 |GTACAGG 3428
hea-mlE-407a AAUCATRCARGEGRACRUCCAGUD 615|CTGTRATGAT (1556|TGTATGAT 2493 |GTATGAT 3430
haa-miR-4870 AAUCGUACAGGGUCATCCACUY 620|CTGTACGAT |1557 |TGTACGAT 2494 |GTACGAT 3431
hsa-miR-408 DUGARAGECUOADOUCTUGEUC 621|AGCCTTTCA |1550 |GCCTTITCR 2495 |CCTTTCA 3432
haa-miR-408% COCAGATAADGECACTICHCAR 6Z2Z(ATTATCTGG |1553|TTATCTGEG 2496|TATCTEE 3433
hea-miR-482 GUGACAUCACATAUACGGCAGE 623 |GTEATGTCA |1560|TGATGTCA 2487 |GATGTCA 2434
hsa-miR-490-3p CRACCUGGAGGACUCCAUGCUG 624 |CTCCAGGTT |1561|TCCAGETT 2498 |{CCAGGTT 3435
hzaa-mig-430-5p CCAUGGATCUCCAGEIGGEET B25|AGATCCATE (1562 |GATCCATG 24599|ATCCATG 3438
hesa-miR-491-3p CUUAUGCAAGAUUCCCUUCTAC 62 6|CTTGCATAR [1563 |TTGCATAR 2500|TGCATAR, 3437
haa-miR-491-5p AGUGGGEAACCCUUCCATUGAGE 627|GTTCCCCAC |1564|TTCCCCAC 2501|TCCCCAC 3438
hea-miR-492 AGGACCUCCEEGRCAAGATUCTT 628|CECAGGTCE 1563 |GEAGRTEC 25303|CAGETCC 3438
haa-miR-493 UGAAGGUCUACTGUGUGCCAGG 629|TAGRCCTTC [1566 AGACCTTC 2503 |GACCTTC 3440
hoa-miR-493+ OUGOACAUGGUAGECHNTCADT 630|CCATGTACA (1567 |CATGTACA 2504|ATGTACA 3441
hax-miR-494 UGAARCAUACACGGGARAACCUC §31|GTATETTTC |1568 |TATGTTTC 2505 |ATGTTTC 442
[haa-mlR-455 AARCARRCAUGGUGCACUNCTU 632|ATETTTRTT |1563|TGTTIGTT 2506|GTTTGTT 3443
hsa-miR-496 OGAGUADTACAUGECCAAUCOC €33|GTAATACTC |1570|TRATACTC 2507|ARTACTC 3444
hta=-niR=-487 CAGCAGCACACUGUESUUIGY 634|TETGCTECT [1571|GTSCTECT 2508 |TGCTGLT 3445
hag-miR-497* CARRCCACACUGUGGUGTTAGA BA5|ETETGEITT |1572|TGTGETTT Z209|GTGETTT 3446
hxa-miR-498 OUUCAAGCCAGGEEGCGUUTTUC §36|TGGCTTGAA 11573 |GGCTTGAA 2510|GCTTGRA 2447
hega-miR-499-3p RACAUCACAGCARGUCOGUGCY 637(CTGTGATET |1574|TETEATET 2511|GTGATGT 3448
hsz-miR-499-5p OUAARGACUUGCAGNGADGIUY B3F|CARGTCTTA |1575|AAGTCTTA 2512|RETCTTR 3449
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_I-Ea-mp_.-son DAAUCCOUGCUACCUGGGUGAGA §30|GCARGEATT |1576|CAACEATT 2513[ARGEATT 3450
h&a-miR-500* ADGCACCDGGECARGGATUCTG a40|coageTeCR |1577|CAGETGCA 2514|AGGTEEA | 3451
hza-miR-501=-3p AANCCACCCEEECARGEATUCT 641 |CGEETGCAT |1578 |GEETGOAT 2515|GGTGCAT 3452
haa-miR-501-5p AAUCCUDOGEUCCCTGEEIGAGA 642 [ACAAAGGAT |1579|CAAAGEAT 25)16|BAAGGAT 3453
hya-miR-502-3p AAUGCACCUGRGCAAGGATUCA 643 |casETECAT |1580 |AEGETECAT 2517|GETEEAT | 3454
hea-miR-502-Ep AUCCUTGCUADCUGEGTGCUA 544 |TAGCARGER |1501|AGCARGEA 2518|GCARGEA | 3455
hsa~-mip-503 HAGCAGCEGEAACRGUICOGCRAG 645|ccoeCTECT [1582|CcCGETECT 2519|CGCTECT 3458
hsa-miR-504 AGACCCUECUCTECACOCIADS 646[ACCAGGGTC |1503|CCREGETC 2520|CAGGETC 3457
haa=-miR=-503 CGUCAACACIUGCTGEUUDCCT 647 |AGCTETTEAC [1584|GTGTTGAC 2521 |TETTEAC 3458
hoa-miR=505* |EGEAGCCAGGARGUATUGATGD s48[ceTeaeTee |1585|CTGECTCC 2522 |TEECTCC 3459
haa-miR-506 UARGGCAGCCUUCDEAGUAGR 649 |GRGTGCCTT |15A6|GETECCTT 2523|GTGCCTT 3460
haa=-miR-507 [ UUOUGCACCIUTUGGRGUGAA 650[|AGGTECAAR |1587 |GETGCAAR 2524 |cTECAAR 34¢el
hea=-miRk=508-3p UGEAUUGUAGCCOUUUGGAGUAGA 651(ceTACAATC |1588 |[CTACAATC Z525|TRCRATC 3462
haa-miR-508=5p TACHCCAERGEGCOUCACUCANG 652 |CTCTGGEAGT |1580|TCTEGAGT 2526|CTGGAGT 3463
hsa-miR-509-3-5p |DACOGCAGACGUGECAAUCAUG 653|GTCTGCAGT |1550|TCTGCRGT 2527|CTECAGT 3464
hsa-miR-509-3p |UGAUDGGUACGUCUGNGGEUAG ES54|GTACCAATE (1591 |TACCAATC 2528|accaaTe 3465
hsg-mip-500-5p HACOGCACACAGUGGRCARTCA 855|eTCTEEAGT {1592 |ToTEoAGT 2529|CTGCAGT 466
hsa-miR-510 DRCOCAGEAGREUGGCARTICAL 656 |[CTCCTGAGT |1593|TCCTGAGT 2530|COTEAGT 2487
haa-tiR-511 GUGUCUTUUGCUCTGCAGUCA 657|CARARGACA |1594|AAARAGACA 2z53]|anacaca | 2488
hea=-miR=512=3p ARGUGCOGUCADAGCUGAGEUC 5568 |GRCAGCACT (1595 |RCAGCACT 2532|CAGCACT 3469
hsa-miR-512=5p CACOCAGCCUTCAGEECACUTTC 659|AGGCTGAGT |1596|GECTEAGT 2533|GCTGAGT 3470
haa-miR-513e~3p DARATTUCACCOUTCUGAGAAGE 660|GTGAAATTT {1557 |TGRARATTT 2534|GAAATTT 3471
hsa~miR-513a-5p OUCACAGEGAGFUGUCAT 661|TCCCTETEA {1598|CCCTGTGA 2535|CCTETGA | 3472
hza-miR-513L UOCACRAGERGCUSUCAUTUAT 662 [TCCTTGTGR {1598 |CCTTETER 25236|CTTETGA | 3473
hsa—miR-513¢ UUCOCARGGASGDGCETUTAY 563 |TCCTTGAGA |1600|CCTTGAGR 2537|cTTAce | 2474
hoa-miR-514 ATUGACACTOCDGUGAGUAGR 564 (AAGTETCAR [1601|AGTGTCAL 2538|GTETCRA | 2475
hea=-miR=515-3p CAGURCCUTCTIUTGGAGCGUT 065 |GRAGGCRCT 1602 |[RAGGCACT 2539|AGGCACT 47¢
_|hxa-miR-515-5p |oUCOCCAARAGARRGCACTUICTG 666|TTTTGGAGA |1603|TTTEEAGA 2540|TTGERGA | 3477
haa=miR~516a-3p UGCUTCCUTOCAGAGGE 667 |aARCARAGS |1604 |[RAGGAAGC 2541 |AGGRAGC 3479
hsa-mip-516a-5p IICOCEAGCARAGRACCACOUUC €68 |[TCCTCGAGA |1605|COTCGAGA 2542|CTCERAGA | 2479
hza-mik-516h AUCUGGAGGUAAGARGEAGUTT 669 |ACCTCCAGR |[LEDE|CCTCCRAGA 2543|crecasa | 3480
hea=-miR=-517* CCUCUAGAUGGAAGCACIGUCT 670|cATeTACAG [1607 [ATCTAGAG 2544 |TCTAGRG | 3481
hea-miR=-517a AUCGOGCAUCCCOOUAGAGTGY 671 |GATGCACER |1606|ATGCACER 2545|TGCACGA 3482
hza-miR-517b DCGUGCATCCCODUACRETGIT €72 |GEATGCACE |1608|GATeCACE 2546|aTeCACE | 3483
hga=-miB=517¢ ADCEUGCATCCUUUTAGAGUGU 673|GATGCACGR |1610[ATGCACEA 2547|TGCACGA 3484
hsa—miR-51Ea=-3p GRAMNFCGCUOCCCUOUGCOGER 674 |AAGCGCTTT |L61)|AGCGCTTT 2548|GCECTTT 3485
hxa-miR-518b CAAAGCGCUCCCCUTDAGRGET 675|GAGCGCTTIT |1612 |AGRCGCTTT 25458|GEEETTT 34865
hza=-miR=518c CARAGCGCUUCUCUTTAGAGUGT 676[BAGCECTTT 1613 |AGCGCTTT 2550|GCECTTT 3497
hsa-miR-518¢c* UCUCHEEAGGERRGCACTTUCTG 677 |CCTCCAGAG [1614 |CTCCARAG 2551 |TCCAGAG 3488
h=za~miR-518d-3p CAAAGCGCUDCCCOTUGGAGE G708 |AAGCGCTTT [1615|AGCGCTTT 2852 |GeaETTT 348%
hsa-piR-5l8d-5p CUCHAGACEARRGCACTUUCTG 679|CCCTCTAGA |1616|CCTCTAGR 2553|CTCTAGE | 3420
hza=miR~518a AARGCGCIUCCCUNGAGRGUG GB0|GARGCGCIT |1E17 |[ARGCGCTT 2554 |AECECTT 3491
hse-miR-518F GAAAGCGCUDCICUTUAGREG GE1|ARGCGCTTT |181H|AGCGCTTT 2855 |GCEETTT 3482
haa-miR-S1ER+ CUCUAGAGGGAMSCACOUUCTC 682 [CCeTCTAGE |1619(CCTCTAGA 2556|CTCTAGA | 3453
hsa=-miR-519%a AAMGTGCATCCUUNUAGRGTCT 683 |GATGCACTT |1620}ATGCACTT 8557 |TECACYT 3494
haa-miR-5]19a* CUCORGAGGGAAGCGEUNUCTG 584 (CCCTCTAGA |1621|CCTCTAGAR 2558 |CTCTAGA 3495
hoa-miR-51%b-3p AARGUGCAICCUUUUAGRGEUT 665 |GATGCACTT |1622|ATGCACTT 2559|TECALTY 3496
heag-miR-5152-3p ARLAGUGCAUCODUDTAGAGGAY 686|GATGCACTT |[Le23|ATGCACTT 2560|TGCACTT | 34497
haa-miR-519d CAARGHGCCUCCCDUUAGAGTG 6A7 [AGECACTTT |1624|GGCACTTT 2561 |GCACTTT 3488
haa-mih-51%e ARGUGCCUCCUUUDAGAGIGUD 688 |GEAGGCACT |1625|GAGGCACT REG2|RCGCACT | 34088
hega-miR-519%a* UHCUCCAAARGEGAGCACTOTC 69 (TTTTEEAGA [1626[TTTGEACR 2563|TTGGAGA | 3500
haa=-miR=520a=3p ARAGUGCUUCCCUUUGEACUGY 690 |GRAGCACTT |1627|ARGCACTT 2564 |AGCACTT | 3501
haa-miR-520a-5p CUCCAGRGGGAAGUACTUDCT 891 |CCCTCTGGA [1628|CCTCTGER 2565|CTCTGGEA | A502
hsa-mib-520b ARAGUGECOUCCOUUDAGAGHS 692 (GAAGCACTT |1625|RAGCACTT 2566|AGECACTT 3503
hsa-miR-520c-3p  |AAAGUGCDUCCUUUUAGAGGED 693 [GAAGCACTT |1630[ARGCACTT 2567|AGCACTT | 3504
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hxa-mir=5204-3p AARGUGCOUCTCIUUGEDEGEET G604 |GARGCACTT |1631|AAGCACTT 2560|AGCACTT 3505
haa-miR-520d=-5p CUACAARAGGEAAGCCCUTUC 655|CCCTTTETA |1632|CCTTTGTA 2568 (CTTTGTA 3506
hsa-miR-520e ARRGUGCUNCCUUNUIGAGGE 696|GANGCACTT (2633 |AAGCACTT 2570IRGCACTT 3507
haa-miR-520E AAGUGCUUCCUTIUAGAGGEUD E97|GGAAGCACT |1634|FRAGCACT 2571|ARAGCACT 3508
hsa-miR-5Z0g ACAAAGUGCOUCCCUUTAGAGUGT 620 [AGCACTTTG |1635|GCACTTTE 2372|CACTTTG 3508
hza-miR~520h ACARAGDGCUUCCCUOUAGAGY 699 AECALTTTE |1636|GCACTTTG 2573(CRCTTTG 3510
hsa-miR-521 AACGCRCUNCCCOUTAGAGTGET 700|GARESTECGT |1637|ARGTGOGT 2574 |AGTGCET 3511
haa-miR-522 AARATGGUUCCCTTUAGAGIGY 701|GARCCATTT |163%|AACCATTT 2375|ACCATTT 3512
haa-miR-523 GAACECGCIUCCCUATAGAGGEN 702 |ARGCGCGTT |1630|AGCGECETT 2876|GCGCGTT 3513
hsa-mir=524=3p GAAGGCECUUCCCUTUGGAGT 703 |ARGCGECTT |1640|AGCECCTT 2577|GCGCCTT 3514
hsa-miR-524-5p CUACAARGGGARGCRACUUDCUC 704|CCCTTTGTA (1641 |CCTTTGTA 2578|CTTTETA 3515
hea-miR-525-3p GAAGECECUICCCUVTAGAGCE 705|ARGCECCTT |1642 |AGCGCCTYT 2579|GCGCCTT 3516
hsa-miR-525-3p CUCCAGAGEGATGCACUTUCU T06|CCCTCTGEEA | 1643 [CCTCTGGEA 25080|CTCTEEA 3517
haa-miR-526b CUCUUGAGGGARGCACIUTCUGT 707|CCCTCAAGA |1644|CCTCRRAGH 2581 |CTCARGR a5la
haa-mlR=-526b* GAAAGUGCUICCOUTUAGAGEC TO0B|ARGCACTITT |1645|RGCACYTT 2582|GCACTTT 3518
hag=-miR=527 CUGCAAAGGGAAGCCOUTITC T09|CCOTTTECA |1646|CCTTTECA 2583|CTTTGCA 3520
haa—miR-532-3p CCUCCCACACCEAAGGCUUGCR T10|GIGTGEEEAG |1647|TEGTCEERGE 2584 (GTEGEAG 3521
haa-miR-532-5p CAUGCCOUGAGIGIAGRACCGET 711|TCARGECAT |1648|CARGGCAT 2585|ARGGCAT 3522
hga-mir=-539 GGAGAAAUUAUCCUTGGUGUGY 712|TAARTTTCTC |1649[AATTTCTC 2506|ATTTCTC 3523
hea-miR-541 DGEUEEECACAGARTCTUGGEACT 71A|ETECCCRACE |1650|TEGCCCACT 2587 |GCCCACC 3524
hza-miR-541% ARAEEANUCUGCOGUCSEUCCCACT | V14|AGMTCOTT 1651 |GRATCOTT 2580 [AATCCTT 3525
haa-miR=542-3p UGUGACAGATUGATANCTGARA 715|ATOTETCAC (1652 |TCTGTCAC 2509/CTGTCRC 3526
haa-miR~542-3p UCEEEGAUCAUCAUGUCACGAGA T16|TGATCCCCG (1653 |GATCCLCE 2590|ATCCCOG 3527
hsa-miR-543 AAACATTCGCGEUECRCTOCTD TL7|GCGAATGTT |1654 |CGARTETT 2591 |GRATGTT 3528
haa-miR—-544 AUUCUGCATUTUUAGCARGTUL 71B|AATGCAGAA (1655 |[ATGCAGAA 25892|TECAGAR 3529
hza-miR-345 UCAGCAARCAUOUATUGDGEUGE TL8[TGTITGETG |1656|GTTIGCTG 2593|TTTGETE 3530
hsa-miR-545* UCAGURRATUGDUUANUAGAUGA T20|CATTTACTG (1657 |ATTTRACTE Z594|TTTACTG 3531
haa-m{A=-548a=3p CABARCUGGCAAUUACTOUNGS 721|&CCRAGTTTT (1658 |CCAGTTTT 2505 |CRGTTTT 3532
hza-miR-54Ba-5p ARRAGURAUUGCEAGUUUUACT 722|AATTACTTT |1658|ATTACTTT 2596|TTACTTT 3533
h#a-miR=548b—23p CARGARCCUCAGUUGCUTOOED 723|GAGGTTCTT |1660[AGETTCTT Z597|GGTTCTT 3534
hag=miR-548h-5p AARRGUARDUGDEGUIUTGGCC T24|AATTACTTT |1661|ATTACTTT 2598[TTACTTT 3535
hasa-miR-54Bo-3p CAARRAANCDCARRDUACUUTUGC 725|GAGATTTTT |1662AGATTTTT 2539|GATTTTT 3536
haa=miR=54f8c-5p ALARGUARTUGCGEGUUUUUGCC 726|ARTTACTTT |1663 |ATTACTTT 2600|TTACTTT 3537
hga-miR-548d-3p CAARARCCACAGUUGCUUDOGC 727|STEETTTTT |1664|TGETTTTT 2601|GGTTTTT 3538
hza—miR-548d-5p AAMAGUAATUGUGEITOTOGCS T20[ARTTACITT (1665 )ATTACTTY 2602|TTACTTT 3538
hga-miR-348e AMRARCUGRGACUACUUUTGCA 728{CTCAGTTTT (1504 |TCAGTITT 2603 |CAGTTTT 3540
hsa-miR-548% AAMMCUGUARTUACUOOU 7A0TACAGTTTT |1667|(ACAGTITT 2604|CAGTTTT 3541
hsa-miR=-548g RARACTUGUARTUACTUTOGUAC TI1|TTACAGTTT |1660|TRACAGTTT 2605 ACAGTTT 3542
haa=-miR-548h AABMAGUAATCGCGGUUUOUGTC 732|GATTACTTT |1669(ATTACTTT 2606(TTACTTT 3543
hsa-miR=5481 AAARGUAROUGCEGATTUUGCC 733[AATTACTTT |1670(ATTACTTT 2607|TTACTTT 3544
hga=-mR-348] ARAAGTARAUUGCGEUCTUNGED 734|BATTACTTT |1671[ATTACTTT 2G0B|TTACTTT 3545
hasa-miR-548k ARRAGUACOUGCEGAUUOUGCT 735|ARGTACTTT |1672(RGTACTTT 2609|GTACTTT 3546
haa=-miR-5481 BAAAGTAUTUGCGGE0UDOGUC T3G|AAATACTTT 1673 |ARTACTTT Z610|ATACTTT 3547
hsa-miR=-548m CABRAGGUAUUUGUGGUTUOUG 737|{BATACCTTT (1674 |ATACCTTT 2613 |TACCTTT 3548
hza-miB-546n CARARGUARUUGUGGAUGUUGT F38|ATTACTTTT |1675|TTACTTIT 2612|TRCTTTT 3548
hea-miR-5480 CCARRACUGCAGUTACTOUTIGE T33|GCAGTTTTG (1676|CAGTTITE 2613|AGTTTIG 3550
hea-miR-548p UAGCAARAACUGCAGDUACUUT T40|GTTTTTGCT |1677 |TTTITGCT 2614|TTTTGCT 3551
haa—miB-549 UGACARACURUGGRUGAGCICH T41|ATAGTTGTC (1678 |TAGTTGTE 2615|AGTTGTC 3552
hea-miR-350 AGIGECCUCAGGGAGUARGAGCCC T42|CTCAGGCRC |1679|TCAGGCAC 2616|CRGGCAC A553
hsa-miR-350+ UGHCUTACTCCCUCAGGCACAN 743|GAGTAAGRC |1680 |AGTRAGAC 2617|GTAAGAC 3554
haa—miB-551a GCEACCCACUCUUGGEUUTCCA T744|RETGEETCG [1691|GTGEETCE 261R|TGEETCG 3555
hega-miR-H51hL GEGACCCATACIUGGONTUCAG TAS|TATGEETCE (1602 |ArecGTCE 2619|TGEETOG 3556
hta-miR-~531b* GAARUCAAGCGUGGGUGNGACE 746|GCTTGATTT |1633|CTTEATTT 2620|TTGATTT 3557
hea-miR=-552 ARCAGGUGACUGEIVAGRCIA T47|GTCACCTAT |1604|TCACCTET 262] [CACCTET 1558
haa-mlRE-553 AAAACGGUGAGATULICOOUY T48[TCACCGTTT |1685|1CACCETTT 2622 ACCETTT 3558
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hag-miR=-554 [5CURGUCCUGACUCAGCCAGT 749|CAGGACTAG |1686[AGGACTAG 2623|GeacTas | 3960
heg-niR~-355 AGEGUAAGCOGRACCOCUGAY 750 |AGCTTACCC {1687 |GCTTACCC 2624|CTTACCE 3261
hsa-miR-556-3p ADAUTOACCAUUAGCUCATCOUT 751{ATGGTAATA 1668 |[TGGTAATA ?625|GGTARTA | 3562
hsa-miR-556-5 GADNGRGCUCATUGUAAATCRAG 752 | TEAGETCAT {1669 |GAGCTCAT 2626|AECTCAT 3563
hea=-miR=557 GUUNGCACGEEUGGGCCIUGTCED 753|CCETECRAA 116590 |CETECARR 2627|GTGECARA | 3564
hsa-miR=-558 HEAGCUGCOSUACCAARRY 754|CAGCAGCTC (1691 |AGCRECTS 2628 |GCAGCTE 3565
hsza—wlR-559 HAAAGUARKNAUGCACCAARR 755|ATTTACTTT {1692 |TTTACTTT 2629|TTACTTT 3566
hsa-miR-561 CARAGUUTARGAUCCOUGRAGT 756[TTARACTTT |1693|TARACTTT 2630 AARCTTT 3567
haa=-mlR-562 AARGUAGCUGUACCAUUUGC 757 |cageTacTT |1694|AGCTACTT 2631 |eCTACTT | 2568
hsa-wlR-563 ACGUUGACRUACEUUUCCC 75B|ATGTCARCE |1695|TETCAACC 2632 |GTCARCC 3569
hea=-miR-564 AGGCACGEUGICAGCAGEC T59|CACCEGTECC |LEDO|ACCGTGCC 2633|CCGTGCC 3574
hea-miR=-566 GGECGCCUGUGATCCCARS F60|acacacace [1697|CAGECECC 2634 |asecces 571
hza-mdR-567 LGUAUGUUCUUCCAGGACAGRAL 761 |AGARCATAC |1696|GAACATAC 2635|ARACATAC a572
hEa-miR-568 AUGUADAMAAUGUAUACACAC 762|ATTTATACA |1693|TTTATACE 2536|TTATACA | 3573
hsa=-miR~569 AGUUAAUGAAUCCOGGAARGT 763 |TCATTARC [1700|TCATTARC 2637|CATTARC 3574
hsa-miR-570 CEARRACAGCAAUUACCITUGE 7684 |GCTGETTTTE (1701{CTETTTTC 2638|TGETTTTC 3575
hsa-miR~571 TGAGUNEECCATCUGAGUGAG T65|GGCCAACTC |1702 |GCCAACTE 2539|CCAACTC 3576
hsa-miR-572 GUCCECUCEECEEIGECCCA 766|CCGAGCEER |1703 |CERGCGER 264D|GRECGGEA | 2577
haa-miR-573 CUGAAGUGAUGUGUARCDCAUCAG Te7|ATCACTTCA (1704 |TCACTTCA 2641 1CACTTCR 3578
haa-mlE=574=3p CACECUCAUGCACACACCCACA T6B|CATGAGCET |1705|ATGAGCET 2642 (TGAGCGT 3579
hsa—miR-574=5p DEAGUEUGHEHCTETGRGUETET 763|CACACACTC |[1706|ACACACTE 2643 |CACACTC 3580
hea-miR-575 GAGCCAGTUGGACAGEAGE 770|cARCTEECT [1707|AACTGECT 2644|ROTEELT asel
hsa-miR=-576=3p AAGAOCUGGAAARADUGGAATL 771|TCCACATET |1706[CCACATCT Z645|CACaTeT 3582
hsa-miR-576=5p ATUCUAATIOUCOCCACGUCUUY 772 |ADATTAGAR |1709|ARTTAGRA 264 6|ATTAGAA 3583
hea=-miR-577 UAGATAAAATATIGGEOACCOG 773A|ATTTTATCT |1710[TTTTATCT 2647|TrTATET | 3584
hsa-mlR=-578 CUUCTUGUGCICTAGGATUGT F74|ECACRAGAA 11711 |ChERAGRA Z2E648|ACARGRA 3585
hsa-miR-579 HHCANOUGETATARACCGCSAUY 775 [RCCAAATGA (1712 |CCARRTGA 2649|CAARTGR | 3566
haa-miR-580 UUGAGARTEADGARNCANUAGE 776|TCATTOTCA |1713|CATTCTCA 2e50(ATTETCA | 3587
hsa=-miR=-541 |UCOUGUGTUCTCTAGADCAGY 777\GARCACAAG |1714|AACACARG 2651 |ACRCARG 3580
h=a-miR-582-3p DAACUGGIUGARCAACDEAACT 770|CRACCAGTT |1715|ARCCAGTT 2652[ACCAGTT | 3585
hea-miR-582-5p TTACAGOUGUDCARCCAGITACE TT9|ACRACTGTA |1716|CAACTGETA 2653 |ARSTETA 3590
hsa-miR=-503 CAARGAGGAAGGUCCCAUUAL 780|TTCCTCTTT |1717|TCCTCTTT 2654|CCTCTTT 3591
haa-min-584 TUADGGUTUGCCUGEGACTGAG 781|CARACCATA |1718|ARACCATA 2555 (AACCATA 3saz2
hea-miR-585 UGGECGUATCUGTADGCUA 782 |GATACGCCC [1719[ATACGLCC 2656|TACGCCE 3593
hza-min-586 HATGCAUTCTADUDUUAGFUCS 783 |[ACAATGCAT [1720|CARTGCAT 2657|RATGCAT 3594
hea-miR-587 UUUCCAUAGGUGAUGAGUCAC 704[cCTATEGERA |1721|CTATGGAR 2658|TATGEAR | 3595
hsa-miE=-584 DUEECCACARDGGGEUUAGRAC TES|TTGTGECCA [1722|TETEGCCA 2659(GTEGCCA 3596
hsa-miR-583 DGACAACCACEUCUECUCUGAG 706[GTEETTETE 1723 |TRGETTOTC 2660(GETTCTC 35487
haa-miR-589* JCAGARCARRDGCCGETUCCCAGA TR7|TITETTCTG |1724 |TTGTTCTE 2661 |TETTCTE asog
hza-miR-520~-3p UALOOUUADGUATARGCURET Taa|cATAARATT |1725|ATARAATT 2662 |TARRATT 3559
hsa-miR-520-5p GRECUDATUCAUAARRGUGCAG 768|GRATAAGCT |172G|ARTAAGCT 2663|ATARGCT 3600
hea=-miR=-521 AGACCAUGGEGUICUCAUOGET 7a0|CCCRTGETC (1727 |CCATGGETC 266d|CATGETC 3601
hsa-miR=-552 OUGDGEUCAAUANGCGAUGADGD TOLATTGACRED |17268|TTGALCACR 2665|TGACACR 3602
hsa-miR-593 OGEDCHEUECUGGEGUTUCT 792 |AGCAGAGAC (1729 |GCAGAGAC 2666|CAGRARAC 3603
hea=-miR-593% AGGCACCAGCCAGGOADUGCUCAGE |7593 |GLTGGTEES (1730 |CTEETGC 2667 |TGETGCC | 3604
hsa-miR-595 GARGUAIGCCEUGGUGUEICT 794 |GGCACACTT |1731|GCACACTT 2668 |CACACTT 605
hea-~-miR-596 ARGCCUGCCCGGCUCCHCERESE 785 |GEECAGEET |1732|GECAGECT 2669 |GCAGECT 3606
hea-miR=-597 JGEUGUCACUGGRUGACCACIGH 796|GAGTGRGAG [1723|AGTEACAC 2670|GTGACAC 607
hsa-miR-55% UAGCGUCAUCGUUGICANCGUCA 797|CGATGADGT |1734|CGATGACGT 2671|ATGRCGT 608
haa-miR-599 GUUGDGUCAGUTUAUCAARC 758|CTEACACAA [1735|TGACACAR 20872 |GACACAR 3609
hsa-miR-600 ACUUTRCAGACAAGAGCCUUGCUC 799|GTCTGTARG |1726|TCTGTARG 2673|CTGTARAG | 3610
haa-miR-601 OEEUCIAGCRATUGTIGEREGAS B00|TCCTRGACE |1737|CCTAGACC 28674|CTRGRCC 3611
haa-miR-602 |GACACGEELGACAGCIGCGGCCC apl|caccesTer |1738|GCCCGTET 2675|CCCETET 3612
hza-miR-603 CACACACUGCAAUUACTUNNGE 802 |GCAGTGTGY |1739|CAGTGTGET 2676|AGTETGT | 3613
haa-miR-&04 AGGCUGCFEARTICAGGAC 803|TCCGCAECT [1740|COGCAGEE 2677|cecacec | 3614
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hsa=-miR=605 UAAADCCCADGGEUGCCUUCCCT B04|ATGGGATTT |1741|TCGGATTT 2878|GGGEATTT 3615
hsa-miR~-606 AAACUACUGRAARUCARAGAD BOS |TCAGTAGTT |1742|CAGTAGTT 2679|AGTAGTT 3616
hag-miR-&07 GUUCAAATCCAGRUCUAURAL B06|GGEATTTGEAA |1743 |[GATTTGAA 2620JATTTGAR 3617
hea~-miR-E608 AGGGGUGGUGTIGGCACAGEICCGT |807|CACCACCCC (1744 (ACCACCCD 2691 |CCACCCC 3618
[hsa~mir-a09 AGGEUGUIUCUCUCADCOCT BOB|GAAACRCCC |1745 | ARACACCC 26B82|AACACCC 3619
haa=-miR=-610 UGAGCHARROGUGUGCUGGGA BOR|ATTTAGCTC |1746|TTTRAGCTC 2683 (TTAGCTC 3620
hea-miR-611 GLGAFEACCCCUCEGEEUCTEAL Bl0|GGETCCTCG 1747 |GGTCCTCG 2684|GTCCTCS aszl
hsa-miR—-612 GCUGEECAGEGCUUCIGAGCOCCUT |81l [CCTGECCAA 1748 |CTGCCCAG 2685|TGCCCAG 3622
haa=-miR=-613 AGGAAUGUUCCTOCUUUGCC 812|GAACATTCC (1749 |AACATTCC 268 6|RCATTCC 3623
hoa-miR-£14 GAACECCUGNUCUUGCCAGEOGE B13|ACAGGCETT (1750|CAGGCETT 2687|AGGCETT 3624
hsa-miR-615-3p UCCGAGCCUGEEUCUCCCUCTT 814 [CAGGOTCGGE |175)|AGRETCGE 2688 |GECTCREG 3825
hga-miR=515-5p GGREGEICCCCGEDGCUCGGAUC B15|GGGEGACCCC (1752 |GEEACCCC 2609|GEACCCC 624
" |hsa-mir-616 AGUCATUGGAGEGUTUGAGCAG A16(TCCAATGAC [1753|CCARATEAC 2690(CAATGAC 3a27
hxa—-miR-616* ACUCARAALCCCUUCAGUGACUD 817 |GETTTTGAG 1754 |GTTTTGAG 269 TTTTGAG 3628
bhaa-miR-617 AGACUUCCCATUUGAAGGUGEE 918|TEGERAGTC (1755 |[GEGAAGTC 2692|GGAAGTC 3628
hga-mir-618 ARACUCUACUUGUCCUUCUGAGD B813{AGTAGACTT |1756|GTRAGAGTT 26593|TAGAGTT 3630
hza-miR-§19 GACCUGGACAUGUUUGUGCCCAGT 820|TGTCCAGET [1757|GTCCAGGT 2694 |TCCAGGT 3631
hsa-miR-620 AUGGAGAUAGAUAUAGRAAT §21|CTRATCTCCA |1758|TATCTCCA 2635 (ATCTCCA 3632
hsa=-miR-621 GECUAGCARCAGCGCUTACCT A22|GTTGCTAGE |1759|TTGCTAGE 2656(TGCTAGS 3&33
hea-mip=-622 ACAGICUGCUGAGGTUGGAGC 823 |AGCAGARCTG 1760 |GCAGACTS 2697 CAGRCTG 3634
haa-mlp-623 AUCCCUUGCAGGGGCUGUUGGET 824 |TGCAAGGGEA |1761|GCARGGER 2698|CARGGER 3635
haa-miR-624 CACARGGUADUGGUADTACCIT B25|ATACCTTGT |1762|TACCTTET 2699|ACCTTGT 3636
hga-miR-624* UAGUACCAGUACCTIUGUGUUCA BZ6|ACTGGTACT {1763 |CTEETACT 2700 |TGGTACT 3637
"|hsa-miR-E25 AGGGECEAAAGUUCUATAGDCC B27[CTTTCCCCC (1764|TTTCCCCC 2701|TTCCCCC 3638
hsa-miR~625% GACUAUAGRACUTUCCCCCUCA B28|TTCTATAGT |1765|TCTATAGT ZT702|CTATRGT 3639
hea-miR-626 AGCIEUCUGARRATGUCTT A2 {TCAGACAGE |1766|CRAGACRGE 2703 RERCAGC 3640
hsa—miR-627 GUGAGUCUCUAAGARAAGAGGA B30[AGAGACTCA (1767 |GAGACTCA 2704 AGACTCA 3641
haa=-miR=-628=3p UCURAGUARGAGUGEEAGTCGA 831 |TCTTACTAG (1760|CTTACTAG 2705(TTACTAG 3642
haa-—miR-628-5p AUGCUGACAUAUUUACUAGAGG 832 |ATGTCAGCA |176%|TGTCAGCA 2706|GTCAGCA 3643
haa-—miR-623 UGEGUUUACCUTGGGAGRACT B33|CGTAARCCC [1770|GTARACCC 2707|TAAACCC 3644
hea-miR-629* GIUCUCCCARCGURAGLCCAGT B34 |TTGEGAGAR |1771| TGEGAGRA 2708 |GEGAGAR 3645
hsa-miR-630 AGUAUUCUGUACCAGGGAAGGET 835|ACAGAATAC (1772(CAGAATAC 2705|AGAATAC 3646
haa=-miR=-631 AGACCUGECCCAGACCUCAGE BA6|GECCAGETS (1773 |GCCAGETC 2710|CCAGETC 3647
hsa-miR-632 GUEUCUGCUTCCUGUGEER B37|ARGCAGACR (1774 |AGCAGACA 2711|GCAGACA 3648
haa-miR-&33 CUARUAGUAUDCUACCACAAUARA 83%(ATACTATTA (1775|TACTATTA 2712|ACTATTA £ T
hea-miR-634 RACCAGCACCCCAACOUTGERE B3B|GEYGCTGET (1776|GTGCTGET Z71I|TEETEET 3a50
hsa—miR-635 ACTUGGGCACTGARACARTGUCC F40|6TGCCCARG |1777 |TGCCCAAG 271L|GCCCAAG 3651
hea=-miR=636 UGUGCUTGCUCGUCCCGCOUGCA 841 |aGCAAGCAC (1778|GCAAGCAC 2715|CAAGCAC 3652
hega~-miR=-537 | ACUGGEGECUUUICEEGCUCTGCET B42Z[AGCCCCCAL (1779|GCCCCCAG 2716|CCECCCAG 3653
hsa-—miR—G38 AGGGAUCGCGGEECEGEUGGLGECCT |84 |CELEATCCC |1780|GCEATLCE 2717 CGATCCG 3e0d
hsa=-miR=638 RUCECUGEEEIUGEGAGLECUSH 844 |CCGCRAGEGH |1781 |CGCAGCGA 2718|GCAGCGA 3655
has—niR-640 ATGAUCCAGEGAMCCUGCCOCT 8453 |CCTEEATCA [1762 |CTGGATCA 2718|TGGATCA 3056
h3a-miR-641 AAAGACAUAGGAUAGAGUCACCUC B46|CTATGTCTT |1783|TATGTCTT 2720|ATGTCTT 3657
haa=-miR=-642 GUECCUCUCCARADGUGUCHG 847|GGAGAGGRA (17841 |GAGRGGER 2721 (AGRGEER 658
hea-miR-643 ACUUGUATGCUAGCUCAGGURG B4R |GCATACARG (1T85|CATACAAG 2722 |ATACAAG 3659
hza-miR-&44 AGUGUGECTUUCHUAGRGS 845 [AAGCCACAC (17865|RGCCACAL 2723 |6BCCACAC 3860
hga=-miR=-643 TCDAGGCUGGTACTECUGA 850[CCAGCCTAG (1787 |CAGCCTAG 2724[AGCCTAG 3561
hoe-miR-€46 BAGCAGCUGCCUCUGAGES B51(GTAGCTGCT |1768|CAGCTECT 2725|AGCTECT 3662
hea-mik-647 GUEGCUGCACUCACTUCCUUC B52|GTGCAGCCA 11785 |TGCAGCCA 2726|GCAGCECA 3663
hsa-miR-648 ARGUGUGCAEGGCRCOCED BSI|CTECACACT |1720|TGCACACT 2727|GCACACT 3664
hsa-miR-649 ARRCCIGUGIUGUUCAAGAGUS 854 |ACACAGSTT [1791|CACAGETT 2728(ACAGATT 3665
hga-miR-650 AGGAGGCAGCGCUCUCAGGAC B55|GCTGCCTCC |1792 |CTGCCTCC 2728|TECCTCE 3666
hsa-miR-651 DUUAGGAUAAGCHUGACUUTUGE B56|TTATCCTAA |1793|TATCCTAR 2730|ATCCTAR 3667
hea-miR-652 AAUGGCGCCACTAGEGUIGTG 857|TGECGECCAT (1794 |GGCECCAT 2731 |GCGCCAT 3GEER
hsa-miR=-§53 GUEUUGARACARUCUCTACUG B58|GTTTCRACA 1795 (TTTCAACA 2732|TTCARCA 3869
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hya-miR-654-3p JAUGUCUGCOGACCADCACCTU BES[AGCAGACAT [1796|GCAGACAT Z733|CAGACAT a&70
haa-miR-654-09p UGGEIGEGECOGCAGAACADGUGE BE0|CEECCEACE (1797 |GECCCACE 2734 |6CCCACT 3871
hag=-miR-655 AUAAUACAUGGTUIAACCUCTUY B61|CATGTATTA |1798 |ATGTATTA 2735|TGTATTA 3672
hza-miR-656 (ARNAUDAUACAGUCARCCUCT BG2|GYATAATAT |1799|TATRATAT 2736|ATAATAT 3673
hea-—miR-637 GECAGGIUVCUCRECCUCTCTAGG B63|AGAACCTEC |1800|GRACCTEC 2737 (ARCCTGRC 3674
hea-miR-658 GGCGGRAGGGARGIAGETCCGUUGGT (R64|TCCCTCCGC 1801 |cCrTCeat 2738|CCTCOGC 3875
hea-miR-652 COUGEUDCAGGGAGGGTICCCCA B65S|CTGAACCAA |1802|TGAACCAR Z739|GARACCAA ey
hza-mirR-660 OACCCAUUGCATAUCGEAGUTG 966|GCARTEEST |1803|CAATGEET 2740|AATGEGET 3677
hsa-miR-661 UECCUGEGTCUCGGEICTGCELGT A67|GACCCAGEC |1804 | RCCCRGGC 274]|CCCAGED 3678
hoa=-miR-662 UCCCACGIUGIGECCCAGCRAG 860 |CARCGTGEEG | 1805 ARCETEGEE 2742 (ACGTGEE 3679
hsa-mlR-663 hLECCGEGEOGECCECEEEACCEE B6I|CGCCCCEEE |1806|GCOCCE0T 2743|CoecGee 3680
hea-miR~663k GEUGGCLCCEECCEUGCCUGAGE a70|CCGEEECAC 1007 |CEGECCAT 2744 |GEECCAC 3681
hea-miRk-&64 UAUUCAUOUAUCCCCAGCCUACA 871 |TARATGAAT |1308|RARTGRAT 2745|BATGRAT J&82
hza-miR-Ged* ACUGGCUAGGGAAARTGATITGEAN 8§72 |CCTAGCCAG [1B0S|CTAGCCAG 2746|ThECCAG 3683
hsa-miR-665 ACCRGGAGGCUGAGGCCCCT 873 |GCCTCCTGE |1810|COTCCTGE 2747 |CTCCTGE 3684
haa-miR—-668 OGUCACTCGGCUCGECCCACTUAC B74|CCEAGTGAC |1911|CEAGTGEAC 2748 |GAGTGAC 3685
hsa-mlR=-671=-3p UCCGEUICOCAGEGCUCCRCG B75|GAGARCCGS |1812|AGARCCEE 2749|GRRACCGG 3686
haa-miR-671-5p AGCARCCCCUGEAGEEECUGERG B876|AGEECTTCE |1813|GEGCTTCC 2750|GECTITCC 3687
hza-miR~&715 UGGUECGEAGAGEGCCCACAGUG 877|CTCCGCRACC |1914|TCCGCACT 2751 |CCECREG 36889
haa-miR-&75b CUGUATGLCCUCACCEUICR B78|GGGCATACA |1A15|&ECATACR 2752|GCATACA 3683
hsa=-miR=7 UGGARGACTAGIGATUUNGUOGHT 972 |TAGTCTTCC |1B16[AGTCTTCC 2753|GTCETCC 3690
hxa=miR=T7=1% CARCAARUCACAGUCUGCCATA BE0|TGATTTGTT |1817|GATTTGTT 2754 |ATTTGTT 3691
hsa—miR-7=2* CAACAARUCCCAGUCUACCUAD B81|GGATTTGTT |1918|GATTTGTT 2755 |ATTTGETT 3692
haza=-miR~-708 AAGGAGCITACARICTAGCUGES 882 |TRAGCTCCT |1818(RAGCTCCT 2756|AGCTICCT 3693
hza-miR-706% CAACURGACUGUGAGCUUCUAG 883 |AGTCTAGTT |1820|GTCTAGTT 2757 |TCTAGTT 3684
haa~miR-720 DCUCGoUGEEGECCUCCA B84|CCCAGCGAG |1921|CCAGEGRAG 2758|CAGCGAG 3695
heaa=-miR=744 UGCGGEECUAGGEGCTAACAGEA 385|TAGCCCCGE |1822 |AGCCCCGE 2759|GCCCCGC 111
hsa-miR=744% CUGHUGECCACUAACCUCARCCD 906|GTGECAACE |1823|TGGCAACA 2760|GECAACA 3687
haa=-miR—758 TOUGUGACCUGRIICCACTARCT B87|AGETCACARA |1824|GETCACRA 2761|GTCACAA ELT-1
hza-miR-760 CEECUCUGGGUCTGUGEEHEN 888 |CCCAGAGCC |1825|CCAGRGCC 2762 |CAGAGEC 3693
haa-miR—765 TGEAGGAGARGEARGEUGRTG 989 |TTCYCCTEE |1926]TETCCTOC 2763|CTCCTCC 3700
hea-miR~766 ACUCCAGCCCCACAGCCOCAGE 890|GGEECTGEAG |1827 |GECTEEAG 2764 |GCTEEAG 3701
hza-miR=-767-3p UCOGCUCATACCCCATGEUUDCY B91|TATGRAGCAG |1828 |ATGAGCAE 2765 |TGAGCAG 3702
hea-miR=-T67-5p UGCACCAUGEUTGUCUGAGCAUG B9Z2|CCATGGETAC |1BZD|CATGGTGEC 2766 (ATGGTGE 3703
hza-miR=768-3p CUGGEATCTCCGEEEICTIGEOY B93 |GAGATCCCR |1030|AGATCCCA 2767|GARTCCCA 3704
hsa-miR~-76%-5p HEAGRCCOCUGEAUTCUGAGCT 0894 |AGAGETCTC |1831|GAGETCTC 2768 |AGETCTE 3705
haa-miR-770-5p UCCAGUACCACGUGUCAGGGCCA R85 |TEGGTACTGA |1832|GETACTGG 2762 |GTACTGG 3706
hea-miR—-802 CAGUAACAAAGRTUCATICCUUGY BO6|TTTGTTACT |1B33[TTCTTACT 2770|TGTTACT 3707
hza-miR=-A73 GCAGGARACUUGUGAGUCUCCY H97|BAGTTCCTG |1834[AGTTCOTG 2771 |GTTCOTS 3708
haa-miR~874 CUGCCCOGECCEGAGEERCCGA A5 |GCERGEEER |1B35|CCAGEGCA 2772 |CAGGECA 3708
hza=-miR=-875-3p CCUGGARRCACUGAGETUGUG B99|TGTTTCCAG |LEIE|GTTTCCAG 2773(TTTCCAG 3710
haa-miR-875=5p UADACCUCAGUIUUAUCRAGGUG a0 |CTGAGSTAT [1837|TGAGGTAT 2774 |GAGGTAT Tl
haa=-miR-B76-3p UGGUGGUUULACAAAGUAROUCA S01|TARACCACC |1B38|RAACCACC 2775|ARCCACC 3Tz
haa=-miR=-B76-5p UGEATUDCUUTGDEANICACCE S0Z|ARGARATCC |1933AGAARTCC 2776|GAARTCC 3713
haa-min-g77 GUAGRGGAGAUGECGCAGEE S03|TCTCCTCTA |1840|CTCCTCTA 2777|TCCTCTA 3714
hea-miR-877* DCCICTICUCCITICCNCCCAG B04|GAGARGAGG |184]|AGRACAGE 2778 |GhAGRGE 3715
hea~-miR-BE5-3p AGECAGCEEEGUGUAGTGGATA 505 |CCCERTEEE |1842|COGCTGCC 2779|CeCTGCG a7Lé
hsa-ndR-8085-3p [UCCATUACACUACCCDGCCUCT S06|GTGTAATGE 1843 |TETAATGE Z27H0|GTAATGG 3717
haa-miR-BBE-3p CECEGEUGCTTACUGACCCTO 807|AGCACCCEC |1B44|GCACCCGE 2701 |CACCCGE a37le
hsa-miR-906-5p CEEEUCECAGIUAGCUCARGCGE 208 [CTCOGACCE |1.B45|TCCEACCT 2782|CoGACCC 3718
hsa-miR-~887 GUGARCGGEGLGCCADCCCGAGG 809[GCCCGTTCA |1946|CCCETTCA 2783|CCETTCA 3720
hze-miR~-E80 UACUCAARARGCUGUCAGUCA 910|TTTTTGAST |LBA7|TTTTIGAGT 2784 |TTTGAGT 3721
haa-miR—886* GACUGACRCCUCTOUGGGUGRAA 911|GGTGTCAGT |1R48|{GTETCAGT 2785[IGTCRGT 3722
haa-miR-B89 [TUAAUAUCGGACARACCAUTGY 912|CCGATATTA |1849|CGATRITA 2786|GATATTA 3723
hsa-mir=-A30 UACTUGGAARGGCAUCAGTUG 913|TTTCCRAGT |1B50]TTCCAAGT 2787 |TCCAAGT 3724
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haa-min-02la UGCARCGARCUUGAGCCACTGER 914|GTTCETTGEE |1B5] | TTCETTES 2788 |TCGTTGEC 3725
hea-miR-021b OGCAACUUACCUGAGOCATIGA 915|GTARGTYEE [1B52|TAAGTTGE | 27B9|ARETTGC | 3726
hsa-miR-B5Za CACUGUEICCUTUCUGCGTAG 916|GGACACAGT |1ES3|GACACAET | 2790[AGACRGT | 3727
hsa-miRk~892h CACUGGCUGCUTUCUGEGURGA 917|GEAGCCAGT |1854|GRECCART | Z70L|AGGCAGT | 3728
haa-miR-8 UCODUGGUUATCUACCUGTAUGA 918[TARCCARAG |LO55|ARCCARRG | 2792Z|ACCAAAG | 3728
haa-miR-o+ ADARRGCUAGAUVARCCCARRGT 913|CTAGCTTTA |L956|TAGCTTTA | Z2793[AGCTTTA | 3730
hea—miR- 920 GEGGRECHGICGARGCAGTR 920|ACAGCTCCE |LB57|CAGCTCCE | 2794|aECTCoC | 3731
hsa-miR-821 CUAGUGAGGCICAGARCCAGGAUDC  |921|CCCTCACTA |1856|CCTCACTA | 2795|CTCACTA | 3732
hra-plR-322 GCAGCAGAGARUAGGACUACEUC 522 |[TCTCTGCTE |LE55|CICTGCIG | 2796|TCTGCTG | 3733
hea-miR-523 CUCAGCGEAGEARAAGARALY 923|CTCCGCTEA |LBG0|TCCGLTGA | 2797|CCGCTGA | 3734
hsa—miR-924 AGAGTCIHGUGAOGUCTUGC 924|nCARGACTC (1861 |CRAGACTC 2798(pAnEROTC 3735
haa-mik-92a UADUGCACUUGUCCCGEECUGT 925|AAGTGCAAT |1062|AGTGCART | 2795|GTGCAAT | 3736
hsa-miR-9Za-1* AGGUIGEGANCEEDUGCARNGCU 076[ATCCCARCE |LEG3|TCCCARCC | 2800|CCCAACC | 3737
hsa=-miR~92a-2% GEEUGEGEATDDGDUECADUAC 927 |ATCOCCACGT (1664 |TCCCCARS 2801|CRCCACG 3738
hea-min-92h DADUGCACUCEUCCCEGETRUGE 028 |GAGTGCAAT |1965|AGTGCART | 2BDZ|GTGCAAT | 3139
hEa-miR-92b% AGEEACGEEACGCGEUGCAGTG 920|TCCCETCCC |1B66|CCOGTCEE | 2803|CCGTCCT | 2740
h=a-miR-93 CARAGUGCTETNCEUGCAGEUAR 930|CAGCACTTT |LBET|[RECACTTT | 2B04|GoacTTy | 3741
nsa-—miR- 93 ACUGCUGAGCUAGCACTUCCCE 931|CCTCAGCAG |1EGH|[CTCAGCAG | 2BO5|TCAGCAG | 3742
hsa-maR-933 [OGUGCACREEEAGACCUCUCCE 922|CCTECGCAC |1969|CIGCGCAC | 2B06|TGCGCAC | 3743
haa-min—924 UGUCUACUACUGGAGACACGSE 933|GTASTRAEAC |1070|TAGTAGAC | 2807|AGTAGAC | 3744
hea-miR-935 CCAGUUACCECONECECUACCEE 934 |CGETAACTG |1871|GETARCTE | Z808|GTANCTG | 3745
hsa-miR-936 ACACUACAGEGAGGARTGGTAG 935|CCTCTACTG 1872 |CTCTACTG | 2B09|TCTACTG | 3746
h=a-mik 937 ATCCGOGCICUGACTEUCUGCE 936|GAGCGCEGA 1073 |AGCGEEER | 2B10|GCGCEER | 9747
hza-miR-330 [OCCCCUUARAGGUGRAGCCAGT 927|ITTARGGGC |1874|TTPRGGGC | 2B11[TARGGGC | 3I748
hsa-miR-939 PECCCAGCUGRGALUCTGEGEGENG | |99B|CAGCTCOCE 1875 |[AGCTCCEE | 2812[ecTecce | 3749
hsa-miR- 940 ARGECAGGGLCCCCGCUCCC 939|GCCCTACET |1076|CCCTGLCT | 2813|CCTGECT | 3750
hea-miR=-941 CACCCGELUGUGUGCACADGUGE D40 |CAGCCGEET |1877|AGECGEET | 2B14|GCCGGET | 3751
hsa—miR- 542 DCOUCUCUGUNUDGECCAUGUG 941|ACAGRGAAG |1576|CAGAGARG | ZH15|AGAGDARAG | 3752
hsa-miR-242 CUGACTGUUGCCEUCCUCCEAG 942 |CAACAGTCA (1875 |ARCAGTCA 2816 (ACAGTCR 3753
hea-mir-944 AARUUADUGUACAUCGGAUGAG D43|ACARTARNTT |1860|CAATARTY | 2817|AATAATT | 3754
hsa-mAR-95 TICARCGGEUATOURDUGAGCA 944 |ACCCETTGA |1651|CCCGTTGA | 281B|CCGTTGA | 3755
hea-mik-96 UUUGGCATDAGCACATUTTUGCD 045 ITAGTGCCDA [LAOZ|RETGCCRR | 2019|GTGGCAA | 3756
hea-miR-96* ARUCANGUECAGUGCCAATATG D46|CCACATGRT |1963|CACATGAT | 2B20|aCATGAT | 3757
hsa-miR—-98 DERGEUACTAAGHUGUADDEOT 8947|TACTACCTC (1084 |ACTACCTC 2BZ1|CTACCTC 3758
hea-miR-58a ARCCCEUAGATCCEAUCTUGUE 948|TCTACGGET |1885|CTACGEET | 2B2Z2|TACGGGT | 3759
hsa-miR-09a* CARGCUCGCIICHATEEEICDG 245|AGCEAGCTT [LOHE|GCGAGCTT | 2823[ceaceTT | 2760
" [hsa-miRk-9%b CACCCGUAGARCCGAGGUUGCE 950|TCTACGGGT |1BB7|CTACGGET | 2B24|TACGGET | 3761
hsa-mLR-89h¥ CRRGCUCGUGUCUGUGGEUCCE 051 |CACGAGCIT |1868|ACGAGCTT | 2B25|CGAGCTT | 3762
hsvl-miB-H1 UGGAAGEACCGEARGUGGARG 052 [CETCOTTCE |1880|GTCCTTCG | 2B26[TeeTTes | 3763
hevl-miR-HZ-3p CCUGAGCCAGGRACCAGUGCGEACY  |953|CIGGCTCAG |1OP0[TGGCTCAG | 2B27|GGCTCAG | 3764
hevl-miR-HZ-5p TEGOACECECCCEGLACAGACT 954|GCGCETEOE |1801|ceoeTeCG | 2828[cceTece | 2765
hevl-miR-H3 CUGGGACUGUIGEGEUUGGER 055 [ACAGTCCCR |1892Z|CAGTCCCA | 2028|AGFCCCA | 3766
hsvl-miB-H{-3p CUUGCCUGUCUARGHCREUAGY 556|GACAGGCAA |1093[ACAGECAL | 2030|CRGECRA | 3767
havl-miR-Hd-5p GGUAGAGUUUGACAGGCARGTA 957|BARCTCTAC |1604|AACTCTAC | ZBJL|ACTCTAC | 23760
hevl-miA-H5 GUCAGAGAUCCAAACCCUCCEE 050 |GATCTCTGA |1095(ATCTCTGR | 2032|TCTCIGA | 3769
hsvl-RIE-K6 CACUUCCCGUCCUUCCANCCE 950|ACGGGARGT |LODG|CGGGARGT | 2033|GGGARGT | 3770
kehv-miF-E1Z-1 AUUACAGGARACUGEGUGUAAGE 960[TTCCTETAR |1697|TCOTGTAR | 2834|CCTGTAR | 3771
kshv-miR-K12-10a |UAGUGUUGUCCGCCCEAGUGEC 061 |GACAACACT |L808|ACAAGACT | 2035|CARCACT | 3772
kshv-miR-KiZ-10b |UGGUGUOGUCCCCCCEAGUGGEE 962|GACARCACC |1699|ACARCACC | ZBBE|CAACACG | 3773
kehv-miR-K12-11  |UUAAUGCUUAGCCHEUGUCCGA 563 |TARGCATTA |1600|ARGLATTA | 2637|AGCATTA | 3774
kBhv-miR-K12-12  |ACCAGECCACCAUDCCUGHCEE 564 |GTGECCTEE 1901 |TGGLCTEE | 2838|GGCCTGE | 3775
kshv-miR-F12-2 ARCUGUACICCGEEUCGATGTG 565|GACTACAGT |1902|ACTACRAGT | 2839|CTACAGT | 3776
kehv=miR-H12~3 UCACAUUCUGAGGACGGCAGCGA 956|CAGANTGTG 1903 AGAATGTG | 2040]GRATETS | 3777
kshv-miR-El2-3* |UCECGGUCACAGAAUGUGALA 957|GTGACCGCE |1904|TEACCECE | 2B41|GACCECE | 3778
kshv-naR-K1Z-4—Jp |[UAGARUACUGAGGCCUAGCUGA 960|CAGTATTCT 1905 [AGTATTCT | 284Z|GTATICT | 3779
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kohv-miR-K12=-4=5p [AGCUAARCCECRGUACUCUAGE 969|ceETTTAGE |L206|GETTTAGE | 2043 |GTTTAGC | 3780
kehv-piR-K12-5 UAGEANGCCOGEGARCUTGECEE 970|AGGCATCOT |1807|GECATCCT | 2B44|GCATCCT | 3781
kshv-nd B-Ki2-6-3p |VGAUGEUUUDCEGECUGUUEAG 971[AAARCCATC [1908[ARACCATC | ZB4S(AACCATE | 3782
kshv-miR-K12—6-5p |CCAGCAGCACCTARUCCAICES 972|GTGCTECTE [1909|TeCTECTE | 2ZB846|GCTGCTG | 3783
kahv=miR=E§12~7 UEADCCCATGUUGCUGGCGCT 973|caTeeearTe [1910|ATGEERATE | 2847|TGEGATC | 3784
kehv-miR-Kl2-8 TAGGCGCGACTGAGRGAGCACS 974 |GrCGCeeCT (1911(TCECGCCT | 2848[ceceCeT | 3785
kshv-miR~E12-2 CUGEGUATACGCAGCTGCGUAR 975{GTATACCCA |1912(TATACCCA | 2B49(ATACCCA | 3786
kehv-miR-K12-9*  |ACCCAGRUGCGUARACCCOECY 976|GCAGCTGSEG [1913|CACCTGEG | ZBS0|AGCTGGE | 3767
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CLAIMS

1.

An oligomer of a contiguous sequence of 7, 8, 2 or 10 nucleotide units in length, for use in
reducing the effective amount of a microRNA target in a cell or an organism, wherein at least
70% of the nucleotide units of the oligomer are selected from the group consisting of LNA
units and 2’ substituted nucleotide analogues, and wherein at least 50% of the nucleotide
units of the oligomer are LNA units, and wherein at least one of the internucleoside linkages
present between the nucleotide units of the contiguous nucleotide sequence is a
phosphorothioate internucleoside linkage.

The oligomer according to ¢laim 1, wherein all the internucleoside linkages present between
the nucleotide units of the contiguous nuclectide sequence are phosphorothioate
internucleoside linkages.

The oligomer according to claim 2, wherein the length of the oligomer is 7, & or 9 contiguous
nucleotides, wherein the contiguous nucleotide units are independently selected from the
group consisting of LNA units and 2’ substituted nucleotide analogues and DNA units.

The oligomer according to any one of claims 1 - 3, wherein at least 70% of the nuclectide
units of the oligomer are LNA units.

The oligomer according to any one of claims 1 - 3, wherein all the nucleotide units of the
oligomer are LNA units.

The oligomer according to any one of claims 1 - 5, wherein the contiguous nuclectide
sequence is complementary to a corresponding region of a microRNA (miRNA) sequence
selected from the group consisting of miR-21, miR-155, miR-221, miR-222, and miR-122.

The oligomer according to any one of claims 1 - 5, wherein said miRNA is selected from the
group consisting of miR-1, miR-10b, miR-28, miR-125b,miR-126, miR-133, miR-141, miR-
143, miR-200b, miR-206, miR-208, miR-302, miR-372, miR-373, miR-375, and miR-5620¢/e.

The oligomer according to any one of claims 1 - 5, wherein the contiguous nucleotide
sequence is complementary to a corresponding region of a microRNA (miRNA) sequence
present in the miR 17 — 92 cluster, such as a microRNA selected from the group consisting
of miR=17-5p, miR-20a/b, miR-93, miR-106a/b, miR-18a/b, miR-18a/b, miR-25, miR-92a,
miR-363.

The oligomer according to any one of claims 1 - 5, wherein the contiguous nucleotide
sequence is complementary to a corresponding region of a mammalian, human or viral
microRNA (miRNA) sequence selected from the group of miRNAs listed in table 1.
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10. The oligomer according to any one of claims 1 - 5, wherein the contiguous nucleotide
seguence is complementary to a comresponding region of 2 mammalian, human or viral
microRNA (miRNA) sequence selected from the group of miRNAs from SEQ ID No 1 - 558
as disclosed in WO2008/046911,

11.  The oligomer according to any one of claims 1 - 10, wherein the contiguous nucleotide
sequence of the oligomer consists of or comprises a sequence which is complementary to
the seed sequence of said microRNA.

12.  The oligomer according to any one of claims 1 - 11, wherein the contiguous nucleotide
sequence of the oligomer consists of or comprises a sequence selected from any one of the
7mer, 8mer or 9mer seedmer sequences listed in table 1.

13.  The oligomer according to clalm 11 or 12, wherein the 3’ nucleotide of the seedmer
forms the 2' most nucleotide of the contiguous nucleotide sequenca, wherein the contiguous
nuclactide sequence may, optionally, comprise one or two further 5° nucleotides.

14.  The oligomer according to any one of claims 1 - 13, wherein said contlguous nuclectide
sequence of the oligomer does not comprise a nucleotide which corresponds to the first
nucleotlde present in the micro-RNA sequence counted from the 5 end.

15.  The oligomer according to any one of claims 1 - 14, wherein the nucleofide analogue
units are selected from the group consisting of 2-0_alkyl-RNA unit, 2'-OMe-RNA unit, 2
amino-DNA unit, 2'-flucro-DNA unit, LNA unit, and a 2'-MOE RNA unlt,

16.  The oligomer according to any one of claims 1 — 15, wherein the nucleotide analogue
units are Locked Nuclsic Acid (LNA) nucleotide analogue units.

17.  The oligomer according ta any one of claims 1 - 18, wherein the configuous nucleotide
sequence of the oligomer is complementary fo the corresponding sequence of at least two
miRNA sequences such as 2, 3, 4, 5, 6, 7, 8, 9, or 10 miRNA sequences, aptionally with the
use of a single universal nucleotide within the oligomer contiguous nucleotide sequence.

18. The oligomer according to claim 17, wherein the contiguous nuclectide sequence of the
oligomer consists or comprises of a sequence which is complementary to the sequence of at
least two miRNA seed region sequences suchas 2, 3, 4, 5,6, 7, 8, 9, or 10 miRNA sead
region sequences.

19,  The oligomer according to any one of claims 17 or 18, wherein the configuous
nucleotide sequence is complementary to the corresponding region of both miR-221 and
miR-222,
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20. The oligomer according to claim 19, wherein the contiguous nucleotide sequence
consists or comprises of a sequence that is complementary to S'GCUACAUS'.

21. The oligomer according to any one of claims 1 - 20, wherein the contiguous nucleotide
sequence is complementary to a corresponding region of hsa-miR-122.

22. The oligomer according to claim 21, for use in the freatment of a medical disorder or
disease selected from the group consisting of: hepatitis C virus infection and
hypercholesterolemia and related disorders.

23. The oligomer according to any one of claims 1 - 22 as a medicament.

24, The oligomer according to any one of claims 1 — 23, for use in medicine, such as for the
treatment of a disease or medical disorder associated with the presence or over-expression
of the microRNA.

25. A pharmaceutical composition comprising the oligomer according to any one of claims 1
— 23, and a pharmaceutically acceptable diluent, carrier, salt of adjuvant.

26. The pharmacsutical composition according to claim 25, whersin the oligomer is as
according to claim 21 or 22 and the composition further comprises a second independent
active ingredient that is an inhibitor of the VLDL assembly pathway, such as an ApoB
inhibitor, or an MTP inhibitor.

27. A kit comprising a pharmacsutical composition comprising the oligomer according to
claim 21 or 22, and a second independent active ingredient that is an inhibitor of the VLDL
assembly pathway, such as an ApoB inhibitor, or an MTP inhibitor.

28. A conjugate comprising the oligomer according to any one of claims 1 - 24 and at least
one non-nuclectide compounds.

29. The use of an oligomer or a conjugate as defined in any one of the proceeding claims,
for the manufacture of a medicament for the freatment of a disease or medical disorder
associated with the presence or over-expression of the microRNA.

30. The use of an oligomer or a conjugate as defined in any one of the proceeding claims,
for inhibiting the mircoRNA in a cell which comprises said microRNA, in vitro.

31. An in vitro method for reducing the amount, or effective amount, of a miRNA in a cell,
comprising administering an cligomer, a conjugate or a pharmaceutical composition,

according to any
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one of the proceeding claims to the cell which is expressing said miRNA so as to reduce the
amount, or effective amount of the miRNA in the cell.

32. An in vitro method for de-repression of one or more mRNAs whose expression is repressed
by a miRNA in a cell comprising administering an oligomer, a conjugate or a pharmaceutical
composition, according to any one of the preceeding claims to the cell which expresses both
said mMRNA and said miRNA, in order to de-repress the expression of the mRNA.



