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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 phalTTlaceutical compositions. 

5 BACKGROUND OF THE INVENTION 

MicroRNAs (miRNAs) are an abundant class of short endogenous RNAs that act as post­

transcrlptional regulators of gene expression by base-pairing with their target mRNAs. They are 

processed from longer (ca 70-80 nt) hairpin-like precursors termed pre-miRNAs by the RN Ase 

Ill enzyme Dicer. MicroRNAs assemble in ribonucleoprotein complexes te1T11ed mlRNPs and 

10 recognize their target sites by antisense complementarity thereby mediating down-regulation of 

their target genes. Near-perfect or perfect complementarity between the miRNA and its target 

site results in target mRNA cleavage, whereas limited complementarity between the micrcRNA 
" 

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 

15 using single stranded oligonucleotldes is provided by W02007/112754 and W02007/112753, 

which are both hereby incorporated by reference in its entirety. W02008046911, hereby 

incorporated by reference, provides microRNA sequences which are associated With cancer. 

Numerous microRNAs have been associated With disease phenotypes and it is therefore 

desirable to provide substances capable of modulating the availability of microRNAs fn vivo. 

20 W02007/112754 and W02007/112753 disclose short single stranded oligonucleotides which 

are considered to form a strong duplex with their target miRNA. SEQ ID NOs 1 - 45 are 

examples of anti microRNA oligonucleotldes as disclosed in W02007/112754 and 

W02007/112753. 

RELATED APPLICATIONS 

25 This application claims priority from four applications: US 60/977 497 flied 4th October 2007, US 

60/979217 filed 111h October 2007, US 61/028062, filed 12 February 2008, and EP08104780, 

filed 17th July 2008, all of which are hereby Incorporated by reference. Furthermore we 

reference and incorporate by reference W02007/112754 and W02007 /112753 which are earlier 

applications from the same applicants. 

30 SUMMARY OF THE INVENTION 

The present Invention is based upon the discovery that the use of very short 

oiigonucleotides 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, 9 or 1 o 

nucleotide units in length, for use in reducing the effective amount of a microRNA target in a cell 

5 or an organism, wherein at least 70%, such as at least 80% Of the nucleotide units of the 

oligomer are selected from the group consisting of LNA units and 2' substituted nucleotide 

analogues. 

The present invention provides an oligomer a contiguous sequence of 7, 8, 9or10 

nucleotide units in length, for use in reducing the effective amount of a microRNA target in a cell 

10 or an organism, wherein at least 70% of the nucleotide units of the oiigomer are selected from 

the group consisting of LNA units and 2' substituted nucleotide analogues, and wherein at least 

50%, such as at least 60%, such as atleast 70% of the nucleotide units of the oligomer are LNA 

units. 

The Invention provides oligomers of between 7-10 nucleotides in length which comprises 

15 a contiguous nucleotide sequence of a total of between 7-10 nucleotides, such as 7, 8, 9, 

nucleotide units, wherein at least 50% of the nucleotide units of the oligomer are nucleotide 

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, 

20 8, 9, or 10, nucleotide units. wherein the nucleotide sequence is complementary to a 

corresponding nucleotide sequence found in mammalian or viral microRNA, and wherein at 

least 50% of the nucleotide units of the oiigomer are nucleotide analogues. 

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

The present invention provides pharmaceutical compositions comprising the oligomer of 

25 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 ollgomer or a conjugate according to the 

30 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 herein. 

The invention provides for the treatment of a disease or medical disorder associated with 

the presence or overexpresslon of the microRNA, comprising the step of administering a 

35 composition (such as the pharmaceutical composition) comprising an oligomer or conjugate 

according to the invention to a patient suffering from or likely to suffer from said 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, or a 

composition (such as a pharmaceutical composition) comprising the ollgomer or conjugate 

according to the Invention to the cell or organism. 

5 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 to the cell or organism. 

The Invention provides for a method for de-repression of a target mRNA (or one ore mor 

RNAs) in a cell or an organism, comprising administering an oligomer or conjugate according to 

10 the invention, or a composition comprising said oligomer 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 DRAWINGS 

15 Figure 1. Schematic presentation of the mlR·21, miR-155 and mlR-122 8-mer LNA-antlmiRs, 

Indicating the targeting posltlons with the fully LNA·modified and phosphorothiolated LNA· 

antimiR. Preferred hybridisation positions for 7mer, Smer, 9mer and 1 Omer LNA 

oligonucleotldes on the mature mlcroRNA are also indicated. 

Figure 2. Assessment of miR·21 antagonism by SEQ ID #3205 and SEQ ID #3204 LNA-

20 antlmlRs in MCF-7 cells using a luclferase 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 concentrations. After 24 hours, cells were 

harvested and luclferase activity measured. Shown are the mean of renilla/firefly ratios for three 

separate experiments (bars = s.e.m), were all have been normalized against O nM psiCHECK2 

25 (=control). 

Figure 3. Assessment of miR-21 antagonism by SEQ ID #3205 and SEQ ID #3204 LNA­

antlmlRs in HeLa cells using a luciferase sensor assay. HeLa cells were co-transfected with 

luclferase sensor plasmids containing a perfect match target site for miR-21 (mir-21) or a 

mismatch target site (mm2) and LNA-antimlRs at different concentrations. After 24 hours, cells 

30 were harvested and luciferase activity measured. Shown are the mean of renilla/firefly ratios for 

three separate experiments (bars= s.e.m), were all have been normalized against O nM 

psiCHECK2 (=control). 

Figure 4. Assessment of miR-155 antagonism by SEQ ID #3206 and SEQ ID #3207 LNA­

antimlRs In LPS-treated mouse RAW cells using a luciferase sensor assay. RAW cells were co-

35 transfected with mlR-155 and the different 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 pslCHECK2. 

Figure 5. Assessment of mlR-122 antagonism by SEQ ID #3208 and SEQ ID #4 LNA-antimlRs 

in HuH-7 cells using a luclferase sensor assay. HuH-7 cells were co-transfected with a miR-122 

5 luciferase sensor containing a perfect match miR-122 target site and the different LNA-antimiRs 

at different concentrations. After 24 hours, cells were harvested and luciferase activity 

measured. Shown are the mean of renillalfirefly ratios for three separate experiments (bars = 

s.e.m), where all have been normalized against 0 nM psiCHECK2 ("control). 

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

10 Figure 7. Assessment of miR-21 antagonism by an 8-mer LNA-antimiR {SEQ ID #3205) versus 

a 15-mer LNA-antlmiR (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-21 or 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 

15 (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 ofthe LNA-antimiRs. LNA 

· nucleotides 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 

20 using a luciferase reporter assay. HeLa cells were co-transfected with luciferase reporter 

plasmids containing a perfect match or a mismatched target site for miR-21 and LNA-antimiRs 

(SEQ ID #3205) or an 8-mer LNA mismatch control oligo (SEQ ID #3218) at different 

concentrations. After 24 hours, cells were harvested and luciferase activity was measured. 

Shown are the mean values (bars=s.e.m) for three independent experiments where the 

25 Renilla/firefly ratios have been normalized against 0 nM empty vector without target site 

(=control). Shown is also a schematic presentation of the mlR-21 sequence and the design and 

position of the LNA-antlmlRs. Mismatches are indicated by fllled ovals. 

Figure 9. Assessment of the shortest possible length of a fully LNA-modlfled LNA-antimiR that 

mediates effective antagonism of miR-21. HeLa cells were co-transfected with luciferase 

30 reporter plasmids containing a perfect match or a mismatch target site for miR-21 and the LNA­

antimlRs at different concentrations (SEQ ID #3209 =6-mer and SEQ ID #3210=7-mer). 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 renilla/firefly ratios have been 

normalized against O nM empty vector without target site (=control). Shown is also a schematic 

35 presentation of the miR-21 sequence and the design and position of the LNA"antlmiRs. 

Figure 10. Length assessment of fully LNA-substltuted LNA-antlmiRs 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 ID #3211 

"'9-mer, SEQ ID#3212"'10-mer, SEQ ID#3213"'12-merand SEQ ID#3214=14-mer). Atter24 

hours, cells were harvested and luciferase activity measured. Shown are the mean values 

(bars"'s.e.m) for three independent experiments where the renilla/firefly ratios have been 

5 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..antlmiRs. 

Figure 11. Determination of the most optimal position for an 8-mer LNA-antimiR within the miR 

target recognition sequence. HeLa cells were co-transfected With luciferase reporter plasmids 

containing a perfect match or a mismatch target site for miR-21 and the LNA..anlimlRs at 

10 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 

renilla/firefly ratios have been normalized against 0 nM empty vector without target site 

("'Control). Shown ls also a schematic presentation of the miR-21 sequence and the design and 

position of the LNA-antimiRs. 

15 Figure 12. Validation of interaction of the Pdcd4-3'-UTRand miR-21 by the 8-merSEQ ID 

#3205 LNA-antimiR. HeLa cells were 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 = 8 mer, perfect match; SEQ ID #3218 = 8 mer, mismatch; SEQ ID #3204 "' 15 mer, 

LNNDNA mix; SEQ ID #3220 "' 15 mer, gapmer). After 24 hours, cells were harvested and 

20 luciferase activity measured. Shown are renilla/firefly ratios that have been normalized against O 

nM. Shown is also a schematic presentation of the miR-21 sequence and the design and 

position of the LNA-antimiRs. 

Figure 13. comparison of an 8-mer LNA..antimlR (SEQ ID #3207) with a 15-mer LNA-antlmlR 

{SEQ ID #3206} In antagonizing miR-155 in mouse RAW cells. Mouse RAW cells were co-

25 transfected with luclferase reporter plasmids containing a perfect match for miR-155 and the 

different LNA-antimiRs at different concentrations. After 24 hours, cells were harvested and 

luclferase 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 miR-155 target site ("'control). Shown is also a schematic presentation of the miR-155 

30 sequence and the design and position of the LNA..antimiRs. 

Figure 14. Assessment of c/EBPOAssessment of c/EBPer LNA-antimiR (SEQ ID #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 

mlR-155 and the diffter 20 hours, cells were harvested and western blot analysis of protein 

35 extracts from RAW cells was performed. The different isoforms of c/EBPp are Indicated, and the 

ratios calculated on c/EBPP LIP and beta-tubulin are shown below. 
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Figure 15. Antagonism of miR-106b by a fully LNA-modlfied 8-mer (SEQ ID #3221) LNA­

antlmlR or by a 15-mer mlxmer (SEQ ID #3228) antlmiR. HeLa cells were co-transfected 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 

5 measured. Shown are the mean values of four replicates where the renilla/firefly ratios have 

been normalized against 0 nM empty vector without miRNA target site ("'control). Shown is also 

a schematic presentation of the miR-106b sequence and the design and position of the LNA­

antlmlRs. 

Figure 16. Antagonism of miR-19b by a fully LNA-modified 8-mer (SEQ ID #3222) LNA-antimiR 

10 and a 15-mer (SEQ ID #3229) mlxmer antimiR. HeLa cells were co-transfected with luclferase 

reporter plasmids containing a perfect match for miR-19a and the two LNA-antimlRs at different 

concentrations. After 24 hours, cells were harvested and luciferase activity measured. Shown 

are the mean values of four replicate experiments, where the renilla/firefly ratios have been 

normalized against 0 nM empty vector without a miR-19a target site ("'control). Shown is also a 

15 schematic presentation of the miR-19a sequence and the design and position of the LNA­

antlmiRs. 

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. 

20 Figure 18. Targeting of a mlcroRNA family using short, fully LNA-substltuted LNA-antimiR. PC3 

cells were co-transfected with luclferase reporter plasmids for miR-221 and miR-222 separately 

or together and with the different LNA-antimiRs at varying concentrations. When co-transfectlng 

with the LNA-antimiRs (15-mers) SEQ ID #3223 (against miR-221) and SEQ ID #3224 (against 

mlR-222), the total concentration was 2 nM (1 nM each), while transfecting the cells with SEQ 

25 ID #3225 (7-mer) the concentrations were o, 1, 5, 10 or 25 nM. After 24 hours, cells were 

harvested and luclferase activity measured. Shown are the mean values (bafS"'s.e.m) of three 

independent experiments where the renlllaffirefly 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-antlmiRs. 

30 Figure 19. Assessment of p27 protein levels as a functional readout for antagonism of the mlR-

221/222 family by the 7-mer SEQ ID #3225 LNA-antimiR. PC3 cells were transfected with the 7-

mer LNA-antimlR SEQ ID #3225 targeting both miR-221 and mlR-222 at varying 

concentrations. After 24 hours, cells were harvested and protein levels were measured on a 

western blot. Shown are the ratios of p27 /lubulin. 

35 Figure 20. Assessment of miR-21 antagonism by an 8-mer LNA-antimiR (SEQ ID #3205) 

versus a 15-mer LNA-antimiR (SEQ ID #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-transfected with luciferase reporter plasmid containing a perfect match 

target site for miR-21 and LNA-antimiRs at different concentrations. After 24 hours, cells were 

harvested and luclferase activity measured. Shown are the mean values (bars=s.e.m) of three 

Independent experiments where the renllla/flrefly ratios have been normalized against O nM 

5 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 21. Validation of interaction of the Pdcd4 3"UTR and miR-21 by the 8-mer SEQ ID 

#3205 LNA-antimiR versus the 15-mer (SEQ ID #3204) and an 8-mer with two mismatches 

(SEQ ID #3218). 

10 Huh-7 cells were co-transfected with a luciferase reporter plasmid containing part of the 3"UTR 

of Pdcd4 gene, pre-mlR-21' (10 nM) and LNA-antimiRs at different concentrations. After 24 

hours, cells were harvested and luclferase activity measured. Shown are the mean values 

(bars=s.e.m) of three independent experiments where the renilla/flrefly ratios have been 

normalized against 0 nM empty vector without target site (=con.trol). Shown is also a schematic 

15 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 Pdcd4 protein 

levels. 

Hela cells were transfected with 5 nM LNA-antimiR SEQ ID #3205 (perfect match), or SEQ ID 

#3219 LNA scrambled (Smar) or SEQ ID #3218 (8-mer mismatch). Cells were harvested after 

20 24 hours and subjected to Western blot with Pdcd4 antibody. 

Figure 23. ALT and AST levels in mice treated with SEQ ID #3205 (perfect match) or SEQ ID 

#3218 (mismatch control). Mice were sacrificed after 14 days and after receiVing 25 mg/kg 

every other day. 

Figure 24. Assessment of PU.1 protein levels as a functional readout for miR-155 antagonism 

25 by short LNA-antimlR (SEQ ID #3207). 

THP-1 cells were co-transfected with pre- miR-155 (5 nmol) and different LNA oligonucleotides 

(5 nM) and 100 ngfml LPS was added. After 24 hours, cells were harvested and western blot 

analysis of protein extracts from the THP-1 cells was performed. PU.1 and tubulln are indicated. 

Figure 25. Assessment of p27 protein levels as a functional readout for antagonism of the miR-

30 221/222 family by the 7-mer SEQ ID #3225 LNA-antimiR. 

PC3 cells were transfected with the 7-mer LNA-antimiR SEQ ID #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 protein levels were measured on a western blot. Shown are the ratios of p27/tubulln. 

Figure 26. Knock-down of miR-221/222 by the 7-mer SEQ ID #3225 (perfect match) LNA-

35 antimiR reduces colony formation in soft agar in PC3 cells. 

PC3 cells were transfected with 25 nM of the 7-mer LNA-antimlR SEQ ID #3225 targeting both 

miR-221 and mlR-222 or a 7-mer scrambled control ((SEQ ID #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 triplicate. 

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

(upper) The sequences represent the mature miRNA for each member and the box depicts 

s nucleotides 2-16. the positions typically antagonized by LNA-antimiRs. Columns to the right 

show the number of nucleotide differences compared to iet-7a, 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 altered 

compared to let-7a. (lower) Summary of tested antagonists against the let-7 family, including 

10 Information on design, length and perfectly complementary targets. All compounds are fully 

phoshorothloiated. 

Figure 28. Assessment of let-7 antagonism by six different LNA-antimiRs in Huh-7 cells using a 

luciferase sensor assay. 

Huh-7 cells were co-transfected with iuciferase sensor plasmids containing a partial HMGA2 

15 3'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 were harvested and luciferase activity measured. Shown are the mean of renillalfirefiy 

ratios for duplicate measurements and standard deviations for each assay. Within each LNA­

antimiR group all ratios have been normalized to the average of wells containing no iet-7a 

20 precursor (black bars). 

Figure 29~ Luciferase results from Huh-7 cells transfected with the HMGA2 3'UTR sensor 

plasmid, LNA-antimiRs SEQ ID #3226 (left) and SEQ ID #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. 

25 Each ratio is based on quadruplicate measurements and have been normalized against the 

average of wells 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 untreated (0 nM) empty 

30 control vector (psl-CHECK-2; grey bars). 

Figure 31. Assessment of miR-21 antagonism by 8mer (#3205) in HCT116 cells using a 

luciferase sensor assay. HCT116 cells were co-transfected 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 

35 activity measured. Shown is one typical example of two where the renilla/firefly ratios have 

been normalized against 0 nM empty vector (=black bars). 
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Figure 32. Siiencing of miR-21 by the 8-mer #3205 LNA-antimiR reduces colony formation In 

soft agar in PC3 cells. PC3 cells were transfected with 25 nM of the 8-mer LNA-antimiR #3205 

targeting mlR-21. After 24 hours, cells were harvested and seeded on soft agar. After 12 days, 

colonies were counted. Shown is the mean of three separate experiments, each performed in 

5 triplicate, and normalised against 0 nM control (i.e. transfection 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 transfected with 25 nM of the 8-mer LNA-antimiR 

#3205 targeting miR-21. After 24 hours, cells were harvested and seeded on soft agar. After 17 

10 days, colonies were counted. Shown is the mean of three replicates from one experiment 

(bars..:SEM). 

Figure 34. Wound closure in the invasive human prostate cell line PC3 after treatment with 

#3205. (A) PCS cells were transfected at day 3 with LNA-antimiR and control oligonucleotides at 

25 nM, #3205 (8mer, perfect match) and #3219 (8mer, mismatch) and the following day a 

15 scratch was made. Pictures ware taken after 24 hours in order to monitor the migration. (S) The 

area in each limepoint has been measured with the software program Image J and normalized 

against respective 0 h time-point 

Figure 35.. Length assessment of fully LNA-substituted LNA-antimiRs antagonizing mlR-155. 

RAW cells were co-transfected with luciferase reporter plasmids containing a perfect match 

20 target site for mlR-155 and with LNA-anlimiR oligonucleotides at different concentrations. After 

24 hours, cells were harvested and luciferase actMty measured. Shown are the mean values 

(bars=s.e.m) for three independent experiments where the renllla/flrefly ratios have been 

normalized against O nM empty vector without target site (=mock). Shown is also a schematic 

presentation of the miR sequence and the design and position of the LNA-antimiRs. 

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

(A)% unbound LNA-antlmlR-21 compound as a function of oligonucteotlde concentration In 

mouse plasma. (B) Concentration of unbound LNA-anllmiR-21 compound #3205 as a function 

of #3205 concentration In mouse plasma. 

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

30 A. Gel image showing Ras and Tubulln (internal standard) protein In treated (anti-let-7; 8-

mer) vs. untreated (saline) lung and kidney samples. B. Quantifications of Ras protein 

levels In the lung and kidney, respectively, of LNA-antimiR-treated mice (black bars), 

normalized against equivalent saline controls (grey bars), using tubulin as equal-loading 

control. 

35 B. Silencing of mlR-21 by #3205 leads to increased levels of Pdcd4 protein levels In 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 protein was Isolated 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. 

5 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), 

nonnallzed against the average of equivalent saline controls (light grey bars), using 

Gapdh as loading control. 

DETAILED DESCRIPTION OF THE INVENTION 

10 Short ollgonucleotides which incorporate LNA are known from the In vitro reagents area, 

(see for example W02005/098029 and WO 2006/069584). However the molecules designed 

for diagnostic or reagent use are very different in design than those for In vivo or pharmaceutical 

use. For example, the terminal nucleotides of the reagent ollgos are typically not LNA, but 

DNA, and the lntemucleoside linkages are typically other than phosphorothioate, the preferred 

15 linkage for use in the oligonucleotides of the present invention. The invention therefore 

provides for a novel class of ollgonucleotides (referred to herein as oligomers) per se. 

The following embodiments refer to certain embodiments of the ollgomer of the invention, 

which may be used in a phannaceutical composition. Aspects which refer to the oligomer may 

also refer to the contiguous nucleotide sequence, end vice versa. 

20 The Oligomer 

The oligomer of the invention is a single stranded oligonucleotide which comprises 

nucleotide analogues, such as LNA, which fonn part of, or the entire contiguous nucleotide 

sequence of the oligonucleotide. The nucleotide sequence of the oligomer consists of a 

contiguous nucleotide sequence. 

25 The tenn "oligonucleotlde' (or simply "oligo'), which is used Interchangeably with the tenn 

"oligomer" refers, In the context of the present Invention, to a molecule formed by covalent 

linkage of two or more nucleotides. When used In the context of the oligonucleotlde of the 

Invention (also referred to the single stranded oligonucleotlde), the term "oligonucleotide' may 

have, In one embodiment, for example have between 7 - 10 nucleotides, such as In Individual 

30 embodiments, 7, 8, 9, or 10. 

The term 'nucleotide' refers to nucleotides, such as DNA and RNA, and nucleotide 

analogues. It should be recognised that, in some aspects, the term nucleobase may also be 

used to refer to a nucleotide which may be either naturally occurring or non-naturally occurring ~ 

in this respect the term nucleobase and nucleotide may be used interchangeably herein. 

35 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 embodiments, the contiguous nucleotide sequence consists of 9 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 

5 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%. It will 

also be apparent that the oligonucleotide may comprise of a nucleotide sequence which 

consists of only nucleotide analogues. Suitably, the oligomer may comprise at least one LNA 

monomer, such as 2, 3, 4, 5, 6, 7, 8, 9or10 LNA monomers. As described below, the 

10 contiguous nucleotide sequence may consist only of LNA units (including linkage groups, such 

as phosphorothloate 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 nucleotides, the remainder of the nucleotides being nucleotide 

analogues, such as LNA unit. 

15 In some embodiments, the contiguous nucleotide sequence consists of 6 nucleotide 

analogues and a single DNA nucleotide. In some embodiments, the contiguous nucleotide 

consists of7 nucleotide analogues and a single DNA nucleotide. In some embodiments, the 

contiguous nucleotide sequence consists of 8 nucleotide analogues and a single DNA 

nucleotide. In some embodiments, .the contiguous nucleotide sequence consists of 9 nucleotide 

20 analogues and a single DNA nucleotide. In some embodiments, the contiguous nucleotide 

sequence consists of 7 nucleotide analogues and two DNA nucleotides. In some embodiments, 

the contiguous nucleotide sequence consists of 8 nucleotide analogues and two DNA 

nucleotides. 

The oligomer may consist of the contiguous nucleotide sequence. 

25 In a specially preferred embodiment, all the nucleotide analogues are LNA In a further 

preferred embodiment, all nucleotides of the oligomer are LNA. In a further preferred 

embodiment, all nucleotides of the oligomer are LNA and all intemucleoslde linkage groups are 

phosphothioate. 

Herein, the term "nitrogenous base" is intended to cover purines and pyrimidines, such as 

30 the DNA nucleobases A. C, T and G, the RNA nucleobases A. C, U and G, as well as non· 

DNA/RNA nucieobases, such as 5-methylcytosine (Mee), isocytosine, pseudoisocytosine, 5" 

bromouracil, 5-propynyluracil, 5-propyny-6-fluoroluracll, 5-methylthiazoleuracil, 6-amlnopurine, 

2-aminopurine, lnoslne, 2,6-diamlnopurine, 7-propyne-7-deazaadenlne, 7-propyne·7· 

deazaguanine and 2·Chloro·6-aminopurine, in particular M•c. It will be understood that the actual 

35 selection of the non·DNNRNA nucleobase will depend on the corresponding (or matching) 

nucleotide present in the microRNA strand which the oligonucleotide is intended to target. For 

example, in case the corresponding nucleotide is G it will normally be necessary to select a 
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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 Mee. 
It should be recognised that the term In 'one embodiment' should not necessarily be 

5 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 

term 'some emboidments' may be used to describe a feature of one specific embodiment, or a 

collection of embodiments, or even as a generic feature of the invention. 

The terms "corresponding to" and "corresponds to" refer to the comparison between the 

10 nucleotide 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 mlcroRNA nucleic acid target (such as a 

microRNA target selected from SEQ ID 40 - SEQ ID g1s, and/or ii) the sequence of nucleotides 

provided herein such as the group consisting of SEQ ID NO 977-1913, or SEQ ID NO 1914-

15 2850, or SEQ ID NO 2851 - 3787. Nucleotide analogues are compared directly to their 

equivalent or corresponding nucleotides. A first sequence which corresponds to a further 

sequence under i) or ii) typically Is Identical to that sequence over the length of the first 

sequence (such as the contiguous nucleotide sequence). 

When referring to the length of a nucleotide molecule as referred to herein, the length 

20 corresponds to the number of monomer units, i.e. nucleotides, Irrespective as to whether those 

monomer units are nucleotides or nucleotide analogues. With respect to nucleotides or 

nucleobases, the terms monomer and unit are used interchangeably herein. 

It should be understood that when the term "abouf' is used in the context of specific 

values or ranges of values, the disclosure should be read as to include the specific value or 

25 range referred to. 

As used herein, "hybridisation" means hydrogen bonding, which may be Watson-Crick, 

Hoogsteen, reversed Hoogsteen hydrogen bonding, etc., between complementary nucleoside 

or nucleotide bases. The four nucleobases commonly found in DNA are G, A, T and C of which 

G pairs with C, and A pairs with T. In RNA Tis replaced with uracil (U). which then pairs with A. 

30 The chemical groups in the nucleobases that participate In standard duplex formation constitute 

the Watson-Crick face. Hoogsteen 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 ollgonucleotides via hydrogen 

bonding, thereby forming a triple helix structure. 

35 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 at a 

certain position of an oligonucleotide is capable of hydrogen bonding with a nucleotide at the 
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corresponding position of a DNA or RNA molecule, then the oligonucleotlde and the DNA or 

RNA are considered to be complementary to each other at that position. The DNA or RNA 

strand are considered complementary to each other when a sufficient number of nucleotides in 

the oligonucleotide can form hydrogen bonds with corresponding nucleotides in the target DNA 

5 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 "speclflcally hybridisable" thus imply that the oligonucleotide binds 

sufficiently strong and specific to the target molecule to provide the desired Interference with the 

normal function of the target whilst leaving the function of non-target RNAs unaffected. 

10 However, in one preferred embodiment the term complementary shall mean 100% 

complementary or fully complementary. 

In a preferred example the oligonucleotide of the invention is 100% complementary to a 

miRNA sequence, such as a human microRNA sequence, or one of the mlcroRNA sequences 

refered to herein. 

15 In a preferred example, the oligonucleotide of the invention comprises a contiguous 

sequence, 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 ollgonucleotide consisting of between 18 to 25 nucleotides in length. In 

20 functional terms miRNAs are typically regulatory endogenous RNA molecules. 

The terms "target microRNA" or "target miRNA" refer to a mlcroRNA with a bioioglcal role 

in human disease, e.g. an upregulated, oncogenic miRNA or a tumor suppressor miRNA in 

cancer, thereby being a target for therapeutic intervention of the disease in question. 

The terms "target gene" or "target mRNA" refer to regulatory mRNA targets of microRNAs, 

25 in which said "target gene" or "target mRNA" is regulated post-transcrlptionally by the mlcroRNA 

based on near-perfect or perfect complementarity between the mlRNA and its target site 

resulting in target mRNA cleavage; or limited complementarity, often conferred to 

complementarity between the so-called seed sequence (nucleotides 2-7 of the mlRNA) and the 

target site resulting In translational inhibition of the target mRNA. 

30 In the context of the present invention the oligonucleotide is single stranded, this refers to 

the situation where the ollgonucleotide is in the absence of a complementary oligonucleotide -

i.e. it is not a double stranded oligonucleotlde 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 5 or more, such as 6, 7, 8, 9, or 10 

35 consecutive nucleotides, such as eight or more. 
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Length 

Surprisingly we have found that such short 'antimlRs' provide an improved specific 

inhibition of microRNAs In vivo, whilst retaining remarkable specificity for the microRNA target. 

A further benefit has been found to be the ability to inhibit several microRNAs simultaneously 

5 due to the conservation of homologous short sequences between microRNA species - such as 

the seed regions as described herein. According to the present invention, it has been found that 

it is particularly advantageous to have short oligonucleotides of 7, 8, 9, 1 O nucleotides, such as 

7, 8 or 9 nucleotides. 

Sequences 

10 The contiguous nucleotide sequence Is complementary (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 mlcroRNA. In some embodiments the 

microRNA may be a microRNA precursor. 

15 The human microRNA sequence may be selected from SEQ ID No 1 - 558 as disclosed 

in W02008/046911, which are all hereby and specifically incorporated by reference. As 

described in W02008/046911, these microRNAs are associated with cancer. 

The viral microRNA sequence may, in some embodiments, be selected from the group 

consisting of Herpes simplex virus 1, Kaposi sarcoma-associated herpesvirus, Epstein Barr 

20 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 target 

human and viral microRNAs published in miRBase (Release 12.0 -

25 http://mlcroma.sanger.ac.uk/sequences/). 

In some embodiments, the oligomers according to the invention may consist of or 

comprise a contiguous nucleotide sequence which is complementary to a corresponding 

microRNA sequence selected from the group consisting of miR-1, miR-10b, miR-17-3p, mlR-18, 

miR-19a, miR-19b, miR-20, mlR-21, miR-34a, miR-93, miR-106a, miR-106b, miR-122, mlR-133, 

30 miR-134, miR-138, miR-155, mlR-192, miR-194, miR-221, miR-222, miR-375. 

Therefore, In one embodiment, the miRNA (i.e target miRNA) Is selected from the group 

consisting ofmiR-1, miR-10b, miR-17-3p, miR-18, miR-19a, miR-19b, mlR-20, miR-21, miR-

34a, miR-93, miR-106a, miR-106b, miR-122, miR-133, miR-134, miR-138, mlR-155, miR-192, 

miR-194, miR-221, miR-222, and mlR-375. 

35 In one embodiment the miRNA target Is a member of the miR 17 - 92 cluster, such as 

mlR 17, miR 106a, miR 106b, miR 18, miR 19a, miR 19b/1, mlR 19b/2, mlR20/93, miR92/1, 

miR92/2 and miR25. 
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In some embodiments the contiguous nucleotide 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. 

In some embodiments said mlRNA is selected from the group consisting of miR-1, mlR-

s 10miR-29, mlR-125b,miR-126, miR-133, miR-141, miR-143, miR-200b, mlR-206, miR-208, miR-

302, miR-372, miR-373, miR-375, and mlR-520c/e. 

In some embodiments the contiguous nucleotide sequence is complementary to a 

corresponding region of a mlcroRNA (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, 

10 miR-106a/b, miR-18a/b, miR-19a/b, miR-25, miR-92a,, miR-363. 

In one embodiment, the mlRNA (l.e target miRNA) is miR-21, such as hsa-miR-21. In one 

embodiment, the mlRNA (/.e target miRNA) is mlR-122, such as hsa-miR-122. In one 

embodiment, the miRNA (i.e target miRNA) Is miR-19b, such as hsa-mlR-19b. In one 

embodiment, the miRNA (i.e target miRNA) is miR-155, such as hsa-miR-155. In one 

15 embodiment, the miRNA (i.e target miRNA) is miR-375, such as hsa-miR-375. In one 

embodiment, the mlRNA (/.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-miRselected from the group consisting of 19b, 21, 122, 

155 and 375. 

20 The Seed Region and Seedmers 

The inventors have found that carefully designed short single stranded oligonucleotldes 

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 mlcroRNA levels. It was found that tight binding of said oligonucleotides to the so-

25 called seed sequence, typically nucleotides 2 to 8 or 2 to 7, counting from the 5' end, of the 

target mlcroRNAs was important. Nucleotide 1 of the target microRNAs is a non-pairing 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 oligonucleotldes that comprise LNA, preferably LNA units in the 

30 region which Is complementary to the seed region, the duplex between miRNA and 

ollgonucleotlde 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 silencing is even more enhanced when LNA­

modified single stranded ollgonucleotides do not contain a nucleotide at the 3' end 

35 corresponding to this non-paired nucleotide 1. It was further found that at least two LNA units in 

the 3' end of the ollgonucleotides according to the present invention made said ollgonucleotides 

highly nuclease resistant 
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In one embodiment, the firstor second 3' nucleotide of the oligomer corresponds to the 

second 5' nucleotide of the microRNA sequence, and may be a nucleotide analogue, such as 

LNA. 

In one embodiment. nucleotide units 1 to 6 (inclusive) of the ollgomer as measured from 

s 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 1 to 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. 

10 In one embodiment, nucleotide units 2 to 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, 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 

15 seed region. The oligomer may, in one embodiment comprise at between one and 6 or 

between 1 and 7 nucleotide analogue units, 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 region. 

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 

20 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 table 1. 

In one embodiment, the 3' nucleotide of the seedmer forms the 3' most nucleotide of the 

contiguous nucleotide sequence, wherein the contiguous nucleotide sequence may, optionally, 

25 comprise one or two further nucleotide 5' to the seedmer sequence. 

In one embodiment, the oligomer does not comprise a nucleotide which corresponds to 

the first nucleotide present in the microRNA sequence counted from the 5' end. 

In one embodiment, the oligonucleotlde according to the invention does not comprise a 

nucleotide at the 3' end that corresponds to the first 5' end nucleotide of the target mlcroRNA. 

30 Nucleotide Analogues 

According to the present invention, It has been found that it is particularly advantageous to 

have short oligonucleotides of 7, 8, 9, 10 nucleotides, such as 7, 8 or 9 nucleotides, 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 oligomer are (preferably high affinity) nucleotide analogues, such as a 

35 Locked Nucleic Acid (LNA) nucleotide unit 

In some embodiments, the ollgonucleotide of the invention is 7, 8 or 9 nucleotides long, 

and comprises a contiguous nucleotide sequence which is complementary to a seed region of a 
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human or viral microRNA, and wherein 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 nucleotides are are 

Locked Nucleic Acid (LNA) nucleotide units. 

In such oligomers, in some embodiments, the linkage groups are other than 

5 phosphodiester linkages, such as are phosphorothioate linkages. 

In one embodiment, all of the nucleotide units of the contiguous nucleotide sequence are 

LNA nucleotide units. 

In one embodiment, the contiguous nucleotide sequence comprises or consists of 7, 8, 9 

or 10, preferably contiguous, LNA nucleotide units. 

10 In a further preferred embodiment, the oligonucleotide Of the invention is 7, 8 or 9 

nucleotides long, and comprises a contiguous nucleotide sequence which is complementary to 

a seed region of a human or viral mlcroRNA, and wherein at least 80 % of the nucleotides are 

LNA, and wherein at least 80%, such as 85%, such as 90%, such as 95%, such as 100% of the 

intemucleotide bonds are phosphorothioate bonds. It will be recognised that the contiguous 

15 nucleotide sequence of the oligmer (a seedmer) may extend beyond the seed region. 

In some embodiments, the oligonucleotide of the invention is 7 nucleotldes long, which 

are all LNA. 

In some embodiments, the oligonucleotide of the Invention Is 8 nucleotides long, of which 

up to 1 nucleotide may be other than LNA. In some embodiments, the oligonucleotide of the 

20 Invention 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 nucleotide analogues. 

High affinity nucleotide analogues are nucleotide analogues which result in 

25 oligonucleotides which has a higher thermal duplex stability with a complementary RNA 

nucleotide than the binding affinity of an equivalent DNA nucleotide. This may be determined 

by measuring the Tm· 

In some embodiments, the nucleotide analogue units present in the contiguous nucleotide 

sequence are selected, optlonally independently, from the group consisting of 2'"0_alkyl"RNA 

30 unit, 2'-0Me"RNA unit, 2'--amino"DNA unit, 2'-fluoro-DNA unit, LNA unit, PNA unit, HNA unit, 

INA unit, 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 of2'-0_alkyl-RNA 

unit, 2'-0Me"RNA unit, 2'-amino"DNA unit, 2'-fluoro-DNA unit, LNA unit, and a 2'MOE RNA unit. 

35 The term 2'fluoro-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'fluoro"nucleotide. 
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In some embodiments, the ollgomer 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 nucleotide analogue units, such as at least 

9 nucleotide analogue units, such as 10, nucleotide analogue units. 

5 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 analogues, such as LNA units, 

is either cytosine or guanine, such as between 1 - 1 O of the of the nucleotide analogues, such 

10 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 embodiment at least two of the nucleotide analogues such as LNA units are either 

cytosine or guanine. In one embodiment at least three of the nucleotide analogues such as 

LNA units are either cytosine or guanine. In one embodiment at least four of the nucleotide 

15 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. In one embodiment 

at least six of the nucleotide analogues such as LNA units are either cytosine or guanine. In 

one embodiment at least seven of the nucleotide analogues such as LNA units are either 

cytosine or guanine. In one embodiment at least eight of the nucleotide analogues such as LNA 

20 units are either cytosine or guanine. 

In a preferred embodiment the nucleotide analogues have a higher thennal 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 

25 single stranded oligonucleotide. 

Whilst the specific SEQ IDs in the sequence listing and table 1 refer to ollgomers 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 to, 

or in combination with LNA. As such, the sequence of nucleotides (bases) shown in the 

30 sequence listings may be of LNA such as LNA/PS, LNA or may be oligomers containing 

alternative 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 

35 oligomers have a high proportion, such as at least 50%, LNA. nucleotides. 

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-CH3, -
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0-CH2-CH,,-O-CHa. -O-CH,,-CHrCH2-NH,, -O-CH2-CH,-CH,.-OH or -F. The nucleotide 

analogue may be a RNA analogues such as a RNA analogue which have been modified In its 

2'-0H group, e.g. by substitution with a group other than -H (DNA), for example -O-CH3, -O­

CH,,..CH,,-O-CH3, -O-CH2-CH2-CH,,-NH2, -O-CH,,..CHz-CH2-0H or -F. In one emdodiment the 

5 nucleotide analogue Is "ENA". 

LNA 
When used in the present context, the terms "LNA unit", "LNA monomer'', "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 inter alia WO 99/14226, WO 

10 00/56746, WO 00/56748, WO 01/25248, WO 02/28875, WO 03/006475 and WO 03/095467. 

15 

The LNA unit may also be defined with respect to its chemical formula. Thus, an "LNA unif', as 

used herein, has the chemical structure shown in Scheme 1 below: 

B 

1A 

wherein 

Scheme1 

or 

~o--'fJB 
__}~ 

1B 

X Is selected from the group consisting of 0, Sand NR", where RH Is H or CH-alkyl; Y is 

(-CH2),, where r is an integer of 1-4; and B is a nitrogenous base. 

20 In a preferred embodiment of the invention, r is 1 or 2, In particular 1, i.e. a preferred LNA unit 

has the chemical structure shown in Scheme 2 below: 

Scheme2 

or 

2A 28 

2s wherein X and B are as defined above. 

30 

In an interesting embodiment, the LNA units incorporated In the oligonucleotides of the 

invention are Independently selected from the group consisting of thio-LNA units, amlno-LNA 

units and oxy-LNA units. 

Thus, the thlo-LNA unit may have the chemical structure shown in Scheme 3 below: 

Scheme 3 
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or 

3A 38 

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 likewise, the amino-LNA unit may have the chemical structure shown in Scheme 4 below: 

Scheme4 

or 

4A 48 

wherein B and RH are as defined above. 

10 Preferably, the amino-LNA unit is in its beta-D-form, i.e. having the structure shown in 4A 

15 

above. 

The oxy-LNA unit may have the chemical structure shown in Scheme 5 below: 

Scheme5 

B 

or 

5A 58 

wherein B is as defined above. 

Preferably, the oxy-LNA unit is in Its beta-D-form, i.e. having Iha structure shown in 5A 

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-

methylcytoslne (M0C), isocytoslne, pseudoisocytosine, guanine (G), thymine (T), uracil (U), 5-

bromouracil, 5-propynyluracil, 5-propyny-6, 5-methylthiazoleuracil, 6-amlnopurlne, 2-

aminopurina, 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 S. A lhio-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 preferred. The beta-D-form and alpha-L-form Of a thio-LNA unit are shown in 

Scheme 3 as compounds 3A and 38, respectively. 
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The term "amino-LNA unif' refers to an LNA unit in which X in Scheme 1 is NH or NRH, 

where R11 is hydrogen or C14-alkyl. An amino-LNA unit can be in both the beta-D fonn and in the 

alpha-L fonn. Generally, the beta-D fonn of the amino-LNA unit is preferred. The beta-0-form 

and alpha-L-forrn of an amino-LNA unit are shown In Scheme 4 as compounds 4A and 48, 

s respectively. 

The term "oxy-LNA unit' refers to an LNA unit in which X in Scheme 1 is 0. An Oxy-LNA 

unit can be in both the beta-D form and in the alpha-L form. Generally, the beta-D form of the 

oxy-LNA unit is preferred. The beta-D form and the alpha-L form of an oxy-LNA unit are shown 

in Scheme 5 as compounds 5A and 58, respectively. 

10 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 six carbon atoms, 

such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tart-butyl, pentyl, 

isopentyl, neopentyl and hexyl. A branched hydrocarbon chain ls Intended to mean a C,.e-alkyl 

substituted at any carbon with a hydrocarbon chain. 

15 In the present context, the term "C1..,-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-propyt, isopropyl, n-butyl, isobutyt, sec-butyl and tert-butyl. A branched 

hydrocarbon chain is intended to mean a C,4 -alkyl substituted at any carbon with a hydrocarbon 

chain. 

20 When used herein the term ·c, .. -alkoxy" is Intended to mean c, .. -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 "C. .. -alkenyl" is intended to mean a linear or branched 

hydrocarbon group having from two to six carbon atoms and containing one or more double 

25 bonds. Illustrative examples of c..e-alkenyl groups Include allyl, homo-allyl, vinyl, crotyl, butenyl, 

butadienyl, pentenyl, pentadienyl, hexenyl and hexadienyl. The position of the unsaturation (the 

double bond) may be at any position along the carbon chain. 

In the present context the term "C,..-alkynyl" is intended to mean linear or branched 

hydrocarbon groups containing from two to six carbon atoms and containing one or more triple 

30 bonds. Illustrative examples of C,.,...alkynyl groups include acetylene, propynyl, butynyl, pentynyl 

and hexynyl. The position of unsaturatlon (the triple bond) may be at any position along the 

carbon chain. More than one bond may be unsaturated such that the ·c, .. -alkynyl" 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 

35 the present invention, the term "corresponding LNA unit" Is Intended to mean that the DNA unit 

has been replaced by an LNA unit containing the same nitrogenous base as the DNA unit that it 

has replaced, e.g. the corresponding LNA unit of a DNA unit containing 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 M•c, preferably Mac. 

Herein, the term "non-LNA unit" refers to a nucleoside different from an LNA-unlt, i.e. the 

term "non-LNA unit' Includes a DNA unit as well as an RNA unil A preferred non-LNA unit Is a 

5 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 nucleotide, an agent, an LNA unit, etc., is 

10 intended to mean one or more. In particular, the expression "a component (such as a 

nucleotide, 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 be selected. Thus, expressions 

like "a component selected from the group consisting of A, B and C" is intended to include all 

combinations of A, B and C, i.e. A. B, C, A+B, A+C, B+C and A+B+C. 

15 tnternuoteostde Un/rages 

The term "internucleoslde linkage group" is intended to mean a group capable of 

covalently coupllng together two nucleotides, such as between DNA units, between DNA units 

and nucleotide analogues, between two non-LNA units, between a non-LNA unit and an LNA 

unit, and between two LNA units, etc. Examples include phosphate, phosphodlester groups and 

20 phosphorothioate groups. 

In some embodiments, at least one of, such as all of the internucleoside linkage in the 

oligomer Is phosphodiester. However for In vivo use, phosphorothloate linkages may be 

preferred. 

Typical intemucleoslde linkage groups in oligonucleotides are phosphate groups, but 

25 these may be replaced by internucleoside linkage groups differing from phosphate. In a further 

interesting embodiment of the invention, the ollgonucleotide of the invention Is modified in its 

intemucleoside 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 

30 internucleoside linkage group which differs from phosphate. 

Specific examples of intemucleoslde linkage groups which differ from phosphate 

(-O-P(0)2-0-) include -O-P(O,S)-0-, -0-P(S),O-, -S-P(O)rO-, -S-P(O,S)-0-, -S-P(S),-0-, 

-0-P(O)rS-, -0-P(O,S)-S-, -S-P(O),-S-, -O-PO(RH)-0-, O-PO(OCH3)-0-, -O-PO(NRH)-0-, -O­

PO(OCH2CH2S-R)-O-, -O-PO(BH,)-0-, -O-PO(NHRH)-0-, -0-P(O),-NRH-, -NRH·P(O}i-0-, 

35 -NRH·C0-0-, -NRH-CO-NRH-, -0-C0-0-, -0-CO-NRH-, -NRH-CO-CHr. -O-CH2-CO-NRH-, -

O-CHrCH2-NRH-, -CO-NRH·CHr. -CH,-NRH-CO-, -O-CH2-CH2-S-, -S-CH2-CHrO-, -S-CH,-CH2-
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. H H H 
S-, -CHrSOrCH2-, -CHrCO-NR -, -0-CH,,..CH,.-NR -CO -, -CH,,..NCH3-0-CH2-, where R Is 

hydrogen or C14-alkyl. 

When the intemucleoside linkage group is modified, the intemucleoside linkage group is 

preferably a phosphorothioate group (-0-P(O,S)-O- ). In a preferred embodiment, all 

5 intemucleoside linkage groups of the oiigonucleotides according to the present invention are 

phosphorothioate. 

The lntemucleoside linkage may be selected form the group consisting of: -O-P(0)2-0-, 

-0-P(0,$)-0-, -0-P(S),,..O-, -S-P(O)z-0-, -S-P(O,S)-0-, -S-P(S),.-0-, -0-P(O),,..S-, -0-P(O,S)-S-, 

-S-P(O),-S-, -O-PO(RH)-0-, O-PO(OCH3)-0-, -0-PO(NRH)-O-, -O-PO(OCH2CH2S-R)-O-, 

10 -O-PO(BH,)-0-, -0-PO(NHRH)-O-, -0-P(O)z-NRH-, -NRH-P(0).-0-, -NRH-C0-0-, 

-NRH·CO-NRH-, and/or the intemucleoslde linkage may be selected form the group consisting 

of: -O·C0-0-, -0-CO-NRH-, -NRH-CO-CH2·, -O·CH,,..CO-NRH-, ·O·CH2-CH2-NRH·, ·CO·NRH· 

CH,, -CH,.-NRH·CO·, ·O·CH,CH2-S-, -S-CH,.-CH,.-0-, ·S-CH2-CH,.-S-, -CH,.-$0,.-CH,.-, -CH2-

CO-NRH-, -0-CH,.-CH,,...NRH-CO-, -CH,.-NCH3-0-CH,.-, where RH Is selected from hydrogen and 

· 15 C14·alkyl. Suitably, in some embodiments, sulphur (S) containing lntemucleoside linkages as 

provided above may be preferred. The intemucleoslde 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 all of the 

internucleoslde linkages present between the nucleotide units of the contiguous nucleotide 

20 sequence are phosphorothioate lnternucleoside linkages. 

Mlcromir oligonucleotides targeting more than one mlcroRNA 

In one embodiment, the contiguous nucleotide sequence is complementary to the 

corresponding sequence of at least two mlRNA sequences such as 2, 3, 4, 5, 6, 7, 8, 9, or 10 

miRNA sequence,. The use of a single universal base may allow a single oligomer of the 

25 invention to target two independant mlcroRNAs 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 embodiment, the contiguous nucleotide sequence consists of or comprises a 

sequence which is complementary to the sequence of at least two miRNA seed region 

30 sequences such as 2, 3, 4, 5, 6, 7, 8, 9, or 10 miRNA seed region sequences. 

In one embodiment, the contiguous nucleotide sequence is complementary to the 

corresponding region of both miR-221 and miR-222. 

In one embodiment, the contiguous nucleotide sequence Is complementary to the 

corresponding region of more than one member of the miR-17-92 cluster- such as two or more 

35 or all of miR-17-Sp, miR-20a/b, miR-93, miR-106a/b; or two or more or all of mlR-25, m1R-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 5'GCTACAT3'. 

Oligomer Design 

In one embodiment, the first nucleotide of the oligomer according to the invention, 

5 counting from the 3' end, is a nucleotide analogue, 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 nucleotide analogue, such as an LNA unit. 

10 

In one embodiment, the second nucleotide of the oligomer according to the invention, 

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 analogue, 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 nucleotide analogue, such as an LNA unit. 

In one embodiment. the tenth nucleotide of the oligomer according to the Invention, 

1s counting from the 3' end is a nucleotide analogue, such as an LNA unit. 

In one embodiment, both the ninth and the tenth nucleotide of the oligomer according to 

the invention, calculated from the 3' end is a nucleotide 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 according 

20 to the invention does not comprise a region of more than 2 consecutive DNA nucleotide units. 

In one embodiment, the ollgomer comprises at least a region consisting of at least two 

consecutive nucleotide analogue units, such as at least two consecutive LNA units. 

In one embodiment. the oligomer comprises at least a region consisting of at least three 

consecutive nucleotide analogue units, such as at least three consecutive LNA units. 

25 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 oligomers are highly effective at targeting 

microRNAs in vivo can be used to prepare shorter oiigomers of the invention which comprise 

other nucleotide analogues, such as high affinity nucleotide analogues. Indeed, the combination 

30 of LNA with other high affinity nucleotide analogues are considered as part of the present 

invention. 

Modification of nucleotides in positions 1 to 2, counting from the 3' end. The nucleotide at 

positions 1 and/ or 2 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'-0-alkyl-RNA 

35 unit. 2'-0Me-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' nucleotide may therefore be 
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Xx, XX, XX or xx, wherein: In on!! embodiment X is LNA and x is DNA or another nucleotide 

analogue, such as as a 2' substituted nucleotide analogue selected from the group consisting of 

2'-0_alkyl-RNA unit, 2'-0Me-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 2'MOE RNA or 2'-fluoro-DNA. 

s Alternatively X is a nucleotide analogue, and x is DNA. 

The above modification at the 2 3' terminal nucleotides may be c;ombined with modification 

of nucleotides in positions 3 - B 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 Blh nucleotide counting from the 3' end 

10 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'-0-alkyl-RNA unit, 2'-0Me-RNA unit, 2'-amino-DNA 

unit, 2'-fluoro-DNA unit, 2'-MOE-RNA unit, LNA unit, PNA unit, HNA unit. INA unit. "X' is 

15 preferably DNA or RNA, most preferably DNA. However, it is preferred that X is LNA. 

In one embodiment of the invention, the oligonucleotldes of the invention are modified in 

positions 3 to 8, 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 

embodiment of the former, at least one, such as one, of the nucleotides in positions three to 

20 eight, counting from the 3' end, is a non-LNA unit. In another embodiment, at least two, such as 

two, of the nucleotides in positions three to eight, counting from the 3' end, are non-LNA units. 

In yet another embodiment, at least three, such as three, of the nucleotides in positions 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-

25 LNA units. In a further embodiment, at least five, such as five, of the nucleotides in positions 

three to eight, 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 oligonucleotlde according to the present 

invention comprises at least three LNA units in positions three to eight, counting from the 3' end. 

30 In an embodiment thereof, the oligonucleotlde according to the present Invention comprises 

three LNA units In positions three to eight, counting from the 3' end. The substitution pattern for 

the nucleotldes in positions three to eight, counting from the 3' end, may be selected from the 

group consisting of XXXxxx, xXXXxx, xXXXXx, XXXXXX, XXXXxx, X:XXXXX, XXxxXX, xXXxXx, 

xXXxxX, xxXXXX, XxXXxx, XxxXXx, XxxxXX, xXxXXx, XXXXXX, xxXxXX. XXXXXX and XxXxXx, 

35 wherein ·x· denotes an LNA unit and "x" denotes a non"LNA unit. 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 XXxXxx, XXxXXx, XXxxXX, xXXXXx, XXXxXX, xXXXxX, 
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XXXXXx, XXXXXx, XxxxXX, xXxXXx, xXxxXX, xxXxXX, xXxXxX and XxXxXx, wherein "X" 

denotes an LNA unit and "x" denotes a non-LNA unit In a more 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 xXXxXx, xXXxxX, xxXXxX, xXxXXx, xXxxXX, xxXxXX and 

5 xXxXxX, wherein "X" denotes an LNA unit and "'/(' denotes a non-LNA unit. In an embodiment, 

the substitution pattern for the nucleotides in positions three to eight, counting from the 3' end, is 

xXxXxX or XxXxXx, wherein •x• denotes an LNA unit and "x" denotes a non-LNA unit. In an 

embodiment, the substitution pattern for the nucleotides in positions three to eight, counting 

from the 3' end, is xXxXxX, wherein "X" denotes an LNA unit and "x" denotes a non-LNA unit. 

10 In a further embodiment, the oligonucleotlde 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 comprisiis 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 

15 xxXXXX, xXxXXX, xXXxXX, xXXXxX, xXXXXx, XxxXXX, XXXxXX, XXXXxX, XxXXXx, XXxxXX, 

XXXXxX, XXxXXx, XXXxxX, XXXXXX and XXXXxx, 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, counting from the 3' end. In an 

20 embodiment 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 

nucleotides In positions three to eight, counting from the 3' end, may be selected from the group 

consisting of xXXXXX, XxXXXX, XXxXXX, XXXxXX, XXXXXX and XXXXXx, wherein ·x· 
denotes an LNA unit and "'/(' denotes a non-LNA unit 

25 'Preferably, the ol(gonucleotide according to the present invention comprises one or two 

LNA units in positions three to eight, counting from the 3' end. This Is 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 

30 comprises at least six LNA units in positions three to 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 

35 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'-0Me-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 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 

5 nucleotide analogue selected from the group consisting of 2'-0-alkyl-RNA unit, 2'-0Me-RNA 

unit, 2'-amino-DNA unit, 2'-fluoro-DNA unit, 2'-MOE-RNA unit, LNA unit, PNA unit, HNA unit, 

INA unit. Tue two 5' nucleotides may therefore be 

Xx, xX, XX or xx, wherein: In one embodiment X Is LNA and x is DNA or another nucleotide 

analogue, such as as a 2' substituted nucleotide analogue selected from the group consisting of 

10 2'-0_alkyl-RNA unit, 2'-0Me-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 2'MOE RNA or 2'-fluoro-ONA. 

Alternatively X is a nucleotide analogue, and x is DNA 

The above modification at the 2 5' terminal nucleotides may be combined with modification 

of nucleotides In positions 3 - 8 counting from the 3' end, andfor the 2 3' nucleotitides as 

15 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 oligonucleotlde according to the present 

invention contains an LNA unit at the 5' end. In another preferred embodiment, the 

oligonucleotlde according to the present invention contains an LNA unit at the first two positions, 

20 counting from the 5' end. 

In one embodiment, the invention further provides for an oligomer as described in the 

context of the pharmaceutical composition of the invention, or for use In vivo in an organism, 

such as a medicament, wherein said oligomer (or contiguous nucleotide sequence) comprises 

either 

25 i) at least one phosphorothloate linkage andfor 

II) at least one 3' terminal LNA unit, and/or 

Ill) at least one 5' terlminal LNA unit. 

The 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 5' 

30 teriminal LNA unit 

It is preferable for most therapeutic uses that the oligonucleotlde is fully 

phosphorothiolated - an exception being for therapeutic oligonucleotides for use in the CNS, 

such as In the brain or spine where phosphorothioation can be toxic, and due to the absence of 

nucleases, phosphodiester bonds may be used, even between consecutive DNA units. 

35 As referred to herein, other In one aspect of the oligonucleotide according to the invention 

is that the second 3' nucleotide, andfor the 9"' and 1 o"' (from the 3' end). If present, may also be 

LNA. 
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In one embodiment, the Oligomer comprises at least five nucleotide analogue units, such 

as at least five LNA units, in positions which are complementary to the miRNA seed region. 

In one embodiment, the nucleotide sequence of the oligomerwhich is complementary to 

the sequence of the microRNA seed region, is selected from the group consisting of 

s (X)XXXXXX, (X)XxXXXX, (X)XXxXXX, (X)XXXxXX, (X)XXXXxX and (X)XXXXXX, wherein "X" 

denotes a nucleotide analogue, such as an LNA unit, (X) denotes an optional nucleotlde 

analogue, such as an LNA unit, and •x• denotes a DNA or RNA nucleotide unit. 

In one embodiment, the oligomer comprises six or seven nucleotide analogue units, such 

as six or seven LNA units, in positions which are complementary to the miRNA seed region. 

10 In one embodiment, the nucleotide sequence of the oligomer which is complementary to 

the sequence of the microRNA seed region, is selected from the group consisting of XXXXXX, 

XxXXXXX, XXXX:XXX, XXXxXXX, XXXXxXX, XXXXXxX and XXXXXXx. wherein ·x· denotes a 

nucleotide analogue, such as an LNA unit, such as an LNA unit, and "X' denotes a DNA or RNA 

nucleotlde unit. 

15 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 

20 the ollgomer 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. 

In one embodiment, the oligomer comprises at 12 nucleotides and wherein the two 

nucleotide motif at position 11 to 12, counting from the 3' end of the oligomer Is selected from 

25 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 oligomer comprises 12 nucleotides and wherein the two 

nucleotide motif 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 

30 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 ollgomer comprises a nucleotide analogue unit, such as an LNA 

unit, atthe 5' end. 

In one embodiment, the nucleotide analogue units, such as X, are independently selected 

35 fonm the group consisting of: 2'-0-alkyi-RNA unit, 2'-0Me-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 ollgomer of the invention are nucleotide 

analogue units. 

In one embodiment, the nucleotide analogue units, such as X, are independently selected 

fonn the group consisting of: 2'-0Me-RNA units, 2'-fluoro-DNA units, and LNA units, 

5 In one embodiment, the oligomer comprises said at least one LNA analogue unit and at 

least one further nucleotide analogue unit other than LNA. 

In one embodiment, the non-LNA nucleotide analogue unit or units are independently 

selected from 2'-0Me RNA units and 2'-fluoro DNA units. 

In one embodiment. the oligomer consists of at least one sequence XYX or YXY, wherein 

10 X is LNA and Y Is either a 2'-0Me RNA unit and 2' -fluoro DNA unil 

In one embodiment, the sequence of nucleotldes of the oligomer consists of alternative X 

and Yunits. 

In one embodiment, the oligomer comprises alternating LNA and DNA units (Xx) or (XX). 

In one embodiment, the oligomer comprises a motif of alternating LNA followed by 2 DNA units 

1s (Xxx), xXx or xxX. 

In one embodiment, at least one of the DNA or non-LNA nucleotide analogue units 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. 

20 Further Designs for Oligomers of the invention 

Table 1 below provides non-limiting examples of short mlcroRNA sequences that could 

advantageously be targeted with an oligonucleotide of the present invention. 

The oligonucleotldes according to the invention, such as those disclosed in table 1 may, In 

one embodiment, have a sequence of 7, 8, 9 or 10 LNA nucleotides 5' - 3' LLLLLLL(L)(L)(L)(L), 

25 or have a sequence of nucleotides selected form the group consisting of, the first 7, 8, 9 or 1 O 

nucleotides of the following motifs: 

LdLddL(L)(d)(d){L)(d)(L)(d)(L)(L), LdLdLL{L){d)(d)(L)(L)(L)(d)(L){L), 

LMLMML(L)(M){M)(L)(M)(L)(M)(L)(L), LMLMLL(L)(M)(M)(L)(L)(L)(M)(L)(L), 

LFLFFL(L)(F)(F)(L)(F){L)(F)(L)(L), LFLFLl(L)(F)(F)(L)(L)(L)(F)(L)(L), and every third designs such as; 

30 Lddldd(L)(d){d)(L)(d)(d)(L)(d)(d){L)(d) 'dLddLd(d)(L)(d)(d)(L)(d)(d)(L)(d){d)(L), 

ddLddL(d)(d)(L)(d)(d)(L)(d)(d)(L)(d)(d), LMMLMM(L)(M)(M){L)(M)(M)(L)(M)(M)(L)(M), 

MLMMLM(M)(L)(M)(M)(L)(M)(M)(L)(M)(M)(L), MMLMML(M)(M)(L)(M)(M)(L)(M)(M)(L)(M)(M), 

LFFLFF(L)(F)(F)(L)(F)(F){L)(F)(F)(L)(F), FLFFLF(F)(L){F){F){L){F){F){L){F)(F)(L), 

FFLFFL(F)(F){L)(F){F)(L)(F)(F)(L)(F)(F), and dLdLdL(d)(L)(d)(L)(d){L)(d)(L)(d)(L)(d) and an every second 

35 design, such as; LdLdLd(L)(d)(L)(d)(L)(d)(L)(d)(L)(d)(L), MLMLML(M)(L)(M)(L)(M)(L)(M){L)(M)(L){M), 

LMLMLM(L)(M)(L)(M)(L)(M)(L)(M)(L)(M)(L), FLFLFL(F)(L)(F)(L)(F)(L)(F)(L)(F)(L)(F), and 

LFLFLF(L)(F)(L)(F)(L)(F)(L)(F)(L)(F)(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 Medical Application 

The invention 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 to the invention, 

5 such as those which may form part of the pharmaceutical composition, for the manufacture of a 

medicament for the treatment of a disease or medical disorder associated with the presence or 

over-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 

10 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 mlRNA 

in a cell or an organism, comprising administering a composition (such as the pharmaceutical 

composition) according to the invention or a oligomer according to the Invention to the cell or 

15 the organism. Reducing the effective amount in this context refers to the reduction offunctional 

mlRNA present in the cell or organism. It is recognised that the preferred oligonucleotides 

according to the Invention may not always significantly reduce the actual amount of mlRNA in 

the cell or organism as they typically form very stable duplexes with their mlRNA targets. The 

reduction of the effective amount of the miRNA in a call may, in one embodiment, be measured 

20 by detecting the level of de-repression of the miRNA's target in the cell. 

The invention further provides for a method for de-repression of a target mRNA of a 

mlRNA In a cell or an organism, comprising administering a composition (such as the 

pharmaceutical composition) or a oligomer according to the Invention to the cell or the 

organism. 

25 The invention further provides for the use of a oligomer of between 7 -10 such as 7, 8, 9, 

or 10 nucleotides in length, 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. 

In one embodiment the medical condition (or disease} Is hepatitis C (HCV}, and the 

mlRNA is miR-122. 

30 In one embodiment, the pharmaceuUcal 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. 

35 In the context of hypercholesterolemia related disorders refers to diseases such as 

atherosclerosis or hyper1ipidemia. Further examples of related diseases also include different 

types of HDULDL cholesterol imbalance; dysllpidemias, e.g., familial combined hyperlipidemia 
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(FCHL), acquired hyperlipidemla, statin-resistant hypercholesterolemia; coronary artery disease 

{CAD) coronary heart disease (CHO), atherosclerosis. 

In one embodiment, the pharmaceutical composition according to the invention further 

comprises a second independent active ingredient that is an inhibitor of the VLDL assembly 

5 pathway, such as an ApoB inhibitor, or an MTP inhibitor (such as those disclosed In US 

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 microRNA, comprising the step 

of administering a composition (such as the pharmaceutical composition) comprising a oligomer 

10 of between between 7 -10 such as 7, 8, g, or 10 nucleotides In length, to a person in need of 

treatment 

The Invention further provides for a method for reducing the effective amount of a mlRNA 

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 such as 7, 

15 8, g, or 1 O nucleotides In length, to the cell or the organism. 

It should be recognised that "reducing the effective amounr of one or more microRNAs In 

a cell or organism, refers to the inhibition of the microRNA function in the call or organism. The 

cell ls preferably amammalaln cell or a human cell which expresses the mlcroRNA or 

microRNAs. 

20 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, g, or 10 

nucleotides in length, or (or a composition comprising said ollgonucleotfde) to the cell or the 

organism. 

As mentioned above, microRNAs are related to a number of diseases. Hence, a fourth 

25 aspect of the invention relates to the use of an oligonucleotide as defined herein 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 cancer, such as in non limiting 

example, chronic lymphocytic leukemia, breast cancer, lung cancer and colon cancer, ln 

30 particular cancer. 

Methods of Synthesis 

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

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

a. Optionally selecting a first nucleotide, counting from the 3' end, which is a nucleotide 

35 analogue, such as an LNA nucleotide. 

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

analogue, such as an LNA nucleotide. 
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c, Selecting a region of the oligomer which corresponds to the miRNA seed region, wherein 

said region is as defined herein. 

d. Selecting a seventh and optionally an eight nucleotideas defined herein. 

e. Optionally selecting one or two further 5' terminal of the oligomer is as defined herein: 

5 wherein the synthesis is performed by sequential synthesis of the regions defined in steps 

a - e, wherein said synthesis may be performed in either the 3'-5' {a to f) or 5' - 3· {e to 

a)direction, and wherein said oligomer is complementary to 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 

10 sequences of two or more miRNA sequences to ldentifiy two or more mlRNA sequences which 

comprise a common contiguous nucleotide sequence of at least 7 nucleotides in length, such as 

7. 8, 9or10 nucleotides in length {i.e. a sequence found In both non-idnetical miRNAs), b) 

preparing an oligomer sequence which consists or comprises of a contiguous nucleotide 

sequence with is complementary to said common contiguous nucleotide sequence, wherein 

15 said oligomer Is, as according to the oligomer of the Invention. In a preferred example, the 

common contiguous nucleotide sequence consists or comprises of the seed region of each of 

said two or more mlRNA 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 more miRNAs are identical. Suitably the oligomer consists or comprises a seedmer 

20 sequence of 7 or 8 nucleotides In length which comprises of a seqeunce which Is 

complementary to said two or more miRNAs. This method may be used in conjunction with step 

c of the above method. 

The method for the synthesis of the oligomer according to the invention may be performed 

using standard solid phase oligonucleotide systhesls. 

25 In one embodiment, the method for the synthesis of a oligomer targeted against 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 oligonucieotide as defined herein, wherein the 

ollgonucleotlde (i) is complementary to the target microRNA sequence (ii) does not contain a 

30 nucleotide at the 3' end that corresponds to the first 5' end nucleotide of the target microRNA. 

Duplex stability and Tm 

In one embodiment, the oligomer of the invention is capable of forming a duplex with a 

complementary single stranded RNA nucleic acid molecule (typically of about the same length 

of said single stranded oligonucleotide) with phosphodiester intemucleoside linkages, wherein 

35 the duplex has a Tm 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 Tm is at least 40°C. Tm 

may be determined 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 oligomer of the invention, results in an increase In the Tm of the 

oligomer as compared to an identicial ollgomer which has contains only DNA bases. 

5 Conjugates 

In one embodiment, said ollgomer 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 oligomer as described herein to one or 

10 more non-nucleotide, or non-polynucleotide moieties. Examples of non-nucleotide or non­

polynucleotide moieties include macromolecular agents such as proteins, fatty acid chains, 

sugar residues, glycoprotelns, polymers, or combinations thereof. Typically proteins may be 

antibodies for a target protein. Typical polymers may be polyethylene glycol. 

Therefore, In various embodiments, the ollgomer of the invention may comprise both a 

15 polynucleotlde region which typically consists of a contiguous sequence of nucleotides, and a 

further non-nucleotide region. When referring to the oligomer of the invention consisting 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 is linked to 

20 ligands/conjugates, which may be used, e.g. to increase the cellular uptake of oligomeric 

compounds. W02007/031091 provides suitable ligands and conjugates, which are hereby 

incorporated by reference. 

The invention also provides for a conjugate comprising ihe compound according to the 

invention as herein described, and at least one non-nucleotide or non-polynucleotide moiety 

25 covalently attached to said compound. Therefore, in various embodiments where the 

compound of the invention consists of a specified nucleic acid or nucleotide sequence, as 

herein disclosed, the compound may also comprise at least one non-nucleotide or non­

polynucleotlde moiety (e.g. not comprising one or more nucleotides or nucleotide analogues} 

covalently attached to said compound. 

30 Conjugation (to a conjugate moiety} may 'enhance the activity, cellular distribution or 

cellular uptake of the ollgomer of the invention. Such moieties include, but are not limited to, 

antibodies, polypeptides, llpld moieties such as a cholesterol moiety, chollc acid, a thioether, 

e.g. Hexyl-s-tritylthiol, 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-

35 hexadecyl-rac-glycero-3-h-phosphonate, a polyamine or a polyethylene glycol chain, an 

adamantane acetic acid, a palmityl moiety, an octadecylamine or hexylamlno-carbonyl­

oxycholesterol moiety. 
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The oligomers of the Invention may also be conjugated to active drug substances, for 

example, aspirin, ibuprofen, a sulfa drug, an antidiabetic, an antibacterial or an antibiotic. 

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

In various embodiments, the conjugated moiety comprises or consists of a positively 

5 charged polymer, such as a positively charged peptides of, for example between 1 -50, such as 

2 - 20 such as 3- 1 O 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 oxide may be 

attached to the oligomer of the invention via a linker such as the releasable Inker described in 

10 WO 2008/034123. 

By way of example, the following conjugate moieties may be used in the conjugates of the 

Invention: 

0 

- U -- 5' - OLIGOMER -3' 

·~ 
Activated o/igomers 

15 The term "activated oligomer," as used herein, refers to an oligomer of the Invention that is 

covalently linked (i.e., functionalized) to at least one functional moiety that permits covalent 

linkage of the oligomer to one or more conjugated moieties, i.e., moieties that are not 

· themselves nucleic acids or monomers, to form the conjugates herein described. Typically, a 

functional moiety will comprise a chemical group that is capable of covalently bonding to the 

20 ollgomer via, e.g., a 3'-hydroxyl group or the exocyclic NH2 group of the adenine base, a spacer 

that Is preferably hydrophilic and a terminal group that is capable of binding to a conjugated 

moiety (e.g., an amino, sulfhydryl or hydroxyl group). In some embodiments, this terminal group 

is not protected, e.g., ls an NH2 group. In other embodiments, the terminal group is prolected, 

for example, by any suitable protecting group such as those described in "Protective Groups In 

25 Organic Synthesis" by Theodora W Greene and Peter 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, diphenylmethyl, or triphenylmethyl, and tetrahydropyranyl. 

Examples of suitable amino protecting groups include benzyl, alpha-methylbenzyl, 

diphenylmethyl, triphenylmethyl, benzyloxycarbonyl, tert-butoxycarbonyl, and acyl groups such 

30 as trichloroacetyl or trlfluoroacetyl. In some embodiments, the functional moiety Is self-cleaving. 

In other embodiments. the functional moiety is biodegradable. See e.g., U.S. Patent No. 

7,087,229, which is incorporated by reference herein in Its entirety. 

• 
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In some embodiments, ollgomers 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 functlonalized along the backbone or on the 

5 heterocyclic base moiety. 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 

backbone 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 

10 _ 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 (CH2),,, 

wherein w ls an integer ranging from 1 to 10, preferably about 6, wherein the alkyl portion ot the 

15 alkylamlno group can be straight chain or branched chain, and wherein the functional group is 

attached to the ollgomer via an ester group (-O-C(O)-(CH2),,NH). 

In other embodiments, the oligomers are functionalized with a hindered ester containing a 

(CH,)w-sulfhydryl (SH) linker, wherein w is an integer ranging from 1 to 10, preferably about 6, 

wherein the alkyl portion ot the alkylamino group can be straight chain or branched chain, and 

20 wherein the functional group attached to the oligomer via an ester group (-O-C(O)-(CH2)wSH). 

In some embodiments, sulfhydryl-activated oligonucleotldes are conjugated with polymer 

moieties such as polyethylene glycol or 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 

25 20081034122 and the examples therein, Which is incorporated herein by reference In Its entirety. 

In still other embodiments, the oligomers of the invention are funclionallzed by Introducing 

sulfhydryl, amino or hydroxyl groups into the oligomer by means of a functionalizing reagent 

substantially as described in U.S. Patent Nos. 4,962,029 and 4,914,210, i.e., a substantially 

linear reagent having a phosphoramidite at one end linked through a hydrophilic spacer chain to 

30 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 functionallzing reagent coupled to a 5'-hydroxyl 

group of the oligomer. In other embodiments, the activated oligomers have a functlonallzlng 

reagent coupled to a 3'-hydroxyl group. In still other embodiments, the activated ollgomers of 

35 the invention have a functlonallzlng reagent coupled to a hydroxyl group on the backbone of the 

oligomer. In yet further embodiments, the oligomer of the invention is functlonalized with more 

than one of the functlonallzing 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 oligomer Is functionallzed 

5 with a dlenyl phosphoramldlte derivative, followed by conjugation of the deprotected oligomer 

with, e.Q·· an amino acid or peptide via a Diels-Alder cycloaddition reaction. 

In various embodiments, the Incorporation of monomers containing 2'-sugar 

modifications, such as a 2'-carbamate substituted sugar or a 2'-(0-pentyl-N-phthalimido)­

deoxyribose sugar into the oligomer facilitates covalent attachment of conjugated moieties to 

10 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-phthalimidylamlnopen1yl)-2'-deoxyadenosine-3'-- N,N-dllsopropyl­

cyanoethoxy phosphoramidlte. See, e.g., Manoharan, et al., Tetrahedron Letters, 1991, 34, 

7171. 

15 In still further embodiments, the oligomers of the invention may have amine-containing 

functional moieties on the nucleotide, Including on the N6 purine amino groups, on the exocyclic 

N2 of guanine, or on the N4 or 5 positions of cytosine. In various embodiments, such 

functlonallzation may be achieved by using a commercial reagent that is already functionalized 

in the ollgomer synthesis. 

20 Some functional moieties are commercially available, for example, heterobifunctlonal 

and homobifunctional linking moieties are available from the Pierce Co. (Rockford, Ill.). Other 

commercially available linking groups are 5'-Amino-Modifier C6 and 3'-Amino-Modifier reagents, 

both available from Glen Research Corporation (Sterling, Va.). 5'-Amino-Modlfler C6 is also 

available from ABI (Applied Biosystems Inc., Foster City, Calif.) as Aminolink-2, and 3'-Amino-

25 Modifier Is also available from Clontech Laboratories Inc. (Palo Alto, Calif.). 

Therapy and pharmaceutical compositions - formulation and administration 

As explained initially, the oligonucleotldes of the Invention will constitute suitable drugs 

with improved properties. The design of a potent and safe drug requires the fine-tuning of 

various parameters such as affinity/specificity, stability in biological fluids, cellular uptake, mode 

30 of action, pharmacokinetic properties and toxicity. 

Accordingly, in a further aspect the present invention relates to a pharmaceutical 

composition comprising an ollgonucleotlde according to the Invention and a pharmaceutically 

acceptable diluent. carrier or adjuvant. Preferably said carrier Is saline or buffered saline. 

In a still further aspect the present invention relates to an oligonucleotide according to 

35 the present invention for use as a medicament. 
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As will be understood, dosing is dependent on severrty and responsiveness of the 

disease state to be treated, and the course of treatment lasting from several days to several 

months, or until a cure Is effected or a diminution of the disease state is achieved. Optimal 

dosing schedules can be calculated from measurements of drug accumulation in the body of the 

5 patient. Optimum dosages may vary depending on the relative potency of individual 

ollgonucleotldes. Generally it can be estimated based on EC50s found to be effective in in vitro 

and In vivo animal models. In general, dosage is from 0.01 µg to 1 g per kg of body weight, and 

may be given once or more dally, weekly, monthly or yearly, or even once every 2 to 10 years 

or by continuous Infusion for hours up to several months. The repetition rates for dosing can be 

10 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 

maintenance 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 

15 understood that the pharmaceutical composition according to the invention optionally comprises 

a pharmaceutical carrier, and that the pharmaceutical composition optionally comprises further 

compounds, such as chemotherapeutic compounds, anti-inflammatory compounds, antiviral 

compounds and/or lmmuno-modulating compounds. 

The ollgonucleotides of the Invention can be used •as Is" or in form of a variety of 

20 pharmaceutically acceptable salts. As used herein, the term "pharmaceutically acceptable salts" 

refers to salts that retain the desired biological activity of the herein-identified ollgonucleotides 

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, barium, magnesium, aluminum, copper, cobalt. nickel, cadmium, sodium, 

25 potassium, and the like, or with a cation formed from ammonia, N,N-dibenzylethylene-diamine, 

D-glucosamlne, tetraethylammonlum, or ethylenediamine. 

In one embodiment of the invention, the oligonucleotide may be In the form of a pro­

drug. Ollgonucleotides are by virtue negatively charged ions. Due to the lipophilic nature of cell 

membranes the cellular uptake of oligonucleotides are reduced compared to neutral or lipophilic 

30 equivalents. This polarity "hindrance" can be avoided by using the pro-drug approach (see e.g. 

Crooke, R. M. (1998) in Crooke, S. T. Antisense research and Appl/cation. Springer-Verlag, 

Berlin, Germany, vol.131, pp. 103-140). 

Pharmaceutically acceptable binding agents and adjuvants may comprise part of the 

formulated drug. 

35 Examples of delivery methods for delivery of the therapeutic agents described herein, as 

well as details of pharmaceutical formulations, salts, may are well described elsewhere for 

example In US provisional application 60/838,710 and 601788,995, which are hereby 



WO 2009/043353 PCT/DK2008/000344 

38 

incorporated by reference, and Danish applications, PA 2006 00615 which is also hereby 

Incorporated by reference. 

Pharmaceutical compositions of the present invention include, but are not limited to, 

solutions, emulsions, and liposome-containing formulations. These compositions may be 

5 generated from a variety of components that Include, but are not limited to, preformed liquids, 

self- emulsifying solids and self-emulsifying semisolids. Delivery of drug to tumour tissue may 

be enhanced by carrier-mediated delivery including, but not limited to, cationic liposomes, 

cyclodextrins, porphyrin derivatives, branched chain dendrimers, polyethylenimine polymers, 

nanoparticles and microspheres (Dass CR. J Pharm Pharmacol 2002; 54{1 }:3-27). The 

10 pharmaceutical formulations of the present Invention, which may conveniently be presented In 

anit dosage form, may be prepared according to conventional techniques well known in the 

pharmaceutical industry. Such techniques include the step of bringing into association the active 

ingredients with the pharmaceutical carrier(s) or excipient(s}. In general the formulations are 

prepared by uniformly and intimately bringing into association the active Ingredients with liquid 

15 carriers 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 aqueous, non-aqueous or mixed media. Aqueous suspensions may further 

20 contain substances which increase the viscosity of the suspension Including, for example, 

sodium carboxymethylcellulose, sorbitol and/or dextran. The suspension may also contain 

stabilizers. The compounds of the invention may also be conjugated to active drug substances, 

for example, aspirin, ibuprofen, e sulfa drug, an antidiabetic, an antibacterial or an antibiotic. 

In another embodiment, compositions of the invention may contain one or more 

25 oligonucleotide compounds, targeted to a first microRNA and one or more additional 

oligonucleotide compounds targeted to a second microRNA target. Two or more combined 

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 

30 therapeutically effective amount of an oligonucleotide to a mammal, particularly a human. In a 

certain embodiment, the present invention provides pharmaceutical compositions containing (a} 

one or more compounds of the invention, and (b} one or more chemotherapeutic 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 chemotherapeutic 

35 agents or in combination with radiotherapy. All chemotherapeutic agents known to a person 

skilled in the art are here incorporated as combination treatments with compound according to 

the Invention. 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 invention. TWo or more 

combined compounds may be used together or sequentially. 

Examples of therapeutic indications which may be treated by the pharmaceutical 

s compositions of the Invention: 

mlcroRNA Possible medical indications 
miR-1 Cardiac arvthmia 
miR-21 Glioblastoma, breast cancer, hepatocellular carcinoma, colorectal 

cancer, sensitization of gliomas to cytotoxic drugs, cardiac 
hvoertroohv 

miR-21, mlR-200b Response to chemotherapy and regulation of choiangiocarcinoma 
and miR-141 growth 
miR-122 hv=rcholesterolemia, hepatitis C infection, hemochromatosis 

miR-19b lymphoma and other tumour runes 
miR-26a Osteoblast differentiation of human stem cells 
miR-155 lymphoma, pancreatic tumor development, breast and lung 

cancer 
miR-203 Psoriasis 
miR-375 diabetes, metabolic disorders, glucose-induced insulin secretion 

from Pancreatic endocrine cells 
miR-181 mvoblast differentiation auto immune disorders 
miR-10b Breast cancer cell Invasion and metastasis 
miR-125b-1 Breast, luno, ovarian and cervical cancer 
miR-221 and 222 Prostate carcinoma, human thyroid papillary car, human 

hepatoceilular carcinoma 
miRNA-372 and - testicular germ cell tumors. 
373 
mlR-142 B-cell leukemia 
mlR·17-19b B-cell lymphomas, lung cancer, hepatocellular carcinoma 
cluster 

Tumor suppressor gene tropomysin 1 (TPM1) mRNA has been indicated as a target of 

miR-21. Myotrophin (mtpn) mRNA has been indicated as a target of mlR 375. 

In an even further aspect, the present invention relates to the use of an oligonucleotide 

10 according to the Invention for the manufacture of a medicafllent for the treatment of a disease 

selected from the group consisting of: atherosclerosis, hypercholesterolemia and 

hyperlipidemia; cancer, glloblastoma, breast cancer, lymphoma, lung cancer; diabetes, 

metabolic disorders; myoblast differentiation; immune disorders. 

The invention further refers to oligonucleotldes according to the invention for the use in 

15 the treatment of from a disease selected from the group consisting of: atherosclerosis, 

hypercholesterolemia and hyperllpidemia; cancer, glioblastoma, breast cancer, lymphoma, lung 

cancer; diabetes, metabolic disorders; myoblast differentiation; 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 

20 hyperlipidemia; cancer, glloblastoma, breast cancer, lymphoma, lung cancer; diabetes, 
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metabolic disorders; myoblast differentiation; Immune disorders, the method comprising the 

step of administering an oligonucleotide or pharmaceutical composition of the invention to the 

subject in need thereof. 

The Invention further provides for a kit comprising a pharmaceutical composition 

5 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 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 cancer. In 

10 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 cancers may include lymphoreticular neoplasla, lymphoblastic leukemia, brain 

tumors, gastric tumors, plasmacytomas, multiple myeloma, leukemia, connective tissue tumors, 

15 lymphomas, and solid tumors. 

In the use of a compound of the 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 method for treating cancer disclosed herein said cancer may suitably be in the form of a 

solid tumor. 

20 Furthermore, said cancer Is also suitably a carcinoma. The carcinoma is typically selected 

from the group consisting of malignant melanoma, basal cell carcinoma, ovarian carcinoma, 

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

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

· carcinoma, lung carcinoma, cervical carcinoma, cervical dysplasla, laryngeal papillomatosis, 

25 colon carcinoma, colorectal carcinoma and carclnold tumors. More typically, said carcinoma is 

selected from the group consisting of malignant melanoma, non-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 desmoplastlc 

30 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 hlstlocytoma, flbrosarcoma and Kaposi's sarcoma. 

Alternatively, the cancer may suitably be a glioma. 

35 A further embodiment is directed to the use of an ollgonucleotide according to the 

Invention for the manufacture of a medicament for the treatment of cancer, wherein said 
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medicament further comprises a chemotherapeutic agent selected from the group consisting of 

adrenocorticosteroids, such as prednisone, dexamethasone or dec;adron; altretamine (hexalen, 

hexamethylmelamlne (HMM)}; amifostine (ethyol); aminoglutethimlde (cytadren); amsacrine (M­

AMSA); anastrozole (arimidex); androgens, such as testosterone; asparaginase (elspar); 

5 bacillus calmette-gurin; blcalutamide (casodex); bleomycin (blenoxane); busulfan (myieran); 

carboplatin (paraplatln); carmustine (BCNU, BiCNU); chlorambucil (leukeran); 

chlorodeoxyadenosine (2-CDA, cladribine, leustatin); cisplatln (platinoi); cytosine arabinoslde 

(cytarabine); dacarbazine (DTIC); dactinomycin (actlnomycin-D, cosmegen); daunorubicin 

(cerubidlne); docetaxel (taxotere); doxorublcin (adriomycin); eplrubicin; estramustlne (emcyt); 

10 estrogens, such as diethylstilbestrol (DES); etopslde (VP-16, VePesid, etopophos); fiudarabine 

(fludara); fiutamide (euiexin); 5-FUDR (floxuridine); 5-fluorouracil (5-FU); gemcltabine (gemzar); 

goserelln (zodalex); herceptln (trastuzumab ); hydroxyurea (hydrea); ldarubicin (idamycin); 

ifosfamide; IL-2 (proleukln, aldesleukin); interferon alpha (intron A, roferon A); irinotecan 

(camptosar); leuprollde (lupron); levamlsole (ergamisole); lomustine (CCNU}; mechiorathamine 

15 (mustargen, nitrogen mustard); melphalan (alkeran); mercaptopurine (purlnethol, 6-MP); 

methotrexate (mexate); mitomycin-C (mutamucin): mitoxantrone (novantrone); octreotide 

(sandostatin); pentostatln (2-deoxycofonnycin, nipent); plicamycin (mithramycin, mithracin); 

prorocarbazine (matulane ); streptozocln; tamoxifin (nolvadex); taxol (paclitaxel); teniposide 

(vumon, VM-26); thiotepa; topotecan (hycamtin); tretinoln (vesanoid, all-trans retinoic acid); 

20 vinblastlne (valban); vincristlne (oncovin) and vinorelblne (navelbine). Suitably, the further 

chemotherapeutic agent Is selected from taxanes such as Taxol, Paclitaxel or Docetaxel. 

Similarly, the invention is further directed to the use of anollgonucleotide 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 

25 from the group consisting of adrenocorticosteroids, such as prednisone, dexamethasone or 

decadron; altretamine (hexalen, hexamethylmelamine (HMM)); amifostlne (ethyol); 

amtnoglulethimide (cytadren); amsacrine (M-AMSA); anastrozole (arimidex); androgens, such 

as testosterone; asparaglnase (elspar); bacillus calmette-gurin; bicalutamlde (casodex); 

bleomycin (blenoxane); busulfan (myleran); carboplatin (paraplatin); carmustine (BCNU, 

30 BiCNU); chlorambucil (leukeran); chlorodeoxyadenoslne (2-CDA, cladribine, leustatin); cisplatin 

(platlnol); cytosine arabinoside (cytarabine); dacarbazine (DTIC); dactinomycin (actinomycin-D, 

cosmegen); daunorubicin (cerubldine); docetaxel (taxotere); doxorubicin (adriomycin); 

eplrublcln; estramustine (emcyt); estrogens, such as diethylstilbestrol (DES); etopside (VP-16, 

VePesld, e!opophos); fiudarablne (fludara); fiutamide (eulexin); 5-FUDR (floxuridine); 5-

35 fluorouracil (5-FU); gemcltabine (gemzar); goserelln (zodalex); herceptin (trastuzumab); 

hydroxyurea (hydrea); ldarubicin (idamycln): ifosfamide; IL-2 (proleukin, aldesleukin); interferon 

alpha (intron A, roferon A); irinotecan (camptosar); leuprolide (lupron); levamisoie (ergamisole); 
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lomustine (CCNU): mechJorathamlne (mustargen, nitrogen mustard); melphalan (alkeran); 

mercaptopurine (purinethol, 6-MP); methotrexate (mexate); mitomycin-C (mutamucln); 

mltoxantrone (novantrone); octreotide (sandostatin): pentostatin (2-deoxycoformycln, nipent); 

plicamycin (mithramycln, mithracin); prorocarbazine (matulane ); streptozocin; tamoxifin 

s (nolvadex); taxol (paclitaxel); teniposide (vumon, VM-26); thiotepa; topotecan (hycamtln); 

tretlnoln (vesanoid, all-trans retinoic acid); vinblastine (valban); vincristine (oncovln) and 

vinorelbine (navelbina ). Suitably, said treatment further comprises the administration of a fUrther 

chemotherapeutic agent selected from taxanes, such as Taxol, Paclitaxel or Docetaxel. 

Alternatively stated, the invention is furthermore directed to a method for treating cancer, 

10 said method comprising 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 formulatlon. 

15 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 according to 

20 the invention which target mlR-122 may be used to treat Hepatitus C infection. 

Accordingly, in yet another aspect the present invention relates the use of an 

ollgonucleotide according to the invention for the manufacture of a medicament for the 

treatment 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 

2s pharmaceutical composition 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 

30 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 autoimmune disorders. In spite of being needed to fight 

pathogens, the effects of an inflammatory burst can be devastating. It is therefore often 

necessary to restrict the symptomatology of inflammation with the use of anti-inflammatory 

35 drugs. Inflammation is a complex process normally triggered by tissue injury that includes 

activation of a large array of enzymes, the increase in vascular permeability and exlravasation 
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Of blood fluids, cell migration and release of chemical mediators, all aimed to both destroy and 

repair the injured tissue. 

In yet another aspect, the present invention relates to the use of an oligonucleotlde 

according to the invention for the manutacture of a medicament for the treatment of an 

S inflammatory disease, as well as to a method for treating an inflammatory disease, said method 

comprising administering an oligonucleotide according to 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 and/or a connective tissue diseases, such as rheumatoid arthritis, systemic lupus 

10 erythematous (SLE) or Lupus, scleroderma, polymyositis, inflammatory bowel disease, 

derrnatomyositis, ulcerative colitis, Crohn's disease, vasculitis, psoriatic arthritis, el(foliative 

psoriatic dermatitis, pemphlgus vulgaris and Sjorgren's syndrome, in particular inflammatory 

bowel disease and Crohn's disease. 

Alternatively, the inflammatory disease may be a non-rheumatic inflammation, like 

15 bursitis, synovitis, capsulltls, 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 fife threatening. Others 

20 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 ear1y diagnosis and treatment, metabolic diseases can often be managed 

effectively. 

In yet another aspect, the present invention relates to the use of an ollgonucleotide 

25 according to the invention or a conjugate thereof for the manufacture of a medicament for the 

treatment 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 ls selected from the 

30 group consisting of Amyloidosis, Biotinldase, OMIM (Online Mendelian Inheritance in Man). 

Crigler Najar Syndrome, Diabetes, Fabry Support & Information Group, Fatty acid Oxidation 

Disorders, Galactosemia, Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency, Glutaric 

aciduria, International Organization of Glutaric Acidemia, Glutaric Acidemla Type I, Glutaric 

Acidemia, Type II, Glutarlc Acldemla Type I, Glutaric Acidemia Type-II, F-HYPDRR- Familial 

35 Hypophosphatemla, Vitamin D Resistant Rickets, Krabbe Disease, Long chain 3 hydroxyacyl 

CoA dehydrogenase deficiency (LCHAD), Mannosldosls Group, Maple Syrup Urine Disease, 
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Mitochondrial disorders, Mucopolysaccharidosls Syndromes: Niemann Pick, Organic acidemias, 

PKU, Pompe disease, Porphyria, Metabolic Syndrome, Hyperlipidemia and Inherited lipid 

disorders, Trimethylaminuria: the fish malodor syndrome. and Urea cycle disorders. 

Liver disorders 

s In yet another aspect, the present invention relates to the use of an oligonucleotlde 

according to 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 treating a liver disorder, said method 

comprising administering an oligonucleotlde according to the Invention or a conjugate thereof, 

or a pharmaceutical composition according to the Invention to a patient in need thereof. 

10 In one preferred embodiment of the invention, the liver disorder is selected from the group 

consisting of Biliary Atresia, Alagllle Syndrome, Alpha-1 Antitrypsin, Tyrosi11emia, Neonatal 

Hepatitis, and Wilson Disease. 

Other uses 
The oligonucleotides of the present invention can be utilized for as research reagents for 

15 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 

facilitating functional analysis of the target or an appraisal of its usefulness as a target for 

therapeutic Intervention. In diagnostics the oligonucleotides may be used to detect and 

quantltate target expression in cell and tissues by Northern blotting, in-situ hybridisation or 

20 similar techniques. For therapeutics, an animal or a human, suspected of having a disease or 

disorder, wh.ich can be treated by modulating the expression of target is treated by 

administering the oligonucleotlde 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 dis"ease or condition, associated with expression of 

25 target by administering a therapeutically or prophylactically effective amount of one or more of 

the oligonucleotide compounds or compositions of the invention. 

Therapeutic use of oligonucleotides targeting mfR-122a 

We have demonstrated that a LNA-antimiR, targeting miR-122a reduces plasma 

cholesterol levels. Therefore, another aspect of the invention is use of the above described 

30 oligonucleotldes 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 increased 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 

35 various conditions, e.g. atherosclerosis. 
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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, Bckdk or CD320, 

EMBODIMENTS 

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

s other embodiments described herein. 

1. A pharmaceutical composition comprising an oligomer of between 6-12 nucleotides in length, 

wherein said ollgomer comprises a contiguous nucleotide sequence of a total of between 6-12 

nucleotides, such as 6, 7, 8, 9, 10, 11 or 12 nucleotide units, wherein at least 50% of the 

nucleobase units of the ollgomer are high affinity nucleotide analogue units, and a 

10 pharmaceutically acceptable diluent, carrier, salt or ad]uvant. 

2. The pharmaceutical composition according to embodiment 1, wherein the contiguous 

nucleotide sequence is complementary to a corresponding region of a mammalian, human or 

viral mlcroRNA {miRNA) sequence. 

3. The pharmaceutical composition according to embodiment 2, wherein the contiguous 

15 nucleotide sequence ls 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, wherein the contiguous 

nucleotide sequence consists of or comprises a sequence which is complementary to the seed 

sequence of said microRNA. 

20 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' nucleobase 

of the seedmer forms the 3' most nucleobase of the contiguous nucleotide sequence, wherein 

25 the contiguous nucleotide sequence may, optionally, comprise one or two further 5' 

nucleobases. 

7. The pharmaceutical 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. 

30 8. The pharmaceutical composition according to any one of embodiments 1-7, wherein the 

contiguous nucleotide sequence is complementary to a corresponding nucleotide sequence 

present in a mlRNA selected from those shown in table 3 or 4 or 5. 

9. The pharmaceutical composition according to embodiment 8, wherein said miRNA is 

selected from the group consisting of miR-1. miR-10b, miR-17-3p, miR-18, miR-19a, miR-19b, 

35 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 mlR-375. 
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10. The pharmaceutical 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 nucleotide 

5 analogue units are selected from the group consisting of 2'-0_alkyl-RNA unit, 2'-0Me-RNA unit, 

2'-amino-DNA unit, 2'-fiuoro-DNA unit, LNA unit, PNA unit, HNA unit, INA unit, and a 2'MOE 

RNA unit. 

12. The pharmaceutical composition according to embodiment 10 or 11, wherein at least 

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or all of the nucleobase units of the contiguous 

10 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 nucleobase units. 

14. The pharmaceutical composition according to any one of embodiments 1 - 13, wherein 

the contiguous nucleotide sequence comprises or consists of 7, 8, 9 or 10, preferably 

15 contiguous, LNA nucleobase units. 

15. The pharmaceutical composition according to any one of embodiments 1-14, wherein 

the oligomer consist of 7, 8, 9or10 contiguous nucleobase units and wherein at least 7 

nucleobase units are nucleotide analogue units. 

16. The pharmaceutical composition according to embodiment 15, wherein the nucleotide 

20 analogue units are Locked Nucleic Acid (LNA} nucleobase units. 

17. The pharmaceutical composition according to embodiment 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 pharmaceutical composition according to any one of embodiments 1 - 17, wherein 

25 at least 75%, such as 80% or 85% or 90% or 95% or all of the intemucleoside linkages present 

between the nucleobase units of the contiguous nucleotide sequence are phosphorothioate 

intemucleoslde linkages. 

19. The pharmaceutical composition according to any one of embodiments 1 - 18, wherein 

said oligomer Is conjugated with one or more non-nucleobase compounds. 

30 20. The pharmaceutical composition according to any one of embodiments 1 - 19, wherein 

the contiguous nucleotide sequence is complementary to the corresponding 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 

35 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 mlR-222. 

23. The pharmaceutical composition a=rding to embodiment 22, wherein the contiguous 

5 nucleotide sequence consists or comprises of a sequence that is complementary to 

5'GCUACAU3'. 

24. The pharmaceutical composition according to any one of embodiments 1 - 23, wherein 

the ollgomer is constiMed as a prodrug. 

25. The pharmaceutical composition according to any one of embodiments 1 - 24, wherein 

10 the contiguous nucleotide sequence is complementary to a corresponding region of has-miR-

122. 

26. The pharmaceutical composition according to embodiment 25, for use in th.a treatment of 

a medical disorder or disease selected from the group consisting of: hepatitis C virus infection 

and hypercholesterolemia and related disorders. 

15 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. A kit comprising a pharmaceutical composition a=rdlng to embodiment 25 or 26, and a 

second Independent active ingredient that is an inhibitor of the VLDL assembly pathway, such 

20 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 

pharmaceutical composition} according to any one of embodiments 1 - 28 to a patient who is 

suffering from, or Is likely to siffer from said disease or medical disorder. 

25 30. An ollgomer, as defined according to anyone of embodiments 1 - 25. 

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

nucleobase 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 

30 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 preceeding embodiments to the cell which Is expressing said miRNA so as to reduce the 

amount, or effective amount of the mlRNA in the cell. 

35 34. A method for de-repression of a mRNA whose expression is repressed by a miRNA in a 

cell comprising administering an oligomer, a conjugate or a pharmaceutical composition, 
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according to any one of the preceeding embodiments to the cell to the cell which expressed 

both said mRNA and said miRNA, in order to de-repress the expression of the mRNA. 

References: Details of the reference are provided In the priority documents. 

EXAMPLES 

5 LNA Monomer and oligonucleotlde synthesis were performed using the methodology referred to 

in Examples 1 and 2 of W02007/112754. The stability of LNA oligonucletides in human or rat 

plasma is performed using the methodology referred to in Example 4 of W02007/112754. The 

treatment of in vitro cells with LNA anti-miR antlsense oligonucleotide {targeting mlR-122) is 

performed using the methodology referred to in Example 6 of W02007/112754. The analysis of 

10 Ollgonucleotide Inhibition of miR expression by microRNA specific quantitative PCR in both an 

in vitro and in vivo model is performed using the methodology referred to in Example 7 of 

W02007/112754. The assessment of LNA antimir knock-down specificity using mlRNA 

microarray expression profiling is performed using the methodology referred to In Example 8 of 

W02007/112754. The detection of microRNAs by in situ hybridization is performed using the 

15 methodology referred to in Example 9 of W02007/112754. The Isolation and analysis of mRNA 

expression (total RNA isolation and cDNA synthesis for mRNA analysis) In both an In vitro and 

in vivo model is performed using the methodology referred to In Example 10 of 

W02007/112754. In vivo Experiments using Oligomers of the invention targeting mlcroRNA-

122. and subsequent analysis are performed using the methods disclosed in Examples 11 - 27 

20 of W02007/112754. The above mentioned examples of W02007/112754 are hereby 

specifically incorporated by reference. 

Example 1: Design of the LNA antimiR ollgonucleotides and melting temperatures 

Table 2 - Oligomers used in the examples and figures. The SEQ# is an identifier used 

throughout the examples and figures - the SEQ ID NO which is used in the sequence listing is 

25 also provided. 

Example/Figure SEQID Compound Sequence Comment 
SEQ# ND 
#3204 1 TcAGtcTGaTaAoCT 
#3205 2 GATAAGCT 
#3206 3 TcAcAATtaGCAtTA 
#3207 4 TAGCATTA 
#4 5 CcAttGTcaCaCtCC 
#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 
#32181#3230 16 GGTAAACT Underline = mismatch 
#3219 17 CGTAATGA Underline = mismatch 
#3220 18 TCAatct11ataaGCTa 5' fluorescent label (FAM\ 
#3221 19 AGCACTTT 
#3222 20 ATTTGCAC 
#3223 21 AgCagAcaaToTaGC 5' fluorescent label <FAM\ 
#3224 22 GtAocCAoaToTaGC 5' fluorescent label (FAM\ 
#3225 23 ATGTAGC 
#3226 24 ACaAcCTacTaCcTC 
#3227 25 ACTACCTC 
#3228 26 CaCtoTCaoCaCtTT 
#3229 27 TocatAGatTtGcAC 
#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 ACaAcCTccTaCcTC 
#3238 35 ACaAaCTacTaCcTC 
#3239 36 CTACCTC 
#3240 37 CTAACTC 
#3241 38 TTAGCATTA 

#3242 39 CGATTAGCATTA 

#3243 977 CACGATTAGCATTA 

#3244 978 GCATTA 

#3245 979 AGCATTA 

#3246 980 ATTAGCATTA 

Capital and lower case letters denole LNA and DNA, respectively. 
LNA cytosines ara praferably methyl cytoslne/5'methyl-cytosine• 
All inlemuclaoslde linkages am pmferably phosphorothloate• 
All LNA may, for example, be beta-[)..oxy LNA• 
'Used in lhe s=clllc wramcles. 

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 nucleic acid Is present at measurable 

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

s acid encoding said nucleic acid. 

The expression level of target nucleic acid can be routinely determined using, for example, 

Northern blot analysis (including microRNA northern), Quantitative PCR (including mlcroRNA 

qPCR), 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 

10 cell type chosen. 
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Cells were cultured in the appropriate medium as described 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, 

5 Neurozintuigen Laboratory, AMC, The Netherlands and was cultured in DMEM (Sigma)+ 10% 

fetal bovine serum (FBS) + Glutamax I + gentamicin. 

PC3: The human prostate cancer cell llne PC3 was purchased from ATCC and was cultured in 

F12 Goon's with glutamine (Glbco) + 10% F8S + gentamlcln. 

518A2: Tue human melanoma cancer cell line 518A2 was kindly donated by Dr. B. Jansen, 

10 Section of experimental Oncology, Molecular Pharmacology, Department of Clinical 

Pharmacology, University of Vienna and was cultured In DMEM (Sigma} + 10% fetal bovine 

serum (FBS) + Glutamax I + gentamlcln. 

HeLa: The cervical carcinoma cell line Hela was cultured in MEM (Sigma) containing 10% fetal 

bovine serum gentamicin at 37°C, 95% humidity and 5% co,. 
15 MPC-11: The murine multiple myeloma cell line MPC-11 was purchased from ATCC and 

maintained in DMEM with 4mM Glutamax+ 10% Horse Serum. 

DU-145: The human prostate cancer cell line DU-145 was purchased from ATCC and 

maintained in RPMI with Glutamax + 10% F8S. 

RCG-4 +/- VHL: The human renal cancer cell line RCC4 stably transfected with plasmid 

20 expressing VHL or empty plasmid was purchased from ECACC and maintained according to 

manufacturers instructions. 

786-0: The human renal cell carcinoma cell line 786-0 was purchased from ATCC and 

maintained according to manufacturers Instructions 

HUVEC: The human umblllcal vein endothelial cell line HUVEC was purchased fro_m Camcrex 

25 and maintained in EGM-2 medium. 

K562: The human chronic myelogenous leukaemia cell line K562 was purchased from ECACC 

and maintained in RPMI with Glutamax + 10% FBS. U87MG: The human glioblastoma cell llne 

U87MG was purchased from ATCC and maintained according to the manufacturers 

Instructions. 

30 816: The murlne melanoma cell llne 816 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 RPMI with Glutamax + 10% F8$ 

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

35 1x non-essential amino acids, Gentamicin 25 µg/ml 
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L428: (Deutsche Sammlung fUr Mlkroorganismen (DSM, Braunschwieg, Germany)): Human B 

cell lymphoma maintained in RPMI 1640 supplemented with 10% FCS, L-glutamlne and 

antibiotics. 

L 1236: (Deutsche Sammlung fiir Mikroorganismen (DSM, Braunschwieg, Germany)): Human B 

5 cell lymphoma maintained in RPMI 1640 supplemented with 10% FCS, L-glutamine and 

antibiotics. 

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, S., Grocock, R.J., 

10 van Dongen, S., Bateman, A., Enright, A.J. 2006. miRBase: microRNA sequences, targets and 

gene nomenclature. Nucleic Acids Res. 34: D140-4, and available via 

http://microma.sanger.ac.uk/sequences/index.shtml. 

Table 1 shows 7, 8 and 9mer nucleotide sequences comprising the seedmer sequence of micro 

RNA's according to the miRBase micro RNA database. The seedmer sequence comprises the 

15 reverse complement of the micro RNA seed region. In some emboidments the oligomer of the 

invention has a contiguous nucleotide sequence selected from the 7mar, amer or 9mer 

sequences. With respect to the 7mer, Smar and 9mer sequences, in some embodiments, all 

the internucleoside linkages are phosphorothioate. The 7mer, 8mer and 9mer nucleotide 

sequences may consist of sequence of nucleotide analogues as described herein, such as LNA 

20 nucleotide analogues. LNA cytosines may be methyl-cytosine (S'methyl-cytosine). In some 

embodiments, the LNA Is beta-D-oxy-LNA. 

Table 3 provides a list of microRNAs grouped Into those which can be targeted by the same 

seedmer oligomers, such as the 7, 8 or 9mers provided herein (see table 1 ). 

Table3 

hsa-let-7a*, hsa-let-7f-1 • 

hsa-let-7a, hsa-let-7b, hsa-let-7c, hsa-let-7d, hsa-lel-7f, hsa-miR-98, hsa-let-79, hsa-let-71 

hsa-mlR-1, hsa-miR-206 

hsa-mlR-103, hsa-miR-107 

hsa-mlR-10a, hsa-miR-10b 

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

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

hsa-mlR-130a, hsa-miR-301a, hsa-miR-130b, hsa-miR-454, hsa-mlR-301b 

hsa-mlR-133a,hsa-mlR-133b 

hsa-mlR-135a, hsa-mlR-136b 

hsa-mlR-141. hsa-miR-2QOa 

hsa-mlR-146a, hsa-m1R-146b-5p 

hsa-mlR-152, hsa-mlR-148b 

hsa-miR-154*, hsa-miR-487a 
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hsa-miR-15a, hsa-miR-16, hsa-miR-15b, hsa-miR-195, hsa-miR-497 

hsa-miR-17, hsa-miR-20a, hsa-miR-93, hsa-miR-106a, hsa-miR-106b, hsa-mlR-20b, hsa-miR-526b* 

hsa-mlR-181 a, hsa-mlR-181 o 

hsa-mlR-181b, hsa-m1R-181d 

hsa-mlR-18a, hsa-mlR-18b 

hsa-mlR-190, hsa-mIR-190b 

hsa-miR-192, hsa-miR-215 

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

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

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

hsa-m1R-19a', hsa-mlR-19b-1 *, hsa-mlR-19b-2• 

hsa-mlR-19a, hsa-mlR-19b 

hsa-miR-200b,hsa-mlR-200o 

hsa-miR-204, hsa-mlR-211 

hsa-miR-20Ba, hsa;niR-208b 

hsa-mlR-212, hsa-miR-132 

hsa-mlR-23a*. hsa-mlR-23b• 

hsa-mlR-23a, hsa-mlR-23b, hsa-mlR-130a• 

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

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

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

hsa-miR-26a-1*. hsa-miR-26a-2• 

hsa-mlR-27a, hsa-mlR-27b 

hsa-miR-29a, hsa-mlR-29b, hsa-mlR-29c 

hsa-miR-302a, hsa-miR-302b, hsa-mlR-3020, hsa-mlR-302d, hsa-miR-373, hsa-miR-520e, hsa-mlR-

520a-3p, hsa-miR-520b, hsa-mlR-520c-3p, hsa-miR-520d-3p 

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

hsa-miR-30a*, hsa-miR-30d*, hsa;niR-30a* 

hsa-miR-30a, hsa-miR-30c, hsa;niR-30d, hsa;niR-30b, hsa-mlR-30e 

hsa-miR-330-Sp, hsa-rnlR-326 

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

hsa-mlR-362-3p, hsa;niR-329 

hsa-mlR-374a, hsa-rnlR-374b 

hsa-miR-376a, hsa-rn1R-376b 

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

hsa-miR-379*, hsa;niR-411* 

hsa-mlR-381, hsa-miR-300 

hsa-mlR-509-Sp, hsa-mlR-509-3-Sp 

hsa-mlR-515-Sp, hsa-mlR-519e* 

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

hsa-miR-517a, hsa-mlR-5170 

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

hsa-mlR-518f, hsa-miR-518b, hsa-miR-5180, hsa-mlR-518a-3p, hsa-mlR-518d-3p 

hsa-mlR-519c-3p, hsa-miR-519b-3p, hsa;niR-519a 

hsa-miR-519c-5p, hsa-mlR-519b-5p, hsa-mlR-523*, hsa-mlR-518f*, hsa-mlR-526a, hsa-miR-520c-
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Sp, hsa-miR-61 Be*, hsa-miR-518d-5p, hsa-miR-522*, hsa-miR-519a* 

hsa-miR-519e, hsa-mlR-33b* 

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

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

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

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

hsa-miR-548b-5p, hsa-miR-548a-5p, hsa-miR-548c-5p, hsa-miR-648d-5p 

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

hsa-mlR-99a, hsa-miR-100, hsa-mlR-99b 

We have constructed an 8-mer LNA-antimlR against miR-21, miR-155 and mlR-122 (designated 

here as mlcromiR) that is fully LNA modified and phosphorothlolated (see figure 1 and Table 6). 

Our results from repeated experiments in MCF-7, HeLa, Raw and Huh-7 cells using a luciferase 

sensor plasmid for miR-21, miR-155 and miR-122 demonstrate that the fully LNA-modified short 

5 LNA-antimlRs are highly potent in antagonizing mlcroRNAs. 

10 

Table 4. LNA_antimiR & MicromiR sequences and predicted T ,.s 

SEQID# micro RNA sequence Tm (°CI 
3204 miR-21 TcAGtCTGaTaAr1CT 73 
3205 GATAAGCT 33 
3206 miR-155 TcAcAA Tta G CA tT A 63 
3207 TAG CATT A 45 
4 mlR-122 CcAttGTcaCaCtCC 73 
3208 CACACTCC 62 
Capital letteIB are LNA unlls, such as beta-D-oxy LNA. Lawer case letters are DNA unilS. lntemuc:lecside 
linkaoes are oreterablv ohosohorolhloale. L.NA ~"'•Ines are all orefelllblv me!h.Jate<l/5-methYI ~Sine. 

The melting temperatures can be assessed towards the mature microRNA sequence, using a 

synthetic microRNA oligonucleotide (typically consisting or RNA nucleotides with a 

phosphodiester backbone). Typically measured T mS are higher than predicted T ms when using 

LNA oligomers against the RNA target. 

Example 4: Assessment of miR-21 antagonism by SEQ ID #3205 LNA-antimiR in MCF-7 

cells using a luclferase 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 

15 containing a perrect match 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 cell line MCF-7 was transfected with the different luciferase constructs together with 

the miR-21 antagonist SEQ ID #3205 at varying concentrations in comparison with a 15-mer 

LNA-antimiR SEQ ID #3204 against miR-21. After 24 hours, luciferase activity was measured. 

20 Results: As seen in Figure 2, the new fully LNA-modified 8-mer LNA-antimiR (SEQ ID #3205) 

shows two-fold higher potency compared to SEQ ID #3204, as shown by de-repression of the 
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luclferase activity. By contrast, the control miR-21 sensor construct with two mismatches 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-repression of luciferase activity by the s.-mer LNA-antimiR is clearly dose-

s dependent, Which Is not seen with SEQ ID #3204. Moreover, the new 8-mer is also much more 

potent at lower doses than SEQ ID #3204. 

To conclude, the 8-mar LNA-antimiR (SEQ ID #3205) shows significantly improved potency in 

inhibition of mlR-21 in vitro compared to the 15-mer LNA-antimiR SEQ ID #3204 targeting mlR-

21. 

10 Materials and Methods: 

Cell line: 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. 

Transfaction: 400.000 cells were seeded per well In a 6-well plate the day before transfection in 

15 order to receive 50-70% confluency the next day. On the day of transfection, MCF-7 cells were 

transfected with 0.8 ug mlR-21 perfect matchlpsiCHECK2, miR-21.mm2tpsiCHECK2 or empty 

pslCHECK2 vector (SDS Promega) together with 1 µI Llpofectamine2000 (lnvitrogen) according 

to manutacturer's instructions. After 24 hours, cells were harvested for luciferase 

measurements. 

20 Luo/ferase 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 µI 1 x 

Passive Lysls Buffer (Promega) was added to the cell pellet, after which cells ware put on ice 

for 30 min. The lysed cells were spinned at 10.000 rpm for 30 min after which 20 µI were 

transferred to a 96 well plate and luciferase measurements were performed according to 

25 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 

30 targeting miR-21, the cervix carcinoma cell line HaLa was also transfected with the previously 

described miR-21 luciferase sensor constructs alongside SEQ ID #3205 at varying 

concentrations as described in the above section (Figure 3). 

Results: The SEQ ID #3205 shows complete de-repression of the mlR-21 luclferase sensor 

construct In Hela cells already at 5 nM compared to SEQ ID #3204, which did not show 

35 complete de-repression until the highest dose (50 nM). In addition, antagonism of miR-21 by the 

8-mer SEQ ID #3205 LNA-antlmiR 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 LNA-modified SEQ ID #3205 shows significantly improved potency in 

s inhibition of mlR-21 in vitro, in both MCF-7 and HeLa cells compared to the 15-mer LNA-antimiR 

SEQ ID #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 

10 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 receive 50-70% confluency the next day. On the day of transfection, HeLa cells were 

transfected with 0.2 ug mlR-21 perfect match/ps1CHECK2, miR·21.mm2/psiCHECK2 or empty 

ps1CHECK2 vector together with 0, 7 µI Lipofectamine2000 (invitrogen) according to 

1s manufacturer's instructions. After 24 hours, cells were harvested for luciferase measurements. 

Luoiferase assav: The cells were washed with PBS and 100 µ11 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 µI were transferred to a 96 well plate and luciferase 

20 measurements were performed according to manufacturer's instructions (Promega). 

Example 6: Assessment of mlR-155 antagonism by SEQ ID #3207 LNA·antimiR In mouse 

RAW eells using a luciferase sensor assay. 

To ask whether a fully LNA-modified 8-mer LNA-antimiR can effectively antagonize miR-155, a 

perfect match target site for miR-155 was cloned into the same luciferase vector (psiCHECK2) 

2s and transfected Into the mouse ieukaemic 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/ml LPS for 24 hours in order to induce miR-155 accumulation. 

Results: Luciferase measurements showed that the fully LNA-modified 8-mer LNA-antimiR 

SEQ ID #3207 targeting mlR-155 was simllarly effective in antagonizing miR-155 compared to 

30 the 15-mer LNA-antlmlR SEQ ID #3206 (Figure 4). Both LNA-antlmirs showed a >50% de­

repression of the mlR-155 luciferase sensor at 0.25 nM concentration 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 

35 microRNA targeting. 
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Materials and Methods: 

Cell line: The mouse leukaemic 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. 

s Transfection: 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, MCF-7 cells were 

transfected with 0.3 ug mlR-155 or empty pslCHECK2 vector together with 10 µI 

Lipofectamine2000 (lnvitrogen) according to manufacturer's instructions. In order to induce miR-

155 accumulation, LPS (100 ng/ml) was added to the RAW cells aflerthe 4 hour incubation with 

10 the transfection complexes. After another 24 hours, cells were harvested for luciferase 

measurements. 

Luciferase assav: The cells were washed with PBS and harvested with cell scraper, after which 

cells were centrifugated for 5 min at 2.500 rpm. The supernatant were discarded and 50 µl 1 x 

Passive Lysis Buffer (Promega) was added to the cell pellet, after which cells were put on ice 

15 for 30 min. The lysed cells were spinned at 10.000 rpm for 30 min after which 20 µI 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 

20 cells using a luclferase sensor assay. 

The potency of the fully modified 8-mer LNA-antlmiR SEQ ID #3208 against miR-122 was 

assessed in the human hepatoma cell line HuH-7. The HuH-7 cells were transfected with 

luciferase sensor construct containing a perfect match miR-122 target site. After 24 hours 

luciferase measurements were performed (Figure 5). 

25 Results: The fully LNA-modified &-mer LNA-antlmlR SEQ ID #3208 is more potent than the 15-

mer LNA-antimlR SEQ ID #4 at low concentration, as shown by de-repression of the miR-122 

luclferase sensor. Both LNA-antlmiRs Inhibit miR-122 in a dose-dependet manner (Figure 5). 

Conclusion: The fully LNA-modified 8-mer LNA-antimiR SEQ ID #3208 targeting mlR-122 

shows Improved potency In Inhibition of mlR-122 in vitro. 

30 Materials and Methods: 

Ce/I 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. 

Trans(ection: 8.000 cells were seeded per well In a 96 well plate the day before transfection in 

35 order to receive 50-70% confluency the next day. On the day of transfeciion, HuH-7 cells were 

transfected with 57 ng miR-122 or empty psiCHECK2 vector together with 1 µI 
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Upofectamine2000 (lnvitrogen). After 24 hours, cells were harvested for luciferase 

measurements. 

Luc/ferasa assay: 50 µJ 1 x Passive Lysis Buffer (Promega) was added to each well, after which 

the 96 well plate was put on an orbital shaker for 30 min. To each well the Dual-luciferase 

s Reporter assay system (Promega) was added and luclferase measurements were performed 

according to manufacturer's instructions (Promega). 

Example B. Assessment of miR-21 antagonism by comparing an 8-mer (SEQ ID #3205) 

versus a 15-mer (SEQ ID #3204) LNA-antlmiR in human prostate carcinoma cells (PC3). 

10 We have previously shown (patent application 1051 ), that an 8-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 call line PC3. To assess the efficiency of the 

15 different LNA-antimlR 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 luclferase gene {Figure 7). In order 

to monitor miR-21 inhibition, PC3 cells were transfectad with the different luciferase constructs 

together with the mlR-21 antagonist SEQ ID #3205 (B-mer) and for comparison with the 15-mer 

20 LNA-antlmiR perfect match SEQ ID #3204 at varying concentrations. After 24 hours, luciferase 

activity was measured. 

Results: The luciferase reporter experiments showed a dose-dependent de-repression of the 

luciferase mlR-21 reporter activity with the 15-mer LNA-antimlR against miR-21 (SEQ ID 

#3204). However, complete de-repression of the luciferase reporter was not obtained even at 

25 the highest concentrations (Figure 7). In contrast, 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-an1imiR. The luciferase control 

reporter harboring a mismatch target site for miR-21 was not affected by either LNA-antimlR, 

demonstrating high specificity of both LNA-antimiRs. 

30 Conclusion: The micromer is far more potent than the 15-mer LNA-antlmiR in targeting 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 

35 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 calls were 
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transfected with 0.3 µg miR-21 or empty psiCHECK2 vector together with 1,2 µI 

Llpofectamine2000 (lnvitrogen) according to manUfacturer's instructions. Transfected was also 

varying concentrations of LNA-antimlRs. After 24 hours, cells were harvested for luciferase 

measurements. 

s Luciferase assav: The cells were washed with PBS and 250 µJ 1 x Passive Lysls Buffer 

(Prcmega) was added to 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 20 µI were transferred to a 96 well plate and luciferase 

measurements were performed according to manUfacturer's instructions (Promega). 

10 

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

To investigate the specificity of our short LNA-antimiR targeting mIR-21, we designed an 8-mer 

mismatch control LNA-antlmlR (SEQ ID #3218} containing 2 mismatches in the seed 

recognition sequence (see Figure 8). The iuciferase reporter constructs described in example 1 

15 were transfected into the human cervix carcinoma cell llne HeLa together with the LNA 

mismatch control ollgo SEQ ID #3218 and its efficacy was compared with the 8-mer LNA­

antimiR (SEQ ID #3205) targeting mlR-21. After 24 hours, luciferase activity was measured. 

Results: As shown in Figure 8, 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. 

20 In contrast, when the cells 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

subsltuted &mer LNA-antimiR in targeting miR-21 in Hela cells. 

Analysis of the mlRBase microRNA sequence database showed that the miR-21 recognition 

25 sequence, of the LNA-antlmlR SEQ ID #3205 is unique for microRNA-21. However, when 

decreasing the micromer length to 7 nt, It Is not specific for only mlR-21, since ath-miR-844, 

mmu-miR-590-3p and has-miR-590-3p are also targeted. 

Concluslon:Exhanging two nucleotide positions within !he 8-mer LNA-antlmlR with two 

mismatching nucleotides completely abolished the antagonizing activity of the LNA-antimiR for 

30 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 NEM and 25 ug/ml Gentamicin. 

35 Transfection: 60.000 cells were seeded per well 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 
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transtected with 0.2 ug miR-21 perfect matchfpSiCHECK2, miR-21.mm21psiCHECK2 or empty 

psiCHECK2 vector together with 0, 7 µl Lipofectamine2000 (lnvitrogen) according to 

manufacturer's instructions. Transfected was also varying concentrations of LNA-antimiRs. After 

24 hours, cells were harvested for luclferase measurements. 

5 Lucfferase assay: The cells were washed with PBS and 100 µl 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 µI were transferred to a 96-well plate and luciferase 

measurements were performed according to manufacturer's instructions (Promega). 

10 

Example 10. Assessment of the shortest possible length of a fully LNA-modified LNA­

antimiR t.hat mediates effective antagonism of miR-21. 

To further investigate the LNA-antimiR length requirements, we designed a 7-mer and a 6-mer 

LNA-antlmlR targeting miR-21, both fully LNA-modified and phosphorothiolated 

15 ollgonucleotides. The mlR-21 luclferase reporter constructs were transfected into HeLa cells 

along with the LNA-antlmiRs at varying concentrations. Luciferase measurements were 

performed after 24 hours. 

Results: As seen 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 

20 #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-antlmlR which is able to 

mediate mlR-21 inhibition is 7 nucleotides. However, the 7-mer LNA-antlmlR is less potent 

compared to the 8-mer LNA-antimiR for miR-21. 

25 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 uglml Gentamicin. 

Transfectlon: 60.000 cells were seeded per well in a 24 well plate the day before transfection in 

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

transfected with 0.2 ug miR-21 perfect matchlpsiCHECK2, miR-21.mm21psiCHECK2 or empty 

psiCHECK2 vector together with 0, 7 µI Lipofectamlne2000 (lnvitrogen) according to 

manufacturer's instructions. Transfected was also varying concentrations of LNA-antlmiRs. After 

24 hours, cells were harvested for luciferase measurements. 

35 Luclferasa assay: The cells were washed with PBS and 100 µI 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 µJ were transferred to a 96-well plate and luciferase 

measurements were performed according to manufacturer's instructions (Promega}. 

5 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 cells. The resulting LNA-antlmlRs 

were transfected into He La cells together with the miR-21 luclferase reporter constructs (Figure 

10 1 O}. Luclferase measurements were performed after 24 hours. 

Results; The 9-mer LNA-antimiR SEQ ID #3211 cg-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 ID #3212, SEQ ID #3213 and SEQ ID #3214} decreased the potency as shown by 

15 less efficient de-repression of the mlR-21 reporter. 

Conclusion: As shown in Figure 10, the longest fully LNA-modlfled and phosphorothiolated 

LNA-antlmiR which is still able to mediate miR-21 inhibition is a 9-mer LNA-antlmlR SEQ ID 

#3211. However, it is clearly less efficient than the 7-mer and 8-mer LNA-antlmiRs. 

Materials and Methods: Gel/ line: The human cervix carcinoma cell line HeLa was purchased 

20 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 transfectlon, HeLa cells were 

transfected with 0.2 ug miR-21 perfect match/psiCHECK2, miR-21.mm2/psiCHECK2 or empty 

25 psiCHECK2 control vector without target site together with 0, 7 µJ Lipofectamlne2000 

(lnVitrogen} according to manufacturer's instructions. Transfected was also varying 

concentrations of LNA-antimiRs. After 24 hours, cells were harvested for luciferase 

measurements. 

Luciferase assav: The cells were washed with PBS and 100 µI 1 x Passive Lysls Buffer 

30 (Promega} was added to each wall, 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 spinned at 10.000 

rpm for 30 min after which 10 µI were transferred to a 96-well plate and luciferase 

measurements were performed according to manufacturer's instructions (Promega}. 

35 Example 12. Determination of the most optimal position for an 8-mer LNA-antimiR within 

the miR target recognlUon sequence. 
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Our experiments have shown that the most potent fully LNA-modified phosphorothiolated LNA­

antimiR is 8 nucleotides in length. To assess the most optimal position for an &-mer LNA­

antimiR within the mlR target recognition sequence, we designed four different fully LNA­

modified &-mer LNA-antimiRs tiled across the mature miR-21 sequence as shown in Figure 11. 

5 The different LNA-antimiRs were co-transfected together with the miR-21 luciferase reporter 

constructs into 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 region of miR-21. Neither SEQ 

ID #3215 which was designed to cover the 3'end of the seed (50% seed targeting) did not show 

10 any effect, nor did the other two LNA-antimiRs SEQ ID #3216 or SEQ ID#3217, which were 

positioned to target the central region and the 3' end of the mature miR-21. respectively. 

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: 

15 Ce// 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 ugtml Gentamlcin. 

Transfectlon: 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, He La cells were 

20 transfected with 0.2 ug miR-21 perfect match/psiCHECK2, miR-21.mm2!psiCHECK2 or empty 

psiCHECK2 vector together with 0,7 µI Upofectamine2000 (lnvitrogen) according to the 

manufacturer's instructions. Transfected was also varying concentrations of LNA-antimiRs. After 

24 hours, cells were harvested for luclferase measurements. 

Luc/ferase assay: The cells were washed with PBS and 100 µI 1 x Passive Lysis Buffer 

25 (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 µI were transferred to a 96 well plate and luciferase 

measurements were performed according to manufacturer's instructions (Promega). 

30 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-lnduced neoplastic transformation, tumour 

promotion and progression. Pdcd4 has also been shown to be upregulated in apoptosis in 

response to different Inducers. Furthermore, downregulatlon of Pdcd4 in lung and colorectal 

35 cancer has also been associated with a poor patient prognosis. Recently, Asangani eta/ and 

Frankel et al showed that the Pdcd4-3" -UTR contains a conserved target site for miR-21, and 
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transrectlng calls with an antimlR-21, resulted in an Increase in Pdcd4 protein. We therefore 

constructed a luciferase reporter plasmid, harboring 313 nt of the 3'UTR region of Pdcd4 

encompassing the aforementioned mlR-21 target site, which was co-transfected together with 

different LNA-antimiRs into Hela cells. The different LNA-antimlRs were; SEQ ID #3205 (8-mer, 

5 perfect 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 Pdcd4 3'UTR luciferase reporter 

and SEQ ID #3205, an increase in luclferase activity was observed, indicating interaction 

between the Pdcd4 3'UTR and miR-21. However, transfectlng the cells with the mismatch 

10 compound, SEQ ID #3218, no change in luciferase activity was observed, which was expected 

since the compound does not antagonize miR-2.1. When comparing the 8-mer LNA-antimiR 

against two longer designed LNA-antimiRs, the short fully LNA-modlfied and phosphorothiolated 

LNA-antimiR was significantly more potent, confirming previous luciferase assay data. 

Conclusion: These data conclude that SEQ ID #3205, which antagonizes miR-21, can 

15 regulate the interaction between Pdcd4 3 'UTR and miR-21. 

Materials and Methods: 

Ce/I line: The human cervix carcinoma cell line Hela was purchased from ECACC 

(003021013). Hela cells were cultured in EMEM medium, supplemented with 10% fetal bovine 

serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamlcln. 

20 T ransfection: 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 Pdcd4-3'UTR/psiCHECK2 or empty psiCHECK2 vector together with 0, 7 

µI Lipofectamine2000 (lnvitrogen) according to the manUfacturer's Instructions. Varying 

concentrations of the LNA-antlmiR oligonucleotldes were also transfected. After 24 hours, cells 

25 were harvested for luciferase measurements. 

Luciferase assay: The cells were washed with PBS and 100 µI 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 µI were transferred to a 96 well plate and luciferase 

30 measurements were performed according to manUfacturer's Instructions (Promega). 

Example 14. Comparison of an 8-mer LNA-antimlR (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-antlmiRs could be adapted to targeting other 

35 miRNAs we designed a fully LNA-modlfled 8-mer LNA-antimiR against mlcroRNA-155. A perfect 

match target site for mlR-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-antlmiR. Because the endogenous levels of miR-155 are low in the 

RAW cell line, the cells were treated with 100 ng/ml LPS for 24 hours in order to Induce miR-

155 accumuiatlon. After 24 hours, luciferase analysis was performed. 

s Results: Luciferase measurements showed that the fully LNA-modlfled 8-mer LNA-antlmiR 

SEQ ID #3207 targeting mlR-155 was similarly affactlve In antagonizing miR-155 compared to 

the 15-mer LNA-antlmiR SEQ ID #3206 (Figure 13). Both LNA-antimiRs showed a >50% de­

repression of the miR-155 luciferase sensor at 0.25 nM concentration and inhibited miR-155 in 

a dose-dependent manner. 

10 Analysis of the miRBase mlcroRNA sequence database showed that the miR-155 recognition 

sequence, of the LNA-antlmiR SEQ ID #3207 ls unique for microRNA-155. However, when 

decreasing the LNA-antimiR length to 7 nt, it is not specific for only miR-155, mdv1-miR-M4 and 

kshv-miR-K12-11 is also targeted • 

. Conclusion: A fully LNA-modilied and phosphorothlolated 8-mer LNA-antimiR is equally potent 

15 compared with a 15-mer LNA-antimiR of a mixed LNNDNA design in antagonizing miR-155. 

Thus, our approach of using short LNA-antimiRs can be readily adapted to targeting of other 

miRNAs 

Materials and Methods: 

Ce/I line: The mouse macrophage RAW 264.7 cell line was purchased from ATCC (TIB-71). 

20 RAW cells ware cultured in DMEM medium, supplemented with 10% fetal bovine serum, 4 mM 

Glutamax and 25 ug/ml 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 calls 

were transfected with 0.3 ug miR-155 perfect match/psiCHECK2 or empty psiCHECK2 vector 

25 together with 10 µI Lipofectamine2000 (lnl/itrogen) 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 were harvested for luciferase 

measurements. 

30 Luc/ferase assav: The cells were washed with PBS and harvested with cell scraper, after which 

calls were spinned for 5 min at 2.500 rpm. The supernatant was discarded and 50 µI 1 x 

Passive Lysls 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 µI were 

transferred to a 96-well plate and luciferase measurements were performed according to the 

35 manutacturer's instructions (Promega). 
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Example 15. Assessment of c/EBPf3 protein levels as a functional readout for miR·155 

antagonism by short LNA-antimiR (SEQ ID #3207). 

As a functional readout for mlR-155 antagonism by short LNA-antimiR (SEQ ID #3207) we 

determined the protein levels of a novel miR-155 target, c/EBPJ3. The mouse macrophage RAW 

s cell llne was transfected together with either an 8-mer (SEQ ID #3207) or a 15-mer (SEQ ID 

#3206) LNA-antlmiR in the absence or presence of pre-miR-155. As mismatch controls for the 

15-mer, SEQ ID #4was used, which targets mlR-122 and for the 8-merSEQ ID #3205 was 

used, which targets miR-21. These two control mlRNAs do not regulate c/EBPJ3 expression 

levels. LPS was used to induce miR-155 accumulation and cells were harvested after 16 hours 

10 with LPS. c/EBPf3 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 c/EBPJ3 LIP and beta-tubulin as indicated In Figure 14. 

RAW cells that were transfected with the 15-mer LNA-antimiR and no pre-miR-155 all showed 

equal c/EBPJ3 LIP/beta-tubulin ratios, due to inhibition of miR-155 increases the c/EBPJ3 LIP 

15 levels {Figure 14, left panel). By comparison, transfection of pre-miR-155 in RAW cells resulted 

in decreased c/EBPJ3 LIP levels as expected, if c/EBPJ3 was a miR-155 target, as shown in 

lanes with protein extracts from RAW cells treated with no LNA or a mismatch. However, protein 

extracts from RAW cells transfected with LNA-antimiR against miR-155, showed an increase of 

c/EBPJ3 LIP levels. The same experiments were also carried out with the 8-mer LNA-antimiR-

20 155 (SEQ ID #3207) and as shown in Figure 14 (right panel) comparable results to those with 

the 15-mer LNA-antlmlR SEQ ID #3206 were obtained. 

Conclusion; Antagonism of miR-155 using either an 8-mer or a 15-mer LNA-antimiR leads to 

de-repression of the direct target c/EBPf3. 

Materials and Methods; 

25 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. 

Transfer;f;ion: 500.000 cells were seeded per well in a 6-well plate the day before transfection in 

order to achieve 50% confluency the next day. On the day of transfection, RAW 264. 7 cells 

30 were transfected with 5 nmol pre-miR-155 (Ambion) and/or 5 nM LNA-antimiR together with 10 

µI Llpofectamine2000 (lnvitrogen) according to the manufacturer's instructions. Transfected was 

also varying concentrations of LNA-antlmlRs. In order to induce mlR-155 accumulation, LPS 

(100 ng/ml) was added to the RAW cells after the 4 hour incubation with the transfectlon 

complexes. After 16 hours, cells were harvested for protein extraction and western blot analysis. 

35 Western blot: Cells were washed with PBS, trypslnated, transferred to eppendorf tubes and 250 

µI lysis buffer (1 xRIPA) was added. The cell lysate was placed on ice for 20 min and spinned at 
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10.000 rpm for 10 minutes. The protein concentration was measured with Coomassie Plus 

according to the manufacturer's lnstructlons and 80 ug was loaded onto a 4-12% BIS-TRIS gel. 

The membrane was incubated overnight at 4°C with the primary monoclonal mouse antibody 

C/EBP J3 (Santa Cruz) with a 1:100 concentration. lmmunoreactlve bands were visualized with 

5 ECL Plus (Amersham). 

Example 16. Antagonism of miR-106b by a fully LNA-modified 8-mer (SEQ ID #3221) LNA­

antimiR 

To confirm that our approach of using short LNA-antimiRs could be adapted to targeting of other 

10 mlRNAs we designed a fully LNA"modlfled 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 into the human cervix carcinoma Hela cell line together 

with a short LNA-antimlR (SEQ ID #3221} or with a 15-mer LNA-antimiR (SEQ ID #3228) at 

varying concentrations. Luciferase measurements were performed after 24 hours. 

15 Results: Transfection of the 8-mer LNA-antimiR SEQ ID #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-antlmlR concentration (Figure 15}. 

Comparable results were obtained using the 15-mer LNA-antimiR SEQ ID #3228 demonstrating 

that an 8-mer LNA-antimiR is similarly potent to a 15-mer. 

20 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 LNNDNA mlxmer 

LNA-antimiR. 

Materials and Methods: 

Cell line; The human cervix carcinoma cell line HeLa was purchased from ECACC 

25 (#93021013). Hela cells were cultured in EMEM medium, supplemented with 10% fetal bovine 

serum, 2 mM Glutamax, 1x NEAA and 25 ug/mi Gentamicin. 

Transfection: 5.200 cells were seeded per well in a 96-well plate the day before transfectlon In 

order to achieve 50-70% confluency the next day. On the day of transfectlon, HeLa cells were 

transfecied with 57 ng miR-21 perfect match/psiCHECK2, miR-21.mm2/psiCHECK2 or empty 

30 psiCHECK2 vector together with 0, 14 µI Lipofectamine2000 (lnvitrogen) according to the 

manufacturer's instructions. Transfecled was also varying concentrations of LNA-antimiRs. After 

24 hours, cells were harvested for luciferase measurements. 

Luo/ferase assav: The cells were washed with PBS and 30 µ11 x Passive Lysls Buffer 

(Promega) was added to each well, after which the 24-well plates was put on an orbital shaker 

35 for 30 min. The cells were collected and transferred to eppendorf tubes and spinned at 10.000 
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rpm for 30 min after Which luciferase measurements were performed 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 

s To further confirm that our approach of using short LNA-antimiRs can be readily adapted to 

targeting of other miRNAs we designed a fully LNA-modified 8-mer LNA·antlmiR against 

microRNA-19a. A perfect match target site for mlR-19a was cloned in the 3'UTR of the 

luciferase gene in the psiCHECK2 vector. The reporter plasmid was transfected Into the human 

cervix carcinoma Hela cell line together with a short LNA-antimiR {SEQ ID #3222) or with a 15-

10 mer LNA-antimiR {SEQ ID #3229) targeting mlR-19a at varying concentrations. Luciferase 

measurements were perfomied after 24 hours. 

Results: As shown in Figure 16, transfeclion of the 1 S.mer LNA-antimiR SEQ ID #3229 Into 

Hela efficiently antagonizes miR-19a as demonstrated by complete de-repression at 1 nM 

LNA-antimiR concentration. By comparison, transfection of the S·mer LNA·antimiR SEQ ID 

15 #3222 resulted in effective miR-19a antagonism already at 0.5 nM concentration, indicating that 

this 8-mer LNA-antimiR Is at least equally potent compared With a 15-mer LNA-antimiR in Hela 

cells. 

Conclusion: Targeting 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 1 S.mer LNA/DNA 

20 mixmer LNA-antimiR. 

Materials and Methods; Ce/! 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: 5.200 cells were seeded per well in a 96-well plate the day before transfectlon In 

25 order to achieve 50-70% confluency the next day. On the day of transfeclion, He La cells were 

transfected with 57 ng miR-21 perfect match/psiCHECK2, miR-21.mm2/pslCHECK2 or empty 

pslCHECK2 vector together with 0, 14 µI Llpofectamine2000 (lnvitrogen) according to 

manufacturer's Instructions. Transfected was also varying concentrations of LNA-antimiRs. After 

24 hours, cells were harvested for luciferase measurements. 

30 Luciferase assay; The cells were washed with PBS and 30 µ11 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 eppendorf tubes and spinned at 10.000 

rpm for 30 min after which luclferase measurements were performed according to the 

35 

. manufacturer's Instructions {Promega). 

Example 18. Targeting of a microRNA family using short, fully LNA-substituted LNA­

antlmiR. 
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Next, we Investigated whether it is posslble to target a mlcroRNA family using a single short 7-

mer LNA-antimiR complementary to the seed sequence that is common for all family members 

(see Figure 17). In this experiment, we focused on mlR-221 and miR-222 that are 

overexpressed in solid tumors of the colon, pancreas, prostate and stomach. It has also been 

5 shown that mlR-221 and miR-222 are the most significantly upregulated microRNAs in 

glioblastoma multiforme. Furthermore, overexpresslon of miR-221 and mlR-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 mlR-221 and miR-222, 

respectively, was cloned into the 3'UTR of the luciferase gene resulting in two reporter 

10 constructs. These constructs were then transfected either 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-antlmlR (15mer) targeting either miR-221 (SEQ ID #3223) 

or miR-222 (SEQ ID #3224), each transfected separately or together (see Flgure 18 left). 

Results: As shown in Figure 18, transfection of PC3 cells with the LNA-antimiR SEQ ID #3223 

15 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 luclferase 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 inhibitory effect is most likely due to the shared seed sequence between 

mlR-221 and miR-222. Similarly, transfectlon of PC3 cells with the LNA-antimiR SEQ ID #3224 

20 against miR-222 resulted in efficient inhibition of miR-222 at 1 nM LNA-antimiR concentration as 

shown by complete de-repression of the luciferase reporter for miR-222. An inhibitory effect is 

also observed when using the luclferase reporter plasmid for miR-222 as well as when co­

transfecting both luciferase reporters for miR-221 and miR-222 simultaneously into PC3 cells. 

Co-tranfection of both LNA-antimiR compounds SEQ ID #3223 and SEQ ID #3224 against mlR-

25 221 and miR-222, respectively, (see Figure 18 left), resulted in effective inhibition of both 

miRNAs as shown by complete de-repression of the luclferase reporter plasmids both when 

separately transfected and when co-transfected into PC3 cells. Interestingly, transfection of a 

single fully LNA-modified 7-mer LNA-antimiR (SEQ ID #3225) targeting the seed sequence of 

miR-221 and miR-222 into PC3 cells resulted In efficient, dose-dependent antagonism of miR-

30 221 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-antlmlR can effectively target seed 

sequences thereby antagonizing entire mlcroRNA families slmultaneously. Analysis of the 

miRBase mlcroRNA sequence database showed that the miR-221/222 seed recognition 

35 sequence, of the LNA-antimiR SEQ ID #3225 is unique for both miRNAs. 
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Conclusion: Our results demonstrate that LNA enables design and synthesis of short fully 

LNA-substituted LNA-antimiR oligonucleotides that can effectively target microRNA seed 

sequences thereby antagonizing entire mlcroRNA famllles simultaneously. 

Materials and Methods: 

s · Cell line: Tue 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. 

Transfeotion: 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 

10 transfected with 0.3 ug of luciferase reporter plasmid for mlR-221 or for mlR-222 or with empty 

pslCHECK2 vector without mlRNA target site as control together with 1,2 µI Lipofectamine2000 

(lnvitrogen) according to the manufacturer's instructions. After 24 hours, cells were harvested 

for luciferase measurements. 

Luciferase assay; The cells were washed with PBS and 250 µ11 x Passive Lysis Buffer 

15 (Promega) was added to the wells. The plates were placed on a shaker for 30 min., after which 

the cell iysates was transferred to eppendorf tubes. The cell lysate was spinned for 10 min at 

2.500 rpm after which 20 µI were transferred to a 96-well plate and luciferase measurements 

were performed according to the manufacturer's Instructions (Promega). 

20 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 tumour suppressor gene p27, which is 

involved in cell cycle regulation. In these studies, down-regulation of miR-221 and mlR-222 was 

25 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 LNA-antimiR we determined the protein levels 

of p27 after transfection of the· LNA-antimiR SEQ ID #3225 into PC3 cells in comparison with an 

8-mer LNA mismatch control. After 24 hours the cells were harvested for western blot analysis 

(Figure 19). 

30 Results: As shown in Figure 19, transfection of the 7-mer LNA-antimiR SEQ ID #3225 targeting 

the seed sequence In miR-221 and miR-222 resulted In dose-dependent increase of the p27 

protein levels compared to either untransfected or LNA mismatch control transfected PC3 cells. 

These results clearly demonstrate that the 7-mer LNA-antlmiR is able to effectively antagonize 

the mlR-221/222 family leading to de-repression of the direct target p27 at the protein level. 
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Conclusion: A fully LNA-modified 7-mer LNA-antimiR targeting the seed sequence in the miR-

2211222 family effectively antagonized both miRNAs leading to de-repression of the direct target 

p27 at the protein level. 

Materials and Methods: 

S 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 Gentamlcln. 

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 

10 transfected with LNA-antlmiRs at varying concentrations with Lipofectamine2000. Cells were 

harvested after 24 hours for protein extraction and western blot analysis. 

Western blot: Cells were washed with PBS, trypsinated, transferred to eppendorf tubes and 250 

µI lysls 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 

15 according to the manufacturer's instructions and 100 ug was loaded onto a 4-12% BIS-TRIS 

gel. The membrane was incubated overnight at 4°C with the primary monoclonal mouse 

antibody p27 (BD Biosciences) at a 1 :1000 dilution. lmmunoreactlve bands were visualized with 

ECL Plus (Amersham). 

20 Example 20. Duplex melting temperatures (T ml of the LNA-antlmlRs. 

As shown in Table 5, Tm values increase with increasing the length of short fully modified LNA· 

antlmlRs (see Tm values for SEQ ID #3205, SEQ ID #3209-3214 in Table 7). Most optimal 

Inhibitory effect was achieved with the 8-mer LNA-antimiR SEQ ID #3205 against miR-21, 

whereas the very low Tm of the 6-mer SEQ JD #3209 is most likely not sufficient to mediate 

25 antagonism of the miR-21 target On the other hand, Increasing the length beyond a 10-mer 

(SEO ID #3212) significantly increases the Tm, while simultaneously decreasing the inhibitory 

activity as measured using the luciferase miR-21 reporter, which is most likely due to 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-antlmlrs across the mir-21 

30 recognition sequence clearly demonstrate that in addition to adequate Tm value of the LNA­

antimiR, the seed region Is most critical tor mlRNA function and, thus, the most optimal region 

to be targeted by an LNA-antimiR. 
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Table 5; Tm values for miR-21 LNA-antimiRs, measured against a complementary RNA 
ollgonucleotide 

SEQID mlcroRN Length Sequence Measured Tm 
# A (bol <RNAl°C 
3205 miR-21 8 5'-GATAAGCT -3' 64.0 
3209 miR-21 6 5'-TAAGCT-3' 32,0 
3210 miR-21 7 5'-ATAAGCT-3' 45,0 
3211 miR-21 9 5'-TGATAAGCT-3' 65,0 
3212 miR-21 10 5'- CTGATAAGCT-3' 63,0 
3213 miR-21 12 5'- GTCTGATAAGCT -3' 86.8 
3214 miR-21 14 5'- CAGTCTGATAAGCT -3' 89,9 
3215 miR-21 8 5"-TCTGATM-3' 58,0 
3216 miR-21 8 5'-ATCAGTCT - 3 72,0 

3217 miR-21 8 5'-TCAACATC-3 48.0 

Conclusion: The Tm values along with experimental data obtained with luclferase reporters 

5 show that potent antagonism by LNA-antimiR is not only dependent on Tm but also depends on 

the positioning of the LNA-antimiR within the micro RNA recognition sequence. 

Materials and Methods; 

Tm measurements: The oligonucleotide:mlR-21 RNA duplexes were diluted to 3 µM in 500 µI 

RNase free H,O and mixed with 500 µI 2x T .,-buffer (200 mM NaCl, 0.2 mM EDTA, 20 mM Na-

10 phosphate, pH 7,0). The solution was heated to 95°C for 3 min and then allowed to anneal in 

RT for 30 min. The duplex melting temperatures (Tm) were measured on a Lambda 40 UVNIS 

Spectrophotometer equipped with a Peltier temperature programmer PTP8 using PE Templab 

software (Perkin Elmer). The temperature was ramped up from 2o•c to 95°C and then down to 

25°C, recording absorption at 260 nm. Flrst derivative and the local maximums of both the 

15 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-antlmlR in human hepatocytlc cell line HepG2. 

We have previously shown in this application, that an 8-mer LNA-antlmlR that is fully LNA-

20 modified and phosphorothiolated effectively antagonizes miR-21 in the human cervix carcinoma 

cell line HeLa, the human breast carcinoma cell line MCF-7 and the human prostate cancer cell 

line PCS. We extended this screening approach to the human hepatocellular cancer cell line 

HepG2. To assess the efficiency of the 8-mer LNA-antlmlR oiigonucleotlde against miR-21, 

luclferase reporter constructs were generated in which a perfect match target site for the mature 

25 miR-21 was cloned into the 3'UTR of the Renilia luciferase gene. In order to monitor mlR-21 

inhibition, HepG2 cells were transfected with the luciferase constructs together with the mlR-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 ID 

ft.3204) at varying concentrations. After 24 hours, luciferase activity was measured. 

Results; The luclferase reporter experiments showed a dose-dependent de-repression of the 

luciferase mlR-21 reporter activity with the 15-mer LNA-antimiR against miR-21 (SEQ ID 

5 ft.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 8-

mer fully LNA modified LNA-antimiR (SEQ ID #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 &-mer mismatch, the mismatch 

10 LNA-antlmlR (SEQ ID #3218) did not show any de-repression at all, demonstrating high 

specificity 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 ID #3205 is specific. 

Materials and Methods; 

15 Ce// fine: 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/ml Gentamicin. 

Transfect/on: 650.000 cells were seeded per well in a 6-well plate and reverse transfection were 

performed. HepG2 cells were transtected with 0.6 µg miR-21 or empty psiCHECK2 vector 

20 together with 2,55 µI Lipofectamine2000 (lnvitrogen) according to manufacturer's instructions. 

Transfected was also varying concentrations of LNA-antlmlRs. After 24 hours, cells were 

harvested for luciferase measurements. 

Luclferase assav: The cells were washed with PBS and 300 µ11 x Passive Lysis Buffer 

(Promega) was added to the wells. The plates were placed on a shaker for 30 min., after which 

25 the cell lysates were transferred to eppendorftubes. The cell iysate was centrifugated for 10 

min at 2.500 rpm after which 50 µI 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 

30 miR-21 using the 8-mer SEQ ID #3205 LNA-antlmiR In human hepatocellular cell line Huh· 

7. 

The tumour suppressor protein Pdcd4 inhibits tumour promotion and progression. Furthermore, 

downregulatfon of Pdcd4 in lung and colorectal cancer has also been associated with poor 

patient prognosis. Recently, Asangani et af (Oncogene 2007) and Frankel et af (J Biol Chem 

35 2008) showed that the Pdcd4 3 'UTR contains a conserved target site for miR-21, and 

transfecting cells with an antimiR-21, resulted in an Increase in Pdcd4 protein. We therefore 



WO 2009/043353 PCT/DK2008/000344 

72 

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-mlR-21 (10 nM) into Huh-7 cells. The different LNA-antlmlRs 

were; SEQ ID #3205 (8-mer, perfect match), SEQ ID #3218 (8-mer, mismatch) and SEQ ID 

5 #3204 (15-mer, DNA/LNA mlxmer). Luciferase measurements were performed after 24 hours. 

Results: As shown in Figure 21, cells transfected with the Pdcd4 3'UTR luclferase reporter and 

SEQ ID #3205, an Increase in luciferase activity was observed, Indicating interaction between 

the Pdcd4 3'UTR and miR-21. However, transfecting the cells with the mismatch compound, 

SEQ ID #3218, no change in luclferase activity was observed, which was expected since the 

10 compound does not antagonize mlR-21. When comparing the 8-mer LNA-antlmlR against the 

15-mer LNA-antimiR (SEQ ID #3204), the short fully LNA-modifled 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. Bartlnschlager (Dept Mol 

15 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 transfection, Huh-7 cells were 

transfected with 20 ng Pdcd4 3'UTR/pslCHECK2 or empty psiCHECK2 vector together with 10 

20 nM pre-miR-21 (Ambion) and 0, 14 µI Lipofectamlne2000 (lnvltrogen) according to the 

manufacturer's instructions. Varying concentrations of the LNA-antimiR oligonucleotides were 

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

Luciferase assay: Cells were washed and 30 µI 1 x Passive Lysls Buffer (Promega) was added 

· to each well, afterwhich the gs-well plates was put on an.orbital shaker. After 30 min .. 50 µI 

25 luciferase substrate dissolved in Luclferase Assay Buffer II (Dual-Luclferase Reporter Assay 

System from Promega, Cat# E1910) was added to the wells with lysated cells and luciferase 

measurements were performed according to the manufacturer's instructions (Promega). 

Example 23. Assessment of Pdcd4 protein levels as a functional readout for mlR-21 

30 antagonism by the 8-mer LNA-antimiR {SEQ ID #3205). 

In addition, we also transfected HeLa cells with SEQ ID #3205 (perfect match), SEQ ID #3218 

(mismatch), SEQ ID #321g (scrambled) and analyzed Pdcd4 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 

35 in contrast to the two control LNA oligonucleotides. 
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Conclusion; Antagonism of miR-21 using an 8-mer (SEQ ID #3205) leads to derepression of 

the direct target Pdcd!lntagonism of miR-21 

Materials and Methods: 

Cell line; The human cervix carcinoma cell line Hela was purchased from ECACC 

s (#93021013). Hela cells were cultured in EMEM medium, supplemented with 10% fetal bovine 

serum, 2 mM Glutamax, 1x NEAA and 25 ug/ml Gentamicin. 

Transfeotion: 200.000 cells were seeded per well in a 6-well plate the day before transfection in 

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

transfected with 5 nM LNA ollgonucleotides and 2,5 µg/ml Lipofectamine2000 (lnvitrogen) 

10 according to the manUfacturer's instructions. After 24 hours, cells were harvested for Western 

blot analysis. 

Western blot: Cells were washed with PBS, trypslnated, transferred to eppendorf tubes and 50 

µI lysis buffer (1xRIPA) was added. The cell lysate was placed on ice for 20 min and splnned at 

10.000 rpm for 10 minutes. Equal amounts (15 µI cell lysate) were loaded onto a 4-12% BIS-

15 TRIS gel. The proteins were transferred to a nitrocellulose membrane using IBlot (lnvitrogen) 

according to manufacturers instructions. The membrane was Incubated overnight at 4°C with 

the primary affinity purified rabbit serum antibody Pdcd4 (Rockland) with a 1 :2000 

concentration. As control, anti- beta tubulln antibodies (Thermo Scientific) were used at a 

20 

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

Example 24. Assessment of potential hepatotoxlclty of the 8-mer perfect match LNA­

antimlR SEQ ID #3205 and the LNA mismatch control SEQ ID #3218. 

Each compound was injected into female NMRI 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 

25 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 control). However, 

one mouse showed increased levels (marked red), since the serum samples were contaminated 

with red blood cells, which contain 6-8 times higher levels of ALT and AST compared to plasma. 

The mice that received 5 mg/kg and 1 mg/kg were also analyzed for ALT and AST levels and 

30 showed no changes compared to saline treated control animals (data not shown). 

Materials and Methods: 

Experimental design: 

Gr. ~lmal No. of Compound 
Cone. 
at dose vol. Adm. Route Dosing 

no. Ono. mice Dose level per day 10 mil ko 

1 1 -10 10 
NaCl i.v 0,2,4, 7,9 
0.9% 

-
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2 11-15 5 
SEQ ID#3205 

2.5rng/rnl i.v 0,2,4, 7,9 25mri/kg 

3 16-20 5 
SEQID#3205 

0.5rng/rnl Lv 0,2,4, 7,9 5rng/ka 

4 21-25 5 
SEQ 10#3205 

0.1mg/ml i.v 0,2,4, 7,9 
1ma/ka 

5 26-30 5 
SEQ ID#3230 

2.5rng/rnl i.v 0,2,4, 7,9 
25ma/ka 

6 31-35 5 
SEQID#3230 

0.5mg/ml i.v 0,2,4, 7,9 
5m!.1/ka 

Sacrifice: The animals was sacrificed by cervical dislocation. 

Sampling of serum for ALT/AST: The animals were anaesthetised with 70% C02-30% 0 2 before 

collection of retro orbital 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 

5 samples were stored at room temperature for two hours and thereafter centrifuged 1 O min, 3000 

rpm, at room temp. The serum fractians were harvested into Eppendorf tubes on wet ice. 

ALT and AST measurements: ALT and AST measurements were performed in 96-well plates 

using ALT and AST reagents from ABX Pentra (A11A01627-ALT, A11A01629-ASD 

according to the manufacturer's instructions. In short, serum samples were diluted 2.5 fold with 

10 H,O and each sample was assayed in duplicate. After addition of 50 µI diluted sample or 

standard (multical from ABX Pentra-A11A01652}to each well, 200 µI of 37 •c AST or ALT 

reagent mix was added to each well. Kinetic measurements were performed for 5 min with an 

interval of 30s at 340 nm and 37 •c. 

15 Example 25. Assessment of PU.1 protein levels as a functional readout for miR·155 

antagonism by short LNA·antimiR (SEQ ID #3207). 

We have previously shown that the 8-mer (SEQ ID #3207) antagonizing miR-155 leads to 

derepression of the miR-155 target c/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. 

20 PU.1 As a functional readout for mlR-155 antagonism by short LNA-antimiR (SEQ ID #3207) we 

performed Western blot The antagonism was verified in the human monocytic THP-1 cell line 

which was transfected together with either an 8-mer (SEQ ID #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 

accumulation and cells were harvested after 24 hours. 

25 Results: THP-1 cells that were transfected with pre-miR-155 shows a decrease in PU.1 levels 

(Figure 24). Transfecting the cells with the fully LNA-modlfled and phosphorothlolated SEQ ID 

#3207 effectively antagonizes miR-155, leading to unaltered levels of PU.1 protein. By 

comparison, transfectlng the cells with an 8-mer LNA control, PU.1 levels decreased, indicating 

that antagonism of mlR-155 by SEQ ID #3207 LNA-antimiR is specific. 
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Conclusion: Antagonism of miR-155 using an 8-mer leads to de-repression of the direct target 

PU.1 In human THP-1 cells. 

Materials and Methods: 

5 Cell line: The human monocytlc THP-1 cell line was purchased from ECACC {#88081201 ). 

THP-1 cells were cultured In RPMI with L-glutamlne, supplemented with 10% fetal bovine 

serum. 

Transfeotion: 200.000 cells were seeded per well in a 12-well plate the day before. On the day 

of transfection, THP-1 cells ware transfected with 5 nmol pre-miR-155 (Amblon) and/or 5 nM 

10 LNA-antimiR together with Lipofectamine2000 {lnvltrogen) according to the manufacturer's 

instructions. LPS (100 nglml) was added to the cells after the 4 hour Incubation with the 

transfaction complexes. After 24 hours, cells were harvested for protein extraction and western 

blot analysis. 

Western blot: Cells were washed with PBS, trypslnated, transferred to eppendorf tubes and 50 

15 µ.I lysis buffer {1 xRIPA) was added. The cell lysate was placed on ice for 20 min and spinned at 

10.000 rpm for 10 minutes. Equal amounts (15 µ.I cell lysate) were loaded onto a 4-12% BIS­

TRIS gel. The proteins were transferred to a nitrocellulose membrane using iBlot {lnvltrogen) 

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, 

20 Tubulin (Thermo Scientific) was used at a 1 :5000 dilution. lmrnunoreactive bands were 

visualized with ECL Plus (Amersham). 

Example 26. Assessment of p27 protein levels as a functional readout for antagonism of 

the mlR-221/222 family by the 7-mer SEQ ID #3225 LNA-antimiR. 

25 Previous work has shown (le Sage et al. 2007, Galardi et al. 2007) that miR-221 and miR-222 

post-transcriptfonally regulate the expression 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 

mlR-2211222 family by the 7-mer SEQ ID #3225 LNA-antlmiR we determined the protein levels 

30 of p27 after transfection of the LNA-antimlR SEQ ID #3225 into PC3 cells. 

Results: As shown in Figure 25, lransfection of the 7-mer LNA-antlmlR SEQ ID #3225 targeting 

the seed sequence of mlR-221 and miR-222 resulted in dose-dependant increase of the p27 

protein levels compared to either untransfected or our LNA scrambled control transfected PC3 

cells. These results clearly demonstrate that the 7-mer LNA-antimlR Is able to effectively 

35 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-modifled 7-mer LNA-antimiR targeting the seed sequence in the miR-

221/222 family at 5 nM can effectively antagonize both mlRNAs leading lo de-repression of the 

direct target p27 at protein level. 

Materials and Methods: 

5 Ce/I 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 lransfection in 

order lo receive 50% confluency the next day. On the day of transfeclion, PC3 cells were 

10 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 blot: Cells were washed with PBS, lrypsinated, transferred to eppendorf lubes and 50 

µI lysls buffer (1xRIPA) was added. The cell tysate was placed on ice for 20 min. then spinned 

15 at 10.000 rpm for 10 minutes. Equal amounts (15 µJ cell lysate) were loaded onto a 4-12% BIS­

TRIS gel. The proteins were transferred to a nitrocellulose membrane using iBlot (lnvltrogen) 

according lo manufacturers instructions. The membrane was incubated overnight at 4°C with 

the primary monoclonal mouse antibody p27 (BD Biosciences) at a 1:1000 dilution. As loading 

control, Tubulin (Thermo Scientific) was used at a 1 :5000 dllution. lmmunoreactive bands were 

20 visualized with ECL Plus (Amersham). 

Example 27. Knock-down of miR-221/222 by the 7-mer SEQ ID #3225 LNA-antlmiR 

reduces colony formation of PC3 cells 

A hallmark of cellular transformation is the ability for tumour cells to grow in an anchorage-

25 independent way in semisolid 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 ID #3225 (perfect match) and SEQ ID #3231 (scrambled) into PC3 

cells, and after 24 hours plated cells in soft agar. Colonies were counted after 12 days. We 

show in Figure 26 that inhibition of miR-221 and miR-222 by SEQ ID #3225 can reduce the 

30 amount 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: 

35 Ce/I fine: 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 Giutamax and 25 ug/ml Gentamicin. 
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Transfaction: 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 transfectlon, PC3 cells were 

transfected with 25 nM of different LNA oligonucleotides with Upofectamine2000. 

Clonogenic growth In soft agar: 2.5x103 PC3 cells were seeded in 0.35% agar on the top of a 

s base layer containing 0.5% agar. Cells were plated 24 hours after transfection. Plates were 

incubated in at 37°C, 5%C02 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 perfonned In triplicate. 

Example 28: Assessment of let-7 antagonism by 6-9·mer LNA-antimiRs in Huh-7 cells 

10 transfected with let·7a precursor mlRNA, and a luciferase sensor assay. 

In order to assess the efficiency of fully LNA-modified 6-9-mer oligonucleotides in targeting and 

antagonizing the let-7 family of miRNAs, a luclferase sensor construct was made, containing 

some 800 bp of the HMGA2 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. 

15 (Science, 2007) and Lee and Dutta (Genes Dev, 2007). In order to monitor let·7 Inhibition, the 

hepatocellular 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 ID #3232, -3233, -3227, -3234, -3235; see Figure 27) at 

increasing concentrations. The 6-9-mer LNA-antlmiRs were compared with SEQ ID #3226, a 

20 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 control 15-mer SEQ ID #3226. Full target 

de-repression for these highly potent compounds is achieved already at 1-5 nM, whereas the 7-

25 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 

concentrations as 50 nM. The de-repression of luciferase activity by the 7 _g_ and the 15-mer 

LNA-antimiRs is dose-dependent, which Is particularly clear in the case of the slightly less 

potent SEQ ID #3233. 

30 Conclusion: To conclude, the 8-9-mer LNA-antlmlRs (SEQ ID #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 targeting let-7a. A potent effect, albeit at sllghtly higher 

concentrations Is also seen for the 7-mer SEQ ID #3233, whereas a 6-mer has no effect at 

tested concentrations. 

35 Materials and Methods: 

Cell Une: The hepatocellular carcinoma cell line Huh-7 was a kind gift from R. Bartlnschlager 

(Dept Mol Virology, University of Heldelberg).Huh-7 cells were cultured in DMEM medium, 
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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 before transfection in 

order to receive 60-80% confluency the next day. On the day of transfection, Huh-7 cells in 

5 each well were transfected with 20 ng HMGA2 3'UTRlpslCHECK2 plasmid, let-7a precursor 

miRNA (Dharmacon; 10 nM end-concentration), LNA-antlmiRs SEQ ID #3232, -3233, -3227, -

3234, -3235, -3226; 0-50 nM end concentrations) together with 0.17 µI Lipofectamine2000 

(lnvltrogen) according to manufacturer's instructions. After 24 hours, cells were harvested far 

luclferase measurements. 

10 Luciferase assav: Growth media was discarded and 30 µl 1x Passive Lysls Buffer (Promega) 

was added ta each well. After 15-30 minutes of incubation an an orbital shaker, renilla and 

firefly luciferase measurements were performed according to manufacturer's Instructions 

{Promega). 

15 Example 29: Assessment of entire let-7 family antagonism by 8-, and 15-mer LNA· 

antimlRs in Huh-7 cells transfected with a luciferase sensor assay. 

In order ta assess the efficiency of a fully LNA-modified 8-mer oligonuclaatide in antagonizing 

the entire let-7 family of mlRNAs, the same luciferase sensor construct as described in the 

previous example was used. Again, Huh-7 cells {with low to nan-existing levels of endogenous 

20 let-7) were transfected with the sensor construct, with one of the family-representative let-7a, 

let-7d, let-7e, or let-7i precursors, and with the antagonist SEQ ID fK3227 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 measured. 

Results: As seen in Figure 29 the fully LNA-modified 8-mer LNA-antlmiRs (SEQ ID #3227) 

25 shaw similar potencies In de-repressing the various let-7 targets in the iuciferase sensor assay, 

as the positive control 15-mer SEQ ID #3226. Nearly full target de-repression for the 8-mer Is 

achieved already at 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 this case, SEQ ID #3227 generates full target de-repression at 5 nM. The positive 

30 cantrol 15-mer shows patent antagonism of all precursors and gives nearly full de-repression at 

0.5 nM. The de-repression of luciferase actlVlty by both the 8- and the 15-mer LNA-antimiRs is 

clearly dose-dependent, as seen in all four panels (Fig 29A-D). 

Conclusion; To conclude, the 8-mer LNA-antimiR (SEQ ID #3227), Is a potent antagonist 

against four representative let-7 family members in vitro, and thus likely against the entire 

35 family. Compared to a 15-mer positive control antagonist, SEQ ID #3226, the 8-mer is equally 

potent for three of four targets, and slightly less potent far the fourth target, let-7e, explained 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 

s Gentamicin. 

Transfection: 8,000 cells were seeded per well In a 96-well plate the day before transfectlon In 

order to receive 60-80% confluency the next day. On the day of transfectlon, Huh-7 cells in 

each well 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 

10 ID #3227 and SEQ ID #3226; 0-50 nM end concentrations) together with 0.17 µI 

Lipofectamine2000 (lnvltrogen) according to manufacturer's instructions. After 24 hours, cells 

were harvested for luciferase measurements. 

Luciferase assay: Growth medium was discarded and 30 µI 1x Passive Lysis Buffer (Promega) 

was added to each well. After 15-30 minutes of incubation on an orbital shaker, renilla and 

15 . firefly luciferase measurements were performed according to manufacturer's instructions 

(Promega). 

Example 30. Assessment of endogenous let-7 antagonism by SEQ ID #3227, an B-rner 

· LNA-antimiRs, in Hela cells transfected with a luciferase sensor assay. 

20 In order to determine the efficiency of a fully LNA-modifled 8-mer oligonucleotlde In targeting 

and antagonizing endogenous let-7, the same luciferase sensor construct as described In 

previous two examples, was co-transfected with SEQ ID #3227 Into the cervical cancer call line 

Hela (that expresses moderate to high levels of let-7 as determined by Q-PCR; data not 

shown). Empty pslCHECK-2 vector was included as a negative control. 

25 Results: As seen in Figure 30, the fully LNA-modified 8-mer LNA-antimiR SEQ ID #3227 shows 

potent antagonism of endogenous let-7, and gives full target de-repression at concentrations of 

5-1 O nM. The de-repression of luclferase activity is dose-dependent, starting around 1 nM and 

reaching a plateau at approximately 10 nM. 

Conclusion: To conclude, the 8-mer LNA-antlmlR (SEQ ID #3227), is a potent antagonist 

30 against also endogenous let-7 in vitro, and thus provides definite evidence that entire miRNA 

families can be successfully targeted by short and fully LNA-modlfied antagonists. 

Materials and Methods: 

Cell line: The cervical cancer cell line HeLa was purchased from ATCC (#CCL·2™). HeLa cells 

were cultured in Eagle's MEM medium, supplemented with 10% fetal bovine serum, 2 mM 

35 Glutamax, 1x NEAA and 25 ug/mi Gentamicin. 

Transfection: 8,000 cells were seeded per well In a 96-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 HMGA2 3'UTR/pslCHECK2 plasmid or psiCHECK-2 (empty 

vector), and with LNA-antimiR SEQ ID #3227 (0-50 nM, end concentrations) together with 0.17 

µI Llpofectamine2000 (lnvitrogen) according to manUfacturer's instructions. After 24 hours, cells 

were harvested for luciferase measurements. 

5 Lvr;iferase assav: Growth media was discarded and 30 µI 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 performed aooording to manufacturer's Instructions 

(Promega). 

10 Example 31. Assessment of miR·21 antagonism 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-antlmlR that is fully LNA­

modified and phosphorothiolated effectively antagonizes mlR-21 in the human cervix carcinoma 

15 cell llne HeLa, 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 efficiency of the 8-mer 

LNA-antimiR oligonucleotide 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 

20 luclferase gene. In order to monitor mlR-21 Inhibition, HCT116 cells were transfected with the 

luciferase constructs together with the mlR-21 antagonist #3205 (8-mer) and for comparison of 

specificity with the 8-mer LNA scrambled control (#3219). After 24 hours, luciferase activity was 

measured. 

Results;The luciferase reporter experiments showed a dose-dependent de-repression of the 

25 luciferase mlR-21 reporter 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 control, 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. 

30 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 were cultured in RPMI medium, supplemented with 10% fetal bovine serum, and 

35 25 ug/ml Gentamicin. 
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Transfection: 110.000 cells were seeded per well in a 12-well plate and transfection was 

performed. HCT116 cells were transfected with 0.3 µg miR-21 luciferase sensor plasmid or 

empty psiCHECK2 vector together with 1.2 µJ Lipofectamine2000 (lnvitrogen) acccrding to the 

manufacturer's instructions. Transfected were also varying concentrations of LNA-antlmiR and 

5 control oligonucleotides. After 24 hours, cells were harvested for luciferase measurements. 

Lucfferase assav: The cells were washed with PBS and 250 µI 1 x Passive Lysis Buffer 

(Promega) was added to the wells. The plates were placed on a shakerfor 30 min., after which 

the cell lysates were transferred to eppendorf tubes. The cell lysate was centrifugated for 1 O 

min at 2.500 rpm after which 50 µJ were transferred to a 96 well plate and luciferase 

10 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 

formation of PC3 cells. 

A hallmark of cellular transformation Is the ability for tumour cells to grow in an anchorage-

15 Independent way in semisolid 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 transfected #3205 (perfect match LNA-antlmiR-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 

20 colonies growing in soft agar compared to the scrambled control LNA treated or untreated 

control (transfected, but with no LNA), demonstrating decrease of tumour cells. 

Conclusion: The S-mer (#3205) targeting the miR-21 family reduces the number of colonies in 

soft agar, demonstrating proliferation arrest of PC3 cells. 

Materials and Methods: 

25 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 Gentamicln. 

TransfeC(lon: 250.000 cells were seeded per well in a 6-well plate the day before transfection in 

order to receive 50% conHuency the next day. On the day of transfectlon, PC3 cells were 

30 transfected with 25 nM of different LNA ollgonucleotides with Llpofectamlne2000. 

35 

Clonoqenlc growth in soft agar: 2.5x103 PC3 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% C02 In a humlfied incubatorfor 12 days and stained with 0.005% 

crystal violet for 1 h, after which cells were counted. The assay was performed In triplicate. 
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Example 33. Silencing of mlR-21 by the 8-mer #3205 LNA-antimlR reduces colony 

formation of HepG2 cells. miR-21 is overexpressed in the human hepatocellular carcinoma 

cell llne HepG2 and we have previously shown that we are able to regulate the luclferase 

activity of a miR-21 sensor plasmid with #3205 in these cells. HepG2 cells were transfected with 

5 #3205 and #3219 (scrambled 8-mer), and after 24 hours plated into soft agar. Colonies were 

counted after 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 addition, our 

scrambled 8-mer control, #3219, had no significant effect on the number of colonies. 

10 Conclusion: The 8-mer (#3205) targeting the mlR-21 reduces the number of colonies in soft 

agar, Indicating proliferation arrest of HapG2 cells. 

Materials and Methods: 

Ge/I line: 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 

15 mM Glutamax and 25 ug/ml Gentamlcln. 

Transfection: 650.000 cells were seeded par well in a 6-well plate and reverse transfection was 

performed. HepG2 cells were transfected with 0.6 µg mlR-21 luciferase sensor plasmid or 

empty psiCHECK2 vector together with 2,55 µJ Llpofectamine2000 (lnvitrogen) according to the 

manufacturer's instructions. Transfected were also LNA-antimlR and control oligonucleotldes as 

20 varying concentrations. After 24 hours, the cells were harvested for luciferase measurements. 

25 

Glonogenic growth in soft agar: 2.0x103 HepG2 cells were seeded in 0.35% agar on the top of 

a base layer containing 0.5% agar. Geils ware plated 24 hours after transfectlon. Platas were 

incubated In at 37'C, 5% C02 in a humifiad incubator for 17 days and stained with 0.005% 

crystal violet for 1 h, after which cells were counted. The assay was performed in triplicate. 

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

in PC3 cells. 

Gell migration can be monitored by performing a wound healing assay (=scratch assay) where a 

"scratch" is made in a cell monolayer, and Images are captured at the beginning and at regular 

30 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. Gells 

were seeded, and on day 3 the cells were 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 

35 different time points with the free software program Image J. As shown In Figure 34A, PC3 cells 

had been treated with 25 nM #3205 (perfect match, miR-21), the control #3219 or left 

untransfectad. Pictures were taken after 24 hours, and the area was calculated for the wound 



WO 2009/043353 PCT/DK2008/000344 

83 

closure at respective time-point. The wound closure for the untransfected cells and for the 

control, #3219, was faster as compared to our LNA-antlmiR against miR-21, #3205, indicating 

that #3205 inhibits miR-21 and prevents the cells from migrating (Rgure 348). 

Conclusion: The 8-mer (#3205) targeting miR-21 Inhibits the cell migration of PC3 cells 

s compared to untransfected and control transfected cells. 

Materials and Methods; 

Ce/I 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. 

10 Scratch assay: 150.000 cells were seeded per well In a 6-wall plate three days before 

transfeclion in order to receive 100% confluency the next day. At 24 hours after transfection, a 

scratch was made In the cell monolayer with a 200 µI tip. Pictures were taken at O 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. 

15 

Example 35. Length assessment offully LNA-substltuted LNA-antimiRs antagonizing 

mlR-155. 

We have previously shown a length assessment for mlR-21 regarding fully LNA-substituted 

LNA-antimiRs, and showed that the most potent LNA-antimiRs are 7-, 8· or 9 nt in length. The 

20 same experiment was repeated with miR-155. A perfect match target site for miR-155 was 

cloned into the 3'UTR of the luciferase gene in the reporter plasmid ps1CHECK2 and transfected 

into the mouse RAW macrophage cell line together with fully LNA-substituted LNA-antlmlRs of 

different lengths. Because the endogenous levels of miR-155 are low in the RAW cell llne, the 

cells were treated with 100 ng/ml LPS for 24 hours In order to induce mlR-155 accumulation. 

25 After 24 hours, lucfferase analysis was performed. 

Results: As shown in Rgure 35, the most potent LNA-antimiRs are #3207(8 nt) and #3241 (9 

nt), reaching almost a 80% de-repression at only 0.25 nM LNA concentration. The 6-mer 

(#3244) shows no significant de-repression. Increasing the length to 12-merto 14-mer (#3242 

and #3243) decreased the potency as shown by less efficient de-repression of the miR-155 

30 reporter. 

Conclusion:The most potent fully LNA-substituted LNA-antimiRs targeting mlR-155 were an 8-

and 9-mer (#3207and #3241). 

Materials and Methods: 

Ce// line: The mouse macrophage RAW 264.7 cell line was purchased from ATCC (TIB-71 ). 

35 RAW cells were cultured in DMEM medium, supplemented with 10% fetal bovine serum, 4 mM 

Glutamax and 25 ug/mt Gentamlcin. 
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Transfection: 500.000 cells were seeded per well in a 6-well plate the day before transfectlon in 

order to receive 50% confluency the next day. On the day of transfectlon, RAW 264. 7 cells 

were transfected with 0.3 ug miR-155 perfect match/psiCHECK2 or empty psiCHECK2 vector 

together with 1 O µI Upofectamine2000 (lnvitrogen) according to the manufacturer's instructions. 

5 Transfected was also varying concentrations of LNA-antimiRs. In order to induce mlR-155 

accumulation, LPS (100 ng/mi) was added to the RAW cells after the 4 hour incubation with the 

transfectlon complexes. After another 24 hours, cells were harvested for luclferase 

measurements. 

Luclferase assav: The cells were washed with PBS and harvested with cell scraper, after which 

10 cells were spinned for 5 min at 2.500 rpm. The supernatant was discarded and 50 µ11 x 

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 µI were 

transferred to a 96-well plate and luciferase measurements were performed according to the 

manufacturer's instructions (Promega). 

15 

Example 36. Plasma protein binding for the fully LNA-substltuted 8-mer #3205 targeting 

miR-21 (LNA-antimiR-21). 

The plasma proteins are not saturated with #3205 at the plasma concentrations in the 

experiment shown in Figure 36A. In a wide range of #3205 concentrations in the plasma the 

20 protein binding is around 95% of the #3205 LNA-antimiR-21 in Figure 36B. At #3205 

concentrations 50.1 µM (174 µg/mL) the binding capacity of plasma proteins for FAM-labeled 

#3205 has not been saturated. 

Materials and Methods: Mouse plasma (100 µL)was spiked with FAM-labeled #3205 to 

0.167, 1.67, 5.01, 10.02, 16.7, 25.05 and 50.1 µM concentrations. The solutions were incubated 

25 at 37'C for 30 minutes. The solutions were transferred to a Microcon Ultracel YM-30 filter 

(regenerated cellulose 30.000 MWCO). The filters were spun for 20 minutes at 2000g and at 

room temperature in a microcentrifuge. The filtrate was diluted 5, 1 O and 20 times and 1 OOµL 

samples were transferred to a microtiter plate (Polystyrene Black NUNC-237108). The 

fluorescence was detected using a FLUOstar Optima ellsa reader with excitation 458 nm and 

30 emission 520 nm. The amount of unbound FAM-labeled #3205 was calculated from a standard 

curve derived from flltrated plasma spiked with FAM-labeled #3205 at 12 different (0.45- 1000 

nM) concentrations. The numbers were corrected 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 

µM in filtrated plasma. The recovery of FAM-labeled #3205 was 86%. 

35 



WO 2009/043353 PCTmK2008/000344 

85 

Example 37. Quantitative whole body autoradiography study in female pigmented mice 

after single Intravenous administration of 358-labelled #3205 LNA-antlmiR-21. 

In order to detennine the biodistribution of a short fully LNA-modified LNA-antimiR (#3205, 8-

mer) a whole body tissue distribution of radioactlvely labeled compound was done in mice. 35$-

5 labelled #3205 was dosed to mice with a single intravenous administration and mice were 

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

Table 6(i). Individual tissue concentrations (µg #3205/g tissue) after a single intravenous 

administration of 30S- labelled #3205 in female pigmented mice. The figures are mean values of 

three measurements for each tissue and ratio. The coefficient of variation (CV) is generally 

10 about 10%. 

Tlssue M ... Cone. of ollgo ~g Time of max: cone. hours T1hhours 

#3205/A Hssue 
Adrenal cl. 13,6 0.083 374 

BU. 4 1 

Bone marrow 72 . o,oas 411 

Brain 0.4 0.083 
Brown fat 88 0083 

Gastrlemuc. 10 1 0,0S3 
Hoartblood 26,2 0.083 10,3 

Kidnev ClX. llB7 24 104 

Liver 118 o,oas 588 
107 24 

1..u~ 13,2 0083 299 

L h nod• 5 o,oas 262 
2,4 48 

L-nh 1B a 4 
208 188 

MVl"ll'!l'llrdlum a.1 0.083 662 

Qvarv 13 ooa3 100 

Pancreas 5 0,083 

Pltuitarv cl. B,7 0083 

SaliVa"' -1. 8,6 0083 405 

55 188 

ekel. Muscle 4.8 0.083 
Skin r.ln. 5,4 0.25 
Spleen a.a 0,083 564 

Th\llT1us 3.8 0,083 185 

Th Idol. 10,9 0083 592 

Urtne 3299 o.oas 
Uterus 9.6 0.25 in 
Uvea of the o:nia 13,6 0083 

LOQ 0,045 o.oa3 
0.033 24 
003 168 

Table 6(11) Tissue to liver ratios after single intravenous administration of 308- labelled #3205 In 

female pigmented mice. 

"s-113205 

Animal no 10 11 12 13 14 15 16 17 18 

Surv. nme (h) 0,083 0.25 1h 4h 24h 48h 96h 168 504 

Organ 
Adrenal gl liver liver liver liver river liver liver nver llvor 

Bile 1,16 I.OB 0,52 0,27 0,24 0.26 0,23 0,18 0,17 

Bone marrow 0,03 0,11 0,55 0,10 0,03 0,07 O.o4 0,03 0,04 
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Brain 0,61 0,81 0,55 0,45 Q,40 0.48 0,43 0,42 0,34 

Brown fat 0,03 0,03 0,01 0,00 0,00 0,00 0,00 0,00 0,00 

GasMomuo 0,76 0,57 0,29 0,12 0,07 0,12 0,08 0,10 0,07 

Hoartolood 0,86 0,71 0,31 0,22 0,10 0,21 0,15 0,16 0,12 

Kidney ob< 2,23 1,91 0,74 0,11 om 0,00 0100 0,00 0,00 

Uver 2,87 3,94 6,45 6,95 5,51 6,66 3,92 2,24 0,40 

Lung 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Lymphnodo 1,12 0,97 0,63 0,09 0,04 0.04 0.03 0.02 0,02 

Lymph 0.43 0,30 0,25 0,19 0,11 0,32 0,20 0,17 0,12 

Myocardium 0.S2 1,09 1,78 2,78 1,03 2,05 1,62 3,17 1189 
Ovary 0,69 0,63 0,30 0,13 0,10 0,15 0,09 Ot11 0,12 

Pancreas 1,10 1,40 0,61 0,31 0,27 0,28 0,21 0,21 o.oe 
Pituitary gland 0,42 0,37 0,22 0,18 0,12 0,17 0,12 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. m1.19cle 0,73 0,81 0,38 0,25 0,25 0,42 0,23 0,85 0,24 
Skin, plgm. 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 

Thymus 0,63 0,86 0.44 0;32 0,24 0,34 0,35 0,29 0,31 
Thyroid gland 0,32 0,31 0,14 O,Q7 0,09 0,08 0,05 0,04 0,02 

Urine 0,9 1,2 0,43 0,28 0,25 0,34 0,19 0,28 0,25 

Uterus 27,96 39,48 9,90 5,44 0,24 0,39 0,12 0,15 0,03 

Uvea of the aye Q,58 1,23 0,65 0,30 0,30 O,Q7 0,27 0,16 0,08 
-Conclusions: #3205 shows blood clearance of radioactivity with elimination half-lives of 8-1 O 

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 registered In the kidney 

cortex showing five times higher levels than that of the liver for #3205. A strong retention of 

s radioactivity was noticed in the kidney cortex, lymph, liver, bone marrow and spleen for #3205 

LNA-antimlR-21. 

Materlals and Methods: 

Dose administration: All mice were weighed before administration. Nine female mice were given 

10 mg/kg of 368-#3205 intravenously in a tall vein. The volume given to each animal was 1 O 

10 ml/kg of the test formulation. The specific actMty 75.7 µCVmg. 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 sevofiurane, 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 (CMG), frozen in 

15 ethanol, cooled with dry Ice (-80°C) and sectioned sagittalyfor whole body autoradiography, 

according to the standard method, ABR-SOP-0131. From each animal 20 µm sections were cut 

at different levels with a cryomicrotome (Leica CM 3600) at a temperature of about -2o•c. The 

obtained sections were caught on tape (Minnesota Mining and Manufacturing Co .. No. 810) and 
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numbered consecutively with radioactive Ink. After being freeze-dried at -20'C for about 24 

hours, selected sections 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, to 

protect the image plates from environmental radiation. After exposure the imaging plates were 

5 scanned at a pixel size of 50 µm and analyzed by radlolumlnography using a blolmaging 

analysis system (Bas 2500, Fuji, Japan), and described in ABR-SOP-0214. A water-soluble 

standard test solution of 355 radioactivity was mixed with whole blood and used for production of 

a calibration scale, ABR-SOP-0251. However, the different blood standards were dissolved In 

500 uL 5oluene-35. 4.5 ml Ultima Gold was then added to the dissolved samples. As 355 and 

10 14C have very similar energy spectra, a standard 14c-programme (Packard 2200CA) was used 

when the radioactivity for the different blood samples was settled. 

Pharmacoklnetlc calculations: The 305 radioactivity measured in whole blood and tissues was 

expressed as nCi/g tissue and recalculated to nmol equiv/g tissue for the pharmacokinetic 

evaluation. The phannacoklnetlc parameters c ..... t112 and ALIC were detennined for the whole 

15 blood and tissues by non-compartmental analysis using WlnNonlln Professional (Pharsight 

corporation. Mountain View, CA, USA). After Intravenous administration, the concentration was 

extrapolated back to zero and expressed as (Co). The elimination rate constant ). was estimated 

by linear regression analysis of the tenninal slope of the logarithmic plasma concentration-time 

curve. The elimination half-life, t112. was calculated using the equation, t112 = in2/).. The last three 

20 time-points above LOQ were used in the elimination half-life calculations, if not stated 

otherwise. 

Example 38. Assessment of let-7 inhibition /n vivo by an 8-mer LNA-antlmlR, as 

determined through Ras protein quantification In mouse lung and kidney 

25 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-antlmiR 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 

30 aim was to analyze whether these let-7 targets could be de-repressed In vivo. 

Results: As seen in Figure 37, the 8-mer LNA-antimiR potently de-repressed Ras protein 

levels in the kidneys of treated mice, nonnalized 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-foid} Ras de-repression was observed (Fig 1 B), suggesting that insufficient 

35 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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Conc::lusion: 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 mice. Whereas the effect 

seems to be smaller in lungs, Ras levels in the kidney show a substantial up-regulation upon 

antimlRs·treatment. 

5 Materials and Methods: Animals and dosing: C57BU6 female mice were treated with 10 

mg/kg LNA-antimiR or saline for three consecutive days (0, 1, and 2) and sacrificed on day 4. 

Tissue samples from lungs and kidneys were snapfrozen and stored at -so·c until further 

processing. 

Western blot analysis: Lung and kidney proteins from saline and LNA·antimlR-treated mice 

10 were separated on NuPAGE: Bis Tris 4-12% (lnvitrogen), using 100 µg per sample. The proteins 

were transferred to a nitrocellulose membrane using iBlot (lnvitrogen) 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-

3339, Santa Cruz Biotechnology) and a secondary HRP-conjugated swine-anti-rabbit antibody 

15 (P0399, Dako) was used, and fortubulin detection, a primary tubulin alpha (MS.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-antlmiR (#3205) In targeting 

miR-21, as determined by Pdcd4 protein up-regulation in mouse kidney. 

20 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 mlR-21 target Pdcd4 in vitro. We therefore 

injected the LNA-antimiR into mice to determine the effects of the LNA-antimiR in vivo. The 

mice received 25 mg/kg of #3205 by I. v. injection every other day for 14 days (a total of 5 

doses). The mice were sacrificed on day 14, the kidney was removed, and protein was isolated. 

25 In order to determine target regulation, Western blot analysis was performed. 

Results: As shown in Figure 37, treating mice with #3205 showed significantly increased 

Pdcd4 protein levels as compared to the saline control. While the normalized Pdcd4 versus 

Gepdh ratio was consistent in both saline samples, the protein up-regulation in the two LNA· 

antlmiR-treated (#32059 mice were measured to 3.3- and 6.3-fold, respectively, demonstrating 

30 an in vivo pharmecologlcal effect of the #3205 8-mer LNA-antlmlR. 

Conclusion: The fully LNA-modified &-mer LNA-antimiR #3205 antagonizes mlR-21 In vivo, as 

demonstrated through its ability to de-repress (up.regulate) mouse kidney levels of Pdcd4, a 

validated miR-21 target 

Materials and Methods: 

35 Animals and dosing: C57BU6 female mice with average of 20 g body weight at first dosing 

were used in all experiments and received regular chow diet (Altromin no 1324, Brogaarden, 

Gentofte, Denmark). Substances were fcirmulated In physiological saline (0.9% NaCl). The 
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animals were dozed with LNA-antimiR or saline (0.9% NaCl), receiving an injection of 25 mg/kg 

every other day for 14 days, a total of 5 doses. Animals were sacrificed on day 14. 

Western blot analvsis: 80 µg kidney tissue from saline or LNA-treated mice was separated on 

NuPAGE Bis Tris 4-12% {lnvitrogen). The proteins were transferred to a nitrocellulose 

s membrane using iBlot (lnvitrogen) according to the manUfacturer's instructions. The membrane 

was incubated with Pdcd4 antibody (Bethyl Laboratories), followed by HRP-conjugated swine­

anti-rabbit antibody (Dako). As equal loading control, GAPDH (Abeam) was used, followed by 

HRP-conjugated swine-anti-mouse antibody. The membranes were visualized by 

chemiluminiscence (ECL, Amersham). 
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Table 1 

SE\! SEQ 

ID ID SEQ S>:Q 

"""""°""" M1.~equ.enca NO 9-mer NO a-mer mNO 7__,.,,r ID NO 

ebv--n'liR BAR'l'l-3p OAGCACCGCUAOCCJ\COAUGlJC 40 hGCG$TGC'l' 977 GCGG'l'GCT 1914 CGGTGCT 2651 

~l)'lr-miR BARTl~Sp OCOIJAGOGG-AAGOGACGOGCUGUG 41 'l'CCAC'l'MG 97B CCACTAAG 1915 CAC:TAAG 2852 

ebv-mi.R l3Al'tTl 0 OACAOlU'>CC~OGGAGUUGGCOGu 42 TGGTTA'I'G'l' 979 GGTTATGT 191($ G'l"l'A'l'G'l' 2653 

ebv-miR~BAAT10* GCCACCUCUUUGGOOCOGU~CA 4.3 AAGAGGTGG 9BO AGAGG'l'SG 1917 GAGGTGG 2654 

ab'\l'"-miR-BAR'I'll~3~ ~CGCACACCAGGCUGACOGCC 4 4 'l'GG'l'G'l'GCG 961 GGTGTGCG l9lS G~WGCG 2855 

ebv-mia-nAitTll-5p OCAGACllGUOOGGUGCGCOAGOOG 45 M.C'l'G'l'C'l'G 962 ACTG'I'CTG 1919 C'l'G'l'C'l'G 2656 

ebv~miil-BART12 UCCUGUGGOG001JGGUGUGGoo IJ. 6 CACCACAGG 963 )U:CACAGG 1920 CCACAGG 2657 

ebv-miR BAR'1'13 UGOAACUUGCCAGGGACGGCUGA 47 GCAAGtTAC 964 CAAGT'l'AC 1921 AAGTTAC 2058 

ebv-mi,R.-SART13* AACCGGCOCGOGGCUCGUACAG 4 B CGAGCCGG'l' 965 GMCCGW 1922 AGCCGG'l' 2as9 

ebv-m1ll-~Tl4 UAAAUGCOGCAGOAGUi\GGG11.0 49 GCAGCATTT 986 ci;GCATTT 1923 AGCA'l''l''l' 2060 

ebv-miR-SU'l'l4"' t:l'ACCCUACGCUGCCGACOUACA 50 GCGTAGGGT 9B7 CG'l'AGGG'l' 1924 GTAGGGT 2661 

ebv'"""ID.iR-BARTl~ GOCAGUGGUUUUGtltlUCCUUGA 51 AACCl\C'l'Grl. 9B8 ACCAC'l'GA 1925 CCACTGA 2862 

ebv-miR-nMT16 UUAGAUAGAGUGGGUGOGtTGcOCO 52 CTCTATCTA 989 'tCTATC:'l'A. 1926 CTATCTA 2663 

~bV miR~SAll'l'l7-3p UGUAUGCCUGGUGUCCCCUUAGO 53 CAGGCATAC 990 AGGCA'l'AC 1927 GGCATAC 28154 

ebv-miR ~Tl1~5p UAAGA.GGACGCAGGCAUACAAG 54 CG'I'CC'l'CTT 991 GTCCTC'l'T 1926 'l'CCTCT'I' 2865 

ebv-mi.R BART19~3p OAOCGGAAGOUOGGGCUUCGUC 55 AC.'l"l'CCGA'l' 992 CTTCCGAT 1929 'l''l'CCGA'I' 2866 

ebv-miR-SARTlS 5p UCAAGOOCGCACOOCCO~~ 56 GCGAACTTG 993 CGAACTTG 1930 GAAC'l''l'G 2667 

eb?-l'.ltiR-BAR'l'l9~3p 1100'0$0UUGCOOGGGAAUGCU 57 GCAAACJWl 99' CAAACAAA 1931 AAACAAA 2868 

e~miR~BART19-5p ACAUUCCCCGClUU\.CJ\OGAC~OG 5B CGOOGAA'l'G 995 GGGGAATG 1932 GGGMTG 2669 

ebv-m1R-5ART2-3p AAGGAGCGAUUUGGAGAAAA'OAAA 59 ATCGC:TCCT 996 TCGC'l'CCT 1933 CGCTCCT 2870 

~R-BAR'l'2-5p UAOUOUCOGCAUUCGCCCUUGC 60 ~GAAAAT 997 CAGAAAAT 1934 """"""T 2B7l 

ebv-miR BART20~3p CAOGAAGGCACAGCCOGUUACC 61 TGCC'l''l'C2\'l' 996 GCCTTCAT 1935 CC'l'TCA'l' 2072 

ebv-miR-BARl."20-Sp UAGCAGGCAUGUCUOCAOOCC 62 ATGCCTGCT 999 TGCC'l'GC'l' 1936 GCCTGCT 2873 

ebV-miR-BART3 C~CCACOAGUCACCAGGUGU 63 TAG'l'GG'l'GC 1000 AGTGGTGC 1937 G'l'GG'l'GC 287.iJ. 

ebv-miR-~T3* ACCOAGOGO'OAGOGOOGOGCO 6< AACAC'l'AGG 1001 ACACTA.GG 1938 CACTAGG 2675 

e'.bv-RliR-J3All.T4 GACCUGAUGCUGCOGGOGOGCO 65 GCATCAGGT 1002 CATCAGGT 1939 ATCAGGT 2876 

ebv-miR BARTS CJU\GG'OGAAOAOAGCUGCCCAUCG 66 A'l''l'CACC'l''l' 1003 TTCACCTT 1940 'l'CACC'I''l' 2a11 

ebv-miR.-:aART6 Jp CGGGGAUCGGACOAGCCOO~GA 67 CCGATCCCC 1004 CGllTCCCC 1941 GATCCCC 2878 

@bV-miR~SAR'l'6-5p OAAGGOOGGUCCAAUCCAUAGG 66 ACCAACCTT 1005 CCAACCTT 1942 CAACCT'I' 2879 

ebv-mifl-SAitT7 CAUCAOAGOCCAGOGUCCAGGG 69 GAC'l'A'l'GA'l' 1006 ACTATGA't 1943 CTA'l'GA'l' 2660 

ebv-ra;l.l\-BART7"" CCUGGACCUUGACCAOG~ 70 AAGGTCCAG 1007 AGG'l'CCJ\G 1944 GGTCCAG 2981 

eb'!t-rniR BART9 OAcGGl10llCCOAGAOUGUACAG 7l GGJIJU'CCGT 1008 GAAACCGT 1945 MJ\CCW 2882 

eJ;w-miR.-SAM'B~ GUCACAAOClJAOGGGGUCGUAGA 72 AGA'l''l'G'I'GA 1009 GATTGTGA 19'6 A'l''I'G'l'GA 2663 

el)v-miR-SAR'l'9 0AACACUUCAUGGGOCCCG1Jl\.GO 73 TGAAGTGTT 1010 GAAG'l'G'l''l' 1947 AAGTGTT 2894 

ebv-miR-BART9* OACOG~CCCUGAAUUGGAAAC 74 GGGTCCAGT 1011 GGTCCAG'l' 1946 GTCCAGT 2885 

el:Jv-m1R-SHRrl-l UAACCUGAOCAGCCCC~GOO 75 GATCAGGTT 1012 ATC~GGTT 1949 'l'CAGGT'l' 2666 

abv-miR.~J3HRF1 2 OAOCOOOUGCGGCAGAAAUUGA 76 GCAAM,GAr 1013 CAAAAGAT 1950 AAAllGA'r 2887 

ebv-m;l.a-s:tfRE'l 2 * AAAOOCOGOOGCAGCAGAUAGC 77 AACAGAA'l''l' 1014 .ACAGAATT 19~1 CAGAA'l''l' 2669 

el:iV'-miR-BHIU'l-3 UAACGGGAAGUGUGUAAGCACA 7B CTTCCCG'l''l' 1015 'l''l'CCCG'l''l' 1952 TCCCGTT 2099 

hcmv-miR-ULll2 AAGUGACGGOGAGAOCCAGGCU 79 ACCGTCACT 1016 CCGTCAC'l' 1953 CG'l'CAC'J;' 2690 

han'\r nU.a.~IJLl.4BD UCGOCCOCCCClJOCUOCACCG ao GGCPAGGACG 1017 GGAGGACG 1954 GAGGACG 2991 

hClll.v-miR 1Jl,22A UAACDAGCCUUCCC:GUGAGA 01 AGGC'l'AGTT 1018 GGCTAGT'l' 1955 GC'J;'Pt,G'l'T 2892 

ttcm.v-1ni.B. UL22Ar UCACCAGAAOGCOAGOOOGOAG 92 A'l''l'C'J;'GGTG 1019 'l'TCfGGTG 1956 'l'C'I'GGTG 2893 

b.c:mv--tl'liR-O'L36 UCGUUGAAGACACCUGGAAAGA B3 TC'l''l'CAACG 1020 CTTCMCG 1957 TTCAACG 2894 

hcmv--miR~oi.JGIPll UOUCCAGGOGOOOOCA.l\CGUGC 64 CAC:CTGGM 1021 ~CCtGGM 1956 CC'I'GGAA 2995 

hc:mv-miB.~UL70 3p GGGGAUGGGCUGGCGCGCGG 85 GCCCA'l'CCC 1022 CCCA'l'CCC 1959 CCA'l'CC:C 2996 

h~mi~-UL70-5~ OGCGOCOCGGCCOCGUCCAGA B6 CCGAGACGC 1023 C:GAGACGC 1960 GAGl\CGC 2697 

hc:mv-miR-'OS2.5~J. AAC:CGCUCAGUGGCOcGGACC 87 C'l'GASCGG'I' 1024 'l'GAGCGG';r 1961 GAGCGGT 2898 

hcm.v.-miR US25-l~ OCCGAl\CGCUAGGUCGGOOC'OC SB AGCG'I''l'CGG 1025 GCGTTCGG l962 CGTTCOO 2699 

hcmv-miR US25-2-

3p AUCCACUUGG~GAGCOCCCGCGG 89 CCAAG-TGGA 1026 CAAGTGGA 1963 MG'l'GGA 2900 
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hcnnr-nti.R-US25-2-

Sp AGCGGUCUGUUCAGGOGGAUGA 90 AC.l\GACCGC 1027 CAGACCGC 1964 aGAC:CGC 2901 

hcm.v-.ini~-US3J-3p OCACGGUCCGAGCACAOCCA 91 CGGACCGTG 102B GGACCG'l'G 1965 GACCG'l'G 2902 

hcmv-<niR-OS33-5p GAOOGOGCCCGGACC:GUGGGCG 92 GGGC1\cAA'1' 1029 GGCACAAT 1966 GCACAAT 2903 

hcmv-miR-O'S4 CGACAUGGACG'UGCAGGGGGAO 93 GTC:CA'l'G'l'C 1030 TCCA'l'G'l'C 1967 CCATGTC 2904 

hcm.v"'IIliR.-O'S5-1 OGACAAGCCUGACGAGAGCGO 90 AGGCT'l'GTC lOJl GGC'l''l'G'l'C 196a GC'l'TG'l'C 2905 

bcmv-mi.R-US5-2 VUAUGAUAGGUGUGACGAUGUC 95 C:C'l'ATCA.TA 1032 CTATCATA 1969 'l';ll.TC~'l'~ 2906 

haa-let-7a OGAGGOAGOaGGOOGUAOAGUU 96 'l'ACTACCTC: 1033 ACTACCTC 1970 C'l'ACC'l'C 2907 

hsa-lct-1a ... CUAOACAAUCOACOGOCOOOC 97 GATTG'l'ATA 1034 ~'l''l'GTATA 1971 TTGTATA 2908 

haa-1et-Th O'GAGGUAGUAGGUUGUGUGGUU 99 'l'ACTACCTC::. 1035 ACTACCTC 1972 C'I'ACC'I'C 2909 
b.sa~let~7b* COAOhCl\hCCO~COGCCOO'CC:C 99 GGTTGTATA 1036 GTTGTATA 1973 'l'TG'l'ATA 2910 

hsa-lot-'70 OGAGGUAGUAGGO'OGOAOGGOO' 100 il~ACC'l'C 1037 ACT11CCTC 1~74 CTACCTC 2911 

hsa-let-7c* t:JAGAGUOACACCCUGGGAGUUA 101 'l'G'l'AAC'l'CT 1039 G'l'AAC'l'CT 1975 l'MC'I'C'I' 2912 

ne.a-let-7d AGAGGUAGUAGGOO'GC'.At!AGUU 102 TACTACCTC 1039 ACTACC'l'C 1976 C'l'ACC'l'C 2913 
hsa~let~7d* CO'AlJACGACCOGCOGCCOOOCO 103 GG'l'CGTA'l'll. 1040 mcGTATA 1977 TCGTATA 2914 

hsa-let-7e UGAGGUAGGAGGUUGUAOAGUU 104 'l'CCTACCTC 1041 CC'l'ACCTC 1970 CTA.CC'l'C 2915 
hsa-let-7elli' CUAOACGGCC:UCCDAGCDUUCC 105 GGCCGTATA 1042 GCCG'l'A'l'A 1979 CCG'l'A'l'A 2916 
hsa-let-7.:f! UGAGGUAGUAGAOOGUAtJAGUD 106 ll.IACTACCTC 1043 ACTAC::.CTC. 1980 CTACCTC 2917 

llsa-let-7r~l* COAO~CJU\OCOAlJOGCCOOCCC 107 G~'l''l'G'l'1\'l'i\. 1044 ATTG"l'ATA 1981 TTGTATA 2918 

h:s.!1.-l1:1t-7f-2~ CUAOACAGUCUACUGOCUUUCC 108 GACTGTATA 1045 AC'l'G'l'A'l'A 19a2 C'l'GTA'l'A 2919 
hea~let-7g UGAGGUAGUP...GUOOGUACAGUU 109 TACTACCTC 1046 ACTACCTC 1983 CTACCTC 2920 

hsa-let-79* COGOACAGGCCACOGCCOOGC 110 GCC'l'G'l'~CA 1047 CCTGTACA 1984. C~GTACA 2921 

hsa-J.et-71 UGAGGUAGUAGUUUGUGCUGUU 111 TACTACC'l'C 1049 AC'l'ACC'l'C 1985 C'l'ACCTC 2922 

hea-let-7;:L* COGCGCAAGCOACUGCCUUGCU 112 GCTTGCGCA 1049 CTTGCGCA 1996 T'l'GCGCA 2923 

h.sa-miR-1 OGGAAOGOAAAGAAGOAOGOAO 113 ~'l'ACAT'l'CC 1050 TACAT'tCC:: 1907 ACATTCC 2924 

h.!1i!!1.-m.iR~1oO AACCCGUAGAUCCGAACUUGOG 114 TC'l'ACGGG'l' 1051 C'l'ACGGG'l' 19ae TACGGG'l' 2925 
hE1a-miR.-l00"' CAAGCDUGUAUCUAUAGGUAUG 115 TACAAGCTT 1052 ACAAGC'l''.l' 1999 CAAGC'l''I' 2926 

hsa-miR-101 OACAGOACOGOGAOAACOGAA 116 CAGTACTGT 1053 AGTACTG'I' 1990 GTACTGT 2927 

hsn-miR-101 i: CAGUCAUCACAGUGCUGACGCO 117 G'l'GA'l'AAC'l' 1054 'l'GA'l'MC'l' 1991 GATAACT 2928 

h.ea-.m.1.R-10.3 A.GCAGCAODGOACAGGGCUAUGA 110 CAATGCTGC 1055 AATGCTGC 1992 ATGCTGC 2929 

hsa-miR-103-as UCACAGCCCOGOACAAOGCOGCO 119 AGGGCT~TG 1056 $GGCTATG 1993 GGCTATG 2930 

hsa-miR-105 UCAAAUGCUCAGACUCCUGUGGU 120 GAGCA'l''l''l'G 1057 .AGCA'l''l'"rG 1994 GCA'l''l"l'G 2931 
hsa-mi,R-l05* ACGGAUGUUUGP...GCAUGUGCOA 121 AAACATCCG 1059 AACATCCG 1995 ACA'l'CCG 2932 

h:!!i!!--miR-lOfia AAAAGUGC'OUACAGUGCAGGOAG 122 AAGCACTi'T 1059 AGCACTTT 1996 GCACTTT 2933 

lu;la-mifl-106a* CUGCAAUGUAAGCACUOCUOAC 123 TACAT'l'GCA 1060 ACATTGCA 1997 CA'l''l'GCA 2934 

hsa-miR~lOGb CAAAGOGCOGACAGOGCAGAO 121 CAGC:ACTTT 1061 AGCACTTT 1998 GCACTTT 2935 

hst1~miR-106b* CCGCACUGUGGGUACUUGCOGC 125 CACAGTGCG 1062 l'CAGTGCG 1999 CAG~GCG 2936 

h.sa.--ntl.ll-107 AGCAGCAOUGUACAGGGCUAUCA 126 CAA'I'GCTGC 1063 AA'l'GC'I'GC 2000 ATGC'I'GC 2937 

hsa-mifl-lOa OACCCOGUAGAOCCGAA.OaDGOG 127 CTA~GGGT 1064 TACAGGGT 2001 ACAGGGT 2939 

h:sa--miR-lOa* CAAAUUCGOAUCUAGGGGAAUA 128 'l'ACGAA".C'l't' 1065 AC~T'l''l' 2002 CGM'l''l'T 2939 

bsa-miR-lOb OACCCUGOAGAACCGAAOOOGOG 129 CTACAGGGT 1066 TACAGGGT 2003 ACAGGGT 2940 

hs.a-miR-10b"" ACAGA~OCGAOOCOAGGGG1'AO 130 'l'CGAATC:~G 1067 CGAA.'l'CTG 2004 GAA'tCTG 2941 

hsa~miR-1176 UUGCUCACOGtJOCUOCCCOAG 131 CAG'l'GAGCA l06a AGTGAGCA 2005 G'I'GAGCA 2942 

hsa.-.mill-1179 AAGCAUUCUUUCAUUGGUUGG 132 AAGAATGCT 1069 AGAA'l'GC'l' 2006 GAATGC'l' 2943 

h.E1a-m.t11.-11ao TJOOCCGGCOCGCGOGGGOGOGO 133 GAGCCGGAA 1070 1\GCC::GGAA 2007 GC:CGGAA 2944 

h:!la-.mi.R-1181 CCGOCGCCGCc:AC::CCGAGCCG 134 GCGGCGACG 1071 CGGCGACG 2009 GGCGACG 2945 

li.sa-rn.t11.-11a2 GAGGGOCOUGGGAGGGAOGUGAC 135 CAAGACC:C:T 1072 UGACCC'l' 2009 AGACCCT 2946 

h.sa.-miR-1183 CACOGOAGGOGAUGGUGAGAGOGGGc::A 136 ACC'l'ACAG'l' 1073 CC'l'ACAGT 2010 C'l'.1\CJ\G't 2947 

h::ia.-mi.R-1184 CC:UGCAGCGACUUGAOGGCUUC:C 137 TCGCTGCAG 1074 CGCTGCAG 2011 GCTGCAG 294a 

hsa-miR-1185 ~GAGGAUACCCUUUGUAUGOO 13a GG'l'A'l'CC'J:'C 1075 GT#lTCCTC 2012 ~AorCC:TC: 2949 

h::ia--.nrl.R.-1197 OAGGACACAUGGOCOACOUCO 139 ATGTGTCCT 1076 TGTG'I'CC'l' 2013 G'l'GTCC'l' 2950 

hsa-miR-1200 COCCOGAGCCAOUCUGAGCCUC 140 GGCTCAGGA 1077 GC'l'CAGGA 2014 CTCAGGA 2951 

hsa-miR-1201 AGCCOGAUOAAACACAUGCUCUGA 141 'l'AA'l'CPt.GGC 1079 AA'l'CAGGC. 2015 1\'l'CAGGC 2952 
haa.~miR.-1202 GUGCCAGCDGCAGOGGGGGAG 142 CAGC'l'GGCA 1079 AGCTOOCA 2016 GC'l'GGCA 295:3 

h.sa-m.iR~1203 CCCGGAGCCAGGAUGCAGCOC 143 TGGC'l'CCGG l.OBO GGC~CCGG 2017 GCTCCGG 2954 
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h~a-miR 1204 UCGOGGCCUGGOCOCC~O~O 144 CAGGCCACG lOBl AGGCCACG 2019 GGCCACG 2955 

h~a.-mi.8.. 1205 UCUGCAGGGOUUGCUUUGAG 145 ACCCTGCAG 1002 CCCTGCAG 2019 CCTGCAG 2956 

haa~mill-1206" UGUUCAUGUAGAUGUUUAAGC 146 'l'ACA'l'GMC 1093 ru::n~GAAC 2020 CATGAAC 2957 

ll.aa-miR-1207-3p OCJ\GCOGGCCCUCAUt:JOC 147 GGCCAGC'l'G 1084 GCCAGC'l'G 2021 CCAGCTG 29SB 

hea-mi~-l207-5p OGGClLGGGAGGCOGGGAGGGG l4B CTCCCTGCC 1085 TCCCTGCC 2022 CCCTGCC 2959 

hSi!L-.mi.R.-1200 UCACUGlJUCAGACAGGCGGA 149 'IGAACAGTG 1006 GAACAGTG 2023 AACAGTG 2960 

h:s.a-miR-l22 UGGAGUGUGACAAUGGUGUUUG 150 TCACACTCC 1097 CACACTCC 2024 ACA.C'l'CC 2961 

haa~m.iR~122* AACGCCAOOJ\.OCACll.CUAAAUA 151 TAA'l'GGCGT lOBFJ AA'l'GGCG'l' 2025 A'!GGCGT 2962 

b.se.'-ID.i.R 1224 3p CCCCACCOCCOCOCOCCOCAG 152 GGAGGTGGG 1089 GAGGTGGG 2026 AGGTGGG 2963 

hsa--miR 1224 5p GUGAGGACUCGGGAGGOGG 153 GAGTCCTCA 1090 AGTCCTCA 2027 G'l'CC'l'ci'> 2964 

h:!la~R-1225-3p UGAGCCCCOGUGCCGCCCCCAG 154 CAGGGGC'I'C 1091 JlGGGGC'l'C 202B GGGGCTC 2965 

hoa-miR-1225-Sp GOGGGOACGGCCCAGOGGGGGG 155 CCGTACCCA 1092 CGTACCCA 2029 G'l'ACCCA 2966 

haa-miB.-1226 UCACCAGCCCUGUGUUCCCUAG 156 GGGCTGG'l'G 109.3 GGCTGGTG 2030 GC'l'GG'l'G 2967 

hsa-miR-1226,.,. GOGAGGGCAUGCAGGC:CUGGAUGGGG 157 A'l'GCCC'l'Cl\ 1094 'l'GCCC'l'c.1\ 2031 GCCC'I'CA 2968 

hsa-miR~l227 CGOGcCl\CCCOOOOCCCCAG lSB GGGTGGCAC 1095 GG'l'GGCAC 20.32 GTGGCAC 2969 

h:!ia-iniR l22B OCACACCOGCCUCGCCCCCC 159 GCAGGTGTG 1096 CAGGTGTG 2033 AGGTGTG 2970 

hsa.~miR~l2.29* GUGGGCGGGGGCAGGO'GUGUG l60 CCCCGiCCcil 1097 CCCGCCC?l 2034 CCGCCCA 2971 

h:!!a-nd.!l-1229 COCOCAC~CUGCCCUCCCACAG l61 GTGGTGAGA 1098 TGGTGAGA 2035 GGTGAGA 2972 

haa-Illi~-12Jl GUGUCUGGGCGGAC~GCOGC 162 GCCCAGACA 1099 CCCAGACA 2036 CC:P.GACA 2973 

hsa-ta.1.R-1233 OGAGCCCUGOCCOCCCGCAG 163 ACAGGGCTC 1100 CAGGGCTC 2037 AGGGC'l'C 2914 

hsa.-miR~l234 OCGGCCUGACCACCCACCCCAC 16< GTCAGGCCG 1101 TCAGGCCG 2038 CAGGCCG 2975 

hsa-.mi!l 1236 ccucuuccccOOGococlJ"CCAG 165 GGGGAAGAG 1102 GGGAAGAG 2039 GGAAGAG 2976 

he.a--mi.R~l2:37 uccuucOGCUCCGUCCCCCAG 166 AGCAGAAGG 1103 G~GG 2040 CAGAAGG 2977 

hsa-miR.-12:3B CO'OCCOCGUCU~OCUGCCCC 167 GACGAGGAA 110< ACGAGGAA 200 CGAGGM 2979 

h:ga-mi!l-124 UAAGGCACGCGGOGAAOGCC 169 GCGTGCCTT 1105 CGTGCC'l''l' 2042 G'l'GCCTT 2979 

ru;ia-mil'.-124* CGUGUUCACAGCGGACCUlJGAO 169 TGTGMCl'JO 1106 GTGAA.CAC 2043 'l'GAACAC 2980 

hsa--miR~12.43 AACOGG1\0CJ\AOUAUAGGAGUG 170 TGATCCAG'l' 1107 GA'l'CCAG'l' 2044 ATCCAGT 2991 

haa-mi!l-1244 AAGUAGUUGGUOOGOAOGAGAOGGOO 171 C:C:AACTACT llOB CAACTACT 2045 AAC'l'l\C'l' 2902 

hsa~miR~l21J.5 AAGUGAUC:UAAAGGCCUACAU 172 'l'AGATCAC'l' 1109 A.GATCAC'I' 2046 GATCAC'l' 2983 

hsa-miR-1246 MOGGil.Ol]O'OOGGJ\.GCAGG 173 AAAA'l'CCA'l' 1110 AAATCCA'l' 2047 AATCCAT 2984 

h~a-lllil'l-1247 ACCCGUCCCGUUCGUCCCCGGA 174 CGGGACGGG 1111 GGGACGGG 20•0 GGACGGG 29B5 

hsa~mi.&~1248 ACCUUCUOGUAOAAGCA.COGUGCUAAA 175 ACAAGAAGG 1112 CAAGAAGG 2049 AAGAAGG 2986 

hsa-mili-1249 ACGCCCUUCCCCCCCOOCOOCA 176 GGAAGGGCG 1113 GAAGGGCG 2050 MGGGCG 2987 

hsa-m.tl\-l.250 ACGGDGCUGGAUGUGGCCOO'O' 177 CCAiGCACCG 1114 CAGCACCG 2051 AGCACCG 2989 

h:sa--miR-12Sl ACOCOAGCOGC~GCU 17B CAGCTAGAG 1115 ~C'l'AGAG 2052 GCTAGAG 2989 

h:!!a-i:ni.R-1252 AGAAGGAAAUUGAAUUCA001JA 179 ATTTCC~TC 1116 TTTCCTTC 2053 TTCC'l''l'C 2990 

hsa-miR-1253 ~GAGAAGAA.GAac.AGCCUGCA 190 C'l''l'CT'l'CTC 1117 'r':rCTTCTC 2054 TC::TTCTC 2991 

h~i!l.-mi.R-12511 AGCCUGGAAGCOGG~GCCUGCAGU 181 CTTCCAGGC 1119 T'l'CCllGGC 2055 TCCAGGC 2992 

haa-ll'liR~l255a AGGAOGAGCAAAGAAAGOAG~UU 1B2 'l'GCTCATCC 1119 GCTCATCC 20>6 C'l'CA'l'CC 2993 

hsA~ll'liR-12.SSb CGGAUGAGCAAAGAAAGOGGUO lB3 'l'GC'l'Cl\TCC 1120 GCTCl\TCC 2057 CTCATCC 2994 

hsa-m:i.Jl~12S6 AGGCAUUGACOOClJCACO~CO 1B4 Gl'CAATGCC 1121 TCAA'l'GCC 2059 CAA'l'GCC 2995 

hsa-miR l2S7 AGUGAAUGAOGGGUUCUGACC 195 ATCllTTCllC 1122 TCATTCAC 2059 CATTCAC 2996 

haa-miR. 1259 ~GOUAGGAOOAGGUCGOGGAA 186 M.TCCTAAC 1123 ATCC'l'AAC 2060 TCCTAAC 2997 

ltsa-in1.R-1259 AUAUAOGAOGllC~GCOOUU 1B7 CATCATA'tA. 1124 ATCATATA 2061 TCA'l'A'l'A 2998 

hsa-miR-12Sa-3p ACAGGUGAGGOUCUOGGGAGCC 19B CC'l'~C'l'G 1125 C'l'CACC'l'G 2062 1l'CACCTG 2999 

hsa..-mi.R~12sa~Sp OCCCUGAGACCCUUOAACCOGUGA 1B9 GTC'l'CAGGG 1126 TCTCAGGG 2063 C'l'C1lGGG 3000 

he.a-iniB.-l2.5l;I UCCCUGAGACCCUAACO'OGOGA 190 GTCTCAGGG 1127 TC"!'CAGGG 2064 CTCAGGG 3001 

hsa.-miR-12.Sb-l* ACGGGUOAGGCUCUUGGGAGCO 191 CC'l'MCCCG 1120 CTAACCCG 2065 'l'AACCCG .3002 

h:sa-mi.R~l25b~2* OCACAAGOCAGGCOCOUGGGAC 192 TGACTTG'IG 1129 GACTTGTG 2066 ACTTGTG 3003 

he.a-i:ti:l.R-lZEi UCGUACCGUGAGUAAUAAOGCG 193 C~CGG1'ACG 1130 ACGG'l'ACG 2067 CGGTACG 30011 

hsa miR~126"' ~OOAO'OllCOOOUGGUACGCG 
,., AGTAA'l'AAT 11:31 GTAATAAT 2069 'l'AA'l'AAT 3005 

hsa-ntiR 1260 AUCCCACCUCOGCC~CA 195 GAGGTGGGA H32 AGG"tGGGA 2069 GG'tGGGA 3006 

n.ea-ini.R-1261 AUG~OllA.GGCUUUGGCOC 196 CC'l'TATCCA llJ3 CT'I'~'l'CCA 20"10 TTllTCCA 3007 

J:isCL miR 1262 AUGGGUGAAUO'OGOAGAAGGAO 197 ATTCACCa 11.'.3/l. TTCACCCA 2071 TCACCCA 300B 

he.a-miR~l26.3 AOGGOACCCUGGCAOACOGAGO 199 AGGGTA.CCA 1135 GGGTACCA 2072 GG'l"ACCA 3009 
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haa-miR~1264 C1UlGOCUOAOilUGAGCACCUGUO 199 A'l'AAGACTT 1136 TAAGAC'l''l' 2073 AAGACTT 3010 

hs.a-miR 1265 CAGGAOGUGGaCAAGUGUOGUO 200 CCll.CJ\'l'CCT 1137 CACATCCT 2074 i\CA"tCCT 3011 

ha:a-miP.-1266 CCUCAGGGCOGOAGlUlCAGGGCU 201 AGCCC'l'GAG 1138 GCCCTGAG 2075 CCCTGAG 3012 

hsa-mi.R-1267 CCUGUUGAAGUGUAAOCCCCA 202 CTTCAACAG 1139 'l'TC'.AACAG 2076 TCAACAG 3013 

hsa-miR-l2G8 CGGGCGUGGOGGUGGGGG 203 ACCACGCCC 1140 CCACGCCC 20'7 CACGCCC 301' 

hsa-m.iR.-12iS9 COGGACOG1.GCCGOGcOACUGG 204 C'l'CAG'l'CC}\. 1141 TCAGTCCA 2078 CJ\.G-TCCA 3015 

hsa-.mi.l\-l27-3p OCGGAOCCGOCOG~GCOOGGCO' 205 ACGGA'l'CCG 1142 CGGATCCG 2079 GGATCCG 3016 

h.:5a-miR-127-5p CUGAAGCOCAGAGGGCOCOG~O 206 TGAGC'l''l'CA l143 GAGCTTCA 2080 AGC'l'TCA 3017 

lJ.sa~miR-1270 CO'GGAGAUAUGGAAGAGCUGUGO <07 ATA'rCTCCA 1144 '1'1t.'l'C'l'CCA 2081 ATCTCCA 301a 

hsa-ntiR-1271 COO'GGCACCUAGCAAGCACUCA 2oa AGG';C'GCCAA 1145 GG'l'GCCAA 2082 G'tGCCAA 3019 

h:;ra-mill-l272 GAUGAUGAOGGCAGC~OOCOGJU\A 209 CATCATCA'l' 1146 ATCATCAT 2083 TCA'l'C1t.'l' 3020 

h.ea-miR-12'73 GGGCGACAAAGCAAGACOCUUUCOO 210 TT"l'G'tCGCC 1147 'l''l'GTCGCC 2094 TGTCGCC 3021 

hsa miR-l274a GOCCCOGUUCAGGCGCCA 211 GAAC:AGGGA 1149 AACJ\GGGA 2085 ACAGGGA 3022 

h:!!a. mia-1274b OCCCUGOOCGGGCGCCA 212 CGAACAGGG 1149 GAACAGGG 2096 MCllGGG 3023 

haa-miR-12.7 5 GOGGGGGAGAGGCOGOC 213 TCTCCCCCA 1150 CTCCCC:CA 2087 TCCCCCA 3024 

hsa-miR-1276 O~CUGUGGAGACA 214 GGGCTC'tTT ll51 GGC'l'C'l''l''l' 2080 GCTC'I'TT 3025 

h,5a--m.1R.~1277 UACGOAGAOAOAOAOGOAUUOU 215 TATC'l'1\CGT 1152 ATC::TACGT 2099 'l'CTACGT 3026 

hsa--m:ilt-1278 UAGUACOGOGCAOAOCAOCOAU 216 CACAGT.AC'l' 1153 ACAGTACT 2090 C,JlGl'ACT 3027 

haa..-.mi.R.-1279 OCA.UAUOGCUUCUUIJCO 2l7 AGCAATATG 1154 GcAlLTATG 2091 CAATATG 3028 

nsa-miR-128 OCACAGOGAACCGGUCUCUUU 218 'l'TCACTGTG 1155 TCAC'l'GTG 2092 CACTGTG 3029 

hsa~mR~12eo OCCCACCGCOGCCACCC 219 AGCGG'l'GGG 1156 GCGGTGGG 2093 CGG'l'GGG 3030 

hsa~miR.-1201 UCGCCOCCUCCOCOCCC 220 GAGGAGGCG 1157 l\GGAGGC:G- 209.IJ GGAGGCG 3031 

h.ea-m.i.R~12a2 OCGOOOGCCUUUUOCUGCUU 221 AGGCAAACG 1158 GGCAM.CG 2095 GCAAACG 3032 

hsa-miR-1283 OCOACAAA~CGcauuco 222 CCTT'l'GT.11.G 1159 CTTTGTAG 2096 'l''l''l'GT~ 3033 

h.aa-m.i.R-l264 ~CUAUAC'.AGACCCUGGCOTJOOC 223 TCTGTA'l'AG 1160 C'l'GTATAG 2097 TGTATAG 303' 

h.ea-miR-l2SS OCOGGGCAA.CAAAGUGAGACCU 224 G:L"TGCCCA.G 1161 TTGCCCAG 2098 TGCCC::AG 3035 

hsa'-n'liit-1286 UGCAGGACCA1\G~OGAGCCCU 225 ToGTCCTGC 1162 GGTCCTGC 2099 GTCCTGC 3036 

h::ia~mifl-1267 UGCOGGAUCAGOGG'OO'CGAf.;OC 226 TGATCCAGC 1163 GATC:CAGC 2100 A'l'~GC 3037 

hsa-miR-1288 OGGACUGCCCUGAOC::UGGAGA 227 GGGCAGTCC:: llfi4 GGCAG'l'CC 2101 GCAGTCC 3036 

h~i!L-.m.i~-12a9 OGGAGUCCAGGAAOCOGCAUUOU 228 CTGGAC'l'CC 1165 'tGGACTCC 2102 oGACTCC 3039 

h.e.a-miR-129* 2\AGCCCUUACCCCAAAAAGO~O 229 GTAAGGGCT 1166 TAAGOOCT 210J AAGOOCT 3040 

hsa""""IDiR-l.29-:3p AAGCCCOOACCCCAAAAAGCAO 230 GTAAGGGCT llti7 'l'AAGGGC'l' 2104 AAGOOCT JO.Ill 

hsa.-.mi.:R.-l29-5p COUUUUGCGGOCOGGGCUUGC 23l CCGCAMAA 1168 CG CAMM 2105 GCAAAAA 30.112 

h.1;1a-miR-1290 OGGAUUUUUGGAOCAGGGA 232 CAAAAA'l'CC 1169 AAAAATC:C 2106 AAAA'l'CC 3043 

hsa-miR.-12~1 UGGCCCOGl'COGAAGACCAGCAGO 233 GTCAGGGCC 1170 TCAGGGCC no1 CAGGGCC 3044 

hsa-Jnill.-1292 UGGGAACGGGUOCCGGCAGACGCOG 234 CCCGT'l'CCC 1171 C:CGTTCCC 2109 CG'l''l'CCC 3045 

hea-~R-129:3 OGGGOGGOCUGGAGAOOOGOGC 235 AGACCACCC 1172 Gl\CCACCC 2109 AC:CACCC 3046 

hSll-miR-12 94 UGUGAGGDuGGCAUOGUUGUCU 236 CAA.CCTCAC 1173 AACC'l'CAC 2110 ACCTCAC 3047 

hsa-mi'.R-1295 UUAGGCCGCAG~UCOGGGUGA 237 'l'GCGGCCTA 1174 GCGGC.CTA 2111 CGGCCTA 3040 

hsa~mtll.~1296 UUAGGGCCCOGGCUCCAOCOCC 23a AGGGCCCTA 1175 GGGCCC'l'A 2112 GGCCC'l'A 3049 

h~a.-m.iR.-1297 OOCAAGOAAOOCAGGUG 239 A'l''l'AC'l"l'GA 1176 TTACTTGA 2113 'l'AC'l''I'GA 3050 

hBCL-m:i,:R.-l.29e m7CAut7C:GGCUGOCCAGAOGOh 240 GCCGAA'l'GA 1177 CCGAATGA 2114 CGAA'l'GA 3051 

hsq-.m1R~1299 OOCOGGAAUOCUGOGUGAGGGA 241 AATTC:CAGA 1176 A'l''l'CCAGb. 2115 TTCCAGA 3052 

hsa-mill-1300 0UGAGAAGG1\GGCUGCOG 242 TCCTTCTCA 1179 CCTTCTCA 2116 CTTCTCA 3053 

h:Si!!.--.miR.-1.301 OUGCAGCUGCCOGGGAGUGACOO'C 243 GCAGC'l'GCi\ 1180 Cl\GCTGC:A 2117 AGC'l'GCA 3054 

hea-miR-1302 OOGG~OACUU~OGCOAAA 244 TATGTCCCA 1181 ATG'l'CCCA 2110 TGTCCCA 3055 

hsa~mi.R-1303 UUUAGAGACGGGGUCUO'GCOCO 245 CG'l'C'l'C'l'AA 1162 GTCTCTAA 2ll9 'l'C'l'C'l'AA 3056 

hsa-m:i,R.-1304 OutJGAGGCUACAGOGAGAUGOG 246 TAGCCTCM llSJ AGCCTCAA 2120 GCCTCAA 3057 

nsa-miR~13o5 OUDtJCAACOCOJ\AOGGGAGAGA 247 GAGTTGAAA 11a4 AGT'l'GAAA 2121 G'l'TGAAA 3056 

Ma--mi.P..-1J06 ~GOUGGCUCUGGUGGUG 248 GAGCCAACG 1195 AGCCAAC.G 2122 GCCAACG 3059 

l:l.ea-lttiR-1307 ACUCGGCGOGGCGOCGGOCGOG 249 CACGCCGAG 1186 ACGCCGAG 2123 CGCCGAG 3060 

hsa~miR-lJOB GCAUGGGUGGTJTJCAGOGG 250 CCJ\CCCATG 1187 cACCCATG 21« l\CC~TG 3061 

hsa-miR-1.JOa CAGO'GC.11.AUGUUAAAAGGGCAO 25l CATTGCAC'l' 1188 ATTGCAC'l' 2125 TTGCACT 3062 

h:.a-miR. l30A'* UUCACAUOGOGCOACUGOCUGC 252 ACAATG'TGA 1189 CAATGTGA 2126 AATGTGA 3063 

h:!li!!.-mi.R 130b CAGOGCAAUGAUGAAAGGGCAU 253 CA'I"TGCACT 1190 1\.T'l'~CT 1.127 TtGCl\C'l' 3064 
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hell.-miR-130b'*" ACUCUUUCCCUGUUGCACOAC 254 GGGAMG~ 1191 GGAAA.Gl\G 212 8 GAAAGAG 3065 

hsa mirt-132 UAACAGUCUACAGCCAUGGCCG 255 TAGAC'l'G'l''l' ll92 AGAC'l'GT'l' 212 ~ GACTG'l'T 3066 

hsa~m.3.a-132* ACCGUGGCUUUCGAUUGUUACO 256 AA.Gc.CACGG 1193 AGCCACGG 213 0 GCCACGG 3067 

haa-miR~l.321 CAGGGAGGUGAAOGOGAO 257 CACCTCC.CT 1194 ACCTCCCT 2131 CCTCCCT 3068 
nea--rniR-1322 GAUGAUGCUGCUGAUGCOG 200 CJ\.GCATCAT 1195 1'GC1\.TCAT 2132 GCATCAT 3009 
nsa-miR.-1323 OCAAAACUG11.GGGGCAUUUUCU 259 TCA.G'I''l''l''l'G 1196 CAG'l'T'I''l'G 21'.)3 AGTT'l'TG 3070 
hsa-.mi.R-13:2.4 CCAGACAGAAOOCO~OGCACOOUC 200 TTC'l'GTCTG 1197 TCTGTC'l'G 213' CTGTC'l'G 3071 
hsa-miR-133.e. UUUGGUCCCCUUCAACCAGCUG 261 GGGGACCAA 1198 GGGACCAA 2135 GGACCAA 3072 
hs.a-miR l33b UUUGGUCCCCOOCAAcCAGCUA 262 GGGGACCM. 1199 GG~CCAA 21'.JG GGACCM 3073 

haa.-miR.-134 UGUGACUGGOOG~CCAG~GG 263 ACCAG'l'CAC 1200 CCAG'l'CAC 21'.l7 CMiTCl\C 3074 

hea.~miR-13Sa UAUGGCUUUUUAUUCCUAUGUGA 264 AAAAGCCAT 1201 AAAGCCAT 2138 AAGCCAT '.l075 
h:!i.!1.-miR-135ll.~ UAUAGGGAOUGGAGCC$0GGCG 265 AA'l'CCC'l'P..'l' 1202 11.'l'CCC'l'~T 2139 XCCCTAt :3076 

hea~rniR-135b U~UGGCOUUUCAUUCCUAUGUGA 266 MAAGCCAT 1203 AAAGCCA'l' 21'0 AAGCCA'l' '.l077 
hsa-miR~lJ5b~ AUGUAGGGCUAAAAGCCAUGGG 267 AGCCCTAC'.A 1204 GCCCTACA 2141 CCCTACA 3079 
h:!ia--mi.R-131$ ACUCCAUUUGtm'UUGAUGAOGGA 260 CAAATGG~G 1205 AAATGGAG 2142 AATGGA.G 3079 

hsa-miR.-136* CAUCAOCGOCOCAAAOG1\GOCO 269 GACGA'l'Gl\'l' l-206 1\CGATGAT 21(13 CGATGA'l' 3080 

h:sa.~miR~lJ7 UUAUUGCUUAAGAAUACGCGUAG 270 TAAGCAATA 1207 AAGCAATA 2144 AGCAATA 3001 

hsi!l.-miR-138 AGCUGGUGOUGUGAAUCAGGCCG 271 AAC.1t.CCl\.GC 1208 ACACCAGC 2145 CACCAGC ::ioa2 
h.sa--mill~138-l* GCUACUUCACA11.C~~GGGCC 272 G'l'GAAG'l'AG 1209 'l'GAAG'l'AG 2146 GAAG'l'AG 3083 
hsa-mill-138-2"" GCU~'IJ"OOC.ilCGACACCAGGGOO' 27J GTGAM.TAG 1210 'I'GMA'l'AG 2147 GAAATAG 3084 
l:i.sa-miR-139-3p GGAGZ\CGCGGCCCUGUUGGAGU 274 CCGCGTCTC 1211 CGCGTCTC 2148 GCGTCTC 3085 

hS.ll-miR-l39-5p UCUACAGUGCACGUGUCUCC~G 275 GCAC'l'G'l'AG l212 CAC'l'G'l'2\G 2149 AC'l'G'l'AG 3086 
hsa-miR-1i!.0-.3p UACCACAGGGUAGAACCACGG 276 CCCTGTGGT 1213 CCTGTGGT 2150 CTGTGGT 3087 

h:sa-rniR-l40-5p CAGUGGUUUUACCCUAUGGUAG 277 AAAACCAC~ 1214 AAACCACT 2151 AACCAC~ 3088 
hsa-mil\-141 DAACACUGOCOGGO.AAAGAUGG 278 Gl\.C~G'l'G'l''l' 1215 A~G'l'~'l' 2152 CAG'l'G'l''l' 3089 
h:ea-miR-141 '* C~OCIJlJCCAGUACAGUGUUGGA 279 CTGGM.GAT 1216 TGGAAGAT 2153 GGAAGAT :3090 

h.sa-miR-l42-3p UGUAGUGUUUCCUACUUUA.UGGA 280 P..MCACTAC 1217 MCACTAC 2154 ACAC'I'AC 3091 
hsa-mill~l.tJ.2-Sp CAO~OAGAAAGCACOACO 261 C'I'.11.C'l''l''l'A'l' 1218 'l'AC'l''l''l'A'l' 2155 AC'l''l''l'A'l' 3092 
hsa~rniR-143 UGAGAUGAAGCACUGUAGCUC 282 CTTCATCTC 1219 TTCATCTC 2156 TCATCTC 3093 

hsa-miR-143* GGUGCAGUGCUGCAUCOCUGGO 203 GCACTGCAC 1220 CAC~GCAC 2157 ACTGcAC 3094 
liea-IO;i.it-l4i;t OACAGOAOAGAOGAOGOACO 264 C'l'A'l'AC'l'G'l' 1221 'l'A'l'AC'l'G'l' 2158 ATACTG'l' 3095 

hsa-miR~144* GGAUAUCAUCAUAUACUGUAAG 285 GATGATATC 1222 ATGATATC 2159 TGATATC 3096 

hea-mi.R.-145 GOCCAGOOlJlJ"CCCAGGAAOCCCO 286 AAAACTGGA 1:<23 i;lMCTGGa 2160 AACTGGA 3097 
hsa-rn.1.ll-l4.5* GGAOOCCOGGAAAOACOGOOCO 287 CCAGGAA'l'C 1224 CAGGAA'l'C 2161 AGGAATC 3098 

h5.!1.--miR-l468 COCCGUUUGCCOGUUUCGCUG 280 GCAAACGGA 1225 CAAACGGA 2162 Ml\COOA '.l099 
hsa-mi.R-1469 COCGGCGCGGGGCGCGGGCOCC 289 CCGCGCCGA 1226 CGCGCCGA 2163 GCGCCGA JlOO 

hsa-mi.a.-l46a UGAGAACUGAAUUCCAUGGGUO 290 'l'CAG'l''l'CTC 1227 CAGTTCTC 2164 AGTTCTC 3101 

hsa--tttiR-146.!.'* CCbCUGAAAUUCAG~UCOUCAG 291 ATTTCAGAG 1228 TTTCAGAG 2165 TTCAGl<G 3102 
hsa-mi.R.-146Q-3p UGCCCOGOGGACOCAGOOCOGG 292 ccnCAGGGC 1229 CAC1\GGGC 2166 ACAGGGC 3103 

hoo""llliR-146b-5p UGAGAACUGAAUUCCAUAGGCU 293 TCAG'l''l'CTC 1230 CAGTTCTC 2167 AGTTCTC 3104 
h:SA--miR-1.tJ.7 GUGOG'OGGAllaOGCOOCOGC <9• tTCCACl\Cll 12'.ll 'l'CC~C}l.CA 2166 CCACACA 3105 
haa-mi.R-1470 GCCCUCCGCCCGUGCACCCCG 295 GGCGGAGGG 1232 GCGGAGGG 2169 CGGAGGG 3106 

hsa~miR-1471 GCCCGCGUGUGGAGCCAGGUGU 296 ACACGCGGG 123J CACGCGGG 2170 ACGCGGG '.ll07 
hsa.-mi.It-147b GUGDGCGGAAAOGCIJlJCOGCOA 297 TTCCGC1\.CA 1234 'l'CCGCACA 2171 CCGCACA 3108 

bsa-m1R-14ea OCAGOGCACOACAGAACUUUGO 298 AGTGCACTG 1235 GTGCACTG 2172 TGCACrG 3109 
hs.a~rniR-149a"" AAAGUUCUGAGACACUCCGACU 299 TC:A.GM.CT1' 1236 CP,..GAACTT 2173 ~C'l''l' 3110 
hsa-:in:l.Ft-l46b OC~GOGCAOCACAGAACUUUGU 300 GA'l'GCACTG 1237 ATGCACTG 2174 TGCACTG 3111 

hsa-mi&~148b* AAGUUCUGUUAUACACUCl\GGC 301 AACAGAACT 1238 ACAGAACT 2175 ~GAAC'l' 3112 
hsa-mi.P..-1~9 OCOGGCOCCGOGOCUOCACOCCC 302 CGGAGCCAG 1239 GGAGCCJ\.G 2176 GAGCCAG 3113 
hsa~miR~l49* AGGGAGGGACGGGGGCUGOGC 303 GTCCCTCCC 1240 TCCCTCCC 2177 ccc~ccc '.lll4 
hsa-mill-150 UCUCCCA1\CCCOOGTJACCAGOG '.)04 GG'l'TGGGi\G 1241 G'l''l'GGGAG <l78 'l''l'GGGAG 3115 
hsa-miR.-150W COGGOACAGGCCUGGGGGACAG 305 CCTG'l'ACCA 1242 CTG'l'l\CCA 2179 TGTACCA 3116 

hs.a~miR~151 3p CUAGACUGAAGCUCCmIG~GG 306 'l'TCAGTCi"A 1243 'l'cAGTC'l'A 2180 C-1\.G'l'C'I'll 3117 
bsa miA.-151-Sp OCGAGGAGCUCACAGUCUAGU 307 AGC'l'CC'l'CG 1244 GC'l'CCTCG 218l- CTCCTCG 3118 
n.:sa-miR~l.S2 UCAGUGCAUGACAGAACrn1GG 308 CATGCACTG 1245 ATGC4CTG 2182 TGCACTG '.lll9 
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beq-wJ.)l-15:3 OO'GCAUAGOCACAAAAGUGAOC 309 GAC'l'A'l'GCA 1246 AC:.TATGCA 2183 CTA'tGCA 3120 

b~a-miR-1537 AAAACCGtJCUAGUUACAGUCGO 310 AGACGG'l''l''l' 1247 GACGGTTT 2la• ACGGfTT 3121 

bsa-miR-153e CGGCCCGGGCOGCOGCOGUUCCU 311 GCCCGGGCC i24a CCCGGGCC 2185 CCGGGCC 3122 

hsa-miR-lS39 UCCUGCGCGUCCCAG~OGCCC 312 ltCGCGCAGG 1249 CGCGC~ 2186 GCGCAGG 3123 

h.:sa-.m.i.B.-154. OAGGilUAOCCGUGUUGCCUUCG 313 GGATAACC'l' 1250 GATAACC'l' 2187 ATAACCT 3124 

hsa-mi'.R-154'* AAOCJl~CAC:GGUUGACCUAOU 314 GTGTA'l'GA'l' 12~1 'l'GTATGA'l' 2180 GTA'?GA'I' 3125 

hsa-?lrl.R-155 UCAAOGCOlUW'CGOGADAGGGGU 315 TT'AGCATTA 1252 'J:'AGCA.TTA 2189 AGCATTA 3126 

liea-miR-155* CUCCUACAOAOOA.GCA'OOAACA 316 'l'ATGTAGGA 1253 A'l'G'I'AGGA 2190 T$TAGGA 3127 

hsa.-:tniR lSa OAGCAGCACAUAAUGGUOOGOG 3l7 'l'G'l'GCTGC!' 1254 GTGC'l'GCT 2191 TGC'l'GCT 3l28 

h:!!a.-.m.iB.-l5i!L* CAGGCCAOAaomJGCUGCCOCA 310 ATATGGCC'l' 1255 'l'A't'GGCCT 2192 ATGGCC'l' 3129 

hsa-ra.iR-l!!ib UAGCAGCACAOCAOGGOOUACA. 319 l'G'!IGCTGCT 1256 G'l'GC'l'GCT 2193 'l'GCTGCT 3130 

h~t.i.-miR~l5b* CGAAOCAOUAtJUOGCOGCOCOA 320 'l'MTGATTC 1257 AATGA'l''l'C 2194 A'l'~'l'TC .:3131 

hsa-miR lS OAGCAGCACGUAAAUAUOGGCG 321 CG'l'GC'l'GCT 1258 GTGCTGC'l' 2195 TGC'l'GCl" 3132 

b.sa.-lll.1~-l6-l"" CCAGOA'OOAACOGuGCUGCUGA 322 TTAATACTG 1259 'l'AA'rACTG 2196 AATACTG 3133 

h:sa-.mi.R 16-2* CCAAUAUUACUGUGCOGCOUOA 323 G'l'AATA'I'TG 1260 TAA'l'AT'l'G 2197 AA'I'ATTG 3134 

hsa-miR-17 CAAAGCJGCUOACAGUGCAGGOJ.\.G 324 AAGC/lCTTT 1261 AGCAC'l"l''l' 2198 GCACT'l'T 3135 

hsa--mill-17• ACUGCAGOGlU\.GGCACUUGtJAG 325 TCACTGCAG 1262 CACTGCAG 2199 ACTGCAG 3136 

hs.&-miR-lGla AACAUUCAACGCOGOCGGtJGAGO 326 GTTGAATGT 1263 'l''l'GAATGT 2200 TGAA1'GT 3137 

haa-.mi.Il-10la-r ACCAO'CGACCGUUGAOO'G~C 321 GG'l'C$AtGG 1264 G'l'CGATGG 2201 'l'CGA'l'GiG 31313 

hsa.-miR-l8la-2z ACCACOGACCGOUGACOGUACC 320 GGTCAG'l'GG 1265 GTCAGTGG 2202 TCAGTGG 313• 

Mo miR-lalb AACAUOCAOOGiCOGOCGGUGGGU 329 AATGAATGT 1266 ATGAATGT 2203 'l'GAATGT 3140 

h.:sa.--miR 191e AACAUUCAACCOGOCGGOGAGU 330 GTTGAATGT 1267 'l''l'G11.ATGT 2204 'l'GAATGT 3141 

hea-miil-lBlc~ ~CAUCGACCGUUGAGOGGil.C 331 G'l'CGA'l'GGT 1268 TCGATGGT 2205 CGATGG'l' :3142 

hsa~m1R-l81d AACAOOCAOO'GOOGUCGGUGGGO 332 AATGAATGT 1269 ATGAA.TGT 2206 TGAA'l'GT 3143 

h.:sa.-miR-192 OUOGGCAAUGGOA~OCAC".ACU 3J3 CATTGCCM 1270 A'l'TGC::CAA 2207 TTGCCAA 3144 

haa-mi.fl-1821'1" OGGOUCO~UUGCCAACOA 334 TCTAGAA.CC 12'11 CTAGAACC 2200 TAGAACC 3145 

hsa-:rui"R-1825 OCCAGOGCCCOCCUCDCC 335 GGGCACTGG 1272 GGC'.ACTGG 2209 GCACTGG 3146 

hsa'-1UR-:t.e2Ei AUUGAUCAUCG1lC~C::UUCGAACGCAAO 336 GATGATCAA 1273 ~'l'GATCAA 2210 'l'GATCAA 3147 

hsa~miR 1827 OGAGGCAGUAGAUUGAAU 337 TACTGCC'l'C 1274 ACTGCCl"C 2211 CTGCC'l'C 3148 

· hsa-m1R-la3 OAUGGCACOGGO~GAAUUCACU 338 CAGTGCCAT 1275 AG'tGCCAT 2212 GTGCCAT 3149 

hatl-miR-l93T GoGAAUUACCGAAGGGCCA~AA 339 GG'l'AATTCA 1276 <ii'l'AA'l''l'CA 2213 TAA'l''l'CA 3150 

hsa-miR.-lB':l. OGGACGG.!\.GAACUGAUAAGGGO 340 TC'l'CCG'l'CC 1277 CTCCG'l'CC 2214 TCCGTCC 3151 

hsa-m,i.Il.-185 UGGAGAGAAAGGCAGOUCCUGA 341 TTTCTCTCC 1278 TTCTCTCC 2215 TCTCTCC 3152 

hsa miR-185* AGGGGCUGGCUUOCCOCOGGOC 342 GCCAGCCCC 1279 CCAGCCCC 2216 O\GCCCC 3153 

J:ie:a""lfil.Il-186 CAAAGAAOOCOCCUUUUGGGCO 343 GAA'l'TC'l''l''l' 1200 AATTC'l''l'T 22l7 ATTCTTT 3154 

hsa~miR-196"* GCCCAAAGGUGAAOOOOOl:tGGG 344 ACCTTTGGG 1281 CCTTTGGG 2210 C'l"l''l'GGG 3155 

h:s.a~miR-187 OCGUGOCUO'GUGUUGCA<iiCCGG 345 CAAGACACG 1292 AA$AC8CG 2219 AGACACG 3156 

haa-miR-187* GGCOACtulel\CAGGACCCGGGC 346 TG'l''l'G'l';i\.GC 1283 G'l"l'G'l'AGC 2220 T"t'G'l'AGC 3157 

h.sa--miR-l88-3p CUCCCACAOGCAGGGOUUGCA 3'7 CATGTGGGA 1284 ATGTGGGA 2221 TG'!'GGGA 3158 

h:Sa-JD.iR-188 5p CllOCCCUUGCAUGGOGGAGGG 34a GCAAGGGAT 1285 CAAGGGAT 2222 AAGGGA'l' 3159 

hs&--miR~lS.a UAAGGUGCAOCOA.GUGCAGAUAG 349 ATGCACCT'l' 1286 TGCACCTT 2223 GC1\CCT'I' 3160 

haa--mi.R.~18a"* ACUGCCCUAAGOGCOCCUUCUGG 350 l'TAGGGCAG 1207 TllGGGCAG 2224 AGGGCAG 3161 

llsa-miR-18b OAAGGO'GCAUCUAGOGCAG~UAG 351 ATGCACCTT 12BB 'l'GCACCTT 2225 GCACC'l'T 3162 

hsa~m.iR~lab* UGCCCOAAA.UGCCCCDUCOGGC 352 AT'l''l'AGGGC 1289 TTTAGGGC 2226 'l''l'aGGGC 3163 

h.1;1a-miR 190 UGAUAOGOOUG~OAuaUOAGGD 353 AAA.CAT ATC 1290 AACATATC 2227 ACA'l'A'l'C 316~ 

hsa-:Qrl.R-1909 CGGCGGGGACGGCGAtrOGGOC 354 GTCCCCGCC 1291 TCCCCGCC 222a CCCCGCC 3165 

hsCL-miR-1909 CGCAGGGGCCGGGUGCUCACCG 355 GGCCCCTGC 1292 GCCCCTGC 2229 CCCC'l'GC 3166 

hi;ia milt 1909* UG1\.GUGCCGGOGCCOGCCCUG 356 CCGGC1\CTC 1293 CGGCACTC 2230 GGCACTC 3167 

hsa-miR-190b UGAIJAOGotlUGAOAUUGGGtfU 357 AM.CAT ATC 1294 AACATATC 2231 ACA1tATC 3160 

hsa-miR-191 ~CGGAAOCCC~GCAGCOG 350 GATTCCSTT 1295 A'l"I'CCGTT 2232 TTCCG'l''l' 3169 

hsa-miR-191 ~ GCOGCGCOUGGAOUUCGUCCCC 359 CAAGCGCAG 1296 AAGCGCAG 2233 J!,.GCGCAG 3170 

hsa-miil-1910 CCAGUCCOGOGCCOGCCGCCO 360 ACAGGACTG 1297 CAGGACTG 2234 AGGAC":l'G 3171 

hsa-.in:J_ll.-1911 OGAGOACCGCCAOGOCOGtJUGGG 361 GCGGTACTC 1298 CGG'l'l\CTC:. 2235 GGTACTC 3172 

hsa-miR~1911 • CACCAGGiCAUUGOGGOCUCC 362 11.TGCCTGG'l' l299 TGCCTGG'l' 2236 GCCTGGT 3173 

hsa.-mi.It-1912 UACCCAGAGCAUGCAGUGOG~ 363 GC'l'CTGGGT 1300 C:.TCTGGGT 2237 'l'C'l'GGGT 3174 
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ha.&1:~miR-1913 UCUGCCCCCOCCGCOGCOGCCA 364 AGGGGGCAG 1301 GGGGGCAG 223a GGGGCAG 3175 
hsa-JD.iR-1914 CCCOGOGCCCGGCCCACOOCUG 365 GGGCACAGG 1302 GGCACAGG 2239 GCACAGG 3176 

hsa-miR-1914* GGAGGGGUCCCGCACUGGGAGG 366 GGA.CCCCTC 1303 GACCCCTC 2240 ACCCCTC 3177 

hsa-miR l91S CCCCAGGGCG~CGCGGCGGG 36; CGCCC'l'GGG 1304 GCCCTGGG 2241 CCCTGGG 3i;a 
hea""ln.i.R-1915* ACCOOGCCTJUGCOGCCCGGGCC 36a AACGCM.GG 1305 AGGCAAGG 2242 GGCM.GG 31;9 
hsa miR-192 CUGACCUAUGAAUOGACAGCC 369 CATAGGTCA 1306 ATAGG'I'~ 2243 TAGGTCA 31EIO 

hsa.-.miR 192* CUGCCAAUOCCAUAGGOCAC:.AG 370 GAAT"POOCA 1307 AA'l''l'GGCA 2244 ATTGGCA 3181 

hsa~JlliR-19.3a-.3p AACOGGCCUACAAAGUCCCAGU 371 'l'AGGCCAGT lJOB AGGCCAGT 224.5 GGCCAGT 31S2 
h.Sa.~nU.R-193lJ.~~p OGGGUCUUUGCGGGC$AGAUGA 372 CMAGACCC 1309 AAAGACCC 22H 1\AGACCC 3183 

hS.!s.-miR-193b AACOGGC:CCOCAAAGUCCCSCO 373 AGGGCCAG'l' 1310 GGGCCAGT 2247 GGCCAG'l' 3184 

)J.ea-tlrl.R-19.'.30"' CGGGGOOUOGAGGGCGAGAUGA 374 CMMCCCC 1311 MAACCCC 2248 AAACCCC 3185 
h.Sa-miR 194 UGUAACAGCAACUCCAUGUGGA 375 TGCTGTTAC 1312 GCTGTTAC 2249 C'l'GT'l'll.C 3106 

hsa-mi..R-194* CC~GUGGGGCUGCUGUUAUCUG 376 GCCCCACTG 1313 CCCCAC'l'G 2250 CCCACTG 31a; 
h:sa~ro:L:R~19S OAGCAGCACAGAAAUAOUGGC 377 TGTGCTGC'l' 1314 G'I'GCTGC'l' 2251 TGCTGCT 3199 
h.ea~miR-195* CCAAUAUUGGCUGUGCOGCUCC 378 CCAA'l'A'l'TG 1315 CAATATTG 2252 AATATTG 3189 

hsa-miR-l96a UAGGUAGUUUCAUGOOG'OO'GGG 379 AAACTACCT 131G AACTACCT 225.3 i;\CTACCT 3190 
hea~rniR~196a* CGGCAACAAGAAACUGCCUGAG 380 C'l"l'GTTGCC 1317 'l''l'G'l''l'GCC 2254. TGTTGCC 3191 

hsa miR l96b UAGGUAGUO~CCOGUOGUOGGG 391 AAACTACC'l' 1310 AACTACCT 2255 ACTACCT 31n 
hsa miR J.97 OuC'ACCACCOl;rCOC~CCCAGC 392 AGGTGGTGA 131~ GGTGG'l'GA 2256 G'l'GG'l'G:A 3193 
h:!ia.-miR: 190 GGOCC~AGGGG~GAOAGGUOC 3S3 CCTCTGGAC 1320 CTCTGGAC 2257 'l'C'l'GGAC :3194 

h:si!1..-mill.-199a-.Sp CCCAGOG'O'OCAGACUACCUGUOC 3S4 GMCllCTGG 1321 MCAC'l'GG 2258 ACACTGG 3195 

tise~miR-l99b-3p ACAGUAGUCUGCACAUOGGOOA 3•• AGACTACTG 1322 GACTACTG 2209 ACT~C'l'G 3196 
hsa.-mill-199b-5_p CC~GOG'O'OOAGACUAUCOGOUC 3S6 AAACAC'l'GG 1323 AACACTGG 2260 ACACTGG 3197 

ltsa-miR-lSla UGUGCAAAUCUAUGCAAAACOGA 3S7 GA'l''l''l'GCAC 1324 ATTTGCAC 2261 TT!l'GCAC 3196 
hss m.iR l9a~ AGUUUUGCAUAGUUGCACOACA 399 ATGCAAAAC 1325 TGCAAAAC 2202 GCMMC 3199 
h~tl.-mi.R 19b OGOGCAAAUCCAOGCAAAACOGA 369 GATTTGCAC 1326 l\T'l''I'GcAC 2263 TTTGCAC 3200 
hl;la-lll1R~l9:b-l* AGUUUUGCAGGUUUGCAUCCAGC 390 CTGCAAAAC 1327 TGCAAAAC 2264 GCAAAAC 3201 
h~a--mi.R-19b-2"* AGUOOUGCAGGOOOGcAOOOC~ 39! CTGCAAAAC 1328 TGCAAMC 2265 GCAAAAC 3202 
haa-inl.R-200a OAACACOGOCUGGUAACGAUGU 392 Glt.C1\GTG'l''l' 1329 ACAG'I'GT'l' 2266 CAGTGTT 3203 

h.ea-m1R-200a'*' CAUCUUACCGGACAGUGCOGGA 393 CGG'l'AACPAT 1330 GGTAAGAT 2267 GTAA.GA'I' 3204 
h~ci......mi.Fl.~200b ol\l>UACOGCCOGGOAAOGAOGA 394 GGCAGTATT 1331 GCAG'l'A'l''I' 226a CAG'I'A'l"l' 3205 

h:!ii~-m1R-200b* CAOCUUACOGGGCAGCAUUGGA 390 CAGT.iaGAT 1332 AG'I'AAGAT 2269 GTAAGAT 3206 
bsa-miR~200c UAAUACUGCCGGGUAP.:o'~OG~ 396 GGCAG'l'A'l'T 1333 GCAG'l'A'l'T 2270 CA.G'l'A'l''I' J207 
h:!i.!1..-.miR-200c,i. CGUC001\.CCCAGCAGOGOOOGG 397 GGGTAAGAC 1.3.34 GG<AAGl\C 2271 GTAAGAC 3208 

h:sa--miR 202 AGAGGUAOAGGGCAUGGGAA 39S C'l'l\'l'llCC'l'C 1335 TATACCTC 2272 ATACCTC 3209 
hs,i,.-miR-202* uUCCUAUGCAOAU.ACUOCOOOG 399 TGCATAGGA 1336 GCATAG~ 2273 CJ\'l'AGGA 3210 
h~a-miR-203 GOG~OGO"OOAGGACCACUAG 400 AACA'.l.1'l'TCA 1337 ACA'I''l''I'CA 2274 CATTTCA 3211 

h.es-miR-204 UUCCCUUOGUCAUCCUAUGCCU 401 ACAAA.GGGA l33B CAAAGGGA 2275 AAA.GGGti, 3212 
h~a-.mi.Fl.~205 DCCUUCAOUCCACCGGhGOCOG 402 GAATGAAGG 1339 AATGAAGG 2276 A'I'GAAGG 3213 
h:!!Cl.-tn;l...P.,-206 UGGAAOGOAAGGAAGUGUGUGG 403 TTACATTCC 1340 'I'ACAT'l'CC 2277 ACATTCC 3214 
hss miR 200a AUAAGACGAGCAA.AAAGCOOG"O 404 CTCG'l'C'l'TA 134.1 TCGTC'l''I'.1\. 227a CG'l'C'l''l'A 3215 
hSa-milt-208b AU~GACGi\ACAAAAGGUUUGU 405 TTCGTCTTA 1342 'l'CG'l'CTTA 2279 CGTCTTA 3216 

h1;1a-m1R-20a UAAAGUGCUUAOAGUGCAGGUAG- 406 AAGCACTTT 1343 AGCACTTT 2280 GCAC'l'T1' 3217 
hsa-miR-20&:*" ACUGCADUAOG1\GC.AC'O'OAAAG 407 ATAA'l'GCAG 134.4 'l'M'l'GCAG' 22a1 M'l'GCAG 3218 
ha.~-mi.P.-201;1 CAAAGOGCOCAUAGUGCAGGDAG 40S GAGCACT'rl' 1345 AGCACTTT 2292 GCACTTT 3219 
ll.ea-m;i.R~20b,._ ACOGUAGUAUGGGCACOlTC~G 409 A'l'AC'l'ACAG 1:34.6 TAC~AC~ 2283 AC:TACAG 3220 
hsa-miR.-21 UAGC'O'OAOCAGACUGAUGUUGA 410 TGATAAGCT 1.34i GA'I'AAGCT 22a4 A'I'AAGCT 3221 

hsa-m.i.R-21 * CAACACCAGUCGAUGGGCOGO 411 ACTGGTG'l''l' 1348 CTGGTGl'.l'T 2285 TGGTGTT 3222 
h:sa-miR-210 CUGUGCGUGOGACAGCGGCUGA 412 ACACGCACA 1049 CACGCACA 2286 ACGCACA 322.3 

hso-IRiR-211 OUCCCODUGOCAOCCUOCGCCU 413 ACAAAGGGA l"3::ii0 CAAAGGGA 2287 AAAGGGA 3224 
h:sa-111iR-212 UAACAGUCOCCAGOCACGGCC 414 GAGAC'l'G'l''l' 1351 AGACTG'l''l' 2288 GAC~G'l'T 3225 
hi;ia-miR-214. ~CAGCAGG'CACAGACAGGCAG'IJ 415 TGCCTGCTG 1352 GCC'l'GCTG 22a9 CCTGC'l'G 3226 
h:sa-miR-21.Q'*' UGCCUGDCUACACtJOGCUGUGC 416 TAGACAGCilt:: 1353 AGACAGGC 2290 GACAGGC 3227 
h~a-miR-215 ~OGACCOAOGAA"OOGACAGAC •17 CATAGGTCA 1304 A'l'AGGTCA 2291 'l'AGGTCA 322a 
h:st.a-miR-216a OAAUCUCAGCUGGCAACUGUGA 416 GCTGAGATT 135> CTGAGATT 2292 'l'GAGATT 3229 
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h:sa....miR-216b AAAOCOCOGCAGGC~OGUGA 419 GCAGA.GATT 1356 CAGAGAT'l' 2293 AGAGA'l''l' 3230 

hsa-mill-217 OACOGC~OCAGGAACOG~IlUGGA 420 'l'SATGCAGT 1357 GATGCAG'I' 229-d ATGCAG'l' 3231 

tJ.sq.-m:J..R-218 UUGUGCUUGAOCOAACCAOGO 421 'I'CAAGc~CJl l'.358 CM.GCACA 229'5 AAGCACA 3i:l2 

hsa-miR~2:t.e~1• AUGGOUCCGOCAAGCACCAOGG 422 ACGGAACCA 1359 CGGAACCA 2296 GGllAcCA 3233 

hsa.-miR-21.9-2* CAOGGUUCOGOCAAGCACCGCG 423 ~GAACCAT 13GO AGAACC1>.T 2297 GAACCJ\'I' 3234 

hsa~R-219~1~3p AGAGOOGAGOCIJGGACGOCCCG 424 ACTC:AnC'l'C 1361 CTCAAC'l'C 2298 TCAACTC 3235 

hsa-=1R-2l9-2-3p AGAAUUGOGGCOGGll.CAUCUGU 425 CCACM.'I''l'C 1362 CACAATTC 2299 ACMTTC 3236 

hsa-miR-219-5p nGAUUGUCCAAACGC~OUCU 426 TGG~AA'l'C 1363 GGACAATC 2300 GACAATC 3237 

hsa-mi.R 22 AAGCOGcCAGOUGAAGAACOGO 427 C'l'GGCAGCT 1364 TGGCAGCT 2301 GGCAGCT 3238 

hsa""llliR-22• AGOUCOOCAGOSGCAAGCUUUA 428 CTGl\AGAAC 1365 TGAAGAAC 2302 GM.GAAC 3239 

hs&-nti.R-220a CCACACCGUAUCUGACAC'OO"O 429 'l'.ACGGTGTG 1366 ACGGTGTG 2303 CGGTGTG 3240 

haa-miR.~220ti CC~CCACCGUGUCUGACACOO 030 ACGGTGGTG 1367 CGGTGGTG 2304 GG'l'GG'l'G 324l 

h.e.a-mirt~22oc ACACAGGGCUGUOGUGAAGACU 431 AGCCCirGTG 1368 GCCC'I'GTG 2305 CCCTG'l'G 3242 

hsa.-miR-221 AGCOACAUUGOCOGCOGGGUUUC 432 CAA'l'GTAGC 1369 AATGTAGC 2306 ATGTAGC 3243 

h:;a--mi.R 221~ ~CCUGGCAOACAAUGUAGAOOO 433 TATGCCAGG 1370 "-'£GCCAGG 2307 'l'GCClt.GG 32'14 

1lea-miR~222 AGCW\ChOCOGGCUACUGGGU 434 A.GATGTAGC 13'71 GA'l'G'l'1'.GC 2308 ATGTAGC 3245 

hsa-mj.R.-222* CUCAGUAGCCAGOGUAGAUCCO 435 GGC'l'AC'l'G1\ 1372 GCTAC'l'GA 2309 CTAC!GA 32415 

hsa-miR-223 OGUCAGOUUGUCAAAOACCCcA 436 CAAA.C'l'GAC 1373 AAACTGAC 2310 AA.CTGAC 32~7 

h:sa.-miR~223r CGOGUAOUUGACAAGCUGAGOO 437 CAAATACAC 1374 AAA'l'~CAC 2311 AATACAC 32~8 

h:i;ia~miR~224 CAAGOCACO~OGGUUCCGUU 43S 'l'AG'£~CT'I' 1375 AGTGAC'l''l' 2312 GTGACTT 3249 

hsa-w.;i,R-23a AUCACAUUGCCAGGGlUJUUCC 439 GCAA'l'G'l'GA. 1376 CAATGTGA 2313 M'l'GTGA 3250 

bsa-m1R-23ar GGGGUUCCUGGGGAOGGGAOTJlJ" 440 CAGGAACCC 1377 AGGAACCC 2314 GGAACCC 3251 

haa--miil-23b AOCACAOtJGCCAGGGAtruACC 441 GCAATG"rGA 13?8 CAA'l'G'I'G~ 2315 .AA.TGTGA 3252 

~s.a-.mi.R-23b• UGGGUOCCOGGCAOGCOGAUUU 442 CAGGAACCC 1379 AGGAACCC 2316 GGAACOC 3253 

h:!la-miR-24 OGGCUCAGUUCAGCAGGAACJ\G 443 AACTGAGCC 1380 ~TGAGCC 231? CT GAG CC 325'1 

haa~mill-24-1 ~ UGCCWlCOGAGcUGAUAUCAGU 444 TCAG"l'AGGC 1381 CAGTAGGC 231e AG-TAGGC 3255 

hsa-m;iR-24-2• UGCCUACOGAGCOGAAACACAG- 445 'l'CAG'l'Pt.GGC 1382 CAGTAGGC 2319 AGTAGGC 3256 

hsa-miR-25 CAUOGCACUUGUCOCGGOCOGA 446 AAGTGCAA'l' l3S3 AGTGCAAT 2320 G'l'GCAh'l' 3257 

haa--mill-25* AGGCGGAG~COOGGGCAAUUG 447 GTC:TCCGCC 1384 'l'C'l'CCGCC 2321 CTCCGCC 3258 

hsa~m1R~2Eia OUCAA.GUAAUCCAGGAO~GGCO 448 AT'l'AC'l''l'G11. 1385 'l"'l'ACTTGA 2322 TAC~GA 3259 

hSll--miR-2 titJ.-1 * CCOAOOCOUGGUUACUUGCACG 449 CAAGAATAG 13S6 UGAATAG 2323 AGAA'l'AG 3260 

haa-itd.B.-2Eia-2* CCUA'OOC'OOGAOOACUUG-UUUC 450 CAA.GAATAG 1387 AAGAA'l'AG 2324 AGAA.TAG 3261 

haa~miR-26b DDCAAGUAA.UOCAGGAOAGGU 451 AT'l'ACT'l'GA 1308 TTAC'l'TGA 2325 'l'AC'tTGA 3262 

bsa miR 26b~ CCOGUOCaCCAUUACUOGGCOC 452 GGAGAACAG l3e9 GMAACAG 2326 AGAAC:i\.G 3263 

hi;ia-mill-2"Ja OUCACAGUGGCOA1t.GOOCCGC 453 CCACTGrGA 1390 CAC'l'G'l'GA 2327 ACTGTGA 3264 

bsa-miR-27a~ ~GGGCUOAGCOGCOUGOGAGCA. 454 GCTAA.GCCC 1391 CT MG CCC 2328 'l'AAGCCC 3265 

h:sa-miR.-27b OOCACA.GtrGGCOAAGUUCUGC 455 CCACTGTGA 1392 CACTGTGA 2329 ACTGTGA 3266 

ha.a-ii:U.Et-27b* AGAGCOOAGCOGAOUGGUGAAC 456 GCTAAGCTC 1393 C'l'AAGC'l'C 2330 TAAGCTC 3267 

hsa.-miR-28-3p CACOAGAUUGOGAGCOCCUGGA 457 CM.'l'C'l'AGT 1394 AATCTAGT 2331 ATCTAGT 3260 

haa-111.iR 29-:;;p AAGGl\GCUCACAGUCUAOOGAG 458 TGAGCTCC'l' 1395 GAGCTCCT 2332 AGCTCC'l' 3269 

hS&--m.i.R-25)6-J:p GAGGGUUGGGOGG1\GGCUC:UCC 459 CCCAACCC'l' 1396 C:CAACCCT 2333 CAACC01 3270 

haa--miR-296-.Sp AGGGCCCCCCCUCAAUCCOGU 460 GGGGGGCCC 1397 GGGGGCCC: 2334 GGGGCC::C 3271 

Jl.1;1a-miR-297 AOGO~OGOGO'GCAUGUGCAUG 461 Pi.CACATACA 1399 CACh'l'A~ 2335 ACATACA 3272 

h5.a-miR-29B AGCAGAAGCAGGGAGGOUCUCCCA 462 'l'GC'l''l'C~GC l3g9 GC'l''l'C'l'GC 2336 C'I''l'CTGC 3273 

h:!:!.a~miR-299-Jp UAUGDGGGAUGGUAAACCGCUO 463 ATCCCACA'l' 1400 TCCCACAT 2337 CCCACA'l' 3214 

l\ea~miR-299-5p OGGOOTn\CCGOCCCACAUACAU 464 CGG'l'AAACC: 1'101 GGTAAACC 2338 GTAAACC 3275 

hsa~miR-29a UAGCACCAUCOGAAAUCGGOOA 465 GATGGTGC'l' 1402 ATGGTGCT 2339 TGG'I'GC'l' 3276 

haa--DliR~29a* ACOGl\OOUCUUOUGGUGUUCAG 466 FlGAAA.TCAG l40:9 ~TCAG 2340 AAATCAG 3277 

b.1;1a-m:l.'.R-29b UAGCACCAOOOGAAAOC~GOGUU 467 AATGG'l'GCT 1404 ATGG'l'GC'l' 2341 TGGTGCT 3278 

bsa-miR~29b-l* GCUGGOUUCAUAUGGUGGOOUAGA 468 ~GMACCAG 1405 GAAACCAG 2342 AAACCAG 3279 

h.s~--m:i,R.-29b-2• COGGUUOCACAUGGOGGCUOAG 469 G'l'GAAA.CCA 1406 TGAAAC:CA 2343 GAAACCA 3200 

hea-flliR-29c U~GCACCAOOOGAAAUCGGOOA 470 AATGG'l'GC'l' 1407 ATGG'I'GCT 2344 TGG'l'GCT 32e1 

h:sa-lniR-29c* OGACCGAOOUCUCCUGGUGUUC 471 AAATCGGTC. 1400 MTCGGTC 2345 ATCGGTC 32S2 

l:t:si!!.-miR-300 OAUACAAGGGCAGACOCUCOCU 472 CCC'I''l'GTAT 1409 CCTTGTAT 2346 CTTGTA'l' 32B3 

h:!i!.a-m1R-30ln. ~GOGCAAUAGUAUUGUCAAAGC •73 TATTGCAC'l' 1410 A'l''l'GCACT 2347 'l''l'GCAC'l' J2e• 
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h3a-.U.R-30lb CAGUGCAAUGA.tl~OOGO~C 474 CA'l''l'GCACT 1411 ATTGCACI!' 2348 T'.l!GCACT 3295 
hsa~miR~302a UAAGOGCUUCC1lOG001JO'GGOGA 475 GAAGCACTT 1412 AAGCAC"!'T 2349 AGCA.C'I'l' 3286 
hs&.-m.ill~Jo2a• ACUUPJU\CGOGGAUGUACUUGCO •76 ACGTTTAAG 1413 CGT'I'TAAG 2350 GTT'I'AAG 3297 
hSa..-mi.R.-302b O~GOGCUOCCAUGUUUOAGOAG '77 GAAGCPt.C'l''l' 1414 AAGCACTT 2351 AGCACTT 3299 
hsa-mta-30.2b* ACUUUAACAUGGAAGUGCouuc 479 A'l'GT'l'AAAG 1415 TGTTAAAG 2352 GTTAAAG- 3209 
hea-miR-302c UAAGUGCUUCCAUGOOOCAGOGG 479 GAAGCACTT 14.16 .AA.GCACTT 2353 AGCACTT 3290 

hsa--nrl.R.-:302c'* UOUAACAOGGGGGOACCOGCUG 480 CCATGTTAA 1417 CA'l'G'l'Trul 2354 ATG'l"l'AA 3291 
hsa.-mi.R-.302d. OAAGOGCUUCCAUGOOUGAGtJG~ 191 GAAGCi\C'l''l' 1419 AAGCACTT 2J55 AGCACTT 3292 

b.ea~miR .302.d~ ACUDUAACAOGGAGGCACOOGC 492 A'I'G'I''l'MAG 1419 TGTTMAG 2356 GT't.AAAG- 3293 

he:a miR 3021!1 UAAGUGCUUC:~OGCOO 403 GAAGCACT'I' 1420 AAGCACTT 2357 AGCACTT 3294 
hSCL-m.iR-3Q2t OAhO'OGClJOCCAUGUUU 484 GAAGCAAT"t' 1421 AAGCAATT 2359 ,._GCAATT 3295 
hea~m1R-30a UGUAAACAUCCUCGACUGGAAG 495 GATG'l''l'T.r..C 1422 ATGTTTAC 2359 TGTTTAC 3296 
hsa-miR-30a,.. CUUUCAGDCGGAOGOOlJGCAGC 496 CGACTGAAA 1423 GACTGAAA 2360 ACTGAM. 3297 
hsa-miR-'.30b OGO:N\ACAOCCUACACUCAGCU 487 GATGTT'TAC 14.24 ~'l'G'l''l'TAC 2361 ":l'GT'I''l'AC 3298 

hsa-I!U.l'l.-30b* COGGGAGGUGGAUGUUUACOOC .. , CACCTCCC2\ 1425 ACCTCCCA 2362 CCTCCCA 3299 

hea-!!U.R 30e UGUAAACAUCCUACACUCUCAGC 489 G:/\'l'G'l''I''l'AC 1426 ATGTTTAC 2363 TGTTTAC 3300 
hsa--miR.-30c-l* CUGGGAGAGGGUUGUUUACUCC 490 CCTCTCCC'.A 1427 C'l'C'l'CCCA 2364 TC'l'CCCA 3301 
haa-m:i,R-30c~2-t- CUGGGAGAAGGCUGUUUACQCO 491 C":l'":l'C'l'CCCA 1429 TTCTCCCA 2365 TCTCCCA 3302 
haa~m.ia~:JOd UGUAAACAUCCCCGACOGGru\G 492 GA'l'G'l''I''l'AC 1429 ATGT1.'tAC 2366 TG'l'TTAC 3303 
hea-miR-30d.-t- CUUOCAGUChGAOGOOOGCOGC 493 TGACTGAAA 1430 GACTGAAA 2367 AC'l'GAAA 3304 
h.sa-miR-30a OGOAAAcAOCC'OOGACOGGAAG 494 GA'l'GTTTAC 14.31 i\TGT'l''l'~C 2369 'I'GTTTAC 3305 

hea-ltU.R-30e* CUUUCAGUCGGAUGUUOACAGC 495 CGAC'l'GMA 14J2 GACTGAAA 2369 ACTGAAA. 3306 
hSa.-rniR 31 AGGCAAiGAOGCOGGCAUAGCU 496 CATCTTGCC 1433 ATC'l'TGCC 2370 TCT'I'GCC 3307 
hsa.-.mi.R-Jl* OGCOAOGCCAACAUAUUGCC'.AU 497 TGGCll.'l'.1\GC 1434 GGCATAGC 2371 GCATAGc: 3308 

hlila-miR-32 UAUUGCACAUUACUAAGOOGCA 499 A'l'G'l'GCAA'l' 1435 TGTGCAAT 2372 GtGCAAT 3309 
hsa-miR~J,2-t- CAAUUUAGUGUGUGOG~OAOOl:J 499 CACTAAATT 1436 ACTAM'I"'l' 2373 CTMA'l''l' 3310 
hsa-mi.R-320a AAAAGCUGGGUUGAGAGGGCGA 500 CCCAGCT'I''l' 1437 CCAGC'l''l''l' 2374 CAGCTTT 3311 

hea-.m:t.R-32.0b AAAAGCUGGGOUGAGAG(;GCN\ 501 CCCAGCTTT 1439 CCAGCTTT 2375 CAGCTT'l;' 3312 
hSa-miR 320c AAAAGCOGGGUUGAGAGGGU 502 CCCAGC'l'tT 1139 CCAGC'l''I''l' 2376 CAGC'l'TT 3313 
h,sa~miR-3~Qd. AAAAGCUGGGUUGAGAGGA 503 CCC~GC'l"l''l' 1440 CCAGC'l''l''l' 2377 CAGCTTT 3314 

nsa-miR~J23-3p CACAUOACACGGOCGACCOCO 504 GTGTAATGT 1441 TGTAATGT 2379 G'l'AAT&l' 3315 
hs:a--nti..R~323-5p AGGOGGUCCGUGGCGCGUUCGC 505 CGGACCACC 14.42 GGAC=c 2379 GACCACC 3316 
h.!ila-mi.a~324~:Jp ACOGCCc:CAGGOGCOGCUGG 506 C'I'GGGGCAG 1443 'l'GGGGCAG 2380 GGGGCA<> 3317 
h~a.~miR 324 Sp CGCAOCCCCOAGGGCAOOGGOGO 507 AGGGGATGC 1444 GGGGATGC 2381 GIN~TGC 3318 
hea mi.R-325 CCOAGUAGGUGUCCAGUAAGOGD 509 ACCT A.CT AG 1445 CCTAC'l'AG 2392 CTACTAG 3319 

hsa-rniR~326 CCUCOGGGCCCOO'CCOCCAG 509 GGCCCAGAG l44ti GCCCA.GAG 2383 CCCAGAG 3320 
h:!1.!1.~miR~32B COG~CCCUCOCOGCCCOOCCGO 510 AGAGGGCCA 1447 GAGGGCCA 2394 AGGGCCA 3321 
hl;la-mif<.-329 AACACACCOGGUUAACCUCUUU 511 CAGGTG'l'G'l' 1449 P.GG'l'G'l'GT 2385 GGTG'.J:IGT 33n 
hsa-m.1.R 330 Jp GCAAAGCACACGGCCUGCAGAGA 512 ":l'G'I'GC'l'TTG 1449 GTGCTTTG 2306 TGC'l''l''l'G 3323 
hSa.--mi.R 330-5:p OCUCOGGGCCOGOGOCOOAGGC 513 GGCCCAGAG 1450 GCCCllGAG 2397 CCC:AGAG 3324 
h.sa-miR-33l-3p GCCCCUGGGCCUAUCCUAGAA 514 GCCCAGGGG 1451 CCCAGGGG 23BB CCAGGGG 3325 
hSS-miR-331-5p cuA.GGUAUGGOCCCAGGGAOCC 515 CCATACCTA 1452 CAT ACCT A 2389 ATACC'l'A 3326 
h:s.a-ro,i~-:3:3.S OCAAGAGCAAUAACGAAAAAUGU 516 TTGCTC'l'';I;'G 1453 'l'GC'I'CTTG 2390 GCTCTTG 3327 
hea rniR 335'* UUUUUCAUl:JAUUGCUCCUGflCC 517 'l'M'l'GAAAA J.454 AATGAAllA 239l A'l'GAMA 3329 
h.SC'l-miR-33i-3p CUCCO~OAOGAOGCCOOOCOO'C 519 CATATAGGfl 1405 11.'l'A'l'AGGA 2392 TATAGGA 3329 

hSa-rn:l.R~337-Sp GAACGGCUOCAOACAGGAGUU 519 GAA.GCCG'l''l' 1456 AAGCCGTT 2393 AGCCSTT 3330 
he.a--ntl.R-33S-3p UCCAGCAUCAGUGAutlUtJGIJOG 520 TGATGCTGG 1457 GA,TGCTGG 2394 ATGCTGG 3331 
hsa-miR-33e-5p .ru\CAAOAOCCOGGOGCOGAGUG 521 GGATA'r'l'G'l' 1459 GATATTGT 2395 A'rATTGT 3332 
hea-miR~339 3p UGAGCGCCUCGACGACAGAGCCG 522 GP.GGCGCTC 1459 AGGCGCTC 2396 GGCGCTC 3333 
hsa m:t.R-339-15p OCCCOGOCCUCCAGGAGCOCACG 523 AGGACAGGG 1460 GGACAGGG 2397 GACAGGG 33.34 
h,sa-miR.-33a GUGCAUUGUAGUTJGCAOUGCA 524 TACM'l'GCA 1461 ACAATGCA 2398 CMTGCll. 3335 
bsa-zUR-33a* CAAOGOOUCCACAGUGCAtJCAC 525 GG.MACATT 1462 GAAACATT 2399 AAACAT'l' 3336 
hsa~mirt-33};1 GUGCAUUGC0$0UGC2\'00GC 526 AGCAA'l'GCA 1463 GCAA'l'GCA 2400 CMTGCA '337 
hsa--m1R-33b* c.fl.GUGCCUCGGCAGUGCAGCCC 527 CGMG=T 14~4 GAGGCAC'l' 2401 AGGCAC'l' 3338 
hsa-miR-JtO OOAUAAAGCAAUGAGACUGAO'O 529 'l'GC'l'T'l'ATA 1465 !;;CT1t'i'A'l'A 2402 CTTTATA 3339 
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Jisa-miR-340"' UCCGOCOCAGOOACOOOAIJAGC 529 C:'l'GAGACGG 1466 'I'GAG.ACGG 2403 GAGACGG 3340 

haa-JD.iR-342-Jp UCOCACACAGAAAUCGCACCCGO 530 CTGTGTGAG 1467 'l'GTG'l'GAG 2404 GTG'tGAG 334.l 

hsa.--miR-.342.-Sp AGGGGUGCUAUCUGOGAUOGA 5'l TA.GCACCCC 1460 AGCACC:CC 2405 GCACCCC 3342 

hsll.-ntlR 345 GCUGACUCCUAGUCCAGGGCUC 532 AGGAG'I'Cl\.G 1469 GGAGTCAG 2406 GAG'l'CAG 3343 

h!ila-miR-346 UGUCOGCCCGCAOGCCOGCCOCO 533 CGGGCAGAC 1470 GGGCAGAC 21107 GGCAGAC 3344 

h.sa~JDiR-34a OGGCAGUGUCUOAGCOGGUOGO 534 GACACTGCC 14.71 ACAC'I'GCC 240S CACTGCC 33'15 

hsa.-miR-34a* CAAUCAGCAAGDAUACUGCCCO 535 'l'TGC'l'GATT 1472 TGC'I'GA'l''l' 2409 GC.TGATT 3346 

hsa-miR-34h CAAOCACOAACUCCACUGCCAU 536 'l''I'AG'I'G1\'l''l' 1473 TAGTGA'I''I' 2410 .l\.G'l'Gli.';r'T 3347 

llsa-mi.R-34.b'* OAGGCAGOGOCAlJ'OAGCOG~otrG 537 ACACTGCCT 1474 CAC'tGCCT 2-!lll ACTGCC'I' 334e 

hsa-w:l.lt-34c-3p AAUCACUAACCACACGGCCAGG 5Je GTTAGTGAT 1475 'l'ThGTGAT 2412 TAGTGAT 3349 

hsa-mi.R 34c Sp AGGCN;rOGOAGUUAGCUGAUUGC 539 'l'ACAC'l'GCC 14.76 ACACTGCC 2413 CAC'l'GCC 33>0 

h.!'la-miR-361-3p OCCCCCAGGoGOGAOUCOGl\.Uoo 540 ACCTGGGGG 14'7 CCTGGGGG 2414 C'l'GGGGG 3351 

hsa-m1'[{-3Eil-5p UUAUCAGAAOCOCCAGGGGOllC 541 ATTCTGATA i4;a TTCTGATA 2415 TCTGATA .3352 

h:sa--D'li.R~362-3p ~CACACC~AUUCAAGGAUUCA 542 '1'1\GGTGTG'l' 1479 AGGTG'l'G'l' 2416 GGTGTGT 3353 

hsa-miR~362-5p AAOCCOOGGAACCUAGGaGUGAGU 543 TCCAAGGA'l' l480 CCAAGGAT 2417 CAAGIDA'l' 3354 

hl;l.,a---mi.R~363 AAUUGCACGGOAOCCAOCOGOA 544 CCGTGCAA'l' l4Sl CGTGCAA<r 21.118 GTGCAAT 3355 

hsa-miR-363* CGGGOGGAUCACGAUGCAAUUO 545 GA'l'CCACCC 1462 ATCCACCC 2419 TC CA.CCC JJ56 

hsa--miR 365 O~OGCCCCO~CCUUA.U 546 AGGGGCi\TT 1483 GGGGCATT 2420 GGGCl\.TT 3357 

hsa-mi:R 367 AAOOGCJ\COO'IJAGC-2\.AOGGOGA 547 AAGTGCAA'l' l4S4 AGTGCMT 2421 GTGCAAT 335S 

hsa-miR-367* ACUGUUGCUAAUAUGCAACOCO 54e TAGC'.AA.CAG l4S5 AGCAACAG 2422 GCAACAG J35g 

hso-mil\-369-3p AAUAAUACAUGGUUGAOCUUU 549 :1l'l'GTATTA~ 1486 TGTATTAT 2423 G'r.11.TTAT 3.360 

h.sa-miR-369~Sp AGAOCGACCGoGUUAUAllUCGC 050 CGGTCGA'l'C 1497 GGTCGATC 2424 G'l'CGA'l'C 3361 

l:i..ea-mil\~370 GCCUGCUGGGGOGGAACCOGGO 551 CCCAGCAGG Maa C~GCAGG 2i:l.25 CAGCAGG JJ62. 

hsa~miR-37l-3p AAGOGCCGCCAUCUUUUGAGUGU 552 GGCGGCACT 1489 GCGGCACT 2426 CGGCl\.CT 3363 

hsa.-.mi.R 371 op ACOCAAACOGOGGGGGCACU 553 CAGT'l''l'GAG U90 AGTTTGAG 2427 GTTTGAG 3364 

hs.a-mill-372 AAAGUGCUGCGACAUOOGAGCGO 55' GC'.AGCACTT 1491 CAGCl\CTT Z42S AGCACTT 3365 

h=:a.-miR-373 GAAGUGCUUCGAUUUUGGGGOGO 555 GMGCACTT 1492 AAGCACTT 2429 .AGC~C:T'l' 3366 

h:s.!l.--miR-373~ ACOCAAAAUGGGGGCGCOUUCC 556 CA'l''l''l''l'GAG 149.3 ATTTTGAG 2430 TT'I''l'GAG 3367 

hi;ia-mi.R-374a UUAUAAUACAACCOGAOAAG'OG !;57 TGTATTATA 1494 G'I'll.'l"l'~TA 2431 TATTATA 336a 

hsA-ntlR 374a* COUAU~AllUGUAUUGlJAAUU 558 1\'I'C'l'G~TAA 1495 TCTGATAA 2432 CTG~'I'M 3369 

hsa-miR-37~b AUAUAAOACAACCOGCOAAGuG 559 'l'G'l'AT'l'A'l'A 1496 G'!'AT'l'ATA 2433 TAT'l'ATA 3370 

hsa"""miR-37.illJ* Cutl'AGCAGGUUGUAUOAOCA'OO 560 ACCTGCTAA 1497 CC'l'GCTAA 2434 CTGCTAA 3371 

h:s<1.--nrl.R-37S OUOGOUCGOOCGGCUCGCGOGA 561 llC:GAACAA l-499 ACGAACAA 2435 CGAACAA 3372 

J;i.i;ia-lrlR.-376a. AOCAOAGAGG1\AAAOCCACGU >62 CC'l'C'l'ATGA 14.99 CTCTATGA 2436 'l'CTATGA 3373 

hsa-miR~3'7 Eia* GUAGAUUCUCCUUCUAOGAGO~ 563 GAGAATCTA 1500 AGAA'l'C'l'~ 2437 GAATCTA 3374 

hsa-miR 37&'.J AOCAOA.GAGGAAAAOCCAUGUU 564 CC'l'C":rAT~A 1501 Ct'C1'ATGA 2438 TCTA'l'GA 3375 

h.ea-m;l.fl-376c AACAOAGAGGAAAOOCCACGt:J 56> CC'l'C'l'A'l'G'l' 1502 C'l'CTATGT 2439 TCTATGT 3376 

hsa~miR-3i7 AUCACACAAAGGCAACOOOOGO 566 TTTGTGTGA 1503 'l'TGTG'l'GA 2440 TG~Gi'GA. 3377 

h:sa.--miR-377~ AGn.GGotJGCCCUUGGUGAAUUC 567 GGCAAC:CTC 1504 GCAACCTC 2441 CAACC'l'C 3376 

hsa-miR-378 ACUGGACUOGG11.GOCAGAAGG 568 CAAG'l'CCAG uos AAGTCCAG 2442 AGTCCAG 3379 

hsa-miR 378* COCCUGACUCCAGGUCCUGUGU 569 GAG1CMGA 1506 AGTCAGGA 2443 GTCAGGl\. 3380 

h:!la-mi.R 379 UGGOAG~CO~VGGAACGUAGG 570 TAG'l'C'l'ACC 1507 hGTCTACC 24-44 GTCTACC 3381 

hsa-miR.~379* UAUGUAACAOGGOCCACOlU\CO 571 ATGTTACA'l' 1508 'l'GT'I'ACAT 241:15 GTTACAT 3:382 

h.sa-miR-3aO UADGUAAUAUGGUCCAC'AUCUU 572 ATA..'l''l'ACA..T 1509 TATTACAT 2446 ».T'l'2\.CAT 3383 

hsa--nrl.R-380± OGGOOGACCAO~GAACAOGCGC 573 TGG'l'CAACC 1510 GGTC:MCC 2447 GTCAACC 3384 

hsa.-wia-381 UAIJACAAGGGCAAGCDCUCUGC 574 CCCTTGTAT 151l CC'l''l'GTA'l' 24.48 CTTG1.'A'r 3385 

hsa miR-382 GAAGOOGOOCGOGGOGGAOUCG 575 GAACAACT'l' 1512 AA.CAACTT 2449 ACAAC'l''l' 3386 

h.sa-mi.R.-383 AGAUCAGAAGGOGAOCGUGGCO 576 CTTCTGATC 1513 'l''l'C~GA'l'C 2450 TCTGATC 3387 

hsa-m1l'l.-3a« AUOCCOAGAAAUUGUOCAUA 577 ?TCTAGGAA 1514. TCTAGGAA 2451 C'l':1\GGAA 3300 

hsa-miR-409-Jp GAAUGUOGCUCGGOGAACCCCO 578 AGCAACA'l''l' 1515 GCAA.CATT 2452 CAACAT'l' 3389 

hsa-m.i.R-"109-5p AGG01.1ACCC:GAGCAACOUUGCAO 579 CGGGTAACC 1516 GGGTMC:C 2453 GGTAACC 3390 

h,sa miR-410 AAOAUAACACAGAOGGCctfGO 580 G'l'G'I''l'A'l'A'l' 1517 'l'GTTATll.'l' 2'54 G'l''l'ATi\'l' 3391 

~a-m.iR.--411 UAGUAGACCGUAUAGCGOACG 501 CGGTCTACT lSlB GG'l'CTACT 2455 G-TCTACT 3392 

hsa-ltlill-4 ll. * OAUGOAACACGGUCCACUAACC 502 GTG1'TACAT 1519 TGT'l'ACAT 2456 G'tTACA'r 3393 

haa.~miR-412 ACOUCACCOGGOCC~OAGCCGO 5a3 CAGGTGMG l5io ~GTGAAG 2457 GGTGMG 3394 
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hsa-miR~421 AUCAACAGACAOOAAUOGGGCGC 584 GTC'l'G'l''l'GA 1521 TCTGT'l'GA 2458 CTGT'l'.'GA 3395 
hsa-miR.-422a ACUGGACOUAGGGOCAGAAGGC 585 TMG'l'CCAG 1522 AAGTCCAG 2459 AGTCCAG 3396 

:nee-mia-423-Jp AGCOCGGOCUGAGGCCCCUCAGU 586 AGACCGAGC 1523 GACCG"-GC 2460 ACCGAGC 3397 

Ji.sa-miR-42:3-5p OGAGGGGC~GAGAGCGAGACUUU 587 CTGCCCC'l'C 1524 'l'GCCCC'l'C 2461 GCCCCTC 3398 

h~a-miR-424 CAGCAGCAAUOChOGOUUUGAA 580 ATTGC'l'GC'l' 1525 TTGC'l'GC'l' 2462 TGC'tGCT 3399 

hsa.-mifl-424* CAAAACGuGAGGCGCUGCOAO 589 TCACGTTTT 1526 CACGTTTT 2463 .i\CG'l'TTT 3400 

hea~ltrl.ll-~25 AAOGAC~CGAUCACUCCCG-OUGA 590 TCGTG-TCA'.C 1527 CG'.I!G'TCAT 2464 G'I'G'l'CA'l' 3401 

h:sa--miR-425-s AUCGGGAAUGUCGUGOCCGCCC 591 CATTCCCGA 1528 A'l''l'CCCGA 2465 'l''l'CCCGA 3402 

hsa.-.mi.R-429 UAAOACUGUCUGGUAAAACCGU •92 GACAGTATT 1529 ACAGTAT'l' 2466 CAGTl\,.,, J40J 

haa-m:l.A.-431 UGUCUOGCAGGCCGUCAUGCA 593 CTGCAAGAC: 1530 TGCAAGAC 2467 GCA.l\.GAC 3404 

hsa"--111i.R-43l• CAGGUCGUCUOGCAGGGCOO'CO 594 AGACGACC'l' 1531 G~CGACC'I' 2460 ACGACCT 3405 

hsa-.miR-432 UCUUGGAGUAGGUCAUUGGGUGG 595 TAC'l'CCAAG 1532 ACTCCAAG 2469 C'l'CCAAG 3406 

hsa-mi'R-432.* COGGAOGGCOCCOCCAOGUCO 596 AGCCATCCA 1533 GCC:A'I'CCA 2470 CCATCCA 3407 

h:!i!e.'"1niR-433 AUCAOGAOGGGCOCCOCGGOGO 597 CCA'l'CA'l'GA 1534 CA'l'Q\'l'$A 2471 ATCATGA 3409 
h.ea-miR~44B UUGCAUAUGUAGGAUGUCCCAO 591 Acil'l'A'l'GCA l5JS CA.'l'l\'l'GCA 2472 ATATGCA 340.9 

h~a-miR-4.49a UGGCAGUGUAUUGUUAGCUGGU 599 TACACTGCC 153ti ACAC'l'GCC 2473 CACTGCC 3410 

h.sa--mi.R-449b AGGCAGUGUAUUGUUAGCUGGC 600 TACACTGCC 1537 Ac>.cTGCC 2474 CACTGCC 3411 
h5a-miR-450a UUUUGCGAUGUGUUCCUAAUAU 601 CATCGCAAA 1538 ATCGCAM. 2475 'l'CGCAAA 3412 

hsa-m:I..R.-450J:>-3p IlVGGGAilCAililUUGCAUC:CAOA 602 ATGATCCCA 1539 TGATCCCA 2476 GATCCCA 3413 
hea~miR~4SOb~Sp OOOOGCi\AOAOGOOCCOGl\.AOA 603 TATTGCAAA 1540 ATTGCAAA 2477 T'l'GCAAA 34l4 
hsa-rniR-45l AAACCGOOACCAOOACOGAGOO 604 GTAACGGTT 1541 TMCGGTT 247B AACGGTT 3415 

hsa-miR-~52 AACUGUUUGCAGAGGAAACUGA 605 GCl\l\l\CAGT 154.2 Cl\l\l\CAG'r 2479 l\AACA<>T 3416 
hsa-miR-452"' CUCAUCUGCAAAGAAGOAAGOG 606 TGCAGATGll 1543 GCAGATGA 2400 CAGATGA 3417 

h:s.a-miR-453 AGGUUGUCCGUGGUGAGUUCGCA 607 CGGACAACC 1544 GGACA.ACC 2461 GACAACC 3418 

hsa-miR-'154 UAGUGCAAUAUUGCUUAUAGGGO 608 TA'l''l'GCAC'l' l54::ii A'l''l'GCAC'l' 2482 'l'~GCAC'l' 3419 
hsa-m:f.~-454* A.CCCUAUCAAUAUUGUCUCUGC 609 TTGATAGGG 154.6 TGATAGGG 2483 GATAGGG 3420 
hsa--miR-455-3p GCAGUCCAUGGGCAUAUACAC 6l0 CA'l'GGAC'l'G 1$47 ATGGACTG 2484 TGG8.C1'G 3421 

haa-miR-4.55-5p aAOGUGCCOUUGGACOACAOCG 611 AAGGCACAT 1540 AGGCACA'l' 2495 GGCACA'l' 3422 
hsa-m.iR-493-lp UCACOCCOCilCCOCCCGOCOO 612 AGAGGAGTG 1549 GAGGAGTG 2406 AGGAG'l'G 3423 

h~a--tniR-403-5p AAGACGGGAGGAAAGAAGGGAG 6l3 C'l'CCCG'l'C'l' 1550 'l'CCCG'l'C'l' 2487 CCCGTC'l' 3424 

l:lsa-miR-484 IlCAGGCilCAGDCCCCUCCCGAU 614 CTGAGCCTG 1551 TGAGCCTG 2488 GAGCCTG 34.25 

hsa-miR-4B5-3p GUCAUACACGGCOCUCCUCUCO 615 CG'l'G'l'A'l'GA 1552 GTGTATGA 24.09 TG'l'ATGA 3426 

h;i;ia-.m.1R-4S5-5p AGAGGCUGGCCGUGAUGAAOUC 616 GCCAGCCTC 1553 CCAGCC'l'C 2490 CAGCCTC 3427 
hss-mia~4S6-Jp CGGGGCAGCOCAGOAc.1\.GG~O 617 A.GCTGCCCC 1554 GCTGCCCC .2491 CTGCCCC 34.26 

h:si!1.-m.ia~4B6-5p UCCUGUACUGAGCUGCCCCGAG 619 CAG'l'ACAGG 1555 AG'l'ACAGG 2492 $TACAGG 3429 

tie a""lll.iR-4 a7a AAOCA~GJ.\CAUCCAGOO 619 CTGTATGAT 1556 'l'GTA'l'GA'l' 2493 G'l'A'l'GA'l' 3430 
hsa-rniR~4S7b AAOCGUACAGGGOCAOCCACOO 620 CTGTACGAT 1557 TGTACGAT 2494 GTACGAT 3431 

h:!iil-'ItliR-408 UUGAAAGGCUAUUUCUUGGUC 621 AGCC'l''l''l'CA 1556 GCC'l"l''l'CA 2495 CC'l''l''l'C2'ii 3432 
hsa-miR.-488* CCCl\Gl\Ol\l\OGGCl\COCOCl\l\ 622 ATTATCTGG 1559 TTA'l'CTGG 2495 TATCTGG 3433 
hsa-miR-499 GOGACAUCACAUAUACGGCAGC 623 G'I'GATGTCA 1560 TGATGTCA 2.497 GATG'1'CA 3434 

h:!;~-miS.-490-Jp CAACCUGGAGGACUCCAUGCUG 62' CTCCAGGTT l5til TCCAGG'I"l' 2498 CCAGG'l'T 3435 
hi;ia-miR-4 90-Sp CCAOGGAOCOCC1\.GGOGGGU 625 AGA'l'CCA!rG 1562 GATCCATG 2499 ATCCATG 3436 

hsa""-miR-4.9l-3p CUUAUGCAAGAUUCCCOUCOAC 626 C'l''l'GCA'l'AA 1563 'l'TGCATAA 2500 'l'GCA'l'M 3437 

h::ia-miR.-4.91-5p AGUGGGGAACCCOOCCAUGAGG 627 GTTCCCCAC: 1564 TTCCCCAC 2501 TCCCCAC 3438 
llsa~mia-4 92 AGGACCOGCGGGACAAGAOlJCOO 628 CGCAGGTCC 1565 GCAGGTCC 250< Cl\GGTCC 3439 

hBa-miil-4 93 UGAAGGOCOACOGOGOGCCAGG 629 TAGACC'l''l'C 1566 .AGACCTTC 2503 GJ\CC'l''I'C 3440 
h1;1a~m1R-49J-K UOGUACAOGGUAGGCOOOCAOU 630 CCl\ T°"ACl\ 1567 C'ATGTACA 2504 ATGTACA 3441 

hsa-miR~494 UGAAACAOACACGGGAAACCUC 631 GTATG'l''l''l'C 1569 '1'1\.TGTTTC 2505 h'l'G'I''l''I'C 3442 
bsa-mJ.a-495 AAACAAACAUGGUGCACUOCUU 632 ATGTTTGTT 1569 TG'l''l''l'G'l''l' 2506 GT'l'TG'l'T 3443 
bsa.~IniR .... 496 OGAGUAOOACll.OGGCCAAUCOC 633 GTAA'l'AC'l'C 1570 'l'AATACTC 2507 l\l\Tl\CTC 3444 

h:!ia.-ntlS.-iQ97 CAGCAGCACACOGUGGUUUGO' 634 TGTGCTGCT l57l G'l'GCTGCT 2506 'l'GC'l'GC'l' 3445 
hsE1.-.m.i.'.R~497~ Cl').ACCACACUGUGGUGOOAGA 635 GTGTGG"t'TT 1572 TG'l'GG'l'TT 2.S09 GTGGTTT 3446 

hsa-miR-498 UUUCAA.GCCAGGGGGCGUUUUUC 636 'l'GGC'l''l'GAA 1573 GGCTTGAA 2510 GCT'l'GAA 3447 

!\oa-mil\-499-3p AACAOCACAGCl\l\GUCOGOGCU 637 CTGTGATGT 1574 'l'G'l'GlTGT 2511 G'l'GATGT 3448 

hsa--1nia~499-5p UUAAGACotl'GCAGOGAOGOUO 636 CAAGTCTTA 1575 AAG'l'C'l''l'1ii 2::iil2 AGTCTTA 3449 
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hsa-Jn;i.R-500 OAAUCCOOGCCACCOGGGUGAGA 639 GCM.GGATT 1576 CAAGGATT 2513 AA.GGATT 34.~0 

hsa-miR-500.., AUGCACCOGGGCAAGGAUOCOG 640 CCAGGTGCA 1577 CAGGTGCA 2514 AGGTGCA 3451 

hsa--miR-501-3p AAOGCACCCGGGCAAGGAUUCO 641 CGGG'l'G~":l' 1578 GGGTGC'.AT 2515 GGTGCAT 3452 

hea--nri.R-50l~Sp 1\AOCCUDOSUCCCUGGGOGAGA 642 ACAAAGGAT l579 CJ\.MGGAT Wl6 AAAGGAT 3(53 

hsa.-miFl.-502~3p AAUGCACCU~GGAUUCA 643 CAGGTGCAT 1590 AGGTGCAT 2517 GGTGCA'l' 3454 

hsa~mi.R-502-Sp AUCCUUGCUAOCOGGGUGCUA 644 '1'1\.GCAAGGA 1501 AGCAAGGA 25lB CiCAAGGA 3455 

hsa-miR-503 UAGC'.AGCGGGAACAGDOCDGCAG 645 CCCGC'l'GCT l5B2 CCGCTGCT 2519 C::GCTGC'l' 34515" 

hsa miR S04 ~Gl\CCCUGGUctl'GCACOCOAUC 646 ACCAGGG'I'C l5S3 CCJ\GGGTC 2520 CAGGG'I'C 3457 

haa-miR.-505 CGOCAACACOOGCOGGOVOCCO 6"7 AGTGTTGAC l5S4 G'l'GTTGAC 2521 TGTTGAC 345a 

hsa~nd.R-505.., GGGAGCCAGGAAGOAOUGAOGO 64a CCTGGCTCC 1595 CTGGCTCC 2522 'l'GGCTCC 3459 

hsi!i.-ntlR-SOG OAAGGCACCCUUCUGAGOAGA 649 GGG'l'GCC'l''l' l5S6 GG':l'GCCTT 2523 GTGCCTT 3460 

hsa-miR.~507 00WGCACcoi:n:n:rGG14.GOGl'.A 650 AGGTGCAAA lsa1 OGTGCAAA 2524 GTGCAAA 3461 

ltea-W..R.-508~3p OGAUUGIJAGCCO"OOOGGAG'OAG~ 651 GCTACM.TC l5BB CTACAATC 252$ TACAA'l'C 3462 

hoa-miR-SOS-Sp OACUCCAGAGGGCGUCACUCAUG 652 C'l'C'l'GGAGT 1589 'l'C'l'GGAG'I' 2526 CTGGAGT 3•63 

hsa~miR 509 J 5p OACOGCAGACGUGGCAAUCAUG 653 GTCTGCAG'l' 1590 'l'C'J;'G~G'l' 252"1 CTGCAGT 3464 

hsa-mi.R~509~3p UGAOOGGOACGOCOGOGGGOAG 654 GTACCAATC J.591 TACCAATC 2s2a ACCAATC 3465 

hsa-miR-509-5p UACOGCAGACAGUGGCAAOCA 655 G'l'CTGCAGT 1592 'l'C'l'GCAG'l' 2529 CTGCAG'l' 3466 

hsa.-miR-SlO OACUCAGGAGAGOGGCAAUCAC 656 CTCC'l'GAG'l' 1~93 TCCTGl\GT 2530 CCTGAGT 3467 

haa>-m!R.-511 GOGOCWWGCOCWCi;\.GoCA. 657 CAAAAGACA 1594 AAAAGACA 2531 AAAGACA 3469 

hea-mi.R-512-3p AAGUGCOGUCAUAGCUGAGGOC 65a GllCAOCACT 1595 ACAGCACT 2532 CAGCAC'l' 3469 

hsa-mi.R-512-5p CACOCAGCCUUGAGGGCACUUO'C 659 A!NC'l'GllGT 1596 GGC'l'GAG't 2533 GCTGAGT ;3470 

hsa.-mia~513a~3p OAAAO"IJ'OCACCUUOCtJGAGAAGG 660 GTGAAAT'l''I' 1597 'l'GAAA't'I'T 2534 GAAATTT 3471 

hsa'""llliA 5J.3ci. 5p UUCACAGGGAGGOGOCAO 661 'l'CCC'tGTGA 1598 CCCTG'l'GA 2S35 CC'l'GTGA 34"12 

hsa-miR-5131:> OOCA.CAAGGAGGUGUCAUUUAU 662 'l'CCT'l'G'I'G~ 1599 C::CTTGTGA 2536 CTTGTGA 3473 

hsa--.mi.R-5lJe O'OCOCA.AGG1\.GGOGOCGotJUAU 663 TCCTTGAGA l600 CC'l''l'GJ.GA 2537 CTTGAGA 34"14 

hsa-mi.R.~514 AUOGACACUOCOGOGAGOAG~ 664 AA.G'l"GTCAA 1601 AGTGTCAA 2S38 G'l'G'l'CAA. 3475 

hee.-miR-515-3p GAGUGCCUOCUUUUGGAGCGUO 665 GAAGGCACT 1602 AAGGCAC:T 2539 AGGCAC'l' 3476 

h~.a--to.iR ~1$ Sp DUCUCCAAAAGAAAGCACUUUCUG 666 TT'l''l'GGAGA 1603 TTTGGAGA 2540 TTGGAGA 3477 

hsa-miR~516a 3p UGCUOCCUOOCAGAGGGO 667 AAAGGAAGC 1604 AAGGAAGC 2541 AGGMGC 347a 

hsa--miR~Sl6a.-5p OUCOCGAGGAAAGAAGCACUUUC 668 TCC'l'CGAGA 1605 CCTC:GAGA 2542 C:TCGAGA 3479 

h:!la~mirt-516b AOCOGGAGGOJ\1\GN\.GCACOttCJ 669 .Ac:C:TCCAGA 1606 CC'l'CCl\GA 2543 CTCCAGA J<ao 

hea-.ndl'l-51 "1* CCOCUAGAUGGAAGCACOGOCO 670 C'ATCTAGAG 1607 ATCTAGAG 2544 'l'C'l'AGAG 34Sl 

hsa-~R-517a AUCGOGCAUCCCOUUAGAGOGO 671 GA'l'GCACGll 1608 ATGCACGA 2545 TGCACGA 3482 

bs..a-miR 511b OCGOGC~OCCCOOUAGAGUGUU 672 GGATGCACG 1609 GA.TGCACG 251l6 ATGCACG 3.1.183 

lls.a-JD.i~-51 "1r;: AOCGUGCAUCCUUUOAGAGOGO 673 GllTGCACGA 1610 ATGCACGA 2547 'l'GCACGA 34S4 

hsa-miR-51Sa-3p ~GCOOCCCUUtJGCUGGA 674 AAGCGC'l''l''l' 1611 AGCGCTTT 25,g_e GCGCTTT 3485 

h:!ia-miR-5lSb CAAAGCGCOCCCCOUtJAGAGGO 675 GAGCGC'l''l'T l612 AGCGC';r'TT 2549 GCGCTTT 34.86 

hi;ia-.ioJ..~-518c CAAAGCGCUOCOCOOOAGAGOGU 676 AAGCGCTTT 16lJ AGCGCT'I''l' 2550 GCGC'l''l''l' 3467 

hs.a'-nliR-518e* OCUCUGGAGGGAAGCACUOUCOG 677 CC'l'CCA~G 1614 CTCCAGAG 2551 TCCAGAG 34SS 

h8a.--mi.R.~518d 3p CAAAGCGCOOCCCOOOGGAGC 67a AAGCGCTTT 1615 AGCGC';r'TT 2552 GCGCTtT 3489 

h:!i.a--nti.R-518i:l-5p CUCUAGAGGGAAGCACUUUCUG 679 CCC'J;'C'J;'.ti.GA 1616 CCTCTAGA 2553 CTCTAGA J490 

hsa-mill~51Be ~CGCOOCCCOOCAGAGUG 680 GAAGCGC'I''l' 1617 AAGCGCT';[' 2554 AGCGCTT 3491 

hsa-m:i.ll-51Bf GAAAGCGCUOCOCUOTJ~GAGG 661 AAGCGCTTT 1619 AGCGCT'l''l' 2555 GCGCTTT 3492 

h:ga miR s1e~r CtJCUAGAGGGAAGCACUUUCUC 6S2 CCC:TCTAGA 1619 CC:TCTAGA 2556 CTC.TAGA 3493 

.hsa-mirt~519a AAAG'OGCl\.OCCOOOOAGAGUGU 6S3 GA'l'GCAC'l''l' 1620 A'l'GCAC'l''l' 2557 TGCACTT 3494 

hsa-miR-519a* CUCOAGAGGGAAGCGCUOOCOG 684 CCCTCTAGA 1621 CCTCTAGA 2ssa C'l'C'l'AGA 3495 

hsa-mill-~19b-3p AAAGoGC~OCCOOUOAG~GUO Gas GA'l'GcAC'l''l' 1622 A'l'GCAC'I''l' 2559 TGCA(:T'.l' 3496 

hea-miR.-Sl.9c:-3p AAAGUGCAOCUUUUOAGA.GGAO 696 GA'l'GCAC'l'T 1623 A'l'GCAC'l''l' 2560 TGcr.CTT 3497 

h:sa-m.i.fl.-519d ~GUGCCUCCCOOOAGAGOG 6S7 AGGCACTTT 1624 GGCl\CTTT 2S6l GCAC'l'TT 3498 

h~a~miR-519e AAGUGCCOCCUUUUAGAGUGUU 6H GGAGGCAC'l' 1625 GAGGCACT 2562 AGGCACT 3499 

hsa-mi.P.~519a* UUCOCCAAAAGGGAGCACU011C 6a9 TTTTGGAGA 1626 'rTTGGAGA 2563 'l"l'GGAGA 3500 

h::ica-miA-520a-3p AAAGOGCOUCCCOOOGG.ACUGU 690 GAAGCACT'l' 1627 AAGCACTT 2564 AGCACTT 3501 

haa~miR-52.0a-5p CUCCAGAGGGAAGUACOUUC:U 691 CCC'l'CTGGA l629 CCTC'l'GGA 2565 CTCTGGA. 3502 

hsa-miR-520b A.Ati.GoGCtJUCCOUUOAGAGGG 692 GAAGCACTT 1629 AAGCACTT 2566 AGCAC:T'l' 3503 

h~a-mi!l~520c-3p AAAGUGCOOCCOlJtJO~GAGGGU 693 GAAGCAC'I'T 1630 MGCJLCTT 2567 l\GCAC'l'T 3504 
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hsa-miR-520d~3p AAAGUGCOOCOCOUUGGOGGGU 69' GAAGCACT'l' l63l AAGCACTT 2569 AGCACT'l' 3505 

hsa-miR-520d-5p CUACAAAGGG~CCCOOOC 695 CCCT'.r1'GTA 1632 CC'l'T'l'G'I'i\. 2569 CTTTGTA 3506 

hs.a--ntiR~S20e l&AAGOGCOUCCUUUOOGAGGG 696 GMGCJlC'l'T 1633 AAGCACTT 2570 :AGCAC'l''l' 3507 

h:!i~ rniR 520f ~Gf.JGCUUCCUUUOAGAGGGOU 697 GGAAGCAC'l' 1634 GAAGCACT 2571 AAGCAC• 3508 

hsi!l.-mi:R. 520g ACAAAGOGCOUCCCUUUAGAGOGU 691 AGCACTTTG l6J~ GCACTTTG 2572 CAC'l''l'TG 3509 

h.sa~miR~520h ACAAAGUGCUUCCCO'OUAGAGU 699 AGCACTt"TG 1636 GCAC'l''I''l'G 2573 CA.CTTTG 3510 

l"l.sa.-miR-521 AACGCACUOCCCUUUAGAGIJG-0 700 GAAG'l'GCGT 1637 AA.GTGCG'I' 2574 AG"tGCGT 3511 

hsi!l.-miil-522 AAAAOGGOOCCCDl10AGAGUGU 701 GAACCA'l''l''l' 1631 MCCATTT 2575 ACCA'l''l''I' 3512 

hea""l!rl.R.-523 GAACGCGCUUCCCOAOAG~GGGO 702 AAGCGCGTT 1639 AGCGCG'l"l' 2576 GCGCGTT 3513 

hsa~m;i..R-52'.l-3p GAAGGCGCUUCCCUUOGGAGO 703 AAGCGCC'rT lti40 AGCGCC'l''l' 2577 GCGCCTT 3514 

hsa. miR~S211~Sp CO~CAAAGGGAAGCACUUDCUC 704 CCC'l''l''l'G'I'A 1641 CCTTTGTA 2571 C'l''l''l'G'l'.il J5l-5 

ha:a-mill-525-3l1 GAAGGCGCUUCCCUOOAGAGCG 705 AAGCGCCTT 1642 AGCGCCl~ 2579 GCGCCTT 3516 

h:!ia~miR-52S~Sp COCCAG-AGGGAUGCACUUUCU 706 CCC'l'C'I'GGA 16Q3 CCTCTGGA 25SO CTCTGGA 3517 

hsa.-miR-5.Zfib COCOOGA.GGGAAGCACUUOCUGU 707 CCC'l'CAAGA 1644 CCTCAAGA 2591 C'l'CAAG11. 3518 

haa-miR.-526b* GAAAGOGCOUCCUUUUAGAGGC 70B AAGCAC'l''I''l' 1645 llGCAC1'TT 2582 GCAC'l''l''l' 3519 

h.!;la-miR-527 CUGCAAAGGGAAGCCCIJ'OOC 709 CCCTTTGCA 1646 CCTTTGCA 2583 CTTTGCA 3520 

h:!la.--nti.R 532 3p CCOCCCACA.CCCAA.GGCUUGCA 710 GTGTGGG~G 1647 TG"t'GGGAG 2594 G'l'GGGAG 3521 

haa-miR~532 5p CAUGCCOUG~GOGOAGGACCGU 711 TCAAGGCAT 1641 CMGGCAT 2585 AAGGCAT 3022 

h!ila-miR-539 GGAGAAAUUAUCCOOGGOGOGO 712 TAATTTCTC 1649 AA'l''l''l'C'l'C 2516 ATTTCTC 3523 

hsa-mi:R-5111 UGGUGGGCACAGAAUCUGGACO 713 G'l'GCCCACC 1650 TGCCCACC 2587 GCCCACC 3524 

hsa~rniR~54.l* AAAGGAOOCUGCUGUCGGUCCCACU 714 AGl'M\'l'CCTT l651 GMTCCTT 2596 AA'l'CC'I''l' 3525 

haa.-mll.-S42-3p UGUGACAGAOOGAOAACOG~ 715 ATCTGTCAC 1652 'l'C'l'G'l'CAC 25B9 CTGTCAC 3526 

hso-miR-542-5p UCG(;GGAUCAOCAUGUCACGAGA 716 'l'GA'l'CCCCG 1653 GATCCCCG 2590 A'I'CCCCG 3527 

h:sa-.mi.R~54J AAACAO'OCGCGGOGC1'.COOCUO 7l7 GCGAATG'I''l' 1654 CGAATGT'r 2591 GAATG'l''l' 352B 

haa-.mill~544 AUUCOGCAOUOOOAGCAAG'OOC 711 MTGCAGAA l655 A'l'GCAGM 2592 TGCAGAA 35251 

hsa-miR-545 UCAGCAAACAUOUAUUGUGUGC 719 TGTTTGCTG l656 GTTTGCTG 2593 'l"l''l'GC:TG- 3530 

h:sa-miR-545,., OCAGOAlU\OGootl.AtlUAGA.UGA. 720 CA'l''l''l'AC'l'G 1657 ATTTACTG 2594 TTTAC'l'G 3531 

hea-mlll-548a-3p CAAAACUGGCAAUUACOOlJOGC 721 GCCAGTTTT l650 CCAGT'l''l''l' ,2595 CAGT'l'T't 3532 

hs.a~m.iR S4ea~Sp ~GUAAOOGCGAGUUUUACC 722 JUl'I'TACTTT 1659 .A'I'TACTTT 2596 'l''I'AC'l''l''l' 3533 

h:!iia mi:R.-54Bb 3p CAAGAACCOCAGuOGCUDDOGD 723 GAGG'l''l'C'l''l' 1660 AGGTTCTT 2597 GGTTC'I''l' 3534 

hsa-miR~S4eb~5p AAAAGUAAUUGUGGUUUUGGCC 124 AAT'tACTTT 1661 ATTACTTT 2598 'r'l'ACTTT 3535 

hsa--ini.R.-54Bc-3p CAAAlU\OCOCAAUUACUUUUGC 725 GAGA'l''l''l''I''l' 1662 AGATTTTT 2599 GA'l'T'l''l''l' 3536 

haa-miR-5.fia~-5p AAAAGUAAUUGCGGOO'OOO'GCC 726 AATTACTTT 1663 A'l''l'AC'l''I''l' 2600 TTACTTT 3537 

he~-miR S4ed~3p CAAAA.ACCACAGUUUCUUOOGC 127 GTGGTTTTT 16~4 TGGTT'l''l''l' 2601 GG'I"l'l'TT 3538 

hS4--tni'fl.-54Sd-5p AAAAGOAAO'OGOGGOOUUOGCC 721 AA'l''l'AC'l''I''l' 1665 J\,TT.ACTtr'T 2602 TTAC'l''l''l' 3539 

hea-miR-54ae AAAAACUGAGACUACO'OO'OGCA 729 CTCAGTTTT 1666 TCAG'l''l''l''l' 2603 CAGTTTT 3540 

hsa~miR-549:1: ~OGa'AAO'UACUUUU 730 TACAGTTTT 1667 ACAGTT'l'T 2604 CAG'l''l''l''l' 3541 

h:sa.--mi~-5118g AAAACOGOAAO'OACotltrOGUP..C 731 'l''l'ACAG'l''I''l' l66S •..cr.GTTT 2605 :ACAGTT'l' 3542 

hea-m1R~.S48h AAAAGUAAUCGCGGOOO'O'OGOC 732 G-ATTACT'l'T 1669 AT'l'AC'l''l''l' 2606 TTACTTT 3543 

hsa'-ltci.P..-54ei AAhAGo.AADUGCGGAOUUUGCC 733 MTTAC!J;'TT 1670 ATTACTTT 2607 'l''l'AC'l''I''l' 3544 

h.s,a-ro:l.R-548j AAAAG-UAAUOGCGGOCVOUGGO 734 AATTACTTT 1671 A'l''I'AC'l"l''l' 2608 TTACTTT 3545 

hs~-miP.-S4Gk: ~GUACOUGCGGAUO'OOGCO 735 AAGTACT'tt" 1672 AGTACTTT 2609 G'l'ACTTT 351:16 

haa-mill~548l AAAAGIJATJO'OGCGGGOUUOGUC 736 AAA'l'AC'l"l''l' 1673 AATACTl'T 2610 ATACTT'l' 3547 

h.sa~mi.R-548m CAAAGGUAUUOGOGGIJlJ'OOUG 737 AATACCTTT l674 ATACC'l"l''l' 2611 T,i\CC'l'TT 3548 

hs.?1. miR 54en CAAAAGUAAUUGUGGAUUUUGU 731 :A'l'TACTTTT 1675 TTACTT'TT 2612 TAC'l''l''l''l' 3549 

ll..ea~mi.R: 5490 CCAAAliC~UUACOUUUGC 739 GCAGT'l''l''l'G 1676 CAG'l''l''l''l'G 2613 AGTTT'l'G 3550 

hsa~m111.-54Bp UAGCAAAAACUGCAGUUACUUU 740 GTT'l"l''l'GCT 1677 T"rTTTGCT 2614 'I''l''l''I'GC't 3551 

haa-miR-549 UGAChl\COAOGG~O~AGC:OCU 74l ATAG'l''l'GTC 1679 TAGTTGTC 2615 AGTTGTC 3552 

hsa-mi1'-550 AGUGC:CUGAGGGAGUAAGAGCCC 742 CTCAGGCllC 1679 TCAGGCAC 2616 CAGGCAC 3553 

hsa~miR-.550* OGUCOOACOCCCOC~GGCACAU 743 GAG'l'AAGA.C l6SO AG'l'AA.GAC 2617 GTAAGAC 3554 

ha.!1.-miR SSli!i. GCGACCCACUCUUGGUUOCCh 144 AGTGGGTCG 1691 GTGGG'l'CG 2618 tGGGTCG 3555 

ha:a-m;J..fl-55lb GCGACCc:A.OACUOGGDttUCAG 745 TATGGGTCG 1682 A"I'GGG'l'CG 2619 TGGGTCG 3556 

h:i!ia~miR-.SSlb,., GAAAUCAAGCGOGGGOGl\.GACC: 746 GCT'l'GAT'l''l' 1613 C'l''I'GP..T'l''l' 2620 TTGA'l''l''l' 3557 

hsa-miR.-552 ~Cl\GGUGACOGGUUAGACAA 747 GTC:ACCTGT 1~84 TCACC'l'GT 2621 CACCTGT 355S 

hsa-mill-553 AAAACGGOGAGAOUOUGODUU 741 'l'C~CG'l'':L''l' 1605 C~CCG'l''l'T 2622 ACCG'l''l''l' 3559 
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hJ;la. miR-554. GCUAGOCCUGACOCAGCCAGO 7'9 CAGGAC'l'.lt.G 1686 1\0GACTAG 2623 GG~CTAG 3560 

]lsa--miR-555 AGGGUAAGCDGAACCOCOGAO 750 AGC'l''I'ACCC 16e7 GCTTACCC 262< CTTACCC J56l 

hsa-miR~SSEi~Jp AUAUUACCAOUAGCUCAOCOOO" 751 ATGGTAA'l'A isea 'l'GGTA1lTA 2625 GG'l'AA'l'2\ 3562 

hsa-miR-556-5p GAOGAGCOCAOUGUAAUAUGAG 752 TGAGCTCAT 1689 GAGCTCA'l' 2626 AGCTCA'I' 3563 

hea-inia.-557 GUUUGCACGGGUGGGCC'OOGOCO 753 CCG'l'GCAAA 1690 CGTGCMA 2627 GTGCAAA 356< 

hse-miR-558 UGAGCOGCUGUACCAAAAO 754 CAGCAGC'l'C 1691 rt.GCJ.iGCTC 2628 GCAGCTC 3565 

hs.a-miR-559 0.AAAGUAAAnAUGCACCAAAA 755 ATTTAC'l'T'l' 1692 'I''l''l'.n.cT'l"T 2629 'l''l'AC'l'T'1' 3566 

hsa.-miB.-561 cAAAGtJOU~GAOCCDUGAAGU 756 TTAAACTTT 1693 'l'AAAC'l''l''l' 2630 AAAC'l''l''l' 3567 

hsa-mi.R-562 AAAGOAGCUGOACC}lOOOGC 757 Cl\GC'l'ACTT 1694 AGCTACTT 2631 GCTACTT 3568 

h:!i& miR-563 AGGUUGACAUACGUUOCCC 758 A'l'GTCAACC 1695 'l'G'l'CAACC 2632 G';C'CAACC 3569 

hsa-mi.B. 5Ei4 llGGCACGGOGOCAGCAGGC 759 CACCGTGCC 1696 ACCG'l'GCC 2633 CCGTGCC 3570 

hsa-JP.itt-566 GGGCGCCCGCGACCCCAAC 760 1&.CAGGCGCC 1697 CAGGCGCC 2.634 AGGCGCC 3571 

hsa~m.tR-567 AGUAUGUUCUUCCAGGACAGAAC 761 AGAA.C1l'l'AC 1698 GMCATAC 2635 MCATAC 3572 

hl!ii!L..-tni..R-568 A0GUAOA1\AUGUAUACACAC 762 ATTTATACA 1699 'l''l''l'~'l'ACA 2636 TTATACA 3573 

hsa-mil.-569 AGOOAAOGAAOCCUGGAAAGU 763 TIPCATTAAC 1700 TCATTAAC 2637 CATT.A.AC 3574 

h:sa-mill-570 CGAAAACAGCAAOl:mCCOllOGC 764 GCTGTTTTC 1701 CTGTTTTC 263e 'l'G'l'T'l'TC 3575 

hs~-miR~S'71 OGAGOOGGCCAOCUGAGUGAG 765 GGCCAACTC 1702 GCCAACTC 2639 CCAAC'l'C 3576 

hsa-miR 572 GOCCGCUCGGCGGOGGCCCA 766 CCGAGCGGA 1703 CGAGCGGA 2640 GAGCGGA 3577 

hea-miit 57:3 CUGAAGUGACGCGIJAACO~UCAG 767 1\'l'CAC't'.l'C'.A 1704 TCACTTCA 26~1 CACTTCA 3578 

hsa-~R-5711-3p CACGCUCAUGCACACACCCACA 768 CATGAGCG'l' 1705 ATGAGCGT 2642 'l'GAGCGT 3579 

h.Sa-miR~S74-5p OG~GOGT.tGOGOGUGUGAGlJGO~O 769 CACACAC'l'C 1706 A.CACACTC 264J CACAC'l'C 3580 

h1!1a-n'liR 57.5 GAGCCAGlJOGGACAGGAGC 770 CAAC~GGCT 1707 AAC'l'GGC'l' 264.4. ACTGGCT 3581 

hsa-m.R-576-3p AAGMJGUGGAAAAAlJOGGJULUC 771 TCCACA'l'CT 1708 CCACATCT 26<5 CAOlTCT 3582 

h:sa-miR~S7Ei-5p AOOCU.N\.T;JtJUCOCCACGUCUlJO 772 AAATTAGAA 1709 UTT AGAA 2646 ATTAGAA 3583 

baa-mi.It 577 UAGAlJAAAAOl'.'OUGGOACCUG 773 ~TTTirATCT 1710 TTTTA'l'C'l' 264"1 T'TTATC'I' 3584 

h.ss-mill-57a CUUCOUGUGCOCCAGGAOO'GU 774 GCACAAGAA 1711 CACAAGAA 2649 ACAAGAA 3585 

hs.a'-rt'liR-Si9 [JtJCAUOUGGUAUAAACCGCGAOO' 775 ACCMATGA 1712 CCAAA'!'GA 2649 CAAATGA 3586 

hsa.-mi.R-580 OO'~~UGAUGAAUCAUUAGG 776 TCATTCTCA 1713 Cl\'l''l'C'l'CA 2650 ATTCTCA 3587 

hsa-m.i.a-5a1 UCUUGOGUUCUCCAGAO~GO 777 GAACJ\CMG 1714 AACACAAG 2651 ACACMG 3588 

hsa ntiR 5192-3p OAACOGGUOGAACAACUGAACC 778 CMCCAGTT 1715 AACCJIGTT 2652 ACCAGTT 35S9 

hsa-miit-582-5p UUACAGOOGOOCAACCAGOOACO 779 ACAAC'JIGTA 1716 CAAC'l'G'l'A 2653 MC:TGTA 3590 

bse.-m;l..R-5El3 CAAAGAGGAAGGCCCCAOOAC 780 'l'TCC'l'CTTT 1717 TCCTCTTT 2654 CC'l'C'l"l'T 3591 

hsa-mia~se4 OOAOGGOUO'GCCUGGGACOGAG 781 CAAACCA'l'A 1718 AAACCATA 2655 AACCA'l'A 3592 

he:a.-.mi.P..-585 UGGGCGCAOCOGOAUGCUA 782 GATACGC.CC 1719 A'l'ACGCCC Z656 "tACGCC:C 3593 

b.s.!I. mia-sa6 U~UGCAUUGUAOUt:rUUAGGOCC 783 ACAA'l'GCAT 1720 CAA.TGCAT 2657 AA'l'GCA'l' 3594 

hea--miR 587 OOOCCACAGGOGAOGAGOCAC 784 C:C'l'ATGGAA 1721 C'l'A'I'GGAA 2658 TATGGAA 3595 

hsa-miP.-588 UUGGCCACAAOGGGOO~GAAC: 785 ~'1GTGGCCA l722 'l'G'l'GGCCA 2659 GTGGCCJI 3596 

h:!i8---nU.R-5a9 OGAGAACCACGUCOGCOCOGAG 786 G'l'GG'l'TCTC 1723 TGGTTCTC 2660 GGT'l'CTC 3597 

~ea--miR-589* OC~GAACA1.AOGCCGGUUCCCAGA 787 TTTGTTC'l'G 1724 TTGTTCTG 2661 TGTTCTG 359S 

h.sa-mi.R-590-3p UAAOUUUAOGOACAAGCOAGU 1aa CATAAAA'l'T 1725 A'l'AAAA'l''l' 2662 'l'AAAAT'II 3599 

}lsa-.m.i.P. 590-Sp GPiGCOOACUCAOAAAAGOGCAG 789 GAATAAGCT 1726 llTAAGCT 2663 ATAAGCT 3600 

b.Ba-mi.P.-591 AGACCAOGGGOCCOCAUUGU 790 CCCA'I'GGTC 1727 CCA'l'GG'l'C <664 CA~GGTC 3601 

hsa-m:l.R.-592 UUGUGOCAAOAOGC~OGAUGD 791 A'l''l'G~CACA 1728 TTGACACA 2665 'l'GACJ\CA :3602 

h:sa--miR-593 UGUCUCUGCUGGGGUOOCO 792 AGCAGAGAC 1729 GCAGAGl\C 2666 CAGAGAC 3603 

hea-mi.R-593* AGGCACC~GCCAGGCAOOGCUCAGC 793 GCTGG'tGCC 1730 C'l'GG'l'GCC 2667 TGGTGCC 3604 

hsa~miR-595 GAAGUGUGCCGOGGOGOGOCO 794 GGCACAC'l'T 1731 GCACACTT 2668 CACAC'l''l' 3605 

hea.-.milt 596" AAGCCOGCCCGGCUCCUCGGG 795 GGGCAGGCT 1732 GGCAGGC'I' 2669 GCAGGCT 3606 

he;;i.-mi.'.El-597 UGOGOCACOCGAUGAC~CUGO 796 C::AGTGACllC 1733 AG-TGACAC 2670 GTGAC~C 360'] 

h:s.a-miR-598 O~CGOCAUCGOOGUCAUCGUCA 797 CCIATGACGT 1734 G1l'I'GACGT 2671 ATGACG'l' 3608 

hea-mi.It-599 GODGOGOCAGOOUAOCl\Al\C 798 CTGACACAA 1735 TGACACAA 2672 GACACM 3609 

hsa-Jlrl.B.-EiOO 1\COOACAGACAAGAGCCUUGCCC 799 G'l'C'l'GTAAG 1736 'tCTGTAAG 2673 CTGTAAG J610 

hsa~miR 601 OGGOCIJAGGAUUGUUGGAGGAG BOO 'l'CCTAGACC 1737 CC'l'ILGAC:C 2674 CTAGACC 3611 

hea-mir..~602 GA.CAC:GGGCG~AGcOGCGGCCC BOl CGCCCGTGT 17JB GC.CCG'l'G'l' 2675 CCCGTGT 3612 

hsa-m:l.fl.-603 CAC1\.CACUGCAAUCACUUOOGC 802 GCAGTG'l'G'l' 1739 CAGTGTGT 2676 AGTGTG'l' 3613 

haa-miR-604 AGGCOGCGGAAOOCAGGAC 803 'l'CCGCAGCC 1740 CCGCAGCC 2677 CGCAGCC 3614 
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b.sa-miR-605 UAAAUCCCAOGGilGCCUUCbCCO B04 ATGGGATTT 171:11 TGGGATTT 2Ei78 GGGATTT 3615 

b.sa-w.iR-606 AAACUACUGAAA~UC~GhO BOS TCAGTl\~T 1742 CAGTAG'l'T 2679 AGTAGTT 3616 

hsa-n\i.R-607 GOO"C~OCCAGAtlCUAOAAC 806 Gtm'l'TTGAA 1743 GA'l''l''l'GM 2680 ATTTGM 3617 
hea-miR-609 AGGGGUGGUGOUGGGACAGCUCCGO 807 CACCACCCC 1744 ACCACCCC 2681 CCACCCC 351S 

hsa-miR-609 AGGGUGUUUCUCOCAOCOCO BOB GAAACACCC 1745 AAACACCC 26B2 AACACCC 3619 

haa-:iniR-610 UGAGCOAAAOGUGUGCUGGGA B09 AT'l'TAGCTC 1746 TTTAGCTC 2683 TTAGCTC 3620 

hsa-.m.iR~611 GCG~GGhCCCCOCGGGGUCUGAC 810 GGG'l'CC'l'CG 1747 GGTCCTCG 2684 G'!'CCTCG 3621 

b:;a-mi.R-612 GCUGGGCAGGGCUOCOGl\GCOCCUU 811 CCTGCCCAG 1748 CTGCCCAG 2605 'I'GCCC:AG 3622 

Qea-miR-613 AGGP.AUGUUCCUOCUUUGCC 812 GM.CATT CC 1749 AACATTCC 2686 ACAT'I'CC 3623 

h.ea-miR-614 GAACGCCUGOUCOOGCCAGGOGG 813 ACAGGCGT':r 1750 CAGGCGTT 2687 AGGCGTT 3624 
h:sa-miR.-615~3p UCCGAGCCOGGGCCUCCCOCOO Sl4 Cl\GGCTCGG 1751 1'G~'l'CGG 2688 GGC:TC:GG 3625 

llea-mia-615-5p GGGGGUCCCCGGUGCUCGGAUC Bl5 GGGGACCCC 1752 GGGACCCC 2609 GGACCCC 3626 

hsa--m.1R~61G AGOCAO'OGGn.GGGOOO'Gt\.GCAG 0l6 TCCll'l'Gl\C 1153 CCAATGAC 2690 c:AATGAC: 3627 
h:s-a-miR-61Ei* ACOCAAAACCCU'OCAGOGACUC 8l7 GGTT'l'TGAG 1754 GT'l''l''l'GAG 2691 'l''I''l'TGA.G 3628 

haa-mi.R-611 AGACUUCCCAUUUGAAGGUGGC 819 TGGGAAGTC 1755 GGGAAG'l'C 2692 GGAAG'I'C 3629 

hl;la-miR-618 AAACUCUACOOGUCCUUCUGAGO 819 AGTAGAGTT 175'5 GTAGAGTT 2693 TAGAGTT 3630 
h:s.a--miR-G19 GACCUGGACAUGUUUGUGCCCAGU 020 TGTCCAGG'l' 1757 G'l'CCAGG'l' 2694 'l'CCAGG'I' 3631 
haa...-mi.R-620 AUGGAGAUAGAUAOAGAAAn 821 CTA'tC:TC:CA 1159 TATCTCCA 2695 A'l'C'l'CCA 3632 
hsa-mi.R.-621 GGCOAGCAACAGCGCO'UACCO 82< GT'tGC'l'AGC 1759 TTGCTAGC 2696 TGCTAGC: :3633 

b:sa-mi.g-622 ~~GOCOGCUGAGGOO'GGAGC 823 llGC.tt.GAC:'l'G 1760 GCA.GACTG 2697 CAGACTG 3634 

hsa-miP..-62.3 ~OCCCOOGCAGGGGCOG'OOGGGC 824 'l'GCAAGGGA 1761 GCAAGG<» 2690 CAAGGGil 3635 

haa-miR.-624 CACAAGGUAUUGGUAUOACCO 825 ATACC'l'TGT 1762 TAC:CTTGT 2699 ACCTTGT 3636 

hsa~miR~624* OAGUACCAGOACCOUGUGOUCA B26 AC'l'GG'I'AC'I' 1763 C'I'GG'l':l\C'l' 2700 TGGTAC'l' 3637 
' hsti-miR-625 AGGGGGAAAGUUCUAOAGUCC B27 CTTTCCCCC 17c54 TTTCCCCC 2701 'l''l'CCCCC 3638 
haa.-.mi.R..~625* GA.CUAUAGAACUUUCCCCCUCA 82B TTCTATAG't 1765 TCTATAGT 2702 CTATAGT 3639 

he:a-miR-626 ~GCUGO'CU~VGOCOO 029 TCA<lACAGc 1766 Cl\Gl\CAGC 2703 AGllCl\GC 3640 
hsa-miR-621 GUGAGOCUCUAAGAA}A.GAGGA B30 AGAGACTCA 1767 GAGACTCA 2704 AGACTCA 3641 
hsa-.mi.R-62a-3J? OCUAGuAAGAGUGGCA.GOCGA 831 'l'CTl'fACTAG 1768 Cl'fTACTAG 2705 TT ACT AG 3642 

hoo--miR-628-5p AOGCOGACAOAOOCACOAGAGG 832 A'l'G'I'CAGCA 1769 'I'G'l'CAGCA 2706 G'l'Cl\GCJli 3643 
h!..8.-nti.R.-62 9 UGGGUUUACGOUGGGAGAACU 833 CGTAM.CC:C 1770 GT AAA.CCC 2707 'l'AAACCC 3644 
l'lea~m:l.R-629* GOOCOCCCJ!i.1\CGOAAGCCC,AGC B31 TTGGGllG/\A l171 TGGGl>G/\A 2708 GGGllG/\A J6d,5 

h~a--.mi.R-630 AGUAUUCUGOACCAGGGAAGGO 835 ACAGAATAC 1772 CAGAA'l'AC 2709 AGAA'I'AC 3646 
hea-rn:l..R-63l AGACCOGGcCCAGACCUCAGC 836 GGCCAGGTC: 1713 GCCAGGTC 2710 CCAGGTC 3647 

hsa~miR~ti32 GOGOCOGCOOCCUGOGGGA 837 AAGCAGACA 1714 AGCAGACA 2111 GCAGACA 364S 

haa""'lniR.-633 COAAUAGUAUCOACCACAAOAAA 838 A'l'AC'l'A'l'TA 1775 'l'AC'l'A'l''l'A 2712 AC'l'ATTA 3649 
hsa-miR-634 AA.CCAGCJ\CCCCAAC:OUO'GG-Ac: B39 GG'.rGCTGGT 1176 GTGC1'GGT 2713 'rGCTGGT 3650 

h~a-miR-635 ACOOGGGCACOGIUUlC~lJ'G:oCC B40 ~GCCCAAG 1777 'l'GCCCMG 2714 GCCCAAG 3,;51 

hBa-miR.-636 UGUGC:UUGCUCGUCCCGCCCGCA 041 AGCAAGCAC 1"778 GCAAGCAC 2715 CAAGCAC 3~52 

Asa-m.:l.R-Ei37 ~OGGGGGCOOOCGGGCUCUGCGU B42 AGCCCCCAG 1119 GCCCCCAG 2116 CC:CCCAG 3653 

hsa.-miR-638 AGGGAOCGCGGGCGGGVGGCGGCCO 043 CGCGATCCC 1780 GCGATCCC 2717 C<lATCCC 3654 
h:s a -m:I,.R.-6:3 9 AUCGCUGCGGOOGCGAGCGCUGU B44 CCGCAGCGA 1181 CGCAGCGA 2718 GCAGCGA 3655 

:O."a-miR~640 AOGhOCC~GGAACCOGCCOCO 045 CC:TGGATCA 1782 C'l'GGA'l'Cl\ 2719 'I'GGl\TCA 3656 
hSll-miR-64l AAAGACAUAGGAUAGAGUCACCUC 846 C'l'ATG'l'C'l''l' 1783 TATGTCTT 2720 A'I'GTCTT 3657 
haa-miR-642 GOCCcuCuC~OGOGUCOUG 847 GGAGAGGGA 17841 G""""GGA 2121 AGAGGGA 365B 
he:a~miR~643 ACUOGOACGCUAGC:UCAGG'OAG 8~8 SC~TACAA.G 1795 CA'l'ACAAG 2722 A'l'1'.CAAG 3659 
hsa-h'l.iR-644 AGUGUGGCUUUCUUAGAGC 849 AA.GCCACAC 1786 AGCC:ACAC 2723 GCCACAC 3660 

hea-miR-645 OCOAGGCOGGUACUGCUGA B50 CCAGCCTAG 1787 CAGCC'l'AG 272~ 1\GCCTllG 3661 
hsa-miR~Ei4 6 AAGCAGCUGCCUCUG1\.GGC 851 GCAGC'l'GC'l' 1700 CAGCTGCT 2725 AGCTGC'l' '3662 

llsa-:raiR.~647 GcGGCOGC2\CUCACUOCCO'OC Bo2 GTGCAC;C:CA l7B9 'l'GCAGCCh 2726 GC/IGCCll 3663 
hsa-miR-648 AAGUGUGCAGGGCACDGGC B53 CTGCit.CAC'l' 1790 TGCACACT 2727 GCACAC'l' 3664 
hsa~miR-i549 AA2\CCOGOGOOGTJOCA2\GAGUC 854 ACACAGG'l''l' 1791 == 2729 ACAGGTT 3665 
hea-miR.-650 AGGAGGCAGCGCUCUCAGGAC B55 GCTGCCTCC 1792 C'l'GcC'l'CC 2"729 TGCCTCC 3666 
hSi!i-miR-651 UUUAGGAUAAGCUUGACUUOUG 856 TT'1TCC'l'AA l793 TATCCTAA 2730 A'I'CC'l'AA 3667 

he:a-miR-652 AAUGGCGCCACOAGGGOCGOG 057 TGGCGC:CAT 1794 GGCGCCA'l' 2731 GCGCc;i.'l' 366B 
hsa-mi.R.-Ei53 GUGUUGAAACAAUCUCUACOG 050 GTTTCMCA. 1795 TTTCAACA 2732 T'l'CMCA '3669 
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h:!la-miR 6~4 3p OA.OGOCUGCUGACCAOCACCUU B59 ~GcAGAC:~'l' 1796 GCaGACAT 2733 CAGACA'I' 3670 

h:!la-mi.A 654 5p OGGJ:rGGGcCGCAGAACAOGoGC B60 CGGCCCACC 1197 GGC:CCACC: 2734 GCCCACC 3671 

ha.a-Jlli.R-655 AUAAUACAUGGDUAACCOCOOO' B6l CATG'r:A'l'TA 1798 A'l'GTA'l!'l!A 2735 TGTATTA 3672 

hse.-miR-656 AAUAUUAUACAGOC~CCUCU 862 G'tATAATAT 1799 TATAATAT 2736 ATAATAT 367'.l 

h:sa--mi.R-657 GGCAGGtruCUCACCCOCOCOAGG 063 AGAACCTGC lBOO GM.CCTGC. 2737 AACCTGC 3674 

hea-mi.R-658 GGCGGAGGGlU\GOAGGUCCGOOGGU 864 TCCC'l'CCGC 1801 CCC<CCGC 2738 CC'l'CCGC 3675 

heq-rn;iR-659 CUUGGUOCAGGGllGGGOCCCCA 865 CTGAA.cCAA 1802 'l'GA.ACCAA 2739 GAACCAA .3676 

hsa~m;i.R-660 OACCCAOUGCAlJAOCGGAG-UUG 866 GCM.TGGGT 1803 CM'l'GGG'l' 274.0 MTGGGT 3677 

h:sa-miR-EiGl OGCCOGGGl'.JCUCUGGCCUGCGCGO 067 GACCCAGGc 1S04 ACCCAGGC 2741 CC~GGc 367B 

b.!;ia-mi.lt 662 UCCCACG'O'OGUGGCCCAGCAG 86B CAA.C:G'l'GGG 1805 AACGTGGG 2742 ACG'l'GGG 3679 

hsa~miR-66'.3 AGGCGGGGCGCCGCGGGACCGC 069 CGCCCCGCC 1806 GCCCCGCC 274.3 CCCCGCC 3680 

hai!!l.-.miR~GG3b GGUGGCCCGGCCGUGCCUGAGG 870 CCGGGCCAC 1807 CGGGCCAC 2744 GGGCCAC 3681 

lJ..e.a-miR-i564 OA'OOCAUUUAOCCCCAGCCUACA 87l TAAA';l'GlUl'l' 1808 AAATGAAT 274S AA'I'GAAT 3682 

hsa m:ll\-664• ACUGGCUAGGGAAJU\OG~OOGGAO' 872 CCTAGCCAG 1809 C'l'AGCCAG 2746 TAGCCAG 3683 

hsa.--nti.R~GG5 ACCAGGAGGCUGAGGCCCCU 073 GCCTCCTGG 1810 CCTCC'l'GG 2747 CTC:CTGG 3684 

haa-miR: 668 OGOCllCOCGGCUCGGCCCACUAC 874 CCGAGTG1\C l8ll CGAGTGAC 2748 GAGTGJlC 3685 

M;a~l!l!R-671-3p UCCGGO"OCCCAGGGCOCCACC B75 GAGAACCGG 1812 ~ccGG 2749 GAACCGG 3686 

hsa~m:l.:R-Ei71-5p AGGAAGCCCUGGAGGGGCOGGAG 076 AGGGCTTCC 1813 GGGC'l''l'CC 2750 GGCTTCC :3687 

hsa-miR~G75 OGGOGCGGAGAGGGCCCACAGUG 877 CTCCGCACC 1Sl4 TCCGCACC 2751 CCGcACC 3688 

haa-miR-67Sb COGOAOGCCCtJCACCGCUCA 878 GGGCA'l'ACA 1015 GGCATACA 2752 GCATACA 3609 

h.sa:.mifl-7 CGGAAGACOAGO~OUOGUUGO 879 TAGTC'l'TCC 1611$ AG'l'CTTCC 2753 GTC"ri'CC 3690 

hsa-ni.:lR-7-1* CAACAAAUCACAGUCCGCCAO'l\. 000 'l'GAT'l'TGTT 1817 GA'l''l''l'G'l''l' 2754 A'l''l"l'GTT 3691 

haa-miR 7-2* CAACAAAOCCCAGUCUA.CCUAA 991 GGA'l''l''l'GTT l818 GATTTGTT 2755 A'I.'TTGTT 3692 

h.sa-JD.i.Fl-708 AAGGAGCOO~C:/\..AOCO~GCOGGG 002 TAAGCTCCT lBl9 AAGC'l'CCT 2756 AGC'.rCCT 3693 

h:sa--m.iR-70e* CAACUAGACUGUGAGCUUCUAG 883 AGTCTAGT'I' 1820 GTCTAGTT 2757 'l'C'l'.i'.G'l''l' 3694 

haa'"'1D.iR-720 OCOCGCUGGGGCCOCCA 884 CCCAGCG~G 1a21 CCAGCGAG 2758 CAGCGAG 3695 

hsa-miR.-74-4 UGCGGGGCOAGGGCOiUl.CA.GCA 805 TAGCCCCGC 1822 AGCCCCGC 2759 GCCCCGC J696 

hsa~miR-744* CUGUUGCCACUAACCOCAACCO 896 GTGGCAACA 1923 'l'GGCAACA 2760 GGCMCA 3697 

lJ..ea-miR: 758 OCOGOGACCOGGUCCACOAACC 897 AGG'I'ChCM 182' GGTCACAA 2761 GTCACAA 3698 

hsa-miR-760 CGGCUCUGGGUCOGOGGGGl\ BBB CCCAGAGCC 1825 CCAGAGCC 2762 CAGAGCC 3699 

ha a .-.miP.-7 65 OG~GGAGAAGGAAGGUGAUG 8B9 'l''l'C'tCCTCC 1826 TCTCCTCC 2763 C'l'CC'l'CC 3700 

hsa-miR.~766 ACOCCAGCCCCACAGCCOCAGC 890 GGGC'l'GGAG 1927 GGCTGGAG 2764 GCTGGAG 3701 

hsa-m1:R-7Ei7-3p UCUGCUCAUACCCCllOGGUOOCO B9l TATGAGCAG 1828 ll<GJl(;CJU; 2765 'rGAGCAG 3702 

hsa'-llliR-767-Sp OGCACCAUGGUUGUCOGAGCAOG B92 CCATGGTGC 1829 CA'l'GG'l'GC 2766 A'l'GG:L'GC 3703 

hsa-.miR.-769-3p CUGGGAUCCCCGGGGUCUUGGDU B9J GAGA'l'CCCA. 1930 l\GATCCCA 2767 GATCCCA :3704 

h:sa--miR-769-Sp UGAGACCUCUGGGUOCO'GAGCO B9• AGAGGTCTC 1931 GAGGTCTC 2760 ~$GTC'l'C 3705 

haa-ntlR~ 770-Sp OCC~GOACCACGUGUCAGGGCCA B95 TGGTACTGG 1832 GGTACTGG 2769 GTAC'l'GG 3706 

hea-miR-802 CAGOAACAA1\GAOOCAUCCUUGU 996 'l''l'TGTTACT 1833 T'l'G~TAC'l' 2770 TGTTACT 3707 

hs.a~rn:l.fl-073 GCAGGAACUUGUGAGOCOCCO B97 AAGTTCC'l'G 1834 AG'l''I'CC'l'G 277l GTTCCTG 3708 

h:ea.-miR~814 CUGCCCUGGCCCGAGGGACCGA 898 GCCAGGGCA 1835 CCAGGGCA 2772 CAGGGCA 3709 

hsa-ro:f.R-B75~3p CCUGGAAACACOGAGGOOGOG B99 TGTTTCCAG 1836 G'l''l"l'CCl\G 2773 'l"l'TCCAG 3710 

hs.a--mi.R-97.5-.5p UADACCUCAGUUUUAUCAGGOG 900 C'l'GAGGTAT 1937 TGAGG'l'AT 2774 GAOO'l'A'l' 37ll 

hsa-miR-876~3p OGGOGGUUOACAAAGDAADUCA 901 TAAACCll.CC lBJ8 AM.CCACC 2775 AA.CCACC 3712 

li:!Ja-zntfl-87 6-5p UGGACCOCOOOG'OGJ\1\0CACCA 902 AAGAAA'l'CC lB39 AGMATCC 2776 GAAATCC :3713 

hsa~miR-677 GUAGA.GGAGAUGGCGCAGGG 903 TCTCCTCTA 184.0 CTCCTC'l'A 2777 'l'CC'l'C'l'A 3714 

hsa-miP. 977* occocoucocccuccoccCAG 904 GAGAAGAGG 1841 AGAA.GAGG 2778 GAAGAGG 3715 

hsa-miR-BBo-3p AGGCAGCGGGGUGUAGUGGAUA 905 CCCGCTGCC 1942 CCGCTGCC 2779 CGC'l'!DCC 3716 

h:sa..-mi.R-Ge.S-5p UCCAOUACACUACCCUGCCUCU 906 GTGTAATGG 1843 TGTAATGG 2780 GTAATGG 3717 

h1;1a-JIJ.iR.-B8 6-3p CGCGGGOGcCOACUGACCCOO 907 AGCACCCGC 1844. GCACCCGC 27Bl Cl\CCCGC 3718 

hM-miR-896-5p CGGGOCGGAGUUAGCOCAAGCGG 90B CTCCGACCC lB45 TCCGACCC 2782 CCGACCC 3719 

hi;ia-mifl~987 GOGAACGGGCGCCAUCCCGAGG 909 GCCCGTTCA lS46 ccc~TTCA 2783 CCGTTCA 3720 

hsa-mi.Jl-891;1 UACUCAAAAAGCUGUCAGUCA 910 TTTTTGAGT 1847 TTT'l'GA.GT 2784 T'l''l'GAGT 3721 

haa-miR-988* GACOG~Cti.CCOC'OOOGGGOGAA 9ll GG'I'G'l'CAGT l04B G:L'GTCAGT 2785 'l'GTCAGT J722 

hsa-miR-889 UUAAUAOCGGACAACCA.COGO 912 CCGATA'l''l'A 18<9 CGA'l'ATTA 2786 GATA.TT A 3723 

h:sa-?B;l..R-a9o OACUDGGAAAGGCAUCAGUUG 913 T'1'TCCAAGT 1850 TTCCMGT 2787 TCCAA.GT 3724 
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:Q.1;1a~mJ.R-S9la UGCAACG}l.ACCOGAGCCACOGA 914 GT'l'CGTTGC 1851 T'l'CG'l''I'GC 278 8 TCGTTGC 3725 

hsa~miR-a9lb UGCAACUU~CCUGAGOCAUlJGA 915 GTAAGT~GC 1952 TAAG'l''l'GC 278 5l AAGTTGC 3726 

hsa-mi.R.-892a CACOGUGUCC'OOlJCOGCGUAG 916 GGl>CACl'GT 1853 GACACAGT 279 0 lLCAc.lGT 3727 

h:sa~miR-892h CACOGGCOCCUUUCOGGGO~GA 917 GGAGCCAG'l' 1854 GAGC:CAGT 279 l AGCCAGT 3728 

haa-miR-9 UCOCUGGlJOAOCOAGCUGUAOGA 918 TAACCAAAG 1105 MCCl\AAG 279 2 ACCAAAG 3729 

hea--miR~9* AUAAAGCUAGAOAACCGAAAGU 919 C::TAGCTTTA 1856 TAGC'l''l''l'A 2793 AGCTTTA 37.30 

hsa-miR-920 GGGGAGCOGaGGAAGC~GO~ 920 A.CAGCTCCC 1857 CAGCTCCC 279' AGCTCCC 3731 

b:!;a-miR.-921 CUAGUGAGGG.ACAGAACCAGGAUOC 921 CCCTCAC'l'A 1858 CCTCACTA 2795 C'l'CAC'l'A 3732 

hsa,-w..i,R-922 GCAGCAGAGAAOAGGl'LCOACGUC 922 'l'C'l'CTGCTG 1859 C'l'C'l'GC'l'G 279 6 TC'l'GC'l'G 3133 

h.sa-miR-92.3 GOCAGCGGAGGAAAAG~U 923 CTCCGCTGA 1860 TCCGC'l'GA 2191 CCGCTGA 3734 

hsa-miR 924 AGAGOCOOGOGAOGUCUUGC 924 ACAAGACTC 1861 CAA.GAC'l'C 2798 l\AGACTC 3735 

haa-i:ni.R~92a UAUUGCACUUGUCCCGGCCUGO 925 AAG'I'GCAAT 1862 i\GTGCAA'l' 2799 G'l'GCAA'l' 3736 

hsa"""llt1R-S2a~1• AGGOOGGGA.UCGGUUGCAAUGCU 926 ATCCCAACC 1863 TCCCAACC 2800 CCCAA.CC 3737 

h.:sa-miR.~92a-2* GGGOGGGGA.OOOGOOGCAOOAC 927 .A'l'CCCCl\CC 186'1 TCCCCACC 2B01 cccc11iicc 3738 

hea-miR-92b UAOUGCACOCGOCCCGGCCOCC 921 GAGTGCAA'l' 1865 AGTGCAAT 2002 G'l'Gc.Ai\'l' 3739 

hsa-miR-92b"' AGGGACGGGACGCGGOGCAGOG 929 TCCCGTCCC 1866 CCCGTCCC 2803 CCGTCCC 3740 

hsa-miR-93 CAAA,GOGCOGUOCGUGCAGGUAG 930 CAGCACTTT 1867 AGCACTTT 2804 GCAC'l'T'r 3741 

ns.a miR-93* ACUGCUGAGCOAGCACOOCCCG 931 GCTCAGCAG 1668 C'l'CAGCIW 2805 TCAGCAG 3742 

h:!;a-miR~933 OGUGCGCAGGGAGACCUCUCCC 932 CCTGCGCAC 1BG9 C'I'GCGCAC :Z006 TGCGCAC :3743 

hsa.-.m.iR.-934 OGOCOACOACUGGAGACACUGG 933 GTAGTAGAC 1870 TAGTAGAC 2807 l\G'l'l\GllC 3744 

hsa-miR.-935 CCAGOlJACCGCUOCCGCUACCGC 934 CGG'l'MCTG 1871 GGTAACTG 2801 G'l'MC'l'G ,J745 

hs.a~rniR~936 ACAGUAGAGGGAGGAAOCGCAG 935 CCTCTACTG 1872 CTCTAC'l'G 2609 'l'CTACTG 3746 

h8a-m.iil 937 AOCCGCGCOCUGACUCOCUGCC 936 GAGCGCGGA 1073 AGCGCGGA 2110 GCGCGGA 3747 

h~a~-930 UGCCCUUAAAGGOG~CCCAGO 937 TTTAAGGGC 1174 'I''l'MGGGC 2811 TAAGGGC 3748 

hsa-m:l.ll.-9!19 OGGGGAGCUGAGGCUCOGGGGGOG 938 CAGCTCCCC 1175 AGC'I'CCCC 2812 GCTCCCC 3749 

h:!;a--nti.R-940 Al\GGCl\GGGCCCCCGCUCCCC 939 GCCCTGCCT 187G CCCTGCC'l' 2813 CCTGCCT :3750 

hl;la-miR-941 CACCCGGCOGUGOGC2\CAoGOGC 940 CAGCCGGG'l' 1877 AGCCGGG't 2Bl4 GCCGGGT 3751 

h~a-miR~942. UCOUCUCOGUUUUGGCCAOGUG 941 ACAGAGAAC3 1878 CAGAGAAG 2Bl5 AGA(ThAG 3752 

h8a-m.ifl 943 COGACOGOOGCCGOCCUCCAG 942 CAACAG'l'CA 1879 AACAGTCA 2816 ACAG'I'CA 3753 

hea-miR-944 AAAUUAOOGOACAOCGGAOG~ 943 ACAA'l'AA'l''l' 1880 CAATAAT1' 2017 AATAATT 3754 

h:!ioa-miR~9S OOCAACGGGDAUOUA.t:l'UGAGCA 944 AC::C:CGTTGA 1881 CCCGTTGA 2818 CCG'J'TGA 3755 

hi;ra-mifl-96 UUUGGCACOAGCJ\.CAOOOOUGCU 9<5 'l'AG'l'GC~ 1882 AGTGCC:AA 2819 GTGCCAA 3756 

hsa.-miR-96* AAUCAUGUGCAGUGCCAAOAOG 946 GCACATGAT 1813 CACA'l'GA'l' 2820 ACATGAT 3757 

hsa-miR 98 OGAGGOJ\.GO~GtJUGOAUUGUO 947 'l'ACTACCTC 1884 ACTACC'l'C 2121 C'l'.l\CCTC 3758 

h.ea-m.iR-99a AACCCGUAGAUCCGAUCOOGOG 948 TC'l'ACGGG'l' 1985 CTACGGGT 2822 TACGGGT 3759 

h~a--miR-99a+ CAFLGcUCGCtro'C:UAOGGGUCOG 949 .AGCGAGCTT lBBG GCGAGC'l''l' 2623 cGllGCTT 376"0 

h.:sa-miR~99b CACCCGOAGAACCGl\CCUUGCG 950 'l'C'l'l\CGGGT 1887 CTACGGGT 2824 'l'ACGGG'I' 3761 

hsa-IDiR-990"' CAAGCUCGUGUCUGUGGGOCCG 951 CACGAGC'l''l' 1868 1\CGA.GCTT 2825 CGAGCTT 3762 

hsvl--iniR-Hl OGGru\GGACGGGAAGUGGAAG 952 CGTCCTTCC 1889 GTCCTTCC 2826 TCCTTCC 3763 

hovl-..1!<-Jl2-3p CCUGAGCCAGGGACGAGUGCGACU 953 CTGGCTCllG 1890 TGGCTCAG 2827 GGC'l'CAG 3764 

hsvl--miR-H2-Sp oCGCACGCGCCCGGCACAGACO 95< GCGCGTGCG 1191 CGCGTGCG 2828 GCGTGCG 37G5 

hevl-miR-H3 CUGGG~COGOGCGGUUGGGA 955 >.CAGTCCCA 1892 CAGTCCCA .28.29 AGTCCCA 3766 

h~vl-miR-H4-Jp CUUGCCOGOCOAACOCGCUAGU 956 GACAGGCAA 1893 ACAGGCM Z830 Cl'GGCAA 3767 

h8vl-mi.R H4~Sp GGOAGAGUUUGACAGGCAAGCA 957 AAACTCTAC 1894 AACTC'l'AC 2131 AC'l'CTAC 3768 

hsvl-miR-H5 GOCACPAGiU;JCCAAACCCUCCGG 958 Wt.'l'CTC'l'G1' 1895 A'l'CTCTGA 29:32 TCTCTGA 3769 

hS\l"l miR-HEi CACUUCCCGOCCOOCCAOCCC 959 ACGGGAAGT li96 CGGGAll.S'l' 2833 GGGAAGT 3770 

kshv-miR.-Kl2~1 AOU:/\~OOAAACUGGGOGOAAGC 960 'l"TCCTG'I'M 1897 'tC:CTGTAA 2834 CCTG'I'AA 3771 

kshv-mia-!0-2-lOa UAGUGOOGOCCCCCCGAGUGGC 961 GACAACAC'I' 1899 ACAACll.CT 2835 CAACACT 3772 

~shv-miR~Kl2-10b OGGUGUDGUCCCCCCGAGOGGC 962 GACAACACC 1999 ACAACACC 2836 CAACACC 3773 

kenv---miR.~K12 ii UUAAOGCOO~GCCDGUGOCCGA 963 'l'AAGCA'l'TA 1900 AAGCATTA 2837 AGCATTA 3774 

kshv-mlR.-K.12-12 ACCAGGCCACCAooccucaccG 964 G'l'GGCCTGG 1901 TGGCC'l'GG 2831 GGCCtGG 3775 

k:shv-miR-Kl2-2 AACOGOAGOCCGGGOCGAOCCG 965 GACTACAG!I! lgJ02 ACTACAGT 2839 CTACAG'l' 3776 

k.ehv-miR.-K.12-3 UCACAUUCOGAGGACGGCAGCGA 966 CAGAA'I'GTG 1903 AGAA'I'G'l'G 2840 GAATGTG 3777 

k:shv-miR-Kl2~3* OCGCGGOCl\CAGAAOGtlGilC~ 967 GTGACCGCG 1904 TGACCGCG 2841 GACCGCG 3778 

kah~--nti.R Kl.2 4 3p UAGAAUACOGAGGCCUAGCUGA 968 CAGTATTCT 1905 i1\G?ATTCT 2642 GTAT'l'C'l' 3779 
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kshv-miR-K12-4-5p AGCUAAACCGCAGUACOCOAGG ••• CGG'l''l''l.1\.GC 1906 GGTTTAGC 2843 GTTTAGC 3780 

ke.hv-miR-K12-5 OAGGAUGCCUGGAACUUGCCGG 970 AGGCA'l'CC'l' 1907 GGCATCC'l' 2844 GCA'l'CC'l' 3781 

k.shv-nrl.R K12 6 3p OGAOGGDUUUCGGGCOGUUGAG 971 AAAACCATC 1908 MACCATC 2845 AACCATC 3782 

kshv-miR K12 G Sp CCAGCAGCACCOAAOCCAOCGG 972 GTGCTGCTG 1909 TGCTGCTG 2846 GCTGCTG 3783 

kahv-nrl,R-:K.12-7 UGAUCCCAUGUUGCOGGCGCO 973 CATGGGATC 1910 ATGGGl\'l;'C 2847 TGGGATC 3784 

keb.v-miR-Kl.Z-e OAGGCGCGACUGAGAGAGCACG 974 G'I'CGCGCC'l' l~ll TCGCGCC'l' 2848 CGCGCC'l' 3785 

kehv-miR~Kl.2-9 COGGGOAUACGCAGCOGC.GDAA 975 G'l'A'l'ACCCA 1912 TATACCCA 2849 A'l'ACCC;il 3786 

k.sb.\r-nti.R-K12:-9-K ACCCll.GCUGCGOAAAC:CCCGCU 976 GCAGC'l'GGG 1913 CAGCTGGG 2850 AGC'l'GGG 3787 
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CLAIMS 

1. An oligomer of a contiguous sequence of 7, 8, 9 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 

s 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. 

2. The oligomer according to claim 1, wherein all the internucleoside linkages present between 

10 the nucleotide units of the contiguous nucleotide sequence are phosphorothioate 

internucleoside linkages. 

3. The oligomer according to claim 2, wherein the length of the oligomer is 7, 8 or g 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. 

15 4. The oligomer according to any one of claims 1 - 3, wherein at least 70% of the nucleotide 

units of the oligomer are LNA units. 

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

oligomer are LNA units. 

6. The oligomer according to any one of claims 1 - 5, wherein the contiguous nucleotide 

20 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. 

7. 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-2g, 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-520c/e. 

25 8. 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-Sp. miR-20a/b, miR-93, miR-106a/b, miR-18a/b, miR-19a/b, miR-25, miR-92a, 

miR-363. 

30 9. 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 

sequence is complementary to a corresponding region of a mammalian, human or viral 

microRNA (miRNA) sequence selected from the group of miRNAs from SEQ ID No 1 - 558 

as disclosed in W02008/046911. 

5 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 

10 7mer, Smar or 9mer seedmer sequences listed in table 1. 

13. The oii9omer according to claim 11 or 12, wherein the 3' nucleotide of the seedmer 

forms the 3' most nucleotide of the contiguous nucleotide sequence, wherein the contiguous 

nucleotide sequence may, optionally, comprise one or two further 5' nucleotides. 

14. The ollgomer according to any one of claims 1 - 13, wherein said contiguous nucleotide 

15 sequence of the oligomer does not comprise a nucleotide which corresponds to the first 

nucleotide present in the micro-RNA sequence counted from the 5' end. 

15. The oiigomer according to any one of claims 1 - 14, wherein the nucleotide analogue 

units are selected from the group consisting of 2'-0_alkyl-RNA unit, 2'-0Me-RNA unit, 2'­

amino-DNA unit, 2'-fluoro-DNA unit, LNA unit, and a 2'-MOE RNA unit. 

20 16. The oligomer according to any one of claims 1 -15, wherein the nucleotide analogue 

units are Locked Nucleic Acid (LNA) nucleotide analogue units. 

17. The ollgomeraccording to anyone of claims 1-16, wherein the contiguous nucleotide 

sequence of the oligomer is complementary to the corresponding sequence of at least two 

miRNA sequences such as 2, 3, 4, 5, 6, 7, 8, 9, or 10 miRNA sequences, optionally with the 

25 use of a single universal nucleotide within the oligomer contiguous nucleotide sequence. 

18. The oligomer according to claim 17, wherein the contiguous nucleotide sequence of the 

oligomer 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. 

30 19. The oligomer according to any one of claims 17 or 18, wherein the contiguous 

nucleotide sequence is complementary to the corresponding region of both miR-221 and 

mlR-222. 
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20. The oligomer according to claim 1 g, wherein the contiguous nucleotide sequence 

consists or comprises of a sequence that is complementary to 5'GCUACAU3'. 

21. The oligomer according to any one of claims 1 - 20, wherein the contiguous nucleotide 

s sequence is complementary to a corresponding region of hsa-miR-122. 

22. The oligomer according to claim 21, 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. 

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

10 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. 

15 26. The pharmaceutical composition according to claim 25, wherein 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 pharmaceutical composition comprising the oligomer according to 

20 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-nucleotide compounds. 

2g. The use of an oligomer or a conjugate as defined in any one of the proceeding claims, 

25 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. 

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, 

30 comprising administering an oligomer, 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 

5 composition, according to any one of the preceeding claims to the cell which expresses both 

said mRNA and said miRNA, in order to de-repress the expression of the mRNA. 


