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(57) ABSTRACT 

The present invention relates to anti-miR-27b and anti-miR 
148a oligonucleotides that are capable of decreasing the level 
and/or activity of miR-27b and miR-148a, respectively. In 
conjunction with the oligonucleotide molecules of the present 
invention, the invention also provides a method for decreas 
ing the level and/or activity of miR-27b and/or miR-148a in a 
cell. In a further embodiment, the invention provides a 
method for treating a disease, especially dyslipidemias and 
cardiovascular diseases. 
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Figure 6 
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ANT-MR-27B AND ANT-MR-148A 
OLGONUCLEOTDES AS THERAPEUTIC 
TOOLS FORTREATING DYSLPIDEMAS 
AND CARDOVASCULAR DISEASES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is the U.S. National Phase of Inter 
national Patent Application Serial No. PCT/US2014/042196. 
filed Jun. 12, 2014, which claims priority to U.S. Provisional 
Application Ser. No. 61/834,389, filed Jun. 12, 2013, both of 
which are herein incorporated by reference in their entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

0002 The research leading to the present invention was 
Supported, in part, by National Institutes of Health grants 
R01 HL 107953, RO1 HL106063, and 1 F31AG043318. 
Accordingly, the U.S. government has certain rights in the 
invention. 

SEQUENCE LISTING 
0003. The instant application contains a Sequence Listing 
which has been submitted electronically in ASCII format and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Aug. 6, 2014, is named 243735.000144 SL. 
txt and is 29.706 bytes in size. 

FIELD OF THE INVENTION 

0004. The present invention relates to anti-miR-27b and 
anti-miR-148a oligonucleotides and their use as therapeutic 
tools for treating dyslipidemias and cardiovascular diseases. 

BACKGROUND OF THE INVENTION 

0005 Cellular and plasma cholesterol levels are main 
tained through tightly controlled mechanisms, which regulate 
the expression and activity of key metabolic genes at both the 
transcriptional and post-transcriptional level. Alterations in 
the control of cholesterol homeostasis can lead to pathologi 
cal processes, including atherosclerosis, the most common 
cause of mortality in Western societies (Lusis 2000, Glass and 
Witztum 2001). Epidemiological studies have identified 
many environmental and genetic factors that contribute to 
atherogenesis. In particular, high levels of low-density lipo 
protein (LDL) cholesterol and low levels of high-density 
lipoprotein (HDL) cholesterol are associated with increased 
cardiovascular disease (CVD) risk (Lusis 2000, Glass and 
Witztum 2001). As a result, substantial therapeutic progress 
has resulted from the widespread use of statins (Gould, Ros 
souw et al. 1998) and other lipid-lowering drugs aimed at 
lowering plasma LDL-cholesterol (LDL-C). Despite this, 
statins are not sufficient to prevent the progression of athero 
Sclerosis in many individuals and there is considerable evi 
dence that quantitatively important determinants of disease 
susceptibility remain to be identified (Hennekens 1998, 
Sjouke, Kusters et al. 2011). 
0006. In humans, the majority of serum cholesterol is 
transported as cholesterol esters in LDL particles. To ensure 
that blood cholesterol levels are balanced, LDL is constantly 
internalized. The uptake of LDL and other ApoE/ApoB con 
taining lipoproteins occurs through the LDL receptor 
(LDLR) and is a classic example of receptor-mediated 
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endocytosis (Brown and Goldstein 1976, Brown and Gold 
stein 1986). The circulating level of LDL is determined in 
large part by its rate of uptake through this pathway, as evi 
denced by mutations in Ldlr or ApoB, which lead to the 
massive accumulation of LDL inpatients with familial hyper 
cholesterolemia (FH) (Brown and Goldstein 1974, Maxfield 
and Tabas 2005). The expression of the LDLR is tightly 
controlled by feedback mechanisms that operate at both tran 
Scriptional and post-transcriptional levels. One of the classi 
cal transcriptional regulators of the LDLR is the ER-bound 
sterol regulatory element-binding protein (SREBP). SREBPs 
are members of the basic helix-loop-helix leucine Zipper 
(bHLH-Zip) family that bind to sterol response elements 
(SREs) and promote gene expression (Goldstein and Brown 
1990, Brown and Goldstein 1997). In mammals there are 
three isoforms: SREBP1a and SREBP1c, encoded by the 
Srebp1 gene, and SREBP2, encoded by the Srebp2 gene. 
While SREBP1c is regulated by insulin and oxysterols and 
preferentially enhances the transcription of genes involved in 
fatty acid synthesis, SREBP2 is regulated by intracellular 
cholesterol concentrations and is the main regulator of de 
novo cholesterol biosynthesis (Goldstein and Brown 1990, 
Brown and Goldstein 1997). When intracellular levels of 
cholesterol are high, the ER-bound sterol regulatory element 
binding proteins (SREBPs), such as SREBP2, coordinate the 
down-regulation of the LDLR, as well as 3-hydroxy-3 meth 
ylglutaryl coenzyme A reductase (HMGCR), the rate-limit 
ing enzyme of cholesterol biosynthesis (Goldstein and Brown 
1990, Brown and Goldstein 1997). Conversely, when sterol 
concentrations are low, SREBPs, such as SREBP2, upregu 
late HMGCR and the LDLR, thereby enhancing LDL clear 
ance from the plasma and ensuring that intracellular choles 
terol levels are maintained (Goldstein and Brown 1990, 
Brown and Goldstein 1997). Additionally, the LDLR is also 
Subject to post-transcriptional regulation Such as its propro 
tein convertase Sutilisinikexin type 9 (PCSK9)-dependent 
degradation and inducible degrader of idol (IDOL)-depen 
dent ubiquitination (Park, Moon et al. 2004, Zelcer, Hong et 
al. 2009) 
0007 While several key transcriptional regulators of cel 
lular and systemic lipid levels have been identified, post 
transcriptional mediators of cholesterol metabolism, includ 
ing microRNAS, are less well-characterized and just 
beginning to emerge. MicroRNAs (miRNAs) are short (-22 
nt), evolutionary conserved, single-stranded RNAS that con 
trol the expression of complementary target mRNAS, leading 
to their transcript destabilization, translational inhibition, or 
both (Ambros 2004, Filipowicz, Bhattacharyya et al. 2008, 
Bartel 2009). As such, they are crucial for the development 
and maintenance of tissues, both in health and disease states. 
Recently, it has been suggested that miR-122, miR-33, miR 
758, miR-106b, and miR-144 are involved in control of lipid 
metabolism (Krutzfeldt, Rajewsky et al. 2005, Esau, Davis et 
al. 2006, Najafi-Shoushtari, Kristo et al. 2010, Ramirez, 
Davalos et al. 2011, Rayner, Esau et al. 2011, Kim, Yoon et al. 
2012, de Aguiar Vallim, Tarling et al. 2013, Ramirez, Rotlan 
etal. 2013). However, the effect of miRNAs on LDLRactivity 
has not been described. 

0008 miRNAs typically control the expression of their 
target transcripts by binding to the 3'-UTR of mRNAs. In 
mammals, the most consistent requirement of miRNA:target 
interaction, although not always essential, is the contiguous 
and perfect base pairing of nucleotides 2-8 (the seed) at the 
5' end of the miRNA (Ambros 2004, Bartel 2004, Filipowicz, 
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Bhattacharyya et al. 2008, Bartel 2009). Given the shortness 
of the seed region, it is no Surprise that a single miRNA can 
potentially regulate hundreds of genes that are involved in 
multiple signaling cascades or cellular mechanisms (Bartel 
2004). While these numbers emphasize the regulatory poten 
tial of miRNAs, they also reflect how difficult it is to deter 
mine the function of a given miRNA, as not all predicted 
targets will contribute to a phenotype. Ascertaining the bio 
logical function of miRNAS in regulating a physiological 
process, therefore, is complex and relies on systematic, unbi 
ased experiments in living cells or organisms. 

SUMMARY OF THE INVENTION 

0009. As specified in the Background Section, above, 
there is a great need in the art to develop new therapeutic tools 
for treating dyslipidemias and cardiovascular diseases. The 
present invention addresses this and other needs by providing 
novelantisense oligonucleotides which are specific inhibitors 
of miR-27b or miR-148a. 
0010. In one embodiment, the invention provides an iso 
lated oligonucleotide, wherein said oligonucleotide is 
capable of decreasing the level and/or activity of miR-27b. In 
one specific embodiment, miR-27b comprises the sequence 
5'-UUCACAGUGGCUAAGUUCUGC-3' (SEQID NOS: 1, 
58-59). In one specific embodiment, miR-27b consists of the 
sequence 5'-UUCACAGUGGCUAAGUUCUGC-3' (SEQ 
ID NOS: 1,58-59). In another specific embodiment, miR-27b 
consists of the sequence 5'-ACCUCUCUAACAAGGUG 
CAGAGCUUAGCUGAUUGGUGAACAGUGAUUGGUU 
UCCGCUUUGUUCACAGUGGCUAAGUU 
CUGCACCUGAAGAGAAGGUG-3' (SEQID NO: 2). 
0011. In one embodiment, the invention provides an iso 
lated oligonucleotide, which oligonucleotide comprises the 
sequence complimentary to nucleotides 2-8 at the 5' end of 
the mature miRNA sequence of miR-27b. In one specific 
embodiment, such mature miRNA sequence of miR-27b is 
5'-UUCACAGUGGCUAAGUUCUGC-3' (SEQID NOS: 1, 
58-59). 
0012. In one specific embodiment, said oligonucleotide 
comprises the sequence 5'-AC(T/U)G(T/U)GA-3' (SEQ ID 
NO: 114). In another specific embodiment, said oligonucle 
otide comprises the sequence 5'-ACTGTGA-3' (SEQID NO: 
115). In yet another specific embodiment, said oligonucle 
otide comprises the sequence 5'-ACUGUGA-3' (SEQID NO: 
116). In one specific embodiment, said oligonucleotide 
ranges from 7 to 40 nucleotides in length. In another specific 
embodiment, said oligonucleotide ranges from 8 to 21 nucle 
otides in length. In one specific embodiment, said oligonucle 
otide is capable of decreasing the level and/or activity of 
miR-27b. 
0013. In one embodiment, the invention provides an iso 
lated oligonucleotide, wherein said oligonucleotide is 
capable of decreasing the level and/or activity of miR-148a. 
In one specific embodiment, miR-148a comprises the 
sequence 5'-UCAGUGCACUACAGAACUUUGU-3' (SEQ 
ID NOS: 6, 60-61). In one specific embodiment, miR-148a 
consists of the sequence 5'-UCAGUGCACUACAGAACU 
UUGU-3' (SEQ ID NOS: 6, 60-61). In another specific 
embodiment, miR-148a consists of the sequence 5'-GAG 
GCAAAGUUCUGAGACACUCCGACU 
CUGAGUAUGAUAGAAGUCAGUGCA 
GAACUUUGUCUC-3' (SEQID NO: 7). 
0014. In one embodiment, the invention provides an iso 
lated oligonucleotide, which oligonucleotide comprises the 
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sequence complimentary to nucleotides 2-8 at the 5' end of 
the mature miRNA sequence of miR-148a. In one specific 
embodiment, such mature miRNA sequence of miR-148a is 
5'-UCAGUGCACUACAGAACUUUGU-3' (SEQ ID NOS: 
6, 60-61). 
0015. In one specific embodiment, said oligonucleotide 
comprises the sequence 5'-(T/U)GCAC(T/U)G-3' (SEQ ID 
NO: 117). In another specific embodiment, said oligonucle 
otide comprises the sequence 5'-TGCACTG-3' (SEQID NO: 
118). In yet another specific embodiment, said oligonucle 
otide comprises the sequence 5'-UGCACUG-3' (SEQID NO: 
119). In one specific embodiment, said oligonucleotide 
ranges from 7 to 40 nucleotides in length. In another specific 
embodiment, said oligonucleotide ranges from 8 to 22 nucle 
otides in length. In one specific embodiment, said oligonucle 
otide is capable of decreasing the level and/or activity of 
miR-148a. 
0016. In one embodiment, the oligonucleotide of the 
invention is a modified oligonucleotide. In one specific 
embodiment of the invention, the oligonucleotide modifica 
tion is selected from the group consisting of locked nucleic 
acids (LNA). 2'-fluoro (2'-F) modified nucleotides. 2'-O- 
methoxyethyl (2'-MOE) modified nucleotides. 2'-O-methyl 
(2'O-Me) modified nucleotides, and phosphorothiate (PS) 
nucleotides. 
0017. The invention also provides pharmaceutical compo 
sitions comprising one or more oligonucleotides of the inven 
tion and a pharmaceutically acceptable carrier or excipient. In 
one specific embodiment, the composition comprises one or 
more oligonucleotides targeting miR-27b. In another specific 
embodiment, the composition comprises one or more oligo 
nucleotides targeting miR-148a. In yet another specific 
embodiment, the composition comprises (i) one or more oli 
gonucleotides targeting miR-27b and (ii) one or more oligo 
nucleotides targeting miR-148a. 
0018. In conjunction with the oligonucleotide molecules 
of the present invention, the invention also provides a method 
for decreasing the level and/or activity of miR-27b and/or 
miR-148a in a cell, which method comprises administering to 
the cell one or more oligonucleotides of the invention or a 
composition comprising Such one or more oligonucleotide 
(s). In one specific embodiment, the cell to which the oligo 
nucleotide(s) or composition is administered is a hepatic cell. 
0019. In another embodiment, invention provides a 
method for increasing plasma high-density lipoprotein cho 
lesterol (HDL-C) level and/or reducing plasma low-density 
lipoprotein cholesterol (LDL-C) level in a subject in need 
thereof, which method comprises administering to the Subject 
atherapeutically effective amount of one or more oligonucle 
otides of the invention or a composition comprising Such one 
or more oligonucleotide(s). In a preferred embodiment, the 
Subject is human. 
0020. In a further embodiment, the invention provides a 
method for treating a disease in a subject in need thereof, 
which method comprises administering to the Subject athera 
peutically effective amount of one or more oligonucleotides 
of the invention or a composition comprising such one or 
more oligonucleotide(s). Non-limiting examples of the dis 
eases treatable by the method of the invention include dys 
lipidemias (such as, e.g., hyperlipidemia elevated lipid lev 
els, hypercholesterolemia elevated cholesterol levels, low 
HDL/LDL ratio) and cardiovascular diseases (such as, e.g., 
atherosclerosis, coronary artery disease, coronary heart dis 
ease, conditions associated with coronary artery disease or 
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coronary heart disease e.g., angina, myocardial infarction. 
transientischemic attack, stroke). In a preferred embodiment, 
the Subject is human. 
0021. In one embodiment of any of the above methods of 
the invention, the oligonucleotide is a modified or unmodified 
oligonucleotide selected from the group consisting of 
5'-TTCTGTAGTGCACTG-3' (SEQ ID NO. 52; anti-miR 
148a), 5'-ACAAAGTTCTGTAGTGCAC-3 (SEQ ID NO: 
33; anti-miR-148a), 5'-AACTTAGCCACTGTGA-3' (SEQ 
ID NO: 54; anti-miR-27b), and 5'-AGAACTTAGCCACT 
GTGA-3' (SEQ ID NO. 34: anti-miR-27b). In one specific 
embodiment, the oligonucleotide is selected from the group 
consisting of LNA oligonucleotide 5'-TTCTGTAGTG 
CACTG-3' (SEQ ID NO. 52; anti-miR-148a), LNA oligo 
nucleotide 5'-AACTTAGCCACTGTGA-3' (SEQID NO:54: 
anti-miR-27b), miRCURY LNATM microRNA inhibitor 
5'-ACAAAGTTCTGTAGTGCAC-3' (SEQID NO:33; anti 
miR-148a), miRCURY LNATM microRNA inhibitor 
5'-AGAACTTAGCCACTGTGA-3' (SEQ ID NO: 34; anti 
miR-27b), miRCURY LNATM microRNA Power inhibitor 
5'-ACAAAGTTCTGTAGTGCAC-3' (SEQID NO:33; anti 
miR-148a), and miRCURYLNATM microRNA Power inhibi 
tor 5'-AGAACTTAGCCACTGTGA-3' (SEQ ID NO. 34: 
anti-miR-27b). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIGS. 1A-F. Genome-wide miRNA screen identi 
fies novel regulators of LDLR activity. (A) Schematic work 
flow of primary screen and bioinformatic procedures. (B-D) 
Linear regression analysis between Dil-LDL mean average 
intensity for plate set 1 and 2 (B), plate set 2 and 3 (C) and 
plate set 1 and 3 (D). The goodness of fit (r2) and regression 
line (indicative of overall reproducibility of the screen) is 
indicated on each graph. (E) Dil-LDL mean average intensity 
(MAI, open bars) and robust Z-score (dots) comparison for 
cells transfected with the negative control siRNA (non-silenc 
ing, NS) or positive control siRNA (siRNA LDLR, siLDLR). 
(F) Distribution of average robust Z-scores for individual 
miRNAs in the primary screen. Controls are represented by 
the grey (NS siRNA) and black (siLDLR) dots. miR-27b and 
miR-148a, highlighted in dark grey and light grey, respec 
tively, were chosen for further validation based on predefined 
criteria (A. lower panel). All other miRNAs are shown in 
black. 
0023 FIGS. 2A-Q. miR-27b and miR-148a are regulated 
by hepatic lipid content. (A) Schematic diagram of the human 
APO gene locus, showing the localization of the miR 
23b-miR-27b-miR-24-1 cluster and its conservation among 
species. FIG. 2(A) discloses “miR-23b' as SEQID NOS 27 
and 62-63 and the corresponding “human.” “rhesus’ and 
“mouse' sequences as SEQID NOS 28 and 66-67, respec 
tively, “miR-27b” as SEQ ID NOS 1 and 58-59 and the 
corresponding "human,” “rhesus' and “mouse' sequences as 
SEQID NOS 29 and 68-69, respectively, and “miR-24-1” as 
SEQID NOS 31 and 64-65 and the corresponding “human.” 
“rhesus' and “mouse' sequences as SEQ ID NOS 32 and 
70-71, respectively. (B) Schematic diagram of human chro 
mosome 7, showing the localization of miR-148a and its 
conservation among species. FIG. 2(B) discloses “miR 
148a as SEQ ID NOS 6 and 60-61 and the corresponding 
“human.” “rhesus' and “mouse' sequences as SEQID NOS 
30 and 72-73, respectively. (C-E) qRT-PCR analysis of pri 
miR-27b (C), pre-miR-27b (D) and miR-27b (E) in human 
hepatic cells (Huh7) left untreated (FBS) or loaded with 120 
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ug/ml native LDL (nLDL) in 10% LPDS. (F-H) qRT-PCR 
analysis of pri-miR-148a (F), pre-miR-148a (G) and miR 
148a (H) in human hepatic cells (Huh7) left untreated (FBS) 
or loaded with 120 g/ml nLDL in 10% LPDS. (I-K) qRT 
PCR analysis of pri-miR-27b (I), pre-miR-27b (J) and miR 
27b (K) in the livers of C57BL/6 mice (n=3 per group) fed a 
chow or high-fat diet (HFD). (L-N) qRT-PCR analysis of 
pri-miR-148a (L), pre-miR-148a (M) and miR-148a (N) in 
the livers of C57BL/6 mice (n=3 per group) fed a chow or 
high-fat diet (HFD). (O) qRT-PCR analysis of miR-27b in the 
livers of rhesus monkeys (n=5 per group) fed a chow or 
high-fat diet (HFD). (P) qRT-PCR analysis of miR-148a in 
the livers of rhesus monkeys (n=5 per group) fed a chow or 
high-fat diet (HFD). (Q) qRT-PCR analysis of miR-148a in 
the livers of wild-type or ob?ob mice (n=3 per group). In 
panels (C) through (Q), the data are the meant-SEM and 
representative of>3 experiments in duplicate. *, Ps0.05 com 
pared to cells cultured in FBS (C-H). *, Ps0.05 compared to 
chow diet-fed animals (I-P) or wild-type animals (Q). 
(0024 FIG. 3 A-D. miR-27b specifically targets the 3'UTR 
of human LDLR (SEQ ID NOS 35-36, respectively, in order 
of appearance), LDLRAP1 (SEQID NOS 37, 39, 38-39, 37 
and 40, respectively, in order of appearance), and ABCA1 
(SEQID NOS 41, 43, 42-43, 41 and 44, respectively, in order 
of appearance), while miR-148a specifically targets the 
3'UTR of human LDLR (SEQID NOS 45,47, 46-47, 45 and 
48, respectively, in order of appearance) and ABCA1 (SEQ 
ID NOS 49-50, respectively, in order of appearance). (A and 
B) Human LDLR, LDLRAP1, and ABCA1 3'UTR 
sequences. Underlined sequences indicate predicted miR 
27b binding sites (A) and predicted miR-148a binding sites 
(B). Nucleotides highlighted in grey indicate respective point 
mutations (PM) in the miR-27b and miR-148a binding sites. 
(C) Luciferase reporter activity in COS7 cells transfected 
with control mimic (CM) or miR-27b mimic (miR-27b) and 
the human 3'UTR of LDLR, LDLRAP1, and ABCA1 con 
taining the indicated point mutations (PM) in the miR-27b 
target sites. Double mutation (DM) indicates that two miR 
27b binding sites were mutated in the same 3'UTR construct. 
(D) Luciferase reporter activity in COS7 cells transfected 
with control mimic (CM) or miR-148a mimic (miR-148a) 
and the human 3'UTR of LDLR and ABCA1 containing the 
indicated point mutations (PM) in the miR-148a target sites. 
Double mutation (DM) indicates that two miR-148a binding 
sites were mutated in the same 3'UTR construct. In panels (C) 
and (D), the data are the meant-SEM and representative of >2 
experiments in triplicate. *, Ps0.05 compared to cells trans 
fected with CM. ii., Ps0.05 compared to cells transfected with 
miR-27b or miR-148a and the control 3'UTR (WT). 
0025 FIGS. 4A-S. Post-transcriptional regulation of 
LDLR expression and activity by miR-27b and miR-148a in 
human hepatic cells. (A) qRT-PCR analysis of LDLR in Huh? 
cells transfected with a control mimic (CM), miR-27b mimic, 
or miR-148a mimic. (B) Western blot analysis of LDLR in 
Huh7 cells transfected with a control mimic (CM), miR-27b 
mimic (left panel) or miR-148a mimic (right panel). HSP90 
was used as a loading control. (C) qRT-PCR analysis of 
LDLRAP1 in Huh7 cells transfected with a control mimic 
(CM) or miR-27b mimic. (D) qRT-PCR analysis of LDLR in 
Huh7 cells transfected with a control inhibitor (CI), miR-27b 
inhibitor (Inh-27b), or miR-148a inhibitor (Inh-148a). (E) 
Western blot analysis of LDLR in Huh? cells transfected with 
a control inhibitor (CI), miR-27b inhibitor (Inh-27b, left 
panel) or miR-148a inhibitor (Inh-148a, right panel). HSP90 
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was used as a loading control. (F) qRT-PCR analysis of LDL 
RAP1 in Huh? cells transfected with a control inhibitor (CI) 
or miR-27b inhibitor (Inh-27b) (G and H) Flow cytometry 
analysis of DiI-LDL uptake in Huh? cells transfected with a 
control mimic (CM), miR-27b mimic (G) or miR-148a mimic 
(H) and incubated with 3 g/ml DiI-LDL for 2 hat 37°C. (I 
and J) Flow cytometry analysis of Dil-LDL binding in Huh? 
cells transfected with a control mimic (CM), miR-27b mimic 
(I) or miR-148a mimic (J) and incubated with 30 ug/ml DiI 
LDL for 30 min at 4°C. (K and L) Intracellular cholesterol 
content in Huh? cells transfected with a control mimic (CM). 
miR-27b mime (K), or miR-148a mimic (L) and incubated 
with 30 g/ml native LDL (nLDL) for 2 hat 37°C. (MandN) 
Flow cytometry analysis of Dil-LDL uptake in Huh? cells 
transfected with a control inhibitor (CI), inhibitor of miR-27b 
(Inh-27b, M) or inhibitor of miR-148a (Inh-148a, N) and 
incubated with 30 g/ml Dil-LDL for 2 hat 37° C. (O and P) 
Flow cytometry analysis of Dil-LDL binding in Huh7 cells 
transfected with a control inhibitor (CI), inhibitor of miR-27b 
(Inh-27b, O) or inhibitor of miR-148a (Inh-148a, P) and 
incubated with 30 g/ml DiI-LDL for 30 min at 4°C. (Q-R) 
Intracellular cholesterol content in Huh7 cells transfected 
with a control inhibitor (CI), miR-27b inhibitor (Inh-27b, Q), 
or miR-148a inhibitor (Inh-148a, R) and incubated with 30 
ug/ml native LDL (nLDL) for 2 h at 37° C. (S) LDLR anti 
body internalization in Huh? cells transfected with a control 
mimic (CM, upper panel), miR-27b mimic (middle panel), or 
miR-148a mimic (lower panel) and incubated with anti 
LDLR and 30 ug/ml DiI-LDL for 40 min at 4°C. Following 
internalization for 30 or 60 min at 37°C., cells were washed, 
fixed and stained with Alexa Fluor R. 488 and TOPRO. Rep 
resentative confocal images are shown; LDLR staining is 
represented by lightgrey, Dil-LDL staining is represented by 
darker grey, and stained nuclei are in darkest grey. Scale bar, 
5um. In panels (A) through (R), the data are the meant SEM 
and representative of >3. 
0026 FIG. 5A-R. LDLR-GFP overexpression rescues 
LDLR activity in miR-27b- and miR-148a-transfected cells. 
(A-I) Huh? cells were cotransfected with LDLR-GFP and a 
control mimic (CM, A-C), miR-27b mimic (D-F), or miR 
148a mimic (G-I) and incubated with 30 ug/ml DiILDL for 2 
h at 37° C. Following incubation, cells were washed, fixed 
and stained with TOPRO. In all panels, LDLR staining is 
represented by lightgrey, Dil-LDL staining is represented by 
darker grey, and stained nuclei are in darkest grey. Scale bar, 
10um. (J-R) Huh? cells were co-transfected with LDLR-GFP 
and a control mimic (CM, J-L), miR-27b mimic (M-O), or 
miR-148a mimic (PR) and incubated with 30 ug/ml DiI-LDL 
for 90 min at 4°C. Following incubation, cells were washed, 
fixed and stained with TOPRO. Scale bar, 10um. In panels 
(A) through (R), images are representative of 23 experiments 
that gave similar results. 
0027 FIGS. 6A-E. miR-27b represses ABCA1 expression 
and regulates cholesterol efflux in human hepatic cells. (A) 
qRT-PCR analysis of ABCA1 expression in Huh? cells trans 
fected with a control mimic (CM) or miR-27b mimic in the 
absence or presence of T0901317 (TO90). (B) Western blot 
analysis of ABCA1 expression in Huh? cells transfected with 
a control mimic (CM) or miR-27b mimic in the absence or 
presence of T0901317 (T090). HSP90 was used as a loading 
control (C) qRT-PCR analysis of ABCA1 expression in Huh? 
cells transfected with a control inhibitor (CI) or miR-27b 
inhibitor (Inh-27b) in the absence or presence of T0901317 
(T090). (D) Western blot analysis of ABCA1 expression in 
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Huh7 cells transfected with a control inhibitor (CI) or miR 
27b inhibitor (Inh-27b) in the absence or presence of 
T0901317 (TO90). HSP90 was used as a loading control. (E) 
Cholesterol efflux to Apo A1 in Huh7 cells transfected with a 
control mimic (CM) or miR-27b mimic and stimulated with 
T0901317 (T090). In panels (A) through (E) data are the 
meant-SEM and representative of >2 experiments in tripli 
cate. *, Ps0.05 compared to cells transfected with CM within 
each treatment group (A. E). *, Ps0.05 compared to cells 
transfected with CI within each treatment group (C). 
(0028 FIGS. 7A-T. miR-27b regulates plasma LDL and 
HDL levels in vivo. (A) Experimental outline of AAV-Null 
and AAV-pre-miR-27b (AAV-27b) treated mice (n=5 per 
group) fed a chow diet. (B and C) qRT-PCR analysis of 
pre-miR-27b (B) and miR-27b (C) levels in the livers of mice 
following 4 weeks treatment. *, Ps0.05 compared to AAV 
Null treated mice. (D and E) qRT-PCR analysis of LDLR 
expression (D) and ABCA1 expression (E) in the livers of 
mice following 4 weeks treatment. *, Ps0.05 compared to 
AAV-Null treated mice. (F and G) Western blot analysis of 
LDLR and ABCA1 expression in the livers of mice following 
4 weeks treatment. HSP90 was used as a loading control. 
Quantification of blot relative to HSP90 is shown in (G). 
Numbers are represented as fold-change compared to AAV 
Null treated mice, *, Ps0.05. (H and I) Levels of total cho 
lesterol (H) and HDL cholesterol (I) in the plasma of mice 
treated with AAV-Null or AAV-27b for 0, 2, and 4 weeks. *, 
Ps0.05 compared to AAV-Null treated mice within each treat 
ment week. (J and K) Cholesterol content of FPLC-fraction 
ated lipoproteins following 2 (J) and 4 weeks (K) of treatment 
with AAV-Null or AAV-27b. (L) Experimental outline of 
AAV-Null and AAV-pre-miR-27b (AAV-27b) treated mice 
(n=5 per group). Four weeks after the initial treatment, mice 
were injected a second time with AAV-Null or AAV-27b and 
challenged with a Western diet (WD) for the following 2 
weeks. (MandN) qRT-PCR analysis of pre-miR-27b (M) and 
miR-27b (N) levels in the livers of mice following 6 weeks 
treatment. *, Ps0.05 compared to AAV-Null treated mice. (O 
and P) qRT-PCR analysis of LDLR expression (O) and 
ABCA1 expression (P) in the livers of mice following 6 
weeks treatment. *, Ps0.05 compared to AAV-Null treated 
mice. (Q and R) Western blot analysis of LDLR and ABCA1 
expression in the livers of mice following 6 weeks treatment. 
HSP90 was used as a loading control. Quantification of blot 
relative to HSP90 is shown in (R). Numbers are represented 
as fold-change compared to AAV-Null treated mice, *, Ps0. 
05. (Sand T) Post-prandial (fed) and fasting (3h) cholesterol 
content of FPLC-fractionated lipoproteins following 6 weeks 
treatment. In panels (B) through (E), (G) through (I), (M 
through P) and (R) data are the meant-SEM. 
(0029 FIGS. 8A-J. Optimization of primary miRNA 
screen, Related to FIG. 1. (A) Flow cytometry analysis of 
DiI-LDL uptake in Huh? cells incubated with varying con 
centrations of Dil-LDL (2-100 g/ml) for 8 hat 37° C. (B-D) 
Representative images of Dil-LDL uptake in Huh? cells incu 
bated with 10 ug/ml (B), 20 ug/ml (C) and 40 ug/ml (D) 
DiI-LDL. Following 8 h incubation at 37° C., cells were 
washed, fixed, and stained with Hoechst; DiI-LDL staining is 
represented by darker grey, and stained nuclei are in darkest 
grey. (E and F) Representative images of cell segmentation 
used to quantify Dil-LDL uptake in a high-throughput for 
mat. Huh? cells were incubated with 30 ug/ml DiI-LDL for 8 
hat 37° C. Following this, cells were washed, fixed, counter 
stained with Hoechst, and imaged using the Cellomics Array 
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Scan. Dil-LDL uptake was quantified using the Cellomics 
Target Activation BioApplication. (G) Mean average inten 
sity of Dil-LDL in Huh7 cells incubated with varying con 
centrations of Dill-LDL (2-40 ug/ml) in 384-well plates. 
Following incubation for 8 h at 37° C., cells were washed, 
fixed, stained, and imaged using the Cellomics ArrayScan. In 
certain wells, cells were incubated with 40 ug/ml DiI-LDL-- 
30x unlabeled native LDL (nLDL) to show specificity of 
DiI-LDL uptake/quantification. (H) Western blot analysis of 
LDLR in Huh7 cells transfected with nonsilencing (NS) con 
trol siRNA or siRNA LDLR (siLDLR). HSP90 was used as a 
loading control. (I) Mean average intensity of DiI-LDL in 
Huh? cells transfected with non-silencing (NS) control 
siRNA or siRNA LDLR (siLDLR) and incubated with 30 
ug/ml DiI-LDL for 8 h at 37° C. Following incubation, cells 
were washed, fixed, stained and imaged using the Cellomics 
ArrayScan. Z' factor was calculated based on DiILDL mean 
average intensity (MAI) in cells transfected with NS siRNA 
or siLDLR. Representative images are shown in panel (J). 
Dil-LDL staining is represented by darker grey, and stained 
nuclei are in darkest grey. In panels (A), (G), and (I) data are 
the meant-SEM and representative of >2 experiments in trip 
licate. *, Ps0.05 compared to cells transfected with NS 
siRNA (I). In panels (B) through (D), (E) through (F), and (J) 
images are representative of>3 experiments that gave similar 
results. 

0030 FIGS. 9A-B. Bioinformatic analysis of predicted 
target genes for miR-27b and miR-148a, related to FIGS. 2 
and 3. Predicted targets for miR-27b (A) or miR-148a (B) in 
functional clusters that interact and are enriched in lipid 
metabolism are shown. Targets for miR-27b or miR-148a that 
are predicted in Targetscan, miRWalk, and miRanda were 
uploaded into DAVID for functional annotation cluster analy 
sis. Functional clusters with an enrichment score of> 1.0 are 
depicted in diamonds, in represents the number of genes 
within each cluster, while bracketed numbers represent each 
cluster number. Grey lines between genes of different clusters 
indicate STRING interaction score. Genes not found within a 
functional annotation cluster are indicated by white inverted 
arrowheads. Predicted gene targets in bold are validated 
herein. 

0031 FIGS. 10A-B. Predicted binding sites for miR-27b 
and miR-148a in the 3'UTR of LDLR, ABCA1, and LDL 
RAP1, related to FIG. 3. (A) Location of predicted binding 
sites for miR-27b in the 3'UTR of LDLR (SEQID NOS 1 and 
74-79, respectively, in order of appearance), ABCA1 (SEQ 
ID NOS 1, 80-85, 1 and 86-91, respectively, in order of 
appearance), and LDLRAP1 (SEQ ID NOS 1, 92-97, 1 and 
98-103, respectively, in order of appearance). Site conserva 
tion between species is shown below each 3'UTR. (B) Loca 
tion of predicted binding sites for miR-148a in the 3'UTR of 
LDLR (SEQ ID NOS 6, 104-108, 6 and 109-113, respec 
tively, in order of appearance) and ABCA1 (SEQID NOS 6. 
3-5 and 8-10, respectively, in order of appearance). Site con 
servation between species is shown below each 3'UTR. In 
panels (A) and (B), site prediction was based on the target 
prediction algorithm, Targetscan. Seed sequences are in grey 
font for miR-27b and miR-148a on the 3' to 5' strand of each 
3'UTR. Binding sites on the 5' to 3' strand are outlined in grey. 
Hsa, human: ptr, chimpanzee, mmu, mouse: rno, rat; ocu, 
rabbit. 

0032 FIGS. 11A-G. miR-27b and miR-148a regulate 
LDLR expression and activity in mouse hepatic cells, related 
to FIG. 4. (A and B) qRT-PCR analysis of LDLR in Hepa cells 
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transfected with a control inhibitor (CI), inhibitor of miR-27b 
(Inh-27b, A) or inhibitor of miR-148a (Inh-148a, B). (C) 
Western blot analysis of LDLR in Hepa cells transfected with 
a control inhibitor (CI), inhibitor of miR-27b (Inh-27b, left 
panel) or inhibitor of miR-148a (Inh-148a, right panel). 
HSP90 was used as a loading control. (D and E) Flow cytom 
etry analysis of DiI-LDL uptake in Hepa cells transfected 
with a control inhibitor (CI), inhibitor of miR-27b (Inh-27b. 
D), or inhibitor of miR-148a (Inh-148a, E) and incubated 
with 30 g/ml DiI-LDL for 2 h at 37° C. (F and G) Flow 
cytometry analysis of DiI-LDL binding in Hepa cells trans 
fected with a (CI), inhibitor of miR-27b (Inh-27b, F), or 
inhibitor of miR-148a (Inh-148a, G) and incubated with 30 
ug/ml DiILDL for 30 min at 4°C. In panels (A) through (G), 
data are the meant-SEM and representative of>2 experiments 
in triplicate.*, Ps0.05 compared to CI transfected cells (A-B, 
D-G). 
0033 FIGS. 12A-N. Transcriptional regulation of miR 
148a by SREBP1c. (A) Schematic diagram of human chro 
mosome 7, showing the localization of miR-148a. The active 
promoter region of miR-148a is shown (HepG2 Chrom 
HMM) and correlates with CpG islands and enriched 
H3K4Me3 histone marks. Transcription factor binding sites 
(as assayed by ChIP-seq) are shown below. Data was com 
piled using the UCSC Genome Browser (NCBI36/hg18). (B) 
Western blot analysis of nuclear SREBP1c in Huh? cells 
transfected with an empty vector control (Empty) or nuclear 
SREBP1c-FLAG vector (nSREBP1c), p84 was used as a 
loading control. (C and D) qRT-PCR analysis of FASN (C), 
pre-miR-148a (D) and miR-148a (D) in Huh? cells trans 
fected with an empty vector control (Empty) or nuclear 
SREBP1c-FLAG vector (nSREBP1c). (E) qRT-PCR analysis 
of miR-148a in the livers of wild-type (WT) or SREBP1c-Tg 
mice. n=4 per group. (F through G) qRT-PCR analysis of 
SREBP1c responsive genes (F) and pre-miR-148a/miR-148a 
(G) in mouse primary hepatocytes treated with vehicle or 
T090137 (TO90). ABCA1 expression was measured as a posi 
tive control for T090 treatment (G). (H) Northern blot analy 
sis of pre-miR-148a (precursor form) and miR-148a (mature 
form) in mouse primary hepatocytes treated with 3 uM 
vehicle or T090 for 12 h. 5s was used as a loading control. (I 
through J) qRT-PCR analysis of SREBP1c responsive genes 
(I) and pre-miR-148a/miR-148a (J) in mouse primary hepa 
tocytes treated with vehicle or 30 nM insulin for 6 h. (K) 
Northern blot analysis of pre-miR-148a (precursor form) and 
miR-148a (mature form) in mouse primary hepatocytes 
treated with vehicle or insulin for 6 h. 5s was used as a loading 
control. (L) Promoter activity of miR-148a in Hela cells 
transfected with nuclear SREBP1c (nSREBP1c) or empty 
vector control. (M-N) Promoteractivity of miR-148a in Huh? 
cells stimulated with 100 nM insulin (M) or 3 uMT090 (N) 
for 8 h and 12 h, respectively. In panels (B) through (N), the 
data are the meant-SEM and representative of>2 experiments 
in triplicate. *, Ps0.05 compared to cells treated with vehicle 
(F-G, I-J, M-N). *, P-0.05 compared to cells treated with 
empty vector (C, D, L), Ps0.05 compared to WT mice (E). 
0034 FIGS. 13 A-E. Inhibition of miR-148a increases 
LDLR expression in vivo. (A) Experimental outline of LNA 
control or LNA anti-miR-148a treated ApoBTg:LDLR" 
mice (n=7 per group). Sequences (SEQ ID NOS 51-53, 
respectively, in order of appearance) highlighted are comple 
mentary to the seed region of mmu-miR-148a (underlined). 
(B) Northern blot analysis of pre-miR-148a (precursor form) 
and miR-148a (mature form) in the livers of ApoBTg: 
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LDLR mice after two weeks of treatment with LNA con 
trol (LNACON) or LNA anti-miR-148a (LNA 148a).5s was 
used as a loading control. (C) qRT-PCR analysis of miR-148a 
levels in the livers of mice following 2 weeks of treatment. *, 
Ps0.05 compared to LNA control (LNACON) treated mice. 
(D) Western blot analysis of LDLR expression in the livers of 
mice following 2 weeks of treatment. HSP90 was used as a 
loading control. Quantification of LDLR relative to HSP90 is 
shown in (E). Numbers are represented as fold-change com 
pared to LNA control (LNA CON) treated mice, *, P-0.05. 
(F) Schematic representation of miR-148a-mediated regula 
tion of LDLR. In panels (B) through (E) data are the 
meantSEM and representative of each treatment group. 
0035 FIGS. 14A-D. Inhibition of miR-27b increases 
LDLR expression in vivo. (A) Experimental outline of LNA 
control or LNA anti-miR-27b treated ApoBTg:LDLR-/* 
mice (n=7 per group). Sequences (SEQ ID NOS 51 and 
54-55, respectively, in order of appearance) highlighted are 
complementary to the seed region of mmu-miR-27b (under 
lined). (B) qRT-PCR analysis of miR-27b levels in the livers 
of mice following 2 weeks of treatment. *, Ps0.05 compared 
to LNA control (LNACON) treated mice. (C) Western blot 
analysis of LDLR expression in the livers of mice following 2 
weeks of treatment. HSP90 was used as a loading control. 
Quantification of LDLR relative to HSP90 is shown in (D). 
Numbers are represented as fold-change compared to LNA 
control (LNA CON) treated mice, *, Ps0.05. In panels (B) 
through (D) data are the mean-SEM and representative of 
each treatment group. 

DETAILED DESCRIPTION OF THE INVENTION 

0036. The present invention is based on the identification 
of miRNAs involved in regulating LDLR activity in a high 
throughput microscope-based screening assay that monitored 
the effect of over 1700 miRNAs on the cellular internalization 
of fluorescently labeled LDL (Dil-LDL) in human hepatic 
cells. From this initial screen, the present inventors identified 
423 miRNAs that decreased LDLR activity; of these miR 
NAS, 14 were predicted to target the LDLR and highly 
expressed in the liver or previously described to be regulated 
by dietary lipids. Among them, gain and loss-of function 
experiments established the importance of miR-27b and miR 
148a in regulating LDLR activity through direct targeting of 
the LDLR. In addition, a SREBP1 binding site in the miR 
148a promoter region was identified by the inventors; over 
expression of nSREBP1c and activation of endogenous 
SREBP1c by T090 and insulin was shown to increase the 
promoter activity and expression of miR-148a, thus defining 
a novel feedback loop for maintaining cholesterol uptake. 
Furthermore, inhibition of miR-148a with locked nucleic 
acid (LNA) antisense oligonucleotides significantly 
increased the expression of LDLR in the livers of mice. 
0037. As described in detail in the Examples section 
below, miR-27b was selected for further characterization and 
shown to directly target ABCA1 and reduce cellular choles 
terol efflux to ApoA1 in human hepatic cells. Importantly, 
hepatic-specific over expression of miR-27b in mice 
repressed ABCA1 and LDLR expression in the liver, reduc 
ing circulating HDL levels and increasing plasma LDL-C. In 
addition, inhibition of miR-27b with LNA antisense oligo 
nucleotides significantly upregulated hepatic LDLR expres 
sion in mice. Taken together, the data provided herein high 
lights the role of miRNAs in regulating LDLR activity and 
demonstrates the therapeutic potential of inhibiting miRNAs 
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to simultaneously contest two of the main risk factors of 
cardiovascular diseases, namely high levels of LDL-C and 
low levels of HDL-C. 
0038. The present invention provides novel compounds 
which are specific inhibitors of miR-27b or miR-148a. 

DEFINITIONS 

0039. As used herein, the term "oligonucleotide' refers to 
a nucleic acid consisting of from 2 to 200 nucleotides, which 
may be DNA, RNA, a DNA-RNA chimera, or a derivative 
thereof (see the Oligonucleotide Modifications section, 
below). 
0040. The antisense oligonucleotides of the invention can 
target both mature miRNAs amd miRNA precursors. As used 
herein, the term “miRNA precursor is used to encompass, 
without limitation, primary miRNA transcripts (also known 
as pri-pre-miRNAs), pri-miRNAs, and pre-miRNAs. 
0041 As used herein, the term “complementary 
sequence.” refers to a nucleic acid base sequence that can 
form a double-stranded structure with another DNA/RNA 
fragment to which it is complementary, by following base 
pairing rules (e.g., A pairs with T/U, and C with G). 
0042. Within the meaning of the present invention, the 
terms “an activity” or “a function” when used in connection 
with miR-27b or miR-148a are interchangeable and encom 
passes all possible structural and functional interactions of 
miR-27b and miR-148a, respectively, including changes in 
their secondary and/or tertiary structure as well as interac 
tions with various molecules (e.g., nucleic acids, proteins, 
etc.). 
0043. In the context of the present invention insofar as it 
relates to any of the disease conditions recited herein, the 
terms “treat”, “treatment, and the like mean: 

0044 (1) preventing or delaying the appearance of at 
least one clinical or sub-clinical symptom of the state, 
disorder or condition developing in a Subject that may be 
afflicted with or predisposed to the state, disorder or 
condition but does not yet experience or display clinical 
or Subclinical symptoms of the state, disorder or condi 
tion; or 

0.045 (2) inhibiting the state, disorder or condition, i.e., 
arresting, reducing or delaying the development of the 
disease or a relapse thereof (in case of maintenance 
treatment) or at least one clinical or Sub-clinical symp 
tom thereof, or 

0046 (3) relieving the disease, i.e., causing regression 
of the state, disorder or condition or at least one of its 
clinical or Sub-clinical symptoms. 

0047. As used herein the term “therapeutically effective” 
applied to dose or amount refers to that quantity of a com 
pound (e.g., oligonucleotide) or pharmaceutical composition 
that is sufficient to result in a desired activity upon adminis 
tration to an animal in need thereof. Within the context of the 
present invention, the term “therapeutically effective' refers 
to that quantity of a compound or pharmaceutical composi 
tion that is Sufficient to reduce or eliminate at least one symp 
tom of a disease specified above. Note that when a combina 
tion of active ingredients is administered (e.g., anti-miR-27b 
and anti-miR-148a), the effective amount of the combination 
may or may not include amounts of each ingredient that 
would have been effective if administered individually. 
Therapeutically effective dosages according to the present 
invention can be determined stepwise by combinations of 
approaches such as, e.g., (i) characterization in cell cultures 
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using miR-27b and/or miR-148a levels as a readout followed 
by (ii) characterization in animal studies using plasma high 
density lipoprotein cholesterol (HDL-C) and/or low-density 
lipoprotein cholesterol (LDL-C) levels as a readout, followed 
by (iii) characterization in human trials using plasma HDL 
cholesterol (HDL-C) and/or LDL-cholesterol (LDL-C) levels 
and/or disease symptoms relief as a readout. 
0048. The phrase “pharmaceutically acceptable', as used 
in connection with the compositions of the invention, refers to 
molecular entities and other ingredients of Such compositions 
that are physiologically tolerable and do not typically pro 
duce untoward reactions when administered to a mammal 
(e.g., a human). Preferably, as used herein, the term “phar 
maceutically acceptable” means approved by a regulatory 
agency of the Federal or a state government or listed in the 
U.S. Pharmacopeia or other generally recognized pharma 
copeia for use in mammals, and more particularly in humans. 
0049. The term “about means within an acceptable error 
range for the particular value as determined by one of ordi 
nary skill in the art, which will depend in part on how the 
value is measured or determined, i.e., the limitations of the 
measurement system. For example, "about can mean within 
an acceptable standard deviation, per the practice in the art. 
Alternatively, “about can mean a range of up to +20%. 
preferably up to +10%, more preferably up to +5%, and more 
preferably still up to +1% of a given value. Alternatively, 
particularly with respect to biological systems or processes, 
the term can mean within an order of magnitude, preferably 
within 2-fold, of a value. Where particular values are 
described in the application and claims, unless otherwise 
stated, the term “about is implicit and in this context means 
within an acceptable error range for the particular value. 
0050. The term “subject’ means any animal, including 
mammals and, in particular, humans. 
0051. As used in this specification and the appended 
claims, the singular forms “a,” “an,” and “the include plural 
references unless the context clearly dictates otherwise. 
0052. In accordance with the present invention, there may 
be employed conventional molecular biology, microbiology, 
and recombinant DNA techniques within the skill of the art. 
See, e.g., Sambrook, Fritsch and Maniatis, Molecular Clon 
ing: A Laboratory Manual, 2nd ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., 1989 (herein 
“Sambrook et al., 1989''); DNA Cloning: A Practical 
Approach, Volumes I and II (Glovered. 1985); Oligonucle 
otide Synthesis (Gaited. 1984); Nucleic Acid Hybridization 
(Hames and Higgins eds. 1985); Transcription And Transla 
tion (Hames and Higgins eds. 1984); Animal Cell Culture 
(Freshney ed. 1986); Immobilized Cells And Enzymes (IRL 
Press, 1986); B. Perbal, A Practical Guide To Molecular 
Cloning (1984); Ausubel et al. eds. Current Protocols in 
Molecular Biology, John Wiley and Sons, Inc. 1994; among 
others. 

Antisense Oligonucleotides of the Invention 
0053. The antisense oligonucleotides of the invention 
encompass all antisense oligonucleotides which are capable 
of inhibiting expression and/or function of miR-27b or miR 
148a. To successfully inhibit expression and/or function of 
miR-27b or miR-148a, such antisense oligonucleotides need 
to be complementary to at least the seed region of the target 
mature miRNA sequence (nt 2-8 at the 5' end of the mature 
miRNA sequence). Perfect complementarity is not required 
for other parts of the antisense oligonucleotide and can be, for 
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example, at least about 75%, 80%, 85%, 90%, 95%, 96%, 
97%, 98%, or 99% complementary to a target miRNA 
Sequence. 

Sequences for hsa-miR-27b-3p 
Mature: MIMATOOOO419 

(SEQ ID NO: 1) 
5-UUCACAGUGGCUAAGUUCUGC-3' 

Precursor: MIOOOO44 O 

(SEQ ID NO: 2) 
5'-ACCUCUCUAACAAGGUGCAGAGCUUAGCUGAUUGGUGAACAGU 
GAUUGGUUUCCGCUUUGUUCACAGUGGCUAAGUUCUGCACCUGAAG 
AGAAGGUG-3 

Sequences for hsa-miR-148a–3p 
Mature: MIMATOOOO243 

(SEQ ID NO : 6) 
5'-UCAGUGCACUACAGAACUUUGU-3' 

Precursor: MIOOOO253 

(SEO ID NO: 7) 
5 - GAGGCAAAGUUCUGAGACACUCCGACUCUGAGUAUGAUAGAAGU 
CAGUGCACUACAGAACUUUGUCUC-3 

0054 The antisense oligonucleotides of the present inven 
tion include ribonucleotides ordeoxyribonucleotides or com 
binations thereof. The antisense oligonucleotides of the 
present invention include various oligonucleotide analogs 
and derivatives, which analogs and derivatives are also 
capable of inhibiting expression and/or function of miR-27b 
or miR-148a. Such analogs and derivatives may have 
increased in vivo stability, particularly nuclease resistance, 
and/or reduced non-specific binding, and/or increased bio 
availability as compared to unmodified oligonucleotides. The 
oligonucleotides may be modified at the backbone, the Sugar 
moiety, or the bases themselves. 
0055 For instance, suitable antisense oligonucleotides 
may be comprised of one or more “conformationally con 
strained or bicyclic sugar nucleoside modifications (BSN) 
that confer enhanced thermal stability to complexes formed 
between the oligonucleotide containing BSN and their 
complementary miRNA target Strand. For example, in one 
embodiment, the antisense oligonucleotides contain at least 
one “locked nucleic acid.” Locked nucleic acids (LNAs) con 
tain the 2'-O, 4'-C-methylene ribonucleoside wherein the 
ribose Sugar moiety is in a "locked' conformation. In another 
embodiment, the antisense oligonucleotides contain at least 
one 2',4'-C-bridged 2 deoxyribonucleoside (CDNA). See, 
e.g., U.S. Pat. No. 6,403,566 and Wang et al. (1999) Bioor 
ganic and Medicinal Chemistry Letters, Vol. 9: 1147-1150. 
The antisense oligonucleotides of the invention can also con 
tain combinations of BSN (LNA, CDNA and the like) or other 
modified nucleotides, and ribonucleotides or deoxyribo 
nucleotides. The antisense oligonucleotides of the invention 
can comprise peptide nucleic acids (PNAS), which contain a 
peptide-based backbone rather than a Sugar-phosphate back 
bone. Other modified sugar or phosphodiester modifications 
to the antisense oligonucleotide are also contemplated. Non 
limiting examples of other chemical modifications that the 
antisense oligonucleotides of the invention can contain 
include Sugar modifications, such as 2'-O-alkyl (e.g. 2'-O- 
methyl. 2'-O-methoxyethyl). 2'-fluoro, and 4'-thio modifica 
tions, and backbone modifications, such as one or more phos 
phorothioate, morpholino, or phosphonocarboxylate 
linkages (see, for example, U.S. Pat. Nos. 6,693,187 and 
7,067,641). In some embodiments, suitable antisense oligo 
nucleotides are 2'-O-methoxyethyl "gapmers' which contain 
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2'-O-methoxyethyl-modified ribonucleotides on both 5' and 
3' ends with at least ten deoxyribonucleotides in the center. 
These "gapmers' are capable of triggering RNase H-depen 
dent degradation mechanisms of RNA targets. 
0056. Examples of oligonucleotide backbone modifica 
tions include, without limitation, oligonucleotides that con 
tain phosphorus group in the backbone, phosphorothioates, 
chiral phosphorothioates, phosphorodithioates, phosphotri 
esters, aminoalkylphosphotriesters, methyl and other alkyl 
phosphonates comprising 3'alkylene phosphonates and chiral 
phosphonates as well as short chain alkyl, or cycloalkyl inter 
Sugar linkages or short chain heteroatomic or heterocyclic 
interSugar linkages, phosphinates, phosphoramidates com 
prising 3'-amino phosphoramidate and aminoalkylphospho 
ramidates, thionophosphoramidates, thionoalkylphospho 
nates, thionoalkylphosphotriesters, and boranophosphates 
having normal 3'-5' linkages. 2'-5' linked analogs of these, and 
those having inverted polarity wherein the adjacent pairs of 
nucleoside units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'. Various 
salts, mixed salts and free acid forms are also included. Spe 
cific examples include, among others, oligonucleotides with 
CH NH O—CH, CH, N(CH)—O CH, CH 
O N(CH) CH, CH, N(CH)—N(CH)—CH and 
O N(CH) CH, CH, backbones (where phosphodiester 
is O PO. O. CH). 
0057 Preferred modified oligonucleotide backbones that 
do not include a phosphorus atom therein have backbones that 
are formed by short chain alkyl or cycloalkyl internucleoside 
linkages, mixed heteroatom and alkyl or cycloalkyl inter 
nucleoside linkages, or one or more short chain heteroatomic 
or heterocyclic internucleoside linkages. These comprise 
those having morpholino linkages (formed in part from the 
Sugar portion of a nucleoside); siloxane backbones; Sulfide, 
sulfoxide and sulfone backbones; formacetyl and thiofor 
macetyl backbones; methylene formacetyl and thiofor 
macetylbackbones; alkene containing backbones; Sulfamate 
backbones; methyleneimino and methylenehydrazino back 
bones: Sulfonate and Sulfonamide backbones; amide back 
bones; and others having mixed N, O, S and CH2 component 
parts. U.S. Pat. No. 5,034,506 describes oligonucleotides 
having morpholino backbone structures. U.S. Pat. No. 5,677. 
437 describes heteroaromatic oligonucleoside linkages. U.S. 
Pat. Nos. 5,792,844 and 5,783,682 describe nitrogen linkers 
or groups containing nitrogen. U.S. Pat. No. 5,637,684 
describes phosphoramidate and phosphorothioamidate oligo 
meric compounds. Further examples include oligonucle 
otides with phosphorothioate backbones and oligonucleo 
sides with heteroatom backbones, and in particular-CH2— 
NH-O CH , —CH N(CH)—O CH-known as a 
methylene (methylimino) or MMI backbone. —CH-O N 
(CH)—CH2—, —CHN(CH) N(CH) CH2— and 
—O N(CH)—CH, CH, wherein the native phos 
phodiesterbackbone is represented as —O—P O—CH2—. 
See, e.g., U.S. Pat. Nos. 5,489,677 and 5,602.240. 
0058. In other oligonucleotide modifications encom 
passed by the present invention, both the Sugar and the inter 
nucleoside linkage, i.e., the backbone, of the nucleotide units 
are replaced with novel groups. Example of Such modifica 
tion is a peptide nucleic acid (PNA). In PNA compounds, the 
Sugar-backbone of an oligonucleotide is replaced with an 
amide containing backbone, in particular an aminoethylgly 
cine backbone. The nucleobases are retained and are bound 
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directly or indirectly to aza nitrogen atoms of the amide 
portion of the backbone. See, e.g., Nielsen et al., Science 
1991; 254:1497. 
0059 Modified oligonucleotides encompassed by the 
present invention may also contain one or more Substituted 
Sugar moieties. Examples include oligonucleotides contain 
ing Substituted Sugar moieties comprising one of the follow 
ing at the 2' position: OH, SH, SCH. F. OCN, O(CH) 
OCH, O(CH)OCH, O(CH)NH2. O(CH2)CH, 
O(CH)ONH, and O(CHON(CH2)CH), where n and m 
can be from 1 to about 10; C to Co lower alkyl, substituted 
lower alkyl, alkaryl or aralkyl; O-alkaryl or O-aralkyl: CI; Br; 
CN; CF; OCF O-; S- or N-alkyl; O-, S-, or N-alkenyl; O-, 
S- or N-alkynyl; or O alkyl-O-alkyl, wherein the alkyl, alk 
enyl and alkynyl may be substituted or unsubstituted C to Co 
alkyl or C to Coalkenyl and alkynyl; SOCH; SOCH: 
ONO: NON: NH; heterocycloalkyl; heterocycloalkaryl; 
aminoalkylamino; polyalkylamino; Substituted sialyl; a fluo 
rescein moiety; an RNA cleaving group; a reporter group; an 
intercalator, a group for improving the pharmacokinetic 
properties of an oligonucleotide; or a group for improving the 
pharmacodynamic properties of an oligonucleotide, and 
other Substituents having similar properties. See, e.g., Martin 
et al., Helv. Chim. Acta, 1995, 78,486-504 which describes a 
modification comprising 2'-methoxyethoxy (2'-O- 
CHCHOCH, also known as 2'-O-(2-methoxyethyl) or 
2-MOE), i.e., analkoxyalkoxy group. Another specific modi 
fication comprises 2'-dimethylaminooxyethoxy, i.e., a 
O(CH2)2ON(CH) group, also known as 2'-DMAOE, and 
2'-dimethylaminoethoxyethoxy (also known in the art as 
2'-O-dimethylaminoethoxyethyl or 2'-DMAEOE), i.e., 
2'-O CH, O CH N(CH2). Other preferred modifi 
cations comprise 2'-methoxy (2'-O CH-), 2-aminopropoxy 
(2'-O CHCHCH-NH) and 2'-fluoro (2'-F). Similar modi 
fications may also be made at other positions on the oligo 
nucleotide, particularly the 3' position of the sugar on the 3' 
terminal nucleotide and the 5' position of 5' terminal nucle 
otide. Oligonucleotides may also have Sugar mimetics such as 
cyclobutyls or other carbocyclics in place of the pentofura 
nosyl group. 
0060 Oligonucleotides of the invention may also include, 
additionally or alternatively, nucleobase (often referred to in 
the art simply as “base') modifications or substitutions. As 
used herein, “unmodified’ or “natural nucleobases include 
adenine (A), guanine (G), thymine (T), cytosine (C) and 
uracil (U). Modified nucleobases include nucleobases other 
synthetic and natural nucleobases Such as Xanthine, hypox 
anthine, 6-methyl and other alkyl derivatives of adenine and 
guanine, 2-propyl and other alkyl derivatives of adenine and 
guanine, 5-Me pyrimidines, particularly 5-methylcytosine 
(also referred to as 5-methyl-2' deoxycytosine and often 
referred to in the art as 5-Me-C), 5-hydroxymethylcytosine 
(HMC), glycosyl HMC and gentobiosyl HMC, 2-aminoad 
enine, 2-(methylamino)adenine, 2-(imidazolylalkyl)adenine, 
2-(aminoalklyamino)adenine or other heterosubstituted alkV 
ladenines, 2-thiouracil, 2-thiothymine, 2-thiocytosine, 5-ha 
louracil and cytosine (e.g., 5-bromouracil), 5-hydroxymethy 
luracil, 5-propynyl uracil and cytosine, 6-azouracil, cytosine 
and thymine, 5-uracil (pseudo-uracil), 4-thiouracil, 8-halo, 
8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substi 
tuted adenines and guanines. 5-halo particularly 5-bromo, 
5-trifluoromethyl and other 5-substituted uracils and 
cytosines, 7-methylguanine and 7-methyladenine, 8-azagua 
nine and 8-azaadenine, 7-deazaguanine and 7-deazaadenine 
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and 3-deazaguanine and 3-deazaadenine, N (6-aminohexyl) 
adenine and 2,6-diaminopurine. A “universal base known in 
the art, e.g., inosine, may be also included. See, e.g., Korn 
berg, A., DNA Replication, W. H. Freeman & Co., San Fran 
cisco, 1980, pp 75-77; Gebeyehu, G., et al. Nucl. Acids Res. 
1987, 15:4513). Further modified nucleobases comprise 
those disclosed in U.S. Pat. No. 3,687,808, those disclosed in 
“The Concise Encyclopaedia of Polymer Science And Engi 
neering, pages 858-859, Kroschwitz, J. I., ed. John Wiley & 
Sons, 1990, those disclosed by Englisch et al., “Angewandle 
Chemie, International Edition', 1991, 30, page 613, and those 
disclosed by Sanghvi, Y. S., Crooke, S.T. and Lebleu, B., eds. 
Antisense Research and Applications’. CRC Press, Boca 
Raton, 1993, pp. 276-302 and Crooke, S. T. and Lebleu, B. 
ea. CRC Press, 1993. 
0061. A further class of oligonucleotide modifications 
used in the present invention is referred to as cyclohexenyl 
nucleic acids (CeNA). The furanose ring normally present in 
a DNA or RNA molecule is replaced with a cyclohenyl ring. 
CeNA DMT protected phosphoramidite monomers have 
been prepared and used for oligomeric compound synthesis 
following classical phosphoramidite chemistry. Fully modi 
fied CeNA oligomeric compounds and oligonucleotides hav 
ing specific positions modified with CeNA have been pre 
pared and studied (see Wang et al., J. Am. Chem. Soc., 2000, 
122,8595-8602). 
0062. In other embodiments, locked nucleic acids (LNA) 
can be used (reviewed in, e.g., Jepsen and Wengel, Curr. Opin. 
Drug Discov. Devel. 2004; 7: 188-194; Crinelli et al., Curr. 
Drug Targets 2004; 5:745-752). LNA are nucleic acid analog 
(s) in which the 2'-hydroxyl group of the ribosyl Sugar ring is 
linked to the 4' carbon atom of the Sugar ring thereby forming 
a 2'-O,4'-C-oxymethylene linkage to form the bicyclic Sugar 
moiety (reviewed in Elayadi et al., Curr. Opinion Invens. 
Drugs, 2001, 2,558-561: Braasch et al., Chem. Biol., 2001, 8 
1-7; and Orum et al., Curr. Opinion Mol. Ther, 2001, 3, 
239-243; see also U.S. Pat. Nos. 6,268,490 and 6,670.461). 
This bridge restricts the flexibility of the ribofuranose ring 
and locks the structure into a rigid C3-endo conformation, 
conferring enhanced hybridization performance and excep 
tional biostability (see, e.g., Uhlman, Current Opinions in 
Drug Discovery & Development 2000, Vol. 3 No. 2: Frieden 
et al., Nucleic Acids Research, 2003, 21, 6365-6372; Wahl 
estedt et al., Proc. Natl. Acad. Sci. U.S.A., 2000, 97, 5633 
5638). The linkage can be a methylene (—CH2—) group 
bridging the 2' oxygenatom and the 4' carbonatom, for which 
the term LNA is used for the bicyclic moiety; in the case of an 
ethylene group in this position, the term ENA is used (Singh 
et al., Chem. Commun., 1998, 4, 455-456; ENATM: Morita et 
al., Bioorganic Medicinal Chemistry, 2003, 11, 2211-2226). 
Another similar bicyclic Sugar moiety that has been prepared 
and studied has the bridge going from the 3'-hydroxyl group 
via a single methylenegroup to the 4' carbonatom of the Sugar 
ring thereby forming a 3'-C,4'-C-Oxymethylene linkage (see 
U.S. Pat. No. 6,043,060). LNA and other bicyclic sugar ana 
logs display very high duplex thermal stabilities with comple 
mentary DNA and RNA (Tm=+3 to +10° C.), stability 
towards 3'-exonucleolytic degradation and good solubility 
properties. LNAS are commercially available from, e.g., Pro 
Ligo (Paris, France and Boulder, Colo., USA). 
0063 Another oligonucleotide modification encompassed 
by the present invention is threose nucleic acid (TNA) which 
contains threose nucleosides instead of ribose nucleosides. 
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See, e.g., Chaput et al., J. Am. Chem. Soc., 2003, 125,856 
857: Wu et al., Organic Letters, 2002, 4(8), 1279-1282. 
0064. Further oligonucleotide mimetics have been pre 
pared to include bicyclic and tricyclic nucleoside analogs (see 
Steffens et al., Helv. Chim. Acta, 1997, 80, 2426-2439; Stef 
fens et al., J. Am. Chem. Soc., 1999, 121, 3249-3255; Ren 
neberg et al., J. Am. Chem. Soc., 2002, 124, 5993-6002; and 
Renneberg et al., Nucleic Acids Res., 2002, 30, 2751-2757). 
These modified nucleoside analogs have been oligomerized 
using the phosphoramidite approach and the resulting oligo 
meric compounds containing tricyclic nucleoside analogs 
have shown increased thermal stabilities (Tms) when hybrid 
ized to DNA, RNA and itself. 
0065. Another modification of the oligonucleotides of the 
invention involves chemically linking to the oligonucleotide 
one or more heterologous moieties which enhance the activity 
or cellular uptake of the oligonucleotide. Such heterologous 
moieties include but are not limited to lipid moieties such as 
a cholesterol moiety, a cholesteryl moiety (Letsinger et al., 
Proc. Natl. Acad. Sci. USA 1989, 86, 6553), cholic acid 
(Manoharan et al. Bioorg. Med. Chem. Let. 1994, 4, 1053), a 
thioether, e.g., hexyl-S-tritylthiol (Manoharan et al. Ann. 
N.Y. Acad. Sci. 1992, 660,306; Manoharan et al. Bioorg. 
Med. Chem. Let. 1993, 3, 2765), a thiocholesterol (Ober 
hauser et al., Nucl. Acids Res. 1992, 20, 533), an aliphatic 
chain, e.g., dodecandiol or undecyl residues (Saison-Beh 
moaras et al. EMBO J. 1991, 10, 111; Kabanov et al. FEBS 
Lett. 1990, 259, 327; Svinarchuk et al. Biochimie 1993, 75, 
49), a phospholipid, e.g., di-hexadecyl-rac-glycerol or tri 
ethylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-phos 
phonate (Manoharan et al. Tetrahedron Lett. 1995, 36, 3651: 
Shea et al. Nucl. Acids Res. 1990, 18,3777), a polyamine or 
a polyethylene glycol chain (Manoharan et al. Nucleosides & 
Nucleotides 1995, 14, 969), or adamantane acetic acid 
(Manoharan et al. Tetrahedron Lett. 1995, 36,3651), a palmi 
tyl moiety (Mishra et al., Biochim. Biophys. Acta, 1995, 
1264. 229-237), or an octadecylamine or hexylamino-carbo 
nyl-toxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. 
Ther., 1996, 277, 923-937). Oligonucleotides comprising 
lipophilic moieties, and methods for preparing Such oligo 
nucleotides are known in the art, for example, from U.S. Pat. 
Nos. 5,138,045, 5,218,105 and 5.459.255. Other covalently 
linked moieties may include, for example, proteins, interca 
lators, chelators, or alkylators. The oligonucleotides herein 
may also be modified with a label capable of providing a 
detectable signal, either directly or indirectly. Exemplary 
labels include radioisotopes, fluorescent molecules, biotin, 
and the like. 

0.066 Examples of modified phosphate groups which can 
be used in antisense oligonucleotides of the invention include 
phosphorothioate, phosphoroselenates, borano phosphates, 
borano phosphate esters, hydrogen phosphonates, phospho 
roamidates, alkyl or aryl phosphonates and phosphotriesters. 
Phosphorodithioates have both non-linking oxygens replaced 
by sulfur. The phosphate linker can also be modified by 
replacement of a linking oxygen with nitrogen (bridged phos 
phoroamidates), Sulfur (bridged phosphorothioates) and car 
bon (bridged methylenephosphonates). The replacement can 
occur at a terminal oxygen. The phosphate group can be 
replaced by non-phosphorus containing connectors. 
Examples of moieties which can replace the phosphate group 
include siloxane, carbonate, carboxymethyl, carbamate, 
amide, thioether, ethylene oxide linker, Sulfonate, Sulfona 
mide, thioformacetal, fomnnacetal. Oxime, methyleneimino, 
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methylenemethylimino, methylenehydrazo, methylenedim 
ethylhydrazo and methyleneoxymethylimino. 
0067. The antisense oligonucleotides of the invention can 
include a 2'-deoxy. 2'-deoxy-2'-fluoro. 2'-3-methyl. 2'-O- 
methoxyethyl (2'-O-MOE), 2'-O-aminopropyl (2'-O-AP), 
2'-O-dimethylaminoethyl (2'-O-DMAOE), 2'-O-dimethy 
laminopropyl (2'-O-DMAP), 2'-O-dimethylaminoethyloxy 
ethyl (2'-O-DMAEOE), or 2'-O-N-methylacetamido (2'-O- 
NMA). The 3' and 5' ends of an antisense oligonucleotide can 
be conjugated to other functional molecular entities such as 
labeling moieties, e.g., fluorophores (e.g., pyrene, TAMRA, 
fluorescein, Cy3 or Cy5 dyes) or protecting groups (based 
e.g., on Sulfur, silicon, boron or ester). 
0068 The Sugar group can also contain one or more car 
bons that possess the opposite stereochemical configuration 
than that of the corresponding carbon in ribose. Thus, a modi 
fied RNA can include nucleotides containing e.g., arabinose, 
as the sugar. Modified RNAs can also include “abasic' sug 
ars, which lack a nucleobase at C-1'. These abasic Sugars can 
also further contain modifications at one or more of the con 
stituent Sugar atoms. The modification can also entail the 
wholesale replacement of a ribose structure with another 
entity (an SRMS) at one or more sites in the oligonucleotide 
agent. 
0069. Terminal modifications can include the addition of a 
methylphosphonate at the 3'-most terminal linkage; a 3' 
C5-aminoalkyl-dT, 3' cationic group; or another 3' conjugate 
to inhibit 3'-5' exonucleolytic degradation. Non-limiting 
examples of 5'-phosphate modifications include: 5'-mono 
phosphate ((HO)2(O)P O-5'); 5'-diphosphate ((HO)2(O) 
P-O-P(HO)(O) O-5'); 5'-triphosphate ((HO)2(O)P 
O-(HO)(O)P O P(HO)(O) O-5'); 5'-guanosine cap 
(7-methylated or non-methylated) (7m-G-O-5'-(HO)(O)P 
(HO)(O)P O P(HO)(O) O-5'); 5'-adenosine cap 
(Appp), and any modified or unmodified nucleotide cap struc 
ture (N O-5'-(HO)(O)P O (HO)(O)P (HO))P O P 
(HO)(O)—O-5'); 5'-monothiophosphate (phosphorothioate: 
(HO)2(S)P O-5'); 5'-monodithiophosphate (phospho 
rodithioate: (HO)2(HS)(S)P O-5'), 5'-phosphorothiolate 
((HO)2(O)P S-5'): any additional combination of oxygen/ 
Sulfur replaced monophosphate, diphosphate and triphos 
phates (e.g. 5'-alpha-thiotriphosphate, 5'-gamma-thiotriphos 
phate, etc.), 5'-phosphoramidates ((HO)2(O)P NH-5", 
(HO)(NH2)(O)P O-5'), 5'-alkylphosphonates (R-alkyl 
methyl, ethyl, isopropyl, propyl, etc., e.g. RP(OH)(O)—O- 
5'-, (OH)2(O)P-5'-CH2-), 5'-alkyletherphospsphonates 
(R-alkylether methoxymethyl (MeOCH2-), ethoxymethyl, 
etc., e.g. RP(OH)(O) O-5'-). 
0070 Nuclease resistant antisense oligonucleotides can 
be prepared with nucleobases such as, e.g., inosine, thymine, 
Xanthine, hypoxanthine, nubularine, isoguanisine, or tuberci 
dine. Non-limiting examples of other Substitute bases that can 
be used include 2-aminoadenine, 6-methyl and other alkyl 
derivatives of adenine and guanine, 2-propyl and other alkyl 
derivatives of adenine and guanine, 5-halouracil and cytosine, 
5-propynyl uracil and cytosine, 6-azo uracil, cytosine and 
thymine, 5-uracil (pseudouracil), 4-thiouracil, 5-halouracil, 
5-(2-aminopropyl)uracil, 5-amino allyl uracil, 8-halo, amino, 
thiol, thioalkyl, hydroxyl and other 8-substituted adenines 
and guanines, 5-trifluoromethyl and other 5-substituted 
uracils and cytosines, 7-methylguanine, 5-substituted pyrim 
idines, 6-azapyrimidines and N-2, N-6 and 0-6 substituted 
purines, including 2-aminopropyladenine, 5-propynyluracil 
and 5-propynylcytosine, dihydrouracil, 3-deaza-5-azacy 
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tosine, 2-aminopurine, 5-alkyluracil, 7-alkylguanine, 5-alkyl 
cytosine, 7-deazaadenine, N6, N6-dimethyladenine, 2,6-di 
aminopurine, 5-amino-allyl-uracil, N3-methyluracil, Substi 
tuted 1,2,4-triazoles, 2-pyridinone, 5-nitroindole, 3-nitropy 
rrole, 5-methoxyuracil, uracil-5-oxyacetic acid, 
5-methoxycarbonylmethyluracil, 5-methyl-2-thiouracil, 
5-methoxycarbonylmethyl-2-thiouracil, 5-methylaminom 
ethyl-2-thiouracil, 3-(3-amino-3-carboxypropyl)uracil, 
3-methylcytosine, 5-methylcytosine, N.Sup.4-acetyl 
cytosine, 2-thiocytosine, N6-methyladenine, N6-isopenty 
ladenine, 2-methylthio-N-6-isopentenyladenine, N-meth 
ylguanines, or O-alkylated bases. 
0071. To facilitate in vivo delivery and stability, the anti 
sense oligonucleotide may be linked to a steroid, such as 
cholesterol moiety, a vitamin, a fatty acid, a carbohydrate or 
glycoside, a peptide, or other Small molecule ligand at its 3' 
end. 

0072 Other modifications of antisense oligonucleotides 
are known in the art and are suitable for use in the present 
invention. 

0073. It is not necessary for all positions in a given oligo 
nucleotide to be uniformly modified. More than one of the 
aforementioned modifications may be incorporated in a 
single oligonucleotide or even within a single nucleoside 
within an oligonucleotide. The present invention also 
includes "chimeric' oligonucleotides, which contain two or 
more chemically distinct regions, each made up of at least one 
nucleotide. These chimeric oligonucleotides typically con 
tain at least one region wherein the oligonucleotide is modi 
fied so as to confer increased resistance to nuclease degrada 
tion, increased cellular uptake, and/or increased binding 
affinity for the target nucleic acid or protein. An additional 
region of the oligonucleotide may serve as a Substrate for 
enzymes or as a means for oligonucleotide detection. 
0074. Useful modifications of miRNA inhibitory oligo 
nucleotides of the invention also include miRCURY LNATM 
microRNA inhibitors and miRCURY LNATM microRNA 
Power inhibitors (Exiqon). miRCURY LNAT microRNA 
inhibitors are DNAI/LNATM mixmer antisense oligonucle 
otides (a combination of LNA monomers and DNA mono 
mers) with normal phosphodiester nucleotide bonds. miR 
CURY LNATM microRNA Power inhibitors have a fully 
phosphorothioate (PS) modified backbone which makes them 
highly resistant to enzymatic degradation. 
0075. In one specific embodiment of the invention, oligo 
nucleotide modification is selected from the group consisting 
of locked nucleic acids (LNA). 2'-fluoro (2'-F) modified 
nucleotides. 2'-O-methoxyethyl (2'-MOE) modified nucle 
otides. 2'-O-methyl (2'O-Me) modified nucleotides, and 
phosphorothiate (PS) nucleotides. 
0076. In one specific embodiment, the miRNA inhibitory 
oligonucleotide is selected from the group consisting of LNA 
oligonucleotides 5'-TTCTGTAGTGCACTG-3' (SEQ ID 
NO:52; anti-miR-148a) and 5'-AACTTAGCCACTGTGA-3' 
(SEQ ID NO: 54; anti-miR-27b), miRCURY LNATM 
microRNA inhibitors 5'-ACAAAGTTCTGTAGTGCAC-3' 
(SEQ ID NO:33; anti-miR-148a) and 5'-AGAACTTAGC 
CACTGTGA-3' (SEQ ID NO:34; anti-miR-27b), and miR 
CURYLNATTM microRNA Power inhibitors 5'-ACAAAGT 
TCTGTAGTGCAC-3' (SEQID NO:33; anti-miR-148a) and 
5'-AGAACTTAGCCACTGTGA-3' (SEQ ID NO: 34; anti 
miR-27b). 
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Oligonucleotide Preparation 

0077. The oligonucleotides used in accordance with this 
invention may be conveniently and routinely made through 
the well-known technique of Solid phase synthesis. Equip 
ment for Such synthesis is sold by several vendors including 
Applied Biosystems. Any other means for Such synthesis may 
also be employed; the actual synthesis of the oligonucleotides 
is well within the talents of one of ordinary skill in the art. It 
is also well known to use similar techniques to prepare other 
oligonucleotides such as the phosphorothioates and alkylated 
derivatives. It is also well known to use similar techniques and 
commercially available modified amidites and controlled 
pore glass (CPG) products such as biotin, fluorescein, acri 
dine or psoralen-modified amidites and/or CPG (available 
from Glen Research, Sterling Va.) to synthesize fluorescently 
labeled, biotinylated or other modified oligonucleotides such 
as cholesterol-modified oligonucleotides. Preparation of 
LNA and derivatives has been described, for example, in PCT 
Publications Nos. WO 98/39352 and WO 99/14226; Koshkin 
et al., Tetrahedron. 1998, 54, 3607-3630; Kumar et al., 
Bioorg. Med. Chem. Lett., 1998, 8,2219-2222; Singhet al., J. 
Org. Chem., 1998, 63, 10035-10039. Representative patents 
that teach the preparation of the phosphorus-containing link 
ages comprise, but are not limited to, U.S. Pat. Nos. 3,687, 
808; 4,469,863; 4,476,301: 5,023,243; 5,177, 196; 5,188,897; 
5,264,423: 5,276,019; 5,278.302: 5,286,717: 5,321,131; 
5,399,676; 5,405,939; 5.453,496; 5,455, 233; 5,466,677; 
5,476,925; 5,519,126; 5,536,821; 5,541,306; 5,550,111; 
5,563, 253: 5,571,799; 5,587,361; and 5,625,050. 
0078 Representative patents that teach the preparation of 
the oligonucleotides having backbones that are formed by 
short chain alkyl or cycloalkyl internucleoside linkages, 
mixed heteroatom and alkyl or cycloalkyl internucleoside 
linkages, or one or more short chain heteroatomic or hetero 
cyclic internucleoside linkages comprise, but are not limited 
to, U.S. Pat. Nos. 5,034,506; 5,166,315, 5,185,444; 5,214, 
134:5,216,141, 5,235,033: 5,264,562: 5,264,564; 5,405,938; 
5.434,257; 5,466,677; 5,470,967: 5489,677: 5,541,307; 
5,561.225; 5,596,086; 5,602,240; 5,610,289; 5,602,240; 
5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312: 
5,633,360; 5,677,437; and 5,677,439. Representative patents 
that teach the preparation of PNA compounds comprise, but 
are not limited to, U.S. Pat. Nos. 5,539,082; 5,714,331; and 
5,719,262. See also Nielsen et al., Science, 1991, 254, 1497 
1500. Representative patents that teach the preparation of 
modified Sugar structures comprise, but are not limited to, 
U.S. Pat. Nos. 4,981,957; 5,118,800; 5,319,080; 5,359,044: 
5,393,878; 5,446,137; 5,466,786; 5,514,785: 5,519,134; 
5,567,811: 5,576.427: 5,591,722; 5,597,909; 5,610,300; 
5,627,053: 5,639,873; 5,646,265; 5,658,873; 5,670,633; and 
5,700,920. Representative patents that teach the preparation 
of the modified nucleobases comprise, but are not limited to, 
U.S. Pat. Nos. 3,687,808; 4,845,205; 5,130,302; 5,134,066: 
5,175,273; 5,367,066; 5,432,272; 5,457,187; 5.459,255; 
5,484,908: 5,502,177; 5,525,711; 5,552,540, 5,587,469; 
5,596,091; 5.614,617; 5,750,692, and 5,681,941. Represen 
tative patents that teach the preparation of oligonucleotide 
conjugates comprise, but are not limited to, U.S. Pat. Nos. 
4,828,979: 4,948,882: 5,218, 105; 5,525,465; 5,541,313; 
5,545,730; 5,552, 538; 5,578,717, 5,580,731: 5,580,731; 
5,591,584; 5,109,124; 5,118,802; 5,138,045; 5,414,077; 
5,486, 603; 5,512,439: 5,578,718; 5,608,046; 4,587,044: 
4,605,735; 4,667,025; 4,762, 779; 4,789,737; 4,824,941: 
4,835,263; 4,876,335; 4,904,582: 4,958,013; 5,082, 830; 
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5,112,963: 5,214,136; 5,082,830; 5,112,963: 5,214,136; 5, 
245,022:5,254,469; 5,258,506:5,262,536; 5,272,250:5,292. 
873; 5,317,098: 5,371,241, 5,391, 723: 5,416.203, 5,451, 
463:5,510,475; 5,512,667;5,514,785; 5,565,552; 5,567,810; 
5,574,142: 5,585,481: 5,587,371; 5,595,726; 5,597,696; 
5.599,923; 5.599,928 and 5,688,941. Representative patents 
that teach the preparation of chimeric oligonucleotides com 
prise, but are not limited to, U.S. Pat. Nos. 5,013,830; 5,149, 
797; 5,220,007: 5,256,775; 5,366,878; 5,403,711; 5,491,133; 
5,565,350; 5,623,065; 5,652,355; 5,652,356; and 5,700,922. 

Pharmaceutical Compositions of the Invention 
007.9 For administration to human and animal patients, 
the oligonucleotides of the present invention can be formu 
lated in pharmaceutical compositions in combination with 
one or more pharmaceutically acceptable carriers and/or 
excipients such as, e.g., lubricants, diluents, flavorants, colo 
rants, buffers, and disintegrants. Suitable pharmaceutically 
acceptable carriers include any and all conventional solvents 
(such as, e.g., water, physiological solution, dextrose, glyc 
erol, ethanol, and the like, as well as combinations thereof), 
wetting agents, emulgators, buffers, conservants, dispersion 
media, fillers, Solid carriers, aqueous Solutions, coatings, 
antibacterial and antifungal agents, isotonic and absorption 
delaying agents, as well as other well-known agents which 
enhance the shelf life or effectiveness of one or more of the 
active components of the composition. Examples of Such 
useful substances can be found in “Remington's Pharmaceu 
tical Sciences” by E. W. Martin. Except insofar as any con 
ventional media or agent is incompatible with the active 
ingredient, use thereof in compositions of the present inven 
tion is contemplated. The term “pharmaceutically accept 
able” refers to a carrier or excipient that does not cause an 
allergic reaction or other untoward effect in patients to whom 
it is administered. 
0080. The pharmaceutical compositions of the invention 
can be produced in useful dosage units for administration by 
various routes including, among others, topical, oral, Subcu 
taneous, intravenous, and intranasal administration. 
I0081. The pharmaceutical compositions of the invention 
can also include other biologically active Substances in com 
bination with the oligonucleotides of the invention. Such 
additional biologically active Substances can be also formu 
lated as separate compositions and can be administered 
simultaneously or sequentially with the oligonucleotides of 
the invention. Non-limiting examples of useful biologically 
active Substances include statins, niacin, bile-acid resins, 
fibric acid derivatives, cholesterol absorption inhibitors, and 
other lipid-lowering drugs. 

Oligonucleotide Administration 

I0082. With the aid of present disclosure, those of skill in 
the art should be able to derive suitable dosages and schedules 
of administration for any of a number of Suitable composi 
tions that contain the oligonucleotides of the invention. Thus, 
pharmaceutical compositions within the scope of the present 
invention include compositions where the active ingredient 
(s) is contained in an effective amount to increase plasma 
high-density lipoprotein cholesterol (HDL-C) level and/or 
reduce plasma low-density lipoprotein cholesterol (LDL-C) 
level. 

I0083. The formulation and dose for therapeutic adminis 
tration of the oligonucleotides of the invention will depend on 
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the severity of the disease condition being treated, whether 
other drugs are being administered, whether other actions are 
taken, the weight, age, and sex of the Subject, and other 
criteria. The skilled medical practitioner will be able to select 
the appropriate formulation and dose in view of these criteria 
and based on the results of published clinical trials. The 
dosage and administration regimen can be further adjusted 
for an individual patient by monitoring the level of HDL-C 
and/or LDL-C. 
0084. The optimal therapeutically effective amount of an 
oligonucleotide or composition of this invention may be 
determined experimentally, taking into consideration the 
exact mode of administration, the form in which the drug is 
administered, the indication toward which the administration 
is directed, the Subject involved (e.g., body weight, health, 
age, sex, etc.), and the preference and experience of the phy 
sician or veterinarian in charge. 
0085. As disclosed herein, the concentrations of the oli 
gonucleotides administered in the present invention are both 
therapeutically effective and pharmaceutically acceptable. 
The oligonucleotides of the present invention are preferably 
used in vivo at 0.1-5 mg/kg of body weight, most preferably 
at 0.5-2 mg/kg of body weight. 
I0086 Following methodologies which are well-estab 
lished in the art, effective doses and toxicity of the oligonucle 
otides and compositions of the present invention, which per 
formed well in in vitro tests, can be determined in studies 
using Small animal models (e.g., mice, rats) in which they 
have been found to be therapeutically effective and in which 
these drugs can be administered by the same route proposed 
for the human trials. 
0087. For any pharmaceutical composition used in the 
methods of the invention, dose-response curves derived from 
animal systems can be used to determine testing doses for 
administration to humans. In Safety determinations for each 
composition, the dose and frequency of administration should 
meet or exceed those anticipated for use in any clinical trial. 
0088 As disclosed herein, the dose of the oligonucleotide 
in the compositions of the present invention is determined to 
ensure that the dose administered continuously or intermit 
tently will not exceed an amount determined after consider 
ation of the results in test animals and the individual condi 
tions of a patient. A specific dose naturally varies (and is 
ultimately decided according to the judgment of the practi 
tioner and each patient’s circumstances) depending on the 
dosage procedure, the conditions of a patient or a subject 
animal Such as age, body weight, sex, sensitivity, feed, dosage 
period, drugs used in combination, seriousness of the disease, 
etc 

0089 Toxicity and therapeutic efficacy of the composi 
tions of the invention can be determined by standard pharma 
ceutical procedures in experimental animals, e.g., by deter 
mining the LDs (the dose lethal to 50% of the population) 
and the EDs (the dose therapeutically effective in 50% of the 
population). The dose ratio between therapeutic and toxic 
effects is the therapeutic index and it can be expressed as the 
ratio EDso/LDso. 
0090 The oligonucleotides of the invention can beformu 
lated for parenteral, oral, topical, transdermal, transmucosal, 
intranasal, buccal administration, or by any other standard 
route of administration. Parenteral administration includes, 
among others, intravenous (i.v.). Subcutaneous (s.c.), intrap 
eritoneal (i.p.), intramuscular (i.m.), Subdermal (s.d.), intra 
derminal (i.d.), intra-articular, intra-synovial, intra-arteriole, 
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intraventricular, intrathecal, intrasternal, intrahepatic, 
intralesional, or intracranial administration, by direct injec 
tion, via, for example, bolus injection, continuous infusion, or 
gene gun. A preferred route of administration according to the 
present invention will depend primarily on the indication 
being treated and includes, among others, topical, oral, Sub 
cutaneous, intravenous, and intranasal administration. 
0091 Formulations for injection can be presented in unit 
dosage form, e.g., in ampoules or in multi-dose containers, 
with an added preservative. The compositions can take Such 
forms as Suspensions, solutions or emulsions in oily or aque 
ous vehicles, and can contain formulatory agents such as 
Suspending, stabilizing and/or dispersing agents. Alterna 
tively, the active ingredient can be in powder form for recon 
stitution with a suitable vehicle, e.g., Sterile pyrogen-free 
water, before use. Suitable formulations for parenteral admin 
istration may contain Substances which increase viscosity, for 
example, Sodium carboxymethyl cellulose, Sorbitol, and/or 
dextran. Optionally, the formulation may also contain stabi 
lizers. Additionally, the oligonucleotides of the present inven 
tion may also be administered encapsulated in liposomes. The 
oligonucleotide, depending upon its solubility, may be 
present both in the aqueous layer and in the lipidic layer, or in 
what is generally termed a liposomic Suspension. The hydro 
phobic layer, generally but not exclusively, comprises phos 
pholipids such as lecithin and sphingomyelin, Steroids such as 
cholesterol, more or less ionic Surfactants such a 
diacetylphosphate, Stearylamine, orphosphatidic acid, and/or 
other materials of a hydrophobic nature. 
0092. For oral administration, the formulations of the 
invention can take the form of for example, tablets or cap 
Sules prepared by conventional means with pharmaceutically 
acceptable excipients such as binding agents (e.g., pregelati 
nized maize starch, polyvinylpyrrolidone or hydroxypropyl 
methylcellulose); fillers (e.g., lactose, microcrystalline cellu 
lose or calcium hydrogen phosphate); lubricants (e.g., mag 
nesium Stearate, talc or silica); disintegrants (e.g., potato 
starch or sodium starch glycolate); or wetting agents (e.g., 
sodium lauryl sulphate). The tablets can be coated by meth 
ods well known in the art. The compositions of the invention 
can be also introduced in microspheres or microcapsules, 
e.g., fabricated from poly glycolic acid/lactic acid (PGLA) 
(see, U.S. Pat. Nos. 5,814.344; 5,100,669 and 4,849.222; 
PCT Publication Nos. WO95/11010 and WO 93/07861). 
Liquid preparations for oral administration can take the form 
of for example, Solutions, syrups, emulsions or Suspensions, 
or they can be presented as a dry product for reconstitution 
with water or other suitable vehicle before use. Such liquid 
preparations can be prepared by conventional means with 
pharmaceutically acceptable additives Such as Suspending 
agents (e.g., Sorbitol syrup, cellulose derivatives or hydroge 
nated edible fats); emulsifying agents (e.g., lecithin or aca 
cia); non-aqueous vehicles (e.g., almond oil, oily esters, ethyl 
alcohol or fractionated vegetable oils); and preservatives 
(e.g., methyl or propyl-p-hydroxybenzoates or Sorbic acid). 
The preparations can also contain buffer salts, flavoring, col 
oring and Sweetening agents as appropriate. Preparations for 
oral administration can be suitably formulated to give con 
trolled release of the active compound. 
0093. For administration by inhalation, the therapeutics 
according to the present invention can be conveniently deliv 
ered in the form of an aerosol spray presentation from pres 
surized packs or a nebulizer, with the use of a suitable pro 
pellant, C.9. dichlorodifluoro-methane, 
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trichlorofluoromethane, dichlorotetrafluoroethane, carbon 
dioxide or other Suitable gas. In the case of a pressurized 
aerosol the dosage unit can be determined by providing a 
valve to deliver a metered amount. Capsules and cartridges of 
e.g., gelatin for use in an inhaler or insufflator can be formu 
lated containing a powder mix of the compoundanda Suitable 
powder base Such as lactose or starch. 
0094. In addition to the formulations described previously, 
the compositions can also be formulated as a depot prepara 
tion. Such long acting formulations can be administered by 
implantation (for example, Subcutaneously or intramuscu 
larly) or by intramuscular injection. Thus, for example, the 
compounds can be formulated with Suitable polymeric or 
hydrophobic materials (for example, as an emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly soluble 
derivatives, for example, as a sparingly soluble salt. 

Oligonucleotide Delivery 

0095 Compositions of the present invention can be deliv 
ered systemically or locally. Iftargeted delivery to a particular 
cell or tissue is desirable (e.g., liver), oligonucleotide conju 
gates or oligonucleotide delivery vectors containing antibod 
ies to cell- or tissue-specific antigens can be used. 
0096. As specified above, some of the oligonucleotides of 
the present invention (e.g., 15-mers and Smaller) are small 
enough to enter cells without transfection or other methods of 
facilitating cell entry. Other oligonucleotides can be chemi 
cally modified (e.g., by chemically linking them to a lipo 
philic moiety or other heterologous moiety) to enhance their 
cellular uptake. However, even these oligonucleotides may 
require specific delivery methods and delivery systems to 
ensure their efficient and targeted delivery to the tissue to be 
treated. Oligonucleotide delivery methods of the present 
invention include both local and systemic administration of 
stabilized nucleic acids, oligonucleotides incorporated into 
delivery vectors, and/or oligonucleotides conjugated to pep 
tides or Small molecules that are Subsequently transported 
into cells. Mechanical and electrical strategies for targeted 
oligonucleotide delivery include microinjection, particle 
bombardment, the use of pressure, and electroporation. 
0097 Nanoparticles, miRNA sponges and vector-medi 
ated delivery approaches can be used. Vector-assisted oligo 
nucleotide delivery systems include biological viral delivery 
systems and chemical non-viral delivery systems. Viral deliv 
ery systems include without limitation retroviruses, parvovi 
ruses, adenoviruses, lentiviruses, adeno-associated viruses, 
herpes simplex virus, pseudovirions, etc. Non-viral delivery 
systems (which are clinically preferable due to lack of 
immune response and ease of formulation and assembly) 
include (i) polymeric delivery systems (oligonucleotide 
polymer complexes) and (ii) liposomal delivery systems (oli 
gonucleotides entrapped in and/or complexed to liposomes). 
Commonly used polymers in polymeric delivery systems 
include, for example, polyethylenimine (PEI), poly(L-lysine) 
(PLL), chitosans, and polyamidoamine (PANAM) dendrim 
ers (e.g., commercially available Superfect and Polyfect 
Qiagen, Valencia, Calif.). Agents such as folates, transfer 
rin, antibodies, or Sugars such as galactose and mannose can 
be also incorporated for tissue targeting. 
0098 Liposomal delivery systems include systems that 
deliver oligonucleotides either by entrapping them inside an 
aqueous core or complexing them to the phospholipid lamel 
lae. Similarly to viral vectors, liposorines offer substantial 
protection to the oligonucleotide therapeutics from nucleases 
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and improve their biological stability. Liposomes may also 
offer significant advantages over viral delivery options for the 
delivery of oligonucleotide therapeutics due to much lower 
immunogenicity (because they lack proteinaceous compo 
nents) and their versatility. Since the phospholipid composi 
tion in the liposome bilayers can be varied, liposomal delivery 
systems can be easily engineered to yield a desired size, 
Surface charge, composition, and morphology. Liposomes for 
oligonucleotide delivery according to the present invention 
can include a variety of cationic, anionic, synthetically modi 
fied lipids, and combinations thereof. 
0099 Examples of cationic lipids include without limita 
tion 33N—(N',N'-dimethylaminoethane)-carbamoyl cho 
lesterol (DC-chol)/DOPE, 1,2-dioleoyl-3-trimethylammo 
nium propane (DOTAP), N-1-(2,3-dioleyloxy)propyl-N,N. 
N-trimethylammonium chloride (DOTMA), 2,3- 
dioleoyloxy-N-(2-(sperminecarboxamido)ethyl-N,N- 
dimethyl-1-propanaminium (DOSPA), dioctadecyl amido 
glycil spermine (DOGS), 3.N (N1,N-dimethylethylenedi 
amine)-carbamoylcholesterol (DC-chol), polyethylene 
imine (PEI), polyamidoamine (PAMAM) dendrimers, and 
poly-L-lysine (PLL). Commonly used Zwitterionic lipids, 
also known as helper lipids, are DOPE, 1,2-dipalmitoyl-sn 
glycero-3-phosphocholine (DPPC), and cholesterol. The cat 
ionic lipids in the liposomal formulation serve as an oligo 
nucleotide complexation and condensation agents during the 
formation of the lipoplex. The positive charge also helps in 
cellular association. The Zwitterionic lipids help in membrane 
perturbation and fusion. Proprietary formulations of cationic 
lipids such as Lipofectamine (Invitrogen. Carlsbad, Calif.), 
Effectene (Qiagen, Valencia, Calif.), and Tranfectam 
(Promega, Madison, Wis.) are commercially available. 
0100 Examples of anionic lipids include without limita 
tion DPPC and 1,2-dimyristoyl-sn-glycero-3-phospho-rac 
(1-glycerol)(DMPG). LPDII vectors can be also used for 
delivery of the oligonucleotides of the present invention. 
These are non-viral delivery vehicles that consist of a com 
plex between anionic pH-sensitive liposomes and polycation 
condensed oligonucleotides (polyplexes). Another useful 
delivery vehicle can be composed of a mixture of anionic lipid 
1.2-dioleoyl-sn-glycero-3-phospho-rac-(1-glycerol)(so 
dium salt) (DOPG) and Zwitterionic lipid DOPE. 
0101. Other useful specialized liposomal delivery plat 
forms include pH-sensitive liposomes, immunoliposomes, 
and stealth liposomes. pH-sensitive liposomes can be gener 
ated by the inclusion of DOPE or citraconyl-DOPE or phos 
phatidylcholine/glycyrrhizin combination into liposomes 
composed of acidic lipids Such as cholesterylhemisuccinate 
or oleic acid. At the neutral cellular pH 7, these lipids have the 
typical bilayer structure; however, upon endosomal compart 
mentalization they undergo protonation and collapse into a 
non-bilayer structure, thereby leading to the disruption and 
destabilization of the endosomal bilayer, which in turn helps 
in the rapid release of the oligonucleotide into the cytoplasm. 
Immunoliposomes incorporate functionalized antibodies 
attached to lipid bilayers and thus target specific receptors and 
facilitate receptor-mediated endocytosis for the uptake of the 
lipoplex. Stealth liposomes are sterically stabilized liposomal 
formulations that include polyethylene glycol (PEG)-conju 
gated lipids. Pegylation prevents the opsonization and recog 
nition of the liposomal vesicles by the reticuloendothelial 
system. Consequently, Stealth liposomes have long circulat 
ing times in the systemic circulation. 
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0102 Liposomes useful for oligonucleotide delivery 
according to the present invention can take a shape of multi 
lamellar vesicles (MLV) formed by reconstituting thin lipid 
films in buffer. Small unilamellar vesicles (SUV) of specific 
size (100-500 nm) can be produced by extruding MLV 
through polycarbonate membranes. SUV (50-90 nm) can also 
be produced by sonication of MLV or larger SUV. 
0103) Transmembrane permeation of the oligonucleotides 
of the invention can be also enhanced by inclusion of cell 
penetrating peptides (CPPs; also termed "peptide transduc 
tion domain” (PTD)) in the delivery vehicles or covalent 
oligonucleotide conjugation to Such peptides. Conjugated 
CPPs are also contemplated for use as a heterologous moiety 
of the present invention. CPPS/PTDs are a class of small 
cationic peptides of approximately 10-30 amino acids in 
length that have been shown to engage the anionic cell Surface 
through electrostatic interactions and rapidly induce their 
own cellular internalization through various forms of endocy 
tosis. Examples of useful CPPs/PTDs include TAT peptide, 
penetratin, an Antennepedia domain, transportan, poly-argi 
nine, and MPG. 
0104. Other compounds useful in delivery of the oligo 
nucleotides of the present invention include cyclodextrins 
(CyDs), porphyrin derivatives, branched chain dendrimers, 
polyethylenimine polymers, nanoparticles, microspheres, 
and polylysine conjugates with vector proteins such as asia 
lofetuin or transferrin. 
0105 Preferred methods of oligonucleotide delivery 
according to the present invention include Lipofectamine 
2000 or Lipofectamine RNAiMAX (Invitrogen) (used to 
transfect oligonucleotides into cells), antibodies, peptides, 
liposomes, and nanoparticles. Other methods include addi 
tion of naked oligonucleotides. 
0106 More information on useful delivery vehicles and 
methods can be obtained from recent reviews Such as, e.g., 
Meade and Dowdy, Adv. Drug Deliv Rev., 2008, 60(4-5): 
530-6: Juliano et al., Nucleic Acids Res., 2008, 36(12): 4158 
71; Lysik and Wu-Pong, J. Pharmaceutical Sciences, 2003, 
92: 1559; Dass, J., Pharmacy Pharminnacol., 2002, 54 (1): 
3-27, and references cited therein. See also Lorenz et al., 
Bioorg Med Chem Lett., 2004, 14(19): 4975-7: Dalby et al., 
Methods, 2004 33(2): 95-103; Hassani et al., J. Gene Med., 
2005, 7(2): 198-207; Pirollo et al., Hum Gene Ther..., 2006, 
17(1): 117-24; Jaaskelainen et al., Eur J Pharm Sci., 2000, 
10(3): 187-93; Urban-Klein et al., Gene Ther. 2005, 12(5): 
461-6: Zhou et al., Chem. Commun. (Camb), 2006, 22: 2362 
4: Leng et al., J. Gene Med., 2005, 7(7): 977-86. 
0107. In vivo nuclease degradation of oligonucleotides of 
the invention can be circumvented by chemical derivatization 
of the backbone and/or by the protection and stability offered 
by the above-described vector delivery systems. As discussed 
above, various chemical modifications to the backbone can be 
used to improve oligonucleotide stability. The most common 
modifications include the introduction of phosphorothioate 
and/or methyl phosphonate linkages in the backbone. Phos 
phorothioate analogs are chosen for their stability against 
nucleases and the methylphosphonate backbone for its rela 
tive hydrophobicity and ease of diffusion across membranes. 
Mixed-backbone oligonucleotides can also be used. To 
ensure protection of the oligonucleotides of the invention 
from the endosomal degradation upon intracellular delivery, 
viral delivery vectors or pH-sensitive and cationic liposome 
delivery systems (e.g., including fusogenic lipids such as 
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE)). 
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Lysosomatropic agents such as monensin and chloroquine, 
which raise the endosomal pH, block acidification, and thus 
inhibit lysozyme activity, can also be used to facilitate endo 
Somal release of the oligonucleotides of the invention. In 
addition, endosomal degradation of oligonucleotides can be 
circumvented by the incorporation of viral peptides Such as 
hemagglutinin HA2 and those derived from adenoviruses in 
their delivery systems or by using fusogenic peptides such as 
poly(L-lysine) (PLL) and cationic polymers such as polyeth 
ylenimine (PEI) and dendrimers. See the review by Patilet al., 
AAPSJ., 2005, 7(1): E61-E77 and references cited therein. 

Therapeutic Methods of the Invention 
0108. In conjunction with the novel oligonucleotides of 
the present invention, provided herein are methods of treat 
ment using Such oligonucleotides. Specifically, the invention 
provides a method for treating a disease in a Subject in need 
thereof, which method comprises administering to the Subject 
atherapeutically effective amount of one or more oligonucle 
otides of the invention or a composition comprising Such one 
or more oligonucleotide(s). Non-limiting examples of the 
diseases treatable by the method of the invention include 
dyslipidemias (Such as, e.g., hyperlipidemia elevated lipid 
levels, hypercholesterolemia elevated cholesterol levels. 
low HDL/LDL ratio) and cardiovascular diseases (such as, 
e.g., atherosclerosis, coronary artery disease, coronary heart 
disease, conditions associated with coronary artery disease or 
coronary heart disease e.g., angina, myocardial infarction. 
transientischemic attack, stroke). In a preferred embodiment, 
the Subject is human. 

EXAMPLES 

0109 The present invention is further described by way of 
the following particular examples. However, the use of such 
examples is illustrative only and is not intended to limit the 
Scope or meaning of this invention or of any exemplified term. 
Nor is the invention limited to any particular preferred 
embodiment(s) described herein. Indeed, many modifica 
tions and variations of the invention will be apparent to those 
skilled in the art upon reading this specification, and Such 
“equivalents' can be made without departing from the inven 
tion in spirit or scope. The invention is therefore limited only 
by the terms of the appended claims, along with the full scope 
of equivalents to which the claims are entitled. 

Example 1 

Materials and Methods 

0110. The LDLR-GFP plasmid was provided by Dr. Peter 
Tontonoz (UCLA, Los Angeles, Calif.). Chemicals were 
obtained from Sigma-Aldrich unless otherwise noted. The 
synthetic LXR ligand T0901217 (T090) was purchased from 
Cayman Chemical. Human ApoA1 was obtained from 
Meridian Life Sciences. Lipoprotein-deficient serum (LPDS) 
was prepared from FBS delipidated with 4% fumed silica. 
1,1-Dioctadecyl-3,3,3,3-tetramethylindocarbocyanine 
perclorate (DiD) was purchased from Molecular Probes (Invit 
rogen). A mouse monoclonal antibody against ABCA1 was 
purchased from Abcam. A rabbit polyclonal antibody against 
LDLR was obtained from Cayman Chemical and a mouse 
monoclonal antibody against HSP90 was purchased from BD 
Bioscience. A mouse monoclonal antibody against LDLR 
was obtained from Santa Cruz. Secondary fluorescently 
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labeled antibodies were from Molecular Probes (Invitrogen). 
miRNA minimics and inhibitors were obtained from Life 
Technologies. siRNAs were purchased from Dharmacon and 
locked nucleic acid (LNA) miRNA detection probes were 
purchased from Exigon (Woburn, Mass.). For in vivo experi 
ments, in vivo locked nucleic acid (LNA)TM miRNA inhibi 
tors against mmu-miR-148a–3p (5'-TTCTGTAGTGCACTG 
3'; SEQ ID NO: 52), mmu-miR-27b-3p (5'- 
AACTTAGCCACTGTGA-3'): SEQ ID NO. 54) or 
scrambled control (5'-ACGTCTATACGCCCA-3'; SEQ ID 
NO: 51) were purchased from Exicon. 

Cell Culture 

0111 Human (Huh7) and mouse (Hepa) hepatic cells and 
monkey kidney fibroblast (COS7) and Hela cells were 
obtained from AmericanTypeTissue Collection. Huh7, Hepa 
and COS7 cells were maintained in Dulbecco's Modified 
Eagle Medium (DMEM) containing 10% fetal bovine serum 
(FBS) and 2% penicillin-streptomycin in 10 cm dishes at 37° 
C. and 5% CO. For Dil-LDL uptake and binding experi 
ments, Huh7 cells were cultured in DMEM containing 10% 
LPDS and incubated with 30 ug/ml DiI-LDL cholesterol. For 
analysis of miR-27b and miR-148a expression, Huh? cells 
were cultured in DMEM containing 10% LPDS and left 
untreated or treated with nLDL (120 ug/ml) for 24 h. For 
analysis of miR-148a expression, Huh? cells were cultured in 
DMEM 10% FBS and transfected with 1 g pcDNA3.1-2x 
FLAG-SREBP-1c (Addgene) or 1 lug pcDNA empty vector 
for 24 h using Lipofectamine LTX (Invitrogen). 
0112 Hepatocytes were isolated from 8-week old male 
mice by isopynic centrifugation as previously described 
(Gao, 2013 and Birmingham 2009). On day Zero, isolated 
hepatocytes were plated on six-well collagen-1-coated dishes 
(400,000 cells/well) in 2 ml Adherence culture medium (Wil 
liam’s E medium supplemented with 5% fetal bovine serum, 
10 mM HEPES buffer, 2 mM L-glutamine, 8 g/ml Gentami 
cin, 1 uM Dexamethasone and 1 nM insulin). After incubation 
at 37° C. and 5% CO, for 4-6 h, the attached cells were 
washed once in 1xRBS and then incubated at 37° C. and 5% 
for 14-16 h in 2 ml Basal maintenance media (Williams E 
medium supplemented with 5% LPDS, 2 mM L-glutamine, 8 
ug/ml Gentamicin, 1 uM Dexamethasone and 1 nM insulin). 
On day one, cells in each well were washed once with 1xPBS, 
and Supplemented with 2 ml fresh maintenance media with 
out insulin with or without 3 uMT090 or 30 nM insulin. After 
incubation for 6 h (insulin experiments) or 12 h (TO90 experi 
ments) at 37° C., cells were harvested for RNA extraction, 
immunobloting and northern blotting. 
miRNA Screen 
0113 All steps of the genome-wide miRNA screen, 
including reverse transfection and image acquisition and 
analysis, were performed at the NYU RNAi Core Facility 
(NTIY School of Medicine). 
0114 Reverse Transfection, Fixation and Staining. 
0115 Huh? cells were reverse transfected in triplicate 
with a library of 1719 miRNA mimics (Life Technologies 
mirVana Mimic Library, miRBase release 17.0) in Corning 
384-well flat clear-bottom black plates (Fisher Scientific) 
using a standard reverse transfection protocol. Briefly, Huh7 
cells (5,000 cells/well in 30 ul of DMEM media containing 
10% LPDS) were seeded into a well containing 30 ul of 
transfection mix (25 ul of Optimem, 0.07 ul RNAi Max 
(Invitrogen), and 5ul of 0.3 uM miRNA or control siRNA). 
20 ul of fresh LPDS media was added to all wells 12 h post 
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transfection, giving a final mimic concentration of 18 nM. 48 
h later, cells were incubated with 10 ul of fresh LPDS con 
taining 30 g/ml of Dil-LDL for 8 h at 37° C. Following 
incubation, cells were washed twice with 1xPBS and fixed 
with 4% PFA for 15 min. After three subsequent washes with 
1xPBS, cells were incubated with PBS containing 1 g/ml 
Hoechst (Molecular Probes) for 25 min. Before scanning, a 
final wash with 1xPBS was performed and plates were spun 
down to minimize contaminants when imaging with the auto 
mated microscope. All liquid handling steps, including seed 
ing, Dil-LDL incubation, fixation, washing, and Hoechst 
incubation were performed using a Wellmate Microplate Dis 
penser (Matrix Technologies) and BioTek Plate Washer 
(PerkinElmer). The triplicate screen consisted of fifteen 384 
well plates and was completed over the course of four days. 
0116 Image Acquisition and Analysis. 
0117 Automated high content and throughput images 
were acquired using an Arayscan VTI HCS Reader (Thermo 
Scientific) with a Zeiss 10x objective. 384-well plates were 
loaded onto the microscope using a Catalyst Express robotic 
arm and imaged overnight. In each well, cell nuclei and 
DiI-LDL intensities were imaged in 5 predefined fields. 
Image data was analyzed using BioApplication's Target Acti 
vation V3 image analysis software (Thenno Scientific). 
Briefly, nuclei were first identified on the Hoechst stain 
(Channel 1). Following this, cell boundaries were estimated 
using the geometric segmentation method and used to calcu 
late DiI intensity (Channel 2) within each cell. In total, valid 
object count, mean average intensity, and total average inten 
sity of DiI were recorded for each field. For the primary 
screen, 57,600 images, consisting of on average 533,528 
objects/plate, were analyzed. 
0118. Hit Classification. 
0119 miRNAs were scored based on their ability to sig 
nificantly increase or decrease Dil intensity compared to 
negative controls. Cytotoxic miRNA overexpression pheno 
types were filtered for hit classification by excluding wells in 
which fewer then 500 cells were identified as valid objects. In 
addition, 32 validated internal controls, including non-silenc 
ing (NS) siRNA and siLDLR (FIG. 1), as well as the negative 
control miRNAs and siRNA KIF 11 (Life Technolgogies) 
were used on each plate to monitor transfection efficiency. 
After confirming efficient transfection efficiency, mean aver 
age intensities of each well were normalized to plate medians 
and converted to robust Z-scores using Matlab, as previously 
described (Birmingham, Selfors et al. 2009). Robust Z-scores 
were compared between each plate replicate and the mean of 
each score was calculated and used to rank potential candi 
dates. Those miRNAs that had a robust Z-score of s-0.8 (423, 
25% of miRNAs screened) were chosen for further charac 
terization. To narrow down candidate miRNA genes, hits 
were subjected to several screening passes (FIG. 1A, lower 
panel). Briefly, these candidates were filtered based on 
whether they were predicted to target the LDLR(40 miRNAs, 
2% of miRNAs screen), the binding sites were conserved (16 
miRNAs, 0.93% of miRNAs screened), they were highly 
expressed in mouse or human liver (4 miRNAs, 0.23% of 
miRNAs screened), they responded to dietary cholesterol (3 
miRNAs, 0.16% of miRNAs screened), and had high liver 
activity (2 miRNAs, 0.12% of miRNAs screened). 
Bioinformatic Analysis of miRNA Target Genes. 
I0120 Target genes for hsa-miR-27b and hsa-miR-148a 
were identified and compared using the online target predic 
tion algorithm, miRWalk (http://www.umm.uni-heidelberg. 
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defapps/Zmf/mirwalk/), which provides target interaction 
information from eight different prediction algorithms. Spe 
cifically, the programs miRanda, miRWalk and TargetScan 
were used. Putative targets produced by all three of these 
algorithms for miR-27b (2,929 targets) and miR-148a (2.217 
targets) were uploaded into DAVID V6.7 for functional anno 
tation clustering (Huangda, 2009a and Huangda, 2009b). 
“High' classification Stringency settings yielded 447 func 
tional annotation clusters for miR-27b and 398 functional 
annotation clusters for miR-148a, of which 78 clusters (miR 
148a) and 77 clusters (miR-27b) were highly enriched (E-1. 
O). In another set of analyses, the present inventors took the 
putative targets for miR-27b and miR-148a identified above 
and uploaded them into the gene classification system, PAN 
THER v8.0 (Thomas, 2003 and Mi 2010) to identify gene 
targets that were mapped to the lipid metabolic process (GO: 
0006629). The functional interactions of these predicted tar 
gets (150 for miR-27b and 110 for miR-148a) described in 
STRING v9.05 (Franceschini, 2013) were then combined 
with the functional annotation groups described in DAVID. 
Matlab and Cytoscape v2.8.3 were used to create the visual 
ization networks, as previously described (Mercer, Snijder et 
al. 2012). STRING interactions with a confidence score of 0.4 
or higher were added and highlighted in grey (FIG. 9). 
Smaller annotation clusters and unconnected genes were left 
out of the visualization due to space constraints. 
siRNA and miRNA Mimic/Inhibitor Transfections 

0121 For siRNA transfections, Huh7 cells were trans 
fected with 60 nM of SMARTpool ON-TARGETplus LDLR 
siRNA or 60 nM of ON-TARGETplus Non-Targeting pool 
(Dharmacon) for 48 h in LPDS medium. Verification of 
LDLR knockdown was assessed by Western blotting, as 
described below. For mimic and inhibitor transfections, Huh7 
and Hepa cells were transfected with 40 nM mirVanaTM 
miRNA mimics (miR-27b and miR-148a) or with 60 nM 
mirVanaTM miRNA inhibitors (Inh-27b and Inh-148a) (Life 
Technologies) utilizing RNAimax (Invitrogen) or Lipo 
fectamine 2000 (Invitrogen). All experimental control 
samples were treated with an equal concentration of a non 
targeting control mimic sequence (CM) or inhibitor negative 
control sequence (CI) for use as controls for non-sequence 
specific effects in miRNA experiments. Verification of miR 
27b and miR-148a over-expression and inhibition was deter 
mined using qRT-PCR, as described below. 
RNA isolation and Quantitative Real-Time PCR 
0122 Total RNA was isolated using TRIZol reagent (Invit 
rogen) according to the manufacturer's protocol. For mRNA 
quantification, cDNA was synthesized using iScript RT 
Supermix (Bio-Rad), following the manufacturer's protocol. 
Quantitative real-time PCR (qRT-PCR) analysis was per 
formed in triplicate using iQ SYBR green Supermix (Bio 
Rad) on an iCycler Real-Time Detection System (Eppen 
dorf). The mRNA level was normalized to GAPDH or 18S as 
a house keeping gene. The human primer sequences used 
were: GAPDH, 5'-TTGATTTTGGAGGGATCTCG-3' (SEQ 
ID NO: 11) and 5'-CAATGACCCCTTCATTGACC-3' (SEQ 
ID NO: 12): LDLR, 5'-TGATGGGTTCATCTGACCAGT-3' 
(SEQID NO: 13) and 5'-AGTTGGCTGCGTTAATGTGAC 
3' (SEQ ID NO: 14); LDLRAP1 5-ATCGTGGCTA 
CAGCTAAGGC-3' (SEQID NO: 15) and 5'-CAAACACCT 
TGTCGT GCATC-3' (SEQ ID NO: 16); and ABCA1, 
5'-TGTCCTCATACCAGTTGAGAGAC-3' (SEQ ID NO: 
17) and 5'-GGTGATGTTTCTGACCAATGTGA-3' (SEQID 
NO: 18). The mouse primers sequences used were: LDLR, 
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5'-GGTACTGGCAACCACCATTGGG-3 (SEQID NO:19) 
and 5'-GCCAATCGACTCACGGGTTCAG-3' (SEQID NO: 
20): 18S, 5'-TTCCGATAACGAACGAGACTCT-3' (SEQID 
NO: 21) and 5'-TGGCTGAACGCCACTTGTC-3' (SEQ ID 
NO: 22); ABCA1, 5'-GGTTTGGAGATGGTTATACAAT 
AGTTGT-3' (SEQ ID NO: 120) and 5'-CCCGGAAACG 
CAAGTCC-3' (SEQ ID NO: 121); SREBP1c, 5'-GGAGC 
CATGGATTGCACATT-3' (SEQ ID NO: 122) and 
5'-ACAAAGTTGCTCTGAAAACAAATCA-3' (SEQ ID 
NO: 123); and FASN, 5'-GGAGGTGGTGATAGCCGGTAT 
3' (SEQ ID NO: 124) and 5'-TGGGTAATCCATAGAGC 
CCAG-3' (SEQ ID NO: 125). For miRNA quantification, 
total RNA was reverse transcribed using the miScript II RT 
Kit (Qiagen). Primers specific for human and mouse pre 
miR-27b, pre-miR-148a, miR-27b and miR148a (Qiagen) 
were used and values normalized to SNORD68 (Qiagen) as a 
housekeeping gene. For pri-miRNA quantification, cDNA 
was synthesized using TaqMan(R) reverse transcription 
reagents (Applied Biosystems), following the manufacturers 
protocol. For pri-miR-148a, quantitative real-time PCR was 
performed in triplicate using TaqMan Universal Master Mix 
(Applied Biosystems) on a Real-Time PCR System (Applied 
Biosystems). Primers for human and mouse miR-148a were 
obtained from Applied Biosystems. For pri-miR-27b quanti 
fication, quantitative real-time PCR was performed in tripli 
cate using SYBR Green Master Mix (SA Biosciences) on an 
iCycler Real-Time Detection System (Eppendorf). Primer 
sequences used for human pri-miR-27b were: 5'-GTTCCTG 
GCATGCTGATTTG-3' (SEQ ID NO. 23) and 
5'-CTAAGCTCTGCACCTTGTTAGA-3' (SEQ ID NO. 24) 
and primer sequences for mouse pri-miR-27 b were: 5'-GT 
TCCTGGCATGCTGATTTG-3' (SEQ ID NO: 25) and 
5'-CTAAGCTCTGCACCTTGTTAGA-3' (SEQID NO: 26). 
The pri-miRNA levels were normalized to 18S (Applied Bio 
Systems) as a housekeeping gene. 
(0123 For mouse tissues, total liver RNA from C57BL/6 
mice (fed a chow or Western diet), from LDLR-/+: ApoBTg 
mice, from ob/ob mice, or from Tg-SREBP1c mice was iso 
lated using the Bullet Blender Homogenizer (Next Advance) 
in TRIZol. 1 ug of total RNA was reverse transcribed and 
gene/miRNA expression assessed as above. 

Western Blot Analysis 

0.124 Cells were lysed in ice-cold buffer containing 50 
mM Tris-HCl, pH 7.5, 125 mM NaCl, 1% NP-40, 5.3 mM 
NaF. 1.5 mM NaP, 1 mM orthovanadate and 1 mg/ml of 
protease inhibitor cocktail (Roche) and 0.25 mg/ml AEBSF 
(Roche). Cell lysates were rotated at 4°C. for 1 h before the 
insoluble material was removed by centrifugation at 12000xg 
for 10 min. After normalizing for equal protein concentration, 
cell lysates were resuspended in SDS sample buffer before 
separation by SDS-PAGE. Following overnight transfer of 
the proteins onto nitrocellulose membranes, the membranes 
were probed with the following antibodies: ABCA1 (1:1000), 
LDLR (1:500), and HSP90 (1:1000). Protein bands were 
visualized using the Odyssey Infrared Imaging System (LI 
COR Biotechnology). Densitometry analysis of the gels was 
carried out using Image.J software from the NIH (Schneider, 
2012 #219). 

Northern Blot Analysis 

0.125 miRNA Expression was Assessed by Northern Blot 
Analysis as Previously described (Chamorro-Jorganes, 2014 
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#218). Briefly, total RNA (5 lug) was separated on a 15% 
acrylamide TBE 8Murea gel and blotted onto a Hybond N-- 
nylon filter (Amersham Biosciences). DNA oligonucleotides 
complementary to mature miR-148a-3p (5'-ACAAAGTTCT 
GTAGTGCACTGA-3 SEQID NO. 56) were end-labeled 
with a-'PIATP and T. polynucleotide kinase (New England 
Biolabs) to generate high-specific activity probes. Hybridiza 
tion was carried out according to the ExpressHyb (Clontech) 
protocol, Following overnight membrane hybridization with 
specific radiolabeled probes, membranes were washed once 
for 30 min at 42°C. in 4xSSC/0.5% SDS and subjected to 
autoradiography. Blots were reprobed for 5s rRNA (5'-CAG 
GCCCGACCCTGCTTAGCTTCCGAGAGAT 
CAGACGAGAT-3 SEQ ID NO: 57) to control for equal 
loading. 

LDL Receptor Activity Assays 

0126 Human LDL was isolated and labeled with the fluo 
rescent probe DiI as previously reported (Calvo, Gomez 
Coronado et al. 1998). Huh? cells were transfected in 6- or 
12-well plates with miRNA mimics and inhibitors in DMEM 
containing 10% LPDS for 48 h. Then, cells were washed once 
in 1xEBS and incubated in fresh media containing DiI-LDL 
(30 ug cholesterol/ml). Non-specific uptake was determined 
in extra wells containing a 50-fold excess of unlabeled native 
LDL (nLDL). Cells were incubated for 8 hat 37° C. to allow 
for Dil-LDL uptake in screening optimization experiments 
and for 2 hat 37°C. for subsequent validation experiments. In 
other instances, cells were incubated for 30 min at 4°C. to 
assess Dil-LDL binding. At the end of the incubation period, 
cells were washed, resuspended in 1 ml of PBS and analyzed 
by flow cytometry (FACScalibur, Becton Dickinson), as pre 
viously described (Suarez, Fernandez et al. 2004). The results 
are expressed in terms of specific median intensity of fluo 
rescence (M.I.F.) after subtracting autofluorescence of cells 
incubated in the absence of Dil-LDL. 

Fluorescence Microscopy 

0127. For LDLR-Ab internalization and Dil-LDL uptake 
assays, HuhT cells were grown on coverslips and transfected 
with a miR-27b mimic, miR-148a mimic or negative control 
mimic (CM) in DMEM containing 10% LPDS. 48 h post 
transfection, cells were cooled to 4°C. for 20 min to stop 
membrane internalization. Cells were then incubated with 
LDLR mAb (C7) (Santa Cruz) and 30 g/ml DiI-LDL for 40 
min at 4°C. Following incubation, cells were gently washed 
twice with cold medium and shifted to 37° C. to allow for 
internalization of both LDLR-Ab complexes and DiI-LDL 
for the indicated times and fixed with 4% PFA. After 5 min of 
Triton X-100 0.2% permeabilization and 15 min of blocking 
(PBSBSA3%), cells were stained with anti-mouse Alexa 488 
(Molecular Probes) and TO-PRO 3 (Life Technologies) for 1 
h at room temperature. After this, cells were washed twice 
with 1xPBS and mounted on glass slides with Prolong-Gold 
(Life Technologies). 
0128. For LDLR-GFP rescue experiments, Huh? cells 
were grown on coverslips and co-transfected with 1 Jug 
LDLR-GFP and 40 nM of a control mimic CM, miR-27b 
mimic or miR-148a mimic. 48 h post transfection cells were 
incubated with 30 g/ml DiI-LDL for 2 hat 37°C. (uptake) or 
with 30 ug/ml DiI-LDL for 90 min at 4°C. (binding). Then, 
cells were washed twice with 1xPBS, fixed with 4% PFA, and 
blocked (3% BSA in 1xRBS) for 15 min. Following this, cells 
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were washed twice and mounted on glass slides with Prolong 
Gold (Life Technologies). All images were analyzed using 
confocal microscopy (Leica SP5II) equipped with a 63x Plan 
Apo Lenses. All gains for the acquisition of comparable 
images were maintained constant. Analysis of different 
images was performed using Image.J (NIH) and Adobe Pho 
toshop CS5. 

3'UTR Luciferase Reporter Assays 
I0129 cDNA fragments corresponding to the entire 3'UTR 
of human LDLR, ABCA1 and LDLRAP1 were amplified by 
RT-PCR from total RNA extracted from HepG2 cells with 
XhoI and NotI linkers. The PCR product was directionally 
cloned downstream of the Renilla luciferase open reading 
frame of the psiCHECK2TM vector (Promega) that also con 
tains a constitutively expressed firefly luciferase gene, which 
is used to normalize transfections. Point mutations in the seed 
region of the predicted miR-27b and miR-148a binding sites 
within the 3'UTR of LDLR, ABCA1 and LDLRAP1 were 
generated using the Multisite-Quickchange Kit (Stratagene), 
according to the manufacturer's protocol. All constructs were 
confined by sequencing. COS7 cells were plated into 12-well 
plates and co-transfected with 1 lug of the indicated 3'UTR 
luciferase reporter vectors and miR-27b mimics, miR-148a 
mimics, or control mimics (CM) (Life Technologies) utiliz 
ing Lipofectamine 2000 (Invitrogen). Luciferase activity was 
measured using the Dual-Glo Luciferase Assay System 
(Promega). Renilla luciferase activity was normalized to the 
corresponding firefly luciferase activity and plotted as a per 
centage of the control (cells co-transfected with the corre 
sponding concentration of control mimic). Experiments were 
performed in triplicate wells of a 12-well plate and repeated at 
least three times. 

miR-148a Promoter Assays 
0.130. The promoter region (2.3 kb) of miR-148a was 
amplified by PCR from BAC clone RPCI-11-184C17 and 
cloned into a PGL3 promoter vector (Promega) using KpnI 
and HindIII linkers. The primers were: 5'-TGATGGCAGA 
CAATAACTCC-3' (SEQ ID NO: 126) and 5'-AAAGT 
GCTTTCCCATCTTCC-3' (SEQID NO: 127). All constructs 
were confirmed by sequencing. For some experiments, Hela 
cells were plated into 12-well plates and co-transfected with 
0.5 lug of miR-148a promoter and 0.01 ug of Renilla 
luciferase reporter plasmid and 0.5 lug of pcDNA3.1-2x 
FLAG-SREBP1c or pcDNA3.1 empty control using Lipo 
fectamine 2000. Cells were collected 24h later. In another set 
of experiments, Huh7 cells were transfected with 0.5 lug of 
miR-148a promoter and 0.01ug of Renilla luciferase reporter 
plasmid using Lipofectamine LTX. Following 24 h transfec 
tion, cells were stimulated with 3 uMT090 (12h) or 100 nM 
insulin (8 h). Luciferase activity was measured using the 
Dual-Glo Luciferase Assay System (Promega). Renilla 
luciferase activity was normalized to the corresponding fire 
fly luciferase activity and plotted as a percentage of the con 
trol (cells co-transfected with the corresponding concentra 
tion of empty control or vehicle treated cells). Experiments 
were performed in triplicate wells of a 12-well plate and 
repeated at least three times. 

Cholesterol Efflux Assays 

0131 Huh? cells were seeded at a density of 2x10 cells 
per well and transfected with either a control mimic (CM) or 
miR-27b mimic or miR-148a mimic or a control inhibitor 
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(CI) or miR-148a inhibitor (Inh-148a). Following 48 h of 
transfection, cells were either loaded with 0.5uCi/ml H-cho 
lesterol for 24 h. 12 h after loading, cells were incubated with 
3 uMT090 to increase the expression of ABCA1. Then, cells 
were washed twice with PBS and incubated in DMEM 
supplemented with 2 mg/ml fatty-acid free BSA (FAFA-me 
dia) in the presence of an ACAT inhibitor (2 umol/L) for 4h 
prior to the addition of 50 lug/ml human ApoA1 in FAFA 
media with or without the indicated treatments. Supernatants 
were collected after 6 hand expressed as a percentage of total 
cell H-cholesterol content (total effluxed H-cholesterol+ 
cell-associated H-cholesterol). 
Cellular Cholesterol Measurements 

(0132 Huh? cells were seeded at a density of 5x10 cells/ 
well and transfected with either a control mimic (CM), miR 
27b mimic, miR-148a mimic or a control inhibitor (CI), miR 
27b inhibitor (Inh-27b), or miR-148a inhibitor (Inh-148a). 
Following 48 h transfection, cells were incubated with 30 
ug/ml nLDL for 2 h. Intracellular cholesterol content was 
measured using the Amplex Red Cholesterol Assay Kit (Mo 
lecular Probes, Invitrogen), according to the manufacturers 
instructions. 

AAV8-Pre-miR-27b Vector 

0.133 mmu-pre-miR-27 (accession MI000142) was sub 
cloned into an AAV8 vector and its expression was regulated 
under the control of a liver-specific thyroxine-binding globu 
lin (TBG) promoter, as previously described (Kassim, Lietal. 
2013). The AAV8 particles (AAV8.TBG.PI.mir27b.rBG) 
were generated at the University of Pennsylvania’s Penn Vec 
tor Core. An empty AAV8 (AAV8.TBG.PI.Null.bGH), also 
provided by the Penn Vector Core, was used as a control in all 
experiments. 

Mouse Studies 

0134 Eight-week-old male C57BL/6 mice were pur 
chased from Jackson Laboratories (Bar Harbor, Me., USA) 
and kept under constant temperature and humidity in a 12h 
controlled dark/light cycle. For miR-27b overexpression 
studies, mice were randomized into 2 groups: non-targeting 
AAV8 (AAV-Null, n=10) and pre-miR-27b AAV8 (AAV-27b, 
n=10). In one set of experiments (see FIG. 7A), mice fed a 
chow diet were treated once with 5x10'’ GC/kg AAV-Null 
(n=5) or 5x10 GC/kg (n=5) in PBS by retro-orbital injec 
tion. Blood samples were collected at 0, 2 and 4 weeks after 
treatment for lipid analysis and lipoprotein profile measure 
ments (see below). Then mice were sacrificed, and hepatic 
gene expression and liver histology were analyzed (see 
above). In another set of experiments, mice were challenged 
with a Western diet (WD) 9.5% casein, 0.3% DL-Methion 
ine, 15% cornstarch, 40% sucrose, 5% cellulose, 21% anhy 
drous milk fat, 3.5% mineral mix, 1% vitamin mix, 0.4% 
calcium carbonate and 0.3% cholesterol after 4 weeks of 
treatment with AAV-Null or AAV-27b, as outlined in FIG.7L. 
Following 2 weeks of diet, blood was collected for lipid 
analysis and lipoprotein measurements. Mice were then sac 
rificed for gene expression analysis and liver histology. All 
animal experiments were approved by the Institutional Ani 
mal Care Use Committee of New York University Medical 
Center. 

0135 For miR-148a inhibition experiments, 8-week old 
male LDLR-/+:ApoB Tg mice (Taconic) were randomized 
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into 3 groups: LNA control (n=7), LNA anti-miR-148a (n=7) 
or LNA-anti-miR-27b. Mice received i.p. injections of 5 
mg/kg LNA control (5'-ACGTCTATACGCCCA-3'; SEQ ID 
NO: 51), LNA anti-miR-148a (5'-TTCTGTAGTGCACTG 
3'; SEQID NO:52), or LNA anti-miR-27b (5'-AACTTAGC 
CACTGTGA-3); SEQ ID NO. 54) oligonucleotides every 
three days for a total of two weeks (see FIG. 12A). Twenty 
four hours after the final injection, mice were sacrificed and 
hepatic gene expression analyzed (see above). Blood samples 
were collected at day 1 and day 14 for lipid analysis (see 
below). 
(0.136 “Obese” (C57BL/6J-ob?ob) mice were purchased 
from Jackson Laboraties. In one set of experiments 5 male 
wild-type and 5 ob/ob mice were studied at 13 weeks of age. 
In another set of experiments, transgenic mice that overex 
press the truncated form of human SREBP1c (amino acids 
1-436) in the liver under the control of the PEPCK promoter 
were used (Shimano, 1997 i222). For these experiments 5 
male wild-type and 5 male Tg-SREBP1c were studied at 
12-weeks of age. Mice were maintained and sacrificed as 
previously described (Shimomura, 1999 #221). 
I0137 For HFD studies, six-week old male C57BL6 (Jack 
son Laboratories) were placed on a chow diet or HFD con 
taining cholesterol and 21% (wit/wt) fat (from Dyets Inc) for 
12 weeks. At sacrifice, mice were fasted for 12-14 h before 
blood samples were collected by retro-orbital venous plexus 
puncture. Liver samples were collected and stored at -80° C. 
and total RNA was harvested for miRNA and gene expression 
analysis. 

Plasma Lipid Analysis and Lipoprotein Profile 
Measurements 

0.138. In the chow diet studies, mice were fasted for 12-14 
hbefore blood samples were collected by retro-orbital venous 
plexus puncture. Plasma was separated by centrifugation and 
stored at -80°C. Total plasma cholesterol and HDL-choles 
terol were enzymatically measured with the Cholesterol 
Assay Kit (Wako Diagnostics), according to the manufactur 
er's instructions. Total triglycerides were measured with the 
Wako Diagnostics Triglycerides Reagent. The lipid distribu 
tion in plasma lipoprotein fractions was assessed by fast 
performance liquid chromatography (FPLC) gel filtration 
with 2 Superose 6 HR 10/30 columns (Pharmacia). Choles 
terol in each fraction was enzymatically measured using the 
Amplex Red Cholesterol Assay Kit (Molecular Probes, Invit 
rogen). In another set of experiments, mice were fed with a 
WD for 2 weeks and blood samples were collected in non 
fasting and fasting (3h) conditions. Lipid analysis and lipo 
protein fractionation were performed as described above. 

Statistics 

0.139 All data are expressed as mean SEM. Statistical 
differences were measured using eitheran unpaired Students 
t test or 2-way ANOVA with Bonferroni correction for mul 
tiple comparisons when appropriate. A value of Ps0.05 was 
considered Statistically significant. Data analysis was per 
formed using GraphPad Prism Software Version 5.0a (Graph 
Pad, San Diego, Calif.). *P-0.05. 

Results 

0140 Primary miRNA Screen Design and Optimization 
0.141. To systematically identify miRNAs that regulate 
LDLR activity, the present inventors developed an auto 
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mated, high-throughput microscope-based screening assay 
that monitored the effect of miRNA overexpression on Dil 
LDL uptake in human hepatic (Huh7) cells. In order to avoid 
confounding effects of lipoproteins in the media, the present 
inventors initially characterized the specific uptake of Dil 
LDL in Huh? cells incubated in 10% lipoprotein deficient 
serum (LPDS). To this end, the changes in LDLR activity 
were analyzed in Huh? cells treated with increasing concen 
trations of Dil-LDL for 8 h. The cell-associated Di-fluores 
cence was determined at the end of the incubation period by 
flow cytometry. As seen in FIGS. 8A-D, Dil-LDL uptake 
kinetics were saturable and showed complete Saturation at 
approximately 20-40 g/ml DiI-LDL cholesterol, which is in 
accordance with the well-known kinetic properties of the 
LDLR(Brown, Dana et al. 1973, Goldstein, Basu et al. 1976). 
Similar results were observed when cells were cultured in 
384-well plates and fluorescence intensity was measured with 
automated fluorescent microscopy (FIGS. 8E-G). Impor 
tantly, LDL uptake was specific, as Dil accumulation was 
displaced when cells were incubated in the presence of 30x 
unlabeled LDL (FIG. 8G). The inventors further analyzed 
whether this system was suitable for functional genomic stud 
ies by assessing LDLR gene inactivation by RNA interfer 
ence (RNAi). As expected, treatment of Huh7 cells with 
siRNALDLR (siLDLR) significantly reduced LDLR expres 
sion at the protein level (FIG. 8E). Consistent with this, Dil 
LDL uptake was also diminished in siLDLR-treated Huh? 
cells compared to cells transfected with a non-silencing (NS) 
control siRNA (FIG. 8I-J). Importantly, the Z-factor was 
determined to be greater than 0.5 (FIG. 8I, inset), indicative of 
a robust setup for our screen (Zhang, Chung et al. 1999). 
Identification of miRNAs that Regulate LDLR Activity in 
Human Hepatic Cells 
0142 For the genome-wide miRNA screen, Huh? cells 
were reverse transfected in triplicate with a library of 1719 
distinct miRNAs (Life Technologies mirVana Mimic Library, 
miRBase release 17.0) and incubated with 30 ug/ml DiI-LDL 
cholesterol. Following 8 h of incubation, cells were washed, 
fixed and stained with Hoechst to distinguish nuclei (FIG.1A, 
upper panel). In addition to internal controls on each screen 
ing replicate (see Methods), previously validated siRNAs 
against the LDLR and a non-silencing (NS) control siRNA 
were used as positive and negative controls, respectively 
(FIGS. 8H-J). Mean average intensity of Dil-LDL was deter 
mined on an individual cell basis (FIG. 1A, middle panel) 
using automated high-content image analysis Software. To 
standardize measurements from different plates, phenotypic 
effects of each miRNA (i.e. those that increased or decreased 
average Dil intensity) were converted to robust Z-scores 
(Binningham, Selfors et al. 2009) based on the median aver 
age intensity of each array plate. Notably, comparison of plate 
replicates (FIGS. 1 B-D) and internal plate controls (FIG.1E) 
Suggested high reproducibility of the screen. Upon normal 
ization, robust Z-scores for each individual miRNA were 
ranked and compared to their respective plate replicates 
(Table 2). While our screen identified miRNAs that both 
increased and decreased LDL uptake, the present inventors 
chose to focus on those miRNAs whose overexpression 
decreased receptor activity, as pharmacological inhibitors of 
this miRNA subset represent potential therapeutic targets to 
lower LDL-cholesterol levels. 

0143 Given the propensity for off-target effects in high 
throughput screening assays, a multi-step system was 
designed in order to narrow down candidates; specifically, 
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miRNAs were subjected to five screening passes before cho 
sen for further validation (FIG. 1A, lower panel). In the first 
pass, miRNAs were considered putative regulators of LDLR 
activity for which two or more replicate miRNAs yielded 
activities smaller than 0.8 median absolute deviations (MAD) 
away from plate medians (deviation s-0.8) (FIG. 1F). 
Although this criterion is less stringent than most cut-offs for 
high-throughput screenings (Birmingham, Selfors et al. 
2009), this pass was designed to yield a significantly higher 
hit rate (423 miRNAs, ~25% of miRNAs screened) to allow 
for subsequent passes (Table 2). To minimize the risk of 
identifying false positives, the selection of miRNAs for fol 
low-up evaluation in the ensuing passes was based on several 
criteria. Specifically, miRNAs were chosen for further vali 
dation if they: 1) had conserved predicted binding sites in the 
3'UTR of the LDLR, 2) were highly expressed in human and 
mouse liver, 3) were modulated by dietary lipids, and 4) had 
high liver activity (i.e. high miRNA expression versus 
reduced target gene expression) (FIG. 1A, bottom panel and 
Table 1). Out of the 423 miRNAs identified from the initial 
pass, miR-27b and miR-148a (-0.1% of miRNAs screened) 
emerged as the most obvious and strongest positive hits, 
showing reduced LDLR activity (TargetScan v6.2, www.tar 
getscan.org), conserved predicted binding sites in the 3'UTR 
of the LDLR, medium to high expression in human and 
mouse hepatic tissue (Barad, Meiri et al. 2004, Landgraf. 
Rusu et al. 2007, Vickers. Shoucri et al. 2013) and high liver 
activity (Arora and Simpson 2008). In addition, both of these 
miRNAs have previously been shown to be upregulated in the 
livers of mice fed a high fat diet (HFD) (Vickers, Shoucri et 
al. 2013) Table 1. Suggesting a possible physiological role 
for miR-27b and miR-148a in regulating lipid metabolism 
and therefore, highlighting them for further validation. 
miR-27b and miR-148a are Regulated by Hepatic Lipid Con 
tent and Enriched in Lipid Metabolism Target Genes 
0144 miR-27b is a member of the miR-23b-27b-24-1 
miRNA cluster encoded within the intron of the alanine ami 
nopeptidase gene (APO) on human chromosome 9 (FIG. 2A). 
The mature miRNA sequences of miR-23b, miR-27b and 
miR-24 are conserved among vertebrate species (FIG. 2A, 
lower panels). miR-148a is also highly conserved in verte 
brates, however it is encoded within an intergenic region of 
human chromosome 7 (FIG. 2B). Dietary lipids regulate the 
hepatic expression of both miRNAs (FIG. 2C-P). Specifi 
cally, the expression levels of the mature and precursor forms 
of miR-27b and miR-148a (pri-, pre- and mature) were 
increased in mice and non-human primates fed a high-fat diet 
(HFD) compared to those fed a chow diet (FIG. 2I-P). Con 
sistent with our in vivo observations, the mature and precur 
sor forms of miR-27b and miR-148a were also significantly 
upregulated in Huh? cells treated with 120 ug/ml native LDL 
(nLDL) (FIG. 2C-H). Furthermore, the mature form of miR 
148a was also significantly upregulated in the livers of ob?ob 
mice (FIG.2O). Taken together, these results demonstrate the 
regulation of the miR-148a and miR-27b transcript by dietary 
lipids. 
0145 To gain insight into the function of miR-27b and 
miR-148a in regulating cholesterol homeostatsis (and more 
specifically, LDLR activity), their potential targets were ana 
lyzed using a rigorous bioinformatic algorithm (Mercer, 
Snijder et al. 2012). For this, predicted targets identified in 
three target-prediction websites (Targetscan, miRWalk, and 
miRanda) were assigned to functional annotation clusters 
using the public database, DAVID http://david.abbc.ncifcrf. 
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gov (Huangda, Sherman et al. 2009). As shown, miR-27b 
and miR-148a target genes were enriched (E-1.0) within 77 
and 78 clusters, respectively, and several annotation net 
works. The functional cluster analysis was combined with 
data on protein-protein interactions between individual target 
genes enriched in lipid metabolism using the STRING v9 
(Szklarczyk, Franceschini et al. 2011) and PANTHER data 
bases (Thomas, Campbell et al. 2003). The results of this 
bioinformatic analysis are visually shown in FIG.9 and indi 
cate that both miRNAs target a vast network of lipid metabo 
lism regulators, including LDLR, LDLRAP1, and ABCA1. 
0146 Further characterization of the aforementioned tar 
get genes revealed that miR-27b has one predicted binding 
site in the 3'UTR of LDLR and two predicted binding sites in 
the 3'UTR of LDLRAP1 and ABCA1 (FIG. 3A). miR-148a 
has two predicted binding sites in the 3'UTR of LDLR and 
one predicted binding site in the 3'UTR of ABCA1 (FIG.3B). 
Notably, most of the miR-27b and miR-148a predicted bind 
ing sites are conserved between mammals (FIGS. 10A and 
10B). As expected, 3'-UTR luciferase reporter assays 
revealed that the LDLR, LRLRAP1 and ABCA1 are directly 
regulated by miR-27b (FIG. 3C). Importantly, mutations of 
miR-27b target sites relieved miR-27b repression of LDLR, 
LRLRAP1 and ABCA1 3'UTR activity, consistent with a 
direct interaction of miR-27b with these sites (FIG. 3C). 
Similar to miR-27b, overexpression of miR-148a inhibited 
LDLR and ABCA1 3'UTR activity and specific point muta 
tions in the predicted binding sites abolished this inhibitory 
effect (FIG. 3D). Together, these experiments identify the 
LDLR and ABCA1 as direct targets for both miR-27b and 
miR-148a, whereas ABCA1 and LDLRAP1 are direct targets 
of miR-27b only. As such, both of these miRNAs represent 
particularly useful targets to alter plasma levels of LDL and 
HDL cholesterol. 

miR-27b and miR-148a Inhibit LDLR Expression and Regu 
late LDLR Activity 
0147 The effect of miR-27b and miR-148a overexpres 
sion and inhibition on LDLR mRNA and protein expression 
was determined next. Transfection of Huh7 cells with miR 
27b and miR-148a, but not a control mimic (CM) signifi 
cantly decreased LDLR mRNA and protein levels (FIGS. 4A 
and 4B). Conversely, inhibition of endogenous miR-27b and 
miR-148a increased the expression of the LDLR (FIGS. 4D 
and 4E). Similar results were observed in mouse hepatic cells 
(Hepa) transfected with antisense inhibitors of miR-27b (Inh 
27b) and miR148a (Inh-148a) (FIGS. 11 A-C). In addition, 
miR-27b also regulated the expression of LDLRAP1 in Huh7 
cells (FIGS. 4C and 4F), suggesting that this miRNA might 
control LDLRactivity by direct targeting of the LDLR and by 
regulating its endocytosis. 
0148 Defective hepatic LDLR activity results in elevated 
levels of LDL in the blood and is associated with an increased 
risk of atherosclerosis and coronary heart disease (Lusis 
2000, Glass and Witztum 2001). To assess the role of miR 
27b and miR-148a in regulating LDL uptake in human 
hepatic cells and to confirm findings from the primary screen, 
miR-27b and miR-148a were overexpressed or inhibited and 
DiI-LDL uptake and binding were assessed by flow cytom 
etry. Transfection of Huh? cells with miR-27b and miR-148b 
attenuated LDL specific uptake (FIGS. 4G-H) and binding 
(FIGS. 4I-J). Consistent with the inhibitory effect of miR-27b 
and miR-148a on LDLR activity, transfection of both miR 
NAS significantly reduced intracellular cholesterol concen 
tration after incubation with nDL (FIGS. 4K-L). Impor 
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tantly, antagonists of endogenous miR-27b (Inh-27b) and 
miR-148a (Inh-148a) increased LDL uptake and binding in 
Huh7 (FIGS. 4M-P) and Hepa cells (FIGS. 11D-G). Intrac 
ellular cholesterol levels were also slightly, but significantly, 
increased in Huh7 cells overexpressing inhibitors of miR-27b 
(Inh-27b) and miR-148a (Inh-148a) (FIGS. 4Q-R). Addition 
ally, when LDLR-antibody internalization and DiI-LDL 
uptake were analyzed by immunofluorescence, reduced 
LDLR internalization and a concomitant decrease in Di 
LDL uptake were observed in cells overexpressing miR-27b 
and miR-148a compared to controls (FIG. 4S). The inventors 
next determined whether the effect of miR-27b and miR-148a 
in regulating LDL uptake was rescued by overexpressing a 
LDLR-GFP cDNA construct that lacked the 3'UTR, thereby 
resistant to miR-27b and miR-148a inhibitory action. As pre 
viously shown in FIG. 4S, Huh7 cells transfected with miR 
27b or miR-148a have a significant reduction in DiI-LDL 
uptake and binding when analyzed by immunofluresecnce 
(FIG. 5A-R). However, this effect was abrogated in cells that 
expressed the LDLR-GFP construct, suggesting that miR 
27b and miR-148a regulate Dil-LDL uptake and binding by 
direct down-regulation of the LDLR (FIG. 5A-R). Thus, 
manipulation of cellular miR-27b and miR-148a alters LDLR 
activity, a critical step in controlling the levels ofatherogenic 
lipoproteins in the blood. 
miR-27b Regulates ABCA1 Expression and Cholesterol 
Efflux in Human Hepatic Cells 
0149 ABCA1 ulays a major role in regulating cholesterol 
efflux from macrophages to ApoA1 and in the biogenesis of 
HDL in the liver, thereby controlling reverse cholesterol 
transport (RCT), a process that mediates the clearance of 
cholesterol from peripheral cells to the liver for excretion to 
the bile and feces (Oram and Vaughan 2000). To assess 
whether miR-27b regulates ABCA1 expression and choles 
terol efflux from human hepatic cells, Huh7 cells were trans 
fected with miR-27 mimics (miR-27b) or miR-27 antisense 
oligonucleotides (Inh-27b) and analyzed ABCA1 mRNA and 
protein levels and cholesterol efflux to Apo A1. As seen in 
FIG. 6A, miR-27 overexpression strongly reduced ABCA1 
mRNA expression in basal conditions (control) and when 
cells were pre-treated with the LXR ligand T0901317 (T090) 
(to directly stimulate ABCA1 expression). Similar effects 
were observed at the protein level (FIG. 6B). Most impor 
tantly, endogenous inhibition of miR-27b in human hepatic 
cells increased ABCA1 mRNA and protein levels (FIGS. 6C 
and 7D). In agreement with the known cellular functions of 
ABCA1, transfection of Huh? cells with miR-27b signifi 
cantly attenuated cholesterol efflux to Apo A1 (FIG. 6E). 
miR-27b Levels Regulate Circulating LDL and HDL Choles 
terol in Mice 

0150. Because miR-27b alters both LDL uptake and cho 
lesterol efflux in human hepatic cells, the functional contri 
bution of increased miR-27b levels on plasma lipids were 
next assessed in mice fed a chow or Western Diet (WD). To 
specifically alter miRNA expression in the liver, an adeno 
associated virus serotype 8 (AAV8) vector encoding pre 
miR-27b (AAV-27b) or a control vector (AAV-Null) were 
used. AAV8 vectors have previously been evaluated for liver 
directed gene transfer in murine models and show no signs of 
liver toxicity (Wang, Wang et al. 2010, Kassim, Li et al. 
2013). For the chow diet studies, AAV-Null or AAV-27b vec 
tors (5x10" GC/kg) were delivered to 8-week old male 
C57BL/6 mice (n=5 per group) via retro-orbital injection; 
plasma lipids were measured after two and four weeks (FIG. 
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7A). To determine the efficacy of miR-27b over-expression, 
the expression of hepatic miR-27b and its target genes were 
measured after four weeks of treatment. As expected, pre 
miR-27b expression levels were significantly higher in mice 
treated with AAV-27b compared to mice treated with AAV 
Null (FIG. 7B). Similarly, the expression levels of mature 
miR-27b were also upregulated in mice injected with AAV 
27b, but modestly when compared to pre-miR-27b levels 
(FIG.7C). Consistent with our in vitro results, hepatic LDLR 
expression was significantly decreased in mice treated with 
AAV-27b (FIG. 7D), however no significant changes in 
ABCA1 mRNA were observed (FIG. 7E). Notably, both 
LDLR and ABCA1 protein levels were significantly reduced 
in the livers of mice treated with AAV-27b compared to those 
treated with AAV-Null (FIG. 7F-G). Given that decreased 
hepatic expression of ABCA1 would be predicted to reduce 
HDL biogenesis, circulating total and HDL-C levels were 
next measured in mice treated with AAV-Null or AAV-27b 
after over-night fasting. As expected, in vivo over-expression 
of miR-27b resulted in a progressive decline of total plasma 
HDL and cholesterol compared to controls (FIG.7H-I). Con 
sistent with this, analysis of lipoproteins by FPLC showed a 
prominent decrease in cholesterol content of the HDL frac 
tions in mice treated with miR-27b for two and four weeks 
(FIG. 7J-K). Surprisingly, hepatic over-expression of miR 
27b did not alter cholesterol content in the IDL/LDL frac 
tions, despite decreased levels of the LDLR (FIG. 7J-K). 
Moreover, no significant differences in plasma triglycerides 
were observed (data not shown). 
0151. Because the rate of hepatic LDL-clearance is 
40-fold greater in C57BL/6 mice than in humans (Dietschy, 
Turley et al. 1993), the efficacy of miR-27b over-expression 
on plasma lipids were further determined in mice challenged 
with a WD after four weeks of miR-27b treatment (FIG.7L). 
Similar to mice fed a chow diet, hepatic levels of pre-miR-27b 
and mature miR-27b were significantly increased (FIG. 
7M-N), while ABCA1 and LDLR protein expression were 
decreased (FIG. 7Q-R). No significant differences were 
observed in ABCA1 and LDLR mRNA levels (FIG. 7O-P). 
Next, post-prandial and fasting (3h) plasma lipid levels were 
analyzed in mice treated with AAV-27b or AAV-Null. Frac 
tionation of plasma lipoproteins revealed that IDL/LDL cho 
lesterol was markedly increased in mice over-expressing 
miR-27b (FIG. 7S-T). Interestingly, no differences were 
observed in the HDL-cholesterol fraction in either the fed or 
fasted state (FIG. 7S-T), despite a striking down-regulation of 
ABCA1 in AAV-miR-27b treated mice. Taken together, these 
results suggest that manipulation of miR-27b levels in vivo 
alters LDLR and ABCA1 expression and plasma LDL and 
HDL cholesterol levels. 

Modulation of miR-27b and miR-148a Expression Regulates 
LDLR Expression. In Vivo 
0152 To ascertain the endogenous role of miR-27b and 
miR-148a in regulating LDLR expression and activity in 
vivo, miR-148a expression was inhibited using locked 
nucleic acid (LNA) miRNA inhibitors (primer sequences 
were 5'-TTCTGTAGTGCACTG-3 SEQ ID NO: 52 and 
5'-AACTTAGCCACTGTGA-3 SEQID NO:54) (Exiqon). 
Because LDL levels in wild-type mice plasma are low (Di 
etschy, Turley et al. 1993), “humanized mice (LDLR-/+: 
ApoBTg background) were used for the studies (Purcell 
Huynh 1995). To inhibit hepatic miR-27b and miR-148a 
expression, mice were intraperitoneally injected every three 
days for a period of two weeks with 5 mg/kg of DNA/LNA 
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mixmer antisense oligonucleotides against miR-148a (LNA 
148a) or miR-27b (LNA 27b) (FIGS. 13A and 14A). A 
scrambled LNA oligonucleotide (LNA CON, 5'-ACGTC 
TATACGCCCA-3': SEQ ID NO: 51) was used as a control. 
Twenty-four hours following the last injection, mice were 
sacrificed and serum and livers collected for plasma choles 
terol and gene expression analysis, respectively. As expected, 
treatment with LNA anti-miR-148a (LNA 148a, 5'-TTCTG 
TAGTGCACTG-3'; SEQID NO:52) and LNA anti-miR-27b 
(LNA27b,5'-AACTTAGCCACTGTGA-3'; SEQID NO:54) 
significantly reduced levels of hepatic miR-148a and miR 
27b (FIGS. 13B-C and 14B). Importantly, and consistent with 
this, hepatic protein levels of LDLR were significantly 
increased in LNA 148a and LNA27b treated mice compared 
to controls (FIGS. 13D-E and 14C-D). Further experiments 
are necessary to determine whether the anti-miR-27b or anti 
miR-148a-induced expression of LDLR plays a functional 
role in decreasing levels of LDL-cholesterol. Nevertheless, 
taken together, these results suggest a physiological role for 
miR-148a in controlling hepatic LDLR expression in vivo. 
Transcriptional Regulation of miR-148a by SREBP1c 
0153. Given that miR-148a is upregulated in the livers of 
ob?ob and high-fat-diet (HFD) fed mice, the present inventors 
next sought to determine how this intergenic miRNA is tran 
scriptionally regulated. Previous reports have identified sev 
eral transcriptional start sites (TSSs) located ~1.1 to ~1.6 kb 
upstream of the miR-148a sequence (Eponine, miRStart 
source) (Saini 2007). Importantly, these TSSs correlate with 
CpG islands and H3K4Me3 marks (Ernst 2010, Monteys 
2010). Furthermore, upstream regions adjacent to the putative 
TSSs revealed active and weak promoter and enhancer 
regions involved in the regulation of miR-148a expression 
(FIG. 12A) (Ernst 2010). Intriguingly, a SREBP1 binding site 
was previously identified in this active promoter region using 
ChIP-seq (Gerstein 2012). The present inventors reasoned 
that SREBP1c, the predominant isoform of SREBP1 in the 
liver (Horton 2002), might be a transcriptional regulator of 
miR-148a expression. Therefore, to test whether SREBP1c 
could modulate miR-148a expression in vitro, Huh? cells 
were transfected with a vector expressing FLAG-tagged 
nuclear SREBP1c (nSREPB1c) and miR-148a expression 
was measured by qRT-PCR. As shown in FIG. 12B-D, over 
expression of nSREBP1c significantly increased the expres 
sion of miR-148a (mature and precursor forms), as well as the 
SREBP1c target gene, FASN, thereby suggesting that 
SREBP1c may regulate miR-148a expression by binding to 
its promoter. To further explore the in vivo relevance of 
SREBP1c-dependent regulation of miR-148a, the mature 
form of miR-148a was next measured in the livers of mice 
overexpressing a truncated form of human SREBP1c (Shi 
mano 1997). qRT-PCR analysis showed that miR-148a was 
increased in the livers of SREBP1c transgenic (SREBP1c 
Tg) mice compared to controls (FIG. 12E), corroborating the 
above in vitro findings that miR-148a is regulated by 
nSREBP1c. 

0154) The induction of hepatic SREBP1c is dependent on 
LXR agonists (Bobard 2005). Therefore, to determine 
whether miR-148a expression is affected by modulation of 
endogenous SREBP1c, mouse primary hepatocytes were 
treated with T090, a synthetic LXR-ligand, and miR-148a 
expression was assessed by qRT-PCR and Northern blotting. 
As shown in FIG. 12F, the expression of several LXR-regu 
lated genes, including ABCA1, SREBP1c, and FASN were 
all significantly upregulated upon LXR-activation compared 
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to vehicle-treated cells. Importantly, the precursor and mature 
forms of miR-148a were also induced by T090 treatment 
(FIGS. 12G-H). As insulin is the major activator of SREBP1c 
in the liver, the present inventors further validated whether 
miR-148a expression is affected by the insulin-mediated 
induction of SREBP1c. As seen in FIG. 12I, insulin treatment 
significantly upregulated FASN and SREBP1c expression in 
primary mouse hepatoctytes. Importantly, pre-miR-148a and 
miR-148a expression were also significantly increased in 
insulin-treated cells (FIGS. 12J-K). Furthermore, the inven 
tors found that miR-148a promoter activity was induced in 
Hela cells overexpressing nuclear SREBP1c and Huh7 cells 
treated with insulin or T090 (FIGS. 12L-N). Collectively, 
these results demonstrate that activation of hepatic SREBP1c 
by LXR and insulin correlates with endogenous miR-148a 
expression. Thus, miR-148a may define a novel SREBP1c 
dependent axis for regulating LDLR expression. 

DISCUSSION 

0155 This example provides the identification of miRNAs 
that control LDLRactivity. Amongst them, the inventors have 
characterized the role of miR-27b and miR-148a in regulating 
LDLR expression and activity. Both miRNAs are highly 
expressed in the liver and are regulated by hepatic lipid con 
tent. Mechanistically, it is disclosed herein that the aforemen 
tioned miRNAs directly target and inhibit the expression of 
the LDLR, thereby reducing LDL uptake in human hepatic 
cell lines. Moreover, miR-27b also regulates ABCA1 expres 
sion and cellular cholesterol export. Importantly, overexpres 
sion of miR-27b in mice increases plasma LDL-C and 
reduces circulating HDL-C, thus suggesting that antagonists 
of endogenous miR-27b may be useful as a therapeutic strat 
egy for enhancing LDLR and ABCA1 expression. Indeed, 
when the inventors inhibited miR-27b expression using LNA 
antisense oligonucleotides, hepatic LDLR expression was 
significantly increased. In addition, miR-148a contains a 
SREBP1 binding site in its promoter region. Accordingly, 
induction of SREBP1c by overexpression constructs and by 
the LXR agonist, T090, and insulin increases miR-148a pro 
moteractivity and expression, thus defining a complementary 
pathway for controlling cholesterol uptake. Importantly, inhi 
bition of miR-148a in mice increases hepatic LDLR expres 
Sion, Suggesting that antagonists of endogenous miR-148a 
may be useful as a therapeutic strategy for increasing LDLR 
activity and ultimately reducing levels of LDL-C. 
0156 Although several miRNAs, including miR-33, miR 
144, miR-758 and miR-106b, have been shown to regulate 
ABCA1 and plasma HDL-C levels (Krutzfeldt, Rajewsky et 
al. 2005, Esau, Davis et al. 2006, Najafi-Shoushtari, Kristo et 
al. 2010, Ramirez, Davalos et al. 2011, Rayner, Esau et al. 
2011, Kim, Yoon et al. 2012, de Aguiar Vallim, Tarling et al. 
2013, Ramirez, Rotlan et al. 2013), little is known about 
miRNAs that control the expression of the LDLR and modu 
late LDL-C levels. To date, only the liver-restricted miR-122 
has been shown to play a direct role in LDL cholesterol 
metabolism. Specifically, studies by Esau et al. and Elmen et 
al. have shown that antisense targeting of miR-122 in mice 
significantly reduces total plasma cholesterol and triglyceride 
levels, as well as hepatic steatosis (Esau, Davis et al. 2006. 
Elmen. Lindow et al. 2008). While these studies paved the 
way for the first experiments of miRNA targeting in non 
human primates and shed light on the use of miR-122 inhibi 
tors to treat dyslipidemias (Elmen, Lindow et al. 2008, 
Elmen, Lindow et al. 2008, Lanford, Hildebrandt-Eriksen et 
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al. 2010), the mechanistic understanding by which anti-miR 
122 mediates its effects on lipid homeostasis is still unclear. 
Unfortunately, this incomprehension, combined with adverse 
consequences of reduced HDL-C and increased risk of devel 
oping hepatocellar carcinomas, have challenged the fervent 
development of miR-122 antisense technologies (Esau, Davis 
et al. 2006, Elmen, Lindow et al. 2008) 
015.7 Functional genomic screens can provide a direct and 
powerful approach to identify gene and/or miRNA functions 
in mammalian biology. Indeed, several in vitro screens based 
on miRNA expression libraries have proven to be highly 
useful (Voorhoeve, le Sage et al. 2006, Huang, Gumireddy et 
al. 2008, Izumiya, Okamoto et al. 2010, Poell, van Haastertet 
al. 2011). Although these types of screens circumvent the 
problem of identifying functionally relevant miRNA target 
genes, they inherently give rise to high rates of false positives 
and negatives. Furthermore, high-throughput identification 
of miRNA function relies on unnaturally high expression 
levels of miRNAs, which may cause artifacts and thwart the 
tissue-specific functional roles of certain miRNA genes. To 
address these problems, the present inventors integrated 
results from genome-wide screen with computational predic 
tions from TargetScan, as well as pre-existing deep sequenc 
ing data on miRNA expression and activity. With this method, 
the present inventors were able to narrow down our hit list 
from 25% of miRNAs screened to 0.12%, which is well 
within the range of acceptable hit rates for genome-wide 
screens (Malo, Hanley et al. 2006). Nevertheless, it cannot be 
completely ruled out that some candidates have been dis 
carded that may play a functional role in controlling LDL 
levels, as the present screen only focused on miRNAs that 
effect LDLR activity by direct repression of the LDLR. Fur 
thermore, many miRNAS were found to significantly increase 
Dil-LDL uptake. Given the complex regulatory mechanisms 
governing the expression of the LDLR, it is likely that some 
of these miRNAs regulate LDLR activity by targeting post 
transcriptional regulators of the LDLR, such as PCSK9 and 
IDOL (Benjannet, Rhainds et al. 2004, Zelcer, Hong et al. 
2009). 
0158 Out of the 423 miRNAs identified to negatively 
regulate LDLR activity, miR-148a and miR-27b were 
selected for follow-up studies, miR-148a is an intergenic 
miRNA located on human chromosome 7 and has previously 
been shown to modulate cell transformation and tumorangio 
genesis (Yu, Li et al. 2011, Xu, Jiang et al. 2013). Addition 
ally, miR-148a is aberrantly expressed in several types of 
cancers, with its down-regulation well described in various 
Solid tumors, such as gastric, colorectal, esophageal, and 
pancreatic carcinomas (Lujambio, Calin et al. 2008, Hum 
mel, Watson et al. 2011, Zhang, Li et al. 2011, Zheng, Liang 
et al. 2011). Interestingly, miR-148a was recently described 
to be upregulated in differentiating liver progenitors and 
shown to play a role in the fate of the liver by inducing 
hepatospecific gene expression and Suppressing tumor cell 
invasion (Gailhouste, Gomez-Santos et al. 2013). This study 
demonstrates the role of miR-148a in regulating LDLR activ 
ity indicating that miR-148a plays an important role in the 
liver. In addition to identifying miR-148a, the present screen 
also identified miR-148b, the second member of the miR-148 
family, as a negative regulator of LDLR activity. Like miR 
148a, miR-148b is predicted to target the LDLR, is highly 
expressed in human liver tissue, and is upregulated with 
dietary cholesterol. Several studies have also demonstrated a 
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similar tumor suppressive function for this miRNA in ovarian 
cancer (Chang, Zhou et al. 2012). 
0159. As demonstrated herein, miR-148a controls LDLR 
activity and appears to be regulated by SREBP1c. LXR 
mediated induction of SREBP1c results in increased expres 
sion of miR-148a and a resultant decrease in LDLR expres 
sion. While these results suggest that LDLR expression is 
regulated by the LXR-SREBP1c-dependent induction of 
miR-148a (FIG. 13F), one cannot rule out that the decrease in 
LDLR after T090 treatment is due to an increase in miR-185 
or the LXR-Idol axis (Zelcer 2009, Yang 2014). Experiments 
using miR-148a inhibitors and LXR agonists can elucidate 
the mechanism by which miR-148a contributes to the post 
transcriptional regulation of LDLR. Nevertheless, as miR 
148a controls LDLR activity by directly binding to and 
repressing LDLR expression, these results may define a 
complementary LXR-SREBP1c-mediated mechanism for 
post-transcriptionally controlling the expression of LDLR, 
and thus, fine-tuning cholesterol homeostasis (FIG. 13E). 
0160. In the present example, the miRNA that has been 
characterized the most, miR-27b, is a member of the miR-27 
family, of which there are two isoforms, miR-27a and miR 
27b. While miR-27a is an intergenic miRNA, miR-27b is 
located within the 14" intron of the APO gene on human 
chromosome 9 and is a member of the miR-23b-27b-24-1 
cluster. Unlike miR-148, miR-27 has been implicated in 
numerous cellular processes that regulate atherosclerosis, 
including angiogenesis, adipogenesis, inflammation, lipid 
metabolism, oxidative stress, insulin resistance and type-2 
diabetes (Chen, Yin et al. 2012). Additionally, miR-27 levels 
correlate with clinical pathological factors and the prognosis 
of patients with atherosclerosis (Chen, Yin et al. 2012). More 
over, aberrant expression of miR-27 has been shown to be a 
predictor for unstable atherosclerotic plaques (Li, Cao et al. 
2011, Staszel, Zapala et al. 2011). 
0161 In particular, miR-27 has been shown to directly 
target many lipid-metabolism transcription factors, including 
RXRC., PPARC, and PPARY (Karbiener, Fischer et al. 2009, 
Kim, Kim et al. 2010, Kida, Nakajima et al. 2011, Shirasaki, 
Honda et al. 2013). In addition to these, here, identified and 
described herein are three novel targets for miR-27b, namely 
LDLR, LDLRAP1 and ABCA1. By inhibiting the expression 
of LDLR and LDLRAP1, miR-27b reduces Dil-LDL uptake 
and binding, and concomitantly decreases intracellular cho 
lesterol concentrations in human hepatic cells. The decreased 
expression of hepatic LDLR and LDLRAP1 would be 
expected to augment circulating plasma LDL-C levels in 
vivo. Indeed, when miR-27b was over-expressed in the livers 
of mice fed a WD, a marked increase in IDL/LDL cholesterol 
was found. This increase in LDL-C suggests that miR-27b 
treatment either, 1) increases VLDL secretion or, 2) reduces 
lipoprotein clearance from the circulation. As the major route 
of clearance of ApoE- and ApoB-containing lipoproteins is 
by means of LDLR-mediated enodcytosis in the liver (Di 
etschy, Turley et al. 1993), the present results suggest that the 
reduction in LDL-C is mainly due to miR-27b-mediated 
repression of hepatic LDLR. While this does not rule out the 
possibility that miR-27b could be affecting VLDL secretion, 
it may establish a key role for miR-27b in regulating LDLR 
activity in vivo, thereby giving confidence that other miRNAs 
identified in this genome-wide Screen also play functionally 
relevant roles in controlling LDL uptake. Recently, Shirasaki 
et al. reported that ABCA1 was a direct target of miR-27a in 
human hepatoma cells (Shirasaki, Honda et al. 2013). It is 
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shown herein that the second member of the miR-27 family, 
miR-27b, also directly targets the 3'UTR of ABCA1 and 
represses ABCA1 mRNA and protein levels. In addition, this 
example demonstrates a role for miR-27b in regulating cho 
lesterol efflux to Apo A1. Consistent with this result, mice fed 
a chow diet and treated with miR-27b show a progressive 
decline in HDL and total cholesterol levels. 
0162 Augmented expression of LDLR would be expected 
to decrease circulating plasma LDL-C levels in vivo, and thus 
reduce the burden of cardiovascular disease. Given the role of 
miR-148a and miR-27b in negatively regulating LDLR 
expression and activity, one would predict that inhibitors of 
these miRNAs would represent a novel therapeutic strategy 
for increasing hepatic LDLR expression and decreasing 
plasma LDL. Indeed, when the inventors inhibited miR-148a 
and miR-27b expression using LNA oligonucleotides in 
mice, they found a marked increase in hepatic LDLR expres 
Sion, thus suggesting that the endogenous levels of miR-148a 
and miR-27b are important for regulating LDLR expression 
in vivo. Experiments using non-human primates and/or 
“humanized' mouse models that exhibit LDL-dominantlipo 
protein profiles, such as Apobec-f-; CETPTg mice, should 
help characterize the endogenous role of miR-148a and miR 
27b in regulating levels of LDL-C. 
0163 While the inventors cannot completely rule out the 
possibility that miR-27b and miR-148a may alter other path 
ways that contribute to LDL-C metabolism, the present study 
unequivocally establishes a key role for both miRNAs in 
regulating LDLR expression in vivo, thereby giving confi 
dence that other miRNAs identified in this genome-wide 
screen also play functionally relevant roles in controlling 
LDL uptake. Indeed, single-nucleotide polymorphisms 
(SNPs) in the promoter region of miR-148a contribute to 
altered LDL-C and triglyceride levels in humans (FIG. 12A) 
(Do 2013, Global Lipids Genetics 2013). These genetic poly 
morphisms may affect the expression of miR-148a. For 
example, the Tallele at rs472251 in the miR-148a gene was 
strongly associated with reduced LDL-C. While the mecha 
nism by which this SNP contributes to altered LDL-C 
remains unknown, one can imagine a scenario where the SNP 
leads to decreased expression of miR-148a, thereby increas 
ing LDLR expression and reducing levels of LDL-C. Experi 
ments are therefore warranted to dissect the contribution of 
this variant to altered lipid levels and cardiovascular disease 
risk. 
0164. Altogether, these results underscore the importance 
of miRNAs in regulating LDLR expression. Specifically, this 
data highlights the therapeutic potential of Suppressing miR 
27b and miR-148a activity to simultaneously reduce circu 
lating levels of LDL-C and increase levels of HDL-C, ben 
eficial outcomes for reducing the global burden of 
atherosclerosis and related dyslipidemias. 
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TABLE 1 

Top hits from primary miRNA screen. 

Robust Z-score 

Number Plate Well miRNA Replicate 1 Replicate 2 Replicate 3 Rank 

1 HM-01 I1 hsa-miR-140-5p -2.31 -1.93 -2.25 I 
2 HM-02 P11 hsa-miR-876-3p -2.09 -2.11 -2.12 I 
3 HM-02 B14 hsa-miR-519a -2.08 -2.03 -2.10 I 
4 HM-O1 AS hsa-miR-133b -2.04 -2.02 -1.93 
S HM-01 A2 hsa-miR-133a -1.88 -2.11 -1.96 
6 HM-03 A15 hsa-miR-1244 -2.03 -1.82 -2.08 
7 HM-02 A19 hSa-miR-128 -2.04 -1.81 -2.05 
8 HM-O1 O3 hsa-miR-520e -1.97 -1.78 -1.83 
9 HM-02 J13 hsa-miR-520d-3p -1.76 -1.73 -1.75 
10 HM-01 F17 hsa-miR-520b -1.79 -1.60 -1.78 
11 HM-02 F hsa-miR-520c-3p -1.81 -1.77 -1.52 
12 HM-01 O13 hsa-miR-520a-3p -1.67 -1.80 -1.62 
13 HM-01 K11 hsa-miR-148b -1.63 -1.80 -1.62 
14 HM-01 K9 hsa-miR-148a. -1.69 -1.68 -1.61 
1S HM-01 GS hsa-miR-372 -1.45 -1.93 -1.61 
16 HM-01 C15 hsa-miR-302b -1.60 -1.76 -1.49 
17 HM-01 D17 hsa-miR-373 -155 -1.77 -1.44 
18 HM-01 BS hsa-miR-302a -1.43 -1.68 -1.61 
19 HM-01 E12 hsa-miR-302c -1.38 -1.67 -1.52 
2O HM-01 B3 hsa-miR-302d -1.09 -1.77 -150 
21 HM-02 O19 hsa-miR-17 -1.48 -1.08 -1.60 
22 HM-O 13 hsa-miR-330-5p -1.28 -1.24 -1.42 
23 HM-02 M1 hsa-miR-454 -1.08 -140 -1.41 
24 HM-05 F12 hsa-miR-4644 -1.08 -155 -1.00 
25 HM-02 F22 hsa-miR-619d -1.33 -O.92 -1.38 
26 HM-O1 A9 hsa-miR-328 -1.14 -1.32 -1.12 
27 HM-01 B13 hsa-miR-93 -1.06 -139 -1.13 
28 HM-01 A21 hsa-miR-20a -O.88 -135 -1.14 
29 HM-01 CS hsa-miR-106b -1.27 -1.13 -0.98 
30 HM-02 E13 hsa-miR-758 -1.24 -1.26 -O.85 
31 HM-01 E15 hsa-miR-153 -O.83 -1.25 -1.25 
32 HM-01 C8 hsa-miR-130a -O.96 -1.22 -1.03 
33 HM-O 8 hsa-miR-326 -0.95 -1.01 -1.03 III 
34 HM-01 F21 hsa-miR-410 -0.84 -1.13 -O.89 III 
35 HM-02 E18 hsa-miR-185 -1.32 -0.95 -0.48 III 
36 HM-02 E12 hsa-miR-653 -O.92 -0.87 -O.92 III 
37 HM-01 P3 hsa-miR-411 -0.70 -1.08 -O.92 III 
38 HM-01 K6 hsa-miR-24 -O.97 -O.98 -0.61 III 
39 HM-01 G10 hsa-miR-19b -0.74 -0.87 -0.76 III 
40 HM-01 K10 hsa-miR-27b -0.86 -1.07 -0.26 III 

Human Liver 
Expression Mouse Liver 

O. P. Expression 
Targets Con- Barad Landgraf Vickers Liver Response to 

Number LDLR served et al? etal et al.' Activity Cholesterol 

1 yes yes f f low low HFD 
2 yes yes f f f f f 
3 yes O f f f f f 
4 yes O f f f low f 
5 yes O f f f low f 
6 yes yes f f f f f 
7 yes yes f f low high HFD 
8 yes O f f f high f 
9 yes O f f f f f 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Notes: 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

O 

O 

O 

yes 
yes 
O 

O 

O 

O 

O 

O 

yes 
O 

yes 
O 

yes 
yes 
yes 
yes 
yes 
O 

O 

yes 
O 

O 

O 

O 

O 

O 

yes 
yes 

27 

TABLE 1-continued 

Top hits from primary miRNA screen. 

f f f f 
f f f f 
f f f f 
medium very low low medium 
medium very low high medium 
f f f f 
f f f f 
f f f f 
f f f f 
f f f f 
f f f f 
f medium medium f 
f f f f 
f f f f 
f f f f 
f f f f 
f f medium f 
low very low medium medium 
f f low high 
f f low high 
f f f f 
f f f high 
f f high medium 
f f f high 
f f f f 
f medium low medium 
f f f 
f f f 
high high medium low 
f very low medium high 
medium medium medium high 

Slashes denote those miRNAs not reported in each study, 
Minus signs indicate no change in expression, 
Number of arrows indicates levels offold change in expression, high fat diet (HFD), chow diet (CD) (low to high 
fold-change), 
'TargetScan, 
*Baradet al, 
Landgra et al., 
Vickers etal 
Arora et al. 

Number Plate 

1 HM-03 
2 HM-03 
3 HM-OS 
4 HM-04 
S HM-02 
6 HM-03 
7 HM-03 
8 HM-03 
9 HM-04 
10 HM-03 
11 HM-03 
12 HM-OS 
13 HM-OS 
14 HM-04 
1S HM-O1 
16 HM-03 
17 HM-03 
18 HM-04 
19 HM-OS 
2O HM-O1 
21 HM-03 
22 HM-O1 
23 HM-04 
24 HM-OS 
2S HM-04 

We 

3 
M1 

9 

TABLE 2 

Robust Z-score 

miRNA Replicate 1 Replicate 2 

hsa-miR-1255a -32O96813O3 -3.3828901.94 
hsa-miR-1255b -3.016979738 -3.147914181 
hsa-miR-4652-5p -2.900S65971 -2.823968.077 
hsa-miR-3681 -2.7O6948805 -2.7672O3709 
hsa-miR-342-5p -2.776879425 -2.751693566 
hsa-miR-1293 -2.778.26O441 -2.773,7497O1 
hsa-miR-3191 -2.8097.52784 -2.699266O72 
hsa-miR-3190 -2.646O12537 -2S80964S23 
hsa-miR-3907 -2.6903.64228 -2.532473724 
hsa-miR-3165 -256.9512983 -2.614007911 
hsa-miR-3150 -2.644726155 -2S3383707 
hsa-miR-3689d -2.469044112 -2.46347802 
hsa-miR-4438 -2.28O161605 -2.708215479 
hsa-miR-4747-5p -24447603 -2.4682397.45 
hsa-miR-7 -2.491442455 -2.626188,554 
hsa-miR-1204 -2.461842325 -2.5399.091.63 
hsa-miR-205* -2.43O12O398 -2S18957651 
hsa-miR-3918 -1.833886.184 -2.4863878O3 
hsa-miR-4667-5p -2.352870252 -2.204442549 
hsa-miR-363* -2.3104.95627 -2.298.951756 
hsa-miR-1294 -2.318833988 -2.24271413 
hsa-let-7a-2 -3.396741646 -16056892O3 
hsa-miR-3911 -2.326859342 -2.071208589 
hsa-miR-4655-5p -2.260810O36 -2.1876O9747 
rno-miR-2964 -2.064881584 -2.814329.288 

HFD 
HFD 

| 

HFD 
HFD 
HFD 

Replicate 3 

-3.0914288.44 
-2.693712.192 
-2.9490644O2 
-2.96969.1767 
-2.79.36576S 
-2.7686984O3 
-2.720612102 
-2.702258698 
-2.6967O1071 
-2.484.835397 
-244.158049 
-2.588.983779 
-248.1381479 
-2.514147716 
-2.225504264 
-2.3359686.06 
-2.3824.07381 
-2.677799507 
-2.3183731.56 
-2.190286772 
-2.219364614 
-1.759.72987 
-236.0043O85 
-2.276743625 
-1815472393 

Average Robust'- 

SCO 

-3.228OOO114 
-2.952868704 
-2.891 199483 
-2.8146.1476 
-2.77407688 
-2.77356.9515 
-2.74321032 
-2.643078586 
-2.63.9846341 
-2.SS6118764 
-2.54OO47905 
-2.507168637 
-2.4899.19521 
-2.47S71592 
-2.44771 1758 
-2.445906698 
-2443828477 
-2332691165 
-2.291,895319 
-2.266578052 
-2260304244 
-2.2S4OS3573 
-2.2S27O3672 
-2.241721 136 
-2.231561,089 

Rank 
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- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR (nt 3 O99-3119) - miR-148a target 1 

<4 OOs, SEQUENCE: 3 

alugggalucua luluuluugcacu gg 22 

<210s, SEQ ID NO 4 
&211s LENGTH: 18 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 4 

Cuauluuluugc acuggaalu 18 

<210s, SEQ ID NO 5 
&211s LENGTH: 18 
212. TYPE : RNA 

<213> ORGANISM: Pan troglodytes 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 5 

Cuauluuluugc acuggaalu 18 

<210s, SEQ ID NO 6 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-148 a 

<4 OOs, SEQUENCE: 6 

lucaglugcacul acagaacuuu gu. 22 

<210s, SEQ ID NO 7 
&211s LENGTH: 68 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-148 a 

<4 OO > SEQUENCE: 7 

gaggcaaagu ulculgagacac ulccgacucug aguaugaulag alagucaglugc aculacagaac 6 O 

uuugucuc 68 

<210s, SEQ ID NO 8 
&211s LENGTH: 18 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 8 

Cuauluuluugc acuggaalu 18 

<210s, SEQ ID NO 9 
&211s LENGTH: 18 
212. TYPE : RNA 

May 19, 2016 



US 2016/0138018 A1 
35 

- Continued 

<213> ORGANISM: Rattus norvegicus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 9 

Cuauluuluugc acuggaalu 

<210s, SEQ ID NO 10 
&211s LENGTH: 18 
212. TYPE : RNA 

<213> ORGANISM: Oryctolagus cuniculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 10 

Cuauluuluugc acuggaalu 

<210s, SEQ ID NO 11 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Homo sapiens GAPDH primer sequence 

<4 OOs, SEQUENCE: 11 

ttgattittgg agggat.ct C9 

<210s, SEQ ID NO 12 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Homo sapiens GAPDH primer sequence 

<4 OOs, SEQUENCE: 12 

caatgacc cc tt cattgacc 

<210s, SEQ ID NO 13 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Homo sapiens LDLR primer sequence 

<4 OOs, SEQUENCE: 13 

tgatgggttc atctgaccag t 

<210s, SEQ ID NO 14 
&211s LENGTH: 21 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Homo sapiens LDLR primer sequence 

18 

18 

Synthetic 

Synthetic 

Synthetic 

21 

Synthetic 
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- Continued 

SEQUENCE: 14 

agttggctgc gttaatgtga C 21 

SEO ID NO 15 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Homo sapiens LDLRAP1 primer sequence 

SEQUENCE: 15 

atcgtggcta cagctaaggc 2O 

SEQ ID NO 16 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Homo sapiens LDLRAP1 primer sequence 

SEQUENCE: 16 

caaacaccitt gtcgtgcatc 2O 

SEO ID NO 17 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Homo sapiens ABCA1 primer sequence 

SEQUENCE: 17 

tgtc.ct cata ccagttgaga gac 23 

SEQ ID NO 18 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Homo sapiens ABCA1 primer sequence 

SEQUENCE: 18 

ggtgatgttt Ctgaccalatg tda 23 

SEQ ID NO 19 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Mus musculus LDLR primer sequence 

SEQUENCE: 19 

May 19, 2016 
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ggtactggca accaccattggg 22 

SEQ ID NO 2 O 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Mus musculus LDLR primer sequence 

SEQUENCE: 2O 

gccaatcgac toacgggttc ag 22 

SEQ ID NO 21 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Mus musculus 18S primer sequence 

SEQUENCE: 21 

titc.cgataac gaacgagact ct 22 

SEQ ID NO 22 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Mus musculus 18S primer sequence 

SEQUENCE: 22 

tggctgaacg C cacttgtc. 19 

SEQ ID NO 23 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 
OTHER INFORMATION: Homo sapiens pri-miR-27b primer sequence 

SEQUENCE: 23 

gttcCtggca totgatttg 2O 

SEQ ID NO 24 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 
FEATURE: 

OTHER INFORMATION: Homo sapiens pri-miR-27b primer sequence 

SEQUENCE: 24 
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- Continued 

ctaagctctg. caccittgtta ga 22 

<210s, SEQ ID NO 25 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Mus musculus pri-miR-27b primer sequence 

<4 OOs, SEQUENCE: 25 

gttcCtggca totgatttg 2O 

<210s, SEQ ID NO 26 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Mus musculus pri-miR-27b primer sequence 

<4 OOs, SEQUENCE: 26 

ctaagctctg. caccittgtta ga 22 

<210 SEQ ID NO 27 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-23 

<4 OOs, SEQUENCE: 27 

aucacaulugc Cagggaluulac C 21 

<210s, SEQ ID NO 28 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-23b genomic sequence 

<4 OOs, SEQUENCE: 28 

atca cattgc cagggattac c 21 

<210s, SEQ ID NO 29 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-27b genomic sequence 

<4 OOs, SEQUENCE: 29 

ttcacagtgg ctaagttctg c 21 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 22 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-148 a genomic sequence 
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- Continued 

<4 OOs, SEQUENCE: 30 

t cagtgcact acagaactitt gt 22 

<210s, SEQ ID NO 31 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-24 - 1 

<4 OOs, SEQUENCE: 31 

luggcuCagulu cagcaggaac ag 22 

<210s, SEQ ID NO 32 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-24-1 genomic sequence 

<4 OOs, SEQUENCE: 32 

tggcticagtt Cagcaggaac ag 22 

<210s, SEQ ID NO 33 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

oligonucleotide 
22 Os. FEATURE: 

<223> OTHER INFORMATION: antisense to miR-148 a 

<4 OOs, SEQUENCE: 33 

acaaagttct gtag tigcac 19 

<210s, SEQ ID NO 34 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 
<223> OTHER INFORMATION: antisense to miR-27b 

<4 OOs, SEQUENCE: 34 

agaact tagc cactgtga 18 

<210s, SEQ ID NO 35 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - (nt 2469-2484) miR-27b target 

<4 OOs, SEQUENCE: 35 

cittact.gtga t caatt 16 

<210s, SEQ ID NO 36 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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- Continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR (nt 2469-2484) with point mutations 
(PM1) 

<4 OOs, SEQUENCE: 36 

Ctttgttgttga t caatt 16 

<210s, SEQ ID NO 37 
&211s LENGTH: 11 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP1 3' UTR (nt 346-356) - miR-27b target 

<4 OO > SEQUENCE: 37 

aggactgttga C 11 

<210s, SEQ ID NO 38 
&211s LENGTH: 11 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP1 3' UTR (nt 346-356) with point 
mutations (PM1) 

<4 OOs, SEQUENCE: 38 

aggacgttga C 11 

<210s, SEQ ID NO 39 
&211s LENGTH: 11 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP1 3' UTR (nt 1317-1328) - miR-27b target 

<4 OOs, SEQUENCE: 39 

gacactgtga C 11 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 11 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP1 3' UTR (nt 1317-1328) with point 
mutations (PM2) 

<4 OOs, SEQUENCE: 4 O 

gacacgttga C 11 

<210s, SEQ ID NO 41 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR (nt 2282-2293 ) - miR-27b target 

<4 OOs, SEQUENCE: 41 
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ggcactgtga ac 12 

<210s, SEQ ID NO 42 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR (nt 2282-2293 ) with point 
mutations (PM1) 

<4 OOs, SEQUENCE: 42 

ggctgtgtga ac 12 

<210s, SEQ ID NO 43 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR (nt 2590-2601) - miR-27b target 

<4 OOs, SEQUENCE: 43 

acaactgtga at 12 

<210s, SEQ ID NO 44 
&211s LENGTH: 12 
& 212 TYPE DNA 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR (nt 2590-2601) with point 
mutations (PM2) 

<4 OOs, SEQUENCE: 44 

acatgtgttga at 12 

<210s, SEQ ID NO 45 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR (nt 869-880) - miR-148a target 

<4 OOs, SEQUENCE: 45 

ttittgcactg tt 12 

<210s, SEQ ID NO 46 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR (nt 869-880) with point mutations 
(PM1) 

<4 OOs, SEQUENCE: 46 

ttittgctgtg tt 12 

<210s, SEQ ID NO 47 
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&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR (nt 1971-1979) - miR-148a target 

<4 OOs, SEQUENCE: 47 

tgttgcactg at 12 

<210s, SEQ ID NO 48 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR (nt 1971-1979) with point mutations 
(PM2) 

<4 OOs, SEQUENCE: 48 

tgttgctgtg at 12 

<210s, SEQ ID NO 49 
&211s LENGTH: 11 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - (nt 3109-3119) miR-148a target 

<4 OOs, SEQUENCE: 49 

ttittgcactgg 11 

<210s, SEQ ID NO 50 
&211s LENGTH: 11 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - (nt 3109-3119) with point 
mutations (PM1) 

<4 OOs, SEQUENCE: 50 

ttittgcticag g 11 

<210s, SEQ ID NO 51 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 
<223> OTHER INFORMATION: antisense control 

<4 OOs, SEQUENCE: 51 

acgt.ctatac gcc.ca 15 

<210s, SEQ ID NO 52 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
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oligonucleotide 
22 Os. FEATURE: 

<223> OTHER INFORMATION: antisense to miR-148 a 

<4 OOs, SEQUENCE: 52 

ttctgtag td cactg 15 

<210s, SEQ ID NO 53 
&211s LENGTH: 15 
&212s. TYPE: DNA 
<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-148a target sequence for antisense 

<4 OOs, SEQUENCE: 53 

Cagtgcacta Cagaa 15 

<210s, SEQ ID NO 54 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 
<223> OTHER INFORMATION: antisense to miR-27b 

<4 OOs, SEQUENCE: 54 

aact tagcca Ctgttga 16 

<210s, SEQ ID NO 55 
&211s LENGTH: 16 
&212s. TYPE: DNA 
<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-27b target sequence for antisense 

<4 OO > SEQUENCE: 55 

t cacagtggc taagtt 16 

<210s, SEQ ID NO 56 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: probe for mature miR-148 a 

<4 OOs, SEQUENCE: 56 

acaaagttct gtagtgcact ga 22 

<210s, SEQ ID NO 57 
&211s LENGTH: 41 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

223 OTHER INFORMATION: Prole for 5S rRNA 

<4 OO > SEQUENCE: 57 

Caggc.ccgac cctgcttagc titcc.gagaga t cagacgaga t 41 
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<210s, SEQ ID NO 58 
&211s LENGTH: 21 
212. TYPE : RNA 

<213s ORGANISM: Macaca mulatta 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-27 

<4 OOs, SEQUENCE: 58 

uucacagugg Cualagullclug C 

<210s, SEQ ID NO 59 
&211s LENGTH: 21 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-27 

<4 OO > SEQUENCE: 59 

uucacagugg Cualagullclug C 

<210s, SEQ ID NO 60 
&211s LENGTH: 22 
212. TYPE : RNA 

<213s ORGANISM: Macaca mulatta 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-148 a 

< 4 OO SEQUENCE: 60 

lucaglugcacul acagaacuuu gu. 

<210s, SEQ ID NO 61 
&211s LENGTH: 22 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-148 a 

<4 OOs, SEQUENCE: 61 

lucaglugcacul acagaacuuu gu. 

<210s, SEQ ID NO 62 
&211s LENGTH: 21 
212. TYPE : RNA 

<213s ORGANISM: Macaca mulatta 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-23 

<4 OOs, SEQUENCE: 62 

aucacaulugc Cagggaluulac C 

<210s, SEQ ID NO 63 
&211s LENGTH: 21 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-23 

<4 OOs, SEQUENCE: 63 

aucacaulugc Cagggaluulac C 

<210s, SEQ ID NO 64 
&211s LENGTH: 22 

44 
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21 
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22 

21 

21 
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212. TYPE : RNA 
<213s ORGANISM: Macaca mulatta 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-24 - 1 

<4 OOs, SEQUENCE: 64 

luggcuCagulu cagcaggaac ag 22 

<210s, SEQ ID NO 65 
&211s LENGTH: 22 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 
223s OTHER INFORMATION: miR-24 - 1 

<4 OOs, SEQUENCE: 65 

luggcuCagulu cagcaggaac ag 22 

<210s, SEQ ID NO 66 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213s ORGANISM: Macaca mulatta 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-23b genomic sequence 

<4 OOs, SEQUENCE: 66 

atca cattgc cagggattac c 21 

<210s, SEQ ID NO 67 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-23b genomic sequence 

<4 OO > SEQUENCE: 67 

atca cattgc cagggattac c 21 

<210s, SEQ ID NO 68 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213s ORGANISM: Macaca mulatta 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-27b genomic sequence 

<4 OOs, SEQUENCE: 68 

ttcacagtgg ctaagttctg c 21 

<210s, SEQ ID NO 69 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-27b genomic sequence 

<4 OOs, SEQUENCE: 69 

ttcacagtgg ctaagttctg c 21 

<210s, SEQ ID NO 70 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213s ORGANISM: Macaca mulatta 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-24-1 genomic sequence 
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<4 OO > SEQUENCE: 7 O 

tggcticagtt Cagcaggaac ag 22 

<210s, SEQ ID NO 71 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-24-1 genomic sequence 

<4 OOs, SEQUENCE: 71 

tggcticagtt Cagcaggaac ag 22 

<210s, SEQ ID NO 72 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213s ORGANISM: Macaca mulatta 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-148 a genomic sequence 

<4 OOs, SEQUENCE: 72 

t cagtgcact acagaactitt gt 22 

<210s, SEQ ID NO 73 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM; Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: miR-148 a genomic sequence 

<4 OO > SEQUENCE: 73 

t cagtgcact acagaactitt gt 22 

<210s, SEQ ID NO 74 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR (nt 2459 - 2479) - miR-27b target 1 

<4 OOs, SEQUENCE: 74 

gcculgaalugu Culuaculguga u 21 

<210s, SEQ ID NO 75 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-27b target 1 

<4 OO > SEQUENCE: 75 

lugucuula clug lugaucaia 17 

<210s, SEQ ID NO 76 
&211s LENGTH: 17 

212. TYPE : RNA 

<213> ORGANISM: Pan troglodytes 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-27b target 1 
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<4 OO > SEQUENCE: 76 

lugucuula clug lugaucaia 17 

<210s, SEQ ID NO 77 
&211s LENGTH: 17 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-27b target 1 

<4 OO > SEQUENCE: 77 

ulaucaulaclug lugalugga 17 

<210s, SEQ ID NO 78 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Rattus norvegicus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-27b target 1 

<4 OO > SEQUENCE: 78 

ulaucaulaclug lugalugga 17 

<210s, SEQ ID NO 79 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Oryctolagus cuniculus 
& 22 O FEATURE; 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-27b target 1 

<4 OO > SEQUENCE: 79 

ggggll.ccclug luggluluga 17 

<210s, SEQ ID NO 8O 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR (nt 2273-2293 ) - miR-27b target 1 

<4 OOs, SEQUENCE: 80 

aaaaucaaaa ggcaculguga a 21 

<210s, SEQ ID NO 81 
&211s LENGTH: 15 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 81 

aaaaggcacul gugaa 15 

<210s, SEQ ID NO 82 
&211s LENGTH: 15 
212. TYPE : RNA 

<213> ORGANISM: Pan troglodytes 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 1 

<4 OOs, SEQUENCE: 82 
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aaaaggcacul gugaa 15 

<210s, SEQ ID NO 83 
&211s LENGTH: 13 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 1 

<4 OOs, SEQUENCE: 83 

caaaaguaag gca 13 

<210s, SEQ ID NO 84 
&211s LENGTH: 13 
212. TYPE : RNA 

<213> ORGANISM: Rattus norvegicus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 1 

<4 OOs, SEQUENCE: 84 

caaaaaluaag gca 13 

<210s, SEQ ID NO 85 
&211s LENGTH: 15 
212. TYPE : RNA 

<213> ORGANISM: Oryctolagus cuniculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 1 

<4 OOs, SEQUENCE: 85 

aaagggcacul gugaa 15 

<210s, SEQ ID NO 86 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR (nt 2581-26O1) - miR-27b target 2 

<4 OOs, SEQUENCE: 86 

aaacuulaulua acaaculguga a 21 

<210s, SEQ ID NO 87 
&211s LENGTH: 16 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 2 

<4 OO > SEQUENCE: 87 

aacaaclugug aaulaug 16 

<210s, SEQ ID NO 88 
&211s LENGTH: 16 
212. TYPE : RNA 

<213> ORGANISM: Pan troglodytes 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 88 
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aacaaclugug aaulaug 16 

<210s, SEQ ID NO 89 
&211s LENGTH: 13 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 89 

aaculgugaalu alug 13 

<210s, SEQ ID NO 90 
&211s LENGTH: 13 
212. TYPE : RNA 

<213> ORGANISM: Rattus norvegicus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 90 

aaculgugaalu alug 13 

<210s, SEQ ID NO 91 
&211s LENGTH: 12 
212. TYPE : RNA 

<213> ORGANISM: Oryctolagus cuniculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ABCA1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 91 

actugugaaga lug 12 

<210s, SEQ ID NO 92 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP1 3' UTR (nt 2581-2601) - miR-27b target 
1. 

<4 OOs, SEQUENCE: 92 

lugugggllaluc aggacluguga C 21 

<210s, SEQ ID NO 93 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 1 

<4 OOs, SEQUENCE: 93 

alucaggaclug lugaccala 17 

<210s, SEQ ID NO 94 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Pan troglodytes 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 1 

<4 OOs, SEQUENCE: 94 
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alucaggaclug lugaccala 17 

<210s, SEQ ID NO 95 
&211s LENGTH: 17 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 1 

<4 OO > SEQUENCE: 95 

glucaggacaa ugaccala 17 

<210s, SEQ ID NO 96 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Rattus norvegicus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 1 

<4 OOs, SEQUENCE: 96 

gluccagacaa ugaccala 17 

<210s, SEQ ID NO 97 
&211s LENGTH: 18 
212. TYPE : RNA 

<213> ORGANISM: Oryctolagus cuniculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 1 

<4 OO > SEQUENCE: 97 

gClucaggacg gcgaccala 18 

<210s, SEQ ID NO 98 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP1 3' UTR (nt 1308-1328) - miR-27b target 
2 

<4 OOs, SEQUENCE: 98 

ulcucuulugclugacaculguga C 21 

<210s, SEQ ID NO 99 
&211s LENGTH: 14 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 99 

lugclugacacu gluga 14 

<210s, SEQ ID NO 100 
&211s LENGTH: 14 
212. TYPE : RNA 

<213> ORGANISM: Pan troglodytes 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 1.OO 
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lugclugacacu gluga 14 

<210s, SEQ ID NO 101 
&211s LENGTH: 17 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 101 

uuculgacclug cagc.cgu. 17 

<210s, SEQ ID NO 102 
&211s LENGTH: 17 
212. TYPE : RNA 

<213> ORGANISM: Rattus norvegicus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 102 

lucculgacclug cagccuu. 17 

<210s, SEQ ID NO 103 
&211s LENGTH: 14 
212. TYPE : RNA 

<213> ORGANISM: Oryctolagus cuniculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLRAP 1 3' UTR - miR-27b target 2 

<4 OOs, SEQUENCE: 103 

luccCaggcc glugg 14 

<210s, SEQ ID NO 104 
&211s LENGTH: 22 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR (nt 859-879) - miR-148a target 1 

<4 OOs, SEQUENCE: 104 

ulugu gullalulu aluuluugcacu gu. 22 

<210s, SEQ ID NO 105 
&211s LENGTH: 18 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 105 

aulualuuluugc aculguuluu 18 

<210s, SEQ ID NO 106 
&211s LENGTH: 18 

212. TYPE : RNA 

<213> ORGANISM: Pan troglodytes 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 106 

aulualuuluugc aculguuluu 18 
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<210s, SEQ ID NO 107 
&211s LENGTH: 17 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 107 

cCulaggulugc aculgacc 17 

<210s, SEQ ID NO 108 
&211s LENGTH: 18 
212. TYPE : RNA 

<213> ORGANISM: Rattus norvegicus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-148a target 1 

<4 OOs, SEQUENCE: 108 

cCulaggulugc aculguulug 18 

<210s, SEQ ID NO 109 
&211s LENGTH: 2O 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

& 22 O FEATURE; 

<223> OTHER INFORMATION: LDLR 3' UTR (nt 1959-1979) - miR-148a target 2 

<4 OOs, SEQUENCE: 109 

ccgugu.uacul gulugcaculga 2O 

<210s, SEQ ID NO 110 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-148a target 2 

<4 OOs, SEQUENCE: 110 

uuaculgulugc acugalugu.c 19 

<210s, SEQ ID NO 111 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM: Pan troglodytes 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-148a target 2 

<4 OOs, SEQUENCE: 111 

uuaculgulugc acugalugu.c 19 

<210s, SEQ ID NO 112 
&211s LENGTH: 15 
212. TYPE : RNA 

<213s ORGANISM: Mus musculus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-148a target 2 

<4 OOs, SEQUENCE: 112 

uglucacaugg guaac 15 
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<210s, SEQ ID NO 113 
&211s LENGTH: 15 
212. TYPE : RNA 

<213> ORGANISM: Rattus norvegicus 
22 Os. FEATURE: 

<223> OTHER INFORMATION: LDLR 3' UTR - miR-148a target 2 

<4 OOs, SEQUENCE: 113 

uglucacacgg glugac 15 

<210s, SEQ ID NO 114 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule: 
Synthetic oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: antisense to miR-27b (nt 2-8) 
22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (3) ... (3) 
223 OTHER INFORMATION: u or t 
22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (5) . . (5) 
223 OTHER INFORMATION: u or t 

<4 OOs, SEQUENCE: 114 

acngnga 7 

<210s, SEQ ID NO 115 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: antisense to miR-27b (nt 2-8) 

<4 OOs, SEQUENCE: 115 

actgttga 7 

<210s, SEQ ID NO 116 
&211s LENGTH: 7 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

22 Os. FEATURE: 

<223> OTHER INFORMATION: antisense to miR-27b (nt 2-8) 

<4 OOs, SEQUENCE: 116 

actuguga 7 

<210s, SEQ ID NO 117 
&211s LENGTH: 7 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 
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FEATURE: 

OTHER INFORMATION: Description of Combined DNA/RNA Molecule: 
Synthetic oligonucleotide 
FEATURE: 

OTHER INFORMATION: antisense to miR-148a (nt 2-8 
FEATURE: 

NAMEAKEY: modified base 
LOCATION: (1) ... (1) 
OTHER INFORMATION: u or t 
FEATURE: 

NAMEAKEY: modified base 
LOCATION: (6) . . (6) 
OTHER INFORMATION: u or t 

SEQUENCE: 117 

ngcacing 7 

SEQ ID NO 118 
LENGTH: 7 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 
FEATURE: 

OTHER INFORMATION: antisense to miR-148a (nt 2-8 

SEQUENCE: 118 

tgcactg 7 

SEQ ID NO 119 
LENGTH: 7 
TYPE : RNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 
FEATURE: 

OTHER INFORMATION: antisense to miR-148a (nt 2-8 

SEQUENCE: 119 

lugcaculg 7 

SEQ ID NO 120 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

SEQUENCE: 12O 

ggtttggaga tiggittataca at agttgt 28 

SEQ ID NO 121 
LENGTH: 17 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

SEQUENCE: 121 

cc.cggaaacg CaagtcC 17 

SEQ ID NO 122 
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&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 122 

ggagc.catgg attgcacatt 

<210s, SEQ ID NO 123 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 123 

acaaagttgc tictogaaaa.ca aatca 

<210s, SEQ ID NO 124 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

< 4 OO SEQUENCE: 124 

ggaggtggtg at agc.cggta t 

<210s, SEQ ID NO 125 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 125 

tgggtaatcc atagagcc.ca g 

<210s, SEQ ID NO 126 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 126 

tgatggcaga caataactico 

<210s, SEQ ID NO 127 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 127 

aaagtgctitt cocatctitcc 

Synthetic 

Synthetic 

25 

Synthetic 

21 

Synthetic 

21 

Synthetic 

Synthetic 
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1. An isolated oligonucleotide, wherein said oligonucle 
otide is capable of decreasing the level and/or activity of 
miR-27b. 

2. The oligonucleotide of claim 1, wherein miR-27b com 
prises the sequence 5'-UUCACAGUGGCUAAGUUCUGC 
3' (SEQID NOS: 1,58-59). 

3-4. (canceled) 
5. The oligonucleotide of claim 1, which oligonucleotide 

comprises the sequence complimentary to nucleotides 2-8 at 
the 5' end of the mature miRNA sequence of miR-27b. 

6. The oligonucleotide of claim 5, wherein the mature 
miRNA sequence of miR-27b is 5'-UUCACAGUGGC 
UAAGUUCUGC-3' (SEQ ID NOS: 1,58-59). 

7. The oligonucleotide of claim 5, wherein said oligonucle 
otide comprises the sequence 5'-AC(T/U)G(T/U)GA-3' 
(SEQ ID NO: 114). 

8-12. (canceled) 
13. An isolated oligonucleotide, wherein said oligonucle 

otide is capable of decreasing the level and/or activity of 
miR-148a. 

14. The oligonucleotide of claim 13, wherein miR-148a 
comprises the sequence 5'-UCAGUGCACUACAGAACU 
UUGU-3' (SEQID NOS: 6, 60-61). 

15-16. (canceled) 
17. The oligonucleotide of claim 13, which oligonucle 

otide comprises the sequence complimentary to nucleotides 
2-8 at the 5' end of the mature miRNA sequence of miR-148a. 

18. The oligonucleotide of claim 17, wherein the mature 
miRNA sequence of miR-148a is 5'-UCAGUGCACUACA 
GAACUUUGU-3' (SEQID NOS: 6,60-61). 

19. The oligonucleotide of claim 17, wherein said oligo 
nucleotide comprises the sequence 5'-(T/U)GCAC(T/U)G-3' 
(SEQ ID NO: 117). 

20-24. (canceled) 
25. The oligonucleotide of claim 1 which is a modified 

oligonucleotide. 
26. (canceled) 
27. The oligonucleotide of claim 13 which is a modified 

oligonucleotide. 
28-29. (canceled) 
30. A pharmaceutical composition comprising the oligo 

nucleotide of claim 1 and a pharmaceutically acceptable car 
rier or excipient. 

31-32. (canceled) 
33. A pharmaceutical composition comprising the oligo 

nucleotide of claim 13 and a pharmaceutically acceptable 
carrier or excipient. 

34-35. (canceled) 
36. A pharmaceutical composition comprising (i) the oli 

gonucleotide of claim 1, (ii) the oligonucleotide of, and (iii) a 
pharmaceutically acceptable carrier or excipient. 

37. A method for decreasing the level and/or activity of 
miR-27b in a cell, which method comprises administering to 
the cell the oligonucleotide of claim 1. 

38. (canceled) 
39. A method for decreasing the level and/or activity of 

miR-27b in a cell, which method comprises administering to 
the cell the pharmaceutical composition of claim 30. 

40. (canceled) 
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41. A method for decreasing the level and/or activity of 
miR-148a in a cell, which method comprises administering to 
the cell the oligonucleotide of claim 13. 

42. (canceled) 
43. A method for decreasing the level and/or activity of 

miR-148a in a cell, which method comprises administering to 
the cell the pharmaceutical composition of claim 33. 

44-45. (canceled) 
46. A method for increasing plasma high-density lipopro 

tein cholesterol (HDL-C) level and/or reducing plasma low 
density lipoprotein cholesterol (LDL-C) level in a subject in 
need thereof, which method comprises administering to the 
Subject a therapeutically effective amount of the oligonucle 
otide of claim 1. 

47. A method for increasing plasma high-density lipopro 
tein cholesterol (HDL-C) level and/or reducing plasma low 
density lipoprotein cholesterol (LDL-C) level in a subject in 
need thereof, which method comprises administering to the 
Subject a therapeutically effective amount of the pharmaceu 
tical composition of claim 30. 

48. (canceled) 
49. A method for treating a disease in a subject in need 

thereof, which method comprises administering to the Subject 
a therapeutically effective amount of the oligonucleotide of 
claim 1. 

50. A method for treating a disease in a subject in need 
thereof, which method comprises administering to the Subject 
a therapeutically effective amount of the pharmaceutical 
composition of claim 30. 

51. The method of claim 49, wherein the disease is a 
dyslipidemia or a cardiovascular disease. 

52-57. (canceled) 
58. A method for increasing plasma high-density lipopro 

tein cholesterol (HDL-C) level and/or reducing plasma low 
density lipoprotein cholesterol (LDL-C) level in a subject in 
need thereof, which method comprises administering to the 
Subject a therapeutically effective amount of the oligonucle 
otide of claim 13. 

59. A method for increasing plasma high-density lipopro 
tein cholesterol (HDL-C) level and/or reducing plasma low 
density lipoprotein cholesterol (LDL-C) level in a subject in 
need thereof, which method comprises administering to the 
Subject a therapeutically effective amount of the pharmaceu 
tical composition of claim 33. 

60. A method for treating a disease in a subject in need 
thereof, which method comprises administering to the Subject 
a therapeutically effective amount of the oligonucleotide of 
claim 13. 

61. A method for treating a disease in a Subject in need 
thereof, which method comprises administering to the Subject 
a therapeutically effective amount of the pharmaceutical 
composition of claim 33. 

62. The method of claim 60, wherein the disease is a 
dyslipidemia or a cardiovascular disease. 

k k k k k 


