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miR-122 regulation of lipid metabolism revealed by avivo antisense targeting

C Esaus S Daviss SF Murray. | 4Cell Metabolism# - 2006 | 35 |&: 1557 Wt I
Current understanding of microRMNAN mMIEMA) biolagy i limited, apd antisense oligonucleotide () 2| H
inhibition of miENAs 12 a powerful taghnigue far their fu... Y HHENE
2 BFIE: Elsevier /877 f Cell Press / yadda icm edu pl™* / Cell Press™ BE&E=> L, BT
\
T 3. miR-122 regulation of lipid metabolism revealed by in vivo antisense targeting #5353k 1,050
{E& Esau, C; Davis, 5; Murray, SF; £ (FESEHAEE)
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[HTWL] miF-122 regulation of lipid metabolism revealed by in vivo antisense targeting sciencedirect.com 9 [HTML]

C Esau, = Davis, 5F Murray, ¥ Yu, Sk Pandey. .. - Cell metabolism, 2006 - Elsevier
Current understanding of microRMNA (mIEMNAY biology is limited, and antisense
oligonucleatide (AS0) inhibition of miEMNAS s a powerful technique for their
functionalization. To uncover the rale of the liver-specific miR-122 in the adult liver, we .
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Aricle
mMiR-122 regulation of lipid metabolism revealed by in vivo

antisense targeting

Christine Esaul: & B, Scott Davis!, Susan F. r'-ﬂl_lrrag.fI . Aing mian yul, Sanjay k. F'andeg,ﬂ, hichael
Pear! , Lynnetta Watts1, Sheri L. Baaten' Mark Graham’ Fobert Mcl{agﬂ CAmuthakannan

Subramaniam’] , Stephanie F'ru:upp1, Bridget A, L|:|II|:|1, Susan Freier! - Frank Eiennetﬂ, Sanjay Elhancut1,
Brett P. Mania]




Here we report that inhibition of miR-122 in both normal and
high-fat fed mice with a 2’-O-methoxyethyl (2°-MOE)
phosphorothioatemodified antisense oligonucleotide (ASO) for
over 5 weeks was well tolerated and was associated with a significant
reduction 1n hepatic steatosis and plasma cholesterol levels. These
effects were accompanied by a reduction in hepatic sterol and
fattyacid synthesis rates and stimulation of hepatic fatty-acid
oxidation.The results suggest that miR-122 may be a therapeutic
target for metabolic and cardiovascular diseases.
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Experimental procedures

Oligonucleotide synthesis and sequence

Isolation and transfection of primary mouse hepatocytes and AML12

Animal care and treatments RT-PCR analysis
Histological analysis Northern blotting
Metabolic measurements Western blotting
HPLC analysis of lipoproteins Microarray

Determination of sterol and fatty-acid synthesis and fatty-acid
oxidation rate
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Figure 1. Identification of miR-122 target genes in vitro
A)TagMan RT-PCR measuring mRNA of predicted miR-122 target genes after
transfection of primary mouse hepatocytes with 20-MOEASO targetingmiR-122 or a
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Figure 1. Identification of miR-122 target genes in vitro

B) TagMan RT-PCR measuring mRNA of predicted miR-122 target genes after
transfection of AML12 with miR-122 duplex RNA or miR-122 duplex RNA with four
mismatches in the 50 seed region or the 30 half of the miRNA. Error bars represent
standard deviation of triplicate samples.
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Figure 1. Identification of miR-122 target genes in vitro

B) TagMan RT-PCR measuring mRNA of predicted miR-122 target genes after
transfection of AML12 with miR-122 duplex RNA or miR-122 duplex RNA with
four mismatches in the 50 seed region or the 30 half of the miRNA. Error bars
represent standard deviation of triplicate samples.
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Figure 1. Identification of miR-122 target genes in vitro

B) TagMan RT-PCR measuring mRNA of predicted miR-122 target genes after
transfection of AML12 with miR-122 duplex RNA or miR-122 duplex RNA with
four mismatches in the 50 seed region or the 30 half of the miRNA. Error bars
represent standard deviation of triplicate samples.
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Tab.3 Prediction of miRNA target site
miRNA %7 i K R RN REAHRE A
miRNA D location length hybridization minimum free energy score
mikNA: 3" cacuaCGUG—ACAC—CUIUGAAe 5’
hsa-miR33a  433-463 31 e i -8.5 147
Target:5" tattaGCACCTTTTGAAAGAAAGAACAT Ta 3'
mikNA: 3" geGGUUAUMALGCACGACGAY 5’
hsa-miR46 650 ~671 2 AR IR -22.9 168

Target:5" gelCGATTTTGICGTGCTGCTg 3
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Figure 2. Inhibition of miR-122 in normal mice

Normal mice were treated i.p. with the indicated dose of miR-122 ASO or control ASO
twice weekly for 4 weeks. n = 5.

A) Plasma transaminase levels measured at 4 weeks. Error bars = SEM.

C) TagMan RT-PCR measuring levels of miR-122 target genes in liver RNA. Error bars =
SD.
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Figure 2. Inhibition of miR-122 in normal mice

Normal mice were treated 1.p. with the indicated dose of
miR-122 ASO or control ASO twice weekly for 4 weeks. n =
5.

B) Representative hematoxylin-and-eosin-stained liver
sections from saline- or ASO-treated (75 mg/kg dose) mice,
photographed at 403 magnification.

D) Northern blotting for miR-122 in liver RNA.
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Figure 3. Plasma markers in normal mice after inhibition of miR-122

Plasma cholesterol, triglycerides, and glucose measured in normal mice that had
been treated 1.p. with the indicated dose of miR-122 or control ASO twice weekly for
4 weeks. n = 5. Error bars = SEM. *p < 0.05.
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Figure 3. Plasma markers in normal mice after inhibition of miR-122

Plasma cholesterol, triglycerides, and glucose measured in normal mice that had
been treated 1.p. with the indicated dose of miR-122 or control ASO twice weekly for
4 weeks. n = 5. Error bars = SEM. *p < 0.05.
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Table 1. Changes in gene expression after miR-122 ASO treatment of normal mice

Microarray RT-PCR
Fold Change Fold Change
Gene from Saline p Value from Saline p Value
Fatty-Acid Metabolism
ACACA/ACC1 0.7 0136 0.7 0.050
ACACB/ACC2 0.4 0016 04 0.002
) ACLY 0.3 0.005 04 0.002
To help elucidate the baart 1.1 0.462 1.1 0.085
- DGAT2 0.9 0.384 1.1 0.196
mechgnlsm of chole.sterol e e e 08 e
lowering caused by miR-122 upc 0.7 0.023 08 0.117
R . : : PPARGC1A 1.0 0782 1.1 0.619
inhibition in vivo, a cDNA  pppga 1.3 0172 09 0.572
microarray experiment was SCD1 0.5 0004 02 0.001
SREBP1 0.4 0.004 05 0.002
performed. SREBP2 1.0 0.780 0.9 0.016
Cholesterol Metabolism
CD36 1.4 0247 0.7 0.014
HMGCR 0.8 0.129 0.8 0.154
LDLR 1.0 0.800 0.9 0.222
PMVK 0.4 0.007 ND

Liver RNA from mice treated twice weekly for 4 weeks with 50 mg/kg miR-122 ASO
or saline was used for a cDNA microarray experiment using GE Codelink Mouse
Whole Genome chips or for TagMan RT-PCR confirmation of array results. n = 5.
Shown are key genes related to lipid metabolism.
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Figure 4. Ex vivo analysis of lipid metabolism after miR-122 inhibition

Hepatocytes isolated from mice treated with miR-122 ASO or a control ASO (25 mg/kg) twice
weekly for 3 weeks were used for subsequent in vitro measurement of fattyacid and sterol synthesis
rates and fatty-acid oxidation rates. Shown are results from five mice per group, with each
measurement done in triplicate. Error bars = SEM.*p < 0.05.

A) Fatty-acid oxidation rate in isolated hepatocytes as measured by oxidation of [1-14C]Joleate into
14CO2 and [14C]ASPs; de novo fatty-acid synthesis rate as measured by the amount of [14C]acetate
incorporated into fatty acids.
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Figure 4. Ex vivo analysis of lipid metabolism after miR-122 inhibition

Hepatocytes isolated from mice treated with miR-122 ASO or a control ASO (25 mg/kg)
twice weekly for 3 weeks were used for subsequent in vitro measurement of fattyacid and
sterol synthesis rates and fatty-acid oxidation rates. Shown are results from five mice per
group, with each measurement done in triplicate. Error bars = SEM.*p < 0.05.

B) Sterol synthesis rate in isolated hepatocytes as measured by amount of [14C]Jacetate
incorporated into sterols inside cells or secreted into the culture medium.
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Figure 4. Ex vivo analysis of lipid metabolism after miR-122 inhibition

C) TagMan RT-PCR measuring mRNA levels in isolated hepatocytes of genes involved in lipid metabolism.
D) Western blotting for phospho-AMPKal catalytic subunit in liver extracts frommice treated with miR-122
ASO or control ASO in vivo twice weekly (50 mg/kg) for 4 weeks.The pictured gel shows pooled samples
for each group, but quantitation is from n = 5 samples per group.
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Figure 5. Cholesterol lowering in diet-induced obesity mouse model after miR-122
inhibition

C57Bl/6 mice that had been fed a high-fat diet for 19 weeks were treated s.c. with 12.5
mg/kg miR-122 or control ASO twice weekly for 5 1/2 weeks. n = 5.

A) TagMan RT-PCR measuring levels of miR-122 target genes in liver RNA after
treatement. Error bars = SD.

B) Plasma cholesterol levels at various time points after start of treatment. Error bars =
SEM. *p <0.05.
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Figure 5. Cholesterol lowering in diet-induced obesity mouse model after miR-122

inhibition

C57BIl/6 mice that had been fed a high-fat diet for 19 weeks were treated s.c. with 12.5
mg/kg miR-122 or control ASO twice weekly for 5 1/2 weeks. n = 5.
C) High-performance liquid chromatography analysis of lipoprotein profiles in treated mice.
D) Plasma ApoB-100 and ApoB-48 levels measured by Western blotting and normalized to

nonspecific band. Graph represents the average of four samples per group with the standard

deviation indicated.
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Figure 6. Improvement in liver
steatosis in high-fat-fed mice after
miR-122 inhibition

C57BI/6 mice that had been fed a
high-fat diet for 19 weeks were
treated s.c. with 12.5 mg/kg miR-122
or control ASO twice weekly for 5 1/2
weeks. n = 5. Error bars = SEM.

A) Representative hematoxylin-and-
eosin-stained liver sections
photographed at 203 magnification
and hepatic triglyceride content after
5 1/2 weeks of ASO treatment.

B) Plasma transaminase levels
measured after 5 1/2 weeks of ASO
treatment.



C
250
Liver triglyceride
Q
£ = 200 |
& 150 S T )
L [ l = B 150 [
< r T I m T . | E‘p ‘l;')
E = R I l 2 2100
. L £ 5
50 H — — MY -
0 - :
0 : ' i : Saline miR-122 control
ACC1 ACC2 FASN SCD1 HMGCR ASO ASO

Figure 6. Improvement in liver steatosis in high-fat-fed mice after miR-122 inhibition
C57B1/6 mice that had been fed a high-fat diet for 19 weeks were treated s.c. with 12.5 mg/kg
miR-122 or control ASO twice weekly for 5 1/2 weeks. n = 5. Error bars = SEM.

C) TagMan RT-PCR evaluating liver mRNA levels of genes involved in lipid metabolism.
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Northern blotting for miR-122 in liver RNA
7 80 EAXImiRNAGURERH 5

P4HA1 mRNA appeared most sensitive to miR-122 mhibition,
as 1t displayed maximal upregulation at the lowest ASO dose
tested.
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