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Fig. 1 Gene expression profiles of 3T3-L1 adipocyte differentia-
tion (a: miRNA, b: mRNA). Vertical bars represent
relative expression values of genes. Horizontal bars rep-
resent the time from differentiation stimulus.
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B % o> T 5 microRNA ZHiH L 72 & 2 A,
miR-146b, miR-199b, miR-210, miR-214, miR-322 %
WA B R % & FE o T 7z (Figure 3b)o X T,
PPARY |Z PPARE L F-IEN A KX 4 L THET H 2
ERDbhroTBY., TNEH 520D miRNA DELT
BeH) o b 20 kb TEHIEANT L7z & 2 A miR-322
% [ < & C® miRNA 7° PPARE (2Bl 7- B3l % ¢ -
TWb ZENbro7z (Table 1)o IR AR O
TREMEATE V miR-322 2 < 4 DD miRNA (miR-
146b, miR-199b, miR-210, miR-214) 2SAEHiZHLIZ &
DEBILET D 22D D D722, ¥4 707
LA LB L TLYEREEDSVERDNPCR
(TagMan miRNA assay) % H\CHEFRIENR 24T - 72
(Figure 4) o NEWi 73 AL#3E 7 H H @ 3T3-L1 O total
RNA ¥ 7V % FIvC, 4 D0 miRNA O SEH AT
AT o 724EF. 4 O O miRNA D4 THS Day 7 TH
WITHE L TB Y . FFIZ miR-146b, miR-214 @ 2 Dl
HETH-7 (Figure 4, p<0.05) -
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Fig. 2 Clustered heatmaps of gene expression profiles of 3T3-L1
adipocyte differentiation (a: miRNA, b: mRNA)
according to their expression values. The upper tree rep-
resents the cluster of samples and the left tree represents
the cluster of genes. Green bars reflect downregulated
genes and red bars upregulated genes.
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Fig. 3 a) The numerical formula for correlation analysis. “S”
means correlation coefficient (=1 <S < 1). b)
Screening results of correlation analysis to find the down-
stream miRNAs of PPARy. The vertical bar represents
the expression values of genes and horizontal bar repre-

sents the time from differentiation stimuli.
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MMz, EHEHZHBEMAT LI EI2LD,
miR-146b, miR-214, miR-210, miR-199b #° T i @
miRNA & L CFHl 7z (Table 1)o Z OFFE %
T A 72012, EEFFE O E\V TagMan microRNA
assay 12 & & IRFESE B % 1T o 724 . miR-146b,
miR-214 TH E 2 FEHTCHEN TR K72 (Figure 4)
HEI2 R b ZEBASTCHE L 72 miR-146b (X, PPARy |2 &

Table 1 The results of the correlation analysis and PPARE domain search (< 20 kb from the start site of miRNA ).

Correlation

miRNA ID coefficient Location Up Sequence
mmu-miR-322 0.9867 X 50407526-50407432 — —
mmu-miR-146b 0.9893 19 : 46417252-46417360 2.7 kb AGGTCCAAAGTTCA
mmu-miR-199b 0.9720 2 32173980-32174089 3.8 kb AGGTCCAGAGTTCA
mmu-miR-214 0.9650 1: 164153499-164153608 11.5kb AGAAGCAAAGTTCA
mmu-miR-210 0.9603 7: 148407392-148407283 33 kb AGGTCCAGAGTTCA
8.5 kb AGGTCAAAGGCCA
miR-146b miR-199b miR-210 miR-214
* *
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Fig. 4 The expression analysis of miR-146b, 199b, 210, 214 by TagMan qRT-PCR in differentiated adipocytes.
The Y-axis represented the mean ration of the signal intensity for indi-

to normalize the signal intensity in each samples.

cated microRNA/mir-16 expression in 0 and 7 days after induction of differentiation.
experiments performed in triplicate and error bars represented S.D.

We used miR-16

Data represent three independent
* p-value < 0.05
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Table 2 Putative downstream genes of miRNA are downstream of PPARY using correlation and sequence analyses.

miRNA ID Gene Name Correlation coefficient NCBI Accession
mmu-miR-146b Napll4 —0.9653 NM_008672.1
Tbeld19 —0.9686 NM_144517.2
Baiap2l1 —0.9860 NM_025833.2
Wdfy4 —0.9502 AA920216.1
Ercc6l —0.9801 NM_146235.2
Als2cl —0.9643 NM_146228.3
Glbl —0.9944 BB078134.2
Txnl —0.9790 BQ044098.1
Svs6 —0.9883 NM_013679.1
mmu-miR-214 Cdca5 —0.9800 NM_026410.1
Slc6al2 —0.9991 NM_133661.1
—0.9796 CF750255.1
Prel —0.9875 NM_145150.1
Prkrir —0.9896 NM_028410.1
Sez612 —0.9654 NM_144926.2
Lat2 —0.9975 NM_020044.2
Mcm6 —0.9693 NM_008567.1
Kpna3 —0.9506 BC026885.1
Rasal —0.9824 NM_145452.1
Glbl —0.9865 BB078134.2
Atp6v0al —0.9562 AU018617.1
Kif2c —0.9858 NM_134471.2
Kifl17 —0.9964 NM_010623.2

DEBIFLINDL T TA KT A b A O—FiTH
% adiponectin @ T it T < & & AHIRTREH S 1L
TBY. TZIZH PPARyY 41 L 72 miRNA O fl{#HIA
BMhoTwaREEAZZ 5N 919, $72, Kar-
biener 5 (X PPARy % 1Z[¥) & 3 % miR-27b A3 HEiHIAL
LB TRHAT L Z & S HIZ L. PPARY O
Fiftic & miRNA OFI#E2EI b 5 M % 7R L7217,
John 5 X ARMEMFHIZ, PPARY DFEE5HIE Y 7 0~
T RIE R TR L T < A T3 & microRNA
microarray % F\\» T, PPARy 23533 % miRNA
DE5E % 47 - T %', MicroRNA microarray @ i
U2 PPARY D BB D IER TR A & 1T T
VB EIRFR A OF L <L ERBRIZHE S A PPARY
DOER O L LTI T 5 22 il © microRNA
D HFIZ, RBFZE T %L L 72 miR-146b, miR-210 %
Ao Twb, —HT, PPARYPHEEHT & LT
microRNA % #1135 72 5 1. T ¥ D microRNA ©
ZEBIL PPARY I/ L TIHAHB T 51X TH Y.
PPARy D53 & OMBIREE VTS 512/ A
AEPIT o HTHRA ORE RS (Figure 3) o
A2 TEE SNz 2 OO miRNA O T it % By

fEHT TR R T & L TRAIC LA o2 b DD 9
5. miRNA OFEFUHHBE L TV 5 b O & fi~7ziE
. insulin O T L THEMEAL T % Ras signal DFE5F
Td % Rasal (ras GTPase-activating protein 1) <. J§
I3 AL AR Tl % (2 HH S 5 MIRE I I2 B b 2
Cdca5 (cell division cycle associated 5), Mcm6 (minichro-

mosome maintenance complex component 6) 7 & O &

T B OERE LTI 5 N7 (Table 2) 1920)
# @

RIFZEDHKERIE. PPARy & Z D Fift miRNA & 5
12132 O T i mRNA &t < BE AL o # 72 7%
BOFIEERIEL TWh, [[5%E S 72 miRNA B
L2 BB IET 2RI TR R AR
AIREREDSHEE T E UL, A& R v 7 il BiR
TWEOWEBS LUBEOENE 25 2 L QWIfFCX
5o
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Correlation analysis between microRNAs and mRNAs regulated by
PPARy in 3T3-L1 adipogenesis

Takayuki MIZUTANI, Masami TANAKA, Riecko TANAKA,
Masakatsu TAKANASHI, Masahiko KURODA

Department of Molecular Pathology, Tokyo Medical University

Abstract

Many scientists who specialize in the development or differentiation of cancer, focus on 20-25-nucletides single-strand
RNA called microRNA (miRNA or miR-). MiRNAs inhibit specific target genes having complementary sequences, and regu-
late many genes at once using degradation or translational blocks. Recently, some studies described methods to determine tar-
gets of miRNA but there was an issue that their results using in silico analysis have a high frequency of false-positive results.

In this study, we tried to find the target miRNAs of PPARY, which is the core factor for adipogenesis, and target mRNAs of
the miRNAs using correlation analysis of whole expression profiles of miRNA and mRNA in 3T3-L1 preadipocyte adipogene-
sis.  As a result, miR-146b, miR-214, miR-210 and miR-199b are the targets of PPARY and we could obtain the gene sets of
the targets of the miRNAs.

These results suggested that unknown miRNA pathways such as miR-146b or miR-214 controlled by PPARY contribute to
adipogenesis. Our novel analytical method using the correlation between miRNAs and mRNAs may solve the difficulty caused

by the high false positive rate, and the method appears useful for future miRNA studies.

(Key words) : MicroRNA, Adipogenesis, Microarray, 3T3-L1, PPARy
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