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MicroRNA and 3T3-L1 pre-adipocyte differentiation
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ABSTRACT

MicroRNAs (miRNAs) have been suggested to play important roles in cell proliferation, apoptosis, and differentiation. In this
study, we examined miRNA expression profiles during 3T3-L1 pre-adipocyte differentiation. We constructed miRNA libraries
from pre- and post-differentiated 3T3-L1 cells, and identified the expression of 77 previously reported miRNAs and 3 new
miRNAs. Next, we investigated the expression levels of 102 miRNAs, including those identified in the libraries, during
adipogenesis by Northern blot analysis. Sixty-five miRNAs were detected and the expression of 21 miRNAs was up- or down-
regulated during adipogenesis. Intriguingly, changes in the miRNA expression pattern were observed at day 9, when lipid
droplets were visible, but not at days 1, 2, or 5 after the induction of differentiation. Antisense inhibition of the up-regulated
miRNAs did not affect 3T3-L1 pre-adipocyte differentiation. Although these miRNAs may be involved in modulating adipocyte
function, mild down-modulations of the up-regulated miRNAs do not appear to affect 3T3-L1 pre-adipocyte differentiation.
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INTRODUCTION

Recent advances in the Human Genome Project (Lander
et al. 2001) and in the experimental and computational
prediction of coding and noncoding genes have led to the
notion that there are 10-fold more transcription units than
predicted coding genes in the human genome (Kapranov
et al. 2002). These findings have forced us to revise the notion
that RNA is simply an intermediate molecule in protein
synthesis. Over the past few years, 20- to—25-nucleotide
(nt) noncoding RNAs have been identified in the genomes
of plants, invertebrates, and vertebrates, and have been
categorized as microRNAs (miRNAs) (Carrington and
Ambros 2003; Bartel and Chen 2004).

miRNAs are thought to regulate gene expression by
partially base-pairing with their target mRNAs, which
leads to mRNA degradation or repression of translation
(Ambros 2004; Bartel 2004). In vertebrates, some species
of miRNAs are specifically expressed or greatly elevated in
a particular organ, which suggests that miRNAs may have
some organ- or tissue-specific function (Lagos-Quintana
et al. 2002; Sempere et al. 2003; Liu et al. 2004). It has also
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been reported that miR-181 is preferentially expressed in
the B-lymphoid cells of mouse bone marrow, and that
hematopoietic lineage differentiation can be altered by the
action of miR-181 (Chen et al. 2004). Moreover, miR-15
and miR-16 are located on chromosome 13q14 in a region
that is deleted in more than half of B-cell leukemias, and
thus miRNA expression patterns may be related to the
biological and clinical behavior of this leukemia (Calin
et al. 2002). These findings suggest that miRNA plays
important roles in vertebrate development and differen-
tiation processes.

Adipose tissue plays a crucial role as an energy reservoir
(Klaus 2004) and has recently been identified as an endo-
crine organ that secretes various biologically active substances,
including adiponectin, leptin, and PAI-I (Matsuzawa et al.
2004). Phenotypic changes in adipose tissue may play im-
portant roles in the genesis of obesity and subsequent
insulin resistance syndrome (Stolar 2002). Clarification of
the mechanisms of adipogenesis should contribute to our
understanding of the pathogenesis of obesity and insulin
resistance syndrome.

In the present study, we focused on the possible in-
volvement of miRNA in adipogenesis using a well-defined
pre-adipocyte, 3T3-L1 (Green and Kehinde 1975; Morrison
and Farmer 1999a). We found that the expression of 21
miRNAs is modulated in fully differentiated adipocytes.
We also examined whether modulation of the expression of
these differentially expressed miRNAs influences pre-
adipocyte differentiation.
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RESULTS

Cloning of microRNA expressed during adipogenesis

We constructed miRNA libraries from pre-adipocytes and
cells at days 1 and 9 after the induction of differentiation.
Approximately 10% of tags corresponded to RNAs other
than miRNA, and included rRNA, degraded mRNA, tRNA,
and snRNA. A total of 622 tags (74% of total tags) appeared
to correspond to miRNAs (Table 1). They were grouped
into 80 miRNAs, including three unregistered possible
miRNAs.

The sequences of these three possible miRNAs (denoted
Can-1, Can-2, and Can-3) and their predicted secondary
structures are shown in Table 2. These three possible
miRNA sequences were found in the mouse genome. The
sequences that surrounded these possible miRNAs show
a stem-loop structure, which is a prerequisite for miRNA
processing. Moreover, these possible pre-miRNA sequences
are highly conserved in the human genome but are not
present in the currently available rat genome sequence.
Can-3 exhibits sequence homology with miR-31. Further-
more, Can-1 exhibits sequence homology with antisense
miR-34c¢, but this is not the opposite strand of a known
precursor.

The number of tags for each miRNA in the three libraries
is shown in Table 1. Some miRNAs, such as let-7a, miR-21,
and miR-29a, were expressed abundantly in 3T3-L1 cells.
Because there were very few tags for most miRNAs, it was
difficult to assess the expression levels of miRNA based on
the number of tags in the library. Thus, a total of 102
miRNAs, consisting of the 80 miRNAs identified in the
library and an additional 22 mouse miRNAs, were sub-
jected to Northern blot analysis.

Identification of miRNAs that are up- or
down-regulated during adipogenesis

We examined the expression profiles in a highly differen-
tiating subclone (#29) and a nondifferentiating subclone
(#3). Sixty-five miRNAs were detected (63.7%). All of the
Northern results will be provided upon request (to ekigakul@
ri.ncve.go.jp) as supplemental data. The remaining 37
miRNAs were not detected under the conditions used.
Expression was modulated in 21 species of miRNA
during pre-adipocyte differentiation (Fig. 1). Thirteen
miRNAs (miR-10b, 15a, 26a, 26b, 99a, 101, 101b, 143,
1517, 152, 185, 423, and let-7b) increased in abundance in
both #3 and #29 (Fig. 1). These 13 miRNAs may not be
related to an actual differentiation process and may be
induced by growth arrest and/or hormonal stimulation.
miR-34c and 98 were more abundantly expressed in #29
than in #3 at day 9. Expression of miR-183, 224, and 422b
was up-regulated only in #29 at day 9. On the other hand,
miR-103, 181a, and miR-182 were down-regulated at day 9.
Since #29 accumulated cellular fat droplets at day 9, these

#29-specifically modulated miRNAs may be directly in-
volved in the formation of lipid droplets or in the storage of
cellular fat.

Antisense inhibition of miRNAs that are up-regulated
during adipogenesis

The miRNAs that are differentially expressed during 3T3-
L1 pre-adipocyte differentiation may play active roles in
differentiation. miR-10b, 15, 26a, 34c, 98, 99a, 101, 101b,
143, 152, 183, 185, 224, and let-7b were up-regulated
during 3T3-L1 pre-adipocyte differentiation. We examined
the effects of antisense oligo-RNAs (Anti-miR) for these
miRNAs. Anti-miRs have been confirmed to block the
effects of corresponding miRNAs by a luciferase reporter
assay (Cheng et al. 2005). The 3T3-L1 cells were cultured,
and differentiation was induced at 2 d after confluency (day
0). At days 3 and 5, the cells were transfected by Anti-miRs.
None of the Anti-miR modulated the expression patterns
of the marker genes (PPARvy, A-FABP, and adiponectin)
compared with the mock-transfected cells (Fig. 2). The
efficiency of transfection of Anti-miR was estimated to be
>90%, which was assessed by cotransfection of Cy3-labeled
negative control (data not shown). The expression patterns
of the marker genes were not affected even by the inhibition
of combination of several miRNAs (Fig. 3).

DISCUSSION

The deletion of miR-14 in Drosophila results in increased
levels of triacylglycerol and diacylglycerol, whereas in-
creases in miR-14 copy number have the opposite effect
(Xu et al. 2003). This recent finding suggests that miRNA
might be involved in the regulation of fat metabolism, but
the gene that corresponds to Drosophila miR-14 has not
been found in mammalian genomes. The purpose of the
present study was to identify miRNAs, if any, that are
differentially expressed during adipogenesis.

We constructed miRNA libraries from pre-adipocytes
and cells at days 1 and 9 after the induction of differen-
tiation, and identified 80 miRNAs, including 3 unregistered
possible miRNAs. To assess the expression levels of these
miRNAs, a total of 102 miRNAs, consisting of the 80
miRNAs identified in the library and an additional 22
mouse miRNAs, were subjected to Northern blotting.
Although the expression of 21 miRNAs changed dramat-
ically during differentiation, intriguingly most changes in
miRNA expression were observed at day 9, rather than at
day 1, 2, or 5 after the induction of differentiation. Similar
results have been reported in the TPA-induced differenti-
ation of HL-60 cells (Kasashima et al. 2004) and in the
neuronal differentiation of primary rat cortical cells (Kim
et al. 2004). It has been shown that the differentiation of
pre-adipocytes into adipocytes is regulated by transcription
factors such as PPARy and C/EBPa, which play a crucial
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TABLE 1. miRNA sequences identified by cloning from 3T3-L1 adipocytes

Pre-adipocyte®

Differentiation (1 d)©

Differentiation (9 d)©

miRNA? Sequence(5'-3")° No. of tags® % No. of tags® % No. of tags* %*
mmu-let-7a ugagguaguagguuguauaguu 14 6.4 25 13.6 31 14.4
mmu-let-7b ugagguaguagguugugugguu 2 0.9 6 3.3 5 2.3
mmu-let-7c ugagguaguagguuguaugguu 4 1.8 3 1.6 8 3.7
mmu-let-7d agagguaguagguugcauagu 3 1.4 1 0.5 4 1.9
mmu-let-7e ugagguaggagguuguauagu 5 2.3 3 1.6 8 3.7
mmu-let-7f ugagguaguagauuguauaguu 4 1.8 3 1.6 8 3.7
mmu-let-7g ugagguaguaguuuguacagu 4 1.8 1 0.5 5 2.3
mmu-let-7i ugagguaguaguuugugcu 3 1.4 1 0.5 1 0.5
mmu-miR-7 uggaagacuagugauuuuguu 1 0.5
mmu-miR-10a uacccuguagauccgaauuugug 1 0.5 1 0.5 1 0.5
mmu-miR-10b cccuguagaaccgaauuugugu 1 0.5
mmu-miR-15a uagcagcacauaaugguuugug 1 0.5 1 0.5 1 0.5
mmu-miR-15b uagcagcacaucaugguuuaca 2 0.9 1 0.5 2 0.9
mmu-miR-16 uagcagcacguaaauauuggcg 1 0.5 5 2.7 2 0.9
mmu-miR-17-3p acugcagugagggcacuugu 1 0.5 1 0.5
mmu-miR-21 uagcuuaucagacugauguuga 21 9.6 25 13.6 14 6.5
mmu-miR-22 aagcugccaguugaagaacugu 1 0.5
mmu-miR-23a aucacauugccagggauuucc 1 0.5
mmu-miR-23b aucacauugccagggauuaccac 1 0.5 1 0.5
mmu-miR-24 uggcucaguucagcaggaacag 6 2.8 3 1.6 4 1.9
mmu-miR-25 cauugcacuugucucggucuga 1 0.5
mmu-miR-26a uucaaguaauccaggauaggcu 1 0.5 1 0.5 3 1.4
mmu-miR-26b uucaaguaauucaggauagguu 9 4.1 9 4.9 17 7.9
mmu-miR-27a uucacaguggcuaaguuccgc 2 0.9 1 0.5 1 0.5
mmu-miR-27b uucacaguggcuaaguucug 2 0.9
mmu-miR-29a cuagcaccaucugaaaucgguu 35 16.1 32 17.4 19 8.8
mmu-miR-29b uagcaccauuugaaaucagugu 5 2.3 7 3.8 5 2.3
mmu-miR-29c uagcaccauuugaaaucgguua 2 0.9 1 0.5 1 0.5
mmu-miR-30a-5p uguaaacauccucgacuggaagc 2 0.9 2 1.1 3 1.4
mmu-miR-30b uguaaacauccuacacucagc 1 0.5 1 0.5
mmu-miR-30c uguaaacauccuacacucucage 2 0.9 4 2.2
mmu-miR-30d uguaaacauccccgacuggaag 1 0.5 0.0 2 0.9
mmu-miR-30e uguaaacauccuugacugga 1 0.5 1 0.5
mmu-miR-31 aggcaagaugcuggcauagcug 4 1.8 2 1.1
mmu-miR-33 gugcauuguaguugcauug 1 0.5
mmu-miR-34b uaggcaguguaauuagcugauug 2 0.9
mmu-miR-34c aggcaguguaguuagcugauugc 2 0.9
mmu-miR-96 uuuggcacuagcacauuuuugcu 2 0.9
mmu-miR-98 ugagguaguaaguuguauuguu 1 0.5
mmu-miR-99b cacccguagaaccgaccuugeg 2 0.9 1 0.5 1 0.5
mmu-miR-101 uacaguacugugauaacuga 1 0.5 1 0.5 3 1.4
mmu-miR-101b uacaguacugugauagcugaag 2 0.9
mmu-miR-103 agcagcauuguacagggcuauga 2 1.1 1 0.5
mmu-miR-125a ucccugagacccuuuaaccugug 2 0.9 2 1.1 3 1.4
mmu-miR-125b ucccugagacccuaacuuguga 2 0.9 3 1.6 9 4.2
mmu-miR-126* cauuauuacuuuugguacgcg 5 2.3 1 0.5 1 0.5
mmu-miR-130a cagugcaauguuaaaagggc 2 0.9 1 0.5 2 0.9
mmu-miR-142-3p uguaguguuuccuacuuuaugg 1 0.5
mmu-miR-142-5p Cauaaaguagaaagcacuac 1 0.5
mmu-miR-143 ugagaugaagcacuguagcuca 2 1.1 1 0.5
mmu-miR-145 guccaguuuucccaggaaucccuu 3 1.4
mmu-miR-146 ugagaacugaauuccauggguu 4 1.8 4 2.2 6 2.8
mmu-miR-148a ucagugcacuacagaacuuugu 1 0.5
mmu-miR-152 ucagugcaugacagaacuugg 1 0.5
mmu-miR-181a aacauucaacgcugucggugagu 1 0.5
mmu-miR-182 uuuggcaaugguagaacucaca 1 0.5
mmu-miR-189 gugccuacugagcugauaucagu 1 0.5

(Continued)
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TABLE 1. Continued

Pre-adipocyte©

Differentiation (1 d)¢ Differentiation (9 d)°

miRNA? Sequence(5'-3")° No. of tags® % No. of tags® % No. of tags® %°
mmu-miR-190 ugauauguuugauauauuaggu 1 0.5
mmu-miR-192 cugaccuaugaauugaca 1 0.5
mmu-miR-193 aacuggccuacaaagucccag 4 1.8 1 0.5

mmu-miR-196a uagguaguuucauguuguugg 2 0.9 1 0.5

mmu-miR-199a cccaguguucagacuaccuguuc 7 3.2 4 1.9
mmu-miR-199a* uacaguagucugcacauugguu 8 3.7 3 1.6 2 0.9
mmu-miR-199b cccaguguuuagacuaccuguuc 1 0.5 1 0.5

mmu-miR-200a uaacacugucugguaacgaugu 1 0.5

mmu-miR-200b uaauacugccugguaaugaugac 3 1.6 1 0.5
mmu-miR-214 acagcaggcacagacaggcag 4 1.8 1 0.5 2 0.9
mmu-miR-218 uugugcuugaucuaaccaugu 1 0.5

mmu-miR-221 agcuacauugucugcuggguuu 2 0.9 1 0.5 2 0.9
mmu-miR-224 uaagucacuagugguuccguuua 1 0.5

mmu-miR-320 aaaagcuggguugagagggcgaa 3 1.4 1 0.5 2 0.9
mmu-miR-328 cuggcccucucugcccuuccgu 1 0.5
mmu-miR-331 gccccugggecuauccuagaa 1 0.5

mmu-miR-351 ucccugaggagcccuuugagecug 1 0.5 1 0.5
mmu-miR-422b acuggacuuggagucagaaggc 4 1.8 3 1.6 11 5.1
mmu-miR-423 agcucggucugaggccccucag 1 0.5

mmu-miR-424 cagcagcaauucauguuuugga 10 4.6 2 1.1 7 3.3
Total 218 100 184 100 215 100

“miRNA genes are named according to the miRNA Registry from the Sanger Institute (http://www.sanger.ac.uk/Software/Rfamy/).

PThe longest representative from each miRNA sequence is presented.

‘miRNAs were prepared from pre-adipocytes and from cells at days 1 and 9 after the induction of differentiation.

INumber of tags found in each library.
®Percentage of tags in each library.

role in the early stages of adipocyte differentiation
(Morrison and Farmer 1999b). We confirmed by RT-PCR
that the expression of PPARy and C/EBPa is up-regulated
during differentiation in #29, but not in #3 (data not
shown). The fact that dramatic modulation of miRNA
expression was observed at day 9 but not at early phases of
differentiation suggests that miRNAs may modulate adi-
pocyte function after differentiation rather than initiate
differentiation.

Recently, the down-regulation of miR-181 and up-
regulation of miR-15 were reported to be involved in B-cell
differentiation (Chen et al. 2004) and B-cell leukemia
(Calin et al. 2002), respectively. Furthermore, the expres-
sion of both let-7 and miR-34 are temporally regulated
during Drosophila metamorphosis (Sempere et al. 2004).
Esau et al. (2004) recently demonstrated that miR-143 is
involved in human adipocyte differentiation and may act
through the target gene ERK5. Up-regulation of miR-143
was also observed in 3T3-L1 cells during adipocyte differen-
tiation in the present study. As with the other up-regulated
miRNAs, expression of miR-143 was mostly up-regulated
at day 9. Esau et al. (2004) reported that expression of miR-
143 was elevated at days 7 and 10 in human adipocytes, but
not at days 1 and 4, similar to the present results. Esau et al.
(2004) also listed 22 miRNAs differentially expressed in

human adipocytes during differentiation. However, the same
miRNAs were not identified in the present study, except
for miR-143, suggesting that the types of miRNA involved in
adipocyte function may differ between human adipocytes
and 3T3-L1 cells.

The antisense inhibition of miR-10b, 15, 26a, 34c, 98, 99a,
101, 101b, 143, 152, 183, 185, 224, and let-7b, all of which
were up-regulated during adipogenesis, did not affect adipo-
cyte differentiation in terms of marker gene expression and
the accumulation of lipid droplets. Moreover, the combined
inhibition of several miRNAs also did not affect adipocyte
differentiation. However, it is possible that more thorough
inhibition might be needed to affect differentiation.

We tried to establish cell lines that overexpressed miR-
18la and miR-182, which were down-regulated during
3T3-L1 pre-adipocyte differentiation. Although we can ex-
press mature miR-181a and miR-182 by expression vectors
under transient conditions, we could not obtain stable cell
lines that overexpressed mature miR-181a or mature miR-
182. According to the current literature, exportin-5 appears
to be rate-limiting for miRNA processing, and the over-
expression of a miRNA may have a detrimental influence
on cellular functions (Grimm et al. 2006). Thus, we are
now unable to assess the significance of miR-181a and miR-
182 in 3T3-L1 pre-adipocyte differentiation.

1629

www.rnajournal.org



Kajimoto et al.

TABLE 2. Novel miRNA expressed in 3T3-L1 adipocytes

. No. of TagsP , Chromosome®
miRNA? — > —28% Sequence (5'-3")° Harpin Precursord —_—
pre 1d 9d Mouse Rat Human
ua uaa (el uwd ¢
cant 2 - - SINTCTINETIHIESS® 5 sscass  wag ugmmguas® s
3'gcaaucagcuaacuacacugccus' 3'ac cegucac — aauc-acuaaca Uc g g = L
Antisense miR-34¢ ua cuc g u
uuu c u caa
Can-2 -1 - 5'acugauuucuuuugguguucaga3d ' 5'augacugauuuc uggugquu agayg a
3 'uauuggcuaaag accacga-ucuy g 6 - i
ucu Yya @
5'auggcaauauguuggcauagc3' e = =2 ot €
5'a dggcaa auguuggcauadc
Can-3 - 1 1 | TULL LI T B o e 4 - 9
5'a-ggcaagaugcuggcauageug 3'uc ccguu uacgaccguaucg c aac g
miR-31 cu c a- u u

“miRNA candidates newly identified in the present study

PNumber of tags found in each library. miRNAs were prepared from pre-adipocytes and from cells at days 1 and 9 after the induction

of differentiation.

“The longest representative from each miRNA sequence is presented. The homologous sequence of known miRNAs is shown below.
Predicted structures of miRNA precursors. The miRNA sequences are underlined. The actual termini of the pre-miRNAs have not been

verified experimentally and may differ from those presented here.

“Chromosome numbers for the location of miRNA precursors in mouse, rat, and human genome are presented. “....."” indicates that a

conserved pre-miRNA sequence was not found in rat genome.

In conclusion, the present results suggest that miRNAs
may have various roles in modulating adipocyte function
after 3T3-L1 pre-adipocyte differentiation, but do not ap-
pear to have active roles in 3T3-L1 pre-adipocyte differen-
tiation itself.

MATERIALS AND METHODS

Cell culture and induction of differentiation of 3T3-L1
pre-adipocytes

3T3-L1 cells were maintained in DMEM supplemented with 10%
calf serum and allowed to reach confluency. Cells were differen-
tiated at 2 d post-confluency (designated as day 0) by the addition
of DMEM (10% fetal bovine serum) containing 1 pg/mL insulin,
1 uM DEX, and 0.5 mM MIX (Green and Kehinde 1975). After
2 d, cells were grown in media containing only insulin for another
2 d. Subsequently, media was changed every 2 d until the cells
were well differentiated (day 9). Total RNA was isolated from cells
of days 0, 1, 2, 5, and 9, using TRIzol (Invitrogen) according to the
manufacturer’s protocol.

Single cell clone

Single cell clone selection was carried out by the limited dilution
method in 96-well dishes to obtain subclones of 3T3-L1 with high
differentiation capacity. Fifty-two clones were then screened for
the ability to differentiate into adipocytes. We selected two cell
clones (#3 and #29) that showed different features in adipogenesis.

1630  RNA, Vol. 12, No. 9

Clone #29 exhibited a high differentiation potential at day 9 (lipid
droplets were observed in 100% of the cells) and #3 exhibited no
detectable staining in any of the cells. No obvious differences in
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FIGURE 1. Temporal expression of miRNAs during adipocyte
differentiation. Total RNA was prepared with TRIzol reagent, electro-
phoresed, blotted, fixed to a membrane, and hybridized to the StarFire
probe for each miRNA and U6 RNA (control) as described in
Materials and Methods. Representative results of more than two
independent experiments are shown. All the other 81 miRNAs were
also tested. All results are provided in Supplemental Data 1.
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FIGURE 2. RT-PCR analysis of adipocyte marker genes in cells that
had inhibited miRNA function. 3T3-L1 cells were cultured, and
differentiation was induced under normal conditions. At day 3 and
day 5, the cells were transfected by each Anti-miR. Total RNA was
isolated from cells at days 0, 3, 5, and 7. The expression patterns of
three adipocyte differentiation markers (PPARvy, A-FABP, and adi-
ponectin) were analyzed by competitive RT-PCR analysis using 18s
ribosomal RNA as an internal control.

morphology or growth rate were observed between the two clones
before differentiation.

Cloning of microRNA

Cloning of miRNAs was performed essentially as described by
(Lagos-Quintana et al. 2002). We used parental 3T3-L1 cells
before single cell cloning to construct libraries. Total RNA (500 pg)
was separated on a 15% denaturing polyacrylamide gel, and small
RNA fractions of between 18 and 25 bases were selected. A 5'-
phosphorylated 3’-adaptor oligonucleotide (5’-pUUUaaccgc
gaattccagx: uppercase, RNA; lowercase, DNA; p, phosphate; 3'-
Amino-Modifier C-7; Integrated DNA Technologies, Inc.) and
a 5’-adaptor oligonucleotide (5’-acggaattcctcactAAA: uppercase,
RNA; lowercase, DNA) were directionally ligated to the small
RNA. The adaptor-ligated RNA was amplified by RT-PCR with
the following primers: 3'-primer (5'-CAGCCAACAGGCACCGAA
TTCCTCACTAAA) and 5'-primer (5'-GACTAGCTTGGTGCC
GAATTCGCGGTTAAA). The PCR products were then digested

with Banl and concatamerized using T4 DNA ligase. Concatamers
within a size range of 500-1000 bp were separated on agarose
gel and directly ligated by pCR3.1-TOPO vector (Invitrogen).
Plasmid inserts were analyzed by PCR using primers for vector
sequences and then directly subjected to sequencing. Sequences
from cloned miRNAs were grouped by sequence identity and
compared with a public database, the miRNA registry (http://
www.sanger.ac.uk/Software/Rfam), to identify these clones. Un-
known sequences, including sequences that were homologous to
particular miRNAs, were used for searches with the Basic Local
Alignment Sequence Tool (BLAST) algorithm, available at the
National Center for Biotechnology Information (NCBI). Flanking
sequences of the novel miRNAs were used to predict secondary
structure using the RNAfold program of the Vienna RNA package.
All of the new miRNAs were submitted to the miRNA Registry
Web site for official annotation.

Northern blot analysis

Fractionated total RNA was transferred to a Zetaprobe membrane
(BioRad) and cross-linked to the membrane by UV irradiation.
The resulting blots were then probed with several antisense
StarFire probes (Integrated DNA Technologies) that had been
labeled with [a-**P]dATP. Prehybridization and hybridization
were carried out as described by Sempere et al. (2003).

Transient transfection of Anti-miRs

Anti-miR-10b, 15, 26a-1, 34c, 98, 99a, 101, 101b, 143, 152, 183,
185, 224, let-7b, and negative control #1 were purchased from
Ambion. These RNA-based inhibitors are chemically modified to
increase their stability and to improve their activity and have been
confirmed to antagonize corresponding miRNAs by luciferase
reporter assay (Cheng et al. 2005). 3T3-L1 cells were cultured, and
differentiation was induced under the same conditions as de-
scribed above. At day 3 and day 5, the cells were transfected
separately with each Anti-miR using siPORT Amine reagent
(Ambion) according to the manufacturer’s protocol. To confirme
the efficiency of transfection, Cy3-labeled negative control #1
(Ambion) was also transfected. Total RNA was isolated from cells
at days 0, 3, 5, and 7, using TRIzol (Invitrogen) according to the
manufacturer’s protocol.

PPARy
037 037 03 7

Anti-miR-34c, 98, N «—185 rRNA
183, and 224 - —
Anti-miR-15a, 101, 143, +—18S IRNA
185, and let-7b
Anti-miR-10b, 26a-1, i
99a, 101b, 152

FIGURE 3. RT-PCR analysis of adipocyte marker genes in cells that
had inhibited multiple miRNAs function. 3T3-L1 cells were cultured,
and differentiation was induced under normal conditions. At day 3
and day 5, the cells were transfected by each Anti-miR. Total RNA was
isolated from cells at days 0, 3, and 7. The expression patterns of three
adipocyte differentiation markers (PPARY, A-FABP, and adiponectin)

were analyzed by competitive RT-PCR analysis using 18s ribosomal
RNA as an internal control.

A-FABP Adiponectin
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RT-PCR of adipocyte differentiation markers

To assess the differentiation of 3T3-L1 cells, the expression
patterns of three adipocyte differentiation markers (PPARYy,
adipose-type fatty acid binding protein (A-FABP), and adiponectin)
were analyzed by competitive RT-PCR analyses using 18s ribo-
somal RNA as the internal control (QuantumRNA 18s Internal
Standards Kit; Ambion). The following amplimers were used for
RT-PCR analyses: PPARY-S (5'-cagcatttctgctccacactatgaag) and
PPARY-A (5’-agcaaggcacttctgaaaccg), AFABP-S (5'-ggatttggtcacca
tceggtc) and AFABP-A (5'-cataaactcttgtggaagtcacgec), and Adipo-S
(5"-agggaacttgtgcaggttggat) and Adipo-A (5'-tgagcgatacacataagcggct).
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