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Summary

MicroRNAs (miRNAs) are involved in a plethora of important biological processes from
embryonic development to homeostasis in adult tissues. Recently, miRNAs have emerged as a
class of epigenetic regulators of metabolism and energy homoestasis. We have investigated the
role of miRNAs in the regulation of adipogenic differentiation. In this report, we demonstrate that
the miR-27 gene family is down-regulated during adipogenic differentiation. Over-expression of
miR-27 specifically inhibits adipocyte formation, without affecting myogenic differentiation. We
also find that expression of m/R-27results in blockade of expression of PPARy and C/EBPa, the
two master regulators of adipogenesis. Importantly, expression of m/R-27is increased in fat tissue
of obese mice and is regulated by hypoxia, an important extracellular stress associated with
obesity. Our data strongly suggest that m/R-27is a new class of adipogenic inhibitors and may
play a role in the pathological development of obesity.
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Introduction

MicroRNAs (miRNAs) have emerged as an important class of post-transcriptional regulators
of metabolism in several cell types including B-cells, muscle cells and adipocytes (1). They
appear to impinge upon diverse aspects of cellular responses to metabolic demands or
stresses from invertebrates to vertebrates. A forward genetic screening in Drosophila
melanogaster provided the first example that m/iR-14 plays a critical role in the regulation of
triacylglyceride metabolism in fruit flies (2). By a similar approach, miR-278 was recently
identified as a potential regulator of energy metabolism in the fat body of fruit flies (3). In
vertebrates, m/iR-375and miR-376, both abundantly expressed in pancreatic f cells, are
involved in the control of insulin secretion (4). Furthermore, the highly conserved miRNA,
miR-1, has been found to exert significant influence on myogenic differentiation and muscle
functions in invertebrates (5) as well as in mammals (6).

Correspondence: Zhong Yun, Ph.D., Department of Therapeutic Radiology, Yale University School of Medicine, 333 Cedar Street,
HRT-313, New Haven, CT 06510, USA, Tel: 203-737-2183, Fax: 203-785-6309, zhong.yun@yale.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Linetal.

Results

Page 2

Adipose tissue functions are essential to energy metabolism because it is not only an energy
depot (7), but also a source of endocrine factors (8, 9). Adipocytes are derived from
mesenchymal stem or progenitor cells via a lineage-specific differentiation process called
adipogenesis. Adipogenic differentiation is accomplished by a cascade of three major
transcriptional events characterized by the transcriptional induction of (1) the early genes: &/
EBPBand C/EBPS, (2) the determination genes: PPARy and C/EBPa, also regarded as
master regulators of adipogenesis, and (3) adipocyte-specific genes such as fatty acid
synthase and fatty acid binding proteins (10-12). Epigenetic regulation of adipose functions
mediated by miRNAs has been emerging as an important mechanism in the study of energy
metabolism and obesity. By comparing miRNA profiles, Kajimoto et a/. have found
differential profiles of miRNA expression between preadipocytes and mature adipocytes
(13), suggesting a role for miRNAs in the regulation of adipogenic differentiation.
Consistent with this notion, microarray analysis has identified two classes of miRNAs,
miR-143and the miR-17/92 cluster, that are moderately (2-3 fold) increased during
adipogenic differentiation (14, 15). Inhibition of m/iR-143by an antisense oligonucleotide
results in inhibition of adipogenesis /n vitro (14), whereas over-expression of the miR-17/92
cluster moderately increases adipocyte formation /in vitro (15). Although these studies have
provided evidence for a role of miRNAs in adipogenesis, there is still no evidence regarding
expression of mMiRNAs in adipose tissues, especially their regulation associated with obesity.

Adipose tissue undergoes a dramatic expansion in obesity, which eventually results in
adipose tissue dysfunction. Our studies have shown that obese tissue becomes hypoxic or
oxygen-deficient, and hypoxia facilitates inflammatory responses in adipocytes (16, 17). We
have also shown that hypoxia strongly inhibits adipogenic differentiation (18, 19). However,
it remains to be determined whether miRNAs are differentially regulated or play a role under
obese conditions in vivo.

In the current study, we have investigated the role of miRNAs in adipogenic differentiation
using the mouse embryonic fibroblast-derived 3T3-L1 preadipocytes (20) and mouse bone
marrow-derived OP9 mesenchymal stem/progenitor cells (21). We found that expression of
the miR-27family genes (miR-27aand miR-27b) was down-regulated upon adipogenic
differentiation. Over-expression of miR-27resulted in robust and specific inhibition of
adipogenic differentiation with the blockade of PPARy and C/EBPa expression.
Importantly, miR-27 expression was elevated in adipose tissue of genetically obese ob/o0b
mice. We also found that the environmental stress, hypoxia, was involved in the regulation of
miR-27 expression. Our data suggest that the m/R-27 gene family is potentially an important
class of negative regulators of adipogenesis and may play a role in the regulation of adipose
functions associated with obesity.

miR-27 inhibits adipogenic differentiation

In order to investigate the role of miRNAs in the regulation of adipogenic differentiation, we
performed a genome-wide microarray analysis of miRNA expression during adipogenic
differentiation using the 3T3-L1 adipogenesis model. Our initial analysis revealed that the
miR-27 gene family, consisting of miR-27aand miR-27b, was down-regulated during
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adipogenic differentiation (left panel, Fig. 1A). Consistent with the literature (15), genes of
the miR-17/92 cluster, including miR-17-5p, miR-20, and miR-92, were increased during
differentiation (right panel, Fig. 1A). We further investigated the kinetics of miR-27
expression during adipogenesis using gRT-PCR. As shown in Fig. 1C & D, expression of
both miR-27aand miR-27b decreased by =50% within the first 24 hr of adipogenic
stimulation compared to preadipocytes (time = 0) and remained at such reduced levels as
differentiation progressed (6-day). These observations strongly suggest that m/iR-27 may
negatively regulate adipogenic differentiation.

To investigate the role of miR-27in adipogenesis, we transiently transfected 3T3-L1
preadipocytes with miRNA precursor molecules for miR-27a or miR-27b before adipogenic
stimulation. The transfection efficiency approached 100% according to the uptake of a
fluorescent small RNA duplex oligonucleotide control (siGLO Red, Dharmacon). Using
gRT-PCR analysis, we found a >60-fold increase in mature miR-27aand miR-27b in the
transfected preadipocytes. As shown in Fig. 2A, miR-27a, miR-27b or an equal molar
mixture of miR-27aand miR-27b (miR27a/b) strongly inhibited adipogenic differentiation
of 3T3-L1 preadipocytes, as demonstrated by a lack of intracellular fat accumulation. In
contrast, the irrelevant miR control did not affect adipogenic differentiation. Quantitative
analysis of intracellularly accumulated neutral lipids revealed statistically significant
inhibition of adipocyte formation (Fig. 2B). Conversely, inhibition of the endogenous
miR-27aor miR-27b using specific anti-miRs did not significantly affect adipogenesis (data
not shown), suggesting that down-regulation of m/R-27is not sufficient to promote
adipogenesis.

We performed a time course study to further gain insight into the role of miR-27during
different stages of adipogenesis (Fig. 2C-E). Transfection of miR-27a or miR-27b before the
adipogenic stimulation by IDM (Scheme #1) resulted in near complete inhibition of
adipogenic differentiation. Transfection of miR-27a or miR-27b at the same time with the
IDM treatment (Scheme #2) resulted in partial but significant inhibition of adipogenesis. In
contrast, transfection of miR-27aor miR-27b did not have significant effects on
adipogenesis when performed after 24 hr or 48 hr of IDM treatment (Schemes #3 and #4).
These results suggest that miR-27 exerts its inhibitory effects at or before the adipogenic
commitment stage and that the IDM-induced genes appear to overcome the inhibitory effects
of miR-27.

In order to ascertain that m/R-27 inhibits adipogenesis in general and its activity is not
limited to the embryonic fibroblast-derived 3T3-L1 preadipocytes, we used the OP9
multipotent mesenchymal stem cell line derived from mouse bone marrow as an independent
model of adipogenesis. OP9 cells undergo adipogenic differentiation when treated with the
same adipogenic stimulants. As shown in Fig. 3A & B, transfection with miR-27a or
miR-27bresulted in significant inhibition of adipogenic differentiation of OP9 cells. This
observation demonstrates that /m/R-27has the potential to regulate the common essential
genes or signal transduction pathways that regulate adipogenic differentiation of
mesenchymal stem or progenitor cells from different tissue origins. To further determine
whether miR-27 inhibits adipogenesis specifically, we investigated the effect of miR-270n
the myogenic differentiation of the C2C12 myoblast cells. As shown in Fig. 3C, formation
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of myofibers was not adversely affected by miR-27 over-expression, indicating that miR-27
does not play an important role in myogenic differentiation. These results together illustrate
a critical and specific role of miR-27in the regulation of adipogenic differentiation.

miR-27 prevents the induction of PPARy and C/EBPa

In order to delineate the mechanisms by which miR-27 inhibits adipogenic differentiation,
we investigated the effect of m/R-27on the expression of the well-defined key transcription
factors of adipogenic differentiation, including PPARy, C/EBPa, and C/EBFB. Their
respective expression was determined in 3T3-L1 cells at the protein level using Western blot
analysis on Day 1 and Day 4 of differentiation, a timeframe for observation of early genes
and induction of C/EBPa and PPARy. On Day 1, C/EBPp was highly expressed, whereas
C/EBPa and PPARYy were barely detectable, under control conditions (lanes 3 & 4, Fig.
4A). The expression of neither protein was affected by m/R-27 within the first day of
adipogenic stimulation. As adipogenesis progressed for 4 days, both C/EBPa and PPARYy
were strongly increased; whereas C/EBPP level was reduced, in the control cells (lanes 7 &
8, Fig. 4A). In the miR-27transfected cells, C/EBPa and PPAR~y expression was completely
blocked after 4 days of adipogenic stimulation (lanes 5 & 6, Fig. 4A). In contrast, levels of
C/EBPg protein were not significantly affected by miR-27either on Day 1 or Day 4
compared to the controls. By analysis of mRNA expression using gRT-PCR, we found that
miR-27aand miR-27bwere able to strongly inhibit the transcriptional induction of PPARy
within the first day of adipogenic stimulation (Day 1, Fig. 4B). Robust inhibition of both
PPARy and C/EBPa mRNA took place within 2 days of treatment. In contrast, expression
of C/EBPBand C/EBPS, the two early genes during adipogenesis, was not affected by
miR-27aor miR-27b compared to controls (miR Ctrl and Positive control, Fig. 4B). These
data suggest that m/R-27 inhibits adipogenic differentiation by blocking the transcription of
the adipogenesis-determination genes PPARy and C/EBPa mRNA.

It is predicted that the PPARy gene contains a putative binding motif for miR-27a and
miR-27b (www.microRNA.org). Because transcription of PPARy is induced within 48 hr of
IDM-stimulation (12), we investigated whether miR-27 could be down-regulated PPARy
expression in 3T3-L1 cells treated for 2 days with the adipogenic cocktail. The
differentiating 3T3-L1 cells were transfected with m/iR-27aand miR-27b, respectively.
PPARY protein was detected at 24, 48 and 96 hr post-transfection. We found that
approximately 100% transfection efficiency was achieved using siGLO Red as an indicator.
Based on qRT-PCR analysis, a >30-fold increase in mature miR-27aand miR-27bwas found
in the IDM-stimulated preadipocytes at 48 hr after transfection. As shown in Fig. 4C,
transfection of miR-27a or miR-27b failed to markedly decrease levels of PPARY protein at
each time-point of observation compared to the respective miR controls. The effects of
miR-27on the expression of C/EBPa. protein also appeared to be unremarkable. Consistent
with these observations, adipocyte formation, as observed by accumulation of fat droplets,
was not blocked by miR-27under these experimental conditions. On the other hand,
miR-27a or miR-27b did not appreciably inhibit expression of PPARy and C/EBPa mRNA,
as observed at 48 hr after m/R-27transfection in the 2-day old differentiating 3T3-L1 cells
(Fig. 4D). These data suggest that m/R-27 may not directly repress PPARy or C/EBPa
mRNA. However, miR-27a appeared to repress the levels of PPARy and C/EBPa mRNA at
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72 hr after transfection (Fig. 4D), suggesting that /m/R-27a may target a yet unknown gene
or pathway that negatively regulates the transcription of PPARy and C/EBPa mRNA.
Nonetheless, our data suggest that /m/R-27does not repress the level of PPARy protein in
committed preadipocytes under physiologically relevant conditions.

Expression of miR-27 is elevated in obese mice

In order to gain insight into the potential biologically relevant role of m/R-27in the
regulation of adipose tissue functions /n vivo, we examined the expression of miR-27in the
genetically obese ob/0b mice. The expression of both miR-27aand miR-27b was
significantly increased in the epididymal fat tissue from the o6/0b mice, compared to the
genetically matched lean mice of the same gender and at the same age (Fig. 5A). It is worth
mentioning that both m/iR-27aand miR-27b, although respectively located in chromosomes
8 and 13, are coordinately increased in obese tissue. In contrast, m/R-17-5p, miR-20a and
miR-92, miRNASs that are located in the same gene cluster appeared to be differentially
regulated under obese conditions (Fig. 5B). These observations present the first evidence
that obesity induces expression of a class of miR, such as miR-27, that has the potential to
negatively regulate adipose tissue functions.

Hypoxia regulates miR-27 expression

We and others have shown that hypoxia is a risk factor for adipose tissue malfunctions in
obesity (17, 22). We have further shown that hypoxia inhibits adipogenesis (18, 19). The
elevated miR-27 expression in the adipose tissue of ob/0b mice thus led us to hypothesize
that hypoxia may play a role in the regulation of miR-27expression. To test this hypothesis,
we examined expression of m/R-27in differentiating preadipocytes under hypoxia. All
hypoxia experiments were carried out at 1% O», a hypoxic level of oxygenation similar to
that found in obese mice (17). In preadipocytes, hypoxia increased miR-27a by
approximately 2 fold and m/iR-27b by approximately 1.5 fold (Fig. 6A), consistent with
observation that miR-27a expression was moderately increased by hypoxia in several cancer
cell lines (23). During adipogenic differentiation under the control conditions (21% O,),
expression of miR-27aand miR-27 b was decreased after 24 hr of adipogenic stimulation
(Fig. 6B & C). However, miR-27aand miR-27bremained at elevated levels under the
hypoxic condition. This observation was further confirmed by miRNA microarray analysis
(left panel, Fig. 6D). In comparison, the expression of the miR-17/92 cluster (miR-17-5p,
miR-20, and miR-92), the expression of which is increased during normoxic adipogenesis
(Fig. 1C and (15), was strongly inhibited by hypoxia (right panel, Fig. 6C). These results are
consistent with the notion that hypoxia inhibits adipogenesis.

Discussion

In this report, we have identified miR-27aand miR-27b as a new class of adipogenic
regulators that strongly inhibit adipogenesis. Although the gene loci of miR-27aand
miR-27b are located in different chromosomes (for miR-27a: mouse chromosome 8 and
human chromosome 19; for miR-276. mouse chromosome 13 and human chromosome 9),
our data reveal a concerted down-regulation of the m/iR-27 gene family during adipogenic
differentiation of mesenchymal progenitor cells. Consistent with our observation, an
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independent study has found that m/R-27a appears to be down-regulated upon adipogenic
differentiation of 3T3-L1 preadipocytes (13). Our evidence indicates that the inhibitory
effect of miR-27on adipogenic differentiation is specific. Both miR-27aand miR-27b
inhibit adipogenic conversion of mesenchymal progenitor cells from different tissue origins,
such as the bone marrow-derived OP9 cells and the embryo-derived fibroblastic 3T3-L1
cells. On the other hand, neither miR-27anor miR-27b significantly affects myogenic
differentiation. Interestingly, a very recent study has shown that down-regulation of miR-27
increases intracellular lipid accumulation in hepatic stellate cells (24). Together, these
findings suggest a role of miR-27in multiple metabolic pathways. However, because
miR-27 has the potential to target over three thousand genes, it is possible that miR-27 can
regulate many other biological processes. It has been shown that m/R-27aplays a role in cell
cycle regulation in breast cancer cells (25) and facilitates growth of gastric cancer cells (26).
On the other hand, m/iR-27b has been shown to regulate the expression of cytochrome P450,
a drug-metabolizing enzyme, in cancer cells (27). It is possible that the biological function
of miR-27is manifested in a cell-type dependent manner and/or under certain patho-
physiological conditions.

As compared to other reported miRNAS that have been investigated in adipogenesis, the
miR-27 genes exhibit the strongest function as a class of negative regulators of adipogenesis.
Wang et al. have shown that expression of the miR-17/92 cluster is moderately upregulated
during adipogenesis (15). Over-expression of the m/iR-17/92 cluster moderately enhances
adipogenic conversion, but does not initiate adipogenic differentiation of mouse 3T3-L1
preadipocytes in the absence of adipogenic hormones (15). A moderate increase in miR-143
has also been found during late stage (=7 days) of adipogenic differentiation of human
preadipocytes (14). Treatment with antisense oligonucleotides against m/R-14.3 decreases
lipid accumulation in adipocytes (14). However, Kajimoto et al. have shown that antisense
inhibition of upregulated miRNAs does not affect adipogenic differentiation of 3T3-L1 cells
(13). These observations, nonetheless, suggest the existence of extensive crosstalk or
functional overlap among different miRNA genes.

The miR-27genes appear to inhibit adipogenesis before preadipocytes become committed to
terminal differentiation. The time course study (Fig. 2) has shown that m/iR-27aand
miR-27 b are capable of blocking adipogenic differentiation when introduced before or at the
start of adipogenic stimulation by IDM. After 24 hr of IDM-stimulation, the miR-27 genes
fail to suppress adipogenesis. Because robust transcriptional induction of PPARy and C/
EBPa generally occurs within 24-48 hr of adipogenic stimulation (11, 12, 28), our data
suggest that the miR-27genes are not capable of preventing the committed, PPARy/C/
EBPa-expressing preadipocytes from the terminal differentiation. Nonetheless, our
observations indicate that /m/R-27 genes function by blocking the transcriptional induction
of PPARy and C/EBPa or by preventing preadipocytes from entering the stage of
adipogenesis determination or commitment. The transcriptional repression of PPARy and C/
EBPa appears to be specific because C/EBFB and C/EBPS, which are expressed before the
induction of PPARy and C/EBPa, are unaffected by miR-27a or miR-27b.

It is predicted by bioinformatics that the PPARy mRNA contains one putative binding site
for miR-27aand miR-27bin its 3’ untranslated region. Our data, however, have shown that
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miR-27 does not repress PPARy expression at the protein level, the gold-standard test for
microRNA function, in maturing adipocytes. Because different m/R-27-targeted genes have
been identified in different cell types (24-27, 29), these observations suggest that the target
recognition by microRNAs may be context dependent and/or cell-type specific.
Alternatively, miR-27 could not overcome the strong transcriptional activation of PRPARy
induced by IDM. Nonetheless, our data strongly suggest that the main mechanism by which
miR-27 inhibits adipogenesis is to prevent the transcriptional induction of PPARy in
preadipcoytes before the adipogenic commitment stage.

The negative regulatory functions of miR-27aand miR-27b during adipogenesis prompted
us to investigate whether the expression of miR-27aand miR-27b in adipose tissue is altered
under pathological conditions. Using the epididymal fat tissue from the genetically obese
ob/ob mice and the genetically matched lean mice, we have clearly demonstrated that the
expression of both miR-27aand miR-27b is significantly increased in ob/0b mice (Fig. 5A).
Although fat-derived primary stromal cells (also contain undifferentiated progenitor cells)
have approximately 3-fold higher levels of miR-27aand miR-27bthan primary mature
adipocytes do, it is highly possible that both fat cells and stromal cells contribute to the
overall increase of miR-27 in obese fat tissue, especially under stress conditions. Further
investigation is warranted to clearly determine the contributions to /m/R-27 expression from
different cell types and/or different types of cellular stresses in adipose tissue.

As compared to physiologically normal adipose tissues, obese fat tissues create dramatically
different tissue microenvironments. We and others have found that obese fat tissues
experience decreased tissue oxygenation or hypoxia (9, 17, 30). In this study, we have found
that the expression of both miR-27aand miR-27b is maintained in preadipocytes under
hypoxia (Fig. 6). This result is consistent with our previous findings that hypoxia inhibits
adipogenesis (18, 31) and is also consistent with the finding that m/R-27a expression is
increased by hypoxia (23). However, it is worth noting that obese fat tissue does not only
develop hypoxia, but also becomes inflammatory (8, 32). Inflammatory cytokines, such as
TNFa, can also inhibit adipogenesis and adipocyte functions (33). It is highly likely that
miR-27 expression in obese mice is subjected to regulation by multiple in vivo stresses.
Nonetheless, our finding suggests a potential role of m/R-27in impairment of adipose
functions associated with genetic obesity.

In summary, we have identified miR-27as a new class of epigenetic regulators of
adipogenesis. Our data have also presented a first example that obesity differentially
regulates miRNA expression. The miR-27 genes may potentially play a role in the
pathological progression of obesity-related diseases.

Experimental procedures

Tissue culture, differentiation, and transfection

Mouse 3T3-L1 preadipocytes, mouse bone marrow-derived OP9 cells, and mouse C2C12
myoblast cells were obtained from ATCC (American Type Culture Collections, Rockville,
MD) and maintained in culture conditions recommended by ATCC. Briefly, 3T3-L1 cells
were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% calf serum.
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OP9 cells were grown in aMEM containing 20% fetal bovine serum (FBS). C2C12 cells
were maintained in DMEM containing 10% FBS.

Adipogenic differentiation was carried out according to our previously published protocol
(18, 19), confluent 3T3-L1 or OP9 cells were stimulated for 2 days in the differentiation
medium: DMEM containing 10% FBS and IDM (10 pg/ml Insulin, 1 uM Dexamethasone
and 0.5 mM Isobutylmethylxanthine). Cells were then maintained in DMEM containing
10% FBS and 1 pg/ml Insulin. The medium was replaced every other day. Mature adipocytes
were visualized by staining with a 60% Oil Red O solution. For quantitative analysis, the
intracellularly absorbed Oil Red O was extracted in 100% isopropanol and optical density
was measured at 510 nm (18, 19).

Myogenic differentiation of C2C12 myoblasts was induced at approximately 70%
confluence in DMEM containing 2% horse serum, and the differentiation medium was
replaced every other day (31). Myofiber formation was examined microscopically with or
without hematoxylin staining.

In hypoxia experiments, 3T3-L1 cells were maintained in a hypoxia chamber (Invivo 400,
Ruskinn Inc., Cincinnati, OH) constantly maintained at 1% O,. Culture medium was
replaced every other day inside the chamber.

For miRNA transfection, 3T3-L1, OP9 or C2C12 cells were plated one day before
transfection at a concentration such that cells could reach confluence on the day of
transfection. MicroRNA molecules (miR-27a, miR-27b or the non-targeting miR control,
Applied Biosystems/Ambion, Austin, TX) were incubated in a solution containing
DharmaFECT3 (Dharmacon) and then added to the confluent monolayer. Transfection
efficiency was monitored using a fluorescent RNA duplex oligonucleotide (siGLO Red,
Dharmacon) and was found to approach 100%.

Western blot analysis

Cell lysates were prepared on ice using 25 mM HEPES buffer, pH7.4, containing 1% NP-40,
150 mM NaCl, 2 mM EDTA, and 2 mM PMSF. Equal amounts of protein were subjected to
SDS-PAGE under reducing conditions and analyzed with the following primary antibodies:
polyclonal rabbit anti-PPAR-y, anti-C/EBPa., anti-C/EBPP (Santa Cruz Biotechnologies),
anti-PPARa (Zymed Laboratories), and mouse monoclonal anti-p-actin (Sigma Aldrich).

Quantitative real-time PCR (QRT-PCR)

Total cellular RNA was isolated with Trizol reagent (Invitrogen). For analysis of miRNA
expression in adipose tissue, total RNA was prepared using Trizol from minced epididymal
fat pads harvested from the genetically obese ob/0b mice (male, 12-week old) with the
genetically matched wild-type mice as control. Mice were provided with easy access to food
and water. Animal protocols were approved by the Institutional Animal Use Committee.

Quantification of miRNA was performed using either the TagMan method with the small
RNA sno202as an internal control (TagMan MicroRNA Reverse Transcription Kit and
TagMan Universal PCR Master Mix, Applied Biosystems, Foster City, CA) or the SYBR
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Green method with 5S rRNA as the internal loading control (mirVana qRT-PCR miRNA
Detection Kit, Applied Biosystems/ Ambion), according to the manufacture's recommended
protocols.

Levels of mRNA were quantified in total cellular RNA using the SYBR Green method, with
the two relatively stable endogenous genes UBCZ2and 28S rRNA as controls for
normalization. The following primers were used for PCR, and their specificities were
validated by a single peak in their thermal dissociation curve. For C/EBPa (NM_007678),
forward primer: 5"-CGCAA GAGCC GAGATA AAGC-3’; reverse primer: 5'-CGGTC
ATTGT CACTG GTCAA CT-3’. For C/EBPB (NM_009883), forward primer: 5"-AAGCT
GAGCG ACGAG TACAA GA-3’; reverse primer: 5"-GTCAG CTCCA GCACC
TTGTG-3'. For C/EBPS (NM_007679), forward primer: 5"-TCCAC GACTC CTGCC
ATGTA-3’, reverse primer: 5'- GCGGC CATGG AGTCA ATG-3’. For PPARy
(NM_011146), forward primer: 5"-GCCCA CCAAC TTCGG AATC-3’, reverse primer: 5’-
TGCGA GTGGT CTTCC ATCAC-3".
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Ratio miR-27a miR-27b miR-17-5p miR-20 miR-92
Day 1 vs. 0.89 0.80 2.27 2.31 3.41
Day 0 p < 0.005 p< 0.006 p< 0.001 p< 0.002 p< 0.001
Day 6 vs. 0.67 0.49 1.93 2.10 1.51
Day 0 p < 0.007 p< 0.001 p< 0.001 p< 0.001 p < 0.001
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Fig 1.

Dgcreased expression of miR-27during adipogenic differentiation. 3T3-L1 preadipocytes
were grown to confluence. Adipogenic differentiation was initiated by treatment with the
differentiation cocktail containing insulin, dexamethasone and isobutylmethylxanthine
(IDM), as described in EXPERIMENTAL PROCEDURES. Total cellular RNA was
prepared at indicated time points. A. MicroRNA profile analysis was performed by LC
Sciences, Houston, TX. Ratios were calculated as mean + SD from sextuplicate sampling. B
& C. Expression of miR-27aand miR-27bwas quantitatively assessed by SYBR Green-
based qRT-PCR. Data shown are averages of four independent experiments (mean + SD) and
are analyzed using Student t-test (paired, 2-tailed). *p < 0.01; **p < 0.01, as compared to
time = 0.
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Fig 2.

Inﬁibition of adipogenic differentiation by miR-27. 3T3-L1 preadipocytes were grown to
confluence and transfected with equal total amounts of each of the following miRNA
molecules: miR-27a, miR-27b, miR-27a/miR-27b (1:1), miR control (Ctrl). Adipogenic
differentiation was initiated at 24 hr post-transfection. Cells were fixed and stained with Qil
Red O on Day 6 of differentiation (A). The amount of Oil Red O was quantified after
extraction with isopropanol. Data shown in (B) are mean + sem of a triplicate experiment.
For the time course study, miRNA transfection was indicated in relationship to the start of
the IDM-treatment at Day 0. (C). Cells were fixed and stained with Qil Red O on Day 4 of
differentiation (D). Quantification of Oil Red O was shown in (£). Positive = differentiated
L1 cells without miRNA transfection. Negative = undifferentiated 3T3-L1 cells. The results
shown were confirmed by more than three independent experiments.
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Fig 3.

S;?ecificity of miR-27toward inhibition of adipogenesis. A. The bone marrow-derived
mesenchymal progenitor cells, OP9, were grown to confluence, transfected with indicated
miRNAs or left untransfected (Positive). Adipogenic differentiation was initiated at 24 hr
post-transfection. Cells were fixed and stained with Oil Red O on Day 6 of differentiation.
B. Data shown are mean = sem of a triplicate experiment. Positive = differentiated OP9 cells
without miRNA transfection. One of three independent experiments is shown. C. C2C12
myoblast cells were transfected with indicated miRNAs or left untransfected (Positive).
Myogenic differentiation was initiated at 48 hr post-transfection by maintaining the cells in
culture medium containing 2% horse serum. Cells were fixed on day 4 of differentiation and
stained with hematoxylin and eosin. One of two independent experiments is shown.
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PPARy

Inhibition of expression of PPARy and C/EBPa in preadipocytes by miR-27. A. 3T3-L1

preadipocytes were transfected with miRNAs and then induced at 48 hr to undergo

differentiation as described in Fig. 2. Whole-cell lysates were prepared at indicated time
points for Western blot analysis. One of three independent experiments is shown. B. 3T3-L1

cells were treated as described in (A). Total RNA was prepared at indicated times and
subjected to gRT-PCR analysis. Data shown were mean = sem from three independent
experiments. C. 3T3-L1 cells were subjected to the IDM-treatment for 2 days before

transfection with indicated miRNA or left untransfected (Untreated). Whole-cell lysates
were prepared at indicated time points for Western blot analysis. One of three independent
experiments was shown. D. 3T3-L1 cells were treated as described in (C). Total RNA was
prepared at indicated times and subjected to gRT-PCR analysis. Data shown were mean +

sem from three independent experiments.
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[JLean
* PZA ob/ob

107 A

miR-17-5p miR-20a  miR-92

Elevated expression of miR-27in ob/obmice. A & B. Total RNA was prepared from
epididymal fat pads harvested from ob6/0b mice and genetically matched lean mice. Levels of
miRNA expression were analyzed by TagMan quantitative PCR. Data are mean + sem from
four individual mouse of each group and are analyzed using Student t-test (unpaired 2-
tailed). A. *p <0.02, **p < 0.01 (ob/ob vs. lean); B. *p < 0.03, **p < 0.002 (0b/ob vs. lean).
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Fig 6.
R(Sgulation of miR-27 expression by hypoxia. A. Confluent 3T3-L1 preadipocytes were
incubated overnight at 21% or 1% O,. Levels of miR-27aand miR-27bwere determined by
guantitative RT-PCR. Data shown are mean + sem from three independent experiments. B, C
& D. Confluent 3T3-L1 preadipocytes were subjected to adipogenic differentiation under the
same conditions as described in Fig. 1. For hypoxia treatment, 3T3-L1 cells were placed in a
hypoxia incubator at 1% O, immediately after addition of the IDM cocktail. The control was
maintained in a standard incubator with 21% O,. The normoxia data are the same as shown
in Fig. 1 and are included here for comparison. Expression of miR-27aand miR-27b at
indicated time points was assessed by quantitative RT-PCR. Data shown in (B & C) are
average of four independent experiments (mean x sem). D. MicroRNA profile analysis was
performed by LC Sciences, Houston, TX. Ratios were calculated as mean + sem from
sextuplicate sampling.
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