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a b s t r a c t

There are two classic adipose tissues in mammals, white adipose tissue (WAT) and brown adipose tissue
(BAT). It has been well known that browning of WAT can be induced by cold exposure. In this study, to
identify the novel cold responsive keymiRNAs that are involved in browning, mice were housed at 6 �C for
10 days, and deep sequencing of the miRNAs of WAT and BAT was performed. Our data showed that WAT
and BAT displayed distinct expression profiles due to their different locations, morphology and biological
function. A total of 27 BATand 29WAT differentially expressed (DE) miRNAswere identified in response to
cold stimulation, respectively (fold change >2 and false discovery rate (FDR) <0.05), of which, 9 were
overlapped in both adipose tissues. Furthermore, the potential target genes of the DEmiRNAs fromBATand
WAT were predicted computationally, and the KEGG pathway analysis revealed the enrichment pathways
in cold stimulated adipose tissues. The expression pattern of miR-144-3p/Bmpr1b/Phlda1 and miR-146a-
5p/Sphk2 were further measured by qPCR. Finally, we found that miR-146a-5p was significantly induced
during the primary adipogenesis caused by BAT differentiation, whereas miR-144-3p was decreased. Our
study identifies for the first time the novel miRNAs involved in browning of WAT by sequencing and ex-
pands the therapeutic approaches for combating metabolic diseases.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

There are two functionally distinct adipose tissues in mammals,
white adipose tissue (WAT) and brown adipose tissue (BAT). WAT
has the unique function of storing triglycerides (TGs). In contrast,
BAT is found in the interscapular region in rodents and combusts
excess energy through mitochondrial energy uncoupling mediated
by uncoupling protein 1 (Ucp1) in nonshivering thermogenesis. In
addition to classical brown and white adipocytes, inducible UCP1-
expressing adipocytes have been identified in WAT and are desig-
nated brite (brown-in-white) or beige adipocytes [1]. Cold-induced
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brown adipocytes were found in theWATof adult humans recently,
which generated considerable optimism that beige adipocytes
would offer a therapeutic target to combat obesity and metabolic
disease [2]. Therefore, better understanding the browning of WAT
at the molecular level has become an area of intense investigation.

Substantial research has been performed on the adipose tissue
response to cold stimulation in different species and genomewide
screening provides the valuable information about the genes and
pathways involved in this important biological process [3,4]. The
key molecules involved in the browning of WAT have been illus-
trated; for example, the transcription factors, including PRDM16,
PPARg and C/EBPa, were proven to play the important role in
browning [5]. The subcutaneous adipose depot is an most reactive
to acquire BAT characteristics, whereas visceral depots are much
less responsive [6,7].

MiRNAs have been reported to control key processes in fat
metabolism such as adipocyte fat deposition, differentiation and
brown adipogenesis [8,9]. Dicer and Dgcr8, the key regulators of
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microRNA biogenesis, are required for the formation of white and
brown adipose tissue, respectively [10,11]. Recently, more andmore
related studies have focused on the browning of white adipose
tissues and brown adipogenesis in adaptive thermogenesis [8,11].
For example, miR-133 has been demonstrated to play a critical role
in brown fat differentiation through its target, Prdm16 [12]. A
recent study revealed the effect of miR-155 in controlling the
development of brown and beige fat cells, through its targeting of
C/EBPb [13]. In addition, it has been reported that overexpression of
miR-196a induces the browning of inguinal-WAT (Ing-WAT) in
mice [14]. However, to date, miRNA profile-based studies to
investigate the murine BAT and WAT response to prolonged cold
stimulation have not been reported.

In this study, we analyzed the miRNA profiles in BAT and Ing-
WAT upon prolonged cold exposure and identified the novel miR-
NAs that are involved in the cold-induced activation of BATand Ing-
WAT. The target genes of the DE miRNAs were predicted and the
involved pathways were characterized. Our studies should expand
the elucidation of cold responsive miRNA in adipose tissue.

2. Materials and methods

2.1. Animal experiments

C57BL/6 male mice at 8 weeks of age housed under standard
conditions with ad libitum access to food were randomly divided
into two groups. One group of mice was placed at 28 �C and the
other group was placed at 6 �C for 10 days. Animals were individ-
ually housed with a 12:12-h lightedark cycle and free access to
standard chow diet and water. Adipose tissues, including inter-
scapular BAT, Ing-WAT and gonadal WAT (Gon-WAT), were taken
from each animal and immediately frozen in liquid nitrogen fol-
lowed by storage at �80 �C prior to analysis. All experiments
involving mice were approved by the Institutional Animal Care
Research Advisory Committee of the CAAS.

2.2. Small RNA library construction and sequencing

Briefly, total RNAwas isolated using TRIzol reagent (Invitrogen).
The quality and integrity of the prepared RNA samples were
confirmed using an Agilent 2100 bioanalyzer (Agilent Technolo-
gies). Approximately 1 mg of total RNA was used to prepare the
small RNA library according to the protocol of TruSeq Small RNA
Sample Prep Kits (Illumina). Approximately 16e32 nt RNA frag-
ments were excised and purified from a PAGE gel, and adaptors
were ligated to their 50 and 30 ends using T4 RNA ligase. RT-qPCR
was performed for 17 cycles using adaptor primers and the DNA
fragments were subsequently isolated from agarose gel. Single-end
sequencing (50 bp) was performed on an Illumina Hiseq 2500 to
produce 50 bp single reads at Berry Genomics (Beijing, China)
following the recommended protocol.

2.3. Analysis of the deep sequencing data

Primary data analysis: sequences were obtained using Illumina
HiSeq. Reads were mapped against Illumina adaptor sequences
using blat 17, and the 30 adaptors were subsequently clipped from
the reads using NGS QC Toolkit (v2.3) [15]. The reads were then
filtered for low complexity regions, resulting in the inclusion of
more than 60% of reads on average for each sample. We then used
Burrows-Wheeler alignment (BWA) to align the reads to the miR-
Base version 21 mouse database. The sequences matching known
miRNAs were clustered and counted; the PMMR (sequences per
million mapped reads) method was introduced to display the
miRNA expression. The significantly DE microRNAs were screened
with the criteria of fold change >2, P-value < 0.05 and FDR < 0.05.

MiRNA target prediction was performed using scripts from
Targetscan 6.2 and miRNA-mRNA interaction networks were visu-
alized using Cytoscape. Pathway annotation of the miRNA targets
was performing by the GenCodis 2.0 software [16]. The target genes
were mapped to the GO annotation dataset, and the enriched p
values were calculated using the hypergeometric test.

2.4. Real-time PCR analysis

Total RNA (0.5 mg for miRNA and 2 mg for mRNA) was reverse-
transcribed using the First Strand cDNA Synthesis Kit (Thermo
Scientific) [17]. RT-qPCR was performed using SYBR Green master
mix (Applied Biosystems) and the 7500 Fast Real Time PCR system
(Applied Biosystems). The expression levels were normalized to
those of the housekeeping gene 18s. RT-qPCR of the miRNAs was
performed using specific stem-loop primers and U6 snRNA was
used as an internal reference [18]. The experiment was conducted
in triplicate. The primers used for qPCR are shown in
Supplementary Table 3. Relative gene expression was calculated
using the comparative cycle threshold (2�DDCt) method.

2.5. Western blotting

For Western blot analysis, the tissues were lysed in T-PER Tissue
Protein Extraction Reagent (Thermo-Fisher) in the presence of a
protease inhibitor cocktail (Roche). The lysates and proteinmarkers
(Fermentas) were resolved via SDS-PAGE, transferred to PVDF
membranes (Millipore), and probed using anti-UCP1 (1:1000, cat.
no. 10983, Abcam) and anti-b-actin antibodies (1:2000, cat. no.
12620, CST). The immunoreactive bands were detected using Pierce
ECL Western Blotting Substrate (Thermo).

2.6. Histological studies

Tissues were dissected and fixed in 4% paraformaldehyde
overnight and rinsed with phosphate-buffered saline before
embedding in paraffin. Paraffin-embedded BAT and Ing-WAT were
sectioned at a thickness of 5 mm and stained with hematoxylin and
eosin (H&E) [19]. For immunohistochemistry analysis, paraffin-
embedded dewaxed sections were incubated with anti-UCP1
(1:500, cat. no. 10983; Abcam) according to the avidin-biotin
complex method.

2.7. Cell culture

The primary culture of brown preadipocyte cell lines from new
born pups was performed as previously described [20].

2.8. Statistical analysis

The data are presented as the means ± SEM. The values were
analyzed via two-tailed independent sample Student's t tests, as
appropriate, using GraphPad Prism version 6. A value of P < 0.05
was considered to be significant.

3. Results

3.1. Cold-activated brown and white adipose tissue in mice

To explore the adipose miRNAs changes in expression and to
identify the key miRNAs in the browning of WAT during cold
exposure, male mice at 8 weeks of age were housed in 28 �C and
6 �C for 10 days and the adipose depots were analyzed. Compared
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to BAT, the Ing-WAT exhibited dramatic changes upon cold
exposure, with a browning process and less fat depots. Fig. 1A
shows the representative Ing-WAT and brown fat from mice
exposed at 28 �C and 6 �C. The normalized weight of Ing-WAT and
Gon-WAT were significant lower in mice at 6 �C, compared to
those from 28 �C, whereas the BAT did not exhibit weight changes
during cold exposure (Fig. 1B). H&E staining confirmed the
browning of Ing-WAT (Fig. 1C).

We also detected the expression level of Ucp1, a classic cold-
induced gene in BAT and Ing-WAT, at 28 �C and 6 �C. As shown in
Fig. 1D, Ucp1 mRNA was significantly up-regulated by approxi-
mately 3.5-fold in the BAT and 143-fold in the Ing-WAT during
prolonged cold treatment (Fig.1D). Increase of UCP1 in BATand Ing-
WAT were further confirmed at the protein level by immunoblot-
ting (Fig. 1E) and immunofluorecence (Fig. 1F).
3.2. Intrinsic differences between the miRNA profiles of BAT and
WAT

The differences between the miRNAs profiles of BAT and WAT
were determined by comparison of the miRNAs expression levels
between BAT and Ing-WAT at 28 �C. Based on the criteria of fold
change >2 and FDR <0.05, 86 miRNAs were identified to be
differentially expressed between BAT and WAT, of which 47 were
up-regulated and 39 were down-regulated in BAT (Supplementary
Table 1). Among the 47 up-regulated miRNAs, some miRNAs
showed high expression levels in BAT, whereas they were absent in
WAT, such as miR-499-5p, miR-883a-5p, miR-107-5p and miR-
6481. Similarly, among the 39 down-regulated miRNAs, some
were enriched in WAT and absent in BAT, for example, miR-196a-
5p, miR-196b-5p, miR-196a-2-3p and miR-20b-5p. Our data
revealed the distinct expression difference between BAT and Ing-
WAT.
Fig. 1. Browning of white adipose tissue and induction of BAT activation after cold exposure.
Gon-WAT relative to body weight of mice exposed at 28 �C and 6 �C for 10 days, n ¼ 6. H&E st
at 28 �C and 6 �C. (D, E) Ucp1 expression in BAT and ing-WAT from mice exposed at 28 �C an
the mean ± SEM; *P < 0.05, **P < 0.01 and ***P < 0.001.
3.3. DE miRNAs in WAT and BAT during cold exposure

To elucidate the DE miRNAs in adipose tissue upon prolonged
cold exposure, comparisons of mapped miRNAs in BAT and Ing-
WAT from mice housed at 28 �C and 6 �C were conducted. Based
on the criteria of fold change >2 and FDR <0.05, a total of 27 DE
miRNAs were screened in cold-stimulated BAT, of which 17 were
up-regulated and 10 were down-regulated. Similarly, compared to
Ing-WAT from 28 �C, the miRNA response to cold exposure iden-
tified 29 DE miRNAs with the same criteria, of which 7 miRNAs
were up-regulated and 22 miRNAs were down-regulated (Fig. 2A
and B). Of these cold responsive DE miRNAs, nine were found to be
overlapped in both BAT and Ing-WAT. They exhibited the same
expression patterns, with miR-144-3p, miR-203-5p, miR-6538 and
miR-3076-5p being induced and miR-146a-5p, miR-146b-5p, miR-
150-3p, miR-342-3p and miR-342-5p being repressed in both adi-
pose tissues upon cold exposure (Fig. 2). Tables 1 and 2 list the 14
DE miRNAs with high abundance in BAT and Ing-WAT.
3.4. Target prediction and pathway enrichment analysis of
cold-responsive miRNAs

MiRNAs exert their biological function through their targets
genes. The putative target genes of DE miRNAs from BAT and Ing-
WAT were predicted by TargetScan. A total of 1765 putative tar-
gets were predicted by 27 DE miRNAs from cold-induced BAT,
whereas 29 DE miRNAs from Ing-WAT predicted 2856 potential
target genes.

To elucidate the pathways and the biological processes that DE
miRNAs are involved in, 1765 and 2856 putative targets of DE
miRNAs from cold-induced BAT and Ing-WAT were subjected to
KEGG pathway analysis. The significantly enriched pathways were
analyzed by Fisher's exact test (FDR < 0.001). Fig. 3 shows the top
(A) BAT, and Ing-WAT were isolated at 28 �C and 6 �C. (B) Weights of BAT, ing-WAT and
aining (C) and UCP1 immunohistochemistry (F) of BAT and ing-WAT frommice exposed
d 6 �C detected by RT-qPCR (n ¼ 6) and western blot. All of the results are presented as



Fig. 2. DE miRNAs in BAT and ing-WAT during cold exposure. (A) Heat maps were built by hierarchical clustering of the DE miRNAs. Red highlighted represents the overlap miRNAs
in both BAT and Ing-WAT. (B)Venn diagrams show the overlap of significantly DE miRNAs (fold change >2 and FDR <0.05) in mice exposed at 28 �C and 6 �C. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)
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15 significantly enriched pathways in cold-induced BAT and Ing-
WAT (Fig. 3). Our data indicated that most pathways (10 of 15)
were enriched in both BAT and Ing-WAT and were involved in
response to prolonged cold stimulation (Fig. 3). Five pathways
Table 1
Summary of the differentially expressed miRNAs with high abundance in BAT.

MiRNAs Count in BHa Count in BLa Fold change P-value FDR

miR-144-3p 14920 42538 2.85 6.41E-04 2.36E-02
miR-146a-5p 1981 432 �4.59 7.79E-07 7.54E-05
miR-146b-5p 2379 845 �2.82 4.36E-04 1.87E-02
miR-193a-3p 1375 4399 3.20 1.32E-04 6.79E-03
miR-203-5p 468 4963 10.59 2.49E-13 7.63E-11
miR-3060-5p 204 6935 33.94 1.67E-11 3.85E-09
miR-30e-5p 32728 84043 2.57 1.56E-03 4.47E-02
miR-320-5p 145 843 5.82 2.87E-05 2.03E-03
miR-342-3p 5325 2092 �2.54 1.36E-03 4.03E-02
miR-3960 147 1009 6.85 3.22E-08 4.55E-06
miR-455-5p 719 1955 2.72 1.11E-03 3.46E-02
miR-503-5p 994 373 �2.66 1.15E-03 3.47E-02
miR-5126 35111 494923 14.10 1.44E-14 5.30E-12
miR-574-3p 1475 507 �2.91 4.51E-04 1.89E-02

a BH is BAT at 28 �C, BL is BAT at 6 �C.
known to be involved in cancer, including Wnt signaling, Ras
signaling, prostate cancer, HTLV-I infection and Melanoma path-
ways, were only found in cold-induced BAT (Fig. 3A), whereas Axon
signaling, endocytosis, ErbB signaling, chronic myeloid leukemia
and TGF-beta signaling pathways were only significantly enriched
in cold-stimulated Ing-WAT (Fig. 3B).

As described above, 9 DE miRNAs overlapped in cold-stimulated
BAT and Ing-WAT, and 5 of them (miR-144-3p, miR-146a-5p, miR-
146b-5p, miR-203-3p and miR-342-3p) exhibited high expression
levels in BAT and/or Ing-WAT. We are particularly interested in the
pathways these miRNAs are involved, and the KEGG pathway
analysis of their potential targets was performed. The significant
pathways and the representative targets from these miRNAs are
listed in Supplementary Table 2.
3.5. miRNAs-mRNAs expression validation

To confirm the DE miRNAs from our sequencing analysis,
miR-144-3p and miR-146a-5p, which are cold-responsive miR-
NAs in both BAT and WAT, were selected for further confirma-
tion. Their potential targets, Bmpr1b and Phlda1 for miR-144-3p



Table 2
Summary of the differentially expressed miRNAs with high abundance in Ing-fat.

MiRNAs Count in WHa Count in WLa Fold change P-value FDR

miR-142a-3p 122361 23728 �5.16 4.64E-08 1.08E-05
miR-142a-5p 49821 9404 �5.30 4.58E-08 1.08E-05
miR-142b 123205 23875 �5.16 4.56E-08 1.08E-05
miR-144-3p 4126 13503 3.27 1.10E-04 5.67E-03
miR-146a-5p 8197 1813 �4.52 4.89E-07 6.80E-05
miR-146b-5p 6799 2012 �3.38 4.42E-05 2.74E-03
miR-150-3p 1000 154 �6.51 1.44E-08 5.36E-06
miR-150-5p 51548 10325 �4.99 9.09E-08 1.88E-05
miR-155-5p 8379 1991 �4.21 1.79E-06 1.98E-04
miR-200c-3p 713 171 �4.17 4.20E-06 3.55E-04
miR-203-3p 10244 31252 3.05 1.30E-04 6.38E-03
miR-203-5p 364 5425 14.89 1.21E-16 2.25E-13
miR-20b-5p 1005 169 �5.95 8.00E-09 4.96E-06
miR-342-3p 13222 3607 �3.67 1.22E-05 9.08E-04

a WH is WAT at 28 �C, WL is WAT at 6 �C.
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and Sphk2 for miR-146a-5p, were chosen for miRNAs-mRNAs
interaction validation by qPCR because these genes have been
reported to be involved in fat metabolism [21e23]. As shown in
Fig. 4, the expression level of miR-144-3p was significantly
increased approximately three-fold in both BAT (Fig. 4A) and
WAT (Fig. 4C), which is consistent with our sequencing data
results. As expected, its putative target, Phlda1, was significantly
down-regulated upon cold stimulation in both BAT (Fig. 4A) and
WAT (Fig. 4C). However, the significant down-regulation of
Bmpr1b, another potential target of miR-144-3p, was only
observed in cold-induced BAT (Fig. 4A and C). Similarly, in
agreement with our sequencing results, miR-146a-5p was
repressed significantly in both cold-stimulated BAT and Ing-WAT,
however, its putative target, Sphk2, only showed up-regulation
in BAT (Fig. 4B and D).

3.6. Expression of miR-144-3p and miR-146a-5p in BAT
differentiation

To further investigate the function of miR-144-3p and miR-
146a-5p in BAT differentiation, the brown adipocytes from new
born pups were primarily cultured, and the expression levels of
miR-144-3p and miR-146a-5p were measured during the course of
BAT differentiation. As shown in Fig. 4E, miR-146a-5p showed
significant up-regulation during adipogenesis (Fig. 4E) along with
the expression of adipogenic markers, such as PPARg and C/EBPa
(Fig. 4F). However, a slight down-regulation expression trend was
observed in miR-144-3p during adipogenesis due to BAT differen-
tiation (Fig. 4E).
Fig. 3. Enriched KEGG pathways of potential target genes in B
4. Discussion

In this study, deep sequencing analysis and qPCR were used to
investigate themiRNA expression profiles of mouse BATandWAT in
response to cold exposure for 10 days. Such a prolonged cold
stimulation has been reported previously to result in activation of
adipose tissue [3,4,6]. Our data revealed the distinct miRNA profiles
in mouse BAT and WAT and identified several key microRNAs that
are important for acquiring brown fat features in WAT depots and
brown adipogenesis. The effect of prolonged cold stimulation was
validated by significantly induced expression of UCP1 in the BAT
and Ing-WAT depots.

We identified a set of miRNAs, that can be triggered by cold
exposure in both BAT and WAT. We found that miR-203-5p was
significantly up-regulated in adipose tissues upon cold stimulation,
which was consistent with the previous observation that miR-203
was induced during brown adipocyte differentiation and func-
tioned as a regulator of brown adipocyte development [11]. There is
evidence that miR-193b/miR-365 clusters, brown fat enriched
miRNAs, regulate brown fat differentiation not only in the differ-
entiation of primary preadipocyte, but also by inducing myoblasts
to differentiate into brown adipocytes via their target genes [24].
Our observation of significant up-regulation of miR-193a in cold
exposure BAT suggests that miR-193a may also exert its regulatory
function in BAT development. However, miR-155, which was found
as a key regulator controlling the development of brown and beige
fat cells through C/EBPb [13], did not showchanges in its expression
level in the adipose tissue that we tested. The reason for this might
be that cold-inducible WAT browning is a dynamic process and the
AT (A) and Ing-WAT (B). The bars represent significance.



Fig. 4. Expression pattern of selected miRNA-mRNA in adipose tissues at 28 �C and 6 �C and expression levels of miR-144-3p and miR-146a-5p during BAT differentiation. (AeD)
Relative expression of miR-144-3p and miR-146a-5p and their putative target genes in BAT (A, B) and Ing-WAT (C, D) of mice exposed at 28 �C and 6 �C, n ¼ 6. (E) Relative expression
of miR-144-3p and miR-146a-5p in primary brown adipocytes during differentiation (n ¼ 3). (F) Expression levels of the differentiation markers Cebpa and Pparg (n ¼ 3). The results
are presented as the mean ± SEM; *P < 0.05, **P < 0.01 and ***P < 0.001.
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expression of miR-155 was only measured at the end point of cold
treatment.

The potential targets of the five overlapped DE miRNAs were
subjected to KEGG analysis, and we are particularly interested in
miR-144-3p and miR-146a-5p because these two miRNAs have
been implicated in metabolic syndromes in mouse and/or humans
[25,26]. Our data showed that miR-144-3p is involved in the adi-
pocytokine signaling pathway because it is one of the over-
represented pathways (Supplementary Table 2). A recent study
illustrated the role of miR-144 in regulating the progression of non-
alcoholic steatohepatitis in high-fat-diet induced metabolic syn-
drome E3 rats [25]. Interestingly, neuron related pathways were
found to be enriched in the pathways that miR-146a/146b is
involved in (Supplementary table 2), which indicated that the
neuron systems in adipose tissues were also activated during cold
exposure. Although further experimental work is needed, our
pathway analysis predicts that adipose-neuron cross-talk occurs in
the cold stimulation of adipose tissues. Taken together, although
miR-144 and miR-146a-5p altered their expression levels in cold-
induced adipose tissue, their role in BAT development should be
illustrated by a more detailed mechanism.
MiRNAs exert their function through target genes. We searched
the literature and selected two putative targets (Phlda1 and
Bmpr1b) for miR-144-3p, one (Sphk2) for miR-146a-5p for further
validation. Our data revealed the opposite expression pattern of
miR-144-3p and Phlda1 in both BAT and WAT, which suggesting
miR-144-3p might play the function in BAT activation through
Phlda1. It has been illustrated that Phlda1 gene is critical in energy
homeostasis [22], mice model of miR-144-3p will be a good tool to
validate the target interaction of miR-144-3p and Phlda1 in vivo.
Another potential target, Bmpr1b, a type 1 receptor in the TGFb
pathway, was found to be expressed oppositely with miR-144-3p in
BAT specifically (Fig. 4A and C). The reason might be that miR-144-
3p regulates Bmpr1b at post-transcriptional level inWAT. However,
recent study showed that Bmpr1b knockout didn't affect the BAT
weight [23], its function in adaptive thermogenesis, and interaction
with miR-144-3p still need to be deeply investigated. Sphk2 (a
potential target of miR-144-3p), a member of the sphingosine ki-
nase family, has been shown to regulate adipogenesis and insulin
resistance [27,28]. Again, the opposite expression pattern of miR-
146a and Sphk2 were only found specific in BAT (Fig. 4B and D).
To fully evaluate their interaction in adipose tissue remodeling,
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further studies will require the generation of mouse models with
adipose-specific ablation of the miRNA or/and gene.

In addition, our studies identified three DE miRNAs, miR-3060-
5p, miR-5126 and miR-3960, that exhibited the dramatic up-
regulation (fold change 33.94, 14.1 and 6.85, respectively) in cold-
stimulated BAT (Table 1). Very limited information about these
miRNAs can be found from a literature search. Our data suggest that
they are involved in cold-induced BAT activation, and further
studies will be needed to explore the detailed mechanism.

In summary, our study provides robust evidence of miRNA
response in cold-induced BAT activation and Ing-WAT browning
and highlights the information that is of relevance for under-
standing the mechanisms related to thermogenic adipose tissue.
Further functional studies on detailed miRNA-mRNA interactions
may provide new insights into the effects of miRNA on BAT
activation.
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