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Conserved function of the long noncoding RNA () <o
Binc1 in brown adipocyte differentiation
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ABSTRACT

Objective: Long noncoding RNAs (IncRNAs) are emerging as important regulators of diverse biological processes. Recent work has demon-
strated that the inducible IncRNA Binc1 stimulates thermogenic gene expression during brown and beige adipocyte differentiation. However,
whether Binc1 is functionally conserved in humans has not been explored. In addition, the molecular basis of the BInc1 ribonucleoprotein complex
in thermogenic gene induction remains incompletely understood. The aims of the current study were to: i) investigate functional conservation of
Binc1 in mice and humans and ii) elucidate the molecular mechanisms by which Binc1 controls the thermogenic gene program in brown
adipocytes.

Methods: Full-length human Binc1 was cloned and examined for its ability to stimulate brown adipocyte differentiation. Different truncation
mutants of BInc1 were generated to identify functional RNA domains responsible for thermogenic gene induction. RNA-protein interaction studies
were performed to delineate the molecular features of the BInc1 ribonucleoprotein complex.

Results: Binc1 is highly conserved in mice and humans at the sequence and function levels, both capable of stimulating brown adipocyte gene
expression. A conserved RNA domain was identified to be required and sufficient for the biological activity of Binc1. We identified hnRNPU as an
RNA-binding protein that facilitates the assembly and augments the transcriptional function of the Binc1/EBF2 ribonucleoprotein complex.
Conclusions: Binc1 is a conserved IncRNA that promotes thermogenic gene expression in brown adipocytes through formation of the Binc1/
hnRNPU/EBF2 ribonucleoprotein complex.

© 2016 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. INTRODUCTION on metabolic physiology in part through mechanisms independent of

UCP1-mediated thermogenesis [13,14]. These findings support the

Adipose tissues play a central role in nutrient and energy homeostasis.
White adipose tissue stores energy and plays an important role in
endocrine signaling and crosstalk with the immune system [1—4].
Brown adipose tissue (BAT) contains high mitochondrial content and
generates heat via uncoupling protein 1 (UCP1) [5—8]. Genetic ablation
of brown fat renders mice cold-sensitive and prone to the development
of obesity [9], whereas activation of brown fat thermogenesis has been
linked to increased energy expenditure, reduced adiposity, and lower
plasma lipids [10—12]. We recently demonstrated that brown fat se-
cretes endocrine factors, such as Neuregulin 4, and exerts its effects

concept that augmenting brown fat abundance and/or function may
provide a potentially highly effective treatment for obesity and its
associated metabolic disorders [15—17].

Previous studies have demonstrated that brown fat is present in adult
humans [18—21], and appears highly responsive to physiological and
environmental stimuli [12,22,23]. Human brown fat shares key mo-
lecular and metabolic characteristics with the classical rodent BAT yet
appears to contain both classical and brown-like adipocytes, termed
beige/brite adipocytes [24]. Brown and beige adipogenesis is
controlled by the concerted action of neural and hormonal signals that
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culminate in the transcriptional activation of the gene program
responsible for fuel oxidation and thermogenesis. A number of tran-
scription factors have been identified to regulate the determination and
differentiation of brown and beige adipocytes [7,25]. In addition,
several microRNAs have been demonstrated to regulate different as-
pects of thermogenic adipocyte development and function [26].

Long noncoding RNAs (IncRNAs) are a unique class of transcripts that
share similarities with mRNA with regard to their transcriptional
regulation and biogenesis, but lack protein-coding potential [27].
Chromatin  immunoprecipitation (ChIP) sequencing and RNA
sequencing studies revealed that IncRNA genes are highly regulated
and share epigenetic features with protein-coding genes. LncRNAs
have been shown to regulate diverse biological processes, including
transcriptional regulation, cell differentiation, tissue development, and
tumorigenesis/metastasis [28—35]. LncRNAs exert their effects on cell
signaling and gene expression through physical interaction with protein
factors and/or modulating microRNAs function. Several IncRNAs have
been implicated in the regulation of endocrine signaling, metabolic
tissue development, and lipid metabolism [36,37]. We previously
identified BInc1 as a highly inducible IncRNA that promotes brown and
beige adipocyte differentiation [38]. Another IncRNA named Inc-BATE1
was reported to regulate brown adipogenesis [39]. At the molecular
level, BInc1 physically associates with EBF2, a transcription factor that
controls brown and beige adipocyte identity and differentiation [40,41],
thereby forming a feedforward loop to drive thermogenic adipocyte
differentiation. Despite this, whether Binc1 is functionally conserved in
humans has not been explored. In addition, the molecular basis of the
Binc1 ribonucleoprotein complex in thermogenic gene induction re-
mains to be elucidated. In this study, we demonstrated that Binc1 is a
functionally conserved IncRNA that stimulates thermogenic gene
expression via the Blnc1/hnRNPU/EBF2 ribonucleoprotein complex.

2. MATERIALS AND METHODS

2.1. Adipocyte differentiation

Brown preadipocytes were immortalized using an established protocol
[42], maintained in DMEM supplemented with 10% fetal bovine serum
(FBS), and subjected to adipocyte differentiation, as previously
described [43,44]. Briefly, confluent preadipocyte culture was
switched to differentiation medium (DMEM, 10% FBS, 20 nM insulin,
and 1 nM T3) containing 0.5 mM IBMX, 125 puM indomethacin, and
1 uM dexamethasone for a period of 2 days. The cells were subse-
quently maintained in differentiation medium for up to 6 days.
Differentiated brown adipocytes were treated with vehicle or isopro-
terenol (Iso) for 4 h before RNA isolation or 6 h before protein lysate
preparation. Mitochondrial content and lipid accumulation were
examined following staining with MitoTracker and Oil Red O,
respectively.

2.2. Plasmid constructs

The streptavidin-binding RNA aptamer (StA; 5'-ACCGACCA-
GAATCATGC AAGTGCGTAAGATAGTCGCGGGCCGGG-3') was previously
described [45,46]. The StA tag was fused 5’ end to mouse Binc1
cDNA for affinity precipitation of the Blnc1 ribonucleoprotein com-
plexes. Mouse BInc1 truncation mutants were generated by PCR. T1
mutant contains nucleotide 1—559 of mBinc1 cDNA. T2 and T3
mutants contain a deletion of 252—356 and 351—534 of mBinc1
cDNA, respectively. These truncation mutants were cloned into the
pMSCV retroviral vector. hBinc1 cDNA was amplified from human
liver using Rapid Amplification of cDNA End (RACE). For RNA Domain
1 vectors, mBInc1 RD1 (560—965) and hBInc1 RD1 (269—675) were
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amplified from corresponding full-length ¢cDNA. For hnRNPU knock-
down, two different shRNA sequences were designed (#1: ACA-
GAAAGGTGGAGATAAA and #2: GGGAGAAGTTTGATGAAAA) and cloned
into pMSCV retroviral vector.

2.3. Mitochondrial DNA content and respiration

Total DNA was isolated from differentiated brown adipocytes for the
quantitation of mitochondrial DNA content. Real-time qPCR primers for
mitochondrial DNA (mtND1 and mtCox1) and nuclear DNA (PECAM) are
listed in Supplementary Figure S3. Mitochondrial oxygen consumption
rate in differentiated brown adipocytes was measured using the
Mitocell MT200 miniature respirometer (Strathkelvin Instruments).
Briefly, adipocytes were resuspended in 400 pL differentiation medium
and transferred into the chamber. Oxygen levels in the mixing chamber
were recorded for 5 min followed by FCCP injection (25 ptM). Oxygen
consumption rate was analyzed using the software provided by the
manufacturer (782 Oxygen System version 4.0) and normalized to total
protein content.

2.4. Gene expression analyses

Sybr Green-based qPCR was performed in QuantStudio™ 6 Flex Real-
Time PCR System. The ribosomal protein 36B4 (Rplp0) was used as a
normalization control. For immunoblotting, total cell lysates were
prepared in a lysis buffer containing 50 mM Tris (pH = 7.5), 137 mM
NaCl, 1 mM EDTA, 10% glycerol, 1% Triton X-100, and freshly added
protease inhibitors. Protein samples were separated by SDS-PAGE and
transferred onto PVDF membrane. The membrane was blocked with
5% milk in 1x TBST, incubated with primary and secondary anti-
bodies, and visualized using enhanced chemiluminescence. Primary
antibodies against UCP1 (Alpha Diagnosis), PPARy, Flag-tag (Santa
Cruz Biotechnology), FABP4 (Cell Signaling Technology), mitochondrial
OXPHOS proteins (MitoSciences), and Myc-tag and Tubulin (Sigma—
Aldrich) were used.

2.5. RNA-protein interaction assays

HEK293 cells cultured on 6-well plates were transiently transfected
with Flag-hnRNPU, Myc-EBF2, and Binc1 alone or in combinations.
Total lysates were prepared in a lysis buffer that contains 20 mM Tris
(pH = 7.5), 100 mM KCI, 5 mM MgCly, 1% NP40, and freshly added
protease inhibitors and RNAse inhibitor (51402S, New England Bio-
labs). The lysates were immunoprecipitated using anti-Flag or anti-
Myc agarose beads for 90 min at 4 °C, followed by washing with
wash buffer (50 mM Tris (pH = 7.5), 150 mM NaCl, 1 mM MgCl,, 0.5%
NP40) three times. For IP/qPCR, RNA remaining on the affinity beads
was extracted using Trizol, treated with RNase-free DNase, and
analyzed by gPCR. For RNA pull-down, total lysates were incubated
with Streptavidin agarose beads. After washing, proteins associated
with agarose beads were analyzed by immunoblotting.

2.6. Statistics
Data were analyzed using two-tailed Student’s t-test. A p-value of less
than 0.05 was considered statistically significant.

3. RESULTS

3.1. Identification of the human Binc1 ortholog

The extent to which IncRNAs are functionally conserved among
species remains largely unknown. We have shown that mouse Binc1
is located 3’ to the protein-coding gene Progestin and AdipoQ
Receptor family member 9 (Pagr9) on chromosome 9 [38]. BInc1 is
independently transcribed from its own promoter and undergoes
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polyadenylation (Figure 1A). To explore whether Binc1 is conserved
between mice and humans, we analyzed genomic DNA sequence
adjacent to human Paqr9; the latter is located in a syntenic region on
human chromosome 3. We identified two segments that share high
sequence similarity to mouse BInc1 (mBinc1). This genomic
sequence conservation suggests that the ortholog of mBInc1 may be
present in the human genome and actively transcribed. We performed
5" and 3’ RACE to obtain the full-length cDNA sequence of human
Binc1 (hBInc1) (Figure S1). Sequence alignment analysis indicated
that hBInc1 and mBinc1 contain two highly conserved segments,
sharing 83% and 73% sequence identity, respectively (Figure 1B and
Figure S2). Mouse Blnc1 appears to have a 5’ end extension that is
absent in its human counterpart. We performed coding potential
analysis using Coding Potential Calculator (CPC), an algorithm that
can discriminate protein-coding from noncoding transcripts with high
accuracy (http://cpc.cbi.pku.edu.cn) [47]. Our analysis indicated that,
like the known IncRNAs mBinc1 and Inc-BATE1, hBInc1 was pre-
dicted to be a noncoding transcript (Figure 1C). In contrast, Ucp1 and
Pagr9 were predicted to be protein-coding genes. Similar results
were obtained using Coding Potential Assessing Tool (http:/lilab.
research.bcm.edu/cpat/) [48].
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3.2. Conserved function of human Binc1 in thermogenic gene
induction

To determine whether hBInc1 is functionally conserved in the regu-
lation of thermogenic gene expression, we transduced immortalized
mouse brown preadipocytes with control or a retroviral vector
expressing hBInc1 and performed gene expression analysis during
differentiation. Compared to control, adipocytes overexpressing hBInc1
exhibited significantly increased mRNA expression of Ucp1, ElovI3, and
Cox7al, genes associated with brown and beige adipocyte thermo-
genesis (Figure 1D). Interestingly, the mRNA levels of several tran-
scriptional regulators of thermogenic gene program, including
Ppargcia, Ppara, and Prdm16, were also significantly increased by
hBInc1. We performed adrenergic stimulation with isoproterenol (Iso)
in differentiated brown adipocytes and assessed hormonal induction of
thermogenic gene expression. As shown in Figure 1E, mRNA
expression of Ucp1, Elovi3, Dio2, Ppargcia, and Pparo was induced by
hBInc1 both at the basal state and following Iso treatment. Protein
expression of UCP1 and mitochondrial OXPHOS proteins was also
increased by hBInc1 (Figure 2A). In contrast, expression of the adi-
pogenic markers PPARy and FABP4 appeared similar in two groups.
While hBInc1 overexpression had a modest effect on lipid
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Figure 1: Role of human Binc1 in brown adipogenesis. (A) Genomic structure of the mouse and human Paqr9/BInc1 locus (not drawn to scale). (B) Sequence conservation
between mBInc1 and hBInc1. (C) Coding potential analysis using CPC. Note that negative values reflect a low probability of protein-coding. (D) gPCR analyses of gene expression
during differentiation of brown preadipocytes transduced with vector (open) or hBInc1 (brown) retrovirus. (E) Gene expression of differentiated brown adipocytes treated without (—)
or with (+) isoproterenol for 4 h. Data represent mean + sd. *p < 0.05, hBInc1 vs. vector.
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Figure 2: Human Binc1 augments mitochondrial respiration in brown adipocytes. (A) Immunoblots of total lysates from brown adipocytes treated with vehicle (Veh) or
isoproterenol (Iso) for 6 h. (B) Oil Red O and MitoTracker staining of differentiated brown adipocytes. Scale bar = 100 pm. (C) Mitochondrial DNA content measured by qPCR in
brown adipocytes overexpressing vector (open) and hBInc1 (brown). (D) Oxygen consumption rate (OCR) in the absence or presence of FCCP. Data represent mean + sd.
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Figure 3: Human Binc1 rescues RNAi knockdown of mouse Binc1. (A) Differentiated brown adipocytes expressing control (Vec) or shRNA targeting mBInc1 (#1 and #2) were
treated with vehicle (Veh) or isoproterenol (Iso) for 4 h. Gene expression was analyzed by qPCR. (B) Immunablots of brown adipocyte lysates. Data represent mean =+ sd. *p < 0.05,
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accumulation in differentiated brown adipocytes, it markedly increased
mitochondrial content, as revealed by MitoTracker staining and mito-
chondrial DNA measurements (Figure 2B—C). Further, oxygen con-
sumption studies indicated that hBInc1 increased respiratory capacity
in transduced brown adipocytes (Figure 2D). We conclude from these
results that hBInc1 is functionally conserved in its regulation of brown
adipocyte gene expression.

3.3. hBInc1 rescues RNAi knockdown of mBinc1

To further assess the extent of functional conservation between hBInc1
and mBInc1, we performed rescue studies in mouse brown pre-
adipocytes stably expressing control or shRNA targeting mBinc1.
Consistent with previous studies [38], RNAi knockdown of mBinc1
severely impaired the induction of thermogenic genes during differ-
entiation (Figure 3A). Compared to control, mRNA expression of Ucp1,
ElovI3, Dio2, and Ppara. was markedly reduced by retroviral expression
of shRNA targeting mBInc1. Retroviral hBInc1 overexpression returned
mRNA expression of these genes back to control levels. Similar results
were observed on protein expression of UCP1 and mitochondrial
O0XPHOS genes (Figure 3B). The ability of hBInc1 to rescue the defects
of thermogenic gene expression as a result of RNAi knockdown of

Centroid
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mBInc1 indicated that they are functionally conserved in the context of
brown adipocyte differentiation.

3.4. Functional role of the Binc1 RNA domains

LncRNAs are known to form complex secondary structure as a result of
base pairing. We performed secondary structure prediction for mBInc1
using the RNAfold web server (http://rna.tbi.univie.ac.at/cgi-bin/
RNAfold.cgi). Both minimum free energy (MFE) and Centroid algo-
rithms predicted mBInc1 to form several stem-loop structures, as
indicated by RNA Domain 1 (RD1), RD2, and RD3 (Figure 4A). Among
these, RD1 represents the conserved region between mBlcn1 and
hBInc1. To dissect the functional importance of these three RDs, we
generated mBInc1 truncation mutants that lack each of these domains,
denoted T1, T2, and T3 (Figure 4B), and assayed their ability to promote
brown adipocyte differentiation. As expected, retroviral overexpression
of full-length mBInc1 (mFL) increased mRNA and protein expression of
Ucp1 and mitochondrial OXPHOS genes (Figure 4C—D). In addition,
adipocytes overexpressing mBInc1 exhibited elevated expression of
thermogenic genes following Iso stimulation. While deletion of RD2 (T2)
and RD3 (T3) appeared to have modest effects on mBInc1 function, RD1
deletion (T1) rendered mBInc1 essentially inactive in stimulating the

D
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Figure 4: Functional analysis of mouse Blnc1 domains. (A) Predicted secondary structure of mBInc1 using RNAfold web server. Three segments predicted to form stem-loop
structures were indicated by red cycles. (B) Diagram of mBInc1 truncation mutants. (C) Gene expression analysis of differentiated brown adipocytes expressing vector (Vec), full-
length mBInc1 (FL), or individual truncation mutants treated with Veh or Iso. (D) Immunoblots of brown adipocyte lysates. Data represent mean + sd. *p < 0.05, vector vs. Vec.
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expression of thermogenic genes. These results demonstrate that the
conserved RD1 is required for the biological function of mBInc1 in
inducing thermogenic genes in brown adipocytes.

We next examined whether RD1 of mBInc1 and hBInc1 is sufficient to
promote thermogenic gene expression in brown adipocytes. We
transduced brown preadipocytes with control or retroviral vectors
overexpressing full-length mBInc1 or hBInc1 and the respective RD1
constructs (Figure 5A). Similar to the full-length construct, expression
of mouse RD1 was sufficient to stimulate the expression of thermo-
genic genes, including Ucp1, Elovl3, and Dio2, and Ppargcia, under
basal and Iso-stimulated conditions (Figure 5B—C). Overexpression of
human RD1 also increased the expression of these genes to similar
extent as full-length hBInc1. These results suggest that RD1 contains
the functional elements of Binc1 responsible for the transcriptional
activation of brown adipocyte genes.

3.5. Binc1 physically interacts with hnRNPU

We have demonstrated that Binc1 is physically associated with EBF2, a
transcription factor that has been implicated in the regulation of brown
and beige adipocyte development. As EBF2 lacks a discernable RNA-
binding domain, we postulated that Binc1 may interact with EBF2 via
additional RNA-binding factors. Recent studies demonstrated that
heterogeneous nuclear ribonucleoprotein U (hnRNPU) interacts with
IncRNAs and regulates brown adipogenesis [39,49]. To test whether
hnRNPU physically interacts with Blnc1 and EBF2, we transiently
transfected HEK293 cells with constructs expressing individual factors
and performed immunoprecipitation/qPCR (IP/qPCR) analysis. Both

immunocomplexes (Figure 6A—B). Reciprocal IP studies using
streptavidin-binding aptamer-tagged mBInc1 (StA-Binc1) indicated
that hnRNPU was enriched in the Blnc1 ribonucleoprotein complexes
precipitated using streptavidin beads (Figure 6C).

We next determined the RNA and protein domains important for
physical interaction between Binc1 and hnRNPU. Similar to full-length
Binc1, T2 and T3 truncation mutants exhibited strong interaction with
hnRNPU (Figure 6D). In contrast, T1 mutant that lacks RD1 failed to
interact with hnRNPU in this assay, consistent with the important role
of RD1 in thermogenic gene induction. These results suggest that
hnRNPU may function to recruit Binc1 to EBF2 and facilitate the for-
mation of the BInc1 ribonucleoprotein transcriptional complexes.

3.6. hnRNPU facilitates the formation of EBF2/Binc1
ribonucleoprotein complex

We next performed co-IP experiments to determine whether hnRNPU
physically interacts with EBF2. As shown in Figure 6E, EBF2 was
abundantly present in the precipitated EBF2 immunocomplex (anti-
HA). To determine whether hnRNPU facilitates the recruitment of
Binc1 to EBF2, we transiently transfected HEK293 cells with
expression constructs for Myc-tagged EBF2 and StA-Binc1 in the
absence or presence of hnRNPU plasmid and performed RNA IP using
streptavidin beads. Immunoblotting analysis revealed that hnRNPU
augmented the association between EBF2 and Binc1 (Figure 6F). IP/
gPCR studies indicated that the recruitment of mBInc1 to EBF2 was
significantly enhanced by the addition of hnRNPU (Figure 6G). These
results suggest that hnRNPU may serve a critical role in mediating the

mBinc1 and hBInc1 strongly associated with the hnRNPU transcriptional function of Binc1 in brown adipocytes. To test this, we
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Figure 5: A conserved RNA domain in mouse and human Binc1 promotes brown adipogenesis. (A) Diagram showing the FL and RD1 BInc1 constructs. (B) qPCR analysis of
differentiated brown adipocytes expressing vector (Vec), full-length mBInc1 (mFL) or hBInc1 (hFL), or respective RD1 fragments (mRD1 and hRD1). (C) Immunoblots of brown

adipocyte lysates. Data represent mean + sd. *p < 0.05, vs. Vec.
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performed RNAi knockdown of hnRNPU in brown preadipocytes and
examined the ability of BInc1 to stimulate thermogenic gene
expression. RNAi knockdown of hnRNPU significantly impaired the
induction of Ucp1 and Dio2 in response to mBInc1 overexpression
(Figure 7A—B). Similarly, hnRNPU knockdown diminished the stim-
ulation of Ucp1 and Dio2 expression in response to EBF2 over-
expression in differentiated brown adipocytes (Figure 7C—D).
Together, these results demonstrate that hnRNPU is required for the
induction of thermogenic genes by Binc1.

4. DISCUSSION

Proteins and microRNAs have been established as the major products
of the information encoded in the genome. More recently, IncRNAs are
emerging as a new class of regulatory factors that impinge on diverse
biological processes, including metabolic tissue development and
function. However, the extent to which IncRNAs are functionally
conserved among species remains largely unknown. In this study, we
demonstrated that Binc1 is a highly conserved IncRNA that drives the
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induction of thermogenic gene program during brown adipocyte
differentiation. In addition, both mouse and human Binc1 physically
interacts with the RNA-binding protein hnRNPU and EBF2 to form a
ribonucleoprotein complex that regulates the transcription of genes
involved in thermogenesis (Figure 7E).

The molecular and functional conservation of Binc1 is supported by
several observations. First, hBlncl and mBinc1 share extensive
sequence conservation, particularly the 3 RNA domain (RD1) with over
73% sequence identity. This fragment is predicted to form a stem-loop
structure that likely serves as an interface for RNA-protein interaction.
In support of this, the physical interaction between Binc1 and hnRNPU
was essentially abolished in the Binc1 truncation mutant lacking RD1.
Second, retroviral overexpression of hBInc1 is sufficient to induce the
expression of genes involved in thermogenesis and mitochondrial fuel
oxidation and increase respiration in differentiated mouse brown adi-
pocytes. The transcriptional activation function of Blnc1 is mediated
through RD1, which is both required and sufficient for thermogenic
gene induction. Finally, hBInc1 rescued the defects of thermogenic
gene expression in brown adipocytes expressing shRNAs that

B
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Figure 6: Physical interaction between Binc1 and hnRNPU. (A—B) IP/gPCR analyses of mBInc1 (A) or hBInc1 (B) in RNA isolated from anti-Flag immunocomplexes or input from
transiently transfected HEK293 cells. (C—D) Immunoblots of total lysates and precipitated proteins on streptavidin beads (SA) from transiently transfected HEK293 cells. (E)
Immunoblots of total lysates and anti-HA immunocomplex. (F) Inmunoblots of Myc-EBF2 in lysates and streptavidin beads (SA) from transfected HEK293 cells. (G) IP/qPCR analyses
of mBInc1 in RNA isolated from anti-Myc immunocomplex or input from transiently transfected HEK293 cells.
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ribonucleoprotein transcriptional complex.

knockdown endogenous mBInc1. Interestingly, hBInc1 overexpression
was unable to drive the expression of thermogenic genes to the levels
observed in control adipocytes, suggesting that certain aspects of
mBInc1 function may not by fully complemented by hBInc1.

The molecular mechanisms that mediate the induction of thermo-
genic genes in brown adipocytes remain incompletely understood. We
previously demonstrated that Binc1 is associated with EBF2. As EBF2
lacks a canonical RNA-binding domain, it is likely that its interaction
with Binc1 may be indirect and mediated by additional proteins. In
support of this, we found that hnRNPU physically interacts with both
EBF2 and BInc1. RNA-protein interaction studies indicated that
hnRNPU augments the recruitment of Binc1 to EBF2, suggesting that
hnRNPU may serve as a scaffold for the assembly of the Binc1
ribonucleoprotein complex that is important for transcriptional acti-
vation of thermogenic genes in brown adipocytes. The critical role of
hnRNPU in mediating the induction of thermogenic genes by Binc1 is
further illustrated by RNAi knockdown studies. It is possible that
distinct ribonucleoprotein complexes containing Binc1 may exist to
regulate the differentiation and function of thermogenic adipocytes. In

108

addition, IncRNAs have been shown to recruit chromatin-remodeling
proteins to regulate the epigenetic state of their target genes. The
nature of the epigenetic regulators recruited by Binc1 remains to be
elucidated. Future studies using proteomic tools will provide impor-
tant insights into the molecular nature of the Blnc1 ribonucleoprotein
complexes.
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