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Introduction: Long noncoding RNAs (IncRNAs) play critical regulatory roles in metabolic
disorder. Whereas, the regulatory role of IncRNAs in mitochondrial function of white
adipose tissue (WAT) is unknown.

Materials and Methods: We investigated the role of Blncl in metabolic homeostasis and
mitochondrial function of C57BL/6 mice fed a high-fat diet (HFD) for 12 weeks, followed
by multi-point injection of adenovirus carrying Blncl into epididymal fat (eWAT). In vitro,
mitochondrial biogenesis and function were analyzed in 3T3-L1 pre-adipocytes with Blncl
overexpression or knockdown. Mechanically, RNA immunoprecipitation (RIP) and chroma-
tin immunoprecipitation (ChIP) were used to highlight the molecular mechanism of Blncl in
pre-adipocytes.

Results: Gross eWAT weight was significantly decreased and insulin resistance was
improved in HFD-Ad-Blncl mice. Mitochondrial biosynthesis was induced by Blncl in
eWAT, as evidenced by an increased mitochondrial DNA and enhanced Mito-tracker stain-
ing. The expression of mitochondria-related genes was increased in eWAT, hepatic fatty acid
oxidation was upregulated, and lipid deposition was reduced in HFD-Ad-Blncl mice.
Knockdown of Blncl in 3T3-L1 pre-adipocytes resulted in mitochondrial dysfunction. The
mechanistic investigation indicated that Blncl stimulated the transcription of Pgclf via
decoying hnRNPA1.

Conclusion: Therefore, eWAT-specific overexpression of Blncl improves hepatic steatosis
and systemic insulin sensitivity, likely by enhancing mitochondrial biogenesis and function.
Keywords: IncRNA-BIncl, mitochondria, white adipose tissue, obesity, ribonucleoprotein,

Pgclp

Introduction

Obesity is a global public health issue and acts as an important risk factor for
chronic diseases such as type 2 diabetes, non-alcoholic fatty liver disease
(NAFLD), cardiovascular disease, and cancer.! Indeed, the global prevalence of
obesity has almost tripled since 1975. In 2016, more than 1.9 billion adults were
overweight; of them, over 650 million were obese.”

Long noncoding RNA (IncRNAs), as non-protein coding transcripts of >200 nucleo-
tides, are key regulators of gene expression and cellular physiology.> LncRNAs can be
found in the nucleus or cytosol. LncRNAs play important roles in chromatin modifica-
tion, transcriptional regulation, ribonucleoproteins, microRNA sponges, and mRNA
stability.*
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Recent studies have focused on IncRNAs as regula-
tors of the endocrine system. Brown fat IncRNAI1
(BIncl) was discovered in a study of the role of
IncRNAs in thermogenic adipocyte differentiation.’
Zbtb7b recruits the Blncl/heterogeneous nuclear ribonu-
cleoprotein U (hnRNPU) complex to activate the ther-
mogenic program in brown adipocytes.® Blncl also
orchestrates adipocyte adaptation to obesity and main-
tains systemic metabolic health.” In liver tissue, Blncl
acts as a transcriptional checkpoint to exacerbate insulin
resistance and NAFLD.®

Mitochondria play a vital role in maintaining metabolic
homeostasis in white and brown adipocytes.” White adi-
pocytes contain fewer and smaller mitochondria than those
of brown adipocytes, but they are important in adipogen-
esis, adipokine secretion, lipogenesis, lipolysis, and other
functions.'® Mitochondrial dysfunction in white adipo-
cytes is associated with metabolic disorders, including
obesity and type 2 diabetes.'' Obesity suppresses the oxi-
dative capacity, enhances the production of reactive oxy-
gen species, and reduces the amount of mitochondrial
DNA."?

Peroxisome proliferator-activated receptor gamma
coactivator 1 (PGC1) family of transcriptional coactivators
includes Pgcla and Pgclp, plays a central role in regulat-
ing mitochondrial biogenesis and function."® In cardiac
cells, the PGC-1 coactivators interact with nuclear respira-
tory factor 1 (NRFI), estrogen-related receptor a(ERRa)
and peroxisome proliferator-activated receptor a(PPARa),
leading to stimulate mitochondrial biogenesis.'* In both
white and brown adipocyte differentiation, the expression
of Pgcla and Pgclp was significantly increased along with
the progress.'”

Heterogeneous nuclear ribonucleoproteins (hnRNPs)
are a large number of RNA-binding proteins associated
with complex and diverse biological processes.'®!” It has
been widely reported that hnRNPA1 is the most abundant
and acts as an important modulator in various gene reg-
'® Moreover, hnRNPA1 regulates the
gene expression and translation of several key factors

ulatory networks.

associated with cell proliferation, metabolism, adaptation
to stress.'**°

However, few studies have investigated the regulatory
role of IncRNAs in mitochondrial function in WAT.?' We
evaluated the role of IncRNA-BIncl in metabolic home-
ostasis and its association with mitochondrial function in

white fat.

Materials and Methods
Animal Studies and Adenovirus

Administration

Five-week-old male C57BL/6 mice were purchased from the
Slack Experimental Animal Center of the Chinese Academy
of Sciences. Mice were maintained at 22°C under a 12/12
h light/dark cycle, with ad libitum access to water and stan-
dard rodent chow (63.92% carbohydrate, 26.18% protein,
and 9.9% fat) or a high-fat diet (HFD; 35% carbohydrate,
20% protein, and 60% fat) for 12 weeks. After 12weeks of
HFD feeding, 2 x 10'° purified adenovirus particles (control
or Blnc1) were multi-point injected into eWAT on both sides.
After 5 weeks, mice were euthanized by CO, asphyxiation
and the injected eWAT was subjected to assay of the expres-
sion of BInc1 and mitochondria-related genes by quantitative
real-time PCR (qQRT-PCR) and Western blotting. The eWAT,
perirenal WAT (prWAT), inguinal subcutaneous WAT
(ingWAT), brown adipose tissue (BAT), and liver were iso-
lated, weighed, and stored at —80°C until use. All protocols
for animal use and maintenance were approved by Zhejiang
University Animal Care and Use Committee.

In vivo imaging of treated mice was performed using
the Xenogen IVIS Lumina imaging system (Caliper). Mice
were anesthetized by isoflurane inhalation for 10 to 15 min
and imaged in an imaging chamber. The photo images
were analyzed using Living Image 4.3 software.

Cell Culture

Mouse 3T3-L1 pre-adipocytes were purchased from ATCC
and cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum and
penicillin-streptomycin at 37°C in an atmosphere contain-
ing 5% CO,. Pre-adipocytes were plated onto six-well
plates 1 day before transduction with over-Blncl adeno-
virus or knockdown (KD)-Blncl Ientivirus in medium
containing 5 pg/mL Polybrene. After 72 h, the cells were
harvested and processed for mitochondrial content and
gene expression analysis.

Metabolic Analysis

Intraperitoneal glucose tolerance tests (IPGTTs) and insulin
tolerance tests (ITTs) were performed at the end of 5 weeks
after adenovirus particles injection, as described previously.
For IPGTTs, mice were fasted for 6 h and injected IP with
glucose solution at 2.0 g/kg body weight.** For ITTs, mice
were fasted for 4 h and insulin was administered IP at 1 U/kg
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body weight. The plasma glucose level was measured at 0,
15, 30, 60, and 120 min after injection.

Assays of Blood Biochemical Parameters

and Serum Insulin and Adiponectin Levels
At the end of 5 weeks after adenovirus particles injection,
mice were fasted for 12 h. Blood samples were obtained,
allowed to stand at room temperature for 30 min, and
centrifuged at 3000 rpm for 10 min at 4°C to obtain
serum. The total cholesterol (TC), triglyceride (TG), low-
density lipoprotein cholesterol (LDL-c), high-density lipo-
protein cholesterol (HDL-c), and free fatty acid (FFA)
levels were determined using an automatic analyzer
(Hitachi 7020, Japan). The non-HDL-c level was calcu-
lated as: non-HDL-c = TC — (HDL-c). The plasma adipo-
nectin level was measured using an enzyme-linked
immunosorbent assay kit (FT102, EZassay, China) accord-
ing to the manufacturer’s protocol.

Histological Analysis of eWAT and Liver

Tissue

The eWAT and liver tissue was weighed, fixed, and sec-
tioned at 6 um thickness. The sections were stained with
hematoxylin and eosin (H&E) and inspected under a light
microscope.

Measurement of Hepatic TG and TC
Levels

Hepatic TG and TC levels were measured in frozen liver
samples (100 mg). Tissue was mixed with 1 mL of phos-
phate-buffered (PBS)
2500 rpm. The supernatant was assayed using a TG and

saline and homogenized at
TC kit (Nanjing JianCheng, China) according to the man-
ufacturer’s protocol.

Assay of Mitochondrial Function

Mitochondria were assayed in terms of DNA copy number,
Mito-tracker staining, and ATP production. For Mito-tracker
staining, 3T3-L1 preadipocytes were incubated in Mito-
tracker Red CMXRos solution (final concentration, 25 nM)
for 30 min. The cells were visualized under an inverted
fluorescence microscope (Zeiss, Germany). The eWAT
weighed to a certain weight and fully ground with liquid
nitrogen. And pre-adipocytes were collected by trypsin
digestion. Then, the eWAT and the pre-adipocytes of total
DNA was isolated according to the manufacturer’s protocol
(QIAamp DNA Mini Kit, Qiagen, Germany). The qRT-PCR

was performed to measure the mitochondrial DNA (mtDNA)
copy number by assessing the ratio of mitochondrial to
nuclear DNA. The ATP concentration was measured using
an ATP Assay Kit (Beyotime Biotechnology, China).

Measurement of the Mitochondrial

Oxygen Consumption Rate

The oxygen consumption rate (OCR) of 3T3-L1 pre-
adipocytes was measured using a Seahorse Bioscience
XF-96 extracellular flux analyzer (Seahorse Bioscience,
Billerica, MA, USA), as detailed previously.*>**

Transmission Electron Microscopy (TEM)
3T3-L1 pre-adipocytes (3 x 10°) were digested with tryp-
sin, centrifuged at 1000 rpm for 5 min. After washing with
PBS, the cells were fixed in 2.5% glutaraldehyde at 4°C
for 4 h and post-fixed in 1% osmic acid at room tempera-
ture for 1 h. The samples were dehydrated in increasing
concentrations of ethanol for 15 min and transferred to
absolute acetone for 20 min. After placing in a 1:1 mixture
of absolute acetone and embedding agent for 2 h at room
temperature, the samples were cut into 70 nm sections
using a microtome. Finally, the cellular ultrastructure was
visualized by transmission electron microscopy (FEI
TecnaiT10).

Quantitative Real-Time PCR

Total RNA was extracted using RNAiso Plus (TaKaRa)
according to the manufacturer’s instructions. Total RNA (1
pg) was reversed-transcribed using the First-Chain cDNA
Synthesis Kit (TaKaRa). Real-time PCR was carried out on
a Roche LightCycler 480 PCR System using SYBR Green
Master Mix and gene-specific primers. The 2-AACT method
was used to analyze relative changes in gene expression
normalized to b-actin as the internal control.

Western Blotting

Total protein was isolated from eWAT in lysis buffer for 30
min at 4°C. Protein concentrations were measured using BCA
Protein Assay Reagent (P0011, Beyotime Biotechnology,
China). Proteins were transferred to a polyvinylidene difluor-
ide membrane, blocked with 5% nonfat dry milk in PBS with
0.02% (v/v) Tween-20, and incubated with the primary anti-
bodies at 4°C overnight. Next, the membrane was washed and
incubated for 1 h at room temperature with a peroxidase-
labeled secondary antibody. After washing, protein bands
were visualized by electrochemiluminescence (FD8030,
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FDBio Science, China). The anti-mitochondrial oxidative
complex cocktail antibody (ab110413, 1:200 dilution) and
anti-hnRNPA1 antibody (sc365486) were obtained from
Abcam (Cambridge, UK) and Santa Cruz (USA), respectively.
The mouse anti-b-actin antibody (A5441) was purchased from
Sigma-Aldrich (St. Louis, MO, USA).

RNA Pulldown Assay

RNA pulldown was performed as described previously.?’
The RNA-protein complexes were eluted, resolved by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
and stained with Silver Stain Plus (P0017S, Beyotime
Biotechnology, China). Bands specifically pulled down by
biotinylated Blncl were excised from the gel, digested.

RNA Immunoprecipitation

RNA immunoprecipitation (RIP) was performed with a RIP
kit (Millipore, USA) as described previously.*® For endo-
genous RIP assay, anti-hnRNPA1 antibody (sc365486,
Santa Cruz, USA) or normal mouse IgG was incubated
with magnetic beads for 30 min at room temperature, total
cell lysate was added, and the samples were incubated at 4°
C overnight. RNA was extracted, purified using an organic
solvent, and assayed by qRT-PCR using mBInc1 primers
(forward, 5-CAAGGAAGTCATGAGCCCAATG-3' and
reverse, 5'-TAAAGGCTTCAACGGTGGCTG-3").

ChIP Assay

ChIP assay was performed using Simple ChIPTM Enzymatic
Chromatin IP Kit (Magnetic Beads) (Cell Signaling
Technology, USA) as previously reported.”” In brief, 3T3-L1
pre-adipocytes were cross-link with 1% formaldehyde for 10
min, which was then stopped by incubation with 10 X glycine
at room temperature for 5 min. The cell suspension was
incubated by Micrococcal nuclease in order to digest the
DNA chains into small fragments and sonicated to break the
nuclei. The DNA fragments were then incubated with rabbit
monoclonal antibody to rabbit polyclonal antibodies to
hnRNPAL1 (sc365486, Santa Cruz Biotechnology, USA), or
control rabbit IgG 4 h to overnight for immunoprecipitation.
Chromatin association was measured using qPCR, the forward
and reverse primers were: 5- CAAGGTACAAGGGAGGCT
GAGAC -3’ and 5'- CCCATTGGCCTCCCTTTTCTT -3’
for mouse Pgc1f promoter.

Statistical Analysis
Data are expressed as means + standard error of the mean.
Statistical analysis was conducted with SPSS version 20.0

software, using one-way analysis of variance (ANOVA) for
multiple group comparisons or Student’s ¢-test for two-group
comparisons. A value of P < 0.05 was taken to indicate
statistical significance.

Results

Overexpression of IncRNA-BIncl in
eWAT Ameliorates Obesity-Induced

Insulin Resistance

To assess the role of Blncl in eWAT in metabolic health,
adenovirus particles carrying Blncl were multi-point-
injected into eWAT on both sides of HFD-induced obese
mice. The qRT-PCR and in vivo imaging showed that Blncl
was overexpressed in eWAT of HFD-Ad-Blncl-treated mice
(Figure 1A and B). Overexpression of Blncl tended to
decrease the rate of increase in body weight (Figure S1A)
and the gross eWAT mass (Figure 1C) in HFD-induced
obese mice. The expression of Blnc1 was slightly upregulated
in BAT but was not significantly changed in ingWAT of HFD-
Ad-Blncl mice (Figure S1B and C), and the other three
adipose tissues were unchanged (Figure S1D and F). The
blood glucose level was similar in HFD-Ad-Blncl mice
(Figure 1D). Surprisingly, HFD-Ad-Blncl mice exhibited
a significant increase in the plasma adiponectin concentration
(Figure 1E), which is closely related to insulin resistance and
crosstalk between WAT and the liver. Furthermore, IPGTTs
and ITTs revealed that overexpression of Blncl ameliorated
obesity-induced glucose tolerance and insulin sensitivity
(Figure 1F1, F2, G1, G2).

Meanwhile, Blncl activation in eWAT had a slight
impact on dyslipidemia in HFD-induced obese mice.
Consistent with HFD feeding, the plasma TC and non-
HDL-c levels were significantly lower in HFD-Ad-Blncl
mice (Figure S2A and B). However, the plasma TG, FFA,
LDL-c, and HDL-c concentrations were not significantly
different between HFD-Ad-GFP and HFD-Ad-Blncl mice

(Figure S2C-F).

The eWAT-Specific Overexpression of
Bincl Alleviates the Hepatic Damage
Induced by HFD

We next determined whether eWAT-specific activation of
Bincl influenced HFD-induced hepatic steatosis. The liver
mass had a slight difference between HFD-Ad-GFP and HFD-
Ad-Blincl groups (Figure 2A). However, H&E staining
showed that hepatocytes of HFD-Ad-GFP group contained
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Figure 1 (A) Bincl expression in eWAT following infection with Ad-GFP or Ad-Binc| adenovirus; (B) tissue distribution of GFP expression; (C) eWAT/body weight (%);
(D) blood glucose level; (E) plasma adiponectin concentration; (Fl, F2) IPGTTs and AUC of plasma glucose; (G, G2) ITT and AUC of plasma glucose, IPGTTand ITT were
measured in mice fed a HFD for 17 weeks. *p < 0.05, **p < 0.0, **p < 0.001, NCD vs. HFD-Ad-GFP groups; #p < 0.05, ###p < 0.001, HFD-Ad-GFP vs. HFD-Ad-Binc|
groups (n = 5).
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more lipid droplets and exhibited more ballooning-induced
degeneration than those of the NCD group (Figure 2B). The
eWAT-specific activation of Blncl alleviated HFD-induced
pathological hepatic steatosis (Figure 2B). The hepatic trigly-
ceride content was significantly reduced in HFD-Ad-Blncl
mice (Figure 2C), whereas the hepatic TC content was not
different between HFD-Ad-GFP and HFD-Ad-Blncl groups
(Figure 2D). The hepatic mRNA levels of genes in adiponec-
tin-related pathway—AdipoR2, APPL1, and PPARa were
increased in the liver of HFD-Ad-Blncl mice (Figure 2E).
Furthermore, the hepatic mRNA levels of key genes in fatty-
acid oxidation—CPT1o, Acadl, Aox, and Ehhadh—were sig-
nificantly upregulated (Figure 2F).

Overexpression of BIncl Reverses

Mitochondrial Dysfunction in Obese Mice
To clarify the mechanism by which overexpression of Blncl
in eWAT resulted in improvement of systemic metabolic
homeostasis, we investigated the structure and function of
eWAT. H&E staining suggested that Blncl overexpression
decreased the size of adipocytes compared with those of
HFD-Ad-GFP mice (Figure 3A1, upper). Mitochondrial
mass was markedly induced by Blncl overexpression in
eWAT, as determined by increased Mito-tracker staining
and mtDNA content (Figure 3Al A2, B).
Mitochondrial protein complexes (I-V) of the electron
transport chain (ETC) mediate oxidative phosphorylation.

lower,
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biosynthesis and function (Pgcla, Pgclf, adiponectin and
ETC complexes) was increased in eWAT of HFD-Ad-Blncl
mice (Figure 3C1, Figure 3C2-E).

Role of Blncl in Mitochondrial Biogenesis

and Function in Pre-Adipocytes

Blncl overexpression in vivo suggested that Blncl of
eWAT plays an important role in metabolic homeostasis.
Accordingly, the improvement of metabolic health is
dependent on WAT mitochondria and its remodeling. To
test this hypothesis, we analyzed mitochondrial biogenesis
and function in 3T3-L1 pre-adipocytes with Blncl over-
expression or knockdown.

The mtDNA content was significantly increased in
Blnc1-overexpressing pre-adipocytes (Figure 4A and B).
Consistently, Blncl activation upregulated the expression
of mitochondrial biogenesis-related genes, including
Pgclf, NRFI, hnRNPAI and adiponectin (Figure 4C).
Furthermore, the mRNA levels of ETC complexes were
increased by Blncl overexpression (Figure 4D). To exam-
ine whether Blncl affected mitochondrial function in pre-
adipocytes, we assayed the ATP level and OCR assay in
Blncl-overexpressing cells. The Blncl- overexpressing
pre-adipocytes presented a higher ATP level (Figure 4E)
and OCR (Figure 4F), particularly in maximal and spare
respiration capacity (Figure 4G-I).

TEM at magnifications of 2500x and 8300x showed
that Blncl-overexpressing cells had a greater number of
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Figure 2 (A) Liver weight (g); (B) H&E staining of liver sections (scale bar = 100 um); (C, F, D) hepatic triglyceride level; (D) hepatic total cholesterol level; and (E, F) hepatic gene
expression by gRT-PCR. *p < 0.05, **p < 0.0, ***p < 0.001, NCD vs. HFD-Ad-GFP groups; #p < 0.05, ##p < 0.01, HFD-Ad-GFP vs. HFD-Ad-Blnc| groups (n = 5).
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Figure 3 (Al) H&E staining (upper) and mitochondrial staining (Mito-tracker) (lower), 200.; (A2) fluorescence intensity (%); (B) mtDNA content; (CI) protein levels of
ETC complexes (ATP5A, UQCRC?2, MTCOXI, SDHB, and NDUFBS8) and (C2) its semi-quantitative analysis(n = 4); and (D, E) eWAT gene expression by qRT-PCR. *p <
0.05, *p < 0.01, **p < 0.001, NCD vs. HFD-Ad-GFP groups; #p < 0.05, ##p < 0.01, ###p < 0.001, HFD-Ad-GFP vs. HFD-Ad-Blnc| groups (n = 5).

mitochondria, which were elongated and exhibited an
increased number of cristae and increased matrix electron
density, compared to Ad-GFP cells (Figure 4J).

Blncl knockdown markedly decreased the mtDNA
content (Figure S3A and B) and downregulated the expres-
sion of genes involved in mitochondrial biogenesis (Figure
S3C). Moreover, the expression of genes encoding the
mitochondrial ETC complexes was decreased in the
Blnc1-KD group (Figure S3D). Also, the Blncl-

knockdown pre-adipocytes exhibited a lower ATP content
(Figure S3E). Assay of the OCR (Figure S3F-I) and the
expression of ETC complexes (Figure S3D) showed that
Blnc1 knockdown restored oxygen consumption. By TEM,
structural enlargement of the mitochondrial matrix and
deformation of cristae were observed in Blncl-KD com-
pared with KD-NC cells (Figure S3J). Therefore, Blncl1 is
involved in the regulation of mitochondrial biogenesis and
function in 3T3-L1 pre-adipocytes.
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hnRNPAI Is the Binding Partner of Bincl
in 3T3-L1 Pre-Adipocytes

RNA pulldown assay was performed to identify the potential
mechanism in 3T3-L1 pre-adipocytes. The results of silver-
stained gel and Western blotting revealed that Blncl inter-
acted with hnRNPA in pre-adipocytes (Figure SA and B).
RIP using antibody against hnRNPA1 was performed, indi-
cating that Blncl was enriched combined with hnRNPA1
comparing with IgG (Figure 5C).

Bincl Facilitates Pgclp Transcription via
Decoying hnRNPAI in 3T3-LI
Pre-Adipocytes

Furthermore, data of qRT-PCR illustrated that Pgc13 mRNA
level was dramatically increased in the Blnc1-overexpression
of eWAT and 3T3-L1 pre-adipocytes (Figures 3D and 4D).
To accurately confirm whether Blncl activated the Pgclf
expression, ChIP of hnRNPA1 protein, followed by qRT-
PCR analysis, revealed substantial enrichment of the Pgc1
promoter element in pre-adipocytes (Figure 6A). Moreover,

this enrichment was decreased in Blncl-over 3T3-L1 pre-
adipocytes (Figure 6B). And the mRNA expression of Pgc13

A control Mg

Bio-Blnc1

was downregulated in pre-adipocytes of overexpression
hnRNPA1 (Figure 6C and D). Taken together, these findings
indicated that Blncl activates Pgclf transcription through
decoying hnRNPA1 (Figure 6E1 and E2).

Discussion

Collectively, our results indicated that eWAT-specific over-
expression of Blncl ameliorated obesity-induced insulin
resistance, partially attenuated systemic dyslipidemia, and
markedly improved hepatic steatosis. These results suggested
that Blncl activation in ¢eWAT may protect against diet-
induced obesity by remodeling mitochondrial biogenesis and
function in WAT.

While the body weight of HFD-Ad-GFP and HFD-Ad-
Blncl mice was similar (Figure S1A), the eWAT mass was
significantly lower in HFD-Ad-BIncl mice (Figure 1C).
Moreover, H&E staining of eWAT and hepatic tissue
revealed that cell size and fat accumulation were decreased
in HFD-Ad-BInc1 mice (Figure 3A1 and 2B). However, our
findings on the weight and morphology of eWAT were not
consistent with a previous report, in which eWAT mass was
significantly larger in Tg-fat-Blncl mice after HFD feeding
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Figure 5 Silver-stained gel (A) and western blot (B) analysis of 3T3-L| pre-adipocyte lysate incubated with control and biotinylated Bincl samples, which were from the
RNA pull down experiment, red arrow indicates Bio-Blnc| band and molecular weight of hnRNPAI, western blot analysis using the anti-hnRNPAI antibody; (C) RIP was
measured using antibody hnRNPAI comparing with IgG; *p < 0.05, IgG vs. hnRNPAI groups.
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for 3 months.” The following may explain the differences.
First, different methods were used to overexpress Blncl in
the target tissue. Second, in the prior study, the HFD feeding
was started after Tg-Blncl injection and continued for 3
months; here, we injected Ad-Blncl adenovirus into obese
mice after 12 weeks of HFD feeding.

In our study, obesity-induced hepatic steatosis was sig-
nificantly attenuated in the HFD-Ad-Blnc1 mice (Figure 2).
On this basis, we hypothesized crosstalk between e WAT and
the liver. The eWAT-specific overexpression of Blncl
increased the plasma adiponectin level (Figure 1E). To
assess the effect on the liver, we assayed the expression of
components of the hepatic AdipoR2/PPARa signaling
pathway.”® The mRNA levels of AdipoR2, APPLI, PPARa,
CPTla, Acadl, Aox, and Ehhadh were significantly upregu-
lated (Figure 2E and F). Thus, amelioration of obesity-
induced hepatic damage was likely related to activation of
adiponectin-mediated fatty acid oxidation.

Then, IPGTT and ITT results in this study indicated
that eWAT-specific activation of Blncl improved systemic
insulin resistance (Figure 1F and G). Among the serum
lipid parameters, only the plasma TC and non-HDL-c
concentrations were significantly decreased (Figure S2A
and B). The different effects between glucose and lipid
metabolism were likely to relate to the way that Ad-Blncl
adenovirus infected mice by multi-point injection in
eWAT. The method of overexpression of adenovirus lim-
ited the higher expression of Blncl.

A variety of functions have been attributed to mito-
chondria, including cytosolic processes, the urea cycle and
regulation of a variety of cell signaling pathways.’
Knockdown of Blncl
reduced the mtDNA copy number (Figure S3B), which

in the 3T3-L1 pre-adipocytes

was accompanied by decreased expression of mitochon-
dria-related genes (Figure S3C and D); Blncl overexpres-
sion exerted the opposite effects. Moreover, the changes in
the OCR (Figure S3F-I) suggested that Blncl is required
for mitochondrial biogenesis and function.

The potential mechanism of IncRNAs are dependent on
the subcellular localization. In general, nuclear localized
IncRNAs act their regulatory roles through the formation of
functional IncRNA-protein complexes.”® Previous study
reported that IncRNA-Bincl is primarily located in the
nucleus,” and requires hnRNPU for induction of the thermo-
genic program.*® The hnRNPs, a large family of RNA-
binding proteins, are composed of at least 20 abundant.’’
They control and regulate the multiple aspects of nucleic acid

metabolism.'® Our data of RIP and ChIP assay (Figures
5C and 6) revealed that Blncl decoyed hnRNPA1 from the
promoter of Pgclp to activate its expression. However, the
specific mechanism underlying this interaction is unclear.

Conclusion

In summary, specific overexpression of Blncl in eWAT
improved hepatic lipid accumulation, whole body insu-
lin sensitivity and glucose metabolism, likely by enhan-
cing mitochondrial biogenesis and function in eWAT.
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