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ABSTRACT

Background: TCDD-inducible poly (ADP-ribose) polymerase (TiPARP) is a DNA repair enzyme
with functions in energy metabolism, signal transduction, cell differentiation, and other biological
processes, which may closely related to lipid metabolism and is highly expressed in adipose
tissue. Adipose tissue can be divided into white adipose tissue (WAT) that stores energy and
brown adipose tissue (BAT) that releases energy and generates heat. In the present study, we
investigated whether TiPARP can affect adipogenesis in adipose tissue and thus participate in
the development of obesity. Methods: BAT primary cells or 3T3-L1 cells infected with adenovirus
expressing TiPARP or TiPARP-targeted short hairpin RNA (shTiPARP) were cultured to induce
adipogenic differentiation. The expression of TiPARP was detected by real-time PCR and
Western blotting. The expression of specific BAT- and WAT-related markers was detected by
real-time PCR. The accumulation of lipid droplets in differentiated cells was detected by Oil
Red O staining. Results: TIPARP was highly expressed in both subcutaneous WAT and BAT,
and TiPARP mRNA level increased significantly along with adipogenic differentiation. Activation
of TiPARP or overexpression of TiPARP upregulated BAT-related markers in primary BAT
cells and WAT-related markers in 3T3-L1 cells, together with increased lipid accumulation.
On the contrary, knockdown of TIPARP downregulated expression of specific markers in both
BAT primary cells and 3T3-L1 cells, together with decreased lipid accumulation. Conclusion:
TiPARP regulates adipogenesis in both BAT primary cells and 3T3-L1 cells and therefore plays
an important role in modulating maturity and lipid accumulation in brown and white adipocytes.
These findings provide us with a new strategy for combating obesity.
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INTRODUCTION

Adipose tissue is generally divided into white
adipose tissue (WAT) and brown adipose
tissue (BAT).! White adipocytes store energy
in monolocular large lipid droplets,” while
lipid droplets in brown adipocytes are usually
small and scattered throughout the cytoplasm
and account for >50% of the energy used in
the synthesis of ATP released in the form of
heat through mitochondtia.” In both brown
and white adipocytes, lipid droplets with

triglyceride deposition are generated after
adipogenic differentiation.

Obesity is a metabolic disease with the
increased volume of adipocytes resulting
in body weight gain and local excessive fat
deposition, leading to high blood pressure,
hyperlipidemia, atherosclerosis, metabolic
syndrome such as insulin resistance, and
type 2 diabetes.F! Therefore, looking for
mechanism and effective treatment of
obesity is increasingly important.
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Poly(ADP-ribose) polymerase (PARP) is found in the
nucleus. Its main role is to detect and signal single-strand
DNA breaks (SSBs) to the enzymatic machinery involved
in DNA repair.l! PARP activation is an immediate cellular
response to metabolic, chemical, or radiation-induced DNA
SSBs.M Once PARP detects an SSB, it binds to the DNA,
and, after a structural change, begins the synthesis of PAR
as a signal for the other DNA-repair enzymes such as DNA
ligase I1I, DNA polymerase f3 [polit binds to the DNA, and
after a structural change, begins synthesis of PAR as a signal
for poly (ADP-ribose) glycohydrolase].®” Nicotinamide
adenine dinucleotide (NADY) is required as the substrate
for generating ADP-ribose monomers.!'”! Overactivation
of PARP may deplete the stores of cellular NAD™ and
induce progressive ATP depletion and necrotic cell death
since glucose oxidation is inhibited."! It is suggested that
inhibition of hexokinase activity by PARP1 leads to defects
in glycolysis!"” and lipid metabolism.!"’!

Large-scale genome-wide association study (GWAS) have
identified that a genetic variant on chromosome 3, single
nucleotide polymorphism (SNP) rs900399, is strongly
associated with both HDL trait and triglyceride.'¥ This
variant lies in a noncoding region, in the vicinity of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-inducible
poly-(ADP-ribose) polymerase (TiPARP; also known as
PARP7 or ARTD14), which is widely expressed in many
tissues and therefore might be closely related to lipid
metabolism,'¥ but the mechanisms remain unknown. The
environmental toxin TCDD produces diverse toxic effects
including a lethal wasting syndrome.!"”l TiPARP is an aryl
hydrocarbon receptor (AHR) target gene and is associated
with hepatic steatohepatitis.'”! It has also been shown that
TiPARP acts as a mediator of suppression of hepatic
gluconeogenesis by TCDD."! The T allele of rs900400 is
associated with higher expression of TiPARP in adipocytes,
although TiPARP affects liver metabolism, indicating a close
relationship with energy and lipid metabolism, there is little
research about TiPARP in adipose tissue. In the present
study, we investigated the role of TIPARP in lipid metabolism
in mouse primary brown adipocytes and 3T3-L1 cells.

MATERIALS AND METHODS

Materials

TiPARP rabbit polyclonal antibody was purchased
from Signalway Antibody LLC (College Park, MA,
USA). Mouse anti-B-actin was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Insulin,
indomethacin, isobutylmethylxanthine, dexamethasone,
and collagenase I were from Sigma Aldrich (St. Louis,
MO, USA). IRDye-conjugated affinity purified anti-rabbit
and anti-mouse IgGs were purchased from Rockland
(Gilbertsville, PA, USA). Trizol reagent and the reverse

transcription (RT) system were purchased from Invitrogen
Inc. (Grand Island, NY, USA).

Animals and animal care

C57BL/6] mice (Vital River Laboratory Animal Technology,
Beijing, China) were housed in a 12:12-h light/dark cycle.
Regular chow and water were available ad /ibitum. The
research related to animals use has been complied with all
the relevant national regulations and institutional policies
for the care and use of animals. All experimental protocols
were approved by the Animal Care and Use Committee
of Peking University Health Science Center (LA2016123).

Culture of primary brown adipocytes

BAT was harvested from decapitated suckling mice
and brown preadipocytes were isolated by digesting the
interscapular BAT of neonatal C57BL/6] mice with
collagenase I and mechanistic dispersion, as described
previously." Tsolated cells were randomly plated in tissue-
culture dishes in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 20% fetal bovine serum
(FBS). After 24 h of culture at 37°C (5% CO,), cells were
rinsed twice with phosphate buffer saline (PBS), after
which 70% of the initial cells were attached to the dish,
forming a monolayer. Isolated brown preadipocytes were
cultured in DMEM supplemented with 20% FBS for
proliferation. To induce brown adipocyte differentiation,
cells were cultured for 2 days in 10% FBS-DMEM
supplemented with 20 nmol/L insulin, 1 nmol/L
triiodothyronine (T3), 12.5 mmol/L indomethacin,
0.5 mmol/L isobutylmethylxanthine, and 2 mg/mL
dexamethasone. On days 3-6, the induction medium
was substituted by a maintenance medium consisting
of DMEM supplemented with 20 nmol/L insulin and
1 nmol/L T3. For the undifferentiated controls, brown
preadipocytes were cultured in 10% FBS-DMEM without
other supplements.

Culture of 3T3-L1 cells

3T3-L1 cells (American Type Culture Collection, Manassas,
VA, USA) were randomly plated in tissue-culture dishes in
DMEM/F12 supplemented with 10% FBS and incubated
at 37°C (5% CO,) until confluence. Then cells were induced
by adipogenesis as above.

Adenovirus infection

The TiPARP adenoviruses were expanded, titrated in
293 cells, and purified by cesium chloride as described
previously.??!! For adenovirus-mediated gene transfer,
primary brown preadipocytes or 3T3-L1 cells were infected
with 10° titer adenovirus for 48 h. Infection efficiency was
judged by green fluorescent protein (GEFP) expression
observed under the microscope (Leica Microsystems,
GmbH, Wetzlar, Germany). Infected primary brown

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JUL-SEP 2022 / VOL 10 / ISSUE 3 247



Liu et al.: TIPARP promotes adipogenesis

Table 1: The required primer sequence

Target genes

Upstream primer

Downstream primer

Mouse UCP1 GGACGACCCCTAATCTAATG CATTAGATTAGGGGTCGTCC
Mouse PGC1a GATTGAAGTGGTGTAGCGAC GTCGCTACACCACTTCAATC
Mouse PRDM16 CCACCAGCGAGGACTTCAC GGAGGACTCTCGTAGCTCGAA
Mouse Ednra CGGAGATCAACTTTCTGG TGGAGACGATTTCAATGG

Mouse resistin TCCTTGTCCCTGAACTGC ACGAATGTCCCACGAGC

Mouse adiponectin TGTTGGAATGACAGGAGCTG CGAATGGGTACATTGGGAAC
Mouse PAI-1 AGGGCTTCATGCCCCACTTCTTCA AGTAGAGGGCATTCACCAGCACCA
Human TiPARP CGTCTGGGGAGTAGGCAAT CCCGAGGGAGGATGTGAAAC
Mouse TiPARP GACAAATGTTGAGGGCCAATTAC TGCAAAAGGTCAGTTTGGAAGT
Mouse B-actin ATCTGGCACCACACCTTC AGCCAGGTCCAGACGCA

preadipocytes or 3T3-L1 adipocytes were differentiated for
6 days and then harvested for subsequent analysis.

shRNA plasmid and transfection

TiPARP pSH-UG6-GFP vector cloning and pSH-UG6-
GFIP negative control vector cloning were designed and
purchased from Vigene Biosciences (Rockville, MD). The
U6 target sequence was 5-GGA CTA TCA TAT GCT
TAC CG-3’. Full-length sequence of shTiPARP was
5-GAT CCG CAG TTA TTT CGC AAA GAA TTC
AAG AGA TTC TTT GCG AAA TAA CTG CTT TTT
TA-3. Primary brown adipocytes and 3T3-L1 cells were
maintained in DMEM supplemented with 10% FBS and
50 U/mL penicillin and streptomycin and transfected
with Neofect™ DNA transfection reagent from (Beijing,
China). The original medium was removed from the cells
and replaced with a fresh complete medium 2 h before
transfection. Two micrograms of plasmid DNA was
diluted with 100 uLL. DMEM, added with 2 uL. Neofect™,
blended gently, and incubated at 37°C for 20 min to form a
transfection complex. The transfected complex was added
to the cell culture medium and cultured for 48 h.

RNA extraction and quantitative real-time PCR
analysis

Total RNA was isolated using the TRIzol reagent. Reverse
transcription was performed using the RT system according
to the manufacturer’s instructions. PCR was conducted
in a 25 plL volume containing 2.5 ul. cDNA, 5 mmol/L
MgCl, 0.2 mmol/L dNTPs, 0.2 umol/L of each primer,
1.25 U AmpliTaq polymerase, and 1 pl. 800 X diluted
SYBRGtreen I stock using the Mx3000 multiple quantitative
PCR system (Strata gene, La Jolla, CA, USA). PCR reactions
were performed in duplicate, and each experiment was
repeated four times. Primers used in this study are shown
in Table 1. The mRNA expression was quantified using
the comparative cross threshold (CT) method. The CT
value of the housekeeping gene B-actin was subtracted
from the CT value of the target gene to obtain ACT. The

normalized fold changes of target gene mRNA expression
were expressed as 224" where AACT equals to ACT
(sample) - ACT (control).

Western blot analysis

Cultured cells were harvested and homogenized in an
ice-cold fractionation buffer containing RIPA lysis buffer,
phenylmethanesulfonyl fluoride (PMSF), and protein
phosphatase inhibitor mixture. The cell lysate was treated
with ultrasound for 3 s three times and then centrifuged
at 15,300 g for 10 min at 4°C. After centrifugation, the
supernatant was used for Western blot analysis. Protein
concentration was measured by Bradford’s method. A total
of 40—60 ug protein from each sample was loaded. Proteins
were transferred to polyvinylidene fluoride membranes. The
membranes were incubated for 1 h at room temperature
with 4% fat-free milk in Tris-buffered saline containing
Tween-20, followed by incubation overnight at 4°C with
the individual primary antibodies. The specific reaction
was detected using IRDye-conjugated second antibody and
visualized using the Odyssey infrared imaging system (LI-
COR Biosciences, Lincoln, NE, USA). Quantification of
image density in pixels was performed using the Odyssey
infrared imaging system (LLI-COR Biosciences).

Oil Red O staining

Brown adipocytes were rinsed in PBS three times and
then fixed with 4% paraformaldehyde for 15 min. After
washing, samples were incubated in 0.3% Oil Red staining
solution for 45—60 min at room temperature. Samples were
then counterstained with hematoxylin for 30 s, followed
by washing in PBS for 5 min.

Statistical analysis

Data were expressed as mean + SEM. Data analysis used
GraphPad Prism software (Ver. 8.0.1). One-way ANOVA,
Student—Newman—Keul test (comparisons between
multiple groups), or unpaired Student’s #test (between
two groups) was used as appropriate. P < 0.05 denoted a
statistical significance.
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Figure 1: Expression of TiPARP in different organs and tissues. (A) TIPARP expression in BAT, sWAT, liver, aorta, heart, brain, lung, testis, kidney, small -intestine,
spleen, and skeletal muscle in 8-week-old C57BL/6J male mice evaluated by real-time PCR. (B) TiPARP expression in BAT, sWAT, and liver in 8-week-old
C57BL/6J male mice evaluated by Western blot. TIPARP: TCDD-inducible poly (ADP-ribose) polymerase; BAT: brown adipose tissue; sWAT: subcutaneous

white adipose tissue.

RESULTS

TiPARP gene expression in different tissues
Eight-week-old C57BL/6] male mice were sactificed, and
TiPARP expression was detected by real-time PCR in
BAT, subcutaneous (s)WAT, liver, aorta, heart, brain, lung,
testis, kidney, small intestine, spleen, and skeletal muscle
(Figure 1A). Protein levels of TiPARP in lipid metabolism-
related tissue, BAT, sWAT, and liver were confirmed by
Western blot (Figure 1B). TiIPARP was expressed in a high
percentage of sSWAT and BAT, indicating the vital role of
TiPARP in adipose tissue function.

Participation of TiPARP in brown adipocyte
differentiation

In order to study the effect of TiIPARP on brown adipocyte
differentiation, we isolated primary brown preadipocytes
and induced differentiation for 6 days. mRNA levels of
brown adipocyte gene markers, such as UCP1, PGCla,
and PRDM16, were significantly increased after induction
of differentiation, indicating the effective differentiation
of brown adipocytes (Figure 2A). TIPARP mRNA level
also increased along with differentiation (Figure 2B). The
continuous activation of TiPARP gene during brown
adipocyte differentiation suggests that TIPARP participates
in brown adipocyte differentiation.

The classic activator of TiPARP is TCDD. The
structure of benzo[a]pyrene (BaP), another polyaromatic
hydrocarbon, is similar to that of TCDD, and it is less
toxic; therefore, we used BaP to activate TIPARP. Primary
brown adipocytes were treated with 10®* mol/L BaP. Real-
time PCR was performed to evaluate the expression of
TiPARP and genes related to brown adipocyte markers.
TiPARP mRNA level was elevated distinctly by BaP

(Figure 2C), together with brown adipocyte markers, such
as UCP1, PGCla, and PRDM16 (Figure 2D). Activation
of TiPARP resulting in enhancement of brown adipocyte
differentiation suggested that TIPARP plays an important
role in brown adipocyte differentiation.

Overexpression of TiIPARP accelerated
adipogenic differentiation in brown adipocytes
To clarify the specific function of TiPARP in brown
adipocyte differentiation, we used adenovirus to
overexpress TiPARP in brown adipocytes and observe
its lipid accumulation. Brown preadipocytes were isolated
from suckling mice and fused for 4-6 days, transfected
with 10° plaque forming unit (PFU) TiPARP adenoviruses
for 48 h, and cultured for differentiation at the same
time. Controls used GFP adenoviruses. GFP expression
was observed in brown adipocytes under fluorescence
microscopy (Figure 3A). Proteins were extracted after 6
days of differentiation, TiIPARP protein level increased
significantly (Figure 3B), along with TiPARP mRNA
level (Figure 3C). The mRNA expression levels of brown
adipocyte markers such as UCP1, PGCla, and PRDM16
were also increased (Figure 3D). A higher fusion rate of
brown adipocytes was observed under light microscopy
(Figure 3E), and multilocular lipid droplets were detected by
Oil Red O staining (Figure 3F) after adenovirus transfection
compared with GFP controls. These results indicate
that overexpression of TiPARP accelerates adipogenic
differentiation and lipid accumulation in brown adipocytes.

Knockdown of TiPARP inhibits adipogenic
differentiation in brown adipocytes

We used shRNA to knock down TiPARP in brown
adipocytes and observe its lipid accumulation. Brown
preadipocytes were isolated from suckling mice and fused
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Figure 2: Effect of TiPARP activation during differentiation of brown adipocytes. Primary brown adipocytes were isolated from neonatal C57BL/6J mice and
cultured for differentiation. Total RNA was extracted from primary brown adipocytes after 6 days of differentiation. Real-time PCR was performed to evaluate
the expression of brown adipocyte marker genes (A) and TiPARP gene (B). -Actin was used as a loading control. Results expressed as mean = SEM (n = 4),
*P < 0.05 versus nondifferentiation. Primary brown adipocytes were treated with 10 mol/L BaP for 8 h. Real-time PCR was performed to evaluate the
expression of TiPARP (C) and genes related to brown adipocyte markers (D). Levels of mRNA expression were normalized to B-actin and expressed as
mean = SEM (n = 4), *P < 0.05 versus DMSO. TiPARP: TCDD-inducible poly(ADP-ribose) polymerase; DMSO: dimethyl sulfoxide.
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Figure 3: Overexpression of TiPARP accelerates adipogenic differentiation of brown preadipocytes. Primary brown adipocytes were isolated from neonatal
C57BL/6J mice and transfected with 10° plaque forming unit (PFU) TiPARP adenoviruses for 48 h and cultured for differentiation at the same time, while
controls used GFP adenoviruses. (A) GFP expression was observed in brown adipocytes under fluorescence microscopy. (B) Proteins were extracted after 6
days of differentiation, and Western blotting of TIPARP was performed. Total RNA was extracted after 6 days of differentiation. Real-time PCR was performed
to evaluate the expression of TiPARP (C) and brown adipocyte marker genes (D). Levels of mRNA expression were normalized to -actin and expressed as
mean = SEM (n = 4). (E) Brown adipocyte morphology was observed by light microscope after adenovirus transfection. (F) Oil red 0 staining was performed
to demonstrate the lipid droplets after adenovirus transfection. *P < 0.05 relative to Ad-GFP control. TiPARP: TCDD-inducible poly (ADP-ribose) polymerase;
GFP: green fluorescent protein; Ad-TiPARP: TiPARP-expressed adenovirus; Ad-GFP: GFP-expressed adenovirus.
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Figure 4: Knockdown of TiPARP inhibits adipogenic differentiation of brown preadipocytes. Primary brown adipocytes were isolated from neonatal C57BL/6J
mice and transfected with 5 ng/mL shTiPARP for 48 h and cultured for differentiation at the same time, while controls used shU6. (A) GFP expression was
observed in brown adipocytes under fluorescence microscopy. (B) Proteins were extracted after 6 days of differentiation, and Western blotting of TIPARP was
performed. Real-time polymerase chain reaction (PCR) was performed to evaluate the expression of TiPARP (C) and brown adipocyte marker genes (D). Levels
of mRNA expression were normalized to B-actin and expressed as mean + SEM (n = 4). (E) Brown adipocyte morphology was observed by light microscope
after shRNA transfection. (F) Oil red O staining was performed to demonstrate lipid droplets after shRNA transfection. *P < 0.05 relative to shU6 controls.
TiPARP: TCDD-inducible poly(ADP-ribose) polymerase; GFP: green fluorescent protein; shTiPARP: TiPARP-targeted short hairpin RNA; shU6: negative control.

for 4-6 days, transfected with 5 ng/mL shTiPARP for
48 h, and cultured for differentiation at the same time.
Controls used shU6. GFP expression was observed in
brown adipocytes under fluorescence microscopy (Figure
4A). Proteins were extracted after 6 days of differentiation,
TiPARP protein level decreased significantly (Figure 4B),
and TiPARP mRNA level also decreased (Figure 4C).
mRNA expression of brown adipocyte markers such as
UCP1, PGCla, and PRDM16 was also clearly decreased
(Figure 4D). There was a lower fusion rate of brown
adipocytes observed under light microscopy (Figure 4E)
and a lower positive rate of Oil Red O staining after
shTiPARP transfection compared with shUG6 (Figure 4F).
These results suggest that the knockdown of TiPARP
inhibits adipogenic differentiation and lipid accumulation
in brown adipocytes.

TiPARP influences adipogenic differentiation of
3T3-L1 cells

TiPARP affected adipogenesis in 3T3-L1 cells. 3T3-1.1
cells were fused for 4-6 days and transfected with 10°
PFU TiPARP adenoviruses for 48 h. Controls used GFP
adenoviruses. TIPARP mRNA expression increased
significantly (Figure 5A), and white adipocyte markers
such as Ednra, resistin, and adiponectin were also clearly
increased (Figure 5B), indicating that overexpression of
TiPARP accelerated adipogenic differentiation in 3T3-L1

cells.

Furthermore, 3T3-L1 cells were fused for 4-6 days and
transfected with 5 ng/mL shTiPARP for 48 h. Controls
used shU6. TiIPARP mRNA expression level decreased
significantly (Figure 5C), and white adipocyte markers
such as Ednra, resistin, PAI-1, and adiponectin were also
decreased (Figure 5D), indicating that knockdown of
TiPARP inhibited adipogenic differentiation in 3T3-L1
cells.

DISCUSSION

In the present study, we reported that TiPARP regulates
adipogenesis in both primary brown adipocytes and
3T3-L1 cells and therefore plays an important role in
modulating maturity and lipid accumulation in brown and
white adipocytes. This conclusion is supported by the
following observations: (1) TIPARP gene level is increased
during differentiation of primary brown adipocytes;
(2) activation of TiPARP promotes differentiation of
primary brown adipocytes; (3) overexpression of TiPARP
promotes adipogenesis and lipid accumulation in primary
brown adipocytes; (4) knockdown of TiPARP inhibits
adipogenesis and lipid accumulation in primary brown
adipocytes; (5) overexpression of TiPARP promotes
adipogenesis in 3T3-L1 cells; and (6) knockdown of
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Figure 5: Effect of TiPARP on adipogenic differentiation of 3T3-L1 cells. (A and B) 3T3-L1 cells were transfected with 10° plaque forming unit (PFU) TiPARP
adenoviruses for 48 h, while controls used GFP adenoviruses. Total RNA was extracted after 48 h of transfection. Real-time PCR was performed to evaluate
the expression of TiPARP (A) and white adipocyte marker genes (B). Levels of mRNA expression were normalized to B-actin and expressed as mean + SEM
(n = 4). *P < 0.05 relative to Ad-GFP control. (C and D) 3T3-L1 cells were transfected with 5 ng/mL shTiPARP for 48 h, while controls used shU6. Total RNA
was extracted after 48 h of transfection. Real-time PCR was performed to evaluate the expression of TiPARP (C) and white adipocyte marker genes (D). Levels
of mRNA expression were normalized to -actin and expressed as mean + SEM (n = 4). *P < 0.05 relative to shU6 controls.TiPARP: TCDD-inducible poly
(ADP-ribose) polymerase; Ad-GFP: GFP-expressed adenovirus; shU6: negative control.

TiPARP inhibits adipogenesis in 3T3-L1 cells.

With the improvement of social and economic levels,
the incidence of obesity and related metabolic diseases
has become increasingly high. Obesity is not only related
to high-sugar and high-fat diets but also closely related
to environmental factors.”” Current research shows that
air pollution, especially PM2.5, has a significant role in
aggravating obesity and type 2 diabetes in children and
adults.” ! Air pollutants contain a variety of polycyclic
aromatic hydrocarbons, which can easily activate AHRs
in the human body™ and induce a series of metabolic
imbalances.?’**!

The number of brown and white adipocytes in healthy
adults remains in dynamic equilibrium,” so we are looking
at the effect of TiPARP on adipogenic differentiation of
adipocytes. Our study confirmed that TiPARP can induce
lipid metabolism disorders under excess energy intake and
suggested that TIPARP promotes adipogenic differentiation
of brown and white adipocytes. TiPARP promoted
differentiation of white and brown adipocytes, which
revealed a new function of TiPARP, and suggested new
potential activities of the PARP family. Other proteins in
the PARP family play important roles in energy metabolism,
and in mammalian cells and mouse tissues, NAD" is the rate-
limiting enzyme of the sirtuin family."” The reduced rate of

NAD" consumption of PARP-1 and CD38 can increase
NAD?" bioavailability, leading to activation of sirtuin
(Sirt)1 and Sirt3 to promote oxidative metabolism and
prevent obesity induced by high-fat diets.’!) Another study
of PARP2 showed that in skeletal muscle, miRNA-149
inhibited PARP2 by increasing cellular NAD™ levels and
Sirt-1 gene activity, which in turn enhanced mitochondrial
function through activation of PGC-1a.P? PARP2
deletion in mice increased Sirtl levels, promoted energy
expenditure, and increased mitochondria.! In addition,
PARP2-deficient mice are protected against diet-induced
obesity.P¥ Although insulin sensitivity was not affected,
PARP2 mice exhibited significant pancreatic dysfunction
and glucose intolerance.’” During the process of weight
loss in obese people, there was increased expression of
NAD*/Sirtl and decreased PARP activity,” suggesting
that the PARP family occurs in obesity and is related to
metabolic diseases. We speculate that the effect of TiIPARP
on adipose tissue may not be limited to its basic DNA
repair function, but rather it regulates cell differentiation
of adipocytes directly. Although a specific inhibitor of
TiPARP is not available yet, it was reported that targeting
AHR, the upstream molecule of TiPARP, prevents high-
fat diet-induced insulin resistance and obesity." Whether
TiPARP can regulate the mutual conversion of WAT and
BAT deserves in-depth study.
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In conclusion, our study showed that TiPARP promotes
adipogenic differentiation of adipocytes. These findings
provide us with a new strategy for combating obesity.
Inhibition of TiPARP expression may become a clinically
relevant treatment for obesity-related metabolic disease,
which needs further investigation.
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