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DNA methylation promotes the expression of PPARYy transcript 1 at least in part
by preventing NRF1 binding to the promoter P1 of chicken PPARy gene
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ABSTRACT Peroxisome proliferator-activated receptor
gamma (PPARYy) is a master regulator of adipogenesis.
Our previous study revealed that chicken PPARy has
3 alternative promoters named as P1, P2, and P3, and the
DNA methylation of promoter P3 was negatively associ-
ated with PPARy mRNA expression in abdominal
adipose tissue (AAT). However, the methylation status of
promoters P1 and P2 is unclear. Here we assessed pro-
moter P1 methylation status in AAT of Northeast
Agricultural University broiler lines divergently selected
for abdominal fat content (NEAUHLF). The results
showed that promoter P1 methylation differed in AAT
between the lean and fat lines of NEAUHLF at 7 wk of age
(p < 0.05), and AAT expression of PPARy transcript 1
(PPARy1), which was derived from the promoter P1,
was greatly higher in fat line than in lean line at 2 and
7 wk of age. The results of the correlation analysis showed
that P1 methylation was positively correlated with
PPARy1 expression at 7 wk of age (Pearson’s r = 0.356,

p = 0.0242), suggesting P1 methylation promotes
PPARy1 expression. To explore the underlying molecular
mechanism of P1 methylation on PPARy 1 expression, bio-
informatics analysis, dual-luciferase reporter assay, pyrose-
quencing, and electrophoresis mobility shift assay
(EMSA) were performed. The results showed that tran-
scription factor NRF1 repressed the promoter activity of
the unmethylated P1, but not the methylated P1. Of all
the 4 CpGs (CpG48, CpG49, CpG50, and CpG51), which
reside within or nearby the NRF1 binding sites of the P1,
only CpG49 methylation in AAT was remarkably higher
in the fat line than in lean line at 7 wk of age (3.18 to 0.57,
p < 0.05), and CpG49 methylation was positively corre-
lated with PPARy1 expression (Pearson’s r = 0.3716,
p = 0.0432). Furthermore, EMSA showed that CpG49
methylation reduced the binding of NRF1 to the P1.
Taken together, our findings illustrate that P1 methylation
promotes PPARy 1 expression at least in part by prevent-
ing NRF1 from binding to the promoter P1.
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INTRODUCTION

The chicken is an economically important domestic
avian species, and after pork, is the second most
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consumed meat in China (Aslam et al., 2020; Lee et al.,
2020). Due to the extensive genetic selection, the meat
yield and growth rate have been tremendously increased
in broilers. However, these gains are accompanied by
excessive fat deposition (Abdalla et al., 2018). The
excessive fat deposition has been a critical concern for
broiler industry because it reduces feed efficiency, meat
quality and yield (Abdalla et al., 2018; Ma et al., 2020).
Adipogenesis is a very complicated process in which prea-
dipocytes differentiate into adipocytes. Adipogenesis is con-
trolled by many factors such as transcription factors,
coregulators, and epigenetic regulators (Lee et al., 2019;
Kuri-Harcuch et al., 2019; Squillaro et al., 2020). Peroxi-
some proliferator-activated receptor gamma (PPARy) is an
indispensable factor for adipogenesis in mammals and birds
(Park et al., 2017; Lee et al., 2019). PPARy controls the
expression of hundreds of genes during adipogenesis,
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resulting in terminal differentiation of preadipocytes to
mature adipocytes (Cristancho and Lazar, 2011). PPARy
gene expression is regulated by alternative promoters in
mammals. For example, mouse and human PPARy genes
are regulated by 2 and 4 alternative promoters, respectively
(Zhu et al., 1995; Al-Shali et al., 2004). DNA methylation
was considered as an epigenetic mark that remarkably regu-
lates gene expression (Kim and Costello, 2017). Previous
studies in mammals have shown that DNA methylation
regulates PPARy expression during adipogenesis (Fujiki et
al., 2009; Huang et al., 2018). In mouse 3T3-L1 preadipo-
cytes, the alternative promoter PPARy2 was hypermethy-
lated, however, during 3T3-L1 preadipocyte differentiation,
it was gradually demethylated, accompanied with the
increase of PPARy?2 expression (Fujiki et al, 2009).
Reporter gene assay showed that DNA methylation inhib-
ited PPARy2 promoter activity (Fujiki et al., 2009). An in
vivo study revealed that DNA methylation of PPARy?2 pro-
moter in visceral adipose tissues (VAT) was higher in obese
diabetic mice than in wild-type controls, whereas PPARy 2
mRNA expression in VAT was lower in obese diabetic mice
than in wild-type controls (Fujiki et al., 2009). All these
results indicated that PPARy2 promoter methylation
inhibits PPARy2mRNA expression (Fujiki et al., 2009).

Our previous study demonstrated chicken PPARy
gene is transcriptionally regulated by 3 alternative
promoters designed as P1, P2, and P3, and produces 5
transcript isoforms (PPARys1-5), due to alternative
promoter usage and alternative splicing (Duan et al.,
2015). Among the 3 alternative promoters (P1, P2, and
P3), P1 had strongest promoter activity and the
P1-derived transcript isoform PPARy1 was remarkably
expressed in AAT (Cui et al., 2018). We had demon-
strated that the promoter P3 was differentially methyl-
ated in AAT of Northeast Agricultural University
broiler lines divergently selected for abdominal fat
content (NEAUHLF) (Sun et al., 2014). However, the
promoter P1 methylation status is unclear.

In this study, we found that the promoter P1 methyla-
tion in AAT was higher in the fat line than in lean line of
NEAUHLF, and that the P1 methylation was correlated
positively with PPARy1 expression at 7 wk of age.
Further study demonstrated that DNA methylation
promoted PPARy1 expression at least in part via reduc-
ing the binding of transcription factor NRF1 to the pro-
moter P1. Our findings provide insight into how DNA
methylation controls PPARy expression in chicken
adipose tissue development and adipogenesis.

MATERIAL AND METHODS
Animal and Tissues

The AAT were collected from 60 male birds (5 birds
per line at 2 and 3 wk of age and twenty birds per line at
7 wk of age) derived from 19th generation of
NEAUHLF, which have been divergently selected for
abdominal fat content in our laboratory since 1996. The
lean and fat broiler lines have similar body weight, but
have striking phenotypic differences in abdominal fat

weight (AFW), the abdominal fat percentage (AFP),
feed conversion ratio (FCR), and the residual feed
intake (RFI), as well as adopocyte size and number
(Guo et al., 2011; Zhang et al., 2020; Chen et al., 2021).

Cell Culture

DF1 cells and an immortalized chicken preadipocyte
cell line (ICP1) (Wang et al., 2017), were cultured in
DMEM/F12 (Gibco, Waltham, MA) and DMEM
(Gibco, Waltham, MA) with 10% FBS in a humidified
atmosphere at 37°C and 5% CO., respectively.

Bioinformatics Analysis

The promoter P1 sequence, which covers the first
1,891 bp upstream and the first 108 bp downstream of
the transcription start site of chicken PPARy1 was
obtained from UCSC (https://genome.ucsc.edu). The
CpG island analysis was performed by using EMBOSS
online software (http://www.ebi.ac.uk/Tools/seqstats
emboss _cpg plot/) and the transcription factor binding
sites (TFBS) within the P1 was predicted by using JAS-
PAR (http://jaspar.genereg.net).

Sequenom MassARRAY Methylation Assays

The quantitative methylation analysis was conducted
by Oebiotech (Shanghai, China). Genomic DNA was
obtained from the AATs of NEAUHLF as previously
described (Lam et al., 2018). The concentration and qual-
ity of DNA samples were determined by NanoDrop spec-
trophotometer (Uppsala, Sweden), and DNA bisulfite
conversion was obtained by EpiTect Bisulfite Kit (Qiagen,
Germany). Two pairs of primers were determined by Epi-
Designer (Supplementary Table S1) for detection of DNA
methylation of each CpG unit containing either individual
or combinations of CpG sites. The bisulfite converted
DNA was expanded by PCR using the 2 pairs of primers
designed above and the PCR. products were cleaned with
SAP enzyme using the MassCLEAVE kit (Sequenom, San
Diego, CA). Then, the products were subjected to T cleav-
age, and spotted onto a 384-well SpectroCHIP bioarray
(Sequenom, San Diego, CA) using MassARRAY Nanodis-
penser 1000 (Sequenom, San Diego, CA) and analyzed by
the MassARRAY Analyzer 4.0 (Sequenom, San Diego,
CA). DNA methylation levels were calculated using Mas-
sARRAY EpiTYPER software (Sequenom, San Diego,
CA) (Xu et al., 2021).

Pyrosequencing Methylation Assays

Pyrosequencing was used for quantitative methyla-
tion of individual CpG sites in the promoter P1.
Genomic DNA isolation and DNA bisulfite conversion
were performed using the same procedure as above.
DNA was amplified by PCR using PyroMark PCR kit.
Pyrosequencing reactions were subsequently determined
by the PyroMarkGold Q96 ID. The percentage of DNA
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methylation of individual CpG48, CpG49, CpG>50, and
CpGh51 site within the promoter P1 was quantified using
PyroMark CpG software, respectively.

qRT-PCR Aassays

Total RNAs were isolated from the AAT using TRIzol
(Invitrogen, Carlsbad, CA). These cDNA was acquired by
the HiScript Reverse Transcriptase (Vazyme, China). The
qRT-PCR was decided by SYBR Green PCR ReadyMix
(Roche, WGC, UK). The NONO was applied as an inter-
nal control and the 2724¢T approach was adopted to com-
pute relative expression. These primers used for qRT-PCR
are represented in supplementary Table S1.

Plasmid Construction

The pCMV-HA-NRF1 and pGL3P1-327/+108 vec-
tors were constructed previously by our laboratory (Cui
et al., 2018). Both unmethylated and methylated
pGL3P1-327/+4108 vectors were prepared as described
previously (Cui et al., 2021).

Promoter Luciferase-Reporter Assays

DF1 and ICP1 cells were cultured at 80% confluence in
24-well plates and co-transfected with the designated
reporter vectors with either pCMV-HA or pCMV-HA-
NRF1 added pRL-TK with Lipofectamine 8,000 (Beyotime,
China). The activities were decided by the Dual Luciferase
reporter-system (Promega, Madison, WI) at 48 h after co-
transfection. The promoter activity was expressed as the
ratio of Firefly to Renilla luciferase activity (FLU/RLU).

Electrophoretic Mobility Shift Assay

The nuclear extraction kit (Thermo Fisher, Carlsbad,
CA) was employed to obtain the nuclear proteins from the
DF1 cells transfected with pCMV-HA-NRF1. The NRF1
binding to the P1 promoter was decided by the EMSA Kit
(Thermo Fisher, Carlsbad, CA). All the CpG sites
(CpG48, CpG49, CpGH0 and CpGH1) were unmethylated
in the unmethylated biotin-labeled P1 probe (CpG probe).
All the 4 CpG sites were methylated in the methylated bio-
tin-labeled P1 probe (CpG met4 probe). The partially
methylated biotin-labeled P1 probe was named the CpG
metl probe, in which only CpG49 was methylated. The
double-stranded P1 probes were cultured with the nuclear
extract proteins for 20 min. A 100~ or 200-fold cold probes
or cold mutated probes were added for competition assays.
All these probes were composed by Genewiz (Beijing,
China). The detailed sequences of P1 probes were repre-
sented in supplementary Table S1.

Statistical Analysis

Data are showed as the mean £ SEM. The unpaired
2-tailed Student’s t-tests were adopted to determined
comparisons between group with Graph Pad Prism 7.

The correlation between the promoter P1 methylation
and PPARy 1 expression was analyzed using Pearson’s r.
The p values < 0.05 were regarded as a significant differ-
ence (*p < 0.05), and p values < 0.01 were considered as
a tendency towards difference (**p < 0.01).

RESULTS

The P1 Promoter Methylation of Chicken
PPARYy gene in AAT

To investigate the promoter P1 methylation status,
we first performed CpG island prediction in the pro-
moter P1 sequence using EMBOSS. The results showed
that there was a typical CpG island (385 bp, —333
to +52 bp, TSS = +1), containing 51 CpG sites (CpGs
1—51) within the promoter P1. Then, we detected DNA
methylation of the predicted CpG island of the promoter
P1in AAT of NEAUHLF by using Sequenom MassAR-
RAY platform. For technical reasons, individual or com-
binations of CpG sites was presented as one CpG unit in
this assay (Wu et al., 2019), and all the 51 CpG sites
were divided into 22 CpG units. Of these 22 CpG units,
the DNA methylation of 20 CpG units was successfully
determined, while the methylation of the other 2 CpG
units (CpG10 and CpG20.21.22.23.24.25.26.27) was not
detected due to the limitation of the Sequenom MassAR-
RAY. The Sequenom MassARRAY analysis revealed
that the P1 promoter was methylated in chicken AAT,
and its methylation was 16.08% higher in fat line than
in lean line at 7 wk of age (1.733 £ 0.06 vs.1.493 £ 0.09,
p < 0.05, Figure 1C), but no difference in the P1 promoter
methylation was observed between the lean and the fat
lines at both 2 wk of age (1.458 £+ 0.1107 vs. 1.488 &
0.1028, p > 0.05) and 3 wk of age (1.952 £ 0.1067 vs.
1.894 £ 0.3035, p > 0.05) (Figures 1A and 1B).

Correlation Between the P1 Promoter
Methylation and PPARy1 Expression in
Chicken AAT

To determine whether DNA methylation controls the
promoter P1 activity, we investigated PPARy1 expression
in the AAT of NEAUHLF using real-time RT-PCR and
evaluated the correlation between the P1 promoter methyl-
ation and PPARy1 expression. As shown in Figure 2,
PPARy1 expression displayed a trend towards high expres-
sion in fat line relative to the lean line at all 3 ages tested. In
particular, PPARy1 expression was higher in fat line than
in lean line at 2 and 7 wk of age (p < 0.05). The results of
the correlation analysis showed that there was no significant
correlation between the P1 methylation and PPARyl
expression in AAT of the lean and fat lines at 2 and 3 wk of
age (Pearson’s r = —0.16, p = 0.6588 and Pearson’s
r = 04344, p = 0.2097, respectively), but there was a
remarkably positive correlation at 7 wk of age (Pearson’s
r = 0.356, p = 0.0242), suggesting that the P1 promoter
methylation promotes PPARy 1 expression in AAT at 7 wk
of age.
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Figure 1. Comparison of the CpG island methylation of PPARy gene promoter P1 in AAT of NEAUHLF. The CpG island methylation of
PPARy gene promoter P1in AAT of NEAUHLFF at 2 (A), 3 (B), and 7 (C) wk of age was assessed using Sequenom Mass ARRAY platform.

DNA Methylation Abrogates NRF1-Mediated
Inhibition of PPARy1 Expression

To investigate the molecular mechanism underlying
the promoting effect of the promoter P1 methylation on
PPARy1 expression, the JASPAR database was used to
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Figure 2. Comparison of the PPARy1 expression in AAT between
the lean and fat lines of NEAUHLF at 2, 3, and 7 wk of age. PPARy1
expression was assessed using qRT-PCR and normalized to NONO
mRNA. All data are represented as the mean + SEM. Student’s #test
was used to compare the means between 2 groups. *p < 0.05, **p < 0.01.

predict transcription factor binding sites (TFBSs)
within the predicted CpG island of the promoter P1.
The JASPAR database analysis showed that a total of 8
different TFBSs (E2F1, ZF5, HIC1, NRF1, MYB, AP2,
USF, and EGR) overlapped with the CpG sites within
the predicted P1 CpG island. Among these 8 TFBSs,
NRF1 caught our attention. We previously demon-
strated showed that NRF1 inhibited the P1 promoter
activity and PPARy1 expression (Cui et al., 2021). In
addition, it has been shown that NRF1 is a methyl-sensi-
tive transcription factor and DNA methylation inhibits
its DNA binding and transactivation activity (Wang
et al., 2017). These findings prompted us to hypothesize
that the P1 methylation may promote PPARylI
expression by interfering with negative regulation of the
promoter P1 by NRF1.

To test this hypothesis, we first performed a reporter
assay to decide whether DNA methylation interferes
with the NRF1-mediated inhibition of P1 activity. The
reporter gene assay showed that NRF1 significantly
repressed the activity of the unmethylated promoter P1
(pGL3P1-327/+108), causing a 20.45% decrease in the
unmethylated P1 activity compared with the negative
control (pCMV-HA) (p < 0.05, Figure 3), while NRF1
had no significant influence on the activity of the meth-
ylated P1 promoter (pGL3P1-327/+108) (p > 0.05,
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Figure 3. DNA methylation abrogates the NRF1-mediated sup-
pression of the promoter P1 activity. DF1 cells were co-transfected
with either pCMV-HA-NRF1 or pCMV-HA, along with unmethylated

or methylated P1 reporter as well as pRL-TK as an internal control. All
data are presented as the mean + SEM, *p < 0.05.

Figure 3). These results indicated that P1 methylation
abrogated the NRF1-mediated P1 activity inhibition.

CpG49 Methylation Positively Correlates
With the PPARy1 Expression

Three CpGs (CpG48 at +22, CpG50 at +45, and
CpG51 at +51) resided within the NRF1 binding sites,
and one CpG49 (at +32) was located in the vicinity of
the 2 NRF1 binding sites. To further confirm that DNA
methylation abrogates the NRF1-mediated suppression
of the P1 activity, Pyrosequencing was used to quantify
methylation levels of the 4 CpGs (CpG48, CpG49,
CpG50, and CpGH1) in 30 AAT samples of lean and fat
lines of NEAUHLF (15 samples per line) at 7 wk of age.
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The results revealed that, of these 4 CpGs, only CpG49
(DNA methylation level was 0.57 in lean line, and 3.18
in fat line) was significantly differentially methylated in
the AAT between the 2 lines of NEAUHLF (p < 0.05,
Figure 4A). In parallel, PPARy1 expression was assayed
on the 30 abdominal adipose tissue samples using qRT-
PCR. The gene expression results showed that PPARy1
was differentially expressed in the AAT between the
lean and fat lines (p < 0.01, Figure 4B). The correlation
analysis showed that of these 4 CpGs, only CpG49
methylation was positively correlated with the PPARy 1
expression in AAT of NEAUHLF at 7 wk of age (Pear-
son’s r = 0.3716, p = 0.0432), suggesting that CpG49
methylation abrogated the NRF1-mediated suppression
of P1 promoter activity in vivo.

CpG49 Methylation Prevent NRF1 From
Binding to the Promoter P1

Last, to further verify that CpG49 methylation abro-
gates the NRF1-mediated suppression of the P1 pro-
moter, we performed EMSA to determine the influence
of CpG49 methylation on the binding of NRF1 to the P1
promoter. We synthesized 3 biotin-labeled probes (CpG,
CpG met4, and CpG metl), a cold probe (unlabelled
CpG probe), and a cold mutated probe (unlabelled
mutant CpG probe). These 3 biotin-labeled probes
shared the identical sequences, the CpG probe was
unmethylated, CpG met4 probe contained four methyl-
ated CpGs (CpG48, CpG49, CpG50, and CpG51), and
CpG metl probe contained only 1 methylated CpG
(CpG49). The EMSA results showed that as expected,
NRF1 bound to CpG probe (Figure 5, lane 2) and its
binding could be competitively inhibited by the addition
of a 100- or 200-fold molar excess of the cold probe but
not the cold mut probe (Figure 5, lanes 3, 4, 5, and 6).
The binding affinity of NRF1 to both CpG met4 and
CpG metl probes was significantly lower than to the
CpG probe (0.25 vs. 1 and 0.46 vs. 1, Figure 5, lanes 7
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Figure 4. The 4 individual CpG methylation and PPARy 1 expression in the AAT of lean and fat lines of NEAUHLF at 7 wk of age. (A) The
DNA methylation analysis of the 4 individual CpG sites (CpG48, CpG49, CpG50 and CpG51) of P1 in AAT of the 2 broiler lines at 7 wk of age.
(B) PPARy1 expression in AAT of lean and fat lines of NEAUHLF at 7 wk of age. Student’s ttest was used to compare the means between

2 groups. *p < 0.05, **p < 0.01.
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Figure 5. EMSA of the effects of the 4 individual CpG methylation on NRF1 binding to the promoter P1. The nuclear extracts were from the
DF1 cells transfected with either control vector pPCMV-HA or NRF'1 expression vector pPCMV-HA-NRF1, and EMSA was performed with the desig-

nated probes.

and 8). Comparatively, NRF1 had lower binding affinity
for CpG met4 probe than for CpG met1 probe (0.25 vs.
0.46, Figure 5, lanes 7 and 8). Taken together, these
results suggest that DNA methylation at CpG49 alone
or in combination with other CpGs attenuates the bind-
ing of NRF'1 to the P1 promoter.

DISCUSSION

PPARy is essential for adipogenesis and adipose
tissue development. To date, no single factor has been
demonstrated to drive adipogenesis in the absence of
PPARy (Lee and Ge, 2014). A number of studies,
including our previous work, have shown that PPARy
expression is regulated by DNA methylation and that
promoter methylation significantly decreases PPARy
expression. In the present study, we demonstrated that
the methylation of the alternative promoter 1 promotes
PPARy1 expression, at least in part by preventing
NRF1 binding to the promoter P1 of PPARy gene in
chicken adipose development.

DNA methylation is a critical epigenetic modification
and plays crucial roles in a number of biological and
pathological processes including gene expression, cell
proliferation, differentiation, development, and disease
(Cedar and Bergman, 2009; Wrzodek et al., 2012; Manzo
et al., 2017; Cui et al., 2018). Generally, DNA methyla-
tion inhibits gene expression (Zhang et al., 2018; Jiang

et al., 2020), but occasionally, it promotes gene expres-
sion (Spruijt et al., 2013; Halpern et al., 2014) . To date,
there are 3 different mechanisms by which DNA methyl-
ation promotes gene expression. First, the binding of
either chromatin protein or TFs to the methylated DNA
results in chromatin remodeling from a highly condensed
state to an open state, thus leading to increased gene
expression (Zhu et al., 2016). For example, KLF4 binds
to the methylated promoter of RHOC gene to remodel
the chromatin of the RHOC promoter to an open state,
thus leading to increased RHOC gene expression (Wan
et al., 2017). Second, DNA methylation favors pre-
mRNA processing such as RNA alternative splicing, and
promotes gene expression (Wan et al., 2017). For exam-
ple, hypermethylation of gene body promotes binding of
MeCP2 and RNA alternative splicing, thus resulting in
increased gene expression (Wan et al., 2017).

The third mechanism is that DNA methylation pre-
cludes the binding of negative regulatory transcription
factors to target promoters, thereby leading to increased
target gene expression (Wan et al., 2017). For example,
Polycomb group protein can bind to FoxA2 promoter
and inhibits FoxA2 expression, but promoter methyla-
tion prevents the Polycomb group protein from binding
to FoxA2 promoter, leading to the increased expression
of FoxA2 gene (Halpern et al., 2014). Our previous study
showed that NRF1 repressed chicken PPARy1 expres-
sion and the P1 promoter activity, and that the alterna-
tive promoter P1 harbored 6 NRF1 binding sites, and of
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Figure 6. The proposed model for regulation of PPARy1 expression by DNA methylation in chicken. NRF1 directly binds to the unmethylated
P1 and inhibits PPARy I expression (upper panel). When CpG49 alone or in combination with the other CpGs is methylated, NRF1 cannot bind to
the methylated promoter P1 and thus leading to derepressed expression of chicken PPARy1 (lower panel). Open and filled circles represent the

unmethylated and methylated CpGs, respectively.

these NRF1 binding sites, 2 NRF1 binding site muta-
tions (N5 and N6) both almost completely abrogated
the suppressive effect of NRF1 on the P1 promoter
activity (Cui et al., 2018). In the present study, we dem-
onstrated that the promoter P1 methylation abrogated
NRF1-mediated inhibition of PPARy1 expression, and
DNA methylation at CpG49 alone (in the vicinity of N5
and N6) or in combination with other CpGs (CpG48,
CpG50, CpG5H1 in N5 and N6) inhibited the binding of
NRF1 to the P1 promoter. Based on previous and pres-
ent findings, we propose a regulatory model depicted in
Figure 6. NRF1 binds to the promoter P1 and inhibits
PPARy1 expression, but when DNA methylation occurs
at CpG49 alone or in combination with other CpGs, it
prevents NRF1 from binding to the promoter P1, thus
leading to increased PPARy 1 expression.

In the present study, PPARy1 mRNA expression was
higher in fat line than in lean line at 7 wk of age, consis-
tent with our previous study that PPARy1 mRNA and
PPARy protein expression in AAT was higher in fat line
than in lean line at 7 wk of age (Wang et al., 2012; Duan
et al., 2015; Cui et al., 2018). Our previous study demon-
strated that the promoter P3 methylation in AAT were
higher in lean line than in fat line and that the P3
methylation and PPARy mRNA level were negatively
correlated (Sun et al., 2014), indicating that DNA meth-
ylation inhibits PPARy expression. However, in this
study, we found the promoter P1 methylation promoted
PPARy1 expression (Figures 4A and 4B). This differ-
ence indicates that these 2 alternative promoters of
PPARy gene are differentially epigenetically regulated
in chicken adipogenesis and adipose development.

Besides DNA methylation, PPARy expression is also
regulated by histone modification, N6-methyladenosine
(m®A), and post-translational modifications (PTMs) (Lee
et al., 2019). Histone modifications can enhance or inhibit
PPARy transcription, for example, H4K20mel modifica-
tion in PPARy gene body enhanced PPARy transcrip-
tion while H3K9me2 in PPARy promoter inhibited
PPARy transcription (Okamura et al., 2010; Suzuki et
al., 2023). The m® A modification is the most abundant
form of posttranscriptional RNA modification in eukar-
yotes. It has been shown that m® A modification of

PPARy mRNA improved PPARy mRNA stability and
PPARy protein expression (Guo et al., 2022). PPARy is
also regulated by a variety of post-translational modifica-
tions including phosphorylation, acetylation, and ubiquiti-
nation, for example, phosphorylation decreased PPARy 1
transcriptional activity (Pang et al., 2014), and ubiquiti-
nation inhibited PPARy protein expression (Lee et al.,
2018). Future study is needed to explore the roles and
regulatory mechanisms mediated by epigenetic and
post-translational modifications of PPARy in chicken
adipogenesis and adipose development.

CONCLUSIONS

We demonstrated that the promoter P1 of PPARYy is
regulated by DNA methylation in chicken AAT, and its
methylation promotes PPARy1 expression, at least in
part, through precluding the binding of NRF1 to the
promoter P1.
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