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A B S T R A C T

Excessive deposition of abdominal fat in chickens has a significant impact on the poultry industry, and there is 
increasing evidence that non-coding RNAs play a crucial role in fat development. In our previous RNA-seq study, 
miR-200b-3p was found to be differentially expressed during different developmental periods of fat in Gushi 
chickens. In this study, we report that miR-200b-3p can directly bind to the 3′UTR region of SESN1 to promote 
proliferation and inhibit differentiation of preadipocytes. Overexpression of SESN1 inhibits preadipocyte pro
liferation and promotes differentiation. In contrast, inhibition of SESN1 resulted in the opposite outcome. 
Interestingly, we also identified the circADGRF5/miR-200b-3p/SESN1 ceRNA network involved in the devel
opmental process of preadipocytes. Furthermore, we validated a novel circRNA, circADGRF5, in this report and 
found that it regulates SESN1 expression through competitive binding with miR-200b-3p. In conclusion, these 
data suggest that miR-200b-3p directly targets SESN1 to regulate the proliferation and differentiation of pre
adipocytes, and circADGRF5 regulates SESN1 expression through competitive binding with miR-200b-3p.

Introduction

Chicken meat and eggs are among the most important sources of 
animal protein for humans. With the rapid development of the poultry 
industry in recent years, large-scale and intensive farming practices have 
led to numerous problems, such as excessive accumulation of abdominal 
fat. Studies have shown that the excessive accumulation of abdominal 
fat not only results in feed waste but also affects meat quality, egg 
production rates, and overall economic efficiency of the poultry in
dustry. It may even pose health risks to human health (Baéza and Le 
Bihan-Duval, 2013; Milićević et al., 2014). Therefore, elucidating the 
molecular mechanisms underlying the development of abdominal fat 
tissue in chickens is of great significance for genetic breeding and pro
duction guidance in poultry.

Fat deposition is a complex, multistage physiological process 

influenced by nutritional conditions, environmental factors, and genetic 
factors. It also involves the coordinated regulation of various pathways, 
hormones, and transcription factors within the body (Moreira et al., 
2018; Davoli et al., 2016). MicroRNAs (miRNAs) are a class of small 
non-coding RNAs, approximately 22 nucleotides (nt) in length, discov
ered in eukaryotes and viruses. They can pair completely or incom
pletely with the 3′ untranslated region (3′-UTR) of specific messenger 
RNAs (mRNAs), leading to the inhibition or degradation of mRNAs, thus 
regulating various developmental and cellular processes in eukaryotes 
(Song et al., 2011; O’Rourke et al., 2006; Ambros V., 2004; Bartel DP., 
2004). Numerous studies have demonstrated that miRNAs are involved 
in the biological processes of adipose tissue development, including 
adipogenesis, adipocyte proliferation and differentiation, and lipid 
metabolism (Price et al., 2016). The first miRNA found to regulate lipid 
metabolism was miR-14 in Drosophila, whose deletion leads to an 
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increase in triglyceride (TG) levels (Xu et al., 2003). miR-33 regulates 
lipid homeostasis and cholesterol metabolism by targeting genes 
involved in cholesterol transport and reduces fatty acid degradation by 
targeting genes associated with fatty acid β-oxidation in the liver (Shao 
et al., 2014). An increasing number of miRNAs are being discovered to 
play roles in the growth and development of adipose tissue, providing 
further insights into the molecular mechanisms of adipogenesis and lipid 
metabolism.

Circular RNAs (circRNAs) are a class of single-stranded, covalently 
closed non-coding RNAs generated by back-splicing from precursor 
mRNAs. They are widely present in eukaryotes, and many circRNAs are 
highly conserved during evolution (Patop et al., 2019; Liu et al., 2022). 
The potential mechanisms by which circRNAs exert their biological 
functions primarily involve interactions with other molecules. 
Numerous studies have shown that circRNAs act as molecular sponges 
for miRNAs, participating in post-transcriptional regulation. By 
competitively binding to miRNAs, they relieve the miRNA-mediated 
repression on target genes, thereby regulating gene expression, a 
mechanism known as competing endogenous RNAs (ceRNAs) (Panda 
AC., 2018). For instance, CircRNA_09505 can act as a sponge for 
miR-6089, regulating inflammation in CIA mice through the 
miR-6089/AKT1/NF-κB axis (Yang et al., 2020). CircNFIC promotes 
inflammation and apoptosis in chicken macrophages (HD11) via the 
miR-30e-3p/DENND1B axis (Chen et al., 2021), and circFGFR2 en
hances the proliferation and differentiation of skeletal muscle myoblasts 
by targeting miR-29b-1-5p and miR-133a-5p (Chen et al., 2018). These 
studies contribute to our understanding of the roles of circRNAs in 
chicken growth and development. However, many aspects remain to be 
elucidated, especially the expression characteristics of circRNAs in the 
development of chicken adipose tissue and the biological functions of 
circRNAs associated with abdominal fat deposition.

In this study, based on previous high-throughput sequencing data, 
we found that miR-200b-3p is significantly differentially expressed 
during various stages of abdominal fat development in Gushi chickens 
(Chen et al., 2019). Further investigation revealed an interaction be
tween the circular RNA derived from ADGRF5 (gga-circ_0005175, 
named circADGRF5), miR-200b-3p, and SESN1, which is involved in the 
development or deposition of abdominal fat in chickens. Therefore, this 
study aims to explore the interaction and biological functions of 
circADGRF5/miR-200b-3p/SESN1, thereby enhancing our understand
ing of the genetic basis and molecular mechanisms influencing abdom
inal fat deposition in poultry.

Materials and methods

Ethics statement

All experimental animals used in this study were sourced from the 
Animal Center of Henan Agricultural University and were raised under 
identical environmental conditions, with access to the same food and 
water. All animal experimental procedures were approved by the 
Institutional Animal Care and Use Committee of Henan Agricultural 
University (Permit Number: 11-0085). To ensure animal welfare, every 
effort was made to humanely euthanize the experimental animals.

Experimental animals and sample preparation

Gushi chicken is a dual-purpose local breed in China known for its 
tender meat, excellent flavor, tolerance to rough feed, and stable genetic 
traits. It is frequently used as a breeding material for high-quality meat 
chickens (Fu et al., 2018). Six healthy 6-week-old Gushi chickens were 
selected for the study. Under sterile conditions, samples of the heart, 
liver, spleen, lung, kidney, breast muscle, leg muscle, subcutaneous fat, 
and abdominal fat tissue were collected post-dissection. The tissues were 
cut into soybean-sized pieces and placed in 1.5 mL RNAase-free EP 
tubes, rapidly frozen in liquid nitrogen, and stored at -80◦C for later use.

Isolation of primary preadipocytes

14-day-old Gushi chickens reared under standard conditions were 
aseptically sacrificed, followed by surface disinfection with 75 % 
ethanol. Abdominal adipose tissue was dissected in a laminar flow hood, 
rinsed three times with PBS to remove vascular fascia, and minced into 
fragments. Tissue fragments were digested in collagenase solution (1:5 
tissue-to-solution ratio) at 37◦C for 60 minutes with intermittent shaking 
every 5 minutes. Digestion was terminated by adding complete culture 
medium, and the mixture was sequentially filtered through 100-, 200-, 
and 500-μm mesh sieves. The filtrate was centrifuged at 1,500–2,000 ×g 
for 10 min, after which the supernatant was discarded. Pelleted cells 
were resuspended in erythrocyte lysis buffer for 10 minutes, centrifuged 
under identical conditions, and washed twice with PBS. Cells were 
finally resuspended in complete medium and cultured in a humidified 
incubator at 37◦C with 5 % CO₂.

Cell culture

The chicken embryonic fibroblast cell line (DF-1) was a cell line 
preserved by our research group. Chicken preadipocytes were isolated 
following previously established methods (Zhai et al., 2023). Both 
chicken preadipocytes and DF-1 cells were cultured in Dulbecco’s 
Modified Eagle’s Medium F12 (DMEM-F12), supplemented with 10 % 
fetal bovine serum (FBS, BI, Israel) and 1 % penicillin-streptomycin. The 
cells were maintained in a cell culture incubator at 37◦C with 5 % CO2.

Induced differentiation

Preadipocytes were seeded into 6-well cell culture plates. When the 
cell density reached 90 %, the complete medium was replaced with 
induction differentiation medium, which was then changed every 48 
hours. Cell samples were collected at 0d, 1d, 2d, 3d, 4d, and 5d, with 
three biological replicates for each time point. Oleic acid stock solution 
was prepared by dissolving 6.3 μL of oleic acid standard in 1 mL of 
DMSO. The induction differentiation medium was then prepared by 
mixing 800 μL of oleic acid stock solution with 100 mL of complete 
medium (Shang et al., 2014).

Oil Red O staining

Preadipocytes were washed three times with phosphate-buffered 
saline (PBS) and fixed with 10 % paraformaldehyde for 30 minutes. 
After washing again three times with PBS, the cells were stained with Oil 
Red O (Sigma, St. Louis, MO, USA) dissolved in 100 % isopropanol at 
room temperature for 30 minutes. The cells were then rinsed with 60 % 
isopropanol for 10 seconds, washed three times with PBS, and imaged 
under a microscope. After imaging, the intracellular Oil Red O was 
dissolved with 100 % isopropanol for 5 minutes, and the absorbance at 
500 nm was measured by spectrophotometry to quantify the lipid 
droplet content.

RNA extraction, cDNA reverse transcription and quantitative PCR (qPCR)

Total RNA was extracted from tissues and cells using the RNA isolater 
Total RNA Extraction Reagent (Vazyme, China). The RNA quantity was 
determined using a spectrophotometer (Thermo, USA). The purified 
RNA obtained in the previous step was reverse transcribed using the 
HiScript II Q RT SuperMix for qPCR (+gDNA wiper) kit (Vazyme, China) 
according to the manufacturer’s instructions. MiRNA was reverse tran
scribed using the ReverTra Ace qPCR RT kit (Toyobo, Japan). qPCR was 
performed using the ChamQ Universal SYBR qPCR Master Mix (Vazyme, 
China) and the LightCycler 96 qPCR system (Roche, Basel, Switzerland). 
GAPDH and β-actin were used as internal controls for mRNA, and U6 
was used as an internal control for miRNA. All experiments were per
formed with at least three biological replicates. The relative 
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quantification of genes was calculated using the 2− ΔΔCt method. Specific 
primers, mimics, and inhibitors for BuLge-LoopTM miRNA qPCR were 
designed by RiboBio (RiboBio, China). The primer sequences are listed 
in Supplementary Table S1.

Vector construction and siRNA oligonucleotide synthesis

The CDS and 3′UTR sequences of the SESN1 gene were downloaded 
from the NCBI database (https://www.ncbi.nlm.nih.gov/). Using the 
laboratory-preserved expression vectors pcDNA3.1 and psiCHECK2, the 
SESN1 overexpression vector pcDNA3.1-SESN1 was constructed, along 
with the wild-type (SESN1-3′UTR-WT) and mutant (SESN1-3′UTR- 
MUT) vectors targeting miR-200b-3p, and the wild-type (circADGRF5- 
WT) and mutant (circADGRF5-MUT) vectors. The pCD25 expression 
vector, purchased from GENESEED (China), was used to construct the 
circADGRF5 expression vector pCD25-circADGRF5. The siRNA oligo
nucleotides for SESN1 (si-SESN1), negative control siRNA (si-NC), miR- 
200b-3p mimic, miR-200b-3p inhibitor, and their corresponding nega
tive controls (mimic NC and inhibitor NC) were designed and synthe
sized by RiboBio.

Cell transfection

Cells were transfected using Lipofectamine 3000 (Invitrogen, USA) 
according to the manufacturer’s instructions. Preadipocytes and DF-1 
cells were seeded into 6-well plates and cultured until they reached 
70-80 % confluence. Plasmids were transfected into the cells as required 
for the experiments. The transfection complexes were prepared in Opti- 
MEM (Gibco, USA) and added to the cells according to the Lipofect
amine 3000 protocol. Six hours after transfection, the medium was 
replaced with fresh complete medium.

CCK-8, EdU assay and flow cytometry

CCK-8 Assay:Cell viability was measured using the CCK-8 kit 
(Vazyme, China). According to the manufacturer’s instructions, 10 μL of 
CCK-8 solution was added to each well of a 96-well plate 2 hours before 
the measurement. The cell plates were then incubated at 37◦C in a 5 % 
CO2 incubator. Cell viability of preadipocytes cultured in the 96-well 
plates was detected every 12 hours at a wavelength of 450 nm using a 
fluorescence microplate reader (BD BioTek, Winooski, USA).

EdU Assay:Cells were seeded into 24-well plates for culture. After 48 
hours of transfection, the cells were fixed and incubated with the Cell- 
Light EdU Apollo 567 in vitro kit (RiboBio, China) according to the 
manufacturer’s instructions. Images were captured using a fluorescence 
microscope (Olympus, Japan). All experiments were performed in 
triplicate.

Flow Cytometry:Preadipocytes seeded in 6-well plates were trans
fected at a concentration of 70 % (overexpression) and 40 % (knock
down). When the cells reached 90 %-100 % confluence, they were 
processed by first washing with PBS, followed by trypsin digestion. The 
digestion was stopped with complete medium to obtain a cell pellet. The 
cells were then resuspended in 70 % ethanol and fixed at 4◦C. Cell cycle 
analysis was performed using a BD Accuri C6 flow cytometer (BD Bio
sciences, California, USA).

Cellular triglyceride (TG) measurement

Preadipocytes were washed twice with PBS and lysed using lysis 
buffer (Applygen, Beijing, China). The cell lysates were then incubated 
at 70◦C for 10 minutes and centrifuged at 2000 rpm for 5 minutes at 
room temperature. Intracellular triglyceride (TG) levels were measured 
using a Cellular Triglyceride Content Assay Kit (Solarbio, China) ac
cording to the manufacturer’s instructions.

Target gene prediction and dual luciferase reporter assay

The target genes of miRNAs were predicted using the bioinformatics 
tools miRDB and RNAhybrid (Chen et al., 2020; Krüger et al., 2006). The 
miRNA target validation experiments were conducted in DF-1 cells 
(Himly et al., 1998). Wild-type or mutant dual-luciferase reporter vec
tors were co-transfected with miR-200-3p mimics or NC mimics into 
DF-1 cells. The co-transfection was performed in 24-well plates using 
Lipofectamine 3000 reagent (Invitrogen, California, USA).

Gene function analysis

To elucidate the functions of the genes and further understand the 
biological connections of the regulated genes, we applied the Cluster
Profiler package (Yu et al., 2012) for Gene Ontology (GO) term and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses. 
Novel, high-quality visualizations of the data were created using the 
ggplot2 package in R (Maag JLV, 2018). Additionally, GO terms and 
KEGG pathways with a calibrated p (q) value < 0.05 were considered 
significantly enriched.

Identification of circular RNA

The cDNA and gDNA extracted from the abdominal fat tissue of 
Gushi chickens were used as templates for PCR amplification with for
ward and reverse primers specific to circADGRF5. The PCR products 
were subjected to gel electrophoresis, recovered, and subsequently sent 
to Beijing Tsingke Biotech Co., Ltd. for sequencing. The sequencing re
sults were aligned with the junction sequence of circADGRF5 for 
comparative analysis. RNA samples isolated from the abdominal fat 
tissue of Gushi chickens underwent RNase R digestion following the 
protocol provided in the Ribonuclease R Kit (Guangzhou GENESEED). 
The cDNA from both the control group and the treatment group was then 
used as a template for qPCR to quantitatively analyze the expression 
levels and stability of circADGRF5. Refer to our previous method for 
details (Yuan et al., 2022).

Statistical analysis

Quantitative expression data from qRT-PCR were statistically 
analyzed using GraphPad Prism 8.0 software (GraphPad Software, USA). 
A t-test was performed to assess statistical differences in the data (*p<
0.05, **p< 0.01). Intergroup comparisons were analyzed using alpha
betical superscript notation according to the following conventions: 
groups sharing identical letters (e.g., a,a) demonstrate statistically 
insignificant differences (p>0.05); those with distinct letter designa
tions (e.g., a,b) exhibit statistically significant divergence (p<0.05); 
while groups marked with shared letter combinations (e.g., a,b) indicate 
partial significance overlaps with specific subgroups through multiple 
comparison analyses. The data are presented as the mean ± standard 
deviation (SEM) of at least three biological replicates.

Results

miR-200b-3p promotes proliferation and inhibits differentiation of 
preadipocytes

To investigate the effect of miR-200b-3p on chicken preadipocytes, 
this study first performed Oil Red O staining and image collection on 
primary preadipocytes of Gushi chickens at different stages of induced 
differentiation. Images were collected at six time points: 0d (start of 
induction when preadipocytes reached 80 % confluence), 1d, 2d, 3d, 4d, 
and 5d (Supplementary Fig. S1A). The results showed that the number of 
lipid droplets in adipocytes increased over the differentiation period. 
The expression levels of miR-200b-3p were validated by qRT-PCR at 
different stages of abdominal fat deposition (6 weeks, 14 weeks, 22 

P. Yuan et al.                                                                                                                                                                                                                                    

https://www.ncbi.nlm.nih.gov/


Poultry Science 104 (2025) 105068

4

weeks, and 30 weeks) in Gushi chickens. The findings revealed differ
ential expression of miR-200b-3p across these stages, with the highest 
expression observed at 6 weeks (Fig. 1A). Subsequently, the relative 
expression of miR-200b-3p in different tissues of 6-week-old Gushi 
chickens was analyzed, indicating high expression in abdominal fat 
tissue (Fig. 1B). Additionally, the changes in miR-200b-3p expression at 
different stages of induced differentiation were examined (Fig. 1C). The 
results demonstrated a significant downtrend in the first three days of 
differentiation compared to 0d, followed by an increase in expression in 
the later stages of induction. Collectively, the dynamic expression of 
miR-200b-3p at different stages and in different tissues suggests its po
tential involvement in the development of abdominal fat. Therefore, this 
study further validates its function at the cellular level.

During the proliferation phase of preadipocytes, miR-200b-3p 
mimic, mimic NC, miR-200b-3p inhibitor, and inhibitor NC were 
transfected into preadipocytes. Compared with the control group, the 
expression level of miR-200b-3p mimic was significantly increased in 
the overexpression group (Fig. 1D). In contrast, the expression level of 
miR-200b-3p was significantly decreased after transfection with the 
miR-200b-3p inhibitor compared to the control group (Fig. 1E). To 
validate the role of miR-200b-3p in the proliferation of preadipocytes, 
we measured the expression changes of proliferation-related marker 
genes using qRT-PCR. Cell proliferation activity was assessed with the 
CCK-8 assay, cell proliferation was quantified using the EdU assay, and 
the cell cycle was analyzed by flow cytometry. The results showed that 
after overexpressing miR-200b-3p, the expression level of the P21 gene 
was significantly decreased, while the expression levels of CDK1 and 
CCNB2 were significantly increased compared to the control group 
(Fig. 1F). In contrast, after inhibiting miR-200b-3p, there was no sig
nificant change in the expression level of the P21 gene, but the expres
sion levels of CDK1, PCNA, and CCND1 were significantly decreased 
(Fig. 1G). The CCK-8 assay results indicated that cell viability was 
significantly increased at 12h, 24h, 36h, and 48h after overexpressing 
miR-200b-3p compared to the control group (Fig. 1H). Conversely, cell 
viability was significantly decreased at 12h, 24h, 36h, and 48h after 
inhibiting miR-200b-3p compared to the control group (Fig. 1I). The 
EdU assay results showed a significant increase in cell proliferation after 
transfection with the miR-200b-3p mimic (Fig 1J, L), whereas cell pro
liferation was significantly reduced after transfection with the miR- 
200b-3p inhibitor (Fig 1K, M). Flow cytometry analysis of the cell 
cycle revealed a significant increase in the proportion of S-phase cells 
after miR-200b-3p overexpression, with no significant changes in the 
G0/G1 and G2/M phases (P > 0.05) (Fig. 1N). In contrast, inhibition of 
miR-200b-3p resulted in no significant changes in the proportions of S- 
phase, G0/G1, and G2/M phase cells (Fig. 1O).

Furthermore, we examined the expression changes of differentiation- 
related marker genes using qRT-PCR, as well as the differentiation status 
of preadipocytes through Oil Red O staining and TG content measure
ment. The results indicated that overexpression of miR-200b-3p signif
icantly decreased the expression levels of the differentiation marker 
genes PPARγ, FABP4, and FABP5 (Fig. 1P), while inhibition of miR- 
200b-3p significantly increased the expression levels of the differentia
tion marker genes C/EBPα, FABP4, and FABP5 (Fig. 1Q). Oil Red O 
staining revealed that overexpression of miR-200b-3p significantly 
reduced the number of lipid droplets in preadipocytes (Fig 1R, T), 
whereas inhibition of miR-200b-3p significantly increased the number 
of lipid droplets in preadipocytes (Fig 1S, U). The TG content mea
surement showed that the TG content in adipocytes was significantly 
decreased after transfection with miR-200b-3p mimic compared to the 
control group (Fig. 1V), while it was significantly increased in the miR- 
200b-3p inhibitor group (Fig. 1W). Collectively, these findings suggest 
that miR-200b-3p exhibits temporal expression during abdominal fat 
development in Gushi chickens, promoting preadipocyte proliferation 
and inhibiting preadipocyte differentiation in the abdominal region.

Screening and identification of miR-200b-3p target genes

To further investigate the molecular regulatory mechanisms of miR- 
200b-3p, we utilized the online tools miRDB and TargetScan to predict 
potential target genes of miR-200b-3p. A total of 1,223 potential target 
genes were identified. Gene Ontology (GO) (Fig. 2A) and Kyoto Ency
clopedia of Genes and Genomes (KEGG) (Fig. 2B) functional enrichment 
analyses were performed on these potential target genes. The GO terms 
significantly enriched (P < 0.05) included protein amino acid complex, 
enzyme activity, amino acid transport, glycerolipid metabolic process, 
insulin receptor signaling pathway, and negative regulation of adipocyte 
differentiation. The KEGG pathways significantly enriched (P < 0.05) 
included the TGF-β signaling pathway, MAPK signaling pathway, insulin 
signaling pathway, adipocytokine signaling pathway, and steroid 
biosynthesis. Additionally, pathways related to fatty acid elongation, 
fatty acid metabolism, amino acid biosynthesis, and the PPAR signaling 
pathway were also enriched.

Combining our previous sequencing data for miRNA-mRNA corre
lation analysis and the prediction of miR-200b-3p potential target genes, 
we found that the pathway involving SESN1 is closely related to lipid 
metabolism. Using bioinformatics prediction tools miRDB and RNAhy
brid, we identified the predicted interaction between miR-200b-3p and 
its target gene SESN1 (Fig. 2C-D). To further validate their targeting 
relationship, we constructed SESN1-3′UTR-WT and SESN1-3′UTR-MUT 
vectors for subsequent dual-luciferase reporter assays (Fig. 2E). After co- 
transfecting DF-1 cells with miR-200b-3p mimic and either the wild-type 
or mutant psiCHECK2-SESN1-3′UTR vectors for 48 hours, miR-200b-3p 
was found to significantly inhibit the luciferase activity of the wild-type 
vector (P < 0.01), while there was no significant inhibitory effect when 
co-transfected with the mutant vector (Fig. 2F). To further validate the 
targeting interaction between miR-200b-3p and the SESN1 gene, we 
overexpressed and inhibited miR-200b-3p in preadipocytes, respec
tively, and detected changes in SESN1 mRNA levels using qRT-PCR. 
Overexpression of miR-200b-3p in preadipocytes significantly sup
pressed SESN1 gene expression (P < 0.05) (Fig. 2G). Conversely, inhi
bition of miR-200b-3p significantly promoted SESN1 gene expression (P 
< 0.01) (Fig. 2H). These results indicate that there is a targeting inter
action between miR-200b-3p and the SESN1 gene.

SESN1 inhibits preadipocyte proliferation and promotes their 
differentiation

To investigate the role of SESN1 in the proliferation and differenti
ation of chicken preadipocytes, we first examined the expression 
changes of SESN1 in different tissues of 6-week-old Gushi chickens and 
at various time points during the induced differentiation of pre
adipocytes. This was done to better understand the expression patterns 
of SESN1. The results showed that SESN1 was highly expressed in the 
abdominal fat of Gushi chickens (Fig. 3A) and exhibited a gradually 
increasing trend at different time points during preadipocyte differen
tiation (Fig. 3B). The dynamic expression patterns of SESN1 in different 
tissues and differentiation stages suggest its potential involvement in fat 
development. Therefore, we proceeded to validate its function at the 
cellular level.

Firstly, when preadipocytes reached 80 % confluence, we transfected 
the overexpression vector pcDNA3.1-SESN1 and the control vector 
pcDNA3.1, as well as the interference fragment si-SESN1 and the control 
si-NC into the preadipocytes. Compared with the control group trans
fected with pcDNA3.1, the expression of SESN1 significantly increased 
in the overexpression group (Fig. 3C). Conversely, the expression of 
SESN1 significantly decreased after transfection with the interference 
fragment si-SESN1 (Fig. 3D). We validated the role of SESN1 in the 
proliferation of preadipocytes using qRT-PCR, CCK-8, EdU, and cell 
cycle assays. The results showed that overexpression of SESN1 signifi
cantly increased the expression of the P21 gene and decreased the 
expression levels of CDK1, PCNA, CCND1, and CCNB2 compared to the 
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control group (Fig. 3E). In contrast, inhibition of SESN1 led to a signif
icant decrease in the expression of the P21 gene and a significant in
crease in the expression of CCND1, while the expression levels of CDK1, 
PCNA, and CCNB2 did not show significant changes (Fig. 3F). The cell 
cycle results indicated that overexpression of SESN1 resulted in no sig
nificant changes in the G0/G1 and G2/M phases, but a significant 
reduction in the S phase cells compared to the control group (Fig. 3G). 
Conversely, inhibition of SESN1 significantly decreased the G0/G1 
phase, significantly increased the G2/M phase, and significantly 
increased the S phase cells (Fig. 3H). The EdU assay results indicated 
that cell proliferation was significantly reduced after transfection with 
pcDNA3.1-SESN1 (Fig. 3I), whereas cell proliferation significantly 
increased after transfection with si-SESN1 (Fig. 3J). The CCK-8 assay 
results showed that cell viability significantly decreased at 24h, 36h, and 
48h after overexpression of SESN1 compared to the control group 
(Fig. 3K). In contrast, cell viability significantly increased at 24h and 
36h after inhibition of SESN1 expression (Fig. 3L).

We further investigated the impact of SESN1 on the differentiation of 
preadipocytes. By overexpressing and inhibiting SESN1 in pre
adipocytes, we examined the expression of differentiation marker genes, 
performed Oil Red O staining, and measured TG content to assess the 
differentiation status of preadipocytes. The results showed that over
expression of SESN1 significantly increased the expression levels of the 
differentiation marker genes PPARγ and C/EBPα, while the expression 
levels of LPL, FABP4, and FABP5 showed no significant changes 
(Fig. 3O). In contrast, inhibition of SESN1 significantly decreased the 
expression levels of the differentiation marker genes PPARγ, LPL, and 
FABP4, with no significant changes in the expression levels of C/EBPα 
and FABP5 (Fig. 3P). Oil Red O staining results revealed that over
expression of SESN1 significantly increased the number of lipid droplets 
in preadipocytes (Supplementary Fig.s S1B), whereas inhibition of 
SESN1 significantly reduced the number of lipid droplets in pre
adipocytes (Supplementary Fig.s S1C). TG content measurements 
showed that, compared to the control group, TG content in adipocytes 
significantly increased after SESN1 overexpression (Fig. 3M), while TG 
content significantly decreased in the si-SESN1 transfection group 
(Fig. 3N).

To further elucidate whether miR-200b-3p regulates preadipocyte 
proliferation and differentiation through its targeting of the SESN1 gene, 
we co-transfected miR-200b-3p mimic with pcDNA3.1-SESN1, miR- 
200b-3p mimic with pcDNA3.1, and mimic NC with pcDNA3.1 into 
preadipocytes. The results showed that the expression of P21 was 
significantly decreased in the miR-200b-3p mimic + pcDNA3.1 group, 
whereas the expression of P21 was restored in the miR-200b-3p mimic +
pcDNA3.1-SESN1 group, indicating that the inhibitory effect was 
weakened. Similarly, the expression of other proliferation marker genes 
PCNA, CCND1, and CCNB2 was significantly inhibited in the miR-200b- 
3p mimic + pcDNA3.1-SESN1 group compared to the miR-200b-3p 
mimic + pcDNA3.1 group (Fig. 3Q). The expression levels of differen
tiation marker genes PPARγ, C/EBPα, FABP4, and FABP5 were signifi
cantly higher in the miR-200b-3p mimic + pcDNA3.1-SESN1 group than 
in the miR-200b-3p mimic + pcDNA3.1 group, but still lower than those 

in the mimic NC + pcDNA3.1 group (Fig. 3R). Additionally, we further 
demonstrated that miR-200b-3p regulates preadipocyte proliferation 
and differentiation through its targeting of the SESN1 gene by co- 
transfecting the cells and performing CCK-8 assays and cell cycle anal
ysis. The CCK-8 assay results indicated that the cell proliferation activity 
in the miR-200b-3p mimic + pcDNA3.1-SESN1 group was significantly 
higher than that in the control group, but lower than that in the miR- 
200b-3p overexpression group (Supplementary Fig. S1D). Cell cycle 
analysis revealed that the number of G0/G1 phase cells in the miR-200b- 
3p mimic + pcDNA3.1-SESN1 group was significantly higher than that 
in the miR-200b-3p overexpression group, while the number of G2/M 
phase cells was significantly lower than that in the miR-200b-3p over
expression group. The number of S phase cells in the miR-200b-3p 
overexpression group was significantly higher than that in the other 
two groups, but the number of S phase cells in the miR-200b-3p mimic +
pcDNA3.1-SESN1 group was lower than that in the control group 
(Supplementary Fig. S1E). These results suggest that miR-200b-3p can 
mitigate the inhibitory effect of SESN1 on cell proliferation activity.

In summary, our results indicate that SESN1 exhibits temporal 
expression during the process of adipocyte differentiation, where it in
hibits preadipocyte proliferation and promotes differentiation. This ef
fect is directly regulated by the targeting action of miR-200b-3p.

circADGRF5 Competitively Binds miR-200b-3p to regulate SESN1 
expression

We obtained the gene information of ADGRF5 and the circular RNA 
(circRNA) formation mechanism from the NCBI database. Combined 
with circRNA sequencing, we predicted that circADGRF5 is formed by 
the self-circularization of ADGRF5, with a full length of 590 nt. We 
designed forward and reverse primers for circADGRF5 and performed 
PCR amplification using mixed gDNA and cDNA samples from the 
abdominal fat tissues of Gushi chickens at different ages. The results 
showed that both primer pairs successfully amplified the target product 
from cDNA; the forward primers could also amplify the target fragment 
using gDNA as a template, while the reverse primers could not amplify 
any bands from gDNA (Fig. 4A). Subsequently, Sanger sequencing of the 
fragments amplified with the reverse primers revealed the presence of 
the expected back-spliced junction sequence (Fig. 4B). We also used 
RNase R digestion to further verify circADGRF5, and qRT-PCR results 
indicated that circADGRF5 was resistant to RNase R digestion (Fig. 4C). 
These results collectively confirm that circADGRF5 is a stable and 
authentic circRNA.

Based on our previous sequencing data for miRNA-circRNA corre
lation analysis and the prediction results of potential circRNAs for miR- 
200b-3p (Jin et al., 2021), we constructed circADGRF5-WT and 
circADGRF5-MUT vectors to validate their targeting relationship 
(Fig. 4D). Subsequently, we transfected DF-1 cells with miR-200b-3p 
mimic or mimic NC, and circADGRF5-WT or circADGRF5-MUT. After 
48 hours of co-transfection, the fluorescence values of each group were 
measured using a dual-luciferase reporter assay. The results showed that 
the fluorescence activity in the miR-200b-3p mimic + circADGRF5-WT 

Fig. 1. miR-200b-3p promotes the proliferation of preadipocytes and inhibits their differentiation. (A) Relative expression of miR-200b-3p in abdominal adipose 
tissue of Gushi chickens at different periods. (B) Relative expression of miR-200b-3p in different tissues of Gushi chickens at 6 weeks of age. (C) Relative expression of 
miR-200b-3p in preadipocytes at different differentiation time points. (D) Detection of overexpression efficiency of miR-200b-3p. (E) Detection of inhibitory effi
ciency of miR-200b-3p. (F) Effects of overexpression of miR-200b-3p on proliferative marker genes. (G) Effects of inhibition of miR-200b-3p on proliferative marker 
genes. (H) Effects of overexpression of miR-200b-3p on the proliferation activity of preadipocyte. (I) The effect of inhibition miR-200b-3p on the proliferation activity 
of preadipocyte. (J) EdU detected the effect of miR-200b-3p expression on the number of preadipocyte proliferation. (K) The effect of EdU detection on the pro
liferation number of preadipocytes after inhibition of miR-200b-3p. (L) The proportion of EdU positive cells. (M) Statistics of the proportion of EdU positive cells. (N) 
Effects of overexpression of miR-200b-3p on the cell cycle of preadipocyte. (O) The effect of interfering with miR-200b-3p on the cell cycle of preadipocyte. (P) Effect 
of overexpression of miR-200b-3p on differentiation marker genes. (Q) Effect of inhibition of miR-200b-3p on differentiation marker genes. (R) Results of oil red O 
staining after overexpression of miR-200b-3p. (S) Results of oil red O staining after inhibition of miR-200b-3p. (T-U) Analysis of oil red O content (OD value read at 
500 nm). (V) Detection results of TG content after overexpression of miR-200b-3p. (W) Detection results of TG content after inhibition of miR-200b-3p. All ex
periments were performed in triplicate, and the data are expressed as the mean ±S.E.M. (* p<0.05; ** p<0.01). Statistical comparisons between groups were denoted 
using alphabetical superscripts: identical lettersindicate no significant difference (p>0.05), distinct letters represent significant differences (p<0.05).
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group was significantly lower than that in the mimic NC +

circADGRF5-WT group (P < 0.01), and also significantly lower than that 
in the miR-200b-3p mimic + circADGRF5-MUT and mimic NC +
circADGRF5-MUT groups (P < 0.01) (Fig. 4E). qRT-PCR results indi
cated that the expression level of circADGRF5 was significantly 
decreased or increased after overexpressing or inhibiting miR-200b-3p, 
respectively (Fig 4F-G). These findings suggest a targeting relationship 
between miR-200b-3p and circADGRF5.

We used pCD25 as the overexpression vector to construct a cir
cADGRF5 overexpression plasmid, named pCD2-circADGRF5, with the 
empty pCD25 plasmid as the control. The constructed plasmids and the 
control were transfected into preadipocytes to verify the overexpression 

effect. The results showed that the overexpression plasmid significantly 
upregulated the expression of circADGRF5 (Fig. 4H). Next, we investi
gated whether circADGRF5 competitively binds miR-200b-3p to regu
late SESN1 expression through co-transfection recovery experiments. 
We co-transfected pCD2-circADGRF5 with miR-200b-3p mimic or 
mimic NC and found that circADGRF5 could indeed rescue the inhibi
tory effect of miR-200b-3p on SESN1 expression (Fig. 4I). Additionally, 
we co-transfected pCD2-circADGRF5 or the control plasmid with miR- 
200b-3p inhibitor or inhibitor NC. The results showed that both pCD2- 
circADGRF5 and miR-200b-3p inhibitor groups upregulated SESN1 
expression, but there was no significant difference between the pCD2- 
circADGRF5 + miR-200b-3p inhibitor group and the pCD25 + miR- 

Fig. 2. Screening and Identification of Target Genes of miR-200b-3p. (A) The y-axis is the GO items at the next level of the three GO categories, and the x-axisis the 
number of genes annotated for that item. (B) The y-axis indicates the pathway name, the x-axis indicates the p-value, the size of the dots indicates the number of 
genes in the pathway, and the color of the dots corresponds to different -log10 (q-value) ranges. (C-D) SESN1 was predicted to be a target of miR-200b-3p by miRDB 
and RNAhybrid. (E) Binding site of miR-200b-3p and the 3’UTR sequence of SESN1 gene. (F) Validation of SESN1 gene as miR-200b-3p target. (G-H) Effects of 
overexpression/inhibitory of miR-200b-3p on the relative expression of SESN1. All experiments were performed in triplicate, and the data are expressed as the mean 
±S.E.M. (* p<0.05; ** p<0.01).
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200b-3p inhibitor group (Fig. 4J). This indicates that circADGRF5 exerts 
its regulatory effect on SESN1 by binding to miR-200b-3p. However, 
when miR-200b-3p is inhibited, the increase in SESN1 expression is due 
to the effect of the miR-200b-3p inhibitor, and thus overexpression of 
circADGRF5 loses its regulatory effect on SESN1.

Similarly, to further confirm that circADGRF5 regulates SESN1 
expression by competitively binding to miR-200b-3p, we co-transfected 
circADGRF5-WT, miR-200b-3p mimic, and SESN1-3′UTR-WT into DF-1 
cells. After 48 hours, a dual-luciferase reporter assay was performed to 
measure the fluorescence values. The results showed that the fluores
cence value in the miR-200b-3p mimic + SESN1-3′UTR-WT group was 
significantly lower than that in the miR-200b-3p mimic group, while the 
presence of circADGRF5-WT resulted in a partial recovery of the fluo
rescence value (Fig. 4K). This suggests that circADGRF5 can mitigate the 
inhibitory effect of miR-200b-3p on SESN1.

Discussion

Excessive accumulation of abdominal fat in chickens has become an 
unavoidable issue in modern animal husbandry, and such fat accumu
lation can also impact human health. It is well-known that fat deposition 
in chickens is a highly complex biological process regulated by various 
pathways, transcription factors, and genes (Moreira et al., 2018; Davoli 
et al.,2016). To elucidate the process and regulatory mechanisms of 
abdominal fat deposition in chickens post-hatch, we previously con
ducted high-throughput sequencing of abdominal fat tissues in Gushi 
chickens at 6, 14, 22, and 30 weeks of age. This comprehensive evalu
ation revealed the expression profiles of miRNA, circRNA, lncRNA, and 
mRNA during the development of abdominal fat in Gushi chickens (Jin 
et al., 2021; Zhai et al., 2023). Through integrated analysis of the 
sequencing data, we constructed an interaction regulatory network 
related to abdominal fat deposition in Gushi chickens. Our findings 
revealed that miR-200b-3p exhibited significant differential expression 
at various stages of abdominal fat development, and further identified 
the interaction between circADGRF5/miR-200b-3p/SESN1, which is 
involved in the development or deposition of abdominal fat in chickens.

Abdominal fat deposition involves an increase in the number and 
hypertrophy of adipocytes. Numerous studies have demonstrated the 
critical role of miRNA in the growth and development of adipocytes 
(Huang et al.,2010; Wang et al., 2008; Sun et al., 2009; Huang et al., 
2012). In this study, we investigated the effects of miR-200b-3p on 
preadipocytes by transfecting preadipocytes with miR-200b-3p mimics 
and inhibitors. Several studies have shown that certain cell cycle-related 
genes are involved in the progression of the cell cycle, with P21 being 
one of the key downstream genes in the p53 signaling pathway. P21 can 
inhibit the activity of the cyclin-CDK complex and PCNA, inducing cell 
cycle arrest and senescence in response to DNA damage (Chen et al., 
2008). Genes related to cell proliferation, such as P21, PCNA, CDK1, 
CCND1, and CCNB2, are commonly used to assess cell proliferation 
status (Chen et al., 2008). Our study found that miR-200b-3p could 
suppress the expression of P21 while promoting the expression of other 
proliferation marker genes. Flow cytometry results indicated that 
miR-200b-3p facilitates the progression of cells through the S phase. 
Additionally, CCK-8 and EdU assays demonstrated that miR-200b-3p 

promotes the proliferation of preadipocytes. Therefore, the results of 
this study demonstrate that miR-200b-3p can promote the proliferation 
of preadipocytes. It is well-known that PPARγ and C/EBPα are the most 
important transcription factors for adipogenesis and can serve as 
markers of adipocyte differentiation (Jin et al., 2010; Marion et al., 
2016). This study found that overexpression of miR-200b-3p signifi
cantly reduces the mRNA expression levels of PPARγ and C/EBPα. 
Additionally, Oil Red O staining and triglyceride content assays revealed 
that overexpression of miR-200b-3p decreases lipid droplet accumula
tion in adipocytes and significantly reduces intracellular triglyceride 
levels. Conversely, inhibiting miR-200b-3p produced opposite results. 
These findings collectively confirm that miR-200b-3p can inhibit the 
differentiation of preadipocytes.

An increasing number of studies indicate that miRNAs exert their 
regulatory functions by inhibiting or degrading downstream target 
genes, thereby modulating gene expression at the post-transcriptional 
level (Correia et al., 2019). Therefore, investigating the regulatory 
network between miRNAs and their target genes are of significant 
importance. In fact, miRNA-mediated regulation of gene expression is 
influenced by various factors, which may vary depending on the cellular 
or tissue environment (Bhaskaran et al., 2014). A notable characteristic 
of miRNAs is that a single miRNA can target multiple mRNAs, thereby 
regulating the expression of an entire set of proteins; conversely, a single 
mRNA can be targeted by multiple miRNAs (Wang et al., 2012; Gjorg
jieva et al., 2019). To explore the post-transcriptional regulatory 
mechanism of miR-200b-3p, we performed a miRNA-mRNA association 
analysis based on our previous sequencing data, identifying numerous 
genes with potential miR-200b-3p binding sites (Chen et al., 2019). 
Using online tools such as miRDB and TargetScan, we predicted 1,223 
potential target genes of miR-200b-3p and conducted GO and KEGG 
functional enrichment analyses on these predicted targets. The results 
revealed significant enrichment in pathways related to lipid metabolism, 
such as amino acid transport, fatty acid metabolism, triglyceride meta
bolic process, insulin receptor signaling pathway, steroid biosynthesis, 
negative regulation of adipocyte differentiation, and the PPAR signaling 
pathway. Previous research has shown that overexpression of miR-200b 
can reduce the expression levels of downstream genes of KLF4 in 3T3-L1 
cells, such as PPARγ and C/EBPα (Shen et al., 2018). Hence, we hy
pothesize that miR-200b-3p may interact with its corresponding target 
genes, collectively participating in the processes of adipogenesis or fat 
deposition. Integrating the results of the enrichment analysis with the 
miRNA-mRNA association analysis, we identified the miR-200b-3
p/SESN1 axis as a key focus for further validation. A recent study 
discovered that SESN1, an important member of the Sestrin family, plays 
a crucial role in lipid metabolism. Mice lacking Sestrin1 exhibit rapid 
loss of white adipose tissue when dietary leucine is reduced (Cangelosi 
et al., 2022). Additionally, SESN2 ablation exacerbates lipodystrophy, 
glucose intolerance, and insulin resistance, suggesting that this protein 
family plays a homeostatic role in controlling glucose and lipid meta
bolism (Lee et al., 2012). Overexpression of SESN1 induces the expres
sion of fatty acid oxidation-related genes in mouse hepatocytes, such as 
PDK4 and PPARα (Geng et al., 2022). Furthermore, a prior study indi
cated that miR-200c inhibits cholangiocyte proliferation and 
neuroendocrine-like activation by targeting SESN1 and suppressing the 

Fig. 3. SESN1 inhibits the proliferation of preadipocytes and promotes their differentiation. (A) Relative expression of SESN1 in different tissues of Gushi chickens at 
6 weeks of age. (B) Relative expression of SESN1 in preadipocytes at different differentiation time points. (C) Detection of overexpression efficiency of SESN1. (D) 
Detection of interference efficiency of SESN1. (E) Effects of overexpression of SESN1on proliferative marker genes. (F) Effects of interference of SESN1on proliferative 
marker genes. (G) Effects of overexpression of SESN1 on the cell cycle of preadipocyte. (H) The effect of interfering with SESN1 on the cell cycle of preadipocyte. (I) 
The effect of overexpression of SESN1 on the proliferation of preadipocyte detected by EdU. (J) Effects of EdU detection on the proliferation of preadipocyte by 
interfering with SESN1. (K) Effects of overexpression of SESN1 on the proliferation activity of preadipocyte. (L) The effect of interfering SESN1on the proliferation 
activity of preadipocyte. (M) Detection results of TG content after overexpression of SESN1. (N) Detection results of TG content after interference of SESN1. (O) 
Effects of overexpression of SESN1 on differentiation marker genes. (P) The effect of interfering with SESN1 on differentiation marker genes. (Q) The expression of 
proliferative marker genes changed after co-transfection. (R) Changes in the expressionof differentiation marker genes after co-transfection. All experiments were 
performed in triplicate, and the data are expressed as the mean ±S.E.M. (* p<0.05; ** p<0.01). Statistical comparisons between groups were denoted using 
alphabetical superscripts: identical lettersindicate no significant difference (p>0.05), distinct letters represent significant differences (p<0.05).
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Fig. 4. circADGRF5 competitively binds to miR-200b-3p to regulate the expression of SESN1. (A) PCR electrophoresis of forward primers and backward primers. (B) 
Sanger sequencing to verify the joint sequence. (C) qRT-PCR results after RNase R enzyme treatment. (D) Analysis of the binding sites of miR-200b-3p and cir
cADGRF5. (E) Dual luciferase reporting assay to verify the targeting relationship. (F) The expression of circADGRF5 after overexpression of miR-200b-3p. (G) The 
expression of circADGRF5 after the inhibition of miR-200b-3p. (H) Verification results of circADGRF5 overexpression. (I) Expression changes of SESN1 after co- 
transfection of overexpressed circADGRF5 plasmid with miR-200b-3p mimic. (J) Expression changes of SESN1 after co-transfection with overexpressed cir
cADGRF5 plasmid and miR-200b-3p inhibitor. (K) circADGRF5 competitively binds to miR-200b-3p to reduce inhibition of SESN1. All experiments were performed 
in triplicate, and the data are expressed as the mean ±S.E.M. (* p<0.05; ** p<0.01).
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IL-6/AKT feedback loop (Song et al., 2022). These findings suggest that 
SESN1 may play a pivotal role in the process of adipogenesis or fat 
deposition. Our study employed dual-luciferase reporter assays and 
qRT-PCR experiments to confirm the targeting relationship between 
miR-200b-3p and SESN1. Consequently, the regulatory effect of 
miR-200b-3p on preadipocytes is likely achieved through direct tar
geting of SESN1.

Sestrin 1 (SESN1), as a stress-induced protein, is an indispensable 
gene in vertebrates (Peeters et al., 2006). SESN1 is extensively involved 
in various biological functions in animals, including cell growth, 
inflammation, fat accumulation, and tumor suppression (Zhang et al., 
2022; Cordani et al., 2018). Previous research has demonstrated that 
SESN1 can directly target miR-16-5p to promote the differentiation of 
chicken myoblasts (Cai et al., 2018). Silencing SESN1 can counteract the 
overexpression effects of the transcription factor Forkhead Box Protein 1 
(FOXP1), thereby inhibiting inflammation and lipid accumulation in 
oxidized low-density lipoprotein-treated RAW264.7 cells (Gao et al., 
2022). Functional prediction analysis of SESN1 (https://www.kegg.jp/ 
kegg/pathway.html) revealed that it is a key gene in the p53 signaling 
pathway, with functions related to the cell cycle and DNA repair, 
consistent with previous findings where SESN1 was enriched in cell 
cycle and apoptosis-related functions (Apostolidis et al., 2012). As early 
as 1994, SESN1 was identified as a p53-responsive gene (Buckbinder 
et al., 1994). A recent study indicated that the inhibition of SESN1 might 
be associated with the upregulation of Ras-induced reactive oxygen 
species (ROS) and is involved in regulating cellular activities, including 
proliferation, survival, and differentiation (Zamkova et al., 2013). In 
chickens, SESN1 can regulate the p53 signaling pathway via a feedback 
mechanism, promoting myoblast proliferation and inhibiting apoptosis 
(Cai et al., 2018). Our results showed high expression of SESN1 in the 
muscle and fat tissues of Gushi chickens, corroborating its role in pro
moting myoblast differentiation. Monitoring SESN1 expression levels 
across different tissues and at various stages of differentiation suggests 
that SESN1 might be involved in the proliferation and differentiation of 
preadipocytes. Overexpression of SESN1 in preadipocytes resulted in a 
significant increase in the expression of the cell cycle inhibitory gene 
P21, while the expression levels of other proliferation marker genes such 
as CDK1, PCNA, CCND1, and CCNB2 were significantly decreased. 
Conversely, interfering with SESN1 expression yielded opposite results. 
Flow cytometry results further supported our hypothesis, showing that 
SESN1 inhibited the progression of the S phase. Additionally, CCK-8 
results confirmed that SESN1 suppressed the proliferative activity of 
preadipocytes, and EdU assay results indicated that overexpression of 
SESN1 significantly reduced the number of proliferating preadipocytes. 
Thus, SESN1 acts as a negative regulator of adipogenesis. Our study also 
examined the expression levels of mRNAs related to adipocyte differ
entiation and found that overexpression of SESN1 significantly pro
moted the expression of differentiation transcription factors PPARγ and 
C/EBPα. This led to a substantial increase in the number of lipid droplets 
in preadipocytes and a significant elevation in triglyceride content 
within adipocytes. These findings demonstrate that SESN1 can promote 
preadipocyte differentiation, consistent with its elevated expression 
levels during the differentiation period of preadipocytes.

Our experimental results have validated that SESN1 is a direct target 
gene of miR-200b-3p. In this study, we found that SESN1 expression is 
consistently upregulated during the differentiation of preadipocytes, 
while miR-200b-3p expression is consistently downregulated during the 
first 0-3 days of differentiation, showing a negative correlation with 
SESN1 expression. Therefore, it is hypothesized that the effect of SESN1 
on preadipocytes may be regulated by miR-200b-3p. To test this hy
pothesis, we performed rescue experiments by co-transfecting miR- 
200b-3p mimics and SESN1 overexpression plasmids into preadipocytes. 
The results showed that co-transfection of miR-200b-3p and SESN1 
reversed the proliferative effect of miR-200b-3p on preadipocytes and 
also reversed the inhibitory effect on the expression of differentiation 
marker genes PPARγ, C/EBPα, FABP4, and FABP5. These findings 

collectively indicate that the role of miR-200b-3p in chicken pre
adipocytes is primarily mediated through the suppression of SESN1 
expression, which leads to increased adipocyte proliferation and inhi
bition of differentiation, thereby enhancing abdominal fat deposition.

ADGRF5 is an important member of the G protein-coupled receptor 
(GPCR) family, which is a large and diverse family of integral membrane 
proteins capable of recognizing a wide variety of extracellular molecules 
and participating in most physiological processes (Zaidman et al., 2020; 
Bockaert et al., 1999). Research has shown that a significant member of 
the GPCR family, GPR116, serves as a receptor for soluble FNDC4 
(sFNDC4) in white adipose tissue, promoting insulin signaling and 
insulin-mediated glucose uptake in adipocytes (Georgiadi et al., 2021). 
This suggests that ADGRF5 may play a role in adipogenesis. ADGRF5 can 
form a circular RNA, circADGRF5, which was validated through junc
tion sequence verification, Sanger sequencing, and RNase R digestion 
assays, confirming that circADGRF5 is a truly stable circular RNA. 
Increasing evidence indicates that a prominent feature of circRNAs is 
their role as miRNA sponges, regulating the functions of target genes 
through the ceRNA mechanism (Panda AC., 2018). Therefore, we inte
grated the previous circRNA-miRNA-mRNA joint analysis data from the 
abdominal fat tissues of Gushi chickens to predict miRNA binding sites 
on the circRNA sequence (Jin et al., 2021). The results indicated that the 
identified circRNAs have numerous potential miRNA binding sites, 
including a sequence in circADGRF5 that can target the seed sequence of 
miR-200b-3p. To verify this targeting relationship, we constructed 
circADGRF5-WT and circADGRF5-MUT dual-luciferase reporter vectors. 
The results showed that the fluorescence value of wild-type circADGRF5 
co-transfected with miR-200b-3p was significantly reduced, indicating a 
direct targeting relationship. Studies have demonstrated that circBIRC6 
is enriched in AGO2 protein complexes and directly interacts with 
miR-34a and miR-145 to inhibit the differentiation of human embryonic 
stem cells (Yu et al., 2017). Similarly, circHIPK2 functions as an 
endogenous sponge for miR-124, sequestering miR-124HG and inhibit
ing its activity, leading to increased expression of SIGMAR1/OPRS1 in 
astrocytes (Huang et al., 2017). To explore whether circADGRF5 acts as 
a molecular sponge for miR-200b-3p, we performed rescue experiments 
by co-transfecting circADGRF5 and miR-200b-3p. The results showed 
that when circADGRF5 and miR-200b-3p were co-overexpressed, the 
inhibitory effect of miR-200b-3p on its target gene SESN1 was signifi
cantly attenuated. Additionally, dual-luciferase reporter assays 
confirmed that wild-type circADGRF5 could significantly restore the 
fluorescence values when miR-200b-3p and SESN1-3′UTR-WT were 
co-expressed. In conclusion, our findings suggest that circADGRF5 can 
function as a molecular sponge for miR-200b-3p, alleviating its inhibi
tory effect on SESN1, thereby participating in the regulation of 
abdominal fat formation.

Conclusion

In this study, we investigated the biological functions of miR-200b- 
3p and SESN1 in chicken preadipocytes, demonstrating that miR- 
200b-3p directly targets SESN1 to regulate the proliferation and differ
entiation of these cells. We also identified a novel circular RNA, cir
cADGRF5, which has a targeting relationship with miR-200b-3p. Our 
findings show that circADGRF5 regulates SESN1 expression by 
competitively binding to miR-200b-3p, thereby influencing the prolif
eration and differentiation of preadipocytes. These insights provide a 
new understanding of the mechanisms underlying abdominal fat 
development in chickens and the post-transcriptional regulatory pro
cesses involved.
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