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CircMED17 regulates bovine adipogenesis and fat deposition via
mediating the proliferation and differentiation of bovine adipocytes
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Abstract: Fat deposition is a key factor influencing beef quality. Therefore, understanding the regulatory mechanisms of
adipogenesis is crucial for improving meat production traits in cattle. Circular RNAs (circRNAs) have emerged as important
post-transcriptional regulators in various biological processes, including adipocyte differentiation. In our study, circular RNA
mediator complex subunit 17 (circMED17) was identified as a stable, nuclear-localized circRNA derived from exons 2 and 3 of
the MED17 gene, with its expression markedly upregulated during bovine preadipocyte differentiation, suggesting its potential
role in adipogenesis. Functional analyses revealed that circMED17 inhibits preadipocyte proliferation and apoptosis while
promoting differentiation and lipid accumulation. Mechanistically, circMED17 exerts dual regulatory effects by sponging
microRNA-146b (miR-146b) as a competing endogenous RNA (ceRNA) and by directly interacting with the transcription
factor GATA-binding protein 2 (GATA2). Importantly, the in vivo overexpression of circMED17 in obese mice increased
subcutaneous fat deposition, confirming its pro-adipogenic role. Collectively, the findings reveal a previously unreported dual
mechanism of circMED17 in bovine adipogenesis and highlight its potential as a molecular target for improving beef quality
through genetic and breeding strategies.
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1 Introduction deposition capacity. Therefore, understanding the mo-

lecular mechanisms regulating adipose tissue develop-

Fat deposition is a key factor influencing beef
quality traits such as marbling, tenderness, and flavor,
three characteristics critical to consumer preferences
and market value (Kuraz Abebe et al., 2024). However,
current beef cattle breeds often struggle to meet the in-
creasing demand for high-quality meat, highlighting
the need for improved genetic strategies. Adipose tis-
sue, mainly composed of preadipocytes and mature
adipocytes, plays a central role in fat accumulation
(Ferhat et al., 2019; Li et al., 2025). The proliferation,
differentiation, and apoptosis of preadipocytes are
essential physiological processes that determine fat
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ment is crucial for enhancing beef quality and guiding
genetic improvement strategies.

In recent years, non-coding RNAs (ncRNAs) have
been recognized as important mediators of various bio-
logical processes, with their roles in adipogenesis at-
tracting particular attention (Engin, 2017; Ru et al.,
2023; Jiang et al., 2026). Circular RNAs (circRNAs)
are a recently discovered class of endogenous ncRNAs
characterized by covalently closed loop structures,
which confer high stability by rendering them resistant
to exonuclease degradation (Zhao et al., 2022). An
increasing number of studies have demonstrated that
circRNAs participate in the proliferation and differen-
tiation of adipocyte precursor cells and lipid accumu-
lation in these cells by acting as microRNA (miRNA)
sponges, interacting with RNA-binding proteins (RBPs),
or regulating the transcription of target genes (Feng
et al., 2022; Liu XM et al., 2022; Yang et al., 2022).
Kyoto Encyclopedia of Genes and Genomes (KEGG)
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pathway analysis revealed a substantial number of
circRNAs differentially expressed between human vis-
ceral preadipocytes and mature adipocytes, implicat-
ing their involvement in critical pathways including
fatty acid synthesis and degradation (Ghafouri-Fard
and Taheri, 2021; Huang and Choo, 2023). CircRNAs
identified in the subcutaneous adipose tissues of Large
White and Laiwu pigs were predominantly enriched
in biological processes such as triglyceride (TG) ca-
tabolism, fat storage, and phosphatidic acid biosynthe-
sis (Yousuf et al., 2022). In fact, numerous studies
have confirmed that circRNAs play crucial roles in
regulating the adipogenic differentiation of preadipo-
cytes. For example, circFUT10 promotes the prolifer-
ation of bovine preadipocytes while inhibiting their dif-
ferentiation by upregulating peroxisome proliferator-
activated receptor y (PPARG) and subsequently upregu-
lating the expression of peroxisome PPARG coactiva-
tor 1-B (PPARGCI1B) (Jiang et al., 2020). Furthermore,
the expression of circBDP1 is initially very low dur-
ing early bovine adipocyte differentiation but gradually
increases as differentiation progresses. The overex-
pression of circBDP1 in bovine adipocytes enhances
the expression of proliferation marker genes, consis-
tent with observed increases in cell proliferation, and
promotes adipocyte differentiation (Zhang et al., 2022).
CircBTBD7, predominantly localized in the cytoplasm
of bovine preadipocytes, inhibits adipogenesis by
sponging micro-RNA-183 (miR-183) and thereby modu-
lating the expression of the SMAD family member
4 (SMAD4) gene, functioning through the miR-183/
SMAD4 regulatory axis (Ma et al., 2023). Moreover,
circFLT1 and circINSR have both been shown to in-
fluence bovine adipocyte proliferation, differentiation,
and apoptosis, albeit with distinct regulatory effects.
Functional analyses have revealed that circFLT1 over-
expression simultaneously promotes adipocyte prolifer-
ation and differentiation while reducing apoptosis. Con-
versely, circINSR overexpression enhances prolifer-
ation and inhibits apoptosis but exerts an inhibitory
effect on adipogenic differentiation, as evidenced by
Oil Red O and boron-dipyrromethene (BODIPY) stain-
ing (Zhao et al., 2023). These findings provide new
insights into the molecular mechanisms underlying
adipogenesis; that is, circRNAs finely regulate the bio-
logical processes of preadipocytes through multiple
mechanisms, playing a critical role in adipose devel-
opment and metabolic regulation.

Although numerous studies have revealed the regu-
latory roles of circRNAs in adipogenesis, functional
investigations of circRNAs in bovine adipose tissue
remain limited, particularly regarding the systematic
validation and mechanistic dissection of key circRNA
molecules. Given that beef quality is highly dependent
on fat deposition, elucidating the regulatory network
of circRNAs in the proliferation and differentiation of
bovine preadipocytes and lipid accumulation therein
is of great significance for uncovering the molecular
mechanisms underlying adipose development and for
advancing genetic selection and meat quality improve-
ment in beef cattle. Therefore, the present study aimed
to identify and functionally characterize key circRNAs
involved in bovine adipocyte development. Using both
in vivo and in vitro approaches, we systematically
evaluated the regulatory roles of circRNAs in preadi-
pocyte biology and explored their underlying molecu-
lar mechanisms, with the ultimate goal of providing
novel molecular targets and theoretical foundations
for improving beef quality. Based on our previous
high-throughput circRNA sequencing of bovine pre-
adipocytes at differentiation Days 0, 6, and 13 (Zhang
et al., 2022), we identified circular RNA mediator com-
plex subunit 17 (circMED17) (circBase ID: bta circ
00013260) as a highly expressed candidate in bovine
adipose tissue. CircMED17 is derived from exons 2
and 3 of the MED17 gene. Through a series of func-
tional assays, we demonstrated that circMED17 plays
a significant role in regulating the proliferation, differ-
entiation, and apoptosis of bovine preadipocytes,
thereby affecting adipose tissue development and lipid
accumulation. These findings suggest that circMED17
may serve as an important molecular regulator of bo-
vine adipogenesis and contribute to a deeper under-
standing of the molecular mechanisms governing the
formation of quality beef.

2 Materials and methods
2.1 Sample collection and screening of circMED17

In order to isolate and culture preadipocytes and
perform tissue analysis, adipose tissue, along with the
heart, liver, lung, kidney, small intestine, and muscle,
was collected from three-month-old fetal Qinchuan
cattle (n=3) from the Yangling Branch of Shaanxi
Qinbao, Shaanxi Province, China. The samples were



collected under strict aseptic conditions, immediately
snap-frozen in liquid nitrogen, and stored at —80 °C.
The RNA sequencing data for circRNA screening
were further integrated, analyzed, and mined based
on the circRNA sequencing results of our laboratory.
CircMED17 was highly expressed during the late
stage of adipogenic differentiation, with a significantly
higher expression level in mature adipocytes than in
preadipocytes; therefore, it was selected as a key candi-
date molecule for further investigation in this study.

2.2 Isolation, culture, and adipogenic differentiation
of bovine preadipocytes

The isolation of bovine preadipocytes was per-
formed as previously described (Wu et al., 2022).
Briefly, subcutaneous adipose tissue was collected from
three-month-old fetal Qinchuan cattle. Tissue blocks
were washed twice with 75% (volume fraction) etha-
nol, followed by phosphate-buffered saline (PBS) con-
taining 200 U/mL penicillin and 200 pg/mL streptomy-
cin. After cleaning, the blocks were finely minced with
ophthalmic scissors in a culture dish, and a small volume
of preadipocyte culture medium was optionally added.
The medium consisted of high-glucose Dulbecco’s mod-
ified Eagle medium/nutrient mixture F-12 (DMEM/F-
12) supplemented with 20% (volume fraction) fetal bo-
vine serum (FBS), 100 U/mL penicillin, and 100 pg/mL
streptomycin. For enzymatic digestion, a collagenase
type I solution (2 mg/mL; equivalent to 100 mg dis-
solved in 50 mL of high-glucose DMEM/F-12 medium)
was prepared. The digestion mixture (10 mL) was
transferred to a sealed centrifuge tube and incubated
in a shaking incubator at 37 °C and 180 r/min for ap-
proximately 2.5 h. Following digestion, samples were
centrifuged at 800 r/min for 5 min at room tempera-
ture, and the resulting cell pellet was collected. Isolated
cells were cultured at 37 °C in a humidified atmo-
sphere with 5% CO,. After 24 h, evenly distributed bo-
vine preadipocytes were observed under a microscope.
Subculturing was initiated when cells reached approx-
imately 80% confluence. To induce adipogenic dif-
ferentiation, preadipocytes were cultured to full con-
fluence and then incubated in differentiation medium
consisting of high-glucose DMEM/F-12 supplemented
with 10% FBS, 100 U/mL penicillin, 100 pg/mL strep-
tomycin, 5 pg/mL insulin, 1 umol/L dexamethasone,
0.5 mmol/L 3-isobutyl-1-methylxanthine (IBMX), and
1 umol/L rosiglitazone for the first two days. Thereafter,
cells were maintained in medium containing 5 pg/mL
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insulin, which was refreshed every two days until large
lipid droplets were observed.

2.3 RNase R digestion identification and actinomycin
D detection of RNA stability

In order to validate the circular structure of the
candidate circRNA, total RNA extracted from bovine
preadipocytes was treated with RNase R (20 U/uL) at
3—4 U/ug RNA. Untreated total RNA served as the
control. After incubation at 37 °C for 15 min, reverse
transcription was performed on both treated and un-
treated RNA samples. Subsequently, quantitative re-
verse transcription-polymerase chain reaction (qRT-
PCR) was carried out to assess the expression levels of
the circRNA, its corresponding linear messenger RNA
(mRNA), and the housekeeping gene glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). For RNA sta-
bility analysis, actinomycin D dissolved in dimethyl
sulfoxide (DMSO) was added to bovine preadipocytes
at approximately 80% confluence to achieve a final
concentration of 2 pg/mL. Cells were harvested at 0,
4, 8, 12, and 24 h post-treatment. Total RNA was ex-
tracted at each time point, and qRT-PCR was used to
measure the expression levels of the circRNA and its
linear host transcript to evaluate RNA stability dynam-
ics. All qRT-PCR reactions were performed using gene-
specific primers, and their sequences are listed in
Table 1.

2.4 Total RNA extraction, cDNA synthesis, and
qRT-PCR

Total RNA was extracted from the collected tis-
sues using the standard chloroform-isopropanol method
(Toni et al., 2018). The quality and concentration of
the RNA were assessed, and high-quality RNA was
reverse-transcribed into complementary DNA (cDNA).
gRT-PCR was performed to profile circRNA expres-
sion using GAPDH as an internal reference. Primers
were designed with the National Center for Biotech-
nology Information (NCBI) primer-BLAST, with their
sequences listed in Table 2. Relative gene expression
was calculated using the 27**“ method, where C, rep-
resents the cycle threshold.

2.5 Vector construction, synthesis of interfering
fragments, and cell transfection

The target fragment and the pcDNA2.1 vector
were double-digested with the restriction endonucleases
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Table 1 Primers used for qRT-PCR analysis of MED17 mRNA, circMED17, and pre-miRNAs

Name Primer pair sequence (5'—3'") Amplification length (bp)
MED17 mRNA F: GAGTAGGACTGCTGCAACCA 190
R: GACCCGGATCTGCTCAACTC
CircMED17 F: TGAGATTGAGGCAACACTGGA 150

R: TCTCTGTCAGGGCACTTCTC

pre-bta-miR-93

F: CGCGGATCCGCTTCATTTCTGTCCTCACGC 173

R: CCCAAGCTTCACCACGAGATGGAGCTTGG

pre-bta-miR-146a

F: CGCGGATCCGATGAGGGGTCTTTGTGCCA 185

R: CCCAAGCTTTTCCAAGTTCTCCAGCCGAC

pre-bta-miR-146b

F: CGCGGATCCCTGGGGATGAGGAAAGATTCACA 200

R: CCCAAGCTTCAACTGGCTGATGCCCCGT

GAPDH

F: TGAGGACCAGGTTGTCTCCTGCG 145

R: CACCACCCTGTTGCTGTAGCCA
U6 F: GCTTCGGCAGCACATATACTAAAAT 89
R: CGCTTCACGAATTTGCGTGTCAT

CircMED17: circular RNA mediator complex subunit 17 (MED17); qRT-PCR: quantitative reverse transcription-polymerase chain reaction;
pre-miRNA: precursor microRNA; U6: U6 small nuclear RNA; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

Kpnl and BamHI (TaKaRa, Dalian, China). The linear-
ized vector and the target fragment were ligated using
T4 DNA ligase to construct the recombinant plasmid,
which was subsequently transformed into competent
Escherichia coli (DH5a) and cultured in lysogeny
broth (LB) medium. Single colonies were selected for
bacterial PCR, followed by agarose gel electrophore-
sis and Sanger sequencing to verify successful con-
struction. The confirmed circMED17 overexpression
vector was preserved for laboratory use. Additionally,
small interfering RNAs (siRNAs) specifically target-
ing the reverse splicing sites of circMED17 were syn-
thesized by GenePharma (Shanghai, China) to inhibit
its function.

2.6 Western blotting

Cells were lysed by adding high-efficiency radio-
immunoprecipitation assay (RIPA) lysis buffer (Beyo-
time Biotechnology, Shanghai, China) supplemented
with 1 mmol/L phenylmethanesulfonyl fluoride (PMSF),
followed by incubation at 4 °C for 20-30 min to en-
sure complete lysis. Cells were then gently scraped and
collected into 1.5 mL centrifuge tubes. The lysates
were centrifuged at low temperature to remove cellular
debris, and the resulting supernatants containing total
protein were collected. The protein concentrations
were determined using a bicinchoninic acid (BCA)
assay, and then equal amounts of protein were mixed
with 5% sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) loading buffer and de-
natured by boiling. Samples were stored at —80 °C
until further use. For western blotting, proteins were
separated on polyacrylamide gels by SDS-PAGE at
120 V for 2 h and then transferred onto polyvinyli-
dene difluoride (PVDF) membranes at 200 mA for
2 h. Membranes were blocked for 2 h with 0.05 g/mL
non-fat milk or a commercial blocking solution and
incubated overnight at 4 °C with primary antibodies.
After three washes with Tris-buffered saline with Tween-
20 (TBST), the membranes were incubated with ap-
propriate secondary antibodies at room temperature
for 2 h, followed by three additional washes. Protein
bands were visualized using a chemiluminescent im-
aging system (Bio-Rad, Hercules, CA, USA).

2.7 CCK-8 and EdU assays for the detection of
adipocyte proliferation

Bovine preadipocyte proliferation was assessed
using cell counting kit-8 (CCK-8) and 5-ethynyl-2'-
deoxyuridine (EdU) assays. For the CCK-8 assay, cells
were seeded in 96-well plates at a density of 5x10° cells
per well, with 10 replicates per treatment group, and
incubated at 37 °C with 5% CO, for 24 h. Next, 10 uL
of CCK-8 solution (Dojindo, Japan) was added to
each well, and the plates were incubated for an addi-
tional 1.5-2.5 h. Absorbance at 450 nm was imme-
diately measured using a microplate reader (BioTek
Instruments, Winooski, VT, USA), and cell viability
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Table 2 Primers used for qRT-PCR analysis of genes related to cell proliferation, apoptosis, and adipogenesis

Name Primer pair sequence (5'—3'") Amplification length (bp)

CCND1 F: CCGTCCATGCGGAAGATC 108
R: CAGGAAGCGGTCCAGGTAG

CCNE! F: CTTCGGGCTTGAGGTCTGAT 79
R: ATGGTATCCGGTTCCTTCGC

CCNBI F: GGTGAATGGACACCAACTCT 104
R: CCACGGTTCACCATGACCA

CDK2 F: TTTGCTGAGATGGTGACCCG 115
R: TAACTCCTGGCCAAACCACC

BAX F: GAGATGAATTGGACAGTAACA 118
R: TTGAAGTTGCCGTCAGAA

BCL2 F: ATGACCGAGTACCTGAAC 79
R: CATACAGCTCCACAAAGG

BCL2L1 F: ACCCCAGGGACAGCATATCA 165
R: CCAAGTTGCGATCCGACTCA

CASP3 F: TCAGTCAGTCAGTTGGGCAC 149
R: ACACACCCGTAGCTGTGAAG

CASPS F: AGGTCTTTTCCCAAGCTATCC 144
R: AAGCTGAAAAGGGAGTTTGGA

CDKNI4 F: AGGGCACGTCTCAGGAGGA 164
R: CAGTCTGCGTTTGGAGTGGTAG

P53 F: ACTTGTGGAACCTACTTCCTGA 89
R: GGCAACATCTGTGTACGGGA

CEBPA F: TTCAACGACGAGTTCCTGGC 101
R: TAGTCAAAGTCGTTGCCGCC

CEBPB F: GACAAGCACAGCGACGAGTA 199
R: GCGTCTTGAACAAGTTCCGC

FABP4 F: TGTCACTGCCACCAGAGTTT 102
R: TGGACAACGTATCCAGCAGA

PPARG F: ACTCATTGGTGCGTTCCCAA 112

R: AACAGGGATTTGCCACGACT

gqRT-PCR: quantitative reverse transcription-polymerase chain reaction; CCND!: cyclin D1; CCNE!: cyclin E1; CDK?2: cyclin-dependent kinase 2;
BCL2: B-cell lymphoma 2; BAX: Bcl-2 associated X protein; BCL2L1: B-cell lymphoma-extra large; CASP3: caspase 3; CDKNIA: cyclin-
dependent kinase inhibitor 1A; 7P53: tumor protein p53; CEBPA: CCAAT/enhancer-binding protein alpha; CEBPB: CCAAT/enhancer-binding
protein beta; FABP4: fatty acid-binding protein 4; PPARG: peroxisome proliferator-activated receptor gamma.

was calculated relative to the negative control after
subtracting the blank values. For the EdU assay, cells
were seeded in 96-well plates with four replicates per
group. After 24 h of plasmid transfection, EdU solu-
tion (Guangzhou RiboBio Co., Ltd., China) was di-
luted 1:100 (volume fraction) in culture medium, and
100 pL was added to each well for a 2-h incubation
period. Cells were fixed with 50 uL of 0.04 g/mL para-
formaldehyde for 30 min at room temperature, fol-
lowed by quenching with 50 pL of 2 mg/mL glycine.
Subsequently, cells were permeabilized with 100 pL
of PBS containing 0.5% (volume fraction) Triton X-
100 for 10 min on a gentle shaker. Apollo staining was
performed according to the manufacturer’s instructions

and cell proliferation was assessed under an inverted
fluorescence microscope (EVOS F1, Thermo Fisher
Scientific, Waltham, MA, USA).

2.8 Detection of adipocyte proliferation and apoptosis
by flow cytometry

In order to assess proliferation and apoptosis via
flow cytometry, bovine preadipocytes were cultured
in 60 mm dishes. For cell cycle analysis 24 h post-
transfection, cells were detached using trypsin, washed
three times with pre-cooled PBS, and resuspended.
Cells were then fixed in 70% ethanol at —20 °C. After
staining with a cell cycle detection kit, cell cycle distri-
bution was analyzed by flow cytometry to evaluate
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proliferation. For apoptosis analysis, cells were simi-
larly harvested 24 h post-transfection using trypsin with-
out ethylenediaminetetraacetic acid (EDTA), washed
three times with PBS at 37 °C, and resuspended. Apo-
ptotic cells were detected using an allophycocyanin-
conjugated Annexin V/7-actinomycin D (Annexin V-
APC/7-AAD) kit (Beyotime Biotechnology, Shanghai,
China) according to the manufacturer’s instructions.

2.9 Qil Red O staining for detection of adipocyte
differentiation

In order to assess adipogenic differentiation, bo-
vine preadipocytes were cultured in 24-well plates with
three replicates per treatment group for Oil Red O
staining. Lipogenic differentiation was induced 4-6 h
after transfection, when the cell confluence exceeded
90%. After 6 d of differentiation, cells were stained fol-
lowing the manufacturer’s protocol (Beijing Solarbio
Science & Technology Co., Ltd., China). Stained cells
were examined under an inverted microscope. Nuclei
were counterstained with 4',6-diamidino-2-phenylindole
(DAPI) and observed under a fluorescence channel
(EVOS F1, Thermo Fisher Scientific, Waltham, MA,
USA), while lipid droplets in mature adipocytes
were visualized as red under bright-field illumination.
The extent of adipogenic differentiation was evalu-
ated based on the presence and accumulation of lipid
droplets.

2.10 TUNEL assay for the detection of adipocyte
apoptosis

Apoptosis was assessed using the terminal de-
oxynucleotidyl transferase dUTP nick-end labeling
(TUNEL) assay. Bovine preadipocytes were cultured
in 96-well plates, with four replicates per group. Stain-
ing was performed according to the manufacturer’s in-
structions (Guangzhou RiboBio Co., Ltd., China). Cells
were examined under an inverted fluorescence micro-
scope: nuclei were counterstained with Hoechst 33342
(blue fluorescence), and apoptotic cells exhibited red
fluorescence indicative of DNA fragmentation. Apop-
tosis was quantified as the percentage of TUNEL-
positive cells relative to the total cell number.

2.11 Dual-luciferase reporter assay

The luciferase reporter assay was employed to
validate specific nucleic acid interactions. HEK293T
cells were seeded in 96-well plates, with six replicates

per treatment group. CircRNA fragments containing
putative miRNA-binding sites and their corresponding
mutant constructs were cloned and inserted into the
psiCHECK-2 vector. Plasmids and miRNA mimics
were co-transfected into the cells according to the ex-
perimental design. At 24 h post-transfection, cells were
harvested for the dual-luciferase assay to measure
firefly luciferase activity using firefly luciferin and
Renilla luciferase activity using the specific substrate
provided in the Dual-Luciferase” Reporter Assay Sys-
tem (Promega, Madison, WI, USA) following the
manufacturer’s instructions.

2.12 RIP assay

RNA immunoprecipitation (RIP) was performed
to investigate protein—RNA interactions. This method
uses antibodies specific to a target protein to pull down
the RBP along with the RNAs directly associated with
it, enabling the subsequent verification and analysis
of these interactions. In this study, bovine preadipo-
cytes were cultured in 150 mm dishes and subjected
to appropriate transfection. Cells were then washed,
trypsinized, and lysed to obtain cell lysates for RIP.
Next, the binding of circMED17 to predicted miRNAs
and proteins was assessed. All downstream steps, in-
cluding antibody validation, magnetic bead incuba-
tion, RNA purification, qRT-PCR, and western blot-
ting, were conducted following the Magna RIP™ RNA-
Binding Protein Immunoprecipitation Kit protocol
(Millipore, Burlington, MA, USA).

2.13 In vivo animal experiments

High-fat diet model (HFD) mice, which have been
widely used for adipose tissue research, were obtained
from Cyagen Biosciences (Suzhou, China). Three ex-
perimental groups were established: a 0.9% (9 g/L)
sodium chloride (NaCl) control group, a pcDNAZ2.1
empty vector group, and a circMED17 treatment group.
Nine mice were included in this study and divided in-
to three biological replicates of three mice each. Ingui-
nal white adipose tissue was injected daily for 15 con-
secutive days, with the respective plasmid complexed
with an in vivo transfection reagent, following the
manufacturer’s dosage guidelines. At the end of the
treatment period, the inguinal white adipose tissue
was harvested, fixed, and embedded in paraffin. Tissue
sections (5 um) were prepared using a microtome and
subjected to standard histological procedures, including



dewaxing, staining, dehydration, permeabilization,
and mounting. Histological analysis was performed
under bright-field illumination using an inverted
microscope.

2.14 Statistical analysis

Data analysis and visualization were conducted
using SPSS 22 and GraphPad Prism 8. An independent-
sample 7-test was used to assess the significance of
two-group data, while one-way analysis of variance
(ANOVA) was performed to evaluate multi-group data,
with P<0.05 denoting a significant difference and P<
0.01 denoting an extremely significant difference.

3 Resuults

3.1 Structural identification, tissue expression,
and temporal expression characteristics of bovine
circMED17

Based on previous sequencing data, multiple dif-
ferentially expressed candidate circRNAs were identi-
fied (Zhang et al., 2022). Among them, circMED17
was upregulated during the late stage of bovine pread-
ipocyte differentiation, suggesting that it may act as
a potential regulator of adipose tissue development.
The full-length sequence and back-splice junction of
circMED17 were obtained by PCR amplification. Se-
quence alignment revealed that circMED17 is generated
by the circularization of exons 2 and 3 of the MED17
gene. To verify its circular structure, both convergent
and divergent primers were designed. Divergent prim-
ers amplified a specific product in cDNA, whereas
only minimal amplification was observed in geno-
mic DNA (gDNA), supporting the circular nature of
circMED17 (Figs. la and 1b). Actinomycin D inhibits
transcription by interfering with mRNA synthesis in
cells. The results showed that with increasing treatment
time, the relative mRNA expression level of the MED17
gene significantly decreased (P<0.01), whereas the ex-
pression level of circMED17 remained stable (Fig. 1c¢),
further supporting its circular structure. RNase R is an
exonuclease that digests nearly all linear RNAs, while
circRNAs with a stable secondary structure are resis-
tant to digestion. Following RNase R treatment, qRT-
PCR was used to assess the expression of circMED17,
GAPDH, and MED17. The results indicated that
GAPDH and MEDI7 levels decreased significantly
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(P<0.01), whereas circMED17 expression remained
largely unchanged (Fig. 1d), further confirming that
circMED17 is a circular RNA. Nucleocytoplasmic
fractionation revealed that GAPDH was predominantly
expressed in the cytoplasm, whereas U6 small nuclear
RNA (U6) was mainly localized in the nucleus. The
subcellular distribution of circMED17 closely resem-
bled that of U6, indicating that circMED17 is primarily
nuclear, with a fraction also present in the cytoplasm
(Fig. 1e). These results suggest that circMED17 may
function in both the nucleus and the cytoplasm. Total
RNA was extracted from the heart, liver, lung, kidney,
small intestine, adipose tissue, and muscle of Qinchuan
fetal calves. qRT-PCR analysis showed that circMED17
expression was the highest in fetal adipose tissue, sig-
nificantly exceeding that in the heart (Fig. 1f). Tempo-
ral expression analysis indicated that circMED17
gradually increased during the proliferation of bovine
adipocytes (Fig. 1g) and continued to rise throughout
adipocyte differentiation, reaching its peak on Day 12
of differentiation (Fig. 1h).

3.2 Regulatory role of circMED17 in preadipocyte
proliferation

In order to investigate the functional role of
circMED17 in bovine adipocytes, overexpression and
siRNA interference vectors were constructed. A qRT-
PCR assay performed 48 h post-transfection con-
firmed the successful overexpression and knockdown
of circMEDI17 in primary bovine adipocytes (Fig. 2a).
The CCK-8 assay results showed that circMED17
overexpression significantly reduced adipocyte viabil-
ity, whereas its knockdown enhanced cell viability
(Fig. 2b). Consistently, circMED17 overexpression sup-
pressed the mRNA expression of proliferation-related
genes CCND/ (cyclin D1) and CCNE] (cyclin E1),
while silencing circMED17 led to their upregulation
(Fig. 2c). Western blot analysis further confirmed these
results, showing that circMED17 overexpression re-
duced the protein levels of cyclin D1 and cyclin B1,
whereas its knockdown increased their expression
(Figs. 2d and 2f). Flow cytometry analysis revealed
a significant decrease in the proportion of S phase cells
after circMED17 overexpression, indicating suppressed
DNA synthesis and reduced adipocyte proliferation
(Fig. 2e). In contrast, circMED17 knockdown increased
the proportion of S phase cells, suggesting enhanced
DNA synthesis and proliferative activity (Fig. 2g).
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Fig. 1 Characterization and expression profiling of circMED17 in bovine adipose tissue and adipocytes. (a) Structural
diagram of circMED17 and Sanger sequencing validation of back-splice junction. (b) Detection of circMED17 in cDNA
and gDNA using divergent primers. (c) Stability of circMED17 and MEDI17 mRNA in bovine primary adipocytes treated
with or without 2 pg/mL actinomycin D for 0, 4, 8, 12, and 24 h, as determined by qRT-PCR. (d) qRT-PCR analysis of
GAPDH, circMED17, and linear MED17 mRNA expression in samples subjected to RNase R treatment. (¢) Subcellular
localization of circMED17 in bovine adipocytes determined by nuclear and cytoplasmic fractionation, followed by qRT-
PCR. GAPDH mRNA was used as the cytoplasmic reference. (f) Expression levels of circMED17 in different bovine tissues,
with the heart as the reference tissue. (g) qRT-PCR analysis of circMED17 expression in bovine preadipocytes at 0, 12,
24, 36, and 48 h of proliferation, with 0 h as the reference. (h) qRT-PCR analysis of circMED17 expression in bovine
preadipocytes during differentiation at Days 0, 3, 6, 9, 12, and 15, with Day 0 as the reference. Data are expressed as
mean+tSEM, n=3. " P<0.05, " P<0.01. CircMED17: circular RNA mediator complex subunit 17 (MED17); mRNA: messenger
RNA; ¢cDNA: complementary DNA; gDNA: genomic DNA; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; U6: U6
small nuclear RNA; qRT-PCR: quantitative reverse transcription polymerase chain reaction; SEM: standard error of the
mean.

EdU staining further confirmed that circMED17 over-
expression significantly reduced the number of EdU-
positive cells, whereas circMED17 knockdown mark-
edly increased their number (Figs. 2h and 2i). Collec-
tively, these results indicate that circMED17 functions

3.3 Promotion of bovine preadipocyte differentiation
by circMED17

The circMED17 overexpression vector and siRNA
targeting circMED17 were transfected into bovine

as an inhibitor of bovine adipocyte proliferation: it
suppresses cell cycle progression and reduces cellular
proliferation capacity.

primary adipocytes, followed by the induction of dif-
ferentiation. qRT-PCR analysis confirmed efficient
overexpression and knockdown, with circMED17
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Fig. 2 Regulatory roles of circMED17 in proliferation and cell cycle progression in bovine primary adipocytes.
(a) CircMED17 expression was efficiently increased by overexpression plasmid and reduced by siRNA-mediated knockdown
in bovine primary adipocytes. (b) CCK-8 assay of bovine primary adipocytes following OV-circMED17 or si-circMED17
transfection. The absorbance was measured at 450 nm. (¢) qRT-PCR analysis of CCNDI and CCNE1 expression in
bovine adipocytes 48 h after transfection with the OV-circMED17 vector and si-circMED17. (d) Western blot analysis of
CDK2, cyclin B1, and cyclin D1 protein levels in bovine adipocytes after OV-circMED17 transfection. (e) Cell cycle
distribution of bovine adipocytes was analyzed by flow cytometry following OV-circMED17 transfection (#=3). (f) Western
blot analysis of CDK2, cyclin B1, and cyclin D1 protein levels in bovine adipocytes after si-circMED17 transfection.
(g) Cell cycle distribution of bovine adipocytes was analyzed by flow cytometry following si-circMED17 transfection (n=3).
(h, i) EdU assay of bovine adipocytes following OV-circMED17 (h) and si-circMED17 transfection (i). Data are expressed
as mean+SEM, n=3. " P<0.05, " P<0.01 vs. NC or siNC. CircMED17: circular RNA mediator complex subunit 17 (MEDI7);
NC: negative control; OV-circMED17: circMED17 overexpression; siNC: small interfering RNA negative control;
si-circMED17: small interfering RNA targeting circMED17; mRNA: messenger RNA; CCNDI: cyclin D1; CCNEI: cyclin
E1; CDK2: cyclin-dependent kinase 2; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; CCK-8: cell counting kit-8;
EdU: 5-ethynyl-2'-deoxyuridine; DAPI: 4',6-diamidino-2-phenylindole; qRT-PCR: quantitative reverse transcription
polymerase chain reaction; SEM: standard error of the mean.

expression nearly doubled in the overexpression group
compared to controls and significant suppression ob-
served in the knockdown group, meeting the require-
ments for subsequent experiments (Figs. 3a and 3c).
The expression changes of adipocyte differentiation
marker genes were assessed at both the transcrip-
tional and protein levels. Following circMED17 over-
expression, the mRNA and protein levels of CCAAT/
enhancer-binding protein o (CEBPA, CEBPa), CCAAT/
enhancer-binding protein B (CEBPB, CEBPf), and
PPARG (PPARYy) were significantly upregulated, and
the mRNA expression of fatty acid-binding protein 4
(FABP4) was also markedly increased (Figs. 3b and
3e). After circMED17 knockdown, the mRNA (CEBPA
and CEBPB) and protein (CEBPa and CEBPp) levels
were significantly reduced, the mRNA expression of
FABP4 was also significantly decreased, and the pro-
tein level of PPARy was markedly lowered (Figs. 3d and
3g). Oil Red O staining demonstrated that circMED17
overexpression enhanced lipid droplet formation and
accumulation in bovine primary adipocytes, whereas
small interfering RNA targeting circMEDI17 (si-
circMED17) interference inhibited these processes
(Figs. 3f and 3h). Collectively, these results indicate
that circMED17 promotes the differentiation of bovine
primary adipocytes.

3.4 Inhibition of bovine preadipocyte apoptosis
by circMED17

In order to investigate the potential role of
circMEDI17 in regulating adipocyte apoptosis, the ex-
pression levels of apoptosis-related marker genes were
examined in bovine primary adipocytes following the
successful overexpression or knockdown of circMED17.
The qRT-PCR analysis revealed that circMED17

overexpression significantly reduced the mRNA levels
of cyclin-dependent kinase inhibitor 1A (CDKNI1A),
tumor protein p53 (TP53), and caspase 8 (CASPS)
compared to those in the control group, while the ex-
pression levels of B-cell lymphoma 2 (BCL?2) and Bcl-
2-associated X protein (BAX) also showed a decreasing
trend (Fig. 4a). Western blot analysis revealed that the
protein expression levels of pro-apoptotic marker BAX
and Bcl-2-associated death promoter (BAD) were sig-
nificantly decreased following circMED17 overexpres-
sion (Fig. 4c). Conversely, qRT-PCR analysis demon-
strated that circMED17 knockdown significantly up-
regulated the expression of apoptosis-related genes,
including BAX, CDKNI1A, TP53, B-cell lymphoma-
extra large (BCL2L1I), and CASP3 (Fig. 4b). Consis-
tently, western blot analysis confirmed the increased
protein levels of the pro-apoptotic markers BAX and
BAD following circMED17 inhibition (Fig. 4d). These
findings were further supported by TUNEL staining,
which showed a significantly lower proportion of
TUNEL-positive cells in the circMED17 overexpres-
sion group. Although the knockdown group exhibited
an increasing trend in TUNEL-positive cells, the differ-
ence was not statistically significant (Figs. 4e and 4f).
Annexin V-APC/7-AAD apoptosis staining followed
by flow cytometry revealed that circMED17 over-
expression significantly reduced the apoptosis rate
of bovine primary adipocytes, whereas circMED17
knockdown markedly increased apoptosis (Figs. 4g and
4h). Collectively, these results suggest that circMED17
inhibits apoptosis in bovine primary adipocytes.

3.5 Molecular mechanism of circMED17 involving
GATA2 and bta-miR-146b

Binding sites between circMED17 and candidate
miRNAs were predicted using bioinformatics databases,
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Fig. 3 Promotion of adipogenic differentiation by circMED17 in bovine primary adipocytes. (a) Detection of circMED17
overexpression by qRT-PCR. (b) Expression of adipogenic marker genes following OV-circMED17. (c) Detection of circMED17
knockdown efficiency by qRT-PCR. (d) Expression of adipogenic marker genes following circMED17 knockdown.
(e, g) Western blot analysis of adipogenic proteins following OV-circMED17 (e) and si-circMED17 knockdown (g).
(f, h) Oil Red O staining of lipid accumulation following OV-circMED17 (f) and si-circMED17 knockdown (h). Data
are expressed as mean+SEM, n=3. " P<0.05, " P<0.01 vs. NC or siNC. CircMED17: circular RNA mediator complex subunit
17 (MED17); NC: negative control; OV-circMED17: circMED17 overexpression; siNC: small interfering RNA negative
control; si-circMED17: small interfering RNA targeting circMED17; CEBPA, CEBPa: CCAAT/enhancer-binding protein
alpha; CEBPB, CEBPpB: CCAAT/enhancer-binding protein beta; PPARG, PPARY: peroxisome proliferator-activated
receptor gamma; FABP4: fatty acid-binding protein 4; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; qRT-PCR:
quantitative reverse transcription-polymerase chain reaction; SEM: standard error of the mean.

including RNAhybrid (https://bibiserv.cebitec.uni-
bielefeld.de/mahybrid) (Kriiger and Rehmsmeier, 2006).
Three candidate miRNAs—miR-146a, miR-93, and
miR-146b—were screened and their corresponding vec-
tors were constructed for further validation (Figs. Sa—
5¢). Based on the mature sequences of these miRNAs,
wild-type and mutant dual-luciferase reporter vectors

for circMED17 were constructed. The dual-luciferase
assay showed a significant decrease in relative lucifer-
ase activity when the miR-146b overexpression vector
was co-transfected with the wild-type circMED17 re-
porter, indicating a direct interaction between miR-146b
and circMED17 (Fig. 5f). In contrast, co-transfection
with miR-93 or miR-146a did not result in a statistically
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Fig. 4 Modulation of apoptosis and apoptosis-related gene expression by circMED17 in bovine adipocytes. (a) qRT-PCR
analysis of mRNA expression levels of CDKN1A4, TP53, BCL2, BAX, and CASPS in bovine adipocytes after overexpression
of circMED17. (b) qRT-PCR analysis of mRNA expression levels of CDKNI1A, TP53, BCL2, BCL2L1, BAX, and CASP3 in
bovine adipocytes after transfection with si-circMED17. (¢, d) Western blot analysis of the pro-apoptotic proteins BAX
and BAD in bovine adipocytes after circMED17 overexpression (¢) and si-circMED17 knockdown (d). (e, f) TUNEL
staining showing apoptotic cells in bovine adipocytes after circMED17 overexpression (e) and si-circMED17 knockdown (f).
(g, h) Flow cytometry analysis of apoptosis in bovine adipocytes after circMED17 overexpression (g) and si-circMED17
knockdown (h). Data are expressed as mean+SEM, n=3. " P<0.05, ™ P<0.01 vs. NC or siNC. CircMED17: circular RNA
mediator complex subunit 17 (MED17); NC: negative control; OV-circMED17: circMED17 overexpression; siNC:
small interfering RNA negative control; si-circMED17: small interfering RNA targeting circMED17; TUNEL: terminal
deoxynucleotidyl transferase-mediated dUTP nick-end labeling; CDKN1A: cyclin-dependent Kinase inhibitor 1A; TP53:
tumor protein p53; CASPS: caspase 8; BCL2: B-cell lymphoma 2; BAX: Bcl-2-associated X protein; BCL2L1: B-cell
lymphoma-extra large; BAD: Bcl-2-associated death promoter; GAPDH: glyceraldehyde-3-phosphate dehydrogenase;
DAPI: 4',6-diamidino-2-phenylindole; 7-AAD: 7-amino-actinomycin D; Annexin V-APC: allophycocyanin-conjugated
Annexin V; qRT-PCR: quantitative reverse transcription-polymerase chain reaction; SEM: standard error of the mean.
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significant reduction in luciferase activity, suggest-
ing no direct binding between these miRNAs and
circMED17 (Figs. 5d and 5e). Western blot analysis
of the immunoprecipitated samples confirmed the
successful pull-down of argonaute 2 (AGO2) and
GATA-binding protein 2 (GATA2) proteins, while no
corresponding bands were detected in the immunoglob-
ulin G (IgG) control group, indicating the specificity
of the antibodies used for RIP (Fig. 5g). Subsequent
RIP assays demonstrated that circMED17 was signifi-
cantly enriched in complexes precipitated by both
AGO2 and GATA?2 antibodies compared to the IgG
control, confirming its interaction with these proteins
(Fig. 5h). Moreover, qRT-PCR analysis revealed that

miR-146b levels in the AGO2 immunoprecipitate were
approximately 1.6-fold higher than those in the con-
trol group, supporting a direct association between
miR-146b and AGO2 (Fig. 5i). These findings col-
lectively suggest that circMED17 interacts with RNA-
binding proteins AGO2 and GATA?2, potentially facili-
tating its role in post-transcriptional regulation via
miRNA-mediated mechanisms.

3.6 CircMED17 promotion of adipose tissue
development in vivo

The inguinal white adipose tissue of C57BL/6
mice with HFD-induced obesity was locally injected
with a circMED17 overexpression vector combined



1166 | Journal of Zhejiang University-SCIENCE B 2026 27(10):1153-1170

with an in vivo transfection reagent for 15 consecu-
tive days. Subsequently, inguinal white adipose tissue
samples were collected from the 0.9% NaCl control
group, the pcDNA2.1 empty vector group, and the
circMED17 overexpression group, followed by tis-
sue fixation, paraffin embedding, and hematoxylin and
eosin (H&E) staining. Histological analysis by H&E
staining showed that the overexpression of circMED17
led to a significant increase in adipocyte size in the in-
guinal white adipose tissue of HFD-induced obese
mice (Fig. 6). This study is the first to provide consis-
tent evidence from both in vivo and in vitro experi-
ments that circMED17 promotes adipocyte differenti-
ation, thereby enhancing adipogenesis and fat deposi-
tion (Fig. 7).

4 Discussion

Understanding the molecular mechanisms that
regulate fat deposition—an essential determinant of
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Fig. 6 In vivo effect of circMED17 overexpression on
adipose tissue development in HFD-fed mice. (a) H&E
staining of iWAT from HFD-fed C57BL/6 mice after 15-d
daily local injection of saline, empty vector (pcDNA2.1),
or circMED17 overexpression vector. (b) Schematic repre-
sentation of circMED17 overexpression in iWAT, showing
increased fat accumulation in HFD-fed mice. CircMED17:
circular RNA mediator complex subunit 17 (MED17); NC:
negative control; iWAT: inguinal white adipose tissue; H&E:
hematoxylin and eosin; HFD: high-fat diet.
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Fig. 7 Adipogenic differentiation promoted by circMED17 in vitro and in vivo. CircMED17: circular RNA mediator

complex subunit 17 (MED17).



beef quality and economic value—is critical for eluci-
dating adipose tissue development and identifying po-
tential biomarkers for breeding strategies and meat
quality enhancement. CircRNAs have been increasingly
recognized as important regulators involved in various
biological processes, including adipogenesis; there-
fore, investigating their role in bovine fat deposition
is of great significance. To date, several circRNAs,
such as circPPARG, circBTBD7, circCDK 14, and
circADAMTS16, have been reported to participate in
bovine adipose development (Wu et al., 2022; Hu
et al., 2023; Ma et al., 2023; Qin et al., 2025). In our
previous study, circMED17 was identified as a candi-
date circRNA potentially involved in the regulation of
adipocyte development in cattle. After confirming the
circular structure of bovine circMED17, we performed
quantitative expression analyses in different bovine
tissues and at various stages of preadipocyte differen-
tiation. The results showed that circMED17 was highly
expressed in adipose tissue and during the later stages
of preadipocyte differentiation, suggesting its poten-
tial role in adipose tissue development, particularly
during the mid-to-late stages of adipocyte maturation.
Based on these findings, we further conducted in vitro
functional experiments to systematically evaluate the
role of circMED17 in the proliferation and differentia-
tion of bovine preadipocytes and to explore its poten-
tial molecular regulatory mechanisms.

Preadipocyte proliferation is a critical prerequi-
site for adipogenesis, as a sufficient number of precur-
sor cells are essential for subsequent differentiation and
lipid accumulation. In the present study, we found that
the overexpression of circMED17 significantly inhibited
the proliferation of bovine preadipocytes. EAU incor-
poration assays revealed a marked reduction in the
proportion of EdU-positive cells, accompanied by a
significant downregulation of cell cycle-related genes,
including CCND1 and CCNE]I. These findings suggest
that circMED17 may participate in the regulation of
adipogenesis during the early stages of adipocyte de-
velopment by restricting preadipocyte proliferation.
Notably, similar functions have been reported for other
circRNAs. For example, circPPARA hindered the pro-
liferation of porcine intramuscular preadipocytes while
promoting their differentiation (Li BJ et al., 2022);
circSTX12 overexpression enhanced adipogenesis and
decreased proliferative capacity (Gu et al., 2025);
circATXN2 suppressed proliferation and promoted ad-
ipogenesis in rat adipose tissue (Song et al., 2021).
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Collectively, these findings support the concept that
circRNAs, including circMED17, are important regu-
lators in maintaining the balance between preadipo-
cyte proliferation and differentiation during adipose
tissue development. In addition to its inhibitory effect
on preadipocyte proliferation, our results further dem-
onstrate that circMED17 significantly promotes adipo-
genic differentiation in bovine adipocytes. Oil Red O
staining revealed a substantial increase in lipid droplet
accumulation in circMED17-overexpressing cells. Con-
currently, the expression levels of key adipogenic
marker genes, including PPARG, CEBPA, and FABP4,
were significantly upregulated at both the mRNA and
protein levels. These results indicate that circMED17
plays a promotive role in adipocyte differentiation.
Several previous studies have confirmed the involve-
ment of circRNAs in regulating adipocyte differentia-
tion. For instance, the circZFYVE9/miR-378a-3p/
IMMT axis was identified as a regulator of mitochon-
drial function influencing adipogenesis in 3T3-L1 pre-
adipocytes (Qiu et al., 2024); Chi-circ_0006511 posi-
tively regulated the differentiation of goat intramus-
cular preadipocytes through the novel-miR-87/CD36
axis (Li X et al., 2022); circDOCK?7 promoted both
proliferation and differentiation of chicken abdominal
preadipocytes via the gga-miR-301b-3p/acyl-CoA syn-
thetase long chain family member 1 (ACSLI) axis
(Tian et al., 2023). Similarly, the pro-differentiation
effect of circMED17 observed in our study suggests
that it may represent a broadly functional regulatory
circRNA involved in adipogenesis.

CircRNAs and miRNAs are key components of
ncRNAs that play crucial roles in regulating lipid me-
tabolism and mitochondrial function. One of the most
prominent features of circRNAs is their ability to act
as “miRNA sponges,” binding to miRNAs and thereby
attenuating their inhibitory effects on target genes, re-
gulating gene expression through competing endog-
enous RNA (ceRNA) mechanisms (Salmena et al.,
2011). In this study, we further validated the targeting
relationship between circMED17 and miR-146b using
dual-luciferase reporter assays, showing that the over-
expression of miR-146b directly affects circMED17 ex-
pression. RIP assays confirmed that both circMED17
and miR-146b can directly bind to the AGO2 protein,
suggesting that circMED17 may modulate the physio-
logical functions of bovine primary adipocytes by
sponging miR-146b. Previous studies have demon-
strated that miRNAs play important roles in adipocyte
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differentiation and function (Song et al., 2014; Li et al.,
2017; Dong et al., 2020; Guo et al., 2021; Liu X et al.,
2022). Specifically, miR-146b is a critical mediator in
the regulatory network of adipose tissue, facilitating
the browning of white adipocytes (Di et al., 2021) and
targeting the homeobox C10 (HOXC10) gene, which
regulates cell proliferation and differentiation (Kim
et al., 2019; Li et al., 2020). Moreover, miR-146b acts
as a regulator of proliferation and differentiation
in human visceral preadipocytes, with its expression
altered in obesity; it inhibits the proliferation but pro-
motes the differentiation of visceral preadipocytes
(Chen et al., 2014). A study in 3T3-L1 cells reported
that miR-146b promotes adipogenesis by targeting si-
lent mating type information regulation 2 homolog 1
(SIRTI) (Ahn et al., 2013). Despite differences in cell
types, the pro-adipogenic role of miR-146b appears
conserved. In this study, RNA-binding protein im-
munoprecipitation further revealed that circMED17
directly interacts with the GATA2 protein. Previous re-
search has reported that GATA2 inhibits the differ-
entiation of precursor adipocytes, with its expres-
sion decreasing in early adipogenesis (Schupp et al.,
2009). GATA?2 likely acts as a suppressor of preadi-
pocyte differentiation into mature adipocytes (Lin
et al., 2021). As a transcription factor, GATA2 can in-
fluence the expression of adipogenic markers such as
PPARy and CEBPa (Sarjeant and Stephens, 2012).
GATA2 can also bind to CEBPa and CEBP, disrupt-
ing their transcriptional activity (Tong et al., 2005),
indicating multiple pathways by which GATA2 sup-
presses adipogenesis. Post-translational modifications,
including acetylation, sumoylation, and phosphoryla-
tion, further regulate GATA2 protein activity. These
findings suggest that circMED17 may promote the dif-
ferentiation of bovine primary adipocytes by binding
to GATA2 protein and inhibiting its transcriptional
and translational interference with key adipogenic genes
such as PPARG.

In this study, in vivo experiments demonstrated
that circMED17 promotes adipose tissue development,
further confirming its positive regulatory role in adipo-
genesis. Consistent with the in vitro findings, adipo-
cytes in the adipose tissue of circMED17-overexpressing
mice showed significantly increased cell size, high-
lighting the potential of circMED17 as a key regulator
of adipose development and a prospective molecular
target for controlling fat deposition. To the best of our
knowledge, this is the first evidence that circMED17

regulates bovine adipogenesis through a dual mech-
anism, acting both as a ceRNA for miR-146b and by
directly binding to the GATA2 protein. Importantly,
the promotive role of circMED17 in adipose tissue de-
velopment was further validated in vivo, highlighting
a previously unreported regulatory pathway in bovine
adipogenesis. However, some limitations remain in the
in vitro experiments, as the current study primarily em-
ployed overexpression models to validate circMED17
function and lacked validation through knockout or
knockdown models. Additionally, although the adipo-
cyte size was significantly increased, a comprehensive
assessment involving lipid metabolism indicators,
such as triglyceride content and metabolic pathway ac-
tivity, was not performed. Thus, future research should
further investigate the effects of circMED17 on over-
all energy metabolism to fully elucidate its functional
mechanisms in fat metabolism and deposition.

5 Conclusions

In summary, this study comprehensively charac-
terized the expression profile and biological functions
of circMED17 in bovine adipocytes, revealing its crit-
ical regulatory roles in cell proliferation, differentia-
tion, and apoptosis. We further demonstrated that
circMED17 directly targets miR-146b and binds to the
GATA? protein to exert its regulatory effects. These
findings provide novel insights into the molecular
mechanisms by which circMED17 regulates adipogen-
esis, offering a theoretical foundation for the further
exploration of circRNA-mediated regulatory networks
in fat development, and present a potential molecular
target for improving beef quality and fine-tuning fat
deposition in cattle.
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