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ABSTRACT

Adipose-derived mesenchymal stem cells (ADSCs)
represent a readily accessible and important source of
mesenchymal stem cells (MSCs) capable of multilineage
differentiation. The Hippo signaling pathway effector YAP
has emerged as a pivotal regulator of stem cell fate, yet
the specific molecular mechanism by which it modulates
lipogenic differentiation of ADSCs has not been clearly
defined. In this study, goat ADSCs (gADSCs) isolated from
Albas goats in Inner Mongolia were used to investigate the
role of YAP1 in adipogenic differentiation. Overexpression
of YAP1 significantly promoted the differentiation of
ADSCs into adipocytes, an effect accompanied by up-
regulation of LATS2 and activation of the negative
feedback loop of the Hippo signaling pathway. Elevated
LATS2 expression induced YAP phosphorylation, leading
to reduced nuclear levels of YAP and TAZ and their
subsequent accumulation in the cytoplasm. YAP1
overexpression up-regulated LATS2 expression, which, in
turn, enhanced the adipogenic differentiation of ADSCs.
This pro-adipogenic effect of YAP1 was dependent on
LATS2 kinase activity. These findings indicate that
overexpression of YAP1 promotes ADSC adipogenesis by
inducing LATS2 expression and activating the Hippo
pathway negative feedback loop. Elucidating the molecular
role of YAP in ADSC lipogenic differentiation holds great
significance for regulating stem cell fate, treating metabolic
disorders, and promoting hair follicle growth.
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INTRODUCTION

Mesenchymal stem cells (MSCs) are a class of adult stem
cells with robust self-renewal capacity and the ability to
differentiate into multiple cell lineages (Peister et al., 2004;
Pittenger etal.,, 1999). Among these, adipose-derived
mesenchymal stem cells (ADSCs) are particularly valued due
to their accessibility, abundance, genetic stability, and
multidirectional differentiation potential (Mazini et al., 2019).
As a major source of MSCs, ADSCs are widely regarded as
ideal candidates for regenerative medicine and stem cell-
based therapies (Edgar etal., 2020; Owczarczyk-Saczonek
etal, 2017; Puissant etal., 2005, Song etal., 2016).
Intradermal white adipose tissue and hair follicles share
several overlapping regulatory networks, and signals derived
from adipose tissue have been implicated in modulating
follicular dynamics. Evidence from knockout mouse models
has confirmed the critical role of intradermal white adipose
tissue in supporting the hair cycle (Hesslein etal.,, 2009),
underscoring the importance of perifollicular adipose tissue in
maintaining follicular microenvironmental homeostasis and
cyclical growth. Elucidating the mechanisms governing the
adipogenic differentiation of ADSCs is therefore essential for
advancing strategies related to stem cell fate control,
metabolic disease intervention, and hair follicle regeneration.
Adipocyte differentiation is a complex, tightly regulated
process driven by the activation of lipogenic genes under the
control of specific lipogenic-related transcription factors.
Among the regulators of this process, YAP—a principal
downstream effector of the Hippo signaling pathway —has
emerged as a critical mediator of cell fate decisions.
Ubiquitously expressed across tissues, YAP functions as a
transcriptional co-activator of the TEAD family in the nucleus
(Oka etal.,, 2010) and interacts with various proteins that
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regulate intracellular signaling pathways (Wu etal., 2025).
YAP exists in two metastable shear isoforms, YAP7 and
YAP2, as well as an extended variant known as YAP2-L
(YAP2-long) (Huang et al., 2005; Komuro et al., 2003; Sudol
et al., 1995; Vassilev et al., 2001; Yagi et al., 1999). Due to its
lack of a distinct DNA-binding domain, YAP modulates gene
expression  through interaction with other nuclear
transcriptional regulators (Yagi etal., 1999). While YAP has
been shown to favor osteogenic over adipogenic
differentiation in murine models (Lorthongpanich et al., 2019),
its role in regulating adipogenic differentiation in goat-derived
ADSCs (gADSCs) remains unclear.

Originally identified through Drosophila genetic screens
targeting regulators of tissue growth (Udan et al., 2003), the
Hippo signaling pathway has since been recognized as a
conserved mechanism in both invertebrates and mammals.
Various studies have highlighted its critical role in regulating
organ size, limiting cell proliferation, and inducing apoptosis
(Halder & Johnson, 2011; Pan, 2010; Zhao etal., 20083;
Zheng & Pan, 2019). In mammals, the core components
include the serine/threonine kinases MST1/2 and LATS1/2
(Chan etal, 2005) Activation of LATS1/2 leads to
phosphorylation of YAP at Ser127, promoting its cytoplasmic
retention via binding to 14-3-3 proteins, followed by
ubiquitination and proteasomal degradation (Zhao etal.,
2010). In contrast, unphosphorylated YAP translocates to the
nucleus, where it binds to TEAD family transcription factors,
initiating gene expression and stimulating cell activity and
proliferation (Zhao et al., 2008b). Despite extensive studies on
the mechanisms regulating adipogenesis, the role of Hippo
signaling, particularly the function of LATS2, in this context
remains underexplored (An etal., 2013; Deng etal., 2019;
Gao et al., 2018; Kamura et al., 2018; Li et al., 2018; Zhang
etal., 2018). Negative feedback loops are crucial for
maintaining signaling equilibrium. Recent studies have
identified a feedback mechanism in mammalian cells in which
the activation of YAP/TAZ up-regulates LATS1/2 kinases,
thereby attenuating YAP/TAZ activity through negative
feedback (He etal., 2019; Moroishi et al., 2015; Park et al.,
2016; Sun, 2021; Zhang etal., 2022). These observations
suggest that the adipogenic effects of YAP1 may depend on
the Hippo signaling pathway.

This study investigated the molecular regulatory mechanism
by which YAP influences the adipogenic differentiation of
ADSCs, with a specific focus on the negative feedback loop
between YAP and LATS2. Elucidating this pathway may yield
novel insights into stem cell fate determination and hair follicle
growth, providing theoretical guidance for MSC differentiation.

MATERIALS AND METHODS

Isolation and culture of ADSCs

ADSCs were isolated from Arbas cashmere goat fetuses at
embryonic day 85 (E85). Adipose tissue was collected from
the abdominal infra-femoral region, finely minced, and
digested with 0.2% collagenase | for 1 h at 37°C. The resulting
cell suspension was centrifuged at 1 500 r/min and 25°C for 5
min. The upper adipose layer was discarded, and an equal
volume of erythrocyte lysate was added for 25 min, followed
by centrifugation at 1 500 r/min and 25°C for 5 min. After
discarding the supernatant, ADSCs were cultured in Dulbecco’
s Modified Eagle Medium (DMEM; Gibco, USA) containing
10% fetal bovine serum (FBS; Biological Industries, USA) and
1% penicillin/streptomycin. The cells were incubated at 37°C
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in a humidified incubator with 5% CO,. Albas goat muscle-
derived satellite cells (MDSCs) and hair follicle stem cells
(HFSCs) were isolated and characterized using cell culture
methods described in previous studies (Li etal., 2022; Yan
et al., 2022).

Culture of 293T cells

Human embryonic kidney 293T cells were cultured in high-
glucose DMEM (Gibco, USA) containing 10% FBS. Cells were
maintained at 37°C in 5% CO, and used for viral production.

Induction of adipogenic differentiation in gADSCs

Upon reaching confluence, gADSCs were induced to
differentiate into adipocytes. The culture medium was
replaced with DMEM containing 3% FBS, 5% rabbit serum
(Biological Industries, USA), 33 umol/L biotin (Sigma, USA),
17 ymol/L pantothenic acid (Sigma, USA), 10 yg/mL insulin
(Gibco, USA), 1 pmol/L dexamethasone (Sigma, USA),
5 pmol/L rosiglitazone (Sigma, USA), and 0.5 mmol/L 3-
isobutyl- 1-methylxanthine (IBMX, Sigma, USA). After 3 days,
the induction medium was replaced with maintenance medium
lacking IBMX and rosiglitazone, with changes every 3 days.

Lentiviral construction and infection

Lentiviral vectors for YAP overexpression (OE-YAP) and YAP
knockdown via short hairpin RNA (shRNA), targeting the
sequence 5-CCGGGCTCAGATCCCTTTCTTAACACTCGAG-
TGTTAAGAAAGGGATCTGAGCTTTTTT-3' (sh-YAP), were
synthesized by Beijing Tsingke Biotech (China). Lentiviral
particles were produced by co-transfecting the Phblv-CMV-
Puro vector with packaging plasmids pMD2.G and psPAX2
into 293T cells. After 48 h, the lentivirus-containing culture
supernatant was filtered, concentrated, and mixed with 5 mL
of lentivirus and 5 mL of complete medium to culture MSCs for
48 h. Puromycin (Sangon Biotech, Shanghai, China) was
added at 1 pg/mL for 72 h to select transduced cells, followed
by replacement with fresh medium for 24 h. A second round of
puromycin selection (1 pg/mL for 72 h) was performed to
ensure stable integration.

Oil Red O staining and quantification

Following adipogenic induction, cells were rinsed with
phosphate-buffered saline (PBS) and fixed with 4%
paraformaldehyde for 15 min. After an additional PBS wash,
cells were stained with 3 mg/mL Oil Red O for 1 h at room
temperature in the dark. Excess dye was removed by PBS
rinsing, and stained lipid droplets were visualized under a light
microscope. Subsequently, Oil Red O was discarded, and
cells were air-dried. Isopropanol was added to dissolve the
lipid droplets, and absorbance was measured at 550 nm to
quantify intracellular lipid accumulation.

Immunofluorescence

ADSCs were seeded in 24-well plates at a density of 1x
10* cells/well and treated with 0.1% gelatin. After incubation for
48 h, cells were fixed in 4% paraformaldehyde at room
temperature for 15 min, permeabilized with 0.5% TritonX-100
for 10 min at room temperature, and blocked with 1% bovine
serum albumin for 30 min. Primary antibodies were applied
and incubated overnight at 4°C, followed by incubation with
secondary antibodies conjugated with Alexa Fluor® 488
(Proteintech, China) for 1 h at room temperature. After
staining with DAPI (Sigma, USA) for 5 min, the samples were
mounted with glycerol and imaged using a confocal laser
microscope (Nikon A1 Plus, Japan). Antibodies used are listed
in Supplementary Table S1.
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Western blot analysis

Total protein was extracted using a mammalian protein
extraction kit (CWBIO, China) supplemented with protease
inhibitors. Nuclear and cytoplasmic proteins were isolated
using a cellular nuclear and cytoplasmic protein extraction kit
(CWBIO, China) according to the manufacturer’s instructions.
Protein concentrations were determined using a BCA protein
assay kit (Thermo Fisher Scientific, USA). Proteins (20-30 ug)
from cell lysates were separated using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to nitrocellulose membranes (Pall, USA).
Membranes were blocked with 5% nonfat milk for 1 h at room
temperature and incubated overnight at 4°C with primary
antibodies. Following three washes, membranes were
incubated with horseradish peroxidase (HRP)-conjugated
secondary antibodies (Proteintech, China) for 1 h at room
temperature. Antigen-antibody complexes were visualized
using Pierce ECL western blotting substrate (Thermo Fisher
Scientific, USA). Membrane images were captured using a
Tanon 5200 imaging system and analyzed with ImageJ
software. The primary antibodies used are listed in
Supplementary Table S1.

Reverse transcription-quantitative real-time polymerase
chain reaction(RT-qPCR)

Total RNA was extracted from ADSCs using RNAiso reagent
(Takara, Japan). Complementary DNA (cDNA) synthesis was
carried out using the PrimeScript™ RT reagent kit and gDNA
Eraser (Perfect Real Time) (Takara, Japan). PCR was
performed and detected using the CFX96 Real-Time PCR
Detection System. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as the housekeeping
gene, and relative gene expression levels were calculated
using the comparative CT method (AACT). Primers used in
this study are listed in Supplementary Table S2.

Transcriptomic analysis

ADSCs from OE-YAP and control groups were collected, with
three replicates per group. Total RNA was extracted using
TRIzol reagent (Invitrogen, USA) according to the
manufacturer’s protocols. RNA purity and quantification were
assessed using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, USA). RNA libraries were
constructed using a VAHTS Universal V6 RNA-seq Library
Prep Kit and sequenced by OE Biotech (China) on the lllumina
NovaSeq 6000 platform (USA) to generate 150 bp paired-end
reads. Clean reads were mapped to the reference genome
using HISAT2. Gene expression was quantified as fragments
per kilobase of exon per million mapped reads (FPKM), and
read counts were obtained using HTSeg-count. Principal
component analysis (PCA) was performed in R (v.3.2.0) to
evaluate replicate consistency. Differential expression analysis
was conducted with DESeq2, with significantly differentially
expressed genes (DEGs) defined as those with a Q-value
<0.05 and a fold change >2 or <0.5. Hierarchical clustering
analysis of DEGs was performed using R (v.3.2.0) to visualize
gene expression patterns across different groups and
samples. Functional enrichment of DEGs was assessed using
hypergeometric tests for Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG), Reactome,
and WikiPathways categories in R (v.3.2.0). Column, chord,
and bubble plots illustrating significant enrichment terms were
generated using R (v.3.2.0).

Statistical analysis
All experimental data were analyzed using SPSS, with

statistical significance set at P<0.05.
RESULTS

Isolation and characterization of ADSCs

To assess the regulatory role of YAP1 in the lipogenic
differentiation of adipose MSCs, gADSCs were first isolated
and identified according to established protocols (Ren et al.,
2012). Lentiviral constructs were used to generate OE-YAP1
and SH-YAP1 cell lines, which were subsequently employed
to evaluate the functional impact of YAP1 on gADSC
adipogenic differentiation. Transcriptomic profiling of OE-
YAP1 and control cells revealed a significant up-regulation of
Lats2, a core component of the Hippo signaling pathway. YAP
activation induced negative feedback within the Hippo
pathway, resulting in reduced nuclear localization of YAP and
TAZ, restoration of PPAR-y transcriptional activity, and
enhanced lipogenic differentiation. Notably, the pro-adipogenic
function of YAP1 was modulated by LATS2 kinase activity,
indicating a feedback-dependent mechanism.

Morphological and molecular analyses confirmed the
successful isolation of gADSCs. Cells exhibited a long shuttle-
shaped or irregular triangular morphology (Figure 1A).
Comparative mRNA expression analysis using HFSCs and
MDSCs as reference cell types demonstrated significantly
higher expression of CD44, CD49d, CD90, and CD105 in
gADSCs (Figure 1B). Immunofluorescence staining further
confirmed strong expression of CD105, CD49d, CD90, and
CD44, and absence of CD34 and CD45 markers, verifying the
high purity of gADSCs and excluding endothelial and
hematopoietic cell contamination (Figure 1C, D). Oil Red O
staining of gADSCs subjected to adipogenic induction for 2, 6,
10, and 14 days showed progressive accumulation of lipid
droplets in both size and number over time (Figure 1E).
Transcript and protein levels of lipogenic marker genes in
ADSCs were examined after 2, 6, 10, and 14 days of
induction. Results showed that the expression levels of CEBP-
a, PPAR-y, and FABP4 increased significantly with induction
time (Figure 1F, G). These findings confirm the adipogenic
capacity of gADSCs and establish a robust model for
mechanistic investigation of YAP1-mediated lipogenic
differentiation.

YAP1 enhances adipogenic differentiation in gADSCs
gADSCs were cultured in adipogenic induction medium and
assessed for YAP1 expression during lipogenesis on days 1,
4, 8, and 12. Both RT-gPCR and western blot analyses
demonstrated a time-dependent increase in both YAP1 mRNA
and protein levels throughout the induction period (Figure 2A,
B), suggesting that YAP1 expression is positively associated
with the progression of adipogenesis.

To investigate the functional role of YAP1 in lipogenic
differentiation, lentiviral vectors were used to establish gene
overexpression and knockdown in gADSCs. Following two
rounds of antibiotic selection, stably transfected puromycin-
resistant gADSCs were obtained. At 12 days post-induction,
OE-YAP1-transduced cells showed significantly higher YAP1
mRNA and protein levels compared to controls (Figure 2C, D),
while SH-YAP1 cells displayed significant down-regulation
(Figure 21, J), indicating effective knockdown following
transduction. RT-gPCR and western blot assays confirmed
stable transduction with the appropriate OE-YAP1 or SH-
YAP1 lentiviral vectors.

The impact of YAP1 on adipogenic differentiation was
further evaluated by analyzing lipid accumulation. Oil Red O
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Figure 1 Isolation and characterization of ADSCs

A: Morphology of fourth-generation ADSCs. Scale bar: 100 uym. B: RT-gPCR analysis of positive markers CD44, CD90, CD49d, and CD105 in
ADSCs. C, D: Immunofluorescence staining of cell markers CD44, CD49d, CD90, CD105, CD34, and CD45. Scale bar: 100 uym. E: Oil Red O
staining of ADSCs induced for lipogenesis at 2, 6, 10, and 14 d, with corresponding quantitative analysis. Scale bar: 100 ym. F: RT-qgPCR analysis
of PPAR-y, CEBP-a, and FABP4 expression during lipid induction at 2, 6, 10, and 14 d, normalized to GAPDH. G: Western blot analysis of CEBP-a
and PPAR-y protein expression at 2, 6, 10, and 14 d of lipid induction in ADSCs. All results represent meantstandard deviation of three
independent experiments (n=3). Significant differences compared to the control are indicated. ns: Not significant; : P<0.05; ": P<0.01; ™": P<0.001.

staining revealed that YAP1 overexpression significantly
enhanced lipogenesis on days 8 and 12 of lipogenic
differentiation, as indicated by a significant increase in total
lipid accumulation (Figure 2F). Quantification was conducted
using isopropanol-eluting Oil Red O stain, confirming the
enhanced lipid accumulation. To further examine the role of
YAP1 in adipogenesis, the expression of adipogenic markers
PPAR-y, CEBP-a, and FABP4 was measured at both the
mRNA and protein levels using RT-qPCR and western
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blotting. Results showed that OE-YAP1 cells exhibited
significantly elevated expression of all three markers
(Figure 2E, G, H), supporting a promotive role for YAP1 in
adipogenic differentiation of gADSCs. In contrast, YAP1
knockdown resulted in reduced Oil Red O staining on days 8
and 12 (Figure 2L) and decreased PPAR-y, CEBP-a, and
FABP4 expression at both transcript and protein levels
(Figure 2K, M, N). Contrary to YAP1 overexpression, YAP1
knockdown inhibited the adipogenic differentiation process.
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Figure 2 YAP1 promotes adipogenesis in gADSCs

A: RT-gPCR analysis of YAP transcription after 1, 4, 8, and 12 d of lipogenesis induction. B: Western blot analysis of YAP protein expression after
1, 4, 8, and 12 d of adipogenesis induction. C, I: RT-gPCR analysis of YAP1 transcription in gADSCs transfected with OE-YAP1 and SH-YAP1
vectors after 12 d of culture. D, J: Western blot analysis of YAP1 protein expression in gADSCs transfected with OE-YAP1 and SH-YAP1 vectors
after 12 d of culture. E, K: RT-gPCR analysis of PPAR-y, CEBP-a, and FABP4 mRNA levels in OE-YAP1 and SH-YAP1 gADSCs after 12 d of lipid
induction. F, L: Oil Red O staining and quantitative analysis of OE-YAP1 and SH-YAP1 gADSCs after 8 and 12 d of lipogenesis induction. Scale
bar: 100 um. G, H, M, N: Western blot analysis of PPAR-y and CEBP-a protein levels in OE-YAP1 and SH-YAP1 gADSCs after 8 and 12 d of lipid
induction. All results represent meantstandard deviation of three independent experiments (n=3). Significant differences compared to the control
are indicated. ns: Not significant; : P<0.05; ™: P<0.01; ™": P<0.001.
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YAP regulates adipogenic differentiation in gADSCs via
the Hippo signaling pathway

Transcriptome sequencing was performed to compare control
and OE-YAP1 gADSCs. PCA revealed a clear distinction
between OE-YAP1 and control samples (Figure 3A).
Differential expression analysis identified a total of 978 DEGs
(Figure 3D), including 672 up-regulated and 306 down-
regulated genes (Figure 3B, C). To validate the RNA
sequencing (RNA-seq) data, 12 DEGs were randomly
selected for RT-qPCR analysis. The RT-qPCR results were
consistent with RNA-seq-derived FPKM values (Figure 3E),
confirming the reliability of the transcriptomic dataset.

GO enrichment analysis of DEGs revealed that most
annotations were assigned to biological processes (BP),
followed by cellular components (CC) and molecular functions
(MF). The DEGs were primarily involved in categories such as
cell and cell part (CC), binding and catalytic activity (MF),
cellular process, biological regulation and response to
stimulus (BP) (Figure 3F). Notably, significant enrichment was
observed in fat cell differentiation (G0:0045444),
demonstrating an association between YAP1 and lipid
differentiation in gADSCs (Figure 3G). KEGG enrichment
analysis showed that DEGs were significantly enriched in the
Hippo signaling pathway (chx04390). Eight DEGs associated
with this pathway were identified, including WWTR1 (TAZ),
Lats1, Lats2, Mst1, TEAD1, TEAD2, TEAD3, and TEADA.
Expression patterns of these genes are presented in cluster
heatmaps (Figure 3J). RT-qPCR analysis confirmed that
among these genes, TAZ and LATS2 were significantly up-
regulated in OE-YAP cells (Figure 3l), suggesting that YAP1
may promote lipogenic differentiation by modulating TAZ and
LATS2 expression through the Hippo signaling pathway.
However, further mechanistic studies are required to delineate
the precise regulatory cascade.

YAP1 activates negative feedback regulation of the Hippo
signaling pathway

YAP1 functions as a transcriptional co-activator recruited by
DNA-binding transcription factors to regulate gene expression
within the nucleus (Kanai etal.,, 2000). In MSCs, lineage
commitment can be modulated by altering the nuclear
localization of YAP1 (Tang etal.,, 2013). To investigate
whether YAP1 localization changes during adipogenic
differentiation, its nuclear and cytoplasmic levels were
examined on days 1, 4, 8, and 12 of gADSC differentiation.
Western blot revealed a gradual decline in nuclear YAP1
levels with increasing differentiation time (Figure 4A),
accompanied by a corresponding increase in cytoplasmic
YAP1 (Figure 4B), demonstrating that lipogenic differentiation
is associated with cytoplasmic redistribution of YAP1.

In OE-YAP1 cells, both YAP and TAZ exhibited reduced
nuclear localization and increased accumulation in the
cytoplasm, whereas the opposite pattern was observed in SH-
YAP1 cells. These results suggest that YAP1 overexpression
does not enhance the nuclear translocation of YAP and TAZ
but rather decreases their nuclear presence. Consistently,
western blot analysis revealed a significant increase in the
phosphorylation of YAP (p-YAP) and p-LATS1/2 in OE-YAP1
cells (Figure 4l), while SH-YAP1 cells exhibited reduced
phosphorylation (Figure 4J). These findings indicate that
YAP1 overexpression activates the Hippo signaling pathway,
triggering phosphorylation of LATS1/2. Activated LATS1/2
kinases subsequently phosphorylate YAP, promoting
cytoplasmic retention of both YAP and TAZ and reducing their
nuclear entry. These observations suggest the presence of an
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intrinsic negative feedback mechanism that maintains Hippo
pathway homeostasis in gADSCs. Transcriptomic analysis
further supported the involvement of the Hippo signaling
pathway in YAP1-regulated lipogenic differentiation of
gADSCs. Nuclear localization of YAP has been shown to
influence adipogenesis (Liu etal.,, 2020a; Pan etal., 2017;
Wang et al.,, 2020), while TAZ can inhibit this process by
binding to and suppressing PPAR-y activity in the nucleus
(Jung et al., 2009). Overall, these findings suggest that YAP1
overexpression promotes adipogenic differentiation by
reducing the nuclear presence of YAP and TAZ, thereby
relieving their repression of adipogenic transcription factors.

To further investigate the effect of YAP1 on the Hippo
signaling pathway, the expression levels of LATS1 and LATS2
were examined in OE-YAP1 and SH-YAP1 cells. LATS1
expression remained unchanged across both cell groups
(Figure 4G, |, J), whereas LATS2 expression was significantly
increased in OE-YAP1 cells and significantly down-regulated
in SH-YAP1 cells (Figure 4H-J). These results indicate that
YAP1 selectively up-regulates LATS2, but not LATS1, at both
the transcript and protein levels, including its phosphorylated
form. This suggests that YAP1 activates a LATS2-dependent
negative feedback loop within the Hippo pathway. Collectively,
these findings demonstrate that YAP1 overexpression leads to
increased LATS2 expression and activation, resulting in
phosphorylation and cytoplasmic sequestration of YAP and
TAZ. This redistribution relieves nuclear repression of
adipogenic transcription factors, thereby promoting adipogenic
differentiation in gADSCs.

YAP1 promotes adipogenic differentiation of gADSCs via
LATS2

Our results suggested that YAP1 enhances adipogenic
differentiation by up-regulating LATS2 expression, thereby
activating the negative feedback loop of the Hippo signaling
pathway and altering the nuclear abundance of YAP and TAZ.
To verify this, a gADSC line stably overexpressing LATS2
(OE-LATS2) was constructed. RT-gPCR and western blot
analyses confirmed a significant increase in LATS2 mRNA
and protein levels after 12 d of incubation (Figure 5A, B),
indicating successful construction of the OE-LATS2 line.
Following 12 days of adipogenic induction, Oil Red O staining
and quantitative analysis demonstrated that OE-LATS2
promoted lipid droplet accumulation in ADSCs (Figure 5C).
Additionally, RT-gPCR and western blot analyses revealed
that OE-LATS2 up-regulated the expression of key adipogenic
markers, including FABP4, FASN, and ADIPOQ, at the mRNA
level, as well as PPAR-y and CEBP-a at the mRNA and
protein levels (Figure 5D, E). These results indicate that
LATS2 overexpression promotes adipogenic differentiation in
ADSCs.

To determine whether LATS2 promotes lipogenic
differentiation through its kinase activity, TRULI (LATS-IN-1),
an ATP-competitive inhibitor of LATS1 and LATS2 kinases,
was added to the gADSC induction solution (Kastan et al.,
2022). After 12 days of induction, TRULI treatment
significantly reduced lipid droplet accumulation (Figure 5G),
suggesting that LATS2 kinase activity is essential for
adipogenesis. A similar reduction in lipid droplet accumulation
was observed in OE-YAP1 cells treated with TRULI
(Figure 5G). RT-gPCR and western blot analyses further
demonstrated that TRULI suppressed the expression of key
adipogenic transcription factors, PPAR-y and CEBP-q, at both
mRNA and protein levels. Additionally, TRULI suppressed the
increase in PPAR-y and CEBP-a expression induced by OE-
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YAP1 (Figure 5F, H). These findings suggest that LATS2
promotes adipose differentiation, and that LATS2-kinase
inhibitor effectively counteracts the pro-adipogenic effect of
OE-YAP1 in ADSCs. YAP1 promotes adipose differentiation in
gADSCs by increasing LATS2 expression. This effect is
regulated by a negative feedback mechanism in which the
Hippo pathway kinase cascade phosphorylates YAP and TAZ,
keeping their nuclear concentrations low (He etal., 2019;
Moroishi et al., 2015).

DISCUSSION

Stem cell-based therapies have garnered significant attention
due to the remarkable self-renewal and multipotent
differentiation capacities of MSCs (Kawabori et al., 2020; Li
et al., 2020; Liu et al., 2020b). Among them, ADSCs release
pro-angiogenic immunomodulatory growth factors and
regulatory proteins that support follicular development, wound
healing, and related processes through dynamic paracrine
signaling (Sumikawa et al., 2014; Won et al., 2012). Efficient
induction of adipogenic differentiation is crucial for adipose
tissue reconstruction. In particular, dermal white adipose
tissue (DWAT), which resides in close proximity to hair follicles
and undergoes cyclic remodeling, plays a pivotal role in
supporting hair follicle growth and skin regeneration. In
addition to regenerative medicine, adipogenesis has important
implications for animal production. In livestock, intramuscular
and subcutaneous fat content strongly influences meat quality.
The Albas cashmere goat, valued for both its high-quality fiber
and meat, represents an economically important breed. While
studies on human and murine models have explored the role
of YAP in ADSC differentiation, research in other species is
limited. Therefore, the present study used gADSCs as a
model to investigate the molecular mechanisms of adipogenic
differentiation in goats. These findings not only expand the
species framework for understanding MSC differentiation but
also shed light on the molecular regulation of hair follicle
development and intramuscular fat deposition in cashmere
goats. This study establishes a theoretical foundation for stem
cell-based interventions and the advancement of the Albas
cashmere and mutton industry.

YAP is widely recognized as a key downstream effector in
multiple signaling pathways that govern MSC differentiation
(Guo etal, 2018; Tang etal.,, 2013; Wang etal., 2018).
However, few studies have explored the precise mechanism
by which YAP regulates ADSC adipogenesis. In this study,
stable YAP1 overexpression and knockdown gADSC cell lines
were generated using lentiviral transduction to systematically
examine the role of YAP1 in lipogenic differentiation.
Functional analyses revealed that YAP1 overexpression
markedly promoted lipogenesis, while YAP1 silencing
attenuated this process. These results are consistent with a
positive regulatory role for YAP1 in goat adipogenesis.
Interestingly, prior studies in other systems have reported
divergent findings. In mouse bone marrow stromal cells, YAP
deletion promotes adipogenic differentiation (Pan et al., 2018),
while in human periodontal ligament stem cells (hPDLSCs),
YAP overexpression reduces adipogenic differentiation (Jia
et al., 2019). Such inconsistencies suggest that the function of
YAP in adipogenesis may be highly context-dependent,
varying across species, cell types, and experimental models.
Notably, Qin etal. (2016) reported that both YAP
overactivation and suppression impeded adipogenesis in
MSCs, and that optimal differentiation required intermediate
YAP activity levels. These observations underscore the
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complexity of YAP-mediated regulation of adipogenic
differentiation, with its role in this process remaining to be fully
elucidated.

In 3T3-L1 cells, collagen | activates YAP, increasing its
nuclear localization and suppressing lipogenesis (Liu et al.,
2020a). Similarly, YAP inactivation promotes osteogenesis
and inhibits adipogenesis in rat adipose-derived MSCs, while
inhibition of YAP enhances adipogenic differentiation in
human MSCs (Jing et al., 2018; Lorthongpanich et al., 2019).
These studies suggest that YAP activation impedes
adipogenesis. In our study, however, YAP1 interference
reduced lipid accumulation, indicating an essential role for
YAP1 in promoting adipogenic differentiation in gADSCs. One
possible explanation is that YAP1 knockdown triggered
compensatory feedback, resulting in nuclear accumulation of
YAP1 and inhibition of lipid formation.

Transcriptomic analysis revealed that YAP1 overexpression
significantly enriched DEGs within the Hippo signaling
pathway and altered the subcellular localization of YAP during
lipogenesis. YAP/TAZ activity is tightly regulated through a
phosphorylation-dependent  inhibitory = mechanism. In
mammalian systems, a self-regulating negative feedback loop
has been identified in which activation of YAP/TAZ up-
regulates its own upstream suppressors, LATS1/2 kinases,
thereby restricting their nuclear activity and promoting their
cytoplasmic sequestration (Hong et al., 2005; Moroishi et al.,
2015). This autoregulatory mechanism maintains Hippo
pathway equilibrium by limiting excessive YAP signaling. In
this study, Hippo pathway activation following YAP1
overexpression resulted in a significant increase in LATS2
expression, along with elevated phosphorylation of both YAP
and Lats1/2, in contrast to the effects observed with YAP1
knockdown. Moreover, following YAP1 overexpression, YAP
and TAZ progressively accumulated in the cytoplasm while
their nuclear levels declined. Conversely, YAP knockdown
resulted in increased nuclear localization and reduced
cytoplasmic abundance of both proteins. These results
indicate that YAP overexpression in gADSCs activates a
negative feedback response through the up-regulation of
LATS2, which, in turn, phosphorylates YAP, facilitating
cytoplasmic retention of both YAP and TAZ and suppressing
their nuclear activity.

Within the nucleus, TAZ binds directly to PPAR-y and
suppresses AP2 promoter transcription, while endogenous
TAZ-deficiency promotes adipocyte differentiation (Jung et al.,
2009; Suh etal., 2012). In mice, YAP has been shown to
activate the negative feedback regulation within the Hippo
signaling cascade, triggering compensatory suppression of its
own activity and that of TAZ, in part through cytoplasmic
sequestration. In Yap transgenic mice, down-regulation of TAZ
in adipose-derived stem cells activates PPAR-y, promoting
their differentiation into mature adipocytes, thereby increasing
adipose tissue (Kamura et al., 2018). In the present study,
YAP overexpression activated the Hippo signaling pathway,
resulting in the cytoplasmic retention of TAZ and the
reactivation of nuclear PPAR-y, thereby facilitating adipogenic
differentiation.

Mechanistically, YAP1 overexpression markedly up-
regulated LATS2 expression at both the transcript and protein
levels, whereas YAP1 knockdown exhibited the opposite
effect. These findings align with previous studies
demonstrating that YAP directly induces LATS2 expression as
part of a self-limiting feedback loop (Moroishi et al., 2015). To
assess the functional relevance of LATS2 in adipogenesis, a
gADSC line stably overexpressing LATS2 (OE-LATS2) was
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established, which exhibited enhanced adipose differentiation.
In contrast, treatment with TRULI, an ATP-competitive
inhibitor that selectively targets Lats1 and Lats2 activity and
prevents YAP phosphorylation (Kastan etal, 2021),
significantly reduced lipid accumulation and inhibited adipose
differentiation of gADSCs, diminishing the differentiation-
promoting effects of YAP overexpression. YAP1
overexpression in gADSCs increased LATS2 phosphorylation,
thereby enhancing YAP phosphorylation and activating the
Hippo signaling cascade. To evaluate whether the pro-
adipogenic effect of YAP1 overexpression depends on LATS2
kinase activity, LATS2 was inhibited during adipogenic
induction. Inhibition of LATS2 suppressed adipocyte
differentiation and abolished the adipogenesis-enhancing
effect of YAP1 overexpression, indicating that YAP1-driven
lipogenic differentiation requires functional LATS2 kinase
activity. YAP1 overexpression triggered the Hippo pathway,
leading to LATS2 activation and subsequent phosphorylation
of YAP1, which promoted cytoplasmic retention of TAZ. This
reduction in nuclear TAZ mitigated its repression of PPAR-y,
restoring PPAR-y transcriptional activity and promoting
adipogenic gene expression. When LATS2 activity was
inhibited,  YAP1 remained unphosphorylated, TAZ
accumulated in the nucleus, and PPAR-y remained repressed,
thereby blocking YAP1-induced adipogenic differentiation.

CONCLUSIONS

This study demonstrated that YAP1 overexpression promoted
adipogenesis in gADSCs, whereas its suppression yielded the
opposite results. YAP1 overexpression enhanced LATS2
expression and activated the Hippo signaling pathway, leading
to the phosphorylation of LATS1/2 and YAP. Reduced levels
of TAZ in the nucleus restored the activity of the intranuclear
transcription factor PPAR-y and promoted adipogenesis in
gADSCs, a process dependent on LATS2 kinase activity.
These results provide a deeper understanding of the
molecular regulatory mechanisms by which YAP1 influences
the adipogenic differentiation of gADSCs. Further studies on
the role of ADSCs in maintaining microenvironmental
homeostasis of hair follicles and ensuring normal follicular
cycling, regulating the balance between adipogenesis and
osteogenesis, and advancing applications in regenerative
medicine and tissue engineering will provide essential
theoretical insights and guide future research directions.
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