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Abstract

myoblasts and to identify potential key transcription factors ( TFs) regulating its expression through bioinformatics approaches. [ Methods ] Rat

[ Objectives ] To characterize the expression pattern of Fibroblast growth factor 10 (FGF10) during the differentiation of rat L6

L6 myoblasts were induced to differentiate by culturing them in DMEM supplemented with 2% donor horse serum ( DHS). Morphological
changes were observed using an inverted microscope. Cell samples were collected prior to induction (day 0) and on days 1, 3, 5, and 7 post-
induction. The relative expression levels of FGF10 mRNA and protein at each time point were quantified using RT-qPCR and Western blot
analysis, respectively. Furthermore, a2 000 bp sequence upstream of the transcription start site of the rat Fgfl0 gene was extracted as the pro-
moter region. Putative TF binding sites were predicted using four databases (TRANSFAC, JASPAR, HOCOMOCO, and CISBP), and high-
confidence candidates were screened to construct a regulatory network. [ Results] Morphological observations confirmed successful differentia-
tion, as evidenced by the appearance of binucleated myotubes on day 3 and the formation of numerous thick, multinucleated myotubes by day
7. Both RT-qPCR and Western blot analysis demonstrated a significant dynamic expression pattern of FGF10. Expression levels were markedly
upregulated during the early phase (days 1 —3), reaching a peak on day 3 (P <0.01), followed by a decline to basal levels during the late
phase (days 5 7). Cross-validation across multiple databases identified 48 high-confidence TFs, among which EIf5, Tc¢f3, Nkx3-2, Zic2,
Tcf7, and Egrl were consistently predicted by all four databases. [ Conclusions] FGF10 exhibits high expression levels during the early stage

of differentiation, indicating its crucial role in the initiation of myogenesis. The six identified TFs serve as core candidate regulators of Fgf70

expression, offering novel insights into the molecular mechanisms underlying muscle development.
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0 Introduction

Skeletal muscle, one of the most abundant tissues in verte-
brates, not only endows the organism with locomotor capabilities
but also serves as a critical hub for maintaining whole-body pro-

1 In the livestock in-

tein turnover and metabolic homeostasis
dustry, the extent of skeletal muscle development, along with the
microstructure and physicochemical properties of muscle fibers,
directly determine core economic indicators such as meat yield,
tenderness , and juiciness” . Consequently, it remains a primary
focus of genetic breeding and nutritional regulation. From the
perspective of developmental biology, skeletal muscle formation,

or myogenesis, is a continuous process that is strictly orchestrated
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]

in space and time"’. Initiated from myogenic progenitor cells

during embryogenesis, this process is driven by a cascade of my-

ogenic regulatory factors'* 7'

These cells undergo proliferative
expansion, then exit the cell cycle in a controlled manner, initi-
ate specific differentiation programs, fuse to form multinucleated
myotubes, and ultimately mature into contractile muscle fibers.
Among these stages, myoblast differentiation is regarded as a
critical process that determines both the total number and the
compositional types of muscle fibers. The efficiency of this differ-
entiation not only directly influences final muscle mass but is also
closely linked to the regenerative capacity following muscle inju-
1y, Although current scientific research has established the
basic molecular framework of skeletal muscle development, given
the complexity of the extracellular microenvironment and intracel-
lular signaling networks, deeply elucidating the specific regulato-
ry mechanisms of signaling molecules during the initiation and
progression of myoblast differentiation remains a vital task for de-
ciphering muscle biology and identifying genes related to superior
traits.

The Fibroblast growth factor (FGF) family comprises a di-
verse group of polypeptide growth factors that regulate various bio-
logical processes, including cell proliferation, differentiation, and
organogenesis, by activating specific receptor-mediated signaling
pathways. FGF10, a key paracrine factor within this family, has
been shown to play significant roles in the morphogenesis of vari-

[7-8]

ous organs such as the limbs, lungs, and heart In muscle
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tissue research, existing evidence suggests that FGF10 plays a role
in regulating the proliferation and differentiation of myoblasts,
thereby influencing overall skeletal muscle development™ ™",
However, the specific temporal expression patterns of FGF10 dur-
ing myoblast differentiation, as well as the specific transcription
factors (TFs) that regulate its gene promoter region, have been
relatively underexplored. The precise mechanisms by which
FGF10 functions in skeletal muscle differentiation require further
exploration.

Therefore, this study utilized rat L6 myoblasts as an in vitro

model "

. A differentiation induction system was established, and
RT-qPCR along with Western blot analysis were conducted to as-
sess changes in FGF10 expression during myoblast differentiation.
Concurrently, bioinformatics approaches were used to analyze the
promoter sequence of the Fgfl0 gene and to predict potential TFs
regulating its expression. This study aims to characterize the ex-
pression pattern of FGF10 during the differentiation of 16 cells and
to conduct a preliminary screening for potential upstream regula-
tors, thereby providing experimental evidence to support future in-
depth research into the molecular regulatory networks of FGF10 in

skeletal muscle development.

1 Materials and methods

1.1 Materials

1.1.1 Cell line. The rat L6 myoblast cell line was obtained from
the Cell Bank of the Chinese Academy of Sciences ( Shanghai,
China). The cells were tested and confirmed to be free of myco-
plasma, bacteria, and fungi. Short tandem repeat (STR) profiling
further verified the ahsence of cross-contamination with human or
other species-derived cell lines.

1.1.2 Reagents and antibodies. High-glucose Dulbecco’s Modi-
fied Eagle Medium ( DMEM ), donor horse serum ( DHS), and
0.25% trypsin-EDTA were purchased from Gibco (USA). Fetal
bovine serum (FBS) was obtained from ExCell Bio ( Shanghai,
China). The UNIQ-10 Column Total RNA Extraction Kit and ni-

Table 1 Primer sequences for gPCR

trocellulose (NC) membranes were procured from Sangon Biotech
(Shanghai, China). The Reverse Transcription Reagent Kit with
gDNA Eraser and qPCR master mix were acquired from Takara
(Dalian, China). SDS-PAGE gel preparation kits, RIPA lysis
buffer, BCA protein assay kits, blocking buffer, and enhanced
chemiluminescence (ECL) reagents were sourced from Beyotime
Biotechnology ( Shanghai, China). Primary antibodies against
FGF10 and GAPDH were obtained from Affinity Biosciences ( Wu-
han, China). Additionally, the PageRuler Plus Prestained Protein
Ladder and HRP-conjugated goat anti-rabbit IgG secondary anti-
bodies were purchased from Thermo Fisher Scientific (USA).
1.2 Methods

1.2.1

were cultured at 37 °C in a humidified incubator containing 5%

Cell culture and differentiation induction. 16 myoblasts

CO,. Cells between passages 2 and 15 were used for experiments.
For routine maintenance and subculturing, cells were maintained
in growth medium consisting of high-glucose DMEM supplemented
with 10% FBS. When the cells reached 70% —80% confluence,
the culture medium was replaced with differentiation medium com-
posed of high-glucose DMEM supplemented with 2% DHS to in-
duce myogenic differentiation. Differentiation was maintained for
7 d, with the medium being refreshed daily. Morphological chan-
ges were observed and recorded using an inverted microscope.
Cell samples were collected prior to induction (day 0) and on
days 1, 3, 5, and 7 post-induction for subsequent analysis.

1.2.2 RNA extraction and RT-qPCR. Total RNA was extracted
from L6 cells using the UNIQ-10 Column Total RNA Extraction
Kit according to the manufacturer’s instructions. The extracted
RNA was dissolved in 0. 1% DEPC-treated water and stored at
—-80 °C. RNA concentration and purity were assessed using a
NanoDrop One spectrophotometer. For ¢cDNA synthesis, 1 pg of
total RNA was reverse-transcribed in a 20 pL reaction volume
using a reverse transcription kit, following the manufacturer’s pro-
tocol. Gene-specific primers for qPCR were designed using the

NCBI Primer-BLAST tool, as presented in Table 1.

Gene Forward primer (5’-3”) Reverse primer (5°-3") Product length //bp
Gapdh CAACTCCCTCAAGATTGTCAGCAA GGCATGGACTGTGGTCATGA 118
Fgf10 CTCTCTTTTTGGCACCATACAC CTCAGACATAGTCATCGCTGAT 170

Each qPCR reaction was performed in a total volume of 20
pL, containing 10 pL of 2 x qPCR master mix, 2 pL of ¢cDNA
template, 1.6 L of forward and reverse primers, and 6.4 pL of
ddH, 0. Quantitative PCR was conducted with an initial denatur-
ation at 95 °C for 30 sec, followed by 40 cycles of denaturation at
95 °C for 5 sec and annealing/extension at 60 °C for 30 sec. Melt
curve analysis was subsequently performed to confirm the specifici-
ty of amplification. This procedure involved heating the sample to
95 °C for 15 sec, cooling to 60 °C for 60 sec, followed by a final
heating step at 95 °C for 15 sec. All experiments were performed
with three biological replicates and three technical replicates. Rel-

2 = AACt

ative gene expression levels were calculated using the meth-

od, employing Gapdh used as the internal reference gene.
1.2.3
washed 2 — 3 times with ice-cold PBS and subsequently lysed on

Protein extraction and quantification. 16 cells were

ice using RIPA lysis buffer containing protease inhibitors. The ly-
sates were collected and centrifuged at 15 000 x g for 15 min at
4 °C. The supernatants were collected and used as total protein
extracts. Protein concentrations were quantified using a BCA Pro-
tein Assay Kit, employing bovine serum albumin (BSA) to gener-
ate a standard curve. Protein samples were mixed with loading
buffer, denatured at 95 °C for 10 min, and stored at —80 C.

1.2.4 Western blot analysis. Equal amounts of protein samples
were separated by SDS-PAGE and transferred onto NC membranes
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using a wet transfer system. The membranes were then blocked
with blocking buffer for 30 min at room temperature to prevent
non-specific binding. Subsequently, the membranes were incuba-
ted overnight at 4 °C with primary antibodies specific to FGF10
and GAPDH. Following three washes with Tris-buffered saline
containing Tween 20 (TBST) for 10 min each, the membranes
were incubated with HRP-conjugated secondary antibodies for 1 h
at room temperature. After additional three washes with TBST,
protein bands were visualized using an ECL kit and an automated
chemiluminescence imaging system.

1.2.5 Prediction of TFs and network construction. The genomic
sequence of the specific transcript for the rat FgfI0 gene was re-
trieved from the NCBI RefSeq database. A region extending 2 000
bp upstream of the transcription start site was extracted as the po-
tential promoter sequence. To comprehensively identify putative
upstream regulators, a multi-source cross-validation strategy was
employed. TF binding sites were predicted by scanning promoter
sequences using Position Weight Matrices (PWMs) derived from
four major databases: TRANSFAC, JASPAR, HOCOMOCO, and
CISBP. To minimize false positives inherent in single-source pre-
dictions, a stringent consensus filtering criterion was employed,
whereby only TFs identified in at least three of the four databases
were considered high-confidence candidates. Finally, the regulatory
network representing the interactions between the selected TFs and
Fgf10 was constructed and visualized using Cytoscape software.

1.3 Statistical analysis All experimental data were presented

as mean + standard error of the mean (SEM). Statistical analyses
and graphical representations were performed using GraphPad
Prism software. Differences between groups were analyzed using
one-way analysis of variance ( ANOVA), followed by Tukey’s
post-hoc test for multiple comparisons. Different uppercase letters
indicate significant differences at P <0.05, whereas distinct low-

ercase letters indicate significant differences at P <0.01.

2 Results and analysis

2.1 [Establishment of the rat L6 myoblast differentiation
model Rat L6 myoblasts exhibited adherent growth in complete
medium. Microscopic observation revealed that the cells were
mononucleated and exhibited spindle-shaped, triangular, or polyg-
onal morphologies (Fig. 1). Upon reaching 70% —80% conflu-
ence, the culture medium was replaced with differentiation medi-
um containing 2% horse serum to induce myotube formation. On
day 1 of induction, 1.6 myoblasts initiated contact with one anoth-
er, with a small proportion of cells undergoing apoptosis. By day
3, the cells exhibited a more ordered and directional arrangement,
and some myoblasts had fused to form short, binucleated myo-
tubes. By day 5, the majority of L6 cells had fused and differenti-
ated into multinucleated myotubes. By day 7, these cells under-
went further fusion and differentiation, resulting in the formation
of thick, branched myotubes, which indicates successful induction
of differentiation. Multiple nuclei within the myotubes were clearly
observable under the microscope.

0d 1d
Fig.1 Morphological changes during induced differentiation of L6 myoblasts (100 x )

2.2 Expression pattern of Fgf/0 mRNA during the differen-
To investigate the role of Fgf10 in
the differentiation of L6 myoblasts, the relative mRNA expression

tiation of rat L6 myoblasts

levels at various stages of differentiation (days 0, 1, 3,5, and 7)
were quantified using RT-qPCR, with Gapdh serving as the inter-
nal control. The results revealed a dynamic expression pattern,
characterized by an initial increase followed by a subsequent de-
crease (Fig.2). Compared to undifferentiated cells (day 0), the
relative mRNA level of Fgf10 was significantly upregulated on day
1 of differentiation (P <0.01). Iis expression peaked on day 3,
reaching approximately 9-fold higher than that of the undifferenti-
ated group, and was significantly elevated relative to all other time
points (P <0.01). Thereafter, Fgfl0 mRNA levels began to de-
cline, and by day 5, they were significantly lower than those ob-
served on day 1 (P <0.05) and day 3 (P <0.01). By day 7, its
expression had returned to basal levels comparable to those prior to

differentiation. These findings indicate that the transcription of

5d 7d

Fgf10 is dynamically regulated during L6 cell differentiation, ex-
hibiting a transient upregulation in the early phase. This observa-
tion suggests that FGF10 may play a critical regulatory role, par-
ticularly during the early stages of myoblast differentiation.

2.3 Expression pattern of FGF10 protein during the differ-
entiation of L6 myoblasts To determine whether the transcrip-
tional changes in Fgf10 corresponded to alterations at the protein
level, the abundance of FGF10 protein during L6 cell differentia-
tion was quantified via Western blot analysis. The results showed
that the expression pattern of the FGF10 protein was largely con-
sistent with the dynamic trend observed at the mRNA level (Fig.3).
In undifferentiated 16 cells (day 0) , the FGF10 protein level was
low. Following the induction of differentiation, its expression be-
gan to increase on day 1 and peaked on day 3. Subsequently, the
FGF10 protein level gradually declined during the later stages of
differentiation (days 5 and 7). These findings confirm that FGF10

protein expression is significantly upregulated in the early phase of
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L6 cell differentiation. This observation aligns with the RT-qPCR
results, and collectively, these results strongly suggest that FGF10

plays a crucial role in the initial stages of myogenesis.
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NOTE Different uppercase letters indicate significant differences at P <
0.05, and different lowercase letters indicate significant differ-
ences at P <0.01.

Fig.2 Relative Fgfl0 mRNA expression levels during the differenti-

ation of L6 myoblasts into myotubes
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Fig.3 Protein expression changes of FGF10 during the differentia-
tion of L6 myoblasts into myotubes
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Fig.4 Venn diagram of predicted TFs targeting the Fgf/0 promoter

HOCOMOCO

2.4 Prediction and screening of potential TFs in the Fgfi0
promoter region To elucidate the potential molecular mecha-
nisms regulating Fgfl0 during 16 myoblast differentiation, puta-
tive TF binding sites were predicted within the 2 000 bp region up-
stream of the transcription start site of the Fgf10 gene. Four major
databases were utilized for this analysis, including JASPAR,
TRANSFAC, CISBP, and HOCOMOCO. As illustrated in Fig. 4,
the prediction results yielded 190, 113, 493, and 194 TFs from
each respective database. After eliminating duplicates, a total of
709 unique TFs were obtained. Intersection analysis identified 179
TFs predicted by two databases, 42 predicted by three databases,
and only 6 consistently predicted by all four databases. To en-
hance the reliability of these predictions and refine the candidate
list, an Fgfl10-TFs regulatory network was constructed using fac-
tors predicted by at least three databases, obtaining a total of 48
TFs (Fig.5). Within the network, the six TFs predicted by all
four databases, specifically Elf5, T¢f3, Nkx3-2, Zic2, Tef7, and
Egrl, are highlighted in red, suggesting that they may serve as
key candidate regulators of Fgf10 expression.

ZNF768 ZNF528 OSR2
ZNF816 2507

Tef2

1 2ZNF320
Zic3 prdms Erg

NOTE The network was constructed using TFs predicted by at least
three databases. Red nodes represent the six key candidate TFs
(Elf5, Tef3, Nkx3-2, Zic2, Tef7, and Egrl) predicted by all
four databases.

Fig.5 Regulatory network of Fgf/0 and putative TFs

3 Discussion

The development and repair of skeletal muscle rely on the
precise transition of myoblasts from a proliferative state to a differ-
entiated state, a process accompanied by significant morphological
changes and the activation of specific gene programs . In this
study, an in wvitro differentiation model was successfully estab-
lished using rat L6 myoblasts, observing cell fusion and the forma-

tion of multinucleated myotubes under low-serum induction, which
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aligns with typical characteristics of myogenic differentiation.
Within this model, both mRNA and protein expression levels of
FGF10 exhibited a dynamic pattern characterized by an initial in-
crease followed by a subsequent decrease, peaking on day 3 of dif-
ferentiation. The observed expression pattern suggests that FGF10
is not uniformly expressed throughout the process but exhibits a
distinct temporal specificity. The significant upregulation of
FGF10 during the initiation phase (days 1 —3) implies that it may
serve as an early initiation signal involved in cell cycle withdrawal
or the onset of fusion in myoblasts. This finding is consistent with
several reports indicating that members of the FGF family promote
myoblast migration and fusion'" ™'
ation (days 5 -7), as myotubes matured and thickened, FGF10

. In the late stage of differenti-

expression rapidly returned to basal levels. This suggests that high
levels of FGF10 are no longer required for the maintenance of ter-
minal differentiation, and sustained high expression may even in-
terfere with subsequent muscle fiber maturation. Notably, changes
in FGF10 protein levels showed no significant delay and closely
corresponded with mRNA levels, indicating that the abundance of
FGF10 during myogenesis is strictly regulated primarily at the
transcriptional level. Therefore, elucidating the transcriptional
regulatory mechanisms within its gene promoter region is essential
for understanding the functional role of FGF10.

Although the importance of FGF10 in skeletal muscle is in-
creasingly recognized, the identity of the specific upstream regula-
tors of FGF10 expression has yet to be identified. To address this
issue, the present study employed a multi-database intersection
strategy to comprehensively analyze the promoter region of the rat
Fgfl0 gene. Compared to predictions derived from a single data-
base, TFs identified by the intersection of four databases demon-
strate greater reliability. This study identified six core candidate
TFs: Elf5, Tef3, Nkx3-2, Zic2, Tcf7, and Egrl. The identifica-
tion of these TFs offers significant insights into the mechanisms
underlying the peak expression of FGF10. Notably, T¢f3 and Tcf7
are well-established effectors within the Wnt signaling path-
way'®. The Wnt signaling pathway is widely recognized as a crit-
ical regulator of skeletal muscle development and has been shown
to directly induce the expression of myogenic regulatory factors,
including MyoD""*™"7'. Therefore, it is hypothesized that the Wnt
signaling pathway may activate FGF10 transcription upstream by
directly binding T¢f3 or Tef7 to the Fgf10 promoter. Additionally,
Egrl is a typical immediate early gene that responds to various
growth signals and regulates cell differentiation. Its inclusion in
the prediction list is logically consistent with the elevated expres-
sion of FGF10 in the early phase of differentiation'™ "), The ap-
pearance of developmental related TFs such as Nkx3-2 and Zic2
further suggests that FGF10 expression is orchestrated by a com-

plex developmental signaling network™ ="

. These prediction re-
sults construct a novel regulatory hypothesis linking TFs, FGF10,
and myogenic differentiation, thereby offering specific targets for
future experimental verification.

These findings suggest that targeted strategic interventions

during specific windows of animal growth, such as the juvenile
stage, hold significant application value for livestock production.
On the one hand, functional feed additives capable of activating
key upstream TFs could be developed. This nutritional approach
would endogenously enhance FGF10 expression, thereby promo-
ting skeletal muscle development and improving feed conversion
efficiency without the use of exogenous hormones™ ', On the
other hand, the TF binding sites identified in this study provide
potential genetic markers for molecular breeding in livestock.
Screening for single nucleotide polymorphisms (SNPs) within the
Fgf10 promoter region that affect the binding efficiency of these
key TFs could serve as molecular probes for assessing meat pro-
duction potential, thereby facilitating the selection of superior
lines characterized by rapid growth and enhanced muscle mass.
Furthermore , since the efficiency of myogenic differentiation is di-
rectly correlated with meat tenderness and water-holding capacity,
precise regulation of the timing of FGF10 expression may facilitate
the optimization of both high lean meat yield and superior meat
quality traits, ultimately maximizing the economic benefits of live-

stock production.

4 Conclusions

In conclusion, this study employed the rat L6 myoblast model
to characterize the temporal expression and transcriptional regula-
tion of FGF10 during myogenesis. The findings demonstrate that
FGF10 exhibits a dynamic expression pattern, with an initial up-
regulation peaking on day 3, followed by a subsequent downregu-
lation. These results highlight the pivotal regulatory role of FGF10
in the initiation phase of differentiation rather than in its mainte-
nance. Furthermore, multi-database bioinformatics analysis identi-
fied six core upstream TFs including Elf5, Tef3, Nkx3-2, Zic2,
Tef7, and Egrl, implying that FGF10 transcription is precisely or-
chestrated by key pathways such as Wnt signaling. These results
offer new insights into the transcriptional regulation of skeletal
muscle development and present potential molecular targets for en-

hancing meat yield and quality in livestock.
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demic year, such as " Dynamic Monitoring of Smart Cities" or
"Emergency Response to Major Natural Disasters." In this
process, learning groups are scientifically structured to compre-
hensively collect key project data and information, integrating ac-
quired knowledge to complete the entire workflow—from data col-
lection and algorithm selection to system development and report
writing—thereby effectively assessing students’ practical compe-
tencies. Students are also encouraged to participate in Al remote
sensing competitions during their spare time, demonstrating their
learning and exploratory capabilities through competitive engage-
ment, and stimulating innovative potential within both competitive
and collaborative contexts. Such practical training effectively lays
a solid foundation for later-stage industry-education collaborative
cultivation. Universities can establish off-campus remote sensing
laboratories and practice bases in partnership with enterprises in
the remote sensing technology sector. This process gives rise to a
" dual-mentor" teaching model, featuring " on-campus mentors im-
parting knowledge and off-campus mentors guiding practice ",
jointly forming a remote sensing Al talent cultivation alliance that
achieves seamless alignment between talent development and in-

dustrial demands.

3 Conclusions
In summary, the advent of the Al era presents opportunities
for deepening reform in Remote Sensing Science and Technology,

while simultaneously imposing higher demands on university talent

cultivation models. In the near future, as technology continues to
advance, the Remote Sensing Science and Technology discipline
will undergo dynamic adjustments and iterative evolution in re-
sponse to the times. This requires educators to innovate their
teaching philosophies, enhance their instructional competencies,
deepen the integration of industry and education, and cultivate in-
novative talents in the remote sensing field who can truly lead the

future and harness intelligent technologies.
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