3 Biotech (2019) 9:206
https://doi.org/10.1007/5s13205-019-1735-3

ORIGINAL ARTICLE q

Check for
updates

FHL3 negatively regulates the differentiation of skeletal muscle
satellite cells in chicken

Shunshun Han' - Can Cui' - Yan Wang' - Haorong He' - Xiaoxu Shen' - Yugi Chen' - Zihao Liu' - Qing Zhu' - Diyan Li' -
Huadong Yin'

Received: 8 March 2019 / Accepted: 26 April 2019 / Published online: 7 May 2019
© King Abdulaziz City for Science and Technology 2019

Abstract

As a member of four and a half LIM domain proteins, FHL3 gene-encoded protein (FHL3) plays an important role in skeletal
muscle development and contraction. In this study, we determined the potential role of FHL3 in the proliferation and differ-
entiation of primary satellite cells in chicken. RT-qPCR results showed that FHL3 mRNA was highly expressed in skeletal
muscle in 12 chicken tissues. Four cell proliferation assays (CCK8 assay; EDU staining assay; flow cytometric detection of
cell cycle assay; and detection of cell proliferation marker genes Ki67 and N-Ras assay) revealed that FHL3 knockdown had
no effect on the proliferation rate of chicken satellite cells. FHL3 knockdown promoted the differentiation of satellite cells
into myotubes, as evidenced by increased fusion index, number of nuclei per myotube, Myog, Myh7, Myf5, and Mrf4 mRNA
expressions, and myog and myosin heavy chain protein expressions of myogenic markers (P < 0.05). These results showed
that the FHL3 was a negative regulator of the differentiation and fusion of chicken satellite cells into myotubes. However,
FHL3 expression was increased during the differentiation of chicken satellite cells into myotubes. The study suggested that

FHL3 might have different functions in chicken myotubes compared with that in chicken satellite cells.
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Introduction

Skeletal muscle is the most abundant muscle tissue in ani-
mals and accounts for 45-60% of the body weight in adult
animals. Skeletal muscle is composed of multinucleated
myofibroblasts, which are formed by the differentiation
of myoblasts. The process from muscle progenitor cells to
the formation of muscle fibers, called myogenesis, is regu-
lated by a series of myogenic regulatory factors, including
myogenic factor 5 (Myf5), myogenic differentiation anti-
gen (MyoD), myogenic (MyoG) and myogenic regulatory
factors 4 (Mrf4) (Kablar et al. 2003; Kassar-Duchossoy
et al. 2004; Rudnicki et al. 1993). Skeletal muscle satellite
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cells (SMSCs) are mononuclear myogenic stem cells with
proliferation and differentiation potential. SMSCs undergo
proliferation, differentiation and fusion to form myotubes
and fuse into skeletal muscle fibers, which promote muscle
fibers to grow and proliferate (Mauro 1961). At present, a
large number of muscle regulatory factors have been dis-
covered, such as paired box gene 3/7, hepatocyte growth
factor and transforming growth factor-beta (Mcpherron et al.
1997; Velleman and Mcfarland 1999). Skeletal muscle plays
important role in initiating movements, supporting respira-
tion, and maintaining homeostasis; losing skeletal muscle
function results in muscle aging and diseases, including
cancers and diabetes (Glass 2003; Vinciguerra et al. 2010).
Besides, skeletal muscle has significant economic benefits
in the production of meat animals. Therefore, the explora-
tion on new regulation mechanisms of skeletal muscle devel-
opment may contribute to the improvements in the animal
productivity.

FHL3 belongs to a family of proteins containing four
semi-LIM structures, which has five members, namely,
FHL1, FHL2, FHL3, FHL4, and ACT (Fimia et al. 2000).
Four and a half LIM proteins serve as transcriptional
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regulators in actin and cytoskeleton and have a vital func-
tion in regulating muscle development (Mcgrath et al. 2006).
FHL3 can interact with myogenic determinants, actin, tran-
scription factors, and cell cycle regulators through its LIM
domain and regulate myocyte differentiation, cytoskeletal
structure, skeletal muscle formation, and the expression of
certain genes (Coghill et al. 2003; Morgan and Madgwick
1999; Takahashi et al. 2005). In the study on C2C12 (Cottle
et al. 2007), it was found that FHL3 negatively controlled
muscle development that impaired the transcriptional activ-
ity of MyoD, which leads to differentiation process of myo-
cytes restrained. FHL3 is conserved in multiple species. Its
function has only been studied in mice and humans (Cottle
et al. 2007; Huang et al. 2010), but the regulatory mecha-
nisms in chicken skeletal muscle have not been reported.

Based on the above studies, we hypothesized that FHL3
played a role in the regulation of the proliferation and differ-
entiation in avian SMSCs. In this study, the chicken primary
SMSCs were transfected by constructed FHL3-siRNA and
detected through immunofluorescence staining, real-time
PCR, and western blotting so as to explore the effects of
FHL3 on skeletal muscle proliferation and differentiation
in chicken.

Materials and methods

Isolation and culture of chicken skeletal muscle
satellite cells

Posthatch chickens (7-day-old male commercial generation
Avian broiler chicks) were purchased from Wenjiang Char-
oen Pokphand Livestock & Poultry Co., Ltd. The pectoralis
muscle was removed and used for preparation of primary
myogenic cultures. About 5 g of muscle was finely minced
and treated with 0.1% collagenase I (Sigma, St. Louis, MO,
USA) followed by 0.25% trypsin (Hyclone, Logan, UT,
USA) to release cells. Then, the cell suspension was sub-
jected to percoll density centrifugation to separate satellite
cells from contaminating myofibril debris and nonmyogenic
cells. Cells were plated in 25 cm? cell culture bottles with
complete medium [DMEM/F12 (Invitrogen, Carlsbad, CA,
USA) + 15% FBS (Gibco, Grand Island, NY, USA)+ 1%
penicillin—streptomycin (Solarbio, Beijing, China) + 3%
chicken embryo extraction]. The cells cultured at 37 °C and
5% CO, with saturating humidity, which were allowed to
proliferate in growth medium for 2—4 days, and the medium
was refresh every 24 h. To induce differentiation, SMSCs
were grown to 90% confluence in growth medium, and then
replaced with differentiation medium composed of DMEM,
2% horse serum (Hyclone) and 1% penicillin—streptomycin,
and the medium was refresh every 24 h.
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Knockdown of FHL3 mRNA in chicken skeletal
satellite cells

The small interfering RNA (siRNA)-mediated knockdown
was conducted in 6-well plates. When the cells reached
approximately 70% confluence, cells in each well were
transfected with FHL3 siRNAs. The FHL3 siRNA sequences
were 5'-GCAAUGACUGCUACUGCAATT-3' (sense) and
5'-UUGCAGUAGCAGUCAUUGCTT-3' (anti-sense). The
FHL3 siRNA was a chemically synthesized siRNA in the
desalted, preannealed duplex form (Sangon biotech, Shang-
hai, China). Cell transfection was performed using the rea-
gent protocol Lipofectamine 3000 (Invitrogen). The Lipo-
fectamine 3000 and siRNA were diluted with optim-MEM
culture medium. The diluted siRNA and Lipofectamine
3000 were mixed evenly and placed at room temperature
for 10 min. The composite was added to the cell culture plate
and was mixed in the culture plate. Knockdown efficiency
was estimated by quantitative RT-qPCR and western blot
of FHL3.

Quantitative RT-PCR

Total RNA from cells was extracted using TRI Reagent TRI-
zol reagent (Invitrogen), according to the manufacturer’s
instructions. The RNA 6000 Nano chip assay was used with
a Bio analyzer 2100 (Agilent Technologies, Santa Clara,
CA, USA) to assess the RNA integrity, quality, and quan-
tity. All total RNA samples were stored at — 80 °C. Reverse
transcription was performed using 2 ug of total RNA by
PrimeScript RT Master Mix Perfect Real Time (Takara,
Dalian, China) according to the manufacturer’s instructions.
Real-time PCR primers were designed by Primer Premier
5 (Table 1) and the mRNA abundance of each gene was
determined using the CFX96-Touch™ real-time PCR detec-
tion system (Bio-Rad, Hercules, CA, USA). Real-time PCR
reactions were performed in triplicate in a volume of 10 pLL
containing 1 pL of cDNA, 0.5 pL of reverse and forward
primers (10 uM) for each gene, 3 uL of double-distilled H,O,
and 5 pL of SYBR® Premix Ex TaqTM II (Bio-Rad). The
gene expression was normalized to 3-actin, according to the
2 — AACT method (Livak and Schmittgen 2001).

Cell counting kit-8 (CCK-8) assay

Chicken satellite cells were transfected with the negative
control siRNA or FHL3 siRNA in 96-well plates accord-
ing to the method described above and the complete culture
medium without cells was added to the standard blank hole
(6 holes were taken for each group). After 0, 24, 48, and 72 h
of culturing, 10 pl cck-8 (Bestbio, Shanghai, China) reagents
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Table 1 Primers used for

) . Gene Forward primer (5'—3’) Reverse primer (5'— 3') Product/bp
RT-gPCR in this study
MyoG GGAGGCTGAAGAAGGTGAACG GCTCGATGTACTGGATGGCG 117
Myh7 GAAGGAGACCTCAACGAGATGG ATTCAGGTGTCCCAAGTCATCC 138
MRF4 CTTCCTCTGGAGTTGCTCTACC TAAGTCCACAGGGTTCAGTAGG 66
Myf5 CCTCATGTGGGCTTGCAAA CCTTCCGCCGGTCCAT 59
FHL3 AATGGCCCATACTGCATCCC TGGTAGTGGCGATCCTCGTA 116
Ki67 TACTTCGAGCAGTTCGGCAC CTCGAACTCGATGAAGGCGT 93
N-Ras TCAGCCAAAACGAGACAGGG TGCAGGACAACCCCATACAG 127
p-actin  GTCCACCGCAAATGCTTCTAA TGCGCATTTATGGGTTTTGTT 78

were added to each well and placed in the culture box for
2 h. A value of each well under the wavelength of 450 nm
was determined, and the changes of cell proliferation in each
group were observed.

EDU assay

After knockdown the FHL3, the proliferation of satellite
cells was tested using a Cell-Light EQU Apollo 567 in vitro
Flow Cytometry Kit (Ribobio, Guangzhou, China). The
cells were exposed to 50 pM Edu for 2 h at 37 °C follow-
ing the manufacturer’s instructions. The EdU-stained cells
were visualized by fluorescence microscopy (Nikon, Tokyo,
Japan). The analysis of cell proliferation was performed
using images of randomly selected fields obtained from the
fluorescence microscope. We performed four repeats for
each group, and three images were used to calculate the cell
proliferation rate in each repeats.

Characterization of myotubes

To clearly distinguish the nuclei from the myotubes, the dif-
ferentiated chicken satellite cells were washed with PBS and
fixed with 4% paraformaldehyde for 10 min. The cells were
then stained with Gemisa (Invitrogen) dyeing for 10 min.
The total number of nuclei and the number of nuclei within
the myotubes were counted using NIH Imagel software.
Muscle cells with three or more nuclei were regarded as
myotubes. The fusion index is calculated as the number of
nuclei in the myotubes divided by the total number of nuclei
in the cell. The average number of nuclei in the myotubes is
calculated as the number of nuclei in the myotubes divided
by the total number of myotubes.

Immunocytochemistry

Cells were fixed with 4% paraformaldehyde in phosphate-
buffered saline (PBS) for 15 min and permeated with 0.25%
Triton X-100 for 10 min at room temperature. Cells were
then blocked with 1% bovine serum albumin (BSA) in PBST
(PBS +0.05% Tween-20) and incubated with anti-myosin

heavy chain (MHC) antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) at 1:200 dilution at 4 °C overnight.
The anti-MHC antibody was detected by incubating the cells
with anti-mouse IgG FITC antibody (Abcam, San Francisco,
CA, USA) at 1:200 dilution at room temperature for 1 h.
Cell nuclei were stained by incubating the cells in 1 mg/ml
DAPI (Sigma) for 1 min at room temperature. Fluorescence
was detected with a eclipse E600 florescence microscope
(Nikon).

Western blot analysis

Cells were washed with PBS and lysed in RIPA lysed
buffer. Next, 200 pg of total protein were separated by 12%
SDS—polyacrylamide gel electrophoresis (SDS-PAGE), and
transferred to a PVDF membrane (Millipore Corporation,
Billerica, MA, USA). The PVDF membrane was incubated
with 5% defatted milk powder at room temperature for 1 h,
followed by incubation with the following specific primary
antibodies at 4 °C overnight. The following primary anti-
bodies were used: anti-FHL3 (Santa Cruz Biotechnology);
anti-MHC (Santa Cruz Biotechnology); anti-MyoG (Santa
Cruz Biotechnology) and anti-p-actin (Santa Cruz Biotech-
nology). The PVDF membrane was then rinsed with TBST
and stained with the appropriate HRP-labeled secondary
antibody for 1 h at room temperature. After washing with
TBST, the strip was coated with enhanced chemilumines-
cence (Amersham Pharmacia Biotech, Piscataway, NJ, USA)
with a Kodak imager (Eastman Kodak, Rochester, NY,
USA). The relative expression of protein was analyzed with
Quantity One software.

Flow cytometric analysis

To detect cell cycle, satellite cells were cultured in 12-well
plates. When the cell density reached 50%, FHL3 siRNA and
negative siRNA were transfected into satellite cells, respec-
tively. After 48 h of transfection, cells were harvested and
fixed overnight in 70% ethanol at 4 °C. Then, we stained the
fixed cells by 50 pg/mL propidium iodide solution (Sigma)
with 10 pg/mL RNase A (Takara) and 0.2% (v/v) Triton
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X-100 (Sigma) contained and incubated at 37 °C in the dark
for 30 min. Subsequently, flow cytometry analysis was con-
ducted on a BD Accuri C6 flow cytometer (BD Biosciences,
USA) and FlowJo07.6 software was used for data processing.

Statistical analyses

All statistical analyses were performed using SPSS 17.0
(SPSS Inc., Chicago, IL, USA). Data are presented as least
squares means + standard error of the mean (SEM), and val-
ues were considered statistically different at P <0.05.

Results
Expression of FHL3 in different tissues of chickens

The expression of FHL.3 mRNA in skeletal muscle in 12 dif-
ferent chicken tissues or organs was mainly detected by RT-
gPCR (Fig. 1). Relatively expression levels of FHL3 mRNA

Fig. 1 FHL3 mRNA expres-
sion in twelve different tissues
and organs of chicken. Data
are expressed as means + SEM
(N=3)

Relative FHL3 mRNA
abundance
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Fig. 2 Interference efficiencies of 3 different concentrations of FHL3-
siRNA. a Relative expression levels of FHL3 mRNA at 48 h after
transfection. b The protein levels of FHL3 examined by a western
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in different tissues and organs were decreased according to
the following order: heart, fat, liver, intestine and kidney
and FHL3 mRNA level was extremely low in lung, spleen
and stomach.

Knockdown of FHL3 expression in chicken SMSCs

Chicken SMSCs were transfected with 3 different concen-
trations of siRNA targeting FHL3 mRNA to reduce FHL3
gene expression. The final concentrations in 6-well plate
were respectively 80, 100, and 120 pmol/L. Cells were
respectively transfected with 80, 100, and 120 pmol/L
FHL3 siRNA for 48 h and the interference efficiencies were
quantitatively detected to be 54.68%, 71.24% and 43.28% by
real-time PCR (Fig. 2a). Western blot also indicated that the
transfection with 100 pmol/L siRNA realized the best inter-
ference efficiency (Fig. 2b). In subsequent experiments, the
final siRNA concentration in the 6-well plate was selected
to be 100 pmol/L.
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Leg muscle
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blot analysis. B-actin was used as loading control. Data are expressed
as means+sem (N=3). **Means extremely significant difference
(P<0.01)
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Interference with FHL3 had no effect on chicken
SMSCs proliferation

To determine the potential role of FHL3 in chicken satel-
lite cell proliferation, the same number of SMSCs were
transfected with negative siRNA and FHL3 siRNA for 0,
24, 48 and 72 h when the cell density reached 70%. The
effect of interference FHL3 on SMSC proliferation was
detected by CCKS. The number of cells displayed almost
linear growth in 72 h (Fig. 3a). The proliferation rate of
satellite cells transfected with FHL3-siRNA was not dif-
ferent from those cells which transfected with negative
siRNA. To further detect the effect of FHL3 on satellite
cell proliferation, the expressions of satellite cell prolifer-
ation-related genes ki67 and N-Ras were detected by RT-
gPCR (Fig. 3b). The results showed that mRNA of ki67
and N-Ras showed no significant change. In addition, we
performed cell cycle analysis and EDU assays after 48-h
knockdown of FHL3 in satellite cells. Cell cycle analysis
showed that the number of S and G2/M phase cells was no
significantly different compared with the negative siRNA
group (Fig. 3¢). Similarly, compared to the control group,
FHL3 siRNA group showed no difference in the number
of EDU-stained cells (Fig. 3d). The results showed that
FHL3 had no effect on the proliferation of chicken SMSCs.
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Fig.3 Effects of FHL3 knockdown on the proliferation of chicken
satellite cells. a Cell proliferation rate was estimated by measuring
the number of viable cells at 0, 24, 48 and 72 h after transfection.
Absorbance at 450 nm on the y-axis represented the number of viable
cells. b The mRNA expression of Ki67 and N-Ras at 0, 24, 48 and
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FHL3 knockdown promoted the differentiation
of chicken SMSCs

To investigate whether FHL3 affected the differentiation
chicken SMSCs, SMSCs were transfected respectively with
negative sSiRNA and FHL3-siRNA when the cell density
reached approximately 70%. Morphological observations
demonstrated that the satellite cells transferred with FHL3
siRNA formed larger and more myotubes than the negative
control group (Fig. 4a). To determine the potential role of
FHL3 in the differentiation of satellite cells, satellite cells
transfected with FHL3 siRNAs or negative siRNA were
induced to differentiate and their differentiation status was
assessed by measuring the fusion index and the average
number of nuclei per myotube. After 72-h of differentiation,
more satellite cells transfected with FHL3 siRNAs formed
myotubes than those transfected with negative siRNA (41%
vs 29%, Fig. 4b, c). Myotubes formed from FHL3 siRNAs-
transfected satellite cells had more nuclei on average than
those from negative siRNA-transfected satellite cells (18 vs
11 nuclei/myotube; Fig. 4d).

To further determine the differentiation effects of FHL3
on chicken satellite cells, we also measured the mRNA levels
of 4 myogenic markers including Myog, Myh7, MRF4 and
Myf5 and the protein levels of 2 myogenic markers including
Myog and myosin heavy chain (MHC) at 0, 24, 48, and 72 h
of differentiation. The cells transfected with FHL3 siRNA

Negative siRNA
FHL3 siRNA

Negative SiRNA
23 FHL3 siRNA

percentage of cells(%)

Merge

72 h detected by RT-qPCR. ¢ Cell cycle was analyzed through flow
cytometry. d Edu assays for cells transfected with negative or FHL3
siRNA. EdU (red) fluorescence indicates proliferation. Nuclei are

indicated by Hoechst (blue) fluorescence. All photomicrographs are
at 100 X magnification. Data are expressed as means +sem (N=3)
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FHL3 siRNA
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Fig.4 Effects of FHL3 knockdown on the differentiation of chicken
satellite cells. Chicken satellite cells were transfected with FHL3-
siRNA or negative control siRNA and cultured in differentiation
medium for the following experiments. a The morphology of cells
transfected at 0, 24, 48 and 72 h was observed under the light micro-
scope, and cells at the far right were stained with anti-myosin heavy
chain antibody. b After cells differentiation for 72 h, Gemisa staining
was used to observe the morphology and the number of nuclei, myo-
tubes in cells. ¢ Fusion index at 72 h of differentiation. The fusion

had higher mRNA expressions of Myog, Myh7, MRF4 and
Myf5 than the cells transfected with negative siRNA at 24,
48, and 72 h of differentiation (Fig. 4e). Consistently, the
former also had higher expressions of Myog and MHC pro-
teins than the latter at 24, 48, and 72 h of differentiation
(Fig. 4f). The myogenic marker expression data further sug-
gested that FHL3 knockdown promoted the differentiation
of chicken satellite cells into myotubes.

Expression of FHL3 mRNA in chicken SMSCs
increased during differentiation

To determine the role of FHL3 in differentiation into myo-
tubes in chicken SMSCs, we compared the expression level
of FHL3 mRNA in differentiated chicken skeletal muscle
satellite cells in 0, 24, 48, and 72 h. It is worth noting that
during the differentiation of chicken satellite cells into
myotubes, the FHL3 mRNA expression was significantly
increased with time (Fig. 5a). Western blot analysis showed
4
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index is calculated as the percentage of total nuclei in cells with three
or more nuclei. d The average number of nuclei per muscle tube at
72 h of differentiation. e The relative mRNA expression of Myh7,
Myog, MRF4 and Myf5 measured at 0, 24, 48 and 72 h of differen-
tiation. f Western blots detected the protein relative expression levels
at 0, 24, 48 and 72 h in Myhc and Myog. p-actin was used as load-
ing control. Data are expressed as means=+sem (N=3). ¥*P<0.05;
**P <0.01 versus “Negative siRNA”

that FHL3 protein expression gradually increased during this
differentiation (Fig. 5b).

Discussion

In this study, we determined the expression pattern of FHL3
in chicken. FHL3 was highly expressed in skeletal muscle
compared with other tissues and the result was consistent
with the study on FHL3 in mice and human beings (Cottle
et al. 2007; Lee et al. 1998). The high expression of FHL3
in chicken skeletal muscle indicated that FHL3 was impor-
tant in the growth, maintenance and function of chicken
skeletal muscle. We also studied the potential regulation
mechanism of FHL3 on the proliferation and differentia-
tion in chicken satellite cells. After FHL3 was silenced, the
proliferation rate of SMSCs had no significant difference
compared with the control group, indicating that FHL3 has
no direct regulatory effect on the proliferation in SMSCs. In
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Fig.5 Expressions of mRNA and protein levels of FHL3 in chicken
satellite cells during differentiation. Chicken satellite cells were
induced to differentiate O h, 24 h, 48 h, and 72 h in differentiation
medium. a The mRNA expression of FHL3 after induced differen-

differentiated chicken satellite cells interfered with FHL3,
muscle differentiation-related genes Myh7, MyoG, Myf5,
and Mrf4 exhibited significantly higher expression levels
of mRNA than the negative control group. Meanwhile, the
fusion rate of the myotubes and the average number of nuclei
in the myotubes were significantly higher than those in the
control group. This experiment demonstrated that the down-
regulation of FHL3 promoted the formation of muscle tube
in satellite cells and that FHL3 played a negative role in the
differentiation of chicken skeletal muscle satellite cells.

In recent years, it has been reported that FHL3 can inhibit
gene transcription in non-muscle cells (Takahashi et al.
2005). FHL3 inhibited the transcription activity of MyoD by
forming a transcription complex with MyoD, thus restrain-
ing the differentiation and fusion of C2C12 cells into myo-
tubes (Cottle et al. 2007). Our experiment showed that FHL.3
could inhibit the differentiation and fusion of SMSCs. The
result was in accordance with the role of FHL3 in C2C12
myoblasts. Besides, muscle LIM protein promoted myogen-
esis by interacting with the muscle basic helix—loop-helix
(bHLH) transcription factors MyoD, MRF4, and myogenin
(Kong et al. 1997). Alison et al. illuminated that FHL2 can
interact with Hand1 via bHLH domain. Overexpression of
FHL?2 can cause the binding of FHL?2 protein with p-catenin,
thus reducing the expression of LEF/TCF and promoting
the differentiation of C2C12 cells into myotubes (Hill and
Riley 2004). Different from MLP and FHL2, FHL3 con-
trolled myoblast differentiation negatively. In this study,
the interference with FHL3 up-regulated the expression of
MyoD and other key genes of muscle cells differentiation,
thus promoting the differentiation of SMSCs into myotubes.
The molecular regulation mechanism of FHL3-mediated
myotubes in the differentiation of satellite cells is completely
different from that of muscle differentiation mediated by
other FHL protein families or LIM domain proteins. It is
supposed that the binding of FHL3 to bHLH protein blocks

FHL3

Oh 24h 48h 72h

- G— —

G ST S S

tiation. Bars not sharing the same letter labels are different (P <0.05;
N=3 independent cell cultures). b The protein level of FHL3 from
3 independent cell cultures after induced differentiation. p-actin was
used as loading control

the heterodimerization of MyoD and E12, which hinders the
transcription activity of MyoD and finally leads to the nega-
tive regulation of FHL3 in muscle development (Jen et al.
1992). In addition, MyoD and MyoG are essential myogenic
regulatory factors in the process of muscle differentiation
and functions in the differentiation and fusion of muscle
cells (Megeney et al. 1996; Sassoon et al. 1989). The lack of
MyoD gene can give rise to diseases such as muscular atro-
phy (Wu et al. 2002). Therefore, we speculated that FHL3
bound to MyoD protein to form a complex through the LIM
domain and functioned in its potent negative co-transcrip-
tional regulation. The complex inhibited the transcription
activity of MyoD, thus ultimately leading to the negative
regulation of chicken satellite cells into myotubes.
Myogenesis is a strictly controlled program. Precocious
differentiation of satellite cells may bring about the dys-
function in the formation of muscle fibers (Bentzinger et al.
2012; Schuster-Gossler et al. 2007), therefore, the negative
regulation of factors is non-negligible in the formation of
normal muscle fibers. FHL3 may be one of the important
factors for early satellite cell differentiation during skeletal
muscle development. Meanwhile, FHL3 protein increased
gradually during the differentiation of satellite cells into
myotubes. The result seems to be contrary to the fact that
FHL3 inhibits the differentiation of myotubes. The differ-
ence may be ascribed to the different roles of FHL3 in the
satellite cells and the myotubes. One known function of the
Lim domain FHL3 in myotubes or myofibers is that it can be
colocalized with a7f1 integrin receptor at the periphery of
Z-discs, suggesting its role in the mechanical stabilization of
muscle cells (Samson et al. 2004). Therefore, the increased
expression of FHL3 in myotubes is required for this function
in skeletal muscle. In addition, the LIM domain in FHL3
protein is a classical domain of protein—protein interactions
(Lee et al. 1998). The specific mechanism of muscle devel-
opment regulation by FHL3 is still not fully understood and
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deserves further study. The mechanism of the differentiation
regulation of satellite cells into myotubes by FHL3 deserves
further study.

In summary, the study demonstrated that chicken FHL3
was predominantly expressed in skeletal muscle. The results
also suggested that FHL3 in chicken satellite cells might
control the differentiation and fusion of these cells into
myotubes.
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