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1  | INTRODUC TION

The quality of meat is judged by some criteria, and the degree of 
intramuscular adipose tissue accumulation is one of the factors af-
fecting meat quality such as tenderness, texture, and flavor (Wood 
et al., 1999). Besides, meat texture is also affected by the amount 
of fibrous tissues (Nishimura, 2010; Purslow, 2005). Type I colla-
gen is one of the major collagen molecules consisting intramuscular 

fibrous tissues, and the accumulation of excess amount of type I 
collagen decreases the texture and the value of meat (Nishimura, 
2010; Purslow, 2005). Therefore, it is important for the production 
of high-quality meat to regulate the amount of adipose and fibrous 
tissues in skeletal muscle.

Several groups showed that platelet-derived growth factor recep-
tor α (PDGFRα)-positive cells in interstitial space of mouse and human 
skeletal muscle differentiate into adipocytes and fibroblasts (Joe et al., 
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Abstract
Accumulation of intramuscular adipose tissue (IMAT) and development of fibrous tis-
sues due to accumulation of collagen both affect meat quality such as tenderness, 
texture, and flavor. Thus, it is important for the production of high-quality meat to 
regulate the amount of adipose and fibrous tissues in skeletal muscle. IMAT is com-
prised of adipocytes, while collagens included in fibrous tissues are mainly produced 
by activated fibroblasts. Both adipocytes and fibroblasts are differentiated from their 
common ancestors, called mesenchymal progenitor cells (MPC). We previously es-
tablished rat MPC clone, 2G11 cells. As several reports implicated the plasticity of 
fibroblast differentiation, in the present study, using 2G11 cells, we asked whether 
myofibroblasts differentiated from MPC are capable of re-gaining adipogenic poten-
tial in vitro. By treating with bFGF, their αSMA expression was reduced and adipo-
genic potential was restored partially. Furthermore, by lowering cell density together 
with bFGF treatment, 2G11 cell-derived myofibroblasts lost αSMA expression and 
showed the highest adipogenic potential, and this was along with their morphological 
change from flattened- to spindle-like shape, which is typically observed with MPC. 
These results indicated that MPC-derived myofibroblasts could re-acquire adipo-
genic potential, possibly mediated through returning to an undifferentiated MPC-like 
state.
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2010; Uezumi et al., 2011,2014, 2010). These cells are called mesen-
chymal progenitor cells (MPC) (Uezumi et al., 2010) or fibrogenic/ad-
ipogenic progenitors (FAPs) (Joe et al., 2010). Fibrogenic/adipogenic 
differentiation of MPC is regulated by several growth factors. For 
example, induction of fibrogenic differentiation of MPC is induced by 
transforming growth factor (TGF)-β (Uezumi et al., 2011, 2014). We 
previously established a highly adipogenic cell clone, 2G11 cells, from 
rat skeletal muscle (Murakami et al., 2011), and showed that 2G11 
cells also possess fibroblastic differentiation potential dependent on 
TGF-β (Takeuchi et al., 2016). Thus, 2G11 cells are considered to be a 
useful MPC clone to elucidate the regulatory mechanism involved in 
fibrogenic/adipogenic differentiation of MPC. By using 2G11 cells as 
a model of MPC, we also reported that basic fibroblast growth fac-
tor (bFGF) has a pro-adipogenic effect on MPC (Nakano et al., 2016). 
Therefore, it is possible that differentiation fate of MPC is regulated by 
the cross talk between TGF-β and FGF signals.

Activated fibroblasts (myofibroblasts) are main origin of extracel-
lular matrix such as type I collagen (Takeuchi et al., 2016). Fibroblasts 
themselves express growth factors, such as TGF-β and connective 
tissue growth factor (CTGF), that are capable of inducing fibrogenic 
differentiation (Van Obberghen-Schilling, Roche, Flanders, Sporn, 
& Roberts, 1988; Takeuchi et al., 2016; Dorn et al., 2018), and these 
fibrogenic factors are shown to maintain their fibroblastic features 
(Dorn et al., 2018). Activated fibroblasts in several organs, such as lung 
and liver, strongly express α-smooth muscle actin (α-SMA) (Zhang, 
Gharaee-Kermani, Zhang, Karmiol, & Phan, 1996; Sun et al., 2016).

Several studies implicated the plasticity of fibroblast differentia-
tion. For example, myofibroblasts had been shown to differentiate 
into adipocytes during wound healing of skin (Plikus et al., 2017). In 
heart, fibroblasts can transit to endothelial cells after acute ischemic 
cardiac injury (Ubil et al., 2014). From these studies, it is possible that 
myofibroblasts differentiated from MPC in skeletal muscle also shows 
plasticity, and re-differentiate to other cell types such as adipocytes.

In the present study, using 2G11 cells as a model of skeletal mus-
cle MPC, we examined whether the myofibroblasts differentiated 
from MPC are capable of differentiating to adipocytes in vitro. Here 
we demonstrated that, although myofibroblasts derived from MPC 
do not show adipogenic potential, exposure to bFGF together with 
lowering the cell density restores their adipogenic potential.

2  | MATERIAL S AND METHODS

2.1 | Cell culture and induction of fibroblastic and 
adipogenic differentiation

The rat MPC clone, 2G11 cells (Murakami et al., 2011), was usu-
ally maintained in Dulbecco's modified Eagle medium (Gibco, Life 
Technologies, Palo Alto, CA, USA) containing 10% fetal bovine 
serum, 100 U/mL penicillin, 100 μg/mL streptomycin, 50 μg/mL gen-
tamicin (proliferating medium; PM) with bFGF (10 ng/ml) on poly-L-
lysine and fibronectin-coated multi-well culture plates and culture 
dishes.

To induce fibroblastic differentiation, 2 × 104 cells/mL were cul-
tured in PM containing 10 ng/ml TGF-β1 (R&D Systems; cat. no. 240-
B) for 3 days. To induce adipogenic differentiation, unless otherwise 
stated, 2 × 104 cells/mL cells were pre-treated with PM containing 
10 ng/ml bFGF (cat. no. 233-FB; R&D Systems, Minneapolis, MN, 
USA) overnight, then cultured in adipogenic differentiation medium 
(PM containing insulin (1 μg/mL), dexamethasone (0.1 μg/mL), isobu-
tylmethylxanthine (27.8 μg/mL), and troglitazone (10 μmol/L; kindly 
gifted by Daiichi-Sankyo Co. Ltd, Tokyo, Japan) for 2 days. The me-
dium was then changed to PM containing insulin and troglitazone, 
and the cells were further cultured for another 2 days.

In the experiments where 2G11-derived myofibroblasts were 
used, they were trypsinized and re-plated at a density shown in the 
results. Typically, for cell culture, 24-well plate or 10 cm dish (Iwaki 
AGC Techno Glass Co., Ltd, Shizuoka, Japan) were used with 0.5 or 
5 ml culture medium, respectively.

All of the culture experiments were performed in triplicates, and 
repeated for several times to ensure the reproducibility. Only repre-
sentative data were shown.

2.2 | Immunocytochemistry

For immunocytochemistry using anti-proliferator-activated recep-
tor gamma (PPARɣ), and anti-perilipin antibodies, cells were fixed 
in 4% paraformaldehyde (PFA)/ phosphate buffered-saline (PBS) for 
15 min at room temperature. Then, they were washed three times 
with PBS, followed by blocking with 5% normal goat serum (NGS) 
containing 0.1% Triton X-100 (Sigma, St. Louis, MO, USA) in PBS for 
20  min at room temperature. The cells were incubated overnight 
with primary antibodies at 4°C, and labeled with an Alexa Fluor-
conjugated second antibody (1:500 dilution; Invitrogen (Thermo 
Fisher Scientific), Waltham, MA, USA). Nuclei were counterstained 
with Hoechst 33258. For the quantitative analysis of adipogenesis, 
five different fields were randomly chosen, and photographed with 
a digital camera (DP70; Olympus) using the 10 × objective of a fluo-
rescence microscope (BX50; Olympus, Tokyo, Japan). The number 
of PPARɣ-positive cells and the number of nuclei were counted and 
the proportion of PPARɣ-positive cells was calculated. The perilipin-
positive area was quantified by calculating mean pixel measure-
ments using ImageJ software (ver.1.47; National Institutes of Health, 
Bethesda, MD, USA). Primary antibodies and their species of origin 
were as follows: anti-PPARɣ (1:100; mouse, clone E-8, sc-7273; Santa 
Cruz Biotechnology, Dallas, TX, USA), and anti-perilipin (1:500; rab-
bit, clone D1D8, #9349; Cell Signaling Technology, Danvers, MA, 
USA). All antibodies were diluted with 5% NGS in PBS.

2.3 | Oil Red O staining

Cells were fixed in 4% PFA/PBS for 15 min at room temperature, an 
subsequently washed three times with PBS. Then, they were stained 
with Oil Red O (2:3 mixture of 0.5% w/v Oil Red O in 2-propanol and 
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distilled water) staining for 8 min, followed by washing three times 
with PBS. For the quantitative analysis of adipogenesis, five fields 
were randomly selected and observed using the 10× objective of a 
fluorescence microscope (BX50) and photographed with a digital cam-
era (DP70). Mean pixel measurements were calculated using ImageJ.

2.4 | Immunoblotting

At the end of culture, cells were lysed directly in 1 × Laemmli buffer 
containing 2.5% β-mercapthoethanol, and incubated at 100°C for 
3 min, then, centrifuged at 13,700g for 3 min. The supernatant was 
separated by electrophoresis using a 10% sodium dodecyl sulfate 
(SDS)-polyacrylamide gel, followed by electroblotting onto polyvi-
nylidene fluoride membranes. Non-specific binding was prevented 
by incubation with 5% skim milk/Tris-buffered saline with 0.1% 
Tween20. Anti-α-smooth muscle actin (α-SMA) antibody (1:4,000; 
mouse, clone 1A4, A2547; Sigma) was used to detect the target 
proteins, followed by incubation with a horseradish peroxidase-
conjugated secondary antibody (1:50,000; goat, 115–035–003; 
Jackson ImmunoResearch Laboratory, West Grove, PA, USA). 
Stained bands were visualized using an ECL western blotting anal-
ysis system (GE Healthcare Life Sciences, Buckinghamshire, UK). 
Quantitative analysis was done with ChemiDoc XRS + with Image 
Lab Software (Bio-Rad, Hercules, CA, USA). The highest value of 
measurements was set at “1,” and relative intensities of other bands 
were calculated. Since the use of several loading controls such as 
β-actin, GAPDH, and vinculin was all unsuccessful to ensure the 
equal amount of protein loading due to the changes in their expres-
sion along with differentiation, the amount of protein loaded per 
lane was fixed at 5 μg based on the measurement by commercially 
available BCA assay kit (Fujifilm Wako Pure Chemical Corporation, 
Osaka, Japan).

2.5 | Quantitative reverse transcription-mediated 
polymerase chain reaction (qRT-PCR)

Total RNA was extracted from 2G11 cells cultured with or with-
out TGF-β for 3 days using TRIzol Reagent (Invitrogen), and cDNA 
was synthesized using Super Script II kit (Invitrogen). qPCR was 
performed on a Light Cycler 2.0 (Roche Diagnostics, Roche, Basel, 
Switzerland) with the Thunderbird SYBR qPCR Mix (TOYOBO, 
Osaka, Japan). For qPCR, the following primer sets were used: 
TGF-β1: forward, 5 -́ CCTGGAAAGGGCTCAACAC-3 ;́ reverse, 
5 -́ CAGTTCTTCTCTGTGGAGCTGA-3 ;́ TGF-β2: forward, 5 -́ 
AGTGGGCAGCTTTTGCTC-3 ;́ reverse, 5 -́ GTAGAAAGTGGGCG 
GGATG-3 ;́ TGF-β3: forward, 5 -́ GAAGAGGGCCCTGGACAC-3 ;́ 
reverse, 5 -́ GCGCACACAGCAGTTCTC-3 ;́ and hypoxanthine-
guanine phosphoribosyltransferase (Hprt): forward, 5 -́GACCGG 
TTCTGTCATGTCG-3 ;́ reverse, 5 -́ACCTGGTTCATCATCACTAAT 
CAC-3 .́ The expression of each gene was analyzed using the 
crossing-point method, and was normalized with that of Hprt.

2.6 | Statistical analysis

Data are expressed as means ± SE. Unpaired  t  tests and two-way 
analysis of variance followed by the Tukey–Kramer test were used 
to evaluate statistical differences between groups. P values less than 
0.05 were considered statistically significant.

3  | RESULTS

3.1 | Myofibroblasts differentiated from 2G11 cells 
exhibit almost no adipogenic potential

2G11 cells are skeletal muscle MPC clone, and are capable of dif-
ferentiating to adipocytes (Murakami et al., 2011). We previously 
reported that 2G11 cells differentiate to activated fibroblasts (myofi-
broblasts) by TGF-β treatment (Takeuchi et al., 2016). To investigate 
whether myofibroblasts differentiated from 2G11 cells are still capa-
ble of differentiating to adipocytes, 2G11 cells were treated with or 
without TGF-β (10 ng/ml) for 3 days to induce fibroblastic differen-
tiation, then the cells were re-plated at density of 2 × 104 cells/mL, 
and cultured in adipogenic differentiation medium. 2G11 cells with-
out TGF-β treatment responded to adipogenic stimuli, resulting in 
the appearance of numerous numbers of Oil Red O- (Figure 1a,c) and 
PPARɣ-positive cells (Figure 1a,d). On the other hand, the adipogenic 
potential was greatly diminished in myofibroblasts derived from 
TGF-β-treated 2G11 cells, as revealed by the significantly decreased 
number of Oil Red O- (p < .01; Figure 1a,c) and PPARɣ-positive cells 
(p < .01; Figure 1a,d) compared to the cells without TGF-β treatment. 
The overall cell number did not differ regardless of TGF-β treatment 
(Figure 1b). These results indicate that myofibroblasts differentiated 
from 2G11 cells by TGF-β treatment exhibit almost no adipogenic 
potential.

3.2 | Myofibroblasts differentiated from 2G11 cells 
partially lose their fibroblastic feature and re-acquire 
adipogenic potential by bFGF treatment

Previous report demonstrated that bFGF treatment reverses the fi-
brogenic effect of TGF-β in adipose-derived mesenchymal stem cells 
(Desai, Hsia, & Schwarzbauer, 2014). First, we investigated whether 
fibroblastic feature of 2G11 cell-derived myofibroblasts is affected by 
exposure to bFGF. 2G11 cells were treated with TGF-β for 3 days to 
induce fibroblastic differentiation, then re-plated at density of 2 × 104 
cells/mL, and further cultured with or without bFGF (10  ng/ml) for 
3 days. As previously reported (Takeuchi et al., 2016), 2G11 cells with-
out any growth factor treatment expressed negligible amount of αSMA 
(Figure  2a,b). TGF-β-induced myofibroblasts cultured without bFGF 
showed upregulated αSMA expression, while it was reduced in the cells 
with bFGF treatment (Figure 2a,b). Then, we examined whether the 
downregulated αSMA expression in 2G11 cell-derived myofibroblasts 
coincides with re-acquirement of adipogenic potential. We compared 
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the adipogenic potential between 2G11 cell-derived myofibroblasts 
treated with or without bFGF by means of immunocytochemistry of 
perilipin and PPARɣ. Typical staining pattern of perilipin and PPARɣ in 
2G11 cell-derived adipocytes is shown in Figure S1. In agreement with 
the result shown in Figure 1, the adipogenic potential of 2G11 cells 
was strongly suppressed after TGF-β treatment as revealed by reduced 
staining of perilipin (Figure 2c,e) and PPARɣ (Figure 2c,f). On the other 
hand, the adipogenic potential of 2G11 cell-derived myofibroblasts 
was partially but significantly recovered by bFGF treatment as indi-
cated by increased perilipin-positive area (p < .01; Figure 2c,e) and the 
proportion of PPARɣ-positive cells (p < .01; Figure 2c,f) compared to 
the cells without bFGF treatment. The cell number was not influenced 
regardless of the growth factor treatment (Figure 2d). These results in-
dicate that 2G11 cell-derived myofibroblasts partially lose their fibro-
blastic feature, which is represented by αSMA expression, upon bFGF 
treatment, and re-acquire adipogenic potential.

3.3 | Lowering cell density enhances the re-
acquirement of adipogenic potential in myofibroblasts 
differentiated from 2G11 cells by bFGF

Myofibroblasts are shown to express fibrogenic factors such as 
TGF-β, connective tissue growth factor (CTGF), and so on (Van 

Obberghen-Schilling et al., 1988; Takeuchi et al., 2016; Dorn et al., 
2018), and, by these factors, maintain their fibroblastic feature in 
an autocrine/paracrine manner (Dorn et al., 2018). We previously 
showed that TGF-β treatment induces CTGF expression in 2G11 
cells (Takeuchi et al., 2016). Also, in the present study, 3 days TGF-β 
treatment on 2G11 cells significantly increased TGF-β1, -β2, and -β3 
expressions, respectively (Figure S2). Thus, it is possible that 2G11 
cell-derived myofibroblasts also maintain their fibroblastic feature 
by these CTGF and TGF-βs in an autocrine/paracrine manner, and 
if so, reducing the cell density could lead to loss of their fibroblas-
tic feature due to the lowered concentration of fibrogenic factors 
present in the culture medium. To test this possibility, 2G11 cell-
derived myofibroblasts were re-plated at relatively high (2  ×  105 
cells/mL) and low (2 × 102 cells/mL) densities, then further cultured 
for 3 days. In addition, since 2G11 cell-derived myofibroblasts were 
shown to partially lose their fibroblastic feature upon bFGF treat-
ment (Figures 1 and 2), we also examined whether the presence of 
bFGF (10  ng/ml) during the culture period after re-plating would 
have an additional effect on their fibroblastic feature. In the ab-
sence of bFGF treatment, the cell morphology of the cells cultured 
at high and low densities did not differ, and they both showed typi-
cal fibroblastic flattened shape (Figure  3a) although their αSMA 
expression was decreased in a cell density-dependent manner 
(Figure 3b). On the other hand, when the cells were cultured in the 

F I G U R E  1  Adipogenic potential 
of 2G11 cell-derived myofibroblasts. 
(a) Oil Red-O staining (red) and 
immunocytochemistry of PPARɣ 
(green). Nuclei were stained with 
Hoechst 33258 (blue). Bar = 100 μm. 
(b) Cell number at the end of culture in 
adipogenic differentiation medium. (c 
and d) Quantitative analyses of Oil Red 
O-positive area (c) and proportion of 
PPARγ-positive cells (d) (n = 3). **p < .01
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F I G U R E  2   Effect of bFGF treatment on adipogenic potential of 2G11 cell-derived myofibroblasts. (a) Immunoblotting of αSMA. (b) 
Quantitative analysis of αSMA expression (n = 3). (c) Immunocytochemistry of perilipin (red) and PPARɣ (green). Nuclei were stained with 
Hoechst 33258 (blue). Bar = 100 μm. (d) Cell number at the end of culture in adipogenic differentiation medium. (e and f) Quantitative 
analyses of proportion of perilipin-positive area (e) and PPARγ-positive cells (F) (n = 3). **p < .01

** 

bFGF 
0

500

1,000

1,500

2,000

C
el

l n
u

m
b

er
(/

m
m

2 )
  

TGF  

– + – 

– + + 

0

5

10

15

20

P
er

ili
p

in
+  

ar
ea

(x
10

4  
p

ix
el

/m
m

2 )
 

bFGF 

TGF  

– + – 

– + + 

0

20

40

60

%
 P

PA
R

+  
ce

lls
 

bFGF 

TGF  

– + – 

– + + 

** 

f  e  d  

+TGF  TGF  

P
er

ili
p

in
 H

o
ec

h
st

 
P

PA
R

 

–bFGF –bFGF +bFGF 

–bFGF –bFGF +bFGF 

c  

0

0.2

0.4

0.6

0.8

1

a 

b 

c 

–

–

–

bFGF – bFGF +bFGF 

+TGF  

S
M

A
 

(r
el

at
iv

e 
b

an
d

 in
te

n
si

ty
) 

SMA 

bFGF bFGF +bFGF 

+TGF  –

– –

TGF  

TGF  

b  a  



6 of 9  |     TAKEUCHI et al.

presence of bFGF at low density, almost all cells showed spindle-
like shape (Figure  3a), which is typically seen in undifferentiated 
2G11 cells. αSMA expression was decreased by the presence of 
bFGF, and at low density, it was almost undetectable (Figure 3b). 
The quantitative analysis between the cells cultured at high and 
low densities revealed that lowering cell density and bFGF-treat-
ment have significantly additive effect in reducing αSMA expres-
sion (p < .01; Figure 3c).

The above results, that 2G11 cell-derived myofibroblasts cultured 
at low density in the presence of bFGF showed spindle-like shape and 
expressed negligible amount of αSMA, suggest that they returned to 
an undifferentiated state. Thus, we compared the adipogenic poten-
tial of 2G11 cell-derived myofibroblasts re-cultured at high and low 

densities with or without bFGF. Even cultured at low density, 2G11 
cell-derived myofibroblasts without bFGF treatment did not show 
adipogenic potential as revealed by staining of perilipin (Figure 4a,c) 
and PPARɣ (Figure 4a,d). On the other hand, the cells cultured at low 
density in the presence of bFGF exhibited the highest adipogenic po-
tential (p < .01; Figure 4a,c,d). The overall cell number at the end of 
culture in adipogenic differentiation medium was slightly but signifi-
cantly increased by culturing at low density (Figure 4). Taken together, 
these results suggest that 2G11 cell-derived myofibroblasts maintain 
their fibroblastic feature in an autocrine/paracrine manner, thus, they 
lose the feature by lowering cell density, and by bFGF treatment, 
they return to an undifferentiated state and re-acquire adipogenic 
potential.

F I G U R E  3   Effect of cell density together with bFGF treatment on cell shape and αSMA expression of 2G11 cell-derived myofibroblasts. 
(a) Phase contrast. White and black arrows indicate cells with flattened shape and spindle-like shape, respectively. (b) Immunoblotting of 
αSMA. (c) Quantitative analysis of αSMA expression (n = 3). Different letters indicate statistically significant difference (p < .01)
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4  | DISCUSSION

In the present study, we demonstrated that myofibroblasts differ-
entiated from skeletal muscle MPC clone 2G11 cells are capable of 
returning to an undifferentiated MPC state, and re-acquiring adipo-
genic potential by lowering cell density in the presence of bFGF.

Several reports indicated the reversibility of activated fibro-
blasts (myofibroblasts) to their innate state (fibroblasts) depending 
on their extracellular environment. For example, in the fibroblasts 
from cornea, αSMA expression and the stress fiber formation, 
both are typical features of myofibroblasts, are changed depend-
ing on the cell density (Masur, Dewal, Dinh, Erenburg, & Petridou, 

F I G U R E  4   Effect of cell density together with bFGF treatment on adipogenic potential of 2G11 cell-derived myofibroblasts. (a) 
Immunocytochemistry of perilipin (red) and PPARɣ (green). Nuclei were stained with Hoechst 33258 (blue). Bar = 100 μm. (b) Cell number 
at the end of culture in adipogenic differentiation medium. (c and d) Quantitative analyses of proportion of perilipin-positive area (c) and 
PPARγ-positive cells (d) (n = 3). Different letters indicate statistically significant difference (p < .01)
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1996) and FGF signaling (Maltseva, Folger, Zekaria, Petridou, & 
Masur, 2001). Moreover, in lung fibroblasts, acidic FGF and pros-
taglandin E2 decreases the expression of αSMA (Ramos et al., 
2006; Garrison et al., 2013). In the present study, by lowering 
the cell density, the αSMA expression in 2G11 cell-derived myo-
fibroblasts was decreased, although the exact mechanism is un-
known. Considering the expression of fibrogenic factors such as 
TGF-βs and CTGF by myofibroblasts themselves (Van Obberghen-
Schilling et al., 1988; Takeuchi et al., 2016; Dorn et al., 2018), and 
the involvement of these factors to maintain their fibroblastic 
features in an autocrine/paracrine manner (Dorn et al., 2018), this 
might be due to the decreased amount of the fibrogenic factors 
present in culture. However, it should be noted that, despite the 
decreased αSMA expression, their typical fibroblastic flattened 
shape was maintained. In addition, by just lowering cell density, 
they did not re-gain adipogenic potential. This suggests that the 
fibrogenic factors produced from myofibroblasts are maintaining 
their fibroblastic feature, but its removal or decline would not lead 
them to further return to an undifferentiated MPC state.

It should be noted that, in the present study, regardless of the 
cell density, adipogenic potential was restored only when the myo-
fibroblasts were treated with bFGF. Especially, the myofibroblasts 
cultured at low cell density with bFGF showed spindle-like shape, 
typically seen with undifferentiated MPC, and showed the highest 
adipogenic potential. CTGF expression is known to be induced by 
TGF-β signaling (Takeuchi et al., 2016), and bFGF has been shown 
to interfere SMAD pathway, which is located downstream of TGF-β 
signaling, in aortic valvular interstitial cells (Cushing et al., 2008), 
adipose-derived mesenchymal stem cells (Desai et al., 2014), and 
smooth muscle cells (Chen et al., 2016). Thus, one of the effects of 
bFGF on myofibroblasts is possibly counteracting the expression/
action of fibrogenic factors such as TGF-β and CTGF. In addition 
to this bFGF action, we previously demonstrated that FGF signal 
is prerequisite for expressing adipogenic potential in 2G11 cells 
(Nakano et al., 2016). We routinely maintain 2G11 cells in culture 
in the presence of bFGF, and once bFGF is removed for several pas-
sages, they lose their adipogenic potential, but re-addition of bFGF 
for several days in culture restores the adipogenic potential (data 
not shown). Therefore, bFGF might also exert its effect not only in 
maintaining but also in restoring adipogenic potential in myofibro-
blasts. Furthermore, it was reported that the affinity between bFGF 
and FGF receptor is enhanced by lowering cell density in the pri-
mary corneal stromal fibroblasts (Richardson et al., 1999). Taken to-
gether, it is possible that, by culturing myofibroblasts at low density, 
bFGF action to restore the adipogenic potential is enhanced, leading 
to returning myofibroblasts to the undifferentiated state, harboring 
highly adipogenic potential.

In summary, we demonstrated for the first time that the acti-
vated fibroblasts (myofibroblasts) differentiated from skeletal mus-
cle MPC could return to their undifferentiated state and re-acquire 
the adipogenic potential. Although it is currently unknown whether 
the similar situation does exist in vivo, the results of the present 

study will be of value to establish the novel methodology to control 
meat quality in animal science field.
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