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Umbilical cord mesenchymal stem cell-conditioned media prevent
muscle atrophy by suppressing muscle atrophy-related proteins

and ROS generation
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Abstract The therapeutic potential of mesenchymal stem
cell-conditioned medium (MSC-CM) has been reported with
various types of disease models. Here, we examine the thera-
peutic effect of umbilical cord MSC-CM (UCMSC-CM) on
muscle-related disease, using a dexamethasone (Dex)-induced
muscle atrophy in vitro model. The expressions of muscle
atrophy-related proteins (MuRF-1 and MAFbx) and muscle-
specific proteins (desmin and myogenin) were evaluated by
Western blot analysis. The level of production of reactive ox-
ygen species (ROS) was determined using a 2',7'-
dichlorofluorescein diacetate (DCFDA) dye assay. The ex-
pression of antioxidant enzymes (copper/zinc-superoxide dis-
mutase (Cu/Zn-SOD), manganese superoxide dismutase
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(MnSOD), glutathione peroxidase-1 (GPx-1), and catalase
(CAT)) was verified by reverse transcription polymerase chain
reaction (RT-PCR). When L6 cells were exposed to Dex, the
expression of muscle atrophy-related proteins was increased
by 50-70%, and the expression of muscle-specific proteins
was in turn decreased by 23-40%. Conversely, when the L6
cells were co-treated with UCMSC-CM and Dex, the expres-
sion of muscle atrophy-related proteins was reduced in a
UCMSC-CM dose-dependent manner and the expression of
muscle-specific proteins was restored to near-normal levels.
Moreover, ROS generation was effectively suppressed and the
expression of antioxidant enzymes was recovered to a normal
degree. These data imply that UCMSC-CM clearly has the
potential to prevent muscle atrophy. Thus, our present study
offers fundamental data on the potential treatment of muscle-
related disease using UCMSC-CM.

Keywords Umbilical cord mesenchymal stem cell
(UCMSC) - Umbilical cord mesenchymal stem
cell-conditioned medium (UCMSC-CM) - Muscle atrophy -
Dexamethasone - L6 skeletal muscle cell

Introduction

Recent trends in the current population’s prolonged life expec-
tancy and reduced activities in modern-day lifestyle have led
to an increase in the incidence of muscle atrophy. With this
realization, the need for the development of treatments for this
disease has been highlighted. Muscle atrophy is a process of
muscle wasting along with the activation of muscle proteolytic
systems. Many cases can be seen in patients with less move-
ment, prolonged bed rest, and the casting of particular body
parts (Senf et al. 2008). Also, abuse of steroids can lead to
muscle atrophy and stimulate the production of myostatin,
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which takes part in the reduction of muscle protein synthesis
(Schakman et al. 2013). Eventually, this gives rise to not only
an increase in the imbalance of muscle mass, but also an
increase in the generation of reactive oxygen species (ROS)
within mitochondria, leading to an increase in apoptosis (Lee
and McPherron 1999).

Current treatments for muscle atrophy are electrical
excitation, regular exercise using the treadmill, and
chemical treatment (Gibson et al. 1988; Kouidi et al.
1998). However, these regimens cannot be applied to
the symptoms of bed-ridden patients. Thus, a more ef-
fective solution needs to be developed in order to cover
broader causations. Recently, many researchers have
attempted to develop therapeutic modalities using stem
cells (Gnecchi ef al. 2006; Chen et al. 2008; Choi and
Park 2014; Kim ef al. 2015). In particular, both embry-
onic and adult stem cells have been an effective treat-
ment for muscular diseases, including previously incur-
able disease (Jackson et al. 2001; Yohn et al. 2008; Corti
et al. 2010; Stecklum et al. 2015). For example, stem
cell therapy for amyotrophic lateral sclerosis, also known
as Lou Gehrig’s disease, has been reported (Kim et al.
2014a).

The therapeutic mechanisms of implanted mesenchymal
stem cell (MSC) can be explained by the fact that various
factors are secreted into the conditioned medium (CM), such
as growth factors, cytokines, extracellular matrices, and anti-
oxidant proteins (Primeau et al. 2002; Kern et al. 2006;
Ranganath et al. 2012). These factors are able to promote
antioxidant, immunosuppressive, anti-apoptotic, and cell pro-
liferative effects at a transplanted site (Klopp e al. 2011). This
hypothesis has been supported by various CM-related studies.
For instances, Moghadasali et al. showed that bone marrow-
derived mesenchymal stem cell-conditioned medium (MSC-
CM) was able to regenerate a damaged proximal tubule
(Moghadasali et al. 2013). In addition, Cantinieaux et al. dem-
onstrated that possible MSC-CM-only treatments are effica-
cious, by showing improved brain function of a spinal cord-
impaired mouse through the injection of CM (Cantinieaux
et al. 2013). However, studies of the therapeutic effect of
MSC-CM on muscle atrophy have rarely been reported both
in vitro and in vivo.

In this study, we attempt to examine the therapeutic
effect of umbilical cord (UC) MSC-CM (UCMSC-CM)
on dexamethasone (Dex)-induced muscle atrophy in L6
skeletal muscle cells. We investigated the effect of
UCMSC-CM on changes in the expression of muscle
atrophy-related proteins (MuRF-1 and MAFbx) and
muscle-specific proteins (desmin and myogenin). In ad-
dition, the protective effect of UCMSC-CM on the
atrophied muscle cells was assessed by comparing the
changes in ROS generation and expression of antioxi-
dant enzymes.
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Materials and Methods

Umbilical cord mesenchymal stem cell preparation. This
study was performed with the approval of an Institutional
Review Board from the CHA University (IRB No.: 201412-
BR-003-02; Seongnam, Korea). The protocols for human
UCMSC isolation and culture have been described previously
(Kim et al. 2013b). Briefly, healthy volunteers at the CHA
General Hospital (Seoul, Korea) donated human UC samples,
and the samples were used within 24 h. To isolate the
UCMSC, Wharton’s jelly was sliced into 5-mm explants after
removing the umbilical vessels, and the slices were subse-
quently attached and cultured in minimum essential medium
Eagle alpha modification (x-MEM; Hyclone, Logan, UT)
supplemented with 10% fetal bovine serum (FBS; Hyclone),
100 TU/mL penicillin, and 100 mg/mL streptomycin (P/S;
Hyclone) on T-175 flasks (SPL Life Sciences Co., Pocheon,
Korea). The medium was renewed every 3 d, and we observed
UCMSC populations appearing as outgrowths from the UC
fragments on day 6 of culture. After 15 d of culture, the ad-
herent spindle-shape cells were passaged when the confluence
reached the predetermined level (80-90%). Cells were main-
tained at 37°C in a humidified incubator containing 5% CO,.
UCMSC:s at passage 4 or 5 were used in all experiments.

Collection of umbilical cord mesenchymal stem cell-
conditioned medium. UCMSC was seeded in T-175 flasks
(SPL) at a density of 2x10° cells in x-MEM, with 100 U/
mL penicillin and 100 mg/mL streptomycin (P/S), and 10%
FBS for the MSC growth. The cultures were maintained in a
humidified incubator with 5% CO, at 37°C, and the culture
medium was changed every 2 d. When the cells reached
roughly 80-90% confluence, the culture medium was re-
moved and attached cells on the flasks were washed twice
with Dulbecco’s phosphate-buffered saline (DPBS; Hyclone).
Then, serum-free x-MEM supplemented with 1% P/S was
added. After 48 h of culture in a humidified incubator with
5% CO, at 37°C, the medium was centrifuged at 13,
000 rpm for 15 min to collect UCMSC-CM. The CM was
then lyophilized using a freeze dryer (FDU-8612, Operon
Co., Gimpo, Korea). It was stored at —20°C until further
use. Muscle atrophy-induced L6 skeletal muscle cells were
treated with different concentrations of UCMSC-CM (1, 5,
and 10 pg/mL).

L6 muscle cell culture. 16 rat skeletal muscle cells were pur-
chased from the American Type Culture Collection
(CRL1458, ATCC, Manassas, VA). They were cultured in
Dulbecco’s modified Eagle medium (DMEM; Hyclone) sup-
plemented with 10% FBS and 1% P/S. The cells at passage 5
were plated in T-175 flasks (SPL) at a density of 1x10° cells.
When the cells were approximately 80% confluent, they were
seeded in six-well culture plates (SPL; 2x10° cells/well).
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Cells were treated with Dex (1 uM) as an in vitro model for
muscle atrophy.

Western blotting. After treatment with Dex and UCMSC-
CM, cells were lysed with RIPA buffer containing a protease
inhibitor cocktail (Roche Diagnostics, Mannheim,
Germany). Total extracted protein concentration was evalu-
ated by an ELISA microplate reader at 595 nm. The proteins
were immediately denatured using sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) sample
buffer (62.5 mM Tris—HCI pH 6.8, 2% SDS, 10% glycerol,
and 5% 2-mercaptoethanol) and heated for 5 min at 100°C.
The protein samples were separated by 10% SDS-PAGE.
Separated proteins were transferred to a nitrocellulose mem-
brane (Whatman, Dassel, Germany) for 3 h at 4°C. Subse-
quently, the membrane was blocked with 3% bovine serum
albumin (BSA; Bio Basic Inc., Ontario, Canada) with 0.1%
Tween-20 in PBS at room temperature. The membrane was
incubated overnight with each primary antibody at 4°C.
Western blotting was carried out using anti-desmin, 1:1000
dilution (Abcam Inc., Cambridge, MA; ab16200); anti-
myogenin, 1:1000 dilution (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA; sc-12732); anti-3-actin, 1:5000 dilution
(Santa Cruz Biotechnology Inc.; sc-47778); anti-muscle
ring-finger protein-1 (MuRF-1), 1:1000 dilution (Santa Cruz
Biotechnology Inc.; sc-27642); and anti-muscle atrophy
F-box (MAFbx), 1:1000 dilution (Santa Cruz Biotechnology
Inc.; sc-27645). After washing with PBS-T, the blots were
incubated with horseradish peroxidase (HRP)-conjugated
secondary antibodies corresponding to each primary anti-
body; goat anti-rabbit, 1:5000 dilution (Santa Cruz Biotech-
nology Inc.; sc-2004), goat anti-mouse, 1:5000 dilution
(Santa Cruz Biotechnology Inc.; sc-2005); and donkey an-
ti-goat, 1:5000 dilution (Santa Cruz Biotechnology Inc.; sc-
2020). Target proteins were visualized using enhanced
chemiluminescence detection (ECL component from Pierce
Clarity™ and Western ECL Substrate from Bio-Rad Labora-
tories, Hercules, CA) and detected using LAS-4000 (Fuji
Photo Film Co., Tokyo, Japan).

Reverse transcription polymerase chain reaction. Total RNA
from the L6 cells was isolated using the easy-spin" total RNA
extraction kit (iNtRON Biotechnology Inc., Seoul, Korea) ac-
cording to the manufacturer’s instructions. cDNA synthesis
was carried out from 1 pg of pure total RNA using the Reverse
Transcription 5% Master Premix (ELPIS Biotech Inc., Dae-
jeon, Korea), followed by PCR amplification. The amplifica-
tion was conducted under the following conditions: pre-
denaturation at 95°C for 5 min; 27 cycles of denaturation at
95°C for 30 s, annealing at 58°C for 30 s, extension at 72°C
for 30 s, and a final extension at 72°C for 5 min. PCR product
was visualized using electrophoresis on a 1.5% (w/v) agarose
gel stained with ethidium bromide. The image of the gel was

analyzed using a ChemiDoc'~ XRS+ System (Bio-Rad).
Primer sequences are listed in Table 1.

Measurement of superoxide dismutase activity. Superoxide
dismutase (SOD) activity in UCMSC-CM was measured by
the SOD Assay kit (Sigma-Aldrich, Chemie GmbH, Germa-
ny). The activity was determined following the manufac-
turer’s instructions. Twenty microliters of sample solution
was added to 200-uL WST working solution. The mixture
was incubated in a 96-well plate at 37°C in a 5% CO, for
20 min after gentle shaking. Subsequently, 20-uL enzyme
working solution was added. The absorbance of the mixture
was spectrophotometrically measured at 450 nm using an
ELISA microplate reader (Epoch Spectrometer, BioTek Inc.,
Winooski, VT), and the SOD activity was calculated using the
following Eq. (1):

[(Blank, -Blanks )-(Sample-Blank, )]

% SODactivity =
% acviy (Blank;-Blanks;)

x 100 (1)

where blank 1 was a mixture of the 200-uL working solution,
20-uL enzyme working solution, and 20 uL ddH,0O; blank 2
contained the 20-pL sample solution with 200-puL working
solution and 20 uL dilution buffer; blank 3 was a mixture of
the 20 pL ddH,0, 200-uL working solution, and 20 pL dilu-
tion buffer.

Measurement of reactive oxygen species. Measurement of
ROS generation in L6 cells was accessed by the 2',7'-
dichlorofluorescein diacetate (DCFDA) assay (Life Technol-
ogies Inc., Gaithersburg, MD). For the measurement of ROS
generation, the cells were seeded at 1x10° cells/well in a 48-
well plate and cultured for 48 h in DMEM with 10% FBS and
1% P/S. When the cells reached the determined confluence
(80-90%), they were washed once with HBSS (Gibco Labo-
ratories, Grand Island, NY) and treated with 1, 5, or 10 pg/mL
UCMSC-CM for 2 h. Subsequently, the cells were incubated
at 37°C in 5% CO, for 30 min, following treatment with 2 pM
DCFDA. Relative fluorescence of the samples was measured
using a Synergy Mx Multi-Mode Reader (BioTek Inc.) at
excitation and emission wavelengths of 485 and 528 nm, re-
spectively. Data were obtained from three independent mea-
surements and expressed as the mean standard deviation.

Statistical analysis. All in vitro experiments were indepen-
dently performed at least three times. Data were analyzed
using the SigmaPlot 12.0 software (Systat Software, San Jose,
CA). When comparing more than two groups, one-way anal-
ysis of variance (ANOVA) combined with the Bonferroni post
hoc test was used. For comparison of two samples, a Student’s
t test was used. Quantitative results are shown as the mean+
standard deviation for each experiment. P<0.05 was consid-
ered statistically significant.

@ Springer



PARK ET AL.

Table 1. Primer sequences used

in this study Primers Sequences
Forward Reverse
Cu/Zn-SOD CGTCATTCACTTCGAGCAGA CAGGTCTCCAACATGCCTCT
MnSOD GGCCAAGGGAGATGTTACAA TGCAGTGGGTCCTGATTAGA
Gpx-1 TGAGAAGTGCGAGGTGAATG GTATCTGCGCACTGGAACAC
CAT ATCAGGGATGCCATGTTGTT TGCAAGTCTTCCTGCCTCTT
GAPDH AAGGTCATCCCAGAGCTGAA AGGAGACAACCTGGTCCTCA

Results

Umbilical cord mesenchymal stem cell-conditioned medium
inhibits expression of muscle atrophy-related proteins in mus-
cle atrophied cells. Firstly, we selected a statistically signifi-
cant concentration of 1 uM Dex as an effective concentration
to induce muscle atrophy in L6 cells by considering cell via-
bility and the expression of muscle atrophy-related proteins
(Supplementary Fig. 1). Secondly, in order to investigate
changes in muscle atrophy-related proteins (MuRF-1 and
MAFDbx), UCMSC-CM was added at a concentration of 1, 5,
and 10 ug/mL along with Dex. As shown in Fig. 1, treatment
with 1 pug/mL of CM did not showed any significant effect on
expression of MuRF-1 and MAFbx, but treatments with Dex
atabove 5 ug/mL significantly suppressed the expression lev-
el of those proteins compared with only Dex-treated group.
Conversely, the treatment with UCMSC-CM dose-dependent-
ly decreased the expression of both muscle atrophy-related
proteins compared with Dex-treated group. These results im-
ply that UCMSC-CM has the potential to inhibit expression of
the muscle atrophy-related proteins, MuRF-1 and MAFbx.

Umbilical cord mesenchymal stem cell-conditioned medium
enhances expression of muscle-specific proteins in muscle
atrophied cells. We observed changes in the expression of
muscle-specific proteins (desmin and myogenin) in L6 cells
upon treatment with Dex. As shown in Fig. 2, expression of
both proteins was decreased compared with the untreated con-
trol. Conversely, UCMSC-CM treatment at both 5 and 10 pg/
mL remarkably improved expression of those proteins com-
pared with the muscle atrophy-induced L6 cells (Dex-treated
group). These observations indicate that UCMSC-CM has the
potential to enhance expression of the muscle-specific pro-
teins, desmin and myogenin.

Umbilical cord mesenchymal stem cell-conditioned medium
suppresses muscle atrophy-induced reactive oxygen species
generation in muscle atrophied cells. 1t is well known that
ROS plays an important role in inducing muscle atrophy.
Therefore, we measured SOD activity of UCMSC-CM (rang-
ing from 1 to 50 pug/mL). SOD activity of UCMSC-CM was
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Figure 1. The effect of UCMSC-CM on muscle atrophy-related proteins
in muscle atrophied cells. Cells were treated with CM (1-10 pg/mL) and
Dex (1 pM) after 24 h of stimulation. A representative Western blot (@)
and quantitation analysis (b, ¢) are shown (¥*P<0.05 vs control, “P<0.05
vs Dex).



CONDITIONED MEDIA PREVENT MUSCLE ATROPHY

a F;ﬁ Desmin

—e— — — -
Dex (1 pM) - + + + +

B-actin

CM (pg/mL) - - 1 5 10

b

140

20

Desmin/p-actin (% control)

0
Dex (1 pM) - + + + +

CM (pg/mL) - - 1 5 10

Cc

5 3

Myogenin/B-actin (% control)
=3

0
Dex (1 pM) - + + + +

CM (ug/mL) . . 1 5 10

Figure 2. The effect of UCMSC-CM on muscle-specific proteins in
muscle atrophied cells. Cells were treated with CM (1-10 pg/mL) and
Dex (1 pM) at 24 h. Protein levels of desmin and myogenin were deter-
mined by Western blotting (a) and normalized with (3-actin (b, c)
(*P<0.05 vs control, *P<0.05 vs Dex).

dose-dependently increased from 20 to 50% compared with
the control (Fig. 3; P<0.05). In addition, a DCFDA assay was
carried out to monitor patterns of ROS generation by Dex and
UCMSC-CM in L6 cells (Fig. 4). We found that treatment
with Dex sharply increased the DCFDA intensity to 70%
within 5 min compared with the control. Following this, the
DCFDA intensity was slowly decreased for a period of 2 h.
Contrary to the Dex-treated group, co-treatment of UCMSC-
CM with Dex showed a significant suppression of ROS gen-
eration in L6 cells with all tested UCMSC-CM concentrations
(ranging from 1 to 10 pg/mL). This result indicates that ex-
cessive ROS generation within the cells treated with Dex can
be effectively suppressed by the addition of UCMSC-CM.
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Figure 3. Changes in the SOD activity in UCMSC-CM. The level of
SOD activity in UCMSC-CM was measured using a SOD assay kit
(*P<0.05 vs control).

Umbilical cord mesenchymal stem cell-conditioned medium
improves expression of antioxidant enzymes in muscle
atrophied cells. To study a potential protective mechanism
of UCMSC-CM on Dex-induced oxidative-damaged cells,
messenger RNA (mRNA) expression of the antioxidant en-
zymes copper/zinc-superoxide dismutase (Cu/Zn-SOD), man-
ganese superoxide dismutase (MnSOD), glutathione
peroxidase-1 (GPx-1), and catalase (CAT) was analyzed by
reverse transcription polymerase chain reaction (RT-PCR). As
shown in Fig. 5, mRNA expression of all these enzymes was
drastically reduced by 30-60% by treatment of Dex, com-
pared with the control group (P<0.05). Conversely, co-
treatment of UCMSC-CM at 1, 5, and 10 ug/mL, with Dex,
dose-dependently upregulated mRNA expression of all these
enzymes except for the Cu/Zn-SOD, which was significantly
upregulated, but not shown CM dose-dependent increases.
Most notably, among the examined antioxidant enzymes,
GPx-1 is influenced the greatest by Dex. In contrast, upon
treatment with UCMSC-CM at 5 and 10 pug/mL, GPx-1 was
the enzyme that was most increased above the level seen in the
control group. In addition, treatment with UCMSC-CM at
10 pg/mL not only showed full recovery of mRNA expression
similar to that of the control, but also this protective potential
was comparable to 0.2 mM vitamin C.

Discussion

Many studies have reported that various factors secreted from
MSC, such as cytokines and growth factors, are able to stim-
ulate cell differentiation as well as to promote therapeutic
functions (Gnecchi ef al. 2006; Chen et al. 2008; Kim et al.
2014b). These factors are accumulated within UCMSC-CM,
and implantation of UCMSC-CM can be considered as a nov-
el approach to tissue engineering and regenerative medicine.
Furthermore, this technique may be attractive as an alternative
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Figured. Effectof UCMSC-CM 200
on ROS generation in muscle
atrophied cells. Cells were treated
with CM (1-10 pg/mL) and Dex
(1 uM) for 2 h. ROS generation
was measured by the DCFDA
assay.
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to direct implantation of MSC, due to its relative low cost and
simple handing process. In addition, previous studies provide
much evidence that CM has beneficial effects in the correction
of various disease types (Angoulvant et al. 2011; Kim et al.
2012; Moghadasali et al. 2013). However, a therapeutic effect
of MSC-CM on muscle atrophy has rarely been reported. In
the present study, we attempted to examine the protective
effect of UCMSC-CM on muscle atrophy using Dex-
induced muscle atrophied L6 skeletal muscle cells. To this
end, we investigated the effect of UCMSC-CM on expression
patterns of muscle-related proteins and ROS generation.

We observed a significant downregulation of muscle
atrophy-related protein expression and an increase in the ex-
pression of muscle-specific proteins when various concentra-
tions of UCMSC-CM were co-treated with Dex in muscle
atrophied L6 skeletal muscle cells (Figs. 1 and 2). From pre-
vious studies, it is known that abuse of steroids can stimulate
the expression of proteolytic factors such as MAFbx and
MuRF-1 within myoblasts. Eventually, the increased factors
can result in muscle atrophy (Sandri et al. 2004; Bonaldo and
Sandri 2013). In addition, desmin and myogenin, which are
muscle-specific proteins, were known to be important in mus-
cle cell proliferation and differentiation of satellite cells into
myoblasts (Rantanen et al. 1995). This has been employed as
a marker of regeneration in muscle fibers. Therefore, these
results show that UCMSC-CM plays a protective role in mus-
cle atrophied cells via the prevention of the muscle-specific
protein loss as well as the inhibition of the level of muscle
atrophy-related proteins. UCMSC-CM has the potential to
prevent muscle atrophy.

Muscle atrophy not only causes an increase in the imbal-
ance of muscle mass, but also causes an increase in ROS
generation in mitochondria (Lee and McPherron 1999). ROS
can lead to mitochondrial release of cytochrome c, resulting in
the activation of caspase, which is an apoptosis-related
endoprotease that degrades proteins and causes programmed
cell death (Leeuwenburgh 2003). This evidence suggests that
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ROS may play an important role during muscle protein deg-
radation in the mechanism of muscle atrophy. As shown in
Fig. 3, UCMSC-CM has a potential ability to block the oxi-
dative stress in muscle atrophied cells. Also, we found that
UCMSC-CM was able to inhibit Dex-induced ROS genera-
tion by observing the DCFDA intensity in the muscle
atrophied cells (Fig. 4). Thus, UCMSC-CM clearly demon-
strates that it is able to protect cells from apoptosis, which
occurs following ROS generation in the mechanism of muscle
atrophy.

In the antioxidant enzyme system, SODs, which include
Cu/Zn-SOD and MnSOD, catalyze the dismutation of super-
oxide radicals into H,O,, which is further metabolized to H,O
and O, by CAT and GPx-1 (Hussain et al. 2004). Previous
studies, in addition to our present study, have found that the
level of antioxidant enzymes was significantly reduced in both
in vivo and in vitro models of muscle atrophy (Kim et al.
2012, 2015). In contrast, we confirmed that treatment with
UCMSC-CM strongly increased mRNA levels of antioxidant
enzymes in muscle atrophied cells (Fig. 5). Also, considering
significant changes in mRNA expression of GPx-1, which is a
major isoform that is active against H,O,, it can be seen that
the level of GPx-1 was mostly affected by the level of oxida-
tive stress (Li et al. 2000). These results indicate that
UCMSC-CM leads to downregulation of oxidative stress
and upregulation of those enzymes that may be beneficial to
the protection of muscle mass and the reduction of oxidative
stress.

It is widely known that many therapeutic factors are secret-
ed by MSCs into CM such as growth factors, cytokines,
chemokines, extracellular matrix (ECM), and hormones
(Ranganath et al. 2012). In particular, hepatocyte growth fac-
tor (HGF); granulocyte—macrophage colony-stimulating fac-
tor (GM-CSF); interleukins (IL) 6, 7, 8, and 11; tumor necrosis
factor alpha (TNF-o0); and vascular endothelial growth factor
(VEGF) were found in MSC-CM (Friedman et al. 2007).
These findings imply that CM may have promising
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<« Figure 5. Effect of UCMSC-CM on antioxidant enzymes in muscle
atrophied cells. Cells were treated with CM (1-10 pg/mL) and Dex
(1 uM) after 24 h of stimulation. Expression level of Cu/Zn-SOD,
MnSOD, CAT, and GPx-1 on 1 uM Dex and various concentrations of
UCMSC-CM used to treat muscle atrophied cells. A representative
western blot (a) and quantitation analysis (b—e) are shown (*P<0.05 vs
control, *P<0.05 vs Dex).

possibilities in regenerative medicine involved with the im-
mune system, central nervous system, blood vessels, and heart
(Kim et al. 2013a, b). Especially, insulin-like growth factor-1
(IGF-1), fibroblast growth factor (FGF), and interleukins-15
(IL-15) are known to affect muscle activity (Hamrick 2012).
Moreover, in a previous study, transforming growth factor
beta (TGF-f3) was found to be important in cell growth, pro-
liferation, and differentiation (Kollias and McDermott 2008).
In addition, IGF, HGF, and IL-6 are able to quench ROS in
tissues or organs (Kim et al. 2008). Therefore, those factors
can be thought to affect the expression of muscle proteins and
oxidative stress during muscle atrophy. Our study provides
supporting evidence of such a paracrine effect of UCMSC
and demonstrates that UCMSC-CM accelerates recovery from
muscle atrophy.

In conclusion, the results show that UCMSC-CM has a
very high potential to suppress the proteolytic system and
ROS generation in muscle atrophied cells. Herein, the current
study is a novel report of the use of UCMSC-CM for the
improvement of muscle atrophy in vitro and may lead to the
generation of therapeutic agents useful in the management of
muscle diseases. However, there are still uncertainties regard-
ing the paracrine effect of MSC, clinical optimization, and
standard of manufacturing technique of CM. Thus, further
studies are required in order to solve such problems and to
understand the exact role that UCMSC-CM plays during mus-
cle atrophy through the investigation of specific cytokines and
growth factors excreted by MSC.
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