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Abstract

Background: Accelerated muscle regeneration is highly desirable after direct injury in trauma patients. Though the advantage
of extracellular matrix extracted from porcine urine bladder (UBM) on tissue regeneration is feasible, the mechanisms by which
skeletal myogenesis is improved are not clear. The current study aim was to determine whether UBM affects skeletal satellite cells
during muscle repair after cryoinjury.
Methods: RAG2-/-, γc-/- mice underwent bilateral gluteus muscle cryoinjury under general anesthesia. 200µg UBM suspended
in 20 µl of Matrigel solution was implanted on one side of the wound intramuscularly, and 20µl of vehicle was applied on the
contralateral side as a sham treatment. Five animals without any operation served as baseline. Mice were sacrificed from days 1
to 28 after injury for muscle tissue collection. Tissue morphology was estimated via H&E staining. Satellite cell proliferation was
examined by immunofluorescence staining and western blot. Myogenesis markers were assessed by qPCR.
Results: H&E staining results showed that muscle regeneration area increased in both sham and UBM treated muscles following
injury. The number of regenerating myotubes was significantly higher in UBM treated tissue at 28 days (p<0.05, vs. sham group).
Both Pax7+ and Ki-67+ satellite cell number significantly increased in muscle with UBM treatment compared to sham treated
muscles (p<0.05). Protein levels of proliferating cell nuclear antigen (PCNA) were greater in muscle with UBM treatment at day
14 and 28 (p<0.05). MyoD1 and myogenin mRNA levels were also significantly higher in UBM treated animal muscle at day 28
(p<0.05).
Conclusion: UBM treatment increased skeletal satellite cell proliferation and myogenic differentiation at 28 days after local muscle
injury.
Keywords: Skeletal muscle injury, muscle regeneration, satellite cell, proliferation, differentiation

Introduction

Skeletal muscle represents the largest tissue mass in the
body, consisting of 40% to 45% of total body weight and is
responsible for supportive and locomotive functions [1]. This
tissue is at risk for injury whether purposeful (exercise) [2] or
in traumatic incidents. In the case of exercise, regeneration of
the injured tissue is the desired response, and for direct injury
from trauma this is also true. However, after direct injury the
muscle mass is lost with minimal regeneration affecting long
term recovery and function. Current clinical management
options include functional free muscle transfer and the use
of advanced bracing [3], which have limited efficiency on
muscle recovery. Improvement of muscle regrowth is then
of major concern in the treatment of those with severe and
direct muscle injury.
Muscle regeneration involves both resident and non-resident
cells with myogenic properties. The major participants in
adult muscle regeneration are muscle satellite cells which
reside underneath the basal lamina of mature muscle fibers.

In response to skeletal muscle injury, quiescent satellite cells
(SCs) are activated to become myogenic precursor cells (MPC)
or myoblasts, and begin to proliferate [4]. Under certain
conditions, some activated myoblasts cease proliferation and
start differentiation. They fuse to form myotubes characterized
by centrally located nuclei. The regulation of this process is
complicated with involvement of pair box protein Pax3 and
Pax7 in myogenic activation. Myogenic cell differentiation
is regulated by myogenic regulatory factors (MRFs) such as
MyoD1, myogenin, herculin (MRF 4) and myf5. Associated with
expression of these mediators, myoblasts form new myotubes
through the steps of differentiation and maturation, and
eventually, satellite cells generate new myotubes that fuse with
existing myofibers to augment and repair damaged muscle [5].
Regenerative medicine utilizes new and old scientific techniques, and discoveries in this arena hold the promise for
advances in muscle regeneration [6]. This field studies the
development and regeneration of cells, tissues, and organs by
using pluripotent cells, biomaterials scaffolds, and bioreagents
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such as growth factors with the aim of recovering body
function, and have been applied in clinical studies of skeletal
muscle regeneration in trauma patients [7-9]. A side from
the viability of the cell itself, the extracellular environment
is considered one of the most important factors for cell
growth into functional tissue. Extracellular matrix provides
a microenvironment for cell growth and differentiation
based on its structure, and content of factors that assist cell
migration, localization, and differentiation [10].
A type of extracellular matrix derived from decellularized
porcine urinary bladder mucosa [11] has been shown to
improve different types of tissue regeneration in vivo [12,13].
UBM contains over 90% type I, III, IV and V collagens with
other components including glycosaminoglycans (GAG),
transforming growth factor, basic fibroblast growth factor,
vascular endothelial growth factor. Beattie et al., reported that
UBM treatment improved tendon repair, which is associated
with chemotaxis of multipotential progenitor cells to the
wound site [14], and this benefit might be the result of
bioactive components released from UBM [15].
A recent clinical case reported robust improvement of
muscle mass and function recovery with porcine derived extracellular matrix treatment in a volumetric muscle loss (VML)
trauma patient [16]. Comparing the data obtained 5 months
prior to UBM implantation and 9 months after, muscle mass
increased by 15% and muscle function over 20% via leg
extension torque test. However, the underlying mechanism
of the action of UBM was not fully understood. As a potential
explanation, we wonder whether that UBM improves muscle
regeneration after injury through augmented myogenic
pro-genitor cell proliferation and differentiation. Thus, the
aim of this study was to investigate the effect of UBM on
skeletal satellite cell regulation after local injury. Application
of a liquid nitrogen cooled probe caused a well-defined discshaped cryolesion. This technique has been used repeatedly
for related experiments in myocardial [17,18], smooth muscle
[19], and skeletal muscle injuries [20]. Using this model, we
found that UBM treatment has a positive effect on satellite
cell proliferation and differentiation following a local injury.

Methods

Animal experiments

Homozygous immunodeficient mice (strain RAG2-/-, γc-/-)
originally purchased from Taconic (Germantown, NY) were
maintained in an animal barrier facility as a breeding colony.
All animal procedures were performed in adherence to the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals and were approved by the Institutional
Animal Care and Use Committee of the University of Texas
Health Science Center at San Antonio, TX.
Thirty-five male mice (8 to 12 weeks old) were anesthetized
with avertin (250mg/kg of body weight) intraperitoneally.
Under general anesthesia, mice were shaved on the lower
dorsal surface. Skin was then incised along the midline
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and the gluteus maximus muscle was exposed. A 30.5cm
long copper probe with an oval shape end (4x6mm) was
immersed into liquid nitrogen before each injury. The
pre-cooled probe end was directly applied on the gluteus
maximus muscle bilaterally for twenty seconds to induce
tissue cryoinjury. Following injury 200µg of UBM powder
(ACell, Columbia, MD) suspended in 20µl of 50% Matrigel
solution (BD science, San Jose, California), was injected into
the center of the injured muscle using a 1.3cm 25G gauge
blunt needle and 50µl glass Hamilton syringe (Hamilton Co.,
Reno, NV); and 20µl of 50% Matrigel solution without UBM
into the contralateral muscle. The skin incision was closed with
surgical staples. Animals were allowed to fully recover on a
35°C ambient temperature padding and housed individually
with acetaminophen supplied in the drinking water (1mg/ml).
At days 1, 3, 7, 14 and 28 after injury, animals were sacrificed
(n=7/time point) and the gluteus muscle, including gluteus
maximus, gluteus medius and gluteus minimus muscle were
harvested. Muscle tissues was weighed and bisected through
the wound center. One half of the sample was fixed in 4%
fresh paraformaldehyde (PFA) for histological processing;
and the other half was snap-frozen in liquid nitrogen and
stored in -70oC for molecular analysis. Five mice without any
interventions served as a control group.

Tissue histomorphology with hematoxylin & eosin (H&E)
staining
The muscle tissues were fixed overnight in 4% PFA in 0.1M
Phosphate Buffer (PFA) and paraffin embedded as described
previously [21]. Paraffin blocks were sectioned, and five
cross-sectional planes were acquired from the center of the
injury site to the wound edge at 40µm intervals in order to
determine the center of the lesion. Tissue sections (5μm)
were deparaffinized and rehydrated using graded alcohol
concentrations followed by H&E staining method. The image of
the entire cross sectional plane was captured by using a Nikon
Eclipse 6400 light microscope equipped with a Photometrics
Colorsnap CF camera, computer controlled with RS image
software (Photometrics, Tucson, AZ). Cells with centrally
located nuclei were considered as regenerating myoblast and
myotubes. Nuclei with no discernible surrounding cytoplasm
were not counted. Muscle tissue damage and regenerating
areas were measured and the number of regenerating myotube
was counted by a blinded observer.

Immunofluorscent staining

5 µm tissue sections were deparaffinized, rehydrated in
graded alcohol and washed with PBS buffer. Sections were
then immersed into sodium citrate buffer (10 mM sodium
citrate, 0.05% Tween 20, pH 6.0) and heated for 30 minutes
for antigen retrieval. After blocking with 10% goat serum for
60 minutes, sections were incubated with either 1:20 of Pax7
primary antibody (Santa Cruz Tech, Santa cruz, CA) followed
by 1:500 Cy3 anti-mouse IgG, (Jackson Immuno Research
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Laboratories, West Grove, PA) or 1:300 of Ki-67 primary
antibody (Millipore, Billerica, MA) with1:500 Alexa Fluor 594
Goat Anti-Rabbit IgG (Invitrogen, Carlsbad, CA) and1:500
Alexa Fluor 488 phalloidin (Invitrogen, Carlsbad, CA). Sections
were added 25µl of ProLong Gold anti-fade reagent with DAPI
nuclear staining (Invitrogen, Carlsbad, CA) before coverslip
mounting. Five images were obtained for each slide with a
Nikon Eclipse TE2000-U microscope with CCD camera under
40X objective. The numbers of Pax7+ cell and Ki-67+ cell were
counted by a blinded observer.

reference gene. Relative quantitation of target mRNA levels
was performed by the 2-DDCt method.
Statistical analyses were performed by Sigma Plot 12 software
(Systat Software, Inc, San Jose, CA) using one-way analysis
of variance with Bonferroni t-test or paired t-test where
appropriate. Data were reported with mean and standard
error of the mean (SEM). Significance of statistical results was
accepted with an a priori α of 0.05.

Western blot

Results

Statistical analysis

25 mg of muscle tissue was homogenized in 150 mM NaCl, Time course of histological changes after cryoinjury
50 mM Tris-HCl, pH 7.8, 1% (w/v) Triton X-100, 1 mM EDTA, 0.5 H&E stained slides demonstrated that muscle tissue was
mM phenylmethanesulfonyl fluoride, 1X Complete protease damaged after injury, as evidenced by cell swelling, sarcolemma
inhibitor mixture (Thermo Fisher Scientific Inc., Waltham, MA) destruction, disappearance of skeletal muscle striated struand a phosphatase inhibitor cocktail (Sigma-Aldrich, St. Louis, ctures, and neutrophil/macrophage infiltration into the lesion
MO). The homogenate was centrifuged at 20,000 xg for 30 area starting on day 1 after injury. Regenerating myoblasts
minutes at 4°C and the pellet discarded. Twenty micrograms of and myotubes with centrally located nuclei appeared at
each protein sample was subsequently analyzed by SDS-PAGE day 7 and then migrated to the center of the wound. At day
and western blot. Proliferating cell nuclear antigen (PCNA) 28, myotubes occupied the wound site in the muscle and
and glyceraldehyde 3-phosphate dehydrogenase(GAPDH) crossed with newly formed myofibers (Figure 1). The area
antibodies were purchased from Cell Signaling Tech, Inc. of the lesion in the tissue cross section plane reached a
(Danvers, MA). SuperSignal West Pico Chemiluminescent peak at day 3 after injury (9.14±0.69mm2 in injury group;
Substrate was purchased from Thermo Scientific Inc, (Rockford, 8.33±0.84mm2 in UBM group) and declined afterwards in
IL). Band intensities were quantified with the GeneSnap/ both groups; while the area of regenerating myotubes were
GeneTools software (Syngene, Frederick, MD).
increased day 7 after injury (1.37±0.43mm2 in injury group &
1.52±0.76mm2 in UBM group at day 7; 4.19±0.24mm2 in injury
Quantitative PCR
group & 4.14±0.78mm2 in UBM group at day 14). We did not
Total RNA was extracted from 25mg of tissue using RNeasy observe muscle histological differences between UBM and
Fibrous tissue mini kit (Qiagen, Valencia, CA). RNA yield was sham treatment until after day 14 from injury. Interestingly,
measured using a NanoDrop 3300 Fluorospectrometer the regenerating myotube number significantly increased
(Thermo Fisher Scientific Inc, Wilmington, DE). One microgram in muscle tissue at day 28 with UBM treatment compared to
of RNA sample was incubated with 250ng of random primers sham treatment (p<0.05) (Figure 2).
(Promega, Madison, Wisconsin), 2.5µM of dNTP mix (Invitrogen,
Carlsbad, CA) and 50 units of superscript RT transcriptase
(Invitrogen, Carlsbad, CA) to make a cDNA template. Real
time quantitative PCR (qPCR) was performed with standard
curve method using ABI 7900HT fast real-time PCR system
installed with SDS 2.4 standalone software (A&B Applied
80 μm
Normal 80 μm
Day 1 80 μm
Day 3
Biosystems, Carlsbad, CA). Gene expressions of MRFs including
MyoD1 and myogenin were examined. Primers were designed
using Primer-BLAST (NCBI) (Table 1). GAPDH was used as a
Table 1. Mouse specific primer sequences for qPCR analysis.
Target Gene NCBI Reference
Sequence

Forward primer,
Oligo sequence
(5’ to 3’)

Reverse primer, Oligo
sequence (5’ to 3’)

MyoD1

NM_010866.2

ACGACTGCTTTCTTCACCACTCCT

TCGTCTTAACTTTCTGCCACTCCG

Myogenin

NM_031189.2

ACAGCATCACGCCCTGCTAGTGGAGGATATGT CAGAAGTGATGGCTTT

GAPDH

XM_001479371.3

ACCCCCAATGTATCCGTTGT

TACTCCTTGGAGGCCATGTA

80 μm

Day 7 80 μm

Day 14 80 μm

Day 28

Figure 1. Histologic morphology of gluteus muscle from
day 1 to 28 after injury. Muscle tissue was H&E stained and
examined under a light microscope.

Satellite cell activation and proliferation increased with
UBM treatment after injury

Paired box protein Pax7 is a recognized marker of satellite cells.
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PaX7 +(cy3)

Nuclear (DAPI) Double Staining

Normal

B
50 μm

Injury

50 μm

UBM

Day 1

Day 3

Day 7

Day 14

Day 28

Injury

Regenerating myotube number at day 28
UBM

C

Injury

Normal
Injury
UBM

UBM
Normal Day 1 Day 3 Day 7 Day14 Day 28

Figure 2. H&E stained tissue slides from sham treatment
(Injury) and UBM treatment (UBM) at 28 days after injury
and statistics results of regenerating myotube number.
Myotube was considered as a developing muscle cell with one
or multiple, centrally-located nucleuses, muscle cell without
centrally-located nucleus was not counted. Value was presented
as mean±SEM. *p<0.05, UBM treatment group vs. Injury sham
group.

It is expressed in both quiescent activated satellite cells and
gradually decreases with maturation to new myofibers [22].
The double immunofluorescent staining results showed that
Pax7+ myocytes overlapped with DAPI blue stained nuclear
and resided between the basal lamina and sarcolemmain
normal mouse muscle tissue (Figure 3A). The number of Pax7+
satellite cell significantly increased in gluteus muscle at day 1
after injury, (p<0.05) and gradually decreased after reaching
the peak at day 3. The number of Pax7+ satellite cell increased
continually in muscle with UBM treatment during the time of
course of experiment, and there were significant differences
in muscles between UBM and sham treatment at day 7 and
day 28 (p<0.05) (Figures 3B and 3C).
Ki-67 is a nuclear protein that is associated with cellular
proliferation. We found that Ki-67+ satellite cell was red stained
and localized between the base membrane and the edge of
sarcolemma in muscle tissue (Figure 4A). The number of Ki67+ satellite cells in gluteus muscle decreased at day 1 after
injury (p<0.05, vs. normal control). The number of Ki-67+ cell
was significant higher in muscle tissue with UBM treatment
than that of vehicle treatment at day 14 and 28 (p<0.05)
(Figures 4B and 4C). To follow up the immunofluorescent data,
we examined another cell proliferation maker proliferating
cell nuclear antigen (PCNA). Western blot results showed that
the ratio of PCNA to GAPDH was significantly higher in the

Figure 3. Mouse muscle tissue was double stained with red
Cy3 labeled Pax7+ antibody and blue nuclei DAPI (A)in
normal mouse muscle tissue and (B) during the time course
of experiment. (C) Statistics results of Pax7+ cell number after
injury. *p<0.05, UBM treatment group vs. Injury sham group;
#, p<0.05, Injury sham group vs. normal control group; +,
p<0.05, UBM treatment group vs. normal control group.

muscle tissue from UBM treated than those from sham treated
at day 14 and day 28 after injury (p<0.05) (Figures 4D and 4E).

Myogenic progenitor cell differentiation in mice gluteus
muscle after cryoinjury

Myogenic differentiation markers MyoD1 and myogenin both
mRNA levels significantly increased at day 3 and 7after injury
(p<0.05). The expression of MyoD1 reached peak levels earlier
at day 3 in both UBM and sham treatment groups; while the
expression of myogenin gradually increased and reached the
highest level at day 7 in both groups. Although MyoD1 and
myogenin decreased day 7 after injury, the levels of MyoD1
and myogenin were significantly higher in muscle tissue
with UBM treatment at day 28 after injury (Figures 5A and 5B)
MyoD gene expression was confirmed with its protein level.
Western blot data showed that the absorbance ratio of MyoD1
to GAPDH was significantly greater in injured muscle with
UBM treatment at day 28 (p<0.05) (Figure 6).

Discussion

In the current study, we showed that myogenic progenitor
cells activated and differentiated in gluteus muscle during
muscle regeneration following local cryoinjury. Furthermore,
we found that UBM treatment improved satellite cell activation
and differentiation and thus augmented skeletal myogenesis
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A

Phalloidin (Alexa-488) Tripled staining

MyoD1 expression

Control
Injury

Control
Day 1

Day 3

Day 7

Day 14

Day 28

Injury

Fold change

B

UBM

UBM

B

Normal
Injury
UBM

Myogenin expression

Control
Injury

PCNA expression day 14

Injury

UBM
PCNA

GAPDH

E

PCNA expression day 28

Injury

Fold change

UBM

UBM
PCNA

GAPDH

Figure 4. Satellite cell proliferation was assessed by
immunofluorescent staining and western blot. (A) Ki67+ cells labeled with Alexa-594 were localized between
the basement membrane and sarcolemma (red stained),
myonuclei were blue stained with DAPI, and scaroplasma
stained with Alexa-488conjugated phalloidin from normal
animals; (B) Merged triple staining images from animals with
injury (upper) and UBM (lower) groups; and (C) Statistics
description of the number of Ki-67+ satellite cell after injury.
Western blot data and statistics analysis showed that the
expression of PCNA and GAPDH in animal muscle tissue
(D) at day 14 and (E) day 28 after injury. *p<0.05, UBM
treatment group vs. Injury sham group; #, p<0.05, Injury
sham group vs. normal control group; +, p<0.05, UBM
treatment group vs. normal control group.

with accrual of myotube within a month of injury.
Muscle regeneration starts after an injury. A time course
study showed that muscle enzymes (creatine kinase and lactate
dehydrogenase) were maximally decreased in muscle tissue
lysate within 3 days and returned to baseline levels by day 14,
which is consistent with injury and regeneration observed by
histology [23]. In the current animal model, we also observed
the similar pattern of skeletal myogenesis following the local
cryoinjury. Muscle histomorphology in this study showed that
muscle regeneration with myoblast and myotube appearance
at day 7 following the muscle tissue damage.
The RAG2-/-/γ c-/- double mutant mice are completely de-

Figure 5. Myogenesis markers (A) MyoD1 and (B)
myogenin expressed in mouse muscle tissue after injury
from day 1 to day 28. Gene expression level was detected
by real-time qPCR. The fold change of target gene was
presented as mean ± SEM. *p<0.05, UBM treatment group
vs. Injury sham group; #, p<0.05, Injury sham group vs.
normal control group; +, p<0.05, UBM treatment group vs.
normal control group.

MyoD protein level at day 28
Ratio of MyoD to GAPDH

Ratio of PCNA to GAPDH

D

Proliferating satellite cell number

Ratio of PCNA to GAPDH

Ki-67+ cell number

C

Injury

UBM
MyoD
GAPDH

Figure 6. Western blot data and statistics analysis showed
that protein levels of MyoD1 and housekeeping protein
GAPDH in mouse muscle tissue at 28 after injury. *p<0.05,
UBM treatment group vs. Injury sham group.
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pleted lymphocytes (including T, B and NK cells), but still
keep populations of neutrophil and macrophage. Lack of
adaptive immune response could affect to determine the
role of UBM application in muscle regeneration. Macrophage
plays a critical role of regulating muscle cell turn over after
injury, especially type II macrophage is beneficial of tissue
remodeling and muscle repair [24]. We did not evaluate type
I and type II macrophages in response to UBM treatment in
this study. The role of macrophage in response to ECM for
tissue regeneration and remodeling has been well studied.
Badylak in 2008 reported that CD68+ (pan macrophages)
mononuclear cells aggregated with implanted biologic
scaffolds from porcine small intestinal submucosa (SIS) in rat
during the first 4 weeks. Further looking at subpopulation
of macrophage, CD163+ positive stained macrophages (M2
profile) were dominated in SIS implantation site and showed
constructive remodeling at 16 weeks [25]. In 2009 Brown
studied macrophage phenotype in response to UBM in a
rat model with abdominal wall muscle defect. Results from
gene expression and protein level showed a predominant
M2 type response and resulted in constructive remodeling
with acellular UBM implantation; predominantly M1 type
was observed in compared group containing a cellular and
resulted in deposition of dense connective tissue and/or
scarring [26]. In the current model, we observed activation of
innate immune response with neutrophil and macrophage
infiltration at early time points after cryoinjury. Those similar
changes of muscle injury have been shown in wild type mice
from Shireman’s study [23]. The current animal model can be
further developed to optimize muscle regeneration with a
combination intervention of human derived stem cell and
UBM treatment.
Pax7+ cell number increased at day 1 after injury indicates
that muscle progenitor cell (satellite cell) response to injury
stimulation at the earlier stage. MyoD1 is one of the earliest
markers of myogenic commitment and play a key role in
regulating muscle differentiation. MyoD1 is expressed in
activated satellite cells, but not in quiescent satellite cells [27].
Myogenin is a muscle-specific basic-helix-loop-helix (bHLH)
transcription factor involved in the coordination of skeletal
muscle development and repair. Myogenin was proved to be
responsible for the induction of terminal differentiation and
activates the expression of skeletal muscle-specific products
creatine kinase and myosin heavy chain [28]. In the current
study, MyoD1 and myogenin increased at day 3 and day
7 respectively by following the activation of Pax7 at day 1
after injury. Those signal alterations were also compatible to
histologic change of regenerated muscle tissue.
The benefit of UBM in muscle regeneration has been reported in several studies. However, there is little information
of UBM regulating skeletal satellite cell after injury. Based on
satellite cell alteration in response to injury stimulation, we
focused the effect of UBM treatment on skeletal myogenesis
from day 1 to 28 after injury in the current study. We observed

doi: 10.7243/2050-1218-3-3
that UBM induced additional satellite cell activation and
differentiation, and increased myotube number in muscle
regeneration at day 28 after injury. Because we focused on the
satellite cell alteration in the current study, we did not examine
the effect of UBM longer than day 28 after injury. Based on the
current finding, a logical thought is that increased myotube
formation should support muscle regeneration with functional
recovery evidenced at later time points. Indeed Merritt et al.,
reported that vascularization and myoblast regeneration
started at day 42 after muscle injury with UBM treatment
in a rat model [29]. Our results demonstrate that UBM kept
activating satellite cells 28 days after injury, which suggests
that UBM treatment might improve muscle regeneration at
even later than 28 days after injury. We are in the process of
extending our observations to later time points with paired
functional muscle strength assessments.
Satellite cell is a major resource to initiate muscle regeneration. The current study was to investigate whether UBM
mediates muscle progenitor cell satellite cell in muscle
regeneration. Many studies revealed stem cells derived from
different resource, such as synovial membrane, [30] fat, [31]
bone marrow [32] could involve muscle regeneration in muscle
repair. Since UBM has been shown to recruit multipotential
progenitor cells to the wound site [14], it is a logical thought
that other types of multipotential stem cell serve as upstream
of muscle progenitor cells and contribute to the mechanism
of UBM improving muscle regeneration.
UBM involves tissue regeneration by its own physical
structure and bio-active components [33]. Nelson observed
the importance of extracellular matrix (ECM) molecules
proteoglycans as part of the myogenesis signaling mechanism
[34]. Growth factors including TGF-β, b-FGF and VEGF were
found in ECM scaffolds which are critical for tissue regeneration
[35,36]. More over b-FGF can be preserved its bioactivity in
ECM after prolonged storage [37]. Though we focused on the
satellite cell alteration within a 28 day period in the current
study, a long-term effect study of UBM on skeletal myogenesis
in response to injury accompanied with muscle functional
recovery test will be consideredin the future.
Myogenesis improvement with UBM treatment is associated
with vascularity and innervation present at the site of tissue
remodeling. In vitro study showed that UBM supported the
attachment and proliferation human microvascular endothelial
cell (HMEC). The effect of UBM in vascularization augment has
been confirmed for cardiac repair in vivo [38].
An Egypt group reported wound vascularity increased in
a full-thickness wound healing study with a combination
treatment of keratinocyte and UBM [39]. Badylak et al., found
evidence of mature nerve, immature nerve and Schwann
cells within the remodeled ECM at 28 days in the rat body
wall model, and they further observed that neuronal survival
and out growth were supported by the ECM substrate in
vitro [40]. Although we focused on muscle cell response
to UBM treatment in current study, further investigation of
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neuromuscular junction (expressed with anti-synaptic vesicle
protein 2 (anti-SV2) and α-bungarotoxin (α-BuTX)) associated
with UBM treatment be considered.
Several animal models have been used to study muscle
regeneration. The model of cardiotoxin-induced muscle injury
[41] might be more common. However the biologic activities of
myotoxin are not fully understood nor is it akin to commonly
encountered clinical reasons for muscle loss, and there is
little information about its disturbance of UBM effect. There
are other methods, including laceration, denervation, and
devascularization of muscle to induce muscle regeneration
after injury. We chose the cryoinjury model because it is
feasible and able to deliver a unified and extensive size of
injury consistently. The current injury model had a similar
time response pattern of myogenesis compared to other
injury models in muscle regeneration study.
In conclusion, UBM application improved satellite cell
proliferation and differentiation 28 days after injury. This
finding provides potential mechanisms for changes seen with
UBM treatment clinically, and provides insight and direction
for future study.
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