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Characterization of the purification and primary
culture of adult canine myoblasts in vitro
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Abstract. The aim of the present study was to explore a
simple and efficient procedure to culture and purify adult
canine myoblasts in vitro. Muscle from adult Beagle canines
was isolated and harvested by mechanical decomposition and
two-step enzyme digestion. The cells were then purified by
a method involving differential adherent velocity and flow
cytometry. The morphologic properties and growth states of the
cells were observed, and the cell phenotype was characterized
by flow cytometry, reverse transcription-polymerase chain
reaction (RT-PCR) and immunocytochemistry. Approximately
98% of the adult canine muscle cells were positive for CD56
by flow cytometry. These cells expressed MyoD and myogenin
as determined by RT-PCR, and desmin as determined by
immunocytochemistry. Our method proved to be convenient
and practical with a high probability of success. Studies of cell
therapy using highly purified myoblasts may now be broadly
applied to canine models of human muscle and non-muscle
diseases.

Introduction

Myoblasts, situated beneath the basal lamina that surrounds
each myofiber, persist in mature muscle as satellite cells,
continue to fuse to adjacent myofibers during postnatal
growth, and provide a source of cells for new muscle forma-
tion during muscle regeneration after injury (1). Native
desmin-positive myoblasts, cultured as single cells, yield
two major populations of myoblasts: a-sarcomeric (a-SR)
actin-positive myoblasts and desmin-positive myoblasts. In
appropriate culture conditions, a-SR actin-positive myoblasts
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fuse into myotubes, whereas a population of desmin-positive
non-fusing myoblasts (NFMBs) survive for weeks among the
myotubes without fusion. These results suggest that muscle
stem cells are present among NFMBs (2), and recent results
have confirmed that human myoblasts contain muscle-derived
stem cells (3).

The MyoD transcription factor plays a central role in the
signaling pathways that regulate muscle development. The
transfection and the subsequent forced expression of the
MyoD gene in a variety of differentiated non-muscle cell types
(fibroblasts, fat, melanoma, neuroblastoma, chondroblast, liver
and retinal pigmented epithelial cell lines) may initiate the
process of myogenesis (4). Myogenin, a member of the MRF
family, also contains a myc-like region that is essential for
myogenesis (5).

In 1990, Dr R.S. Walsh proposed that NCAM was a target
cell surface antigen for the purification of muscle cells for
myoblast transfer therapy (6). Since then, NCAM has been
used for either the identification of myoblasts or the develop-
ment of antibody-based purification techniques. NCAM cell
surface expression can be identified by flow cytometric anal-
ysis with CD56 monoclonal antibodies. In vitro-propagated
human myoblasts express the myoblast marker CD56 but not
TE7, a marker associated with the muscle-derived fibroblast
phenotype (7).

Myoblast grown in vitro may be used as a ‘cell therapy’
for hereditary muscle diseases (8). In addition to the treatment
of intrinsic muscle diseases, the principles of myoblast trans-
plantation have been extended to the treatment of hormone
deficiencies (9), coagulation disorders such as hemophilia (10),
stress urinary incontinence (11) and even neurodegenerative
diseases (12). In addition, myoblast therapy has been applied
to joint injury (13).

Many investigators have used pure myoblast populations
from established cell lines for transplantation (9,14). However,
when transplanted into muscle in vivo, these cell lines have a
propensity to form aberrant muscle fibers and even undifferen-
tiated tumors (15). Primary cultures may overcome the limited
host range of the currently available myogenic cell lines since
they can be derived from any strain. Primary cultures may
also avoid the problem of immunogenicity which is present
with mixed primary cultures. Moreover, substrate- and often
anchorage-independent growth, unlimited proliferation poten-
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tial and low requirements for serum and growth factors are all
typical of cell lines and atypical of primary cells.

However, primary muscle cell preparations are often
contaminated with a significant number of non-myogenic
cells, such as muscle-derived fibroblasts. Most studies have
used primary cultures from dissociated muscle, which are
mixtures of myoblasts and non-myogenic cells that are mostly
muscle-derived fibroblasts (11,16). Under standard culture
conditions, muscle-derived fibroblasts frequently overgrow
the cultures, while myoblasts tend to differentiate and fuse
into postmitotic, multinucleated myotubes. However, pure
myoblasts are needed for use in cell therapies.

Although culture conditions have been established for
the clonal growth of chicken, rat, human, mouse and fetal
canine myoblasts (17-21), few previous reports have described
detailed conditions for the successful cloning of highly puri-
fied primary adult canine myoblasts.

Materials and methods

Animals. Beagle canines, ~1 year old, were obtained from the
Agricultural Institute of Shanghai Jiaotong University, China.
Animal care and experimental procedures were in accordance
with the guidelines of the Administrative Panel on Laboratory
Animal Care of China.

Preparation of primary cultures. Approximately 1 g of
muscle from the hind limb of Beagle canines was dissected
under sterile conditions. The muscle was minced into a coarse
slurry using sterile surgical scissors and forceps. The muscle
slurry was enzymatically dissociated by the addition of 0.25%
trypsin-EDTA and 0.2 mg/ml type IV collagenase (class
IV) (both from Gibco-BRL). The muscle slurry was then
incubated overnight at 37°C in a humidified air atmosphere
containing 5% CO,. On the next day, the slurry was passed
through an 80-xm nylon mesh (Millipore Inc.). The filtrate
was spun at 800 rpm to sediment the dissociated cells, the
pellet was resuspended in growth medium, and the suspension
was plated in culture flasks.

Culture conditions. Growth medium for primary adult canine
myoblasts consisted of Ham's F-10 nutrient mixture supple-
mented with 20% FBS (both from Gibco-BRL) and 2.5 ng/
ml bFGF (Sigma, USA). Cell fusion into multinucleated and
elongated myotubes was monitored by replacing the growth
medium with differentiation medium. Differentiation medium
consisted of DME (Gibco BRL) supplemented with 2% horse
serum (HyClone, USA). All media contained penicillin G
(100 U/ml) and streptomycin (100 ug/ml). Cells were grown
in plastic tissue culture flasks in a humidified incubator at
37°C in 5% CO,. The growth medium was changed every
2 days, while the differentiation medium was changed daily.
The morphology of isolated cells was visualized by phase-
contrast light microscopy using an Olympus IX70 inverted
microscope.

Cell purification by the differential adherent velocity method.
Primary isolated cells from adult canine muscle tissue were
first purified using a previously described technique (22).
The cells were pre-plated in culture flasks and incubated in
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an incubator at 37°C in 5% CO, for 2 h. The supernatant was
then withdrawn from the flask and replated in a fresh flask.
The cells that adhered rapidly during this 2-h incubation were
mostly fibroblasts. Each time the cultured cells were passaged,
the same process was repeated.

Cell purification and determination by flow cytometry. The
percentages of CD56* and TE7+ cells in the primary myoblast
cultures were analyzed by Beckman Coulter flow cytometry.
Since passage may have changed cell morphology, sorting
by flow cytometric analysis was conducted prior to the first
passage. Cultured cells were trypsinized, spun, washed in
cold PBS containing 0.5% BSA (Roche, USA) and counted.
The cells were then divided into equal aliquots (~5x107 cells/
ml) and spun to a pellet. FBS (4%) in a PBS solution was used
to resuspend each pellet, and the suspensions were incubated
for 10 min on ice. For cell sorting, the primary antibody
(mouse anti-canine CD56, 1:200 dilution in 3% BSA/PBS;
Santa Cruz, USA) was added directly to the tubes for 30 min
at room temperature. The cells were then washed three times
by centrifugation at 1,800 rpm for 5 min, and they were resus-
pended in ice cold PBS. The fluorochrome-labeled secondary
antibody (goat anti-mouse, coupled to biotin and detected
with streptavidin coupled to phycoerythrin) was added to the
tubes containing the cells, and they were incubated for at least
20 min at 4°C in the dark. For cell determination, both the
primary antibodies (mouse anti-canine CD56 and TE7 at a
dilution of 1:200 in 3% BSA/PBS) and the secondary antibody
(CD56: anti-mouse monoclonal antibody coupled to biotin
and detected with streptavidin coupled to phycoerythrin; TE7:
anti-mouse monoclonal IgG coupled to FITC) were added to
the same tubes. After centrifugation at 1,800 rpm for 5 min,
the cells were ready for analysis by flow cytometry. Following
sorting, the cells were plated on culture dishes for continued
culture. The sorting by flow cytometry was applied once.

Assessment of growth indices of primary myoblasts. To assess
the growth properties of purified adult canine myoblasts, the
P4 (purified and passaged four times) cells were plated at
a density of 1x10* cells/ml in a 6-well culture dish, and the
number of cells in each dish was determined by hemacytom-
eter counts after the cells were suspended by trypsinization
every 24 h. The population doubling times of the cells were
determined during the periods when the cells were in log-
phase growth.

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from the cultured myoblasts,
muscle-derived fibroblasts and spermatogonia with TRIzol-
trichloromethane reagent, precipitated with isopropanol
and washed with ethanol. Total cellular RNA was used as
a template for the synthesis of first-strand cDNA by reverse
transcription (RT). A reaction mixture containing oligo (dT),
1 pg of total cellular RNA and distilled water in a total volume
of 7 ul was heated at 70°C for 5 min. Reverse transcriptase,
RNAase inhibitor and dNTPs were then added to reach a total
volume of 20 ul, and the mixture was incubated at 37°C for 2
h. Subsequently, the tubes were either stored at -20°C or used
immediately for PCR amplification. PCR amplification of
first-strand cDNA was carried out using a final volume of 20 pl



comprising 10 mM Tris-HCL (pH 8.3), 50 mM KCl, 1.5 mM
MgCL,, 200 uM of each of the 4 dNTPs and 0.5 units of
AmpliTaq (Takara, USA). The reaction mixture was preheated
at 94°C for 3 min (hot start PCR), then cycled 20-40 times in
a PCR thermal cycler (Minicycle™; MJ Research, USA). The
primers and conditions were as follows: i) MyoD-denaturation
for 30 sec at 94°C, annealing for 30 sec at 58°C, elongation for
50 sec at 72°C and extension for 10 min at 72°C for 35 cycles
yielded a PCR product of 972 bp. ii) Myogenin-denaturation
for 30 sec at 94°C, annealing for 30 sec at 57°C, elongation for
50 sec at 72°C and extension for 10 min at 72°C for 30 cycles
yielded a PCR product of 552 bp. iii) Fibronectin-denaturation
for 90 sec at 94°C, annealing for 60 sec at 55°C, elongation for
60 sec at 72°C and extension for 7 min at 72°C for 32 cycles
yielded a PCR product of 604 bp.

The following primers were used. MyoD: forward, 5'-CTG
CCGGGATATGGAGCTGCT-3"; reverse, 5'-CCCTCAGAGC
ACCTGGTAGATGG-3'. Myogenin: forward, 5-GGCTGCT
GGTCCCTCGCAG-3; reverse, 5-GCTCTGACCTCGGG
CTTCG-3'. Fibronectin: forward, 5~ AGAGCATAGACACTC
ACTTC-3"; reverse: 5-CAGAAATGACTATTGAAGGC-3.
B-actin: forward, 5'-CCTCTATGCCAACACAGTGC-3'; reverse,
5'-GTACTCCTGCTTGCTGATCC-3'; PCR product size, 211
bp (23).

After PCR amplification, electrophoresis was performed
using 10 pl of the product in a 1.2% agarose gel containing
0.1 ug/ml ethidium bromide. The results were photographed
with an ultraviolet transilluminator.

Immunocytochemistry for desmin staining. Cells were seeded
in a 6-well culture dish for desmin staining. When the cells
reached 30% confluence, they were fixed in 95% acetone in
PBS for 30 min at room temperature. All further incubations
were carried out at 37°C. Triton X-100 (0.25%), 5% DMSO in
PBS and 3% H,O, were used in turn. Goat serum (10%) was
used as a blocking solution for 30 min. An antibody to desmin
(mouse anti-canine monoclonal; Dako, USA) was applied at a
dilution of 1:100 and incubated at 4°C overnight. After rinsing,
an anti-mouse secondary antibody (1:200, DakoCytomation
Envision+® System Labelled Polymer-HRP) was applied
for 1 h. The cells were rinsed with PBS and DAB H&E was
applied to stain individual nuclei.

Results

Cell culture characteristics. The adult canine muscle cells
isolated from primary culture mostly contained muscle-derived
fibroblasts that easily adhered and proliferated rapidly. Those
cells were left behind and were gradually depleted from the
culture using our differential adherent velocity method. Under
the microscope, the muscle-derived fibroblasts appeared much
more flattened (Fig. 1A), whereas the myoblasts were more
compact and much smaller in diameter (Fig. 1B). The primary
adult canine muscle cells became 80% confluent after 5 days
of culture at a cell density of 5x107/ml. When primary muscle
cells became 80% confluent, they were passaged.

Before being sorted, the primary adult canine muscle cells
contained both myoblasts (CD56%), fibroblasts (TE7*) and
other cells (CD56- and TE7), as determined by flow cytom-
etry (Fig. 1C).
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Figure 1. Different cell populations in primary adult canine skeletal muscle
cells, as determined by morphology and flow cytometry. Muscle-derived
fibroblasts appeared much more flattened (A), while myoblasts were spindle-
like and much smaller in diameter (B) by morphology (x200). Myoblasts
(CD56%) , fibroblasts (TE7*) and other cells (CD56- and TE7") existed in the
primary adult canine muscle cells before being sorted by flow cytometry (C).
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Figure 2. The morphology of P4 adult canine myoblasts at different times:
12 h after seeding (A), 3 days after seeding (B), 5 days after seeding (C) and
7 days after seeding (D) (x200).

For the P4 cells, cellular morphology was observed at
different times. After being passaged, the P4 cells were plated
in a 6-well culture dish at a cell density of 1x10*/ml. The P4
cells floated immediately after being plated and displayed a
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Figure 3. Growth curve of the P4 adult canine myoblasts cultured in vitro (A).
Multinucleated, elongated myotubes fused by P4 adult canine muscle cells (B).
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rounded shape with high refraction. Twelve hours later, most
of the cells adhered to the dish and had a small diameter,
while there were still some non-adherent cells floating in the
medium (Fig. 2A). On day 3, almost all of the cells adhered
to the dish and appeared spindle-shaped (Fig. 2B). On day 5,
the mononucleated cells became 60% confluent and had a
characteristic elongated spindle shape (Fig. 2C). At this stage,
most of these cells were in close contact with their neighbors.
In addition, there were a few floating cells with low refraction,
implying cell apoptosis. On day 7, the cell confluence reached
80%, and the diameter of each cell became larger (Fig. 2D).
At this time, the cells were passaged, otherwise they may have
begun to differentiate into myotubes or die.

For the P4 cells, cellular proliferation was also assessed
over time by manual cell counting. The results demonstrated a
cell doubling time of 15+1 h. By day 7, the cell density reached
2x107/ml from the initial density of 1x10*/ml (Fig. 3A).

When the adult canine P4 myoblasts were cultured with
differentiation medium in 6-well culture dishes, the cells
proliferated in large quantities, and large multinucleated
myotubes were quite evident ~48 h after medium replacement.
By day 5, almost all myoblasts fused to form multinucleated,
elongated myotubes (Fig. 3B).

Myoblast phenotypic characterization. Myoblast phenotypic
characterization was performed by flow cytometry for CD56,
RT-PCR for myogenin and MyoD and immunocytochemistry
for desmin staining.
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Figure 4. Characterization of the myoblast phenotype. Approximately 98% of the P4 adult canine muscle cells were positive for CD56 (myoblasts) and negative
for TE7 (fibroblasts) after being purified by flow cytometry (A). The MyoD and myogenin genes (the myogenic cell-related markers) were expressed only by P4
adult canine muscle cells, while fibronectin (the fibroblastic marker) was expressed only by the muscle-derived fibroblasts as determined by RT-PCR (B). The
intermediate filament protein desmin (a myoblastic marker) was expressed by the P4 adult canine muscle cells as determined by immunocytochemistry staining

(C, x100; D, x200).



Approximately 98% of the P4 adult canine muscle cells
were positive for CD56 and negative for TE7 after being puri-
fied by our method (Fig. 4A). These results showed that highly
purified primary adult canine myoblasts may be obtained by
our method of purification.

RT-PCR analysis showed that the P4 adult canine muscle
cells expressed the myogenic cell-related markers, MyoD and
myogenin, instead of the fibroblastic marker, fibronectin. The
muscle-derived fibroblasts expressed the fibroblastic marker,
fibronectin, while they did not express myogenic cell-related
markers, MyoD and myogenin. The spermatogonia did not
express any of the above markers (Fig. 4B).

Immunocytochemistry staining showed that the P4 adult
canine muscle cells were positive for the intermediate filament
protein, desmin, which is a myoblastic marker (Fig. 4C and D).

Discussion

Myoblasts, which are adult stem cells and include skeletal
muscle cell precursors, have been reported to possess multi-
potential mesenchymal stem cell activity and are capable of
forming chondrocytes, osteocytes and adipocytes as well as
myocytes (24,25). These reports suggest that some degree of
plasticity remains before terminal myoblastic differentiation.
Therefore, myoblasts may potentially prove very useful for
the development of new therapeutic approaches aimed at the
regeneration of damaged or diseased tissues. Pure populations
of primary myoblasts may be an excellent source for cell
therapy as a) primary myoblasts have a remarkable prolifera-
tive capacity in vitro and fuse to host fibers; b) the hybrid fibers
formed are stable in syngeneic hosts without immune suppres-
sion; and ¢) primary myoblasts appear to have no propensity
to continue proliferating in an uncontrolled manner in vivo or
to form tumors (20).

Rando er al demonstrated that myoblast-enriched cultures
had a doubling time approximately 30% less (i.e., a higher
growth rate) than that of fibroblast-enriched cultures when
grown in F-10 (20). They also found that bFGF stimulated
the growth of primary myoblasts to a greater extent than
other growth factors, such as acidic FGF, platelet-derived
growth factors AA and BB, insulin-like growth factors I
and II, epidermal growth factor and leukemia inhibitory
factor; the maximal mitogenic effect of bFGF occurred at a
concentration of 2.5 ng/ml. In our study, F10 and bFGF (2.5
ng/ml) were also used for adult canine myoblast culture and
proved to be efficient. Myoblasts were successfully obtained
as indicated by the expression of the myogenin and MyoD
genes and CD56. On the other hand, both the primary cells
and the purified cells grew well without fusion into myotubes.
In addition, the cells purified after four passages (P4 cells),
which were almost all (98%) myoblasts, reached a density of
2x107 cells/ml on day 7. This may enable the use of myoblasts
in cell transplantation or therapy. When F-10 is replaced by
differentiation medium, extensive differentiation of adult
canine myoblasts occurs. This suggests that nutrient depriva-
tion enhances myoblast fusion into myotubes. We also found
that the purified adult canine myoblasts (at a cell density of
2x107/ml on day 7) appeared less proliferative than before
purification (at a cell density of 5x10”/ml on day 5). This may
have been due to fewer cell types in the culture.
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We sought to obtain pure populations of myoblasts from
primary cultures of adult canine skeletal muscle that were
mixtures of myoblasts and other cells, such as muscle-derived
fibroblasts, hemocytes, endothelial cells and adipocytes. Most
of the contaminating cells were muscle-derived fibroblasts.
In our culture procedure, adult canine myoblasts were first
isolated and harvested in vitro by mechanical decomposition
and two-step enzyme digestion. The suspended hemocytes
disappeared from the culture after several medium changes.
Almost all endothelial cells, adipocytes and some muscle-
derived fibroblasts were removed from the culture by our
differential velocity adhesion method. However, some muscle-
derived fibroblasts remained. To achieve highly purified
myoblasts, we used flow cytometric sorting with CD56 mono-
clonal antibodies to remove the remaining muscle-derived
fibroblasts. Using these procedures, we obtained highly puri-
fied myoblasts; approximately 98% of the cells were CD56* at
the 4th passage.

In conclusion, myoblast therapy is currently in early
phase clinical trials and has yielded positive results for
many intractable clinical conditions, including muscle-
and non-muscle-related diseases. The establishment of
the requirements for the superior growth of autologous
highly purified primary myoblast cultures will facilitate
myoblast transfer therapy. In our study, primary adult canine
myoblasts were obtained by mechanical decomposition and
two-step enzyme digestion. A nearly pure myoblast culture
(approximately 98%) was obtained by a combination of the
differential adherent velocity method and flow cytometry. To
summarize, our method of highly purifying primary adult
canine myoblast cells proved to be convenient and practical
with a high possibility of success. Our research has provided
a foundation for the research of cell therapy with pure
myoblasts from adult canine animals.
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