
Introduction

Human foetal tissue research has led to the develop-
ment of a number of important research and medical
advances, particularly in the area of transplantation.
Allogenic organ transplantation with foetal tissues
rather than adult tissues is attractive because of bet-
ter survival of the graft. In animal models, when adult 

allogeneic kidneys are transplanted into an immuno-
competent recipient, rejection occurs immediately,
causing deterioration of renal architecture and a 
dense lymphocytic infiltration [1, 2]. In contrast, trans-
planted foetal kidneys survive extremely well, show-
ing excellent maturation of renal elements and no
sign of rejection [3]. Studies with murine foetal kid-
neys demonstrated that there were decreased
expression of MHC [4] and some cell adhesion mol-
ecules (CAMs) such as N-CAM, A-CAM, ICAM,
VCAM [5]. These, together with a paucity of antigen-
presenting cells (APCs) [6, 7], meant that foetal kid-
neys induced a less effective alloantigen-primed T
cells response, leading to reduced immunogenicity.
However, other foetal tissues, such as skin, small
intestine, pancreas or liver, were rejected soon after
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transplantation [6, 8, 9].These results indicated that dif-
ferent foetal organs have variable propensity for rejec-
tion. Selective application of foetal tissues provides an
ideal candidate for organ replacement therapy.

Foetal cell therapy is another area of intense
research. Foetal cells, particularly stem cells, are
also clinically valuable for transplantation [8] because
they possess properties of intrinsic plasticity, robust
growth and proliferation, growth factor production,
and reduced antigenicity compared to adult cells.
Transplantation of foetal fibroblasts showed none of
the clinical or histological signs of acute inflammation
or rejection, while demonstrating better survival than
adult fibroblasts [10]. Foetal nerve cells are also being
examined as grafts for Parkinson’s disease [11, 12]
and amyotrophic lateral sclerosis (ALS) [13]. As our
understanding of stem cell biology improves, we will
hopefully learn how to manipulate these cells into dif-
ferentiating into a desired tissue, expanding the ther-
apeutic options [14]. It has been demonstrated that
stem cells can be modified to secrete biochemicals
to improve host cell survival or decrease inflamma-
tion. Neural stem cells derived from mouse foetus
endogenously secrete glia-cell-line-derived neu-
rotrophic factor (GDNF) and promote the recovery 
of dopaminergic neurons in nigral reconstitution of
dopaminergic-depleted areas in mouse models of
Parkinson’s disease. However, the current limited under-
standing of how stem cells differentiate after transplanta-
tion and the tumourigeneic potential of embryonic stem
cells are concerns in their clinical therapy.

Our laboratory has developed a novel approach to
cell-based therapy by encapsulating genetically
modified allogeneic cells secreting therapeutic prod-
ucts. Microcapsules composed of alginate-poly-
lysine-alginate (APA) layers provide a selectively per-
meable immuno-isolated microenvironment for allo-
geneic cells that protects them from host immune
mediators. The cells can be engineered to secrete
therapeutic proteins for the treatment of a variety of
diseases. The cells to be encapsulated should pos-
sess several properties such as: robust proliferative
potential necessary for gene transfection in vitro;
capability to express and secrete the transgene prod-
uct and the ability to maintain stable transgene
expression after encapsulation in vitro and in vivo.
Since the development of microencapsulation, many
cell lines have been identified that possess these
requirements and have successfully been used to
deliver therapeutic proteins in different animal mod-
els [15]. In general, immortalized cell lines survive

better than primary cells and are more feasible for
long-term applications, whereas ‘reservoirs’ of pri-
mary cells are hard to maintain because of their
inability to proliferate indefinitely following genetic
modification. Several types of proliferative cell lines
derived from fibroblasts 16], myoblasts [17], hybrido-
ma cells [18], PC12 [19], BHK [20], 293 cells [21–23],
CHO [24] have been used effectively in various types
of microcapsules. However, cultured myoblasts pos-
sess several advantages over other cell types when
used as recombinant gene product delivery vehicles
in immuno-isolation devices. They can proliferate
continuously, hence are amenable to genetic modifi-
cation, but they can also differentiate terminally. The
capability of myoblasts to withdraw from the cell
cycle through differentiation into myotubules circum-
vents the potential problem of continued proliferation
and overcrowding of cells within the microcapsules.
This permits maintenance of their long-term viability
in vivo and allows for sustained expression and
secretion of the therapeutic gene products, thus pro-
viding more long-term efficacy for disease treatment.
Murine myoblast C2C12 cells have successfully
delivered therapeutic proteins, such as human
growth factor [17], human factor IX [15] and �-glu-
curonidase [25] into corresponding animal models.
However, C2C12 is a transformed cell line which
causes tumour development in nude mice [26].
Diverse cell types, such as nerve cells, adipocytes
and fibroblasts, which can have undesirable or
unpredicatable effects on the transplantation,
inevitably contaminate cultured primary muscle cells.
However, in 1981, Webster & Blau developed a
method for the isolation of human myoblasts with
high purity [27]. The method was applied in this study
to isolate and establish primary human foetal
myoblasts for use in microencapsulated therapy. We
have compared the characteristics of human foetal
myoblast proliferation and differentiation in monolay-
er and after encapsulation with the C2C12 cells that
are widely used in mouse and in vitro experiments.

Materials and methods

Growth media

Growth medium for primary myoblasts contained Ham’s
nutrient mixture F-10 with 20% foetal bovine serum (FBS)
and basic fibroblast growth factor (bFGF) (1.0 ng/ml)
Differentiation medium for myogenesis consisted of
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Dulbecco’s Modified Eagle’s Medium (DMEM) supplement-
ed with 2% horse serum. The growth medium for primary
fibroblasts was made up of DMEM with 20% FBS. Murine
C2C12 myoblasts (ATCC, CRL#1772) were grown in DMEM
+10% FBS. All the cultures were grown in the presence of
penicillin (100 U/ml) and streptomycin sulfate (100 �g/ml).
The plates used for human foetal myoblasts were coated
with 0.01% collagen in 0.1 N acetic acid. Primary myoblasts
and fibroblasts were frozen in FBS + 10% DMSO.

Isolation of 

primary human foetal myoblasts 

The thigh muscle sample was obtained from a 9-week foetus
from a therapeutic abortion as approved by Institutional
Research Ethics Board according to guidelines established by
the Canadian Tri-Council Policy Statement on Ethical Conduct
for Research Involving Humans. Collected biopsies were
stored in cold F-10 medium before delivery to the laboratory.
The muscle tissue was washed with cold phosphate buffered
saline (PBS) 3–4 times to remove blood, carefully dissected in
F-10 medium on ice to remove as much connective tissue as
possible, and then minced into tiny pieces. The tissue was
then dissociated in TBA (0.11% trypsin, 0.11 mg/ml collage-
nase type II, 1% BSA) for 30 min. at 37�C with mixing at inter-
vals of 5 min. A total of 5ml of growth medium was added to
triturate with sterilized pipette to break up the clumps.The dis-
sociated cells were filtered through a cell strainer (100 �m,
Falcon, Becton Dickinson) to remove the undigested clumps
and then centrifuged at 1000 rpm � 10 min. (Allegra 6R
Centrifuge, Beckman Coulter) at 4�C.The pellet was suspend-
ed in 5 ml complete medium (F-10 + 20% FBS + 1% S/P + 1
ng/ml bFGF) and plated onto a non-collagen-coated plate for
incubation overnight at 37°C. The primary fibroblasts were
obtained by harvesting the attached cells on these non-coat-
ed plates. The medium with unattached cells was transferred
into a collagen-coated plate. In the first 2–3 passages, the
cells were plated on a non-coated plate for half hour after
digestion with 0.25% trypsin before transfer of the unattached
cells to a collagen-coated plate for further myoblast isolation.
The number of population doublings (PD) at every passage
was calculated according to the formula logN/log2, where N is
the number of cells at the time of passage divided by the num-
ber of cells initially attached after seeding. The cultured cells
were considered to have entered the senescent state when
their PD time exceeded 24 hrs.

Immunohistochemistry (IHC) staining

of desmin 

Cells were fixed in 95% methanol at –20°C for 20 min.,
rinsed in PBS and incubated in blocking solution (1% BSA

+ 0.5% Triton-100 in PBS) for 30 min. A monoclonal anti-
body of mouse anti-human desmin (PharMingen, Becton
Dickinson Inc., San Jose, CA, USA) was applied at a dilu-
tion of 1:1000 in blocking solution for 1 hr at room temper-
ature. The cells were then washed with PBST (PBS with
0.5% Triton-100), and alkaline phosphatase-conjugated
goat anti-mouse secondary antibody (Promega, Madison,
WI, USA) was applied at 1:1000 in PBST for 1 hr at room
temperature. The stain was developed with 5-bromo-4-
chloro-3-indolyl phosphate (BCIP) and nitro blue tetrazoli-
um (NBT) (Promega, Madison, WI, USA) according to
manufacturer’s instructions.

Microencapsulation of cells 

Cells were encapsulated as described previously [28].
Briefly, the cell concentration was 2.0 � 106 /ml 1.5%
Keltone potassium alginate (Kelco, Chicago, IL, USA). The
alginate/cell suspension was then extruded through a 27-
gauge blunt-end hypodermic needle (Vita Needle, MA,
USA) into a beaker containing cold 1.1% calcium chloride
solution to form gelled microcapsules of approximately 
500 �m in diameter, and then the microcapsules were sub-
jected to a series of washes to form microcapsules laminat-
ed with poly-L-lysine and alginate.

Release of encapsulated cells 

Microcapsules were transferred into 50-ml conical tubes
and washed four times with phosphate-buffered saline
(PBS). Sodium citrate (30 ml, 0.055 M) was added and the
tube was placed on ice on a rocking table for 10 min. The
microcapsules were drawn into a syringe and forced
through a 27-gauge needle to release the encapsulated
cells. The cells were then washed with PBS and spun at
1500 rpm at 4�C for 10 min.The cell pellet was washed and
centrifuged as before. This preparation was used for CPK
activity assay and for cytocentrifugation.

Determination of viable cell number

per capsule 

The number of viable cells from a known number of micro-
capsules was determined with AlamarBlue reagent
(AccuMed In, Westlake, OH). Five hundred microlitres of
growth medium were added into each well in a 24-well
plate, 100 �L suspended capsules or a serial dilution of a
known number of C2C12 or primary myoblast cells (as
determined by a Coulter Z1 particle counter, Coulter
Corporation, Mississauga, Ontario) were loaded into corre-
sponding wells, and then 50 µL AlamarBlue reagent was
applied to each well. After 4-hrs incubation at 37°C and 5%
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CO2, 100 µL medium from each well was transferred to a
clean 96-well (Nunc) plate and read with fluorescent reader
(GENios, TECAN Boston, MA) at an excitation wavelength
of 535 nm and an emission wavelength of 595 nm. Cell
number per well is determined with reference to the corre-
sponding standards. Capsules were then counted in each
well to estimate the number of viable cells per capsule.

Determination of myoblasts differentiation

Creatine phosphokinase activity (CPK). The cell pellet
or the cells released from the microcapsules were sus-
pended in 0.5 ml PBS for sonication to release intracellular
proteins. CPK activity was analysed using the CK-MPR1 kit
(Roche Diagnostics Inc., Indianapolis, IN). The change in
absorbance (at 340 nm) at 1 min. interval was used to cal-
culate the CPK activity (U/(g protein) according to the man-
ufacturer’s instruction. Protein was determined with the
Bradford assay according to manufacturer’s instruction
(BioRad, Mississauga, ON).

Myosin heavy chain immuno-stain. Unencapsulated cells
from monolayer or cells released from microcapsules were
spun onto microscope slides by cytocentrifugation. The
slides were then incubated at 37�C in PBST (PBS with
0.05% Tween-20) with 5% non-fat dry milk (NFDM) for 30
min., followed by a 60 min. incubation at RT in a 1:10 dilu-
tion of MF20 monoclonal antibody against myosin heavy
chain (ATTC CRL-2039, Rockville, MD) in blocking buffer,
and then a final 60 min. RT incubation with a 1:1000 dilu-
tion of alkaline phosphatase-conjugated goat anti-mouse
IgG antiserum (Promega, Madison, WI) in blocking 
buffer. The slides were then treated with substrate
NBT/BCIP (GibcoBRL, Galthersburg, MD) to develop the
stain for alkaline phosphatase activity according to manu-
facturer’s instruction.

Myogenic index. Cells deposited on microscope slides were
stained with Giemsa and examined under the light microscope.
Cells with more than three nuclei were scored as multi-nucleat-
ed myotubes. Myogenic index = number of multi-nucleate cells/
total number of cells in a visual field examined under a 10�

objective lense.At least 300 cells were counted for each sample.

Results

Enrichment of 

myoblasts from primary cultures 

Primary cultures of human foetal skeletal muscle
consist of a mixture of myoblasts and fibroblasts. To
enrich for myoblasts, we exploited their differences in

propensity to attach to non-collagen coated 
plates [27]. Primary fibroblasts attached to the plates
sturdily within 30 min., while myoblasts remained
unattached even after overnight incubation. It is
important also to separate these two populations at
the first few passages of the primary cultures. Hence,
after incubating the initial cell pellet isolated from the
tissues on un-coated plates at the first passage, we
transferred only the floating cells into collagen-coat-
ed plates the next day. In the following 2–4 passages,
only the floating cells were transferred into coated
plates after trypsinization and 30 min. incubation.

To assess the success of separating the
myoblasts from the fibroblasts primary cultures, we
stained for desmin which is an intermediate filament
protein and a biomarker of myogenic cells [29].
Figure 1B shows that the primary fibroblasts had a
low level (approximate 5%) of desmin positive cells,
indicating that the fibroblasts were likely contaminat-
ed with some myoblasts during the separating
process. However, the primary myoblasts cultured
from the same initial tissue sample demonstrated
very clear and positive desmin staining throughout
(Fig. 1C). In fact, when compared to the mouse
C2C12 myoblasts as the positive control, the levels
of desmin positive cells were similar (Fig. 1D).
Hence, the protocol to isolate primary human foetal
myoblasts from muscle biopsies was successful.

Differentiation characteristics of

human foetal primary myoblasts

The differentiation potential of the primary myoblasts
was assessed by CPK activity. Increased activity is
characteristic of the onset of differentiation after
changing from growth medium to a differentiation-
inducing medium. As shown in Figure 2, over a peri-
od of 9 days in differentiation medium, the primary
fibroblasts maintained only a baseline level of CPK
activity. However, both primary myoblasts and C2C12
cells showed initially escalating levels that eventually
decreased back to the baseline. While both cultures
showed elevated CPK levels compared to the fibrob-
lasts, the human myoblasts activity peaked early at
day 3 whereas the C2C12 myoblasts showed the
highest plateau from days 4–6. Furthermore, the
specific CPK activity in the human myoblasts was
greater than twofold higher than that achieved by the
C2C12 myoblasts. The difference in the pattern of
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CPK activity indicated that the primary myoblasts dif-
ferentiated earlier and more acutely than the C2C12.

Since MHC is a marker for the well-differentiated
state of myotubes, this was used to assess the differ-
entiation potential of the primary cell isolates. Figure 3A
confirmed the non-myogenic nature of the primary
fibroblasts, showing no MHC expression even after 9
days in culture with the differentiation medium. For the
positive control, the mouse myoblast C2C12 cells,
there was clear though sparse MHC expression (Fig.
3B) after 9 days in the differentiation medium. But dur-
ing the process of differentiation, many cells died and
detached, demonstrating poor survival. However, the
primary human myoblasts showed a much more
robust state of differentiation (Figs 3C–D). They start-
ed to differentiate as early as 2 days after culturing in
the differentiation medium, with high expression of
MHC and multi-nucleated myotubes clearly evident
by that time (Fig. 3C). This well-differentiated state in
a densely populated culture of multi-nucleated cells
was maintained even at day 12 after differentiation, as
shown in Figure 3D. If the differentiation medium was
changed regularly, this state could be maintained up
to 30 days (data not shown).

The extent of differentiation into multi-nucleated
myotubes could be visualized after Giemsa staining as
shown in Figure 4. After 9 days in differentiation medi-
um, the multi-nucleated cells were readily observed in
the primary human myoblasts (Fig. 4C), whereas none

could be observed among the primary fibroblasts 
(Fig. 4A) and few even in the C2C12 control (Fig. 4B).

Differentiation properties of encapsulated

human primary foetal myoblasts 

In order to apply human primary foetal myoblasts to
microencapsulation, we compared cell proliferation
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Fig. 1 Myogenic enrichment exam-
ined by desmin staining. (A)
Fibroblasts at passage 2 under
phase contrast microscopy; (B) The
same fibroblasts at passage 2 under
light transmission microscopy; (C)
C2C12 cell line; (D) Human primary
myoblasts at passage 5. All the
cells were grown for 24 hrs, 
fixed with 95% methanol and
stained with anti-desmin antibody.
(Magnification: �160)

Fig. 2 Creatine phosphokinase (CPK) activity in differentiation
medium. The cells were cultured in growth medium for 24 hrs
and switched into differentiation medium. The cells were
trypsinized and pelleted by centrifugation at different time
points. The pellets were suspended in phosphate buffered
saline (PBS) and sonicated to release the cytoplasm.The CPK
was assayed and standardized by protein concentration.
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and differentiation of the human myoblasts and
C2C12 cells after microencapsulation. The encapsu-
lated human myoblasts and C2C12 cells were cul-
tured in growth media for 2 weeks and transferred
into differentiation media. In growth media, C2C12
cells formed small aggregates, while human primary
cells did not. The cell number per capsule increased
from 172 to 351 in 2 weeks in encapsulated C2C12
cells; 168–263 in encapsulated primary myoblasts.
During the proliferation, we observed a few C2C12
cells started to escape from the microcapsules and
adhere to the culture plate after 2 weeks, while the
plate for primary myoblasts was still clear after 6
weeks. In addition, we did not see any bursting of
capsules during our experiments, even at high levels
of proliferation. After transfer to differentiation media,
the cells were sampled for proliferation on days 0, 1,
5, 8, 11, 14 after the media change. Both types of
cells demonstrated a similar pattern of viability, and
the cell number per capsule decreased over the fol-
lowing 2 weeks (Fig. 5A).

The differentiation status in differentiation media
was analysed by measuring the activity of CPK,
MHC expression and myogenic index. Human pri-
mary myoblasts showed higher CPK activity com-
pared to C2C12 cells from day 0. CPK activity in pri-
mary myoblasts increased and reached the highest
at day 5 and then decreased after that. However,

C2C12 cells had increasing CPK for the duration of
the experiment, indicating a slower differentiation
than primary myoblasts (Fig. 5B).

A similar trend was seen with another differentia-
tion marker, MHC. MHC expression was remarkably
higher in primary myoblasts than C2C12 cells and
increased over the experiment (Fig. 5C). In addition
to MHC, the percentage of multi-nucleate cells (myo-
genic index) was determined. Compared to C2C12
cells, which demonstrated a slight increase of cell
fusion over 2 weeks, primary myoblasts showed dra-
matically superior differentiation (Fig. 5D). Even at
day 22, MHC and myogenic index continued to
increase in primary myoblasts.

Lifespan of 

primary human foetal myoblasts 

The lifespan of the human foetal myoblasts was
ascertained under a clearly defined experimental
protocol. The cells were sub-cultured at a dilution
ratio of 1:4 every 2 days to maintain their myoblastic
status. This limited the confluency to less than
80–90% to avoid initiation of differentiation and with-
drawal from the cell cycle. We observed that the pop-
ulation doubling time was 18–19 hrs before passage
20, corresponding to 45 PDs. During the following
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Fig. 3 Expression of major histocom-
patibility complex (MHC). The cells
were cultured in growth medium for
24 hrs and switched into differentia-
tion medium. At different time points,
the cells were fixed with 95%
methanol and stained with anti-MHC
antibody. (A) Human foetal primary
fibroblasts with no positive stain; (B)
C2C12 cells were differentiated into
myotubes, but with lots of dead cells;
(C) Human foetal primary myoblasts
demonstrated high expression of
MHC and multi-nucleated myotubes
at day 2 with few dead cells; (D)
human foetal primary myoblasts
remained in well-differentiation state
at day 12 with less dead cells.
(Magnification: �160)
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Fig. 4 Multi-nucleated cells stained by Giemsa. (A) Human
foetal primary fibroblasts; (B) C2C12 cells; (C) Human foetal
primary myoblasts. The cells were cultured in growth medi-
um for 24 hrs and transferred into differentiation medium. At
day 9, the cells were trypsinized and centrifuged onto slides.
The cells on the slides were fixed in 95% methanol and
stained in Giemsa solution. (Magnification: �160) 

Fig. 5 Comparison of growth and
differentiation of encapsulated
foetal human myoblasts and
C2C12 cells. Encapsulated cells
were grown in growth media for 
2 weeks and transferred to differ-
entiation media and sampled at
different time points for growth (A),
CPK activity (B), MHC expression
(C) and myogenic index (D).
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20–32 passages (70 PDs), the PD time increased to
about 24 hrs. After that point, the cells divided much
more slowly, with a PD time of 30 hrs at passage 35
and 48 hrs at passage 38. Using our definition of
senescence as a PD time of 24 hrs, the maximal PDs
of human foetal primary myoblasts was 70.

Discussion

The cells selected for microencapsulation must be
able to survive with good viability in the limited space
of the capsules, yet have good growth characteristics
for in vitro manipulation. Myoblasts are capable of
robust proliferation and terminal differentiation into
multi-nucleated myotubes, which makes them ideally
suited to microencapsulation. Murine myoblast
C2C12 cells have played a critical role in microen-
capsulation experiments in mice. However, because
C2C12 cells are a transformed cell line, there was
concern about their tumourigenicity, and it was
reported that they could indeed generate tumours in
nude mice [26]. They are also immunogenic: encap-
sulated human Factor IX (hFIX)-secreting C2C12
cells were implanted into mice and hFIX could be
detected in the mouse plasma up to 14 days until the
appearance of anti-hFIX antibodies [15]. When the
C2C12 cells were replaced by mouse foetal myoblast
G8 cells which also were engineered to secret hFIX
in microcapsules, there was no detectable anti-hFIX
antibody until day 60 (the end of the experiment)
while maintaining stable hFIX biological activity.
These results indicated that human foetal myoblasts
could be of great importance in extending the tech-
nology of microencapsulation into clinical trials.

The escape of implanted cells from the microcap-
sules is always a concern. This phenomenon is high-
ly dependent on the initial cell density in the cap-
sules, the cell type and their proliferation features.
We initiated the cell density at 2x106 cell/ml alginate
which is a relatively low concentration. With this den-
sity, there is a low chance of cells protruding from the
initial alginate bead and remaining exposed after
poly-L-lysine and then alginate coating of the cap-
sules. This should reduce the possibility of cells
migrating from or being released by the capsules.
Cell type and proliferation status are other important
factors. When we encapsulated C2C12 cells at the
same density, we noticed that the cells started to

‘leak’ from the capsules at 2–4 weeks and appear on
the bottom of the tissue culture plates, while canine
epithelial Madin–Derby Canine Kidney (MDCK) cells
showed the same tendency at 4–6 weeks but at a
much reduced level. The encapsulated primary
myoblasts, however, had no detectable cell leakage.
No ruptured capsules were seen for all of the above
cell types even after 2 months, so this ‘leaking’ may
represent the relative propensity of a cell type to
migrate out of the capsule during proliferation.

A major concern in using primary cells is their lim-
ited lifespan and hence their restricted availability,
whether they are used for experimental or clinical
uses. So far, there are no human primary cells with a
long lifespan available even from commercial
sources. Because of the superior proliferative ability
of foetal cells, we expected primary human foetal
cells would have a more extended lifespan and
robust growth. We compared the characteristics of
human foetal myoblasts with C2C12 cells to deter-
mine their suitability for future therapeutic applica-
tions. We found that the PD time is 18–24 hrs within
70 PDs, thus demonstrating their excellent prolifera-
tion potential. Figures 3C–D demonstrated the foetal
myoblasts began to differentiate at day 2, and, in
contrast to the C2C12 cells, there was very little cell
death, even at day 12 of differentiation. Combined
with other differentiation parameters such as CPK
(Fig. 2), these data show that the primary human
foetal myoblasts differentiated better than C2C12
cells, and have more robust growth properties after
differentiation. This makes them good candidates for
microencapsulation.

After encapsulation, the overall viability of both
C2C12 and human foetal myoblasts in differentiation
media was decreased when compared to the growth
media. The viability decrease in differentiation media
for encapsulated cells probably represents restriction
of growth factors and nutrients in this media so that,
when the additional reduction of these media con-
stituents occurs because of the diffusion gradient
into the microcapsule, the viability of the cells is
affected. The viability was decreased to 50% for both
cell types, but human foetal myoblasts still showed
the superior growth and differentiation features com-
pared to C2C12 cells as was seen in monolayer cul-
ture. CPK is an enzyme that is up-regulated at the
early stage of myoblast differentiation. CPK activity in
encapsulated primary myoblasts reached the highest
at day 5 while encapsulated C2C12 cell CPK activity
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increased gradually until day 14 which indicated a
delayed process of differentiation. Further evidence
of superior differentiation was seen with MHC and
myotube assessment. The levels in primary
myoblasts were significantly higher on all days. We
also observed that the encapsulated primary
myoblasts were still dispersed inside the microcap-
sule compared to the clumping seen in C2C12 cells
after encapsulation. In our previous study, we report-
ed there were small clumps formed after encapsula-
tion which probably promoted the differentiation of
encapsulated C2C12 [30]. However, the mechanism
why the scattered primary myoblasts presented
superior differentiation characteristics is not clear.

An important issue in isolating primary cell lines is
the purity of the cell population. When used for cell-
based therapy, such as transplantation or immuno-
isolation with microencapsulation, the immune
responses from the recipients are a crucial consider-
ation. Different cells possess different capacity to
present antigen to T cells of the recipients.
Fibroblasts are very effective in antigen-presentation,
and hence undesirable, but they are the major con-
tamination of myoblasts during the separation
process. However, by using the simple but efficient
multi-round selections with collagen-coated plates, it
was demonstrated that a highly purified population of
myoblasts could be obtained.

In conclusion, primary human foetal myoblasts
have better proliferation and differentiation when
compared to C2C12 cells with or without encapsula-
tion, thus providing a useful tool for gene therapy with
microencapsulation.
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