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1 Summary 

 

Duchenne muscular dystrophy (DMD) is an untreatable genetic disease that affects skeletal 
muscle, causing fibre degeneration, progeressive paralysis and death [1]. Both gene therapy 
and stem cell therapy are under researching nowadays to find the best way to overcome this 
disease. Exon skipping is the promising gene therapy based on post-transcriptional genetic 
correction to modify the mutant dystrophin gene. Although exon-skipping has given lots of 
promising results and improved the patient conditions in some how, it can not change every 
muscle of the body. Also several injections may trigger immune response to the vector. These 
two main reasons leading stem cell therapy to the most top line as complement or alternative 
therapy when the cell type implement the criteria of being an efficient vector and bringing a 
functional benefit to the diseased muscle. In postnatal skeletal muscle, the primary cellular 
source of growth and regeneration is the satellite cell, a quiescent muscle precursor cell 
situated beneath the basal lamina that surrounds each muscle fibre. In response to muscle 
injury, satellite cells are activated, proliferate to form a pool of myoblasts, commit to 
differentiation and then fuse together to repair or replace damaged muscle fibres. Because of 
this, satellite cells were once regarded as an ideal source for muscle regeneration and repair, 
but it turned out that they were few in injured muscle and that they were exhausted 
immediately during healing processes [2]. Also, there is another important limitation for this 
systemic muscle diseased, since autologous muscle progenitors in DMD patient’s dystrophic 
muscle are already defective and can not directly use as a vector. As a result, stem cells from 
other origins become ideal candidates. 

In this study, I used Human blood- derived PBMC (peripheral blood mononuclear cell) as a 
new source of stem cells. The aim for this study is to explore whether HB-derived PBMCs 
have myogenic potential and the optimizated proliferation and differentiation condition for 
inducing. Reverse Transcriptas-Polymerase Chain Reaction (RT-PCR) were using in this 
research to observe myogenic potential of treated cells by myogenic specific markers. The 
RT-PCT result shown HB-derived PBMC possess myogenic potential. But more optimization 
experiment needs to do in future to improve the condition of proliferation and differentiation.   
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2 Introduction 

 

2.1 Duchenne Muscular Dystrophy (DMD) 

 

Duchenne muscular dystrophy (DMD) is a severe recessive X-linked form of muscular 
dystrophy that is characterized by rapid progression of muscle degeneration, eventually 
leading to loss in ambulation, paralysis, and death [3]. The birth prevalences of DMD is 1 in 
3500 live born males which represent the second most common inherited disease in humans[4-

7]. Due to its prevalence and to the major disability of affected patients, DMD has become a 
symbol of neuromuscular disorders and a major target in the field of gene and/or cell therapy. 
Developing and validating technologies for the amplification of human myogenic stem cells 
in GMP conditions is necessary in order to translate basic researcher into clinical trials for the 
treatment of DMD patients.  

Duchenne muscular dystrophy is caused by the absence of functional protein dystrophin. 
Dystrophin is mainly located in skeletal muscles and cardiac muscles. It is responsible for the 
connection of muscle fibers to the extracellular matrix through a protein complex containing 
many subunits. The protein fulfils this important connect linker function as a shock absorber 
to protects muscle fibers against damage during muscle movement (contraction and 
relaxation of fibers). The mutations happen in DMD gene prevent muscle cells from 
producing dystrophin causing Duchenne muschular Dystrophy and make muscle very 
sensitive to muscle damage. 

 

 

2.2 Exon‐skipping therapy of DMD 

 

The recent emerge of exon-skipping therapy is one of the most potential therapeutic 
techniques which already being tested clinically on Duchenne patients. It is a post -
transcriptional genetic correction which tries to change a Duchenne mutation to reduce the 
severity of the disease. Duchenne mutation is the mutation emerge in the reading frame thus 
causes deletion, duplication or point mutation and finally leading to the non-function 
Duchenne dystrophin. In the exon-skipping therapy, Duchenne patients’ reading frame could 
restore by artificially eliminating from the mRNA one or more exons which contains those 
Duchenne mutations to maintain the reading frame. The problem exons are spliced from 
mRNA with antisense oligoribonucleotides (AONs). They are short RNA-like single-stranded 
compounds consisting of 20 to 30 nucleotides whose sequences are constructed 
complimentarily to the sequence inside the problem exon or to its border regions. Then 
RNase H is using to cleave this RNA-DNA hybrid target sequence and results in specific 
gene expression knockdown [8, 9]. In this way, self-splicing interfere the Duchenne mutations 
and skipping the problem exons. The skipped mRNA is shorter than normal，the dystrophin 
protein is also shorter，it contains fewer amino acids. But the resulting expressed that a 
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shorter protein is still capable of partially replacing the function of the full-length dystrophin 

[10]. 

Although exon-skipping has given lots of promising results and improved the patient 
conditions in some how, it can not change every muscle of the body. Also several injections 
may trigger immune response to the vector. These two main reasons leading autologous cell 
therapy to the most top line as complement or alternative therapy when the cell type 
implement the criteria of being an efficient vector and bringing a functional benefit to the 
diseased muscle.  

 

 

2.3 Satellite Cells 

 

In healthy adult muscle, satellite cells endue the body with ability to regenerate of damaged 
skeletal muscle. Satellite cells become activated, proliferate, and express myogenic markers 
(like MyoD, Myf5, PAX7) when they are facing stimuli such as trauma (Figure1). In that 
condition, they will either fuse with the existing muscle fibers or fuse tagether to form new 
myofibers to contribute to regeneration of damaged skeletal muscle; part of the satellite cell 
population returns to quiescence as usual, thus maintaining a pool of progenitor cells [11,12].  

 

Figure 1. A model describing the response of satellite cells under stimuli. The picture was quoted from 
website: pimm.files.wordpress.com 
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For Duchenne Muscular Dystroph using satellite cells as cell source, the clinical outcome is 
ultimately due to a failure of the myogenic satellite cells to maintain muscle regeneration 
after continuous degeneration-regeneration cycles [13, 14]. Furthermore, satellite cells cannot 
cross the muscle endothelium when delivered systemically. Also, there is another important 
limitation for this systemic muscle diseased, since autologous muscle progenitors in DMD 
patient’s dystrophic muscle are already defective and can not use directly as a vector. As a 
result, stem cells from other origins become ideal candidates. In this study, I used peripheral 
blood mononuclear cell (PBMC) as source cells for myogenic differentiation. The PBMC is a 
blood cell having a round nucleus, such as a lymphocyte or a monocyte. These cells were 
isolated from human blood by adensity gradient centrifugation technology. Then set up for 
the myogenic differentiation process. 

 

 

2.4 Myogenic Differentiation 

 

Skeletal muscle in mammals is a mesodermal derivative and comes from precursor cells 
present in the somite of embryos [15]. Myogenesis includes generation of the myogenic 
progenitor cells in the somite, and the differentiation and maturation of these progenitor cells. 
Under normal growth conditions, newly formed somite rapidly partition into the ventral 
scelerotome compartment and the dorsal dermomyotome from which muscle cells and dermis 
are generated. Peripheral muscles, such as those in the limb, are derived from cells that 
migrate from the lateral part of the somite [15]. The myogenic progenitor cells or myoblasts in 
the limb bud express the determination-class muscle regulatory factors (MRFs), then exit the 
cell cycle, and finally differentiate into myocytes. Most myocytes subsequently fuse with 
each other to form multinucleate myotubes, and then mature into myofibers [15]. Myogenesis 
is regulated by morphogens and myogenic determination factors [16].  

Myogenesis, the development of skeletal muscle, is a complex, multistep process. Somite 
cells become determined to form muscle precursor cells in the myotome. Mononucleate 
muscle precursor cells proliferate and migrate to their final destinations, cease DNA 
replication, and subsequently fuse into multinucleate myotubes (Firuge 2). This process is 
influenced by growth factors and myogenic determination factors (Olson et al., 1991). The 
formation of myotubes is accompanied by the activation of genes encoding muscle-specific 
proteins. Several of these genes, e.g. actin and myosin heavy and light chains, exist in 
embryonic, neonatal and adult forms, and are expressed in a sequential order during muscle 
development (Buckingham, 1985). 
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Figure2. During development, mesodermal stem cells become committed to one of several different cell 
lineages, including the skeletal muscle cell lineage. Muscle precursor cells (myoblasts) remain in a 
proliferative state until they are instructed to differentiation. Differentiation is accompanied by cell fusion 
and the expression of over 50 muscle-specific genes [17]. 

Based on the myogenic differentiation knowledge we have, I extracted Peripheral Blood 
Mononuclear Cell (PBMC) from human blood (HB) and cultured for 25 days. Finally, the 
myogenic markers of treated cells were observed by Reverse Transcriptase-Polymerase Chain 
Reaction (RT-PCR) analyses. The results showed that peripheral blood mononuclear cell 
possess the myogenic potential in vitro under the myogenic differentiation condition. 
Furthermore, human blood is relatively easy to obtain, the collection process is safety and 
low painful for patient. These advantages may make HB-derived PBMC cells may represent 
an alternative source for DMD therapy. But there is still limitation of this stem cell source 
need to be optimized. So in the further, the combination of both exon-skipping therapy and 
cell therapy, like using HB-derived PBMC and bone marrow/ skeletal muscle-derived stem 
cells as sources, will bring a promising further for DMD diseases.  

 

3 Results 

 

3.1 Cellular Morphology studies 
 
The mononuclear cells were isolated from Human Peripheral Blood by Ficoll-Paque density 
gradient centrifugation. And approximately 30-40 million cells/well human PBMCs were 
transferred to culture plates grew as adherent cells during the first week of culture. After 3 
days of culture, nonadherent cells were removed by fresh medium change. Both adherent and 
nonadherent cells, during the first 3 days, demonstrated as small and round morphology by 
light microscopy. These cells grew larger and seemed to be comprised of heterogeneous cells 
judging by their appearance, suggesting the presence of various subpopulations within the 
mononuclear cell fraction. During the second week of culture, cells number increase and the 
morphology changed to spindle-shaped-like cells with a tendency to form clusters (Figure3). 
By two or three passages of culture, the adherent cells became a population comprised mainly 
of bipolar fibroblast-like cells. The experiment was finished by day 25, so the morphology of 
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late phase differentiation did not show here. Other studies described, in the later phase, some 
of the bipolar spindle-shaped cells start to form junctions each other at the tips of their 
elongated cytoplasmic extensions (did not show) [18, 19].  
 
 

 
 
Figure3. Morphology of HB-derived PBMC adherent cells displaying fivroblast-like cells in the midterm 
of myogenic differentiation. The picture shows the transition period in myogenic differentiation. In the 
picture, some cells are still showing round morphology. But others start to display spindle-shaped-like 
morphology with a tendency to form clusters. 
 
 
3.2 Optimization of Proliferation Conditions 
 
To optimize the proliferation conditions, two parallel control experiments were performed in 
this study. Isolated Human Peripheral Blood Mononuclear cells which start from 30million 
cells/well were cultured in proliferation medium (PM) consisting of (low-glucose Dulbecco’s 
modified Eagle’s medium) supplement with 20% fetal bovine serum (FBS), 15mM HEPES 
and cytokine cocktails: stem cell factor (SCF, 100 ng/mL), vascular endothelial growth factor 
(VEGF, 50 ng/mL) for 1weak. In the control parallel experiments isolated PBMCs were 
cultured in the same proliferation medium condition except added in one more cytokine 
called human basic fibroblast growth factor (FGF-b, 5 ng/ml). The influence of FGF-b on 
myogenic cells proliferation was assessed by the cell numbers in primary culture. The 
number of treated PBMCs with FGF-b, after one week incubation, was 21.4million/well 
(floating cells) which was around 4-fold compared with 5.6million/well (floating cells) in 
experiment1 without cytokine FGF-b. This indicated human basic fibroblast growth factor 
(FGF-b) is one of the necessary cytokines in myogenic proliferation in vitro. 
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3.3 Reverse Transcriptase‐Polymerase Chain Reaction Analyses of 

BMCs and CD133+ stem cells were isolated from human blood and induced by using 

o investigate whether HB-derived PBMCs and CD133+ stem cells show a potential to 

ingly, HB-derived CD133+ cells did not show any result by RT-PCR, since the low 

yogenic 

tellite cells, as a positive control it expressed all these 6 primers 

Myogenic Differentiation 
 
P
myogenic medium containing cytokines. Actived Satellite cells were using as positive control 
and no differentiated PBMCs were using as noninductive control in this study. 
 
T
differentiate into skeletal muscle cells, treated cells were observed by Reverse Transcription-
PCR at different time intervals. RT-PCR with oligonucleotides specific for human Myosin, 
MyoD, Myogenin, Myf5, PAX7 and Nestin markers were performed in this study to reveal 
the appearance of transcripts for these human genes encoding these molecules in the treated 
cells. PCR analyses also use to ensure the signal is originated from cDNA but not genome 
DNA.  
 

terestIn
measurable mRNA level the treated CD133+ cells have. This result is in inconsistent with 
Yvan Torrente group’s research whose stated CD133+ cells have the myogenic potential [20]. 
The reason leading to this might be too low proliferated CD133+ cells I got. That indicated 
the CD133+ stem cells need more strict condition for both amplification and myogenic 
differentiation. So in future, more optimized experiments for proliferation medium should be 
studied to improve the starting number of differentiation culture and the proper condition for 
differentiation still need more passion on it to explore. 
 

ndifferentiated PBMCs checked in this study did not show any of these six mU
markers which was not surprised since undifferentiated PBMC does not have the myogenic 
potential (Figure 4 (A)). 
. 

 the case of Active saIn
except Myosin (Figure 4. (B)). This result is not surprising when considering that satellite 
cells  have the ability to repair or replace damaged muscle fibres. Once activated, satellite 
cells divide to produce satellite cell-derived myoblasts that further proliferate, before 
committing to differentiation and fusing to form myotubes, which then mature into myofibers. 
So the result is consistent with the fact that active satellite cells could express most of the 
myogenic markers but not myogenic marker specific for mature myofibers like Myosin.  
 

ompare with satellite cells, HB-derived PBMCs treated with myogenic medium in my study C
also show some of the myogenic markers during the process of differentiation (Table1, 
Figure5,6,7). The mRNA levels of MyoD were increased after day 19 and subsided quickly. 
After day 22, the mRNA level of MyoD was almost abolished. The other early myogenic 
markers Myogenin, expression is longest, during the whole experiment from the first detected 
day 16 to the end of the detected day day 25. The mRNA level of PAX7 started to show from 
Day16 and disappeared after Day19 which followed by the expression of MyoD. This result 
is consistent with the previous study showing the PAX7 regulated MyoD and have a positive 
role in proliferation, disrupting myogenic differentiation into normal myotubes but still being 
compativle with myogenic differentiation [21]. This result also demonstrated the suggesting 
that PAX7 play an important role both in the specification of muscle progenitors and network 
with the myogenic regulatory factor (MRF) family of transcription factors [22]. In the case of 
marker Nestin, the treated cells expressed from day 16 till day 22. This is also not surprised 
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when connecting the fact that Nestin expressed in developing myogenic progenitor cells.  
 
On the other hand, the mRNA of both Myosin and Myf5 did not show from the time we start 

he result of co-culture experiment will coming soon). 

Myosin MyoD Myogenin Myf5 
(320bp) 

PAX7 
(245bp) 

Nestin 

to detected (Day16) till the end of the observing day (Day25). This might be because Myf5 is 
the earliest marker of myogenic commitment. And the detection day I started is too late to 
observe Myf5 expression. For the Myosin, the reason might be the too early detection time, 
since Myosin is a late myogenic marker and is expressed in myogenic precursors during 
terminal differentiation. But the observed day 25 is too early compare with other group’s 
detecting result week 6 of Human Umbilical Cord Blood (UCB)-derived Mesenchymal Stem 
Cells (MSC) [18] and Human adipose tissue-derived processed Lipoaspirate cells [23]. 
 
(T
 
 

(750bp) (430bp) (280bp) (390bp) 

- + + + + + Satellite Cells 
Undifferentiated 

PBMC 
- - - - - - 

PBMC 
Day16 

- - + - + + 
PBMC 
Day17 

- - + - + + 
PBMC 
Day19 

- + + - + + 
PBMC 
Day22 

- + + - - + 
PBMC 
Day24 

- - + - - - 
PBMC 
Day25 

- - + - - - 
 

able1. The summary of Satellite cells, Undifferentiated PBMC and treated PBMC mRNA level T
expressed with different primers in different time period. 
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(A)                                                                       (B) 

  

 

Figure 4. Reverse Transcriptase-polymerase chain reaction analysis of (A) Undifferentiated  PBMC. 
(9 samples: Undifferentiated PBMC sample’s total RNA, followed by DNase treat) with different primers. 
Lane 1—1kb ladder; Lane 2—undifferentiated PBMC sample with Myosin; Lane 3— undifferentiated 
PBMC with MyoD; Lane 4— undifferentiated PBMC with Myogenin; Lane 5— undifferentiated PBMC 
with Myf5; Lane 6— undifferentiated PBMC with PAX7; Lane 7— undifferentiated PBMC with Nestin; 
Lane 8— undifferentiated PBMC with Menin; Lane 9—negative control (using 1 l H　 2O instead of 1 l 　
template. And with marker Menin) (B) Active Satellite Cells. (satellite cells’ total RNA followed by 
DNase treatment with different primers. Lane 1—treated PBMC with Menin (does not have meaning in 
this picture); Lane 2—1kb ladder; Lane 3—satellite cells with Myosin; Lane 4—satellite cells with MyoD; 
Lane 5—satellite cells with Myogenin; Lane 6—satellite cells with Myf5; Lane 7—satellite cells with 
PAX7; Lane 8— satellite cells with Nestin; Lane 9—satellite cells with Menin) 
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Figure 5. Reverse Transcriptase-polymerase chain 
reaction analysis of PBMC cells induced in 
myogenic medium after 16 days culture. (9 
samples: Day 16 PBMC total RNA followed by 
DNase treated) with different primers. Lane 1—
treated PBMC with Myosin; Lane2— treated PBMC 
with MyoD; Lane 3— treated PBMC with Myogenin; 
Lane 4— treated PBMC with Myf5; Lane 5— treated 
PBMC with PAX7; Lane 6—treated PBMC with 
Nestin; Lane 7—treated PBMC with Menin; Lane 
8—treated Negative control with Menin; Lane 9—
1kb ladder) 

 
(A)                                                                                        (B) 

 
Figure 6. Reverse Transcriptase-polymerase chain reaction analysis of PBMC cells induced in 
myogenic medium after 17 days culture (A) (8 samples: Day 17 PBMC total RNA followed by DNase 
treated) with different primers. Lane 1—1kb ladder; Lane 2—treated PBMC with Myosin; Lane 3— 
treated PBMC with MyoD; Lane 4— treated PBMC with Myogenin; Lane 5— treated PBMC with Myf5; 
Lane 6— treated PBMC with PAX7; Lane 7—treated PBMC with Nestin; Lane 8—1kb ladder) and after 
19 days culture (B) (8 samples: Day 19 PBMC total RNA followed by DNase treated) with different 
primers. Lane 1—1kb ladder; Lane 2—treated PBMC with Myosin; Lane 3— treated PBMC with MyoD; 
Lane 4— treated PBMC with Myogenin; Lane 5— treated PBMC with Myf5; Lane 6— treated PBMC 
with PAX7; Lane 7—treated PBMC with Nestin; Lane 8—treated PBMC with Menin) 
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(A)                                                                                     (B) 
 

 
 

Figure 7. Reverse Transcriptase-polymerase chain reaction analysis of PBMC cells induced in 
myogenic medium after 22 days culture (A) (9 samples: Day 22 PBMC total RNA followed by 
DNase treated) with different primers. Lane 1—1kb ladder; Lane 2—treated PBMC with Myosin; Lane 
3— treated PBMC with MyoD; Lane 4— treated PBMC with Myogenin; Lane 5— treated PBMC with 
Myf5; Lane 6— treated PBMC with PAX7; Lane 7—treated PBMC with Nestin; Lane 8—treated 
PBMC with Menin; Lane 9—1kb ladder) and after 24, 25 days culture (B) (8 samples: Day 24,25 
PBMC total RNA followed by DNase treated) with different primers. Lane 1—1kb ladder; Lane 2— 
day 24 treated PBMC with MyoD; Lane 3—day 24 treated PBMC with Myogenin; Lane 4—day 24 
treated PBMC with Menin; Lane 5— day 25 treated PBMC with MyoD; Lane 6—day 25 treated PBMC 
with Myogenin; Lane 7—day 25 treated PBMC with Menin; Lane 8—1kb ladder ) 
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4 Discussion 
 
In this study, I showed that mononuclear cells obtained from human blood have myogenic 
potential in vitro. Combined with other advantages like the lower painful other than bone 
marrow derived myogenic cells procurement, the plenty human blood as sources and the 
safety of blood collection procedures, rendering HB-derived mononuclear cells optimal 
candidates in cell-based therapy for Duchenne muscular dystrophy. 
 
The mononuclear cells separated from human blood demonstrated increased characteristic 
spindle- and fivroblast-like morphology over the 4-week culture period. During the first week 
primary culture, cells were proliferated. When compared with the parallel control 
experiments, I found that using human basic fibroblast growth factor (FGF-b) could improve 
the proliferative capacity than without this cytokine. But still a drop in cell number for 
starting. It is conflicting to previous study, which showing the UCB-derived (Umbilical Cord 
Blood) mononuclear cells (MNCs) had high starting cell numbers which was 1X108. For 
further optimization of proliferative culture condition, I may: First, using FCS (fetal calf 
serum)-coated culture plates enabled to remove myeloid cells and osteoclast-like cells; the 
storage time of UB before isolation should also be cautioned, the fresh blood could be use no 
more than 15 hours and no coagula or signs of hemolysis blood is necessary; also the net 
volume of human blood could increase to improve the MNCs number up than 1X108 [24]; 
finally, finding new robust growth cytokines or increasing the dose of the cytokine I used in 
the experiment might be another way to optimize the proliferative capacity of isolated MNCs 
during the culture period .  
 
The myogenic potential of mononuclear cell has been demonstrated by Reverse 
Transcriptase-Polymerase Chain Reaction (RT-PCR) in this study. The RT-PCR revealed that 
monocyte induced with myogenic medium express MyoD, Myogenin, PAX7 and Nestin, 
markers that are expressed in skeletal muscle precursors undergoing proliferation and 
differentiation. 
 
The MyoD gene family could determines the progress of multipotential mesodermal 
stem/progenitor cells into myogenic lineage. This MyoD family is one of the basic helix-
loop-helix transcription factors that directly regulate myocyte cell specification and 
differentiation [25]. MyoD mRMA expression was first detected by RT-PCR from day19 of 
induction and disappeared after day 22. The other early myogenic marker Myogenin mRNA 
was expressed during the whole detected period, from day 16 to day25. This finding is 
conflicting with previous study observed Human Umbilical Cord Blood derived-
Mesenchymal Stem Cells (MSC), showing MyoD expressed from day3 and immediately 
vanished after week 1; the marker Myogenin expression in this groups’ study peaked at 1 
week and diminished considerably by 2 weeks [18]. The differences might originate from their 
using of MSCs myogenic proliferation and differentiation. Its differentiation process is faster 
then the mononuclear cell I used in my study. In spite of delay in myogenic marker 
emergence, the expression of MyoD mRNA still indicated the treated cells having 
commitment to myogenic lineages; and the expression of Myogenin revealed to cell fusion 
and differentiation [18, 26]. 
 
Pax7 is one of the transcription factors with roles in developmental and adult regenerative 
myogenesis. Quiescent satellite cells expressed the transcription factor Pax7 and when 
activated, coexpress Pax7 with MyoD. Most then proliferate, downregulated Pax7 and 
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differentiation will happen [21]. In consistent with this, my experiment revealing the mRNA 
level of PAX7 started to show from Day16 and disappeared after Day19 which followed by 
the expression of MyoD. This result is not surprising since PAX7 function in maintaining 
proliferation and preventing precocious differentiation. Regulation of MyoD expression may 
also a function by PAX7 showing from this result. Different statement of PAX7 was also 
published by Peter S. Zammit’s group. They found that constitutive expression of PAX7 in 
satellite-cell-derived myoblats did not affect MyoD expression and delay the onset of 
myogenin expression [21].  
 
Nestin is an intermediate filament protein expressed in neural progenitor cells and in 
developing skeletal muscle.  Nestin RNA is expressed predominantly early in muscle 
development but not expressed in mature myofibers [27]. The marker Nestin in this study 
expressed in the same way, the mRNA level increased during day16 to day 22 and decrease 
thereafter so that there was no measurable level of Nestin mRNA after day22.  
 
Myf5 is the other basic helix-loop-helix transcription factors other than MyoD. And it is the 
earliest marker of myogenic commitment. It has overlapping functions with MyoD in skeletal 
muscle development, according to the observation that no skeletal muscle was formed in 
mutant mice lacking both Myf5 and MyoD experiment (Rudnicki et al., 1993). I have also 
used Myf5 as one of myogenic markers to detect the induction of muscle gene expression in 
vitro by RT-PCR approaches. Unfortunately, there was no measurable level of Myf5 mRNA 
during the whole detection period (from day 16 to day 25). This might be because Myf5 is the 
earliest marker of myogenic commitment. And the detection day I started is too late to Myf5 
expression. Another reason might be that Myf5 does not express in this experiment. This is 
also reasonable since Myf5 and MyoD has overlapping functions in skeletal muscle 
development. The formation of normal muscle in either Myf5 or MyoD mutants 
demonstrated before also support this explanation.  
 
On the other hand, it is known that myosin is expressed in myogenic precursors undergoing 
terminal differentiation. But in my study, I did not observe the Myosin mRNA expression. 
This is because I finished the experiment at day 25; the time for treated cells is not enough to 
express the late differentiation marker Myosin. In other studies, myosin was normally formed 
from 6 weeks of induction in Human Umbilical Cord Blood-derived mesenchymal stem cells 
and Human Peripheral Blood-derived processed lipoaspirate cells [18, 23]. So the result 
indicated the treated cells in my experiment did not turn into the terminal differentiation stage 
and need longer time to differentiate. 
 
In postnatal life, mature skeletal muscle fibers cannot regenerate if damaged. In response to 
muscle injury or in individuals with chronic degenerative myopathies, satellite cells, located 
between the sarcolemma and the basal lamina of the muscle fiber, activate to become 
myogenic precursor cell, proliferate to form a pool of myoblasts, commit to differentiation 
and then fuse together to repair or replace damaged muscle fibres [28]. This let satellite cells 
being candidate cell type for the Duchenne muscular dystrophy therapy. However, the large 
majority of injected satellite cells are lost within the first day [29]. Furthermore, the reduced 
proliferation potency of satellite cells from dystrophic patients and the recent observation that 
in vitro expansion reduces in vivo differentiation potency, making alternative or more cell 
therapies of muscular dystrophy required [19].  
 
In the past few years, many different types of mesodermal stem cells have been isolated from 
both mouse and human tissues. Many of these cells have been shown to differentiate into 
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skeletal muscle in vitro. Especially, stem cells isolated from skeletal muscle tissue and 
mesenchymal stem cells obtained from bone marrow which possess myogenic potential were 
in extensive research. However, there are drawbacks to the use of bone marrow and skeletal 
muscle as sources of myogenic cells. Bone marrow procurement is painful and yields a low 
number of mesenchymal stem cells, often requiring ex vivo expansion before clinical use. 
Moreover, only a few stem cells can be obtained from skeletal muscle without a functional 
loss to patients. In this study, I demonstrated the expression of established myogenic markers 
mRNA by mononuclear cells isolated from human blood (MyoD, Myogenin, PAX7, Nestin; 
later experiment need to be continue since long time culture required for the Myosin 
expression), confirming their myogenic potential. Because human blood is plentiful and the 
safety of blood collection procedures, with less patient painful, mononuclear cells isolated 
from human blood may be an additional source of myogenic precursor, together with those 
obtained from bone marrow and skeletal muscle, for treating Duchenne muscular dystrophy 
patient. 
 
Although I demonstrated the expression of myogenic markers in this experiment, the markers 
showing in this experiment were later than other groups described [18, 19, 23, 24].That might be 
contributed by the different source peripheral blood or the low starting differentiation culture 
cell number. For the low starting cell proliferation, optimize of culture condition need to be 
continued. Other techniques like FACs and immunocytochemical staining could also be used 
in future to confirm the myogenic differentiation in the protein level. 
 
 
5 Materials and Methods 

5.1 Isolation of Peripheral Blood Mononuclear Cell (PBMC) and CD133+ 
from human peripheral blood. 

PBMC 

Buffy-coats were obtained from 4 healthy volunteer subjects (40 years old male, 28 years old 
female, 47 years old female, 62 years old male) after informed consent was obtained, 
according to the guidelines of the Blood Centre in Uppsala University Hospital (Uppsala, 
Sweden). The mononuclear cells (MNCs) were separated from buffy-coats after density 
gradient centrifugation at ×830g for 26min at room temperature using Ficoll-PaqueTM PLUS 
(GE Healthcare Bio-Science AB, Uppsala, Sweden). MNCs were collected from the 
interphase and washed four to five times with PBS/FBS.  

CD133+ stem cells 

After collected by centrifugation (Ficoll-PaqueTM PLUS, GE Healthcare Bio-Science AB, 
Uppsala, Sweden), the mononuclear cells incubated with CD133-conjugated super 
paramagnetic microbeads (monoclonal antibody, MoAb; CD133 Isolation Kit, Miltenyi 
Biotec, Bergisch-Gladbach, Germany). Beads were washed and processed through a MACS 
magnetic separation column (Miltenyi Biotec, Bergisch-Gladbach, Germany) to obtain 
purified CD133+ cells. After selection, an aliquot of the CD133+ cell fraction was analyzed 
to assess purity, which was determined for each isolation experiment. 
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5.2 Cell Culture 

HB-derived MNCs were then suspended in proliferation culture medium (Proliferation 
Medium (PM) consisting of (low-glucose Dulbecco’s modified Eagle’s medium) DMEM/F12 
50/50 (Valley Biomedical, Wichester, Virginia); supplement with 20% fetal bovine serum 
(FBS), 15mM HEPES and cytokine cocktails: stem cell factor (SCF, 100 ng/mL; TEBU, 
Frankfurt, Germany), vascular endothelial growth factor (VEGF, 50 ng/mL; TEBU, Frankfurt, 
Germany) and human basic fibroblast growth factor (FGF-b, 5 ng/ml; R&D Systems, Inc, 
Minneapolis, USA). Cytokine cocktails were changed a little bit among different experiments 
to compare and optimize the cell culture process. The cells were then seeded at a density 
around 30-40 million cells per well in 12 Well Cell Culture Cluster (Corning Incorporated, 
USA). The culture plates were incubation at 37°C in a humidified atmosphere containing 5% 
carbon dioxide. Cultures were maintained, and remaining nonadherent cells were removed by 
half exchange of culture medium every 3 or 4 days. Cells were passaged every 7-8 days. For 
determination of myogenic potential, MNCs-derived cells were maintained in PM up to 
around 7 days. At this time, cells were exposed to Differentiation Medium (DM), which 
consisted of DMEM/F12 medium supplemented with 10% FBS, 15mM HEPES, and 
epidermal growth factor (EGF, 10 ng/mL, TEBU, Frankfurt, Germany), platelet derived 
growth factor (PDGF-B, 10 ng/mL, TEBU, Frankfurt, Germany), dexamethasone (0.1μM, 
TEBU,  Frankfurt, Germany) and antibiotics as previously described. 

 

5.3 Co‐culture 

For coculture experiments, C2C12 murine myoblasts were mixed at a ratio of 5:1 with human 
PBMC or CD133+ stem cells derived from blood. The cocultures were maintained in PM for 
6 days and then were switched to DM for differentiation experiments. Differentiated muscle 
cells were detected by reverse-transcriptase polymerase chain reaction (RT-PCR) analysis. 

 

5.4 C2C12 culture and collect 

The cryopreserved adherent C2C12 cells were thawed with 30ml Differentiation Medium 
without cytokine in T-75 flask (followed the manufacture protocol (3H biomedical, Sweden). 
Then the C2C12 cells were cultured in incubator at 37°C in a humidified atmosphere 
containing 5% carbon dioxide. The fresh differentiation medium was changed every 3 days 
till the cell confluence reached 60-70%. After incubation, C2C12 cells were trypsination and 
detached by Trypsin/EDTA solution and TNS Trypsin Neutralization Solution (TNS, 
ScienCell, San Diego, California, USA) solution. According to the ratio of 5:1 with human 
PBMC or AC133+ stem cells, C2C12 cells were collected and fix by PAF (Picric acid-
formaldehyde,) solution. Finally, C2C12 were added to PBMC or CD133+ culture plate as 
the ratio of 5:1. 
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5.5  mRNA  Detection  by  Reverse  Transcription‐Polymerase  Chain 
Reaction 

Total RNA was isolated from processed PBMCs or CD133+ stem cells treated with 
myogenic medium for different weeks. To detect mRNA levels of Myosin, MyoD, myogenin, 
Myf5, PAX7, Nestin, cells were harvested and washed once in PBS. Total RNA was 
extracted using RNeasy Mini kit (QIAGEM, Hilden, Germany) and clean up the DNA treated 
with RNase-Free DNase Set (QIAGEM, Hilden, Germany) according to the manufacturer’s 
protocol. The first-strand complementary DNA (cDNA) was synthesized and followed by 
amplification using SuperScript One-step RT-PCR with Platinum Taq. (QIAGEM,Hilden, 
Germany). RT-PCR was performed with the following conditions: cDNA synthesis at 50  ℃
for 30min, then pre-denaturation at 94℃ for 2min, followed by 40 cycles at 94℃ for 15 
seconds (denature), 60℃ for 30 seconds (anneal), 72℃ for 30 seconds(extend), and, finally, 
72℃ for 7 minutes. The forward primer used and the expected polymerase chain reaction 
product sizes were showing in the Table2.  

 

 

Gene FW/RV sequence RT-PCR fragment 

Myosin GTGAATGCCAAATGTGCTTC 

GGTATCCTTGAGGATGGCTTGGG

750bp 

MyoD CGATATACCAGGTGCTCTGAGG 

GGGTGGGTTACGGTTACACCTGC

430bp 

Myogenin GTCTTCCAAGCCGGGCATCCTT 

GAGCTGGGGCATACACGAGGGG

280bp 

Myf5 CCAGGCTTATCTATCATGTGCTA

GTTAAGCATTGCAACAAGCTAC 

320bp 

PAX7 GTACGGCCAGAGTGAGTGCCTG 

CTGTTGGAGCCATAGTACGGAA 

245bp 

Nestin TCCTGGGATGGCTGGAGTGGAA 

CTGGCTCAGCTCCCGCAGCA 

390bp 

 

Table2. mRNA sequences of primers for human markers 

*FW/RV, forward (top line) and reverse (bottom line). 
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