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Abstract:  

The goal of this study is to compare the in vitro differentiation potential of Duchenne Muscular 
Dystrophy (DMD) and non-diseased patient-derived skeletal muscle myoblasts during 
myogenesis. The differentiation and fusion of myoblasts into multinucleate myotubes and the 
maturity of these myotubes was assessed based on morphology, immunohistochemistry (IHC) 
analysis of myotubes, as well as transcript profiles of myogenic markers. Human skeletal muscle 
myoblasts derived from three non-diseased and three DMD human patients were evaluated in 
multiple time course studies. Morphological evaluation as well as IHC analysis indicated that the 
DMD patient-derived myoblasts have diminished capacity to differentiate and form mature 
myotubes. Gene expression profiling also revealed significantly reduced basal transcript levels of 
myogenic markers in DMD patient-derived cells as well as the impaired induction of these 
transcripts during differentiation.
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Introduction:

Duchenne Muscular Dystrophy is the most common form of muscular dystrophy— accounting 
for about fifty percent of all cases of the disease. This version of Muscular Dystrophy is X-
linked, meaning that it is caused by a mutation on the X chromosome. Since the mutation is also 
recessive, DMD affects men more than women, although women who are carriers of the disease 
can  sometimes  show  less  severe  symptoms  throughout  their  life.1  Duchenne  Muscular 
Dystrophy, like all versions of Muscular Dystrophy, affects the ability of muscle to fully develop 
and causes progressive skeletal muscle deterioration over time.1 Symptoms typically begin very 
early in life and can most easily be recognized soon after a child with the disease begins to walk. 
Individuals with DMD have stunted growth and lose their ability to walk around age ten. As the 
disease progresses, muscles in the diaphragm that are involved with breathing begin to weaken 
and without aggressive care, individuals often die in their early twenties due to weakening of the 
heart muscle.1 

This project studies and compares the in vitro differentiation potential of Duchenne Muscular 
Dystrophy  and  non-diseased  patient  derived  skeletal  muscle  myoblasts  during  myogenesis. 
Myogenesis is the process by which muscle progenitor cells (satellite cells) undergo 
differentiation and fuse to form multinucleate myotubes which ultimately mature into myofibers.
2 This process of myogenic differentiation can be assessed based on the morphological changes 
of the developing myotubes as well as the expression of myogenic markers at the transcript and 
protein levels. This study focused on analysis of relative gene expression at the transcript level as 
well as on morphological changes of myotubes during differentiation. The relative expression 
levels of transcripts which are believed to correlate to myotube maturity throughout myogenesis 
were selected through literature review and previous experiments. There were many genes 
analyzed in this study, but the main transcripts which were focused on included MYBPC1, 
ACTN2, DMD, FGF2, MEF2C, MYH1, MYH2, MYH3, MYOD, MYOG, MYOZ, and TNNT1. 
Two different methods of Reverse-Transcriptase Polymerase Chain Reaction (qRT-PCR) were 
used for analysis of the cells at the transcript level and immunohistochemistry (IHC) imaging 
was used to assess morphological changes of myotubes in three diseased human patient-derived 
cell samples and three non-diseased human patient-derived cell samples.  
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Methods:  

Four time course experiments were performed to compare the in vitro differentiation potential of 
six different human patient-derived skeletal muscle myoblast cell lines. Cell samples were 
derived from three DMD patients and three non-diseased patients. Non-Diseased patient cells 
which were used in this study are called JW-WT, JW-WT2, Lonza WT and the diseased patient 
cells used in this study are named DMD14, DMD19, and DMD-DV. 

Time Course Experiments  — Cell Culture: 
To begin a time course study, cells were thawed and transferred to a T-225 tissue culture flask 
containing growth media (DMEM, 20% HI-FBS). Media was refreshed twenty-four hours after 
initial transfer to the flask and cells were allowed to grow for three days at 37º C, 5% CO2. On 
the third day, cells were counted and transferred to 96-well plates (to be used for gene expression 
analysis) and into 6-well plates (to be used for IHC imaging). After 24 hours in the cell culture 
wells, growth media plus 10 ng/mL Fibroblast Growth Factor (FGF) replaced existing media.  
The tables below show the treatment of the cells for the remainder of the time course 
experiments.  

Table 1—Time Course 1 Cell Treatment, Day 0 through Day 11: 

Time course 1  was conducted with n = 12. 

*Note— differences in cell treatment between time course 1 and all subsequent studies: Time 
course experiments 2 through 5 include a constant 1 µM insulin in culture, rather than removing 
insulin at Day 4 when switching to maintenance media. The reason that the insulin concentration 
was maintained during all subsequent time course studies was to eliminate the possibility that the 

Day Time Point (TP) Cell Treatment

Day 0* TP 1 Change to differentiation media +/- insulin. 
(differentiation media: DMEM, 1% HI-FBS, +/- 1uM insulin)

Day 1* TP 2

Day 2 Refresh differentiation media

Day 3* TP3

Day 4* TP4 Refresh with 25% maintenance media, all cells.  
(maintenance media: DMEM/F-12, 5% HI-FBS)

Day 5* TP5 Refresh with 50% maintenance media

Day 6* TP6 Refresh with 75% maintenance media

Day 7* TP7 Refresh with 100% maintenance media

Day 9* TP8 Refresh maintenance media

Day 11* TP9 End Study
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decrease of insulin concentration in culture could have caused loss of expression in certain 
insulin-sensitive myogenic transcripts. 

Table 2— Time Course 2 - 4 Cell Treatment, Day 0 through Day 11: 

Time course 2 - 4  was conducted with n = 12. 

Time Course Experiments  — Time Points: 
In the first time course experiment, a total of nine time points were taken— Days 0, 1, 3, 4, 5, 6, 
7, 9, and 11— in order to determine which days exhibit the most significant changes in gene 
expression of myogenic target transcripts.  
In subsequent time course experiments, only four time points were collected. Based on the first 
time course experiment, Days 0, 1, 6, and 11 were identified as key points which mark 
significant changes in gene expression of target transcripts involved in myogenesis. For this 
reason, these four days were selected time points for all subsequent studies. A “time point” 
included lysing cells (100 µl ß-mercaptoethanol) to be used later for transcript analysis by qRT-
PCR, and fixing cells (cytofix/cytoperm) for immunohistochemistry imaging. 

qRT-PCR — Qiagen Array and TaqMan: 
Once cells were lysed, the RNA was isolated and reverse transcription was used to synthesize 
cDNA. The cDNA was then used for qRT-PCR to measure the expression levels of myogenic 
target transcripts. The housekeeping gene which was selected for this study codes for a ribosomal 
protein, Human RPL37A. This gene was used is because myotube development during 
myogenesis should not alter the level at which this ribosomal transcript is expressed in the cell, 
thus allowing expression levels to be normalized and analyzed relative to this transcript. 

Day Time Point (TP) Cell Treatment

Day 0* TP 1 Change to differentiation media + insulin. 
(differentiation media: DMEM, 1% HI-FBS, + 1 µM insulin)

Day 1* TP 2

Day 2 Refresh differentiation media.

Day 4 Refresh with 25% maintenance media.
(maintenance media: DMEM/F-12, 5% HI-FBS, 1 µM insulin)

Day 5 Refresh with 50% maintenance media.

Day 6* TP3 Refresh with 75% maintenance media.

Day 7 Refresh with 100% maintenance media.

Day 9 Refresh maintenance media. 

Day 11* TP4 End Study
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The first method of qRT-PCR which was used in this study was a Qiagen Array. The Qiagen 
Array was used to monitor expression of 96 relevant transcripts in 384-well format (4 samples/
plate). This assay utilizes SYBR Green technology to measure relative expression levels of target 
transcripts in a cell. The Qiagen Array measures gene expression with SYBR Green Technology. 
SYBR Green is a cyanine dye which binds double stranded DNA. The dye-DNA complex 
absorbs light at a wavelength of 497 nm and emits light at 520 nm; the difference in absorption 
and emission wavelength is used to measure the amount of double stranded product as it 
accumulates during PCR.   

Genes assessed with the Qiagen Array:3 

 

TaqMan is the second type of qRT-PCR technology which was used in this study to assess 
relative gene expression. Rather than a double-strand binding dye, TaqMan uses specific primer 
probes which bind directly to the gene of interest. This makes TaqMan a more specific and 
selective form of qRT-PCR than SYBR Green. 

Target transcripts which were selected and monitored throughout the study include: MYBPC1, 
ACTN2, DMD, FGF2, MEF2C, MYH1, MYH2, MYH3, MYOD, MYOG, MYOZ, and TNNT1, 
although many others were also analyzed. All transcripts were selected through literature review 
and have been previously identified as key transcripts involved in myogenesis in previous 
studies.2 
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Immunohistochemistry Images: 
Cells are fixed with cytofix/cytoperm in 6-well plates. Hoescht was used to stain for nuclei and 
Myosin Heavy Chain was used to stain for myotubes. The Array Scan images were taken at 10x 
magnification.  

Statistical Analysis: 
Relative Expression—Ct values of target transcripts measured with qRT-PCR were compared 
relative to Ct values of ribosomal protein, HumanRPL37A. The difference between the Ct for the 
target gene and housekeeping gene was calculated (dCt). Two raised to the power of negative dCt 
was then calculated and multiplied by a constant. Standard deviation calculations were 
performed and used to create error bars on relative expression graphs. 

Log 2 Ratio— Data displayed in heat map format as well as graphs which compare relative 
expression of genes in diseased and non-diseased cells was analyzed using a log 2 ratio scale. 
The median expression level for each gene in non-diseased cells on Day 0 was calculated and put 
into a ratio with relative expression for the specific gene throughout the time course in both 
diseased and non-diseased cells. This ratio was then converted to a log 2 scale. Standard 
deviation calculations were performed and used to create error bars on log 2 ratio graphs. 
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Results:  

Time Course 1— 
The first time course study used TaqMan to analyze sixteen markers of myogenesis in non-
diseased human skeletal muscle myoblasts (Lonza WT cells). Figure 1 depicts all of the gene 
expression data collected in this time course experiment relative to human RPL37A. Eight genes 
appeared to show sensitivity insulin concentration. Based on these findings, subsequent 
experiments included constant 1 µM insulin throughout the time course to eliminate any change 
in gene expression due to a decrease in insulin concentration. 

Time Course 2—  
The second time course study used a Qiagen Array to first scan 96 different genes in diseased 
and non-diseased cells which are related to myogeneis. The diseased patient cells used in the 
second time course were DMD-DV and the non-diseased cells which were used were Lonza WT.  
The data is displayed in a heat map, as seen in Figure 2. There is a group of genes which are 
labeled on the heat map; these transcripts show the most contrasting difference in expression 
between the diseased and non-diseased cell types. The large difference in expression of these 
genes between the two cell types is indicated by the brightest red and brightest blue colors. The 
heat map reveals that these genes are expressed at levels 16-fold below the expression level at 
Day 0 in the healthy cells. A few of these genes, as well as other transcripts from time course 1, 
were then selected for further investigation by TaqMan since it is more specific and selective 
than the Qiagen Array. 

TaqMan experiments in time course 2 assessed the relative expression levels of sixteen different 
transcripts. The expression levels of these transcripts were assessed and then compared in the 
diseased and non-diseased cells. As expected, expression levels of myogenic markers in the 
diseased cells were much lower than in the non-diseased cells. The only exception to this finding 
was FGF2, a growth factor which inhibits myogenic differentiation. Graphs which depict 
expression levels measured in time course 2 can be found in Figures 3 through 6.  

IHC imaging was also used to assess the differentiation potential of the diseased (DMD-DV) and 
non-diseased (Lonza WT) cells. Cells at Day 6 and Day 11 were fixed to 6-well plates, then 
Hoechst stain was used for nuclei and Myosin Heavy Chain was used for myotubes. As seen in 
Figure 16, the nuclei in the non-diseased cells at Day 6 show organization and alignment while 
nuclei in the diseased cell do not. Non-diseased myotubes, shown in green on the composite 
image, are more hypertrophic than the tubes formed by the diseased cells. These trends continue 
through the time course to Day 11, where clustering of the nuclei is apparent in the non-diseased 
cells as well as more hypertrophic myotubes. 

Time Course 3—  
Time Course 3 expanded the gene expression profile for diseased cells by assessing the 
differentiation potential of two more diseased human patient cells (DMD14 and DMD19) and 
comparing them to healthy human patient cells (Lonza WT).  
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The overall trends for these transcripts in diseased cells supported the results which were found 
in time course 2. Basal expression levels of myogenic markers were much lower in the diseased 
cells than in the non-diseased cells. The data for this time course is displayed in Figures 7 
through 10.  

Time Course 4—  
The fourth time course experiment expanded the gene expression profile for non-diseased cells 
by assessing the differentiation potential of a second non-diseased human patient cell sample 
(JW1) through TaqMan analysis. The data displaying the relative expression levels of myogenic 
markers in these cells is displayed in Figures 11 and 12. As expected, the trends found for these 
transcripts in the JW1 cells mimic the trends of the Lonza WT non-diseased cells. 

TaqMan analysis of another non-diseased cell type (JW2) was also performed. At this point, 
three non-diseased and three diseased cell types had been analyzed with TaqMan. The data from 
all time course experiments was compiled. The expression levels of all genes were put into a 
ratio with their average Day 0 expression level in the non-diseased cells and converted into a Log 
2 scale. As seen in Figure 13, expression levels for genes which encode for structural proteins 
such as MYH2, MYH3, ACTN2, and TNNT1 are approximately 30-fold lower in the diseased 
cells. As seen in Figure 14, expression levels of the transcription factors MEF2C and MYOG are 
on average 15-fold lower in the diseased cells. Finally, FGF2 is the only transcript which is 
expressed at higher levels in the diseased cells which is displayed in Figure 15.  
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Time Course 1— Lonza WT non-diseased human patient cells 

Figure 1: Relative Gene Expression in non-diseased cells +/- 1 µM insulin 
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Figure 1 Key: 
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Time Course 2— Comparison of non-diseased human patient cells (Lonza WT) and diseased 
human patient cells (DMD-DV) 

Figure 2: Heat Map Comparing Gene Expression of Target Transcripts in Diseased and Non-
diseased Cells 

!  
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Figure 3: Relative Gene Expression of myogenic transcripts ACTN1, FGF2, MYH1, and  
MYOG1 in Diseased (Lonza WT) and Non-diseased Cells (DMD-DV) 

!  

*Note— each graph in this figure contains a unique y-scale. Graphs for the same gene (across 
each row) cannot be compared directly to each other. 
 
Figure 3 Key: 

!  
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Figure 4: Relative Gene Expression of myogenic transcripts DMD, MYBPC1, MYH3, and 
TNNT1 in Diseased (Lonza WT) and Non-diseased Cells (DMD-DV) 

!  

*Note— each graph in this figure contains a unique y-scale. Graphs for the same gene (across 
each row) cannot be compared directly to each other. 

Figure 4 Key: 

!  

DMD-DV 
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Figure 5: Relative Gene Expression of myogenic transcripts ACTN2, MEF2C, MYH2, and  
MYOZ1 in Diseased (Lonza WT) and Non-diseased Cells (DMD-DV) 

!  

*Note— each graph in this figure contains a unique y-scale. Graphs for the same gene (across 
each row) cannot be compared directly to each other. 

Figure 5 Key: 

!  

DMD-DV 
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Figure 6: Relative Gene Expression of Myogenic transcripts MYOD, UTRN, KIAA119, and 
TMEM8 in Diseased (Lonza WT) and Non-diseased Cells (DMD-DV) 

!  

*Note— each graph in this figure contains a unique y-scale. Graphs for the same gene (across 
each row) cannot be compared directly to each other. 

Figure 6 Key: 

!  

DMD-DV 
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Harnois !16

Time Course 3— Comparison of non-diseased human patient cells (Lonza WT) and diseased 
human patient cells (DMD 14 and DMD 19) 

Figure 7: Relative Expression of ACTN2, MYBPC1, MYH2, and MYOG in one Non-diseased 
(Lonza WT) and two Diseased Cell Samples (DMD14, DMD19) 

!  
*Note— each graph in this figure contains a unique y-scale. Graphs for the same gene (across 
each row) cannot be compared directly to each other. 

Figure 7 Key: 
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Figure 8: Relative Expression of MEF2C, MYH1, MYH3, and MYOZ in one Non-diseased 
(Lonza WT) and two Diseased Cell Samples (DMD14, DMD19) 

!  
*Note— each graph in this figure contains a unique y-scale. Graphs for the same gene (across 
each row) cannot be compared directly to each other. 

Figure 8 Key: 

!  

R
el

at
iv

e 
Ex

pr
es

si
on

 (n
or

m
al

iz
ed

 to
 H

um
an

 R
PL

37
A

)

Time Point (Day)

DMD14 

DMD19 
Lonza WT



Harnois !18

Figure 9: Relative Expression of TNNT1, CKM, and FGF2 in one Non-diseased (Lonza WT) 
and two Diseased Cell Samples (DMD14, DMD19) 

!  
*Note— each graph in this figure contains a unique y-scale. Graphs for the same gene (across 
each row) cannot be compared directly to each other. 

Figure 9 Key: 
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Figure 10: Relative Expression of ACTN2, MYBPC1, MYH2, MYOG in one Non-diseased 
(Lonza WT) and two Diseased Cell Samples (DMD14, DMD19) 

!
*Note— each graph in this figure contains a unique y-scale. Graphs for the same gene (across 
each row) cannot be compared directly to each other. 

Figure 10 Key: 
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Time Course 4— JW1 non-diseased human patient cells 

Figure 11: Relative Expression of Key Myogenic Transcripts in Non-diseased JW1 Cells 
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Figure 12: Relative Expression of  Myogenic Markers in Non-diseased JW1 Cells 
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Compilation of all Time Course Data— Comparison of non-diseased human patient cells (Lonza 
WT, JW1, JW2) and diseased human patient cells (DMD-DV, DMD14, and DMD19) 

Figure 13: Compilation of time course data to compare gene expression of transcripts which 
encode for structural proteins in diseased and non-diseased cells 

!  

Figure 13 Key: 

!  
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Figure 14: Compilation of time course data to compare expression of transcription factors that 
regulate expression of myogenic markers 

!   
Figure 14 Key: 

!  
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Figure 15:  Compilation of time course data to compare FGF2 expression in diseased and non-
diseased cells 

!  

Figure 15 Key: 
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Figure 16: Day 6 and Day 11 Immunohistochemistry Analysis 

Day 6 
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Discussion: 

The first time course assessed twenty target transcripts, of which fifteen showed a time-
dependent increase in expression during myogenesis as seen in Figure 1. The genes which 
showed a time-dependent increase included transcripts which code for structural proteins such as 
DES and TMOD4. DES encodes for a protein which helps maintain a stable network of 
myofibrils which attach to each other and to the plasma membrane. TMOD4 helps form short 
actin protofilament and aids in maintaining geometry of the membrane skeleton.4,5 Transcripts 
which code for structural proteins involved in muscle contraction which showed a time-
dependent increase included DMD, MYBPC1, MYH1, MYH2, and MYH3. DMD is the largest 
known human gene and codes for a protein, dystrophin, which is primarily involved in a protein 
complex which works to strengthen and protect muscle fibers as they move. The complex 
anchors the cytoskeleton with the extracellular matrix. MYBPC1 codes for myosin binding 
protein C, which exists in several forms but is primarily found in skeletal muscle and involved in 
regulating muscle contraction as it interacts with other proteins such as actin, myosin, and titin.4 
Myosin Heavy Chain (MYH) 1, 2, and 3 are are very important contractile proteins which 
hydrolyze ATP to facilitate movement of muscles. Regulatory proteins and transcription factors 
which showed a time dependent increase throughout first time course included HIF1A, MEF2C, 
MYF5, MYF6, MYOG, TNNT1, MYOZ1, and KIAA119. MEF2C, MYOG, MYF5, and MYF6 
are all transcription factors which are involved myogenesis and help regulate muscle cell 
differentiation.4,5 The TNNT1 transcript codes for the slow-twitch skeletal muscle isoform of the 
T subunit of troponin which binds to tropomyosin and acts as a regulatory complex for striated 
muscle contractions. MYOZ1 is expressed in skeletal muscle and functions as a calcinerin-
interacting protein which tethers calcineruin to the sacromere of skeletal muscle and modulates 
calcineruin signaling.5 KIAA1199 is a gene which has not yet been characterized, so not very 
much is known about it. 

Of the twenty transcripts analyzed in the first time course, there were eight genes which seemed 
to exhibit sensitivity to the decrease of insulin concentration at Day 4. These genes included 
MYBPC1, MYOZ1, MYH2, TMOD4, DES, MYF6, TNNT1, and MEF2C, as seen in Figure 1. 
Based on these findings, subsequent time course experiments included a constant 1 µM insulin 
throughout the differentiation timecourse.  

Genes which did not show a time-dependent increase include HIF1A, CAV1, FGF2, MYOD1, 
and UTRN. HIF1A regulates transcription of cellular response to hypoxia.5 FGF2 is a growth 
factor which promotes proliferation of myoblasts and inhibits differentiation of muscle cells. 
UTRN is a gene which contains many structural and functional similarities to the dystrophin 
gene and MYOD1 is a transcription factor which helps regulate muscle cell differentiation by 
promoting cell cycle arrest.5 

In the second time course experiment, immunohistochemistry imaging on Day 6 and Day 11 was 
used to compare the morphological differences of the diseased and non-diseased cells. The 
diseased cells show less organization of the nuclei and form fewer myotubes than the non-
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diseased cells. In addition, the myotubes of the diseased cells are less hypertrophic than those of 
the non-diseased cells.  

In time course two, cells were also assessed at the transcript level through a Qiagen Array which 
uses SYBR Green technology. The data from this assay is presented as a heat map (Figure 2). 
The genes which showed the most significant difference in basal expression levels between the 
diseased and non-diseased cells are labeled on the heat map. Figure 2 shows that in the DMD 
cells, these genes are expressed at levels which are more than sixteen-fold below the expression 
level in the non-diseased cells on Day 0. To validate these findings, a select group of genes was 
chosen for further analysis via TaqMan.  

The TaqMan analysis data from time course 2 can be seen in Figures 3 through 6. Trends for 
gene expression in the non-diseased cells which were determined in time course 1 were seen 
again in this time course. The basal expression level of key regulatory and structural genes is 
significantly lower in the DMD-DV cells and the magnitude of induction, upon differentiation, is 
also lower in these DMD patient derived cells. The diminished capacity of the diseased cells to 
form mature myotubes which was seen in the IHC images is supported by these findings at the 
transcript level. The only exceptions include FGF2 and KIAA1199. FGF2 and KIAA1199 are the 
only transcripts which were expressed at much higher levels in the DMD-DV cells than the non-
diseased Lonza cells.  

After this time course, the gene expression profile for the diseased cells was expanded by 
analyzing two more diseased human patient-derived cell samples at the transcript level with 
TaqMan. The relative expression data for the diseased DMD14 and DMD19 cells is compared to 
non-diseased Lonza WT cells which can be seen in Figures 7 through 10. Many transcripts which 
were analyzed in this time course are expressed at lower levels in the diseased cells than in the 
non-diseased cells. However, FGF2 was again expressed at higher levels in the diseased cells 
than in the non-diseased cells. 

The gene expression profile for non-diseased cells was expanded in time course 4 by analyzing 
non-diseased cells (JW1) through TaqMan. The data for this time course is seen in Figures 11 
and 12. The JW1 cells showed the same relative expression trends for myogenic transcripts as 
the Lonza WT non-diseased cells, but the genes were expressed at much higher levels in the JW1 
cells. This is most likely due to differences in the isolation and processing of the cells prior to 
their use for these experiments. 

One more non-diseased human patient derived cell sample (JW2) was analyzed with TaqMan. As 
seen in Figure 13, structural proteins ACTN2, MYH2, MYH3, and TNNT1 are expressed at 
much lower levels in all diseased cell lines compared to all non-diseased cell lines. The Day 0 
expression levels of these transcripts in the DMD cells are close to thirty-fold lower than the 
non-diseased cells. It is important to note that although the expression levels of these transcripts 
increase throughout the time course in both cell types, the magnitude of the increase is much 
larger in the non-diseased cells. Although expression of these genes increases in both types of 
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cells, the magnitude of the increase is much greater in the non-diseased cells. As seen in Figure 
14, the average expression levels of transcription factors MEF2C and MYOG are approximately 
fifteen-fold lower in the diseased cells. Unlike in the non-diseased cells, these transcripts do not 
exhibit a time-dependent increase in the diseased cells. Since these transcription factors are 
responsible for regulation of the expression of many myogenic transcripts, their low expression 
levels may help explain the lack of induction of other key markers. As seen in Figure 15, FGF2 is 
expressed at much higher levels in the DMD cells throughout myogenesis. Since this growth 
factor inhibits myogenic differentiation, its elevated expression could be responsible for the 
inability of the diseased cells to differentiate properly. 

Overall, the relative expression levels of all myogenic markers which were analyzed across the 
five time course experiments revealed that Duchenne Muscular Dystrophy patient-derived cells 
have diminished capacity to differentiate and fuse into mature myotubes and myofibers. This 
could be due to increased levels of FGF2 in diseased cells which inhibits myogenic 
differentiation.  

Based on these findings, subsequent experiments will test whether or not inhibition of FGF2 
receptors will help recover the ability of the diseased cells to express key myogenic transcripts at 
levels which are closer to or at the levels at which they are expressed in non-diseased cells.  
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Figures— 

Fig. 1—These graphs illustrate the change in gene expression of twenty target transcripts which 
were selected for analysis in the first time course experiment. These experiments were conducted 
with n = 6 and Lonza WT non-diseased human patient skeletal muscle myoblasts were used for 
time course 1. Half of the cells were treated with 1 µM insulin until Day 4 when the switch to 
maintenance media began. The other half of the cells were not treated with insulin during the 
time course. Error bars show standard deviation of relative expression. 

Fig. 2— The heat map organizes the data obtained from the Qiagen Array qRT-PCR and 
compares expression levels of each gene on a Log 2 Ratio scale, relative to the median Day 0 
expression level of the non-diseased cells. Sections which are the darkest red color indicate a 
minimum of a 16-fold increase in expression, relative to the median Day 0 expression level for 
that gene in the non-diseased cells. Any section in the darkest blue color shows a minimum of a 
16-fold decrease in expression, relative to the median expression level for that gene in the non-
diseased cells at Day 0. Boxes which are a flat grey color indicate zero increase or decrease from 
the basal expression level of that gene in the non-diseased cells. Finally, sections which are a 
grey/red or grey/blue color indicate between a zero and 16-fold increase or decrease (red or blue, 
respectively) in expression. Genes which show the most significant difference in expression 
between the diseased and non-diseased cells are labeled on the left of the heat map. 

Fig. 3— The left-most column compares expression levels of each gene in the diseased and non-
diseased cells relative to housekeeping gene, Human RPL37A. Due to the difference in 
magnitude at which the genes are expressed in the diseased cells vs. the non-diseased cells, it is 
difficult to see the expression trends of the genes in the diseased cells over the time course. The 
middle and right-most columns show the individual expression levels for each gene in the 
diseased and non-diseased cells.  

Fig. 4— The left-most column compares expression levels of each gene in the diseased and non-
diseased cells relative to housekeeping gene, Human RPL37A. Due to the difference in 
magnitude at which the genes are expressed in the diseased cells vs. the non-diseased cells, it is 
difficult to see the expression trends of the genes in the diseased cells over the time course. The 
middle and right-most columns show the individual expression levels for each gene in the 
diseased and non-diseased cells.  

Fig. 5— The left-most column compares expression levels of each gene in the diseased and non-
diseased cells relative to housekeeping gene, Human RPL37A. Due to the difference in 
magnitude at which the genes are expressed in the diseased cells vs. the non-diseased cells, it is 
difficult to see the expression trends of the genes in the diseased cells over the time course. The 
middle and right-most columns show the individual expression levels for each gene in the 
diseased and non-diseased cells.  
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Fig. 6— The left-most column compares expression levels of each gene in the diseased and non-
diseased cells relative to housekeeping gene, Human RPL37A. Due to the difference in 
magnitude at which the genes are expressed in the diseased cells vs. the non-diseased cells, it is 
difficult to see the expression trends of the genes in the diseased cells over the time course. The 
middle and right-most columns show the individual expression levels for each gene in the 
diseased and non-diseased cells.  

Fig. 7— The left-most column compares expression levels of each gene in the diseased and non-
diseased cells relative to housekeeping gene, Human RPL37A. Due to the difference in 
magnitude at which the genes are expressed in each of the cell types, it is difficult to see the 
expression trends of the genes in the diseased cells over the time course. The two middle 
columns show the individual expression levels for each gene in the diseased cells and the right-
most column shows relative expression for these genes in the Lonza WT cells.  

Fig. 8— The left-most column compares expression levels of each gene in the diseased and non-
diseased cells relative to housekeeping gene, Human RPL37A. Due to the difference in 
magnitude at which the genes are expressed in each of the cell types, it is difficult to see the 
expression trends of the genes in the diseased cells over the time course in the left-most graphs. 
The two middle columns show the individual expression levels for each gene in the diseased 
cells and the right-most column shows relative expression for these genes in the Lonza WT cells.  

Fig. 9— The left-most column compares expression levels of each gene in the diseased and non-
diseased cells relative to housekeeping gene, Human RPL37A. Due to the difference in 
magnitude at which the genes are expressed in each of the cell types, it is difficult to see the 
expression trends of the genes in the diseased cells over the time course in the left-most graphs, 
with the exception of FGF2. The two middle columns show the individual expression levels for 
each gene in the diseased cells and the right-most column shows relative expression for these 
genes in the Lonza WT cells. 
  
Fig. 10— The left-most column compares expression levels of each gene in the diseased and 
non-diseased cells relative to housekeeping gene, Human RPL37A. Due to the difference in 
magnitude at which the genes are expressed in each of the cell types, it is difficult to see the 
expression trends of the genes in the diseased cells over the time course in the left-most graphs, 
with the exception of BMP4. The two middle columns show the individual expression levels for 
each gene in the diseased cells and the right-most column shows relative expression for these 
genes in the Lonza WT cells.  

Fig. 11— Expression of myogenic markers CTN2, MYH1, MYOD, DMD, MYH2, MYOG, 
MEF2C, MYH3, and TNNT1 are displayed in the graphs above. All expression levels are 
normalized to the expression level of housekeeping gene RPL37A. 
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Fig. 12— Expression of myogenic markers BMP4, FGF2, CKM, and MYOZ are displayed in the 
graphs above. All expression levels are normalized to the expression level of housekeeping gene 
RPL37A. 

Fig. 13— Relative expression data from ACTN2, MYH2, MYH3 and TNNT1 was compiled   
from all course experiments and is displayed in the graphs above on a Log 2 Ratio scale. These 
transcripts are expressed at much lower levels in DMD cells than in the non-diseased cells. 

Fig. 14— MEF2C and MYOG are transcription factors that regulate expression of  multiple 
markers of myogenesis. These genes are expressed at variable levels across all cell types, but on 
average the level of expression is approximately 15-fold lower in the DMD cells and does not 
undergo a dramatic increase during differentiation. The low expression levels of these key 
transcriptional regulators in the DMD cells may be responsible for the lack of induction of other 
myogenic markers. 

Fig. 15— FGF2 is a growth factor that promotes proliferation of myoblasts and inhibits 
myogenic differentiation. The basal levels of FGF2 transcript appear to be  higher in the DMD 
cells. The elevated FGF2 levels in DMD cells persists throughout differentiation and may have 
an inhibitory effect on of myogenesis of DMD progenitor cells. 

Fig. 16— IHC images of Day 6 and Day 11 time points reveal the morphological differences 
between the diseased and non-diseased cells. Diseased cells show less organization of the nuclei 
and form fewer myotubes than the non-diseased cells. The myotubes from diseased cells are also 
less hypertrophic compared to myotubes from non-diseased cells. 
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