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Understanding the regulatory mechanisms of skeletal muscle development and function is
vital for keeping and improving human health. Past studies have identified myogenic
regulatory factors (MRFs) regulate a cascade of genes for skeletal muscle development at
the transcriptional level. Recent studies also discovered that RNA binding proteins (RBPs)
play essential roles in the post-transcriptional regulation of myogenesis.

The RBP Musashi2 (Msi2) is a translational regulator of cell fates in normal tissues such as
hematopoietic, mammary, and neural tissues, as well as in cancers, including glioblastoma
and leukemia. Msi2 is also expressed in normal skeletal muscle tissues, but its role in
myogenesis remains largely unknown. This thesis aims to establish a comprehensive
understanding of how Msi2 regulates skeletal muscle development and function.

In order to assess the importance of Msi2 in myogenic differentiation, I utilized the C2C12
mouse myoblast cell line as a model. First, I analyzed Msi2 expression during C2C12
differentiation and found that Msi2 is greatly upregulated during the differentiation process.
In contrast to a well-characterized role of Msi2 in stemness in hematopoietic or neural
lineages, Msi2 is likely to be functional as a differentiation factor in myoblast. Next, to
examine if Msi2 is required for this process, I performed knockdown (KD) of Msi2
expression by a lentiviral short hairpin RNA interference method. In the control cells, I
observed mature myotubes with multiple nuclei and myosin heavy chain (MHC) by
immunofluorescence staining at 5 days after differentiation induction. In contrast, Msi2 KD
cells showed very few MHC-positive cells in which 1 or 2 nuclei were detected. This result
suggests that Msi2 is required for myocyte differentiation and fusion process, which is
necessary for mature myotube formation. Interestingly, the protein and mRNA level of
Myogenin, an essential MRF that controls MHC expression and terminal differentiation, is
not changed by Msi2 KD, suggesting that Msi2 does not regulate the canonical MRF
network. Overexpression (OE) of Msi2 successfully rescued the impaired differentiation
phenotypes observed in the KD cells, which excluded the possibility of an off-target effect
of the Msi2 KD construct I used. Surprisingly, I noticed that Msi2 OE alone generated
thicker and longer myotubes 5 days after expression. These results suggest that Msi2
promoted myocyte differentiation and fusion, and is not only necessary but also sufficient
for myoblast differentiation.

As a molecular mechanism of myocyte differentiation by Msi2, I speculated that Msi2
regulates mitochondrial function and biogenesis, which are critical factors in myogenesis.
Using Mitotracker deep red, an indicator of functional mitochondria, I found the staining
level is lower in Msi2 KD cells and higher in Msi2 OE cells compared to the control. I also
found that mitochondrial DNA content and mitochondrial respiration function measured by
the Seahorse assay were comparable between the control and KD. Since Mitotracker deep
red is mitochondrial membrane potential (A¥Ym) dependent, these results suggest that Msi2




regulates AYm level without affecting mitochondrial biogenesis. Next, I examined if Msi2
regulates autophagy during myoblast differentiation because A¥Ym level change can both
trigger and be regulated by autophagy. First, I found autophagosome marker LC3A-II level
correlates with Msi2 expression level during C2C12 differentiation. Msi2 KD reduced both
LC3A-II expression and LC3A puncta formation, suggesting that Msi2 KD impairs
autophagy during myoblast differentiation. To further test if differentiation defects caused
by Msi2 KD are autophagy-dependent, I induced autophagy in control or Msi2 KD cells by
using Tat-Beclinl-D11, which is a short peptide that can upregulate autophagy through
binding with the autophagy suppressor GAPR-1/GLIPR2. Strikingly, Tat-Beclinl-D11
treatment significantly increased myocyte differentiation and fusion levels in Msi2 KD
cells, indicating Msi2 KD phenotype can be rescued by activated autophagy.

To examine the function of Msi2 in skeletal muscle in vivo, I used a Msi2 mutant mouse
strain generated by a germline gene-trap strategy. The hind limb muscles of Msi2 mutant
mice are also smaller in size and paler in color than wild-type controls (WT). In a treadmill
exercise assay, WT mice could run for more than 100 meters compared to only 30 meters on
average for Msi2 mutant mice. These results suggest that Msi2 mutant mice have defective
skeletal muscle.

In conclusion, this thesis work has established Msi2 as a novel regulator of skeletal muscle
development and function by regulating autophagy and provided insights for future studies
of Msi2’s role in cancer metabolism and myopathies.
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