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Summary of thesis contents

Myogenesis is a highly coordinated multi-step process that begins with the
commitment of progenitor cells, known as myoblasts, to proliferate and subsequently
differentiate to form multi-nucleated myotubes. The process of myogenesis is
controlled by several myogenic transcription factors that act as terminal effectors of
signaling cascades, producing appropriate developmental stage-specific transcripts.
For example, MyoD is expressed during the early stage of myogenesis, while
myogenin and muscle creatine kinase (MCK) are expressed during the early and late
stages of differentiation respectively.

AMP-activated protein kinase (AMP-kinase or AMPK) plays a key role as a
master regulator of cellular energy homeostasis and it exists as heterotrimeric
complexes, comprising of the catalytic a subunit and regulatory B and y subunits.
Previous studies have shown that lack of AMPKa2 in skeletal muscle results in lower
exercise tolerance and voluntary activity. On the other hand, lack of AMPKal is
associated with reduced satellite cell activation and impaired muscle regeneration,
suggesting an isoform-specific role of AMPK in myogenesis. However, the link
between AMPK and myogenesis still remains elusive. Thus, using C2C12 murine
myoblast cells lines, | elucidated the isoform-specific roles of AMPK during
myogenesis.

Lentiviruses expressing both EGFP and shRNA for AMPKal, AMPKa2 and
both al- and a2 isoforms (PanAMPK) were infected into intact C2C12 myoblasts to
generate stable cell lines. The infected myoblasts were subjected to
fluorescence-activated cell sorting (FACS) to isolate EGFP positive cells that were
used for subsequent cultures. shRNAs for AMPKal and a2 decreased mRNA
abundance of AMPKal and a2, respectively, and shRNA for PanAMPK (AMPKal
plus AMPKoa2) decreased both of AMPKal and a2. Expression profiles indicated that
while AMPKal mRNA and protein expressions remained constant, those of AMPKa2
increased during 6 days of differentiation. | examined the cell proliferation rate of
the FACS-sorted myoblasts. Selective knockdown of AMPKal as well as PanAMPK,
but not AMPKoa2, resulted in a dramatic reduction of cell proliferation rate,

suggesting that AMPKal is necessary for cell proliferation of C2C12 myoblasts.

I next studied the effects of isoform-specific depletion of AMPKal and a2 on
differentiation. At 6 days of differentiation, shAMPKa2 as well as shPanAMPK

myotubes were significantly thinner, while shAMPKal myotubes were thicker than
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that of the control. Knockdown of AMPKal and PanAMPK significantly decreased
the peak expression of myogenin at 72hrs of differentiation. Contrarily, AMPKa2
knockdown resulted in a dramatic reduction in the mRNA expressions of MCK and
genes involved in mitochondrial biogenesis including peroxisome
proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a). I examined the
staining of C2C12 myotubes at 6 days of differentiation with tetramethylrhodamine
methyl ester (TMRM), which is a cell-permeant, fluorescent dye that is readily
sequestered by active mitochondria. AMPKa2 knockdown reduced TMRM staining in
C2C12 cells. These data suggest that AMPKal is essential during early-stage
differentiation, while AMPKa?2 is critical for muscle maturation during the late stage
of differentiation. AMPKal and a2 reciprocally regulate the width of C2C12
myotubes during the late stage of differentiation.

In addition to the effects of AMPK on gene expressions, AMPK stimulates
fatty acid oxidation and autophagy by phosphorylating acetyl-CoA carboxylase
(ACC) and Uncb1-like autophagy activating kinase 1 (ULK1), respectively. The
results showed that AMPKal is the major contributor towards phosphorylation of
ACC and ULK1 in C2C12 myotubes.

My findings indicate that AMPKal and o2 have distinct roles in myogenic
differentiation in C2C12 cells. AMPKal is predominantly localised in the cytoplasm
while AMPKa2 is present in both nucleus and the cytoplasm. Moreover, a putative
nuclear localisation sequence (NLS) has been identified in AMPKa2 but not al. I
discovered that a portion of endogenous AMPKoa2 is localised in the nucleus during
the late stage of differentiation. To examine the role of AMPKa2 translocation into
the nucleus during myogenic differentiation, |1 overexpressed WT-AMPKa2 and its
NLS-mutated form (ANLS-AMPKa2) in shAMPKa2 C2C12 cells. AMPK activation
by AICAR (5-Aminoimidazole-4-carboxamide ribonucleotide) or energy deprivation
condition (addition of 2-deoxy-D-glucose into low glucose medium) increased the
translocation of AMPKa2 in WT-AMPKa2 but not ANLS-AMPKa2 myoblasts. |
found that WT-AMPKa2 overexpression increased the mRNA abundance of MCK and
PGC-1a in shAMPKa2 cells. I also found that while ANLS-AMPKa2 overexpression
increased the amount of MCK mRNA to a similar extent with that of WT-AMPKua2, it
did not increase PGC-1a mRNA expression. The width of shAMPKa2 myotubes was
recovered in WT-AMPKa2-expressing cells and partially rescued in
ANLS-AMPKoa2-expressing cells. These results suggest that PGC-la mRNA
expression, but not MCK expression, could be regulated by AMPKa2 nuclear
translocation.
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Taken together, my results indicate that AMPKal and a2 have distinct roles in
myogenic differentiation, with AMPKal being necessary during the early stage,
while AMPKa2 and its changing subcellular localisation being indispensable during
the late stage of differentiation.
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