Can we power-up mitochondria
to boost muscle strength?
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What is the problem?

What are we interested in?

What did we do?

Spinal muscular atrophy (SMA) is a childhood
disease that affects specific nerve cells, called
motor neurons, which send signals from the
brain and spinal cord to our muscles. It causes
muscles to weaken and problems with movement,
including muscle tremors, joint problems, and
swallowing and breathing difficulties. It is the
number one genetic cause of death in infants.

Mitochondria are the “powerhouses” of our cells,
where energy (in the form of ATP) is produced
(see Figure 2). Previous research by our group
and others has shown that mitochondria may
not be functioning correctly in SMA. We want
to investigate this defect in mitochondria and
understand how insufficient levels of SMN
protein causes SMA. We hope our findings will
identify potential therapies that can “power-up”
mitochondria to help restore function in motor
neurons and muscles of patients with SMA.

We used a “cell-in-a-dish” model to mimic the cells of SMA
patients. Motor neuron-like cells were genetically altered to
produce lower levels of SMN protein, and we then grew the
cells in the lab. To find out how healthy the mitochondria
are and what mitochondrial functions are disrupted in SMA,
we measured the amount of various proteins involved in
mitochondrial function using a technique called western blotting
(see Figure 3).

SMA is caused by loss of motor neurons in the
spinal cord, which leads to the muscle wasting
and neuromuscular defects (see Figure 1).
Patients with SMA have mutations (changes in
the DNA sequence) in a gene that codes for
a protein called survival of motor neuron (SMN),
resulting in insufficient levels of functional SMN
protein. Current therapies against SMA aim to
restore SMN, but these therapies do not cure
SMA and are ineffective in some patients.
Further, current costs of these therapies make
their widespread use unlikely.

Figure 1 The neurobiology of spinal muscular atrophy.

What did we find?

Figure 2 We are interested in mitochondria, where the cells produce energy.

We found changes in the amounts of certain mitochondrial proteins in our cells mimicking SMA.
Compared with normal cells, there are changes in proteins related to energy production (oxidative
phosphorylation) and the generation of new mitochondria (mitochondrial biogenesis) (see Figure 4).
Figure 4 Mitochondrial
proteins are changed in
our cell model of SMA.
Mitochondrial proteins were
measured in motor neuronlike cells containing different
levels of SMN protein: normal
(Control), reduced (SMA1),
or absent (SMA2). We found
changes in mitochondrial
proteins involved in energy
production (oxidative
phosphorylation [protein =
COXIV]) and the generation
of new mitochondria
(mitochondrial biogenesis
[protein = PGC1-alpha]).
The x-axis shows the cell
type. The y-axis shows the
amount of each protein
(i.e. expression).

Figure 3 ‘Cell-in-a-dish’ model of spinal muscular atrophy. Microscope images of the mouse motor
neuron-like cells used for our experiments (A). These cells were genetically altered to produce lower
levels of SMN protein (B). To measure protein levels, we use a technique called western blotting
(C). SMN protein is detected as a band (shown in green in the image). Normal (Control) or
genetically altered (SMA1 and SMA2) cells were examined. SMA1 cells produce less SMN protein
compared to Control cells, while SMA2 cells produce no SMN protein at the correct size, as
indicated by the lower position of the green bands.

What does this mean?

Who am I?

Mitochondrial proteins must be present at the
correct levels for mitochondria to function properly:
too much or too little can be harmful for both
mitochondria and the cell. Therefore, our findings
suggest that mitochondria may not be functioning
optimally in SMA. Further, our results provide hints
as to which mitochondrial proteins and pathways
may be useful for further investigation. With further
research into these pathways, we ultimately hope
to identify potential drug targets that can be
used to boost mitochondrial power and help
treat patients with SMA.
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