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Abstract 

Amyotrophic lateral sclerosis (ALS) is an incurable neurodegenerative disease of motor neurons 
characterized by muscle paralysis and death within 3-5 years of onset. However, due to unknown 
mechanisms, the extraocular muscles (EOMs) remain remarkably unaffected. The EOMs are highly 
specialized muscles that differ from other muscles in many respects, including innervation and 
satellite cells (SCs). Understanding whether these factors play a role in the relative sparing of EOMs 
in ALS could provide useful clues on how to slow down the progression of ALS in other muscles.  

The EOMs and limb muscles from terminal ALS patients and age-matched controls as well as the 
commonly used SOD1G93A ALS mouse model were studied with immunofluorescence. Antibodies 
against neurofilament and synaptophysin were used to identify nerves and neuromuscular junctions 
(NMJs); against Pax7, NCAM, MyoD, myogenin, Ki-67, dystrophin and laminin, to identify SCs and 
their progeny in EOMs and limb muscles. The proportion and fiber size of myofibers containing 
myosin heavy chain (MyHC) slow tonic and MyHC slow twitch were also determined in human 
EOMs. 

The abundance of SCs differed extensively along the length of control human EOMs, being twice as 
abundant in the anterior portion. Pax7-positive cells were also detected in non-traditional SC 
positions. EOMs from terminal ALS patients showed similar numbers of resting and activated SCs 
as the controls. In limb muscles of ALS patients, the number of resting and activated SCs ranged 
from low (similar to normal aged, sedentary individuals) to high numbers, especially in muscles 
with long duration of disease and varied between the upper and lower limbs. The EOMs maintained 
a high degree of innervation compared to hindlimb muscles of symptomatic SOD1G93A mice. MyHC 
slow tonic fibers were less abundant in ALS patients than in controls. The change seemed more 
pronounced in bulbar onset patients, and in this group of subjects only, there was a strong 
association between decline in MyHC slow tonic fibers and age of death. Notably, the decline in 
MyHC slow tonic fibers was unrelated to disease duration. 

Our data suggested that SCs play a minor role in the progression of ALS in general and in the 
sparing of the EOMs in particular. The generally preserved innervation in the EOMs of G93A mice 
may reflect distinct intrinsic properties relevant for sparing of the oculomotor system.  Even though 
the EOMs are relatively spared in ALS, MyHC slow tonic myofibers were selectively affected and this 
may reflect differences in innervation, as these fibers are multiply innervated.  
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