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Analyses of clinical features and development of therapy in Tubular aggregate myopathy
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BRI TR E A Calcium regulation and the mechanism of action of SOC inhibitors in muscle cells

from TAM patients and production of the model mice.
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By screening of clinical information of the patients with a muscle disorder, one Tubular aggregate
myopathy (TAM) or congenital myasthenic syndrome patient who harboring a homozygous
c.722_723insG mutation in GFPT1 gene. The patient was 36 year-old female and showed
proximal muscle weakness, gait disturbance, waning at 22% in 3Hz repetitive nerve stimulation
test. By treatment with pyridostigmine derivatives, muscle symptoms were improved as 32.6%
shorter in the 12-steps stepping test and 41.6% shorter in the squatting test. She also claimed
worsening of her symptoms by menstruation.

By survey of large cohort of TAM patients, we identified six patients with a mutation in the
STIM1 or ORAIL. There are 3 kinds of presence of TAs in which TAs were present in only type I
fibers, type II fibers or both fibers. The dystrophic changes in muscles were observed, as that
fiber size variation, endomysial fibrosis and centrally-placed nuclei were observed in all cases
and regenerating fibers were found in 5 cases in consistent with the slight elevation of serum
creatine kinase activity. On the other hand, the immunostaining images of TA are common
findings in all cases showing an accumulation of mutated STIM1 or ORAI1 together with
SERCA1 and DHPR. These results suggest that muscle weakness in TAM patients may be caused
by the dystrophic changes in their muscles.

The functions of STIM1 mutations, S88G, H109Q, E249K, 1115F, R304W and ORAI1 mutation,
P245T were evaluated. The mutants were expressed in C2C12 cells and the Ca2+ entry from
extracellular medium into cells were measured. We observed the constitutive extracellular ca2+
entry into cells without thapsigargin treatment by all mutations. The Ca2+ elevation levels are
1115F > S88G, H109Q > E249K, R304W. The mutations in SR domain would have a strong effect
on the activation of SOC channels, while P245T Orail was not active as G98S mutant. On
primary myoblasts from the patient with E249K mutation in STIM1, the SOC inhibitors, BTP2
and SKF96365, inhibited the constitutive Ca2+ entry completely.



Using CRISPR/CAS9 system, we generated knockin mouse with Orail G100S mutation, which
corresponds to human G98S mutation. There is no apparent abnormality in knock-in at birth
and body weight and organ weight were comparable to those in wild mice. The reduction in
muscle contraction (both of twitch and tetanus). On muscle pathology, the fiber size variation
was observed as human muscles, however the dystrophic changes and TA formation were not
observed in limb muscles. Primary cultured cells from knockin mice showed the enhancement of
extracellular Ca2+ entry. These results suggest that these knock-in mice partly reproduce the

phenotypes of human TAM patients.
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