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Skeletal muscle calcium homeostasis under normal
and pathological conditions

Calcium is a universal second messenger regulating different biological functions
from muscle contraction, to gene transcription and cell death. In skeletal muscle,
Ca2+ regulates contraction and relaxation and alterations in its intracellular con-
centration can lead to neuromuscular disorders. Investigations carried out during
the past decade have shown that in more than 50 % of the cases, Central Core Dis-
ease, Multiminicore disease and Malignant Hyperthermia are linked to point muta-
tions in the gene encoding the skeletal muscle sarcoplasmic reticulum calcium re-
lease channel ryanodine receptor (RyR1).

There are three isoforms of RyR that are expressed in different tissues; type 1 is
preferentially expressed in skeletal muscles but recent data has shown that it is
also expressed in some areas of the central nervous system, in some immune cells
and in smooth muscle cells. These results imply that mutations in RYR1 may lead
to alterations of Ca2+ homeostasis not only in skeletal muscle, but also in other
tissues expressing this intracellular calcium release channel. Indeed ryanodinop-
athies have recently been implicated in other clinical conditions such as bleed-
ing disorders, sepsis and intensive care polyneuropathiy, broadening the clinical
spectrum of disorders linked to altered RyR1functions. Interestingly, type 3 RyR
which was reported to be expressed at low levels in many tissues, appears to be
the predominant isoform in extraocular muscles and we are currently investigating
its role in this group of muscles, by using a RYR3 KO animal mouse model.

Our research also focuses on different aspects of calcium regulation in skele-
tal muscle under normal and pathological conditions and on the identification of
pathomechanisms in congenital muscle disorders. While most dominant RYR1
mutations affect Ca2+ homeostasis by changing the biophysical properties of the
RyR1 Ca2+ channel, the mode of action of recessive RYR1 mutations is more elu-
sive, especially since at the level of myotubes, effects on Ca2+homeostasis are
not prominent. On the other hand, striking changes occur in the patient’s muscles.
Such changes include a drastic decrease of RyR1 protein content, depletion of
muscle specific miR-1 and 1-133, as well as depletion of miR-22 and -124 that spe-
cifically bund to the 3'UTR of the human RYR1, hyper-methylation of RYR1 CpG is-
land and increased content of HDAC-4 and HDAC-5.

In order to gain insight into the mechanisms causing the epigenetic modifications
and validate whether they represent valid pharmaceutical targets we have generat-
ed two mouse models harboring RYR mutations, using the CRISPR/Cas9 gene ed-
iting technology. The mutations we chose were originally identified in a severely af-
fected patient with Multiminicore disease who harbored a premature stop codon in
exon 36 (RyRGIn1970X) and a missense mutation in exon 91 (RyRAla4329Asp). Ex-
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Fig.1: Cartoon depicting how mutations
in RYR1 lead to a decrease in RyR1 con-
tent thereby leading to weak muscles.
Mutations lead to DNA hyper-methylation
and HDAC-4/HDAC-5 over-expression. This
causes mef2 sequestration thereby inhibiting
transcription of genes regulated by mef2, in-
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Fig.2: Cellular distribution of RyR1 and Ca,1.1 in differ i i i li-derived

myotubes. Human myotubes were visualized with a Nikon A1R confocal microscope equipped
with a CFl Apo TIRF 100X objective (1.49 N.A.) and stained as described in the Materials and
Methods section. Top panels orbicularis oculi, bottom panels EOM. Panels A and E anti-Ca,1.1
(green), B and F anti-RyR1 (red), C and G, merged image of anti-RyR1, anti-Ca,1.1 and DAPI
(blue); orange pixels show co-distribution of RyR1 and Ca,1.1. Panels D and H, anti-Ca,1.2
(green). Bar indicates 20 um

tensive biochemical, physiological and cellular characterization of the mice mod-
els carrying single heterozygous and compound heterozygous mutations will help
identify biomarkers that could be used to monitor disease progression or regres-
sion in patients. Of importance, similar epigenetic modifications may occur in the
muscles of patients affected by other congenital myopathies (nemaline, myotubu-
lar and SEPN1-related myopathies). Thus discovering a common pharmacologi-
cal target downstream the primary genetic defect could potentially benefit a large
number of patients.

Other important areas of research focus on the role of calcium influx in skeletal
muscle excitation contraction coupling as well as characterizing the role of SRP-
35, a 35 kDa retinol dehydrogenase present in skeletal muscle sarcoplasmic re-
ticulum. For the latter experiments we have created a transgenic mouse model
over-expressing SRP35 in skeletal muscle. Such mice show increased exercise
performance and increased glucose metabolism. We think that this model will of-
fer important insight into the identification of molecular components coupling mus-
cle activity to metabolism and may help identify potential molecular targets for the
treatment of age-associated dismetabolic disorders such as type 2 diabetes.
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Connection to Clinical Practice

Anesthesiology - a physiology lab?

Once feared as the most dangerous part of sur-
gery, modern anesthesia has become very safe
with an anesthesia-related mortality of below 1 in
200’000. Monitoring under general anesthesia in-
cludes heart rate, blood pressure, cardiac output,
resistance, oxygen consumption, CO? production,
minute ventilation, acid base status, neuromuscu-
lar function, urine output and much more. Today
anesthesia has an impressive safety record. Nev-
ertheless some diseases such as malignant hy-
perthermia (MH) are still life threatening. MH is a
classical pharmacogenetic disease, triggered by
anesthetic agents and characterized by a hyper-
metabolic state. Research has identified causative
mutations in RYR1 in many susceptible individu-
als. However the genetic identity of some suscep-
tible individuals is still unknown and needs to be
determined in order to induce safe anesthesia. In
addition neuromuscular blocking agents and vol-
atile anesthetics can trigger severe skeletal mus-
cle damage (myolysis, rhabdomyolysis) and hyper-
kalemia in patients with neuromuscular diseases.
Many open questions on muscle physiology and
calcium homeostasis are still to be understood in
order identify patients at risk. Research on skel-
etal muscle, excitation-contraction coupling and
calcium homeostasis has the potential to further
increase perioperative patient safety.
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