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The goal of our study is to identify signalling pathways and networks that may modify 
proteotoxicity associated to neuromuscular diseases. The rationale of our study is that 
genetic/biological modifiers of proteotoxicity may constitue a useful source of disease 
targets and markers. We use a combination of genetic and pharmacological 
manipulations to test whether genes and compounds may modify the cytotoxicity 
produced by disease protein expression in transgenic nematodes. Results will be 
presented showing that disease protein expression produces cellular and behavioral 
defects in C. elegans transgenics and allows conserved modulators of proteotoxicity 
to be identified, some of them which may be manipulated by pharmacological means.  
Our data suggest that C. elegans genetics may be a useful translational research 
component and starting point to screen for neuromuscular disease targets by 
searching for in vivo modifiers of proteotoxicity.  
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Sarcoglycanopathies are progressive muscle wasting disorders caused by genetic 
defects of four proteins, �-, �-, �-, and �-sarcoglycan, elements of a key 
transmembrane complex of striated muscle. The proper assembly of the sarcoglycan 
complex represents a critical issue of sarcoglycanopathies, as several mutations 
severely perturb tetramer formation. Misfolded proteins are generally discarded 
through the cell’s quality-control system that, however, could lead to the removal of 
functional polypeptides. To explore whether it is possible to rescue sarcoglycan 
mutants by preventing their degradation, we generated a heterologous cell system 
constitutively expressing three (�, �, and �) of the four sarcoglycans. In these cells 
(���-HEK), the lack of �-sarcoglycan prevented complex formation and cell surface 
localization, while the presence of �-sarcoglycan allowed maturation and targeting of 
the tetramer. On the contrary, transfection of ���-HEK cells with disease-causing �-
sarcoglycan mutants led to a dramatic reduction of mutated proteins, compared to wild 
type, and the absence of the complex from cell surface. This result closely reproduces 
the observations made in muscle patients. Proteasomal inhibition reduced the 
degradation of mutants and facilitated the assembly and targeting of the sarcoglycan 
complex to the plasma membrane. However, as expected for a critical process 
necessary for cell survival, the prolonged inhibition of proteasome severely 
compromised cell viability. Importantly, when the treatment included the inhibition of 
caspase activity, the cytotoxic effect of proteasome inhibitor was almost completely 
abolished. Finally, in a trial application of this approach to a skeletal muscle explant 
isolated from an LGMD-2D patient, incubation with the FDA-approved proteasome 
inhibitor Velcade (bortezomib) rescued the expression of mutant �-sarcoglycan to the 
cell membrane. The present data provide important insights for the development of 
pharmacological therapies for sarcoglycanopathies.  Funded by AFM (grant # 12988) 
and University of Padova. 
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Sarcoglycanopathies are recessive muscular disorders caused by defects in a group 
of transmembrane proteins, known as sarcoglycans, and part of the dystrophin-
associated complex. Mutations in the α, β, γ and δ sarcoglycan genes lead to a similar 
phenotype and are referred as limb-girdle muscular dystrophies type 2D, 2E, 2C and 
2F (LGMD2D, 2E, 2C and 2F) respectively. Dysfunction of one of the sarcoglycan 
destabilizes the whole sarcoglycan complex, leading to a partial or complete 
disappearance of the other sarcoglycans at the membrane. To date, no treatment 
exists for these diseases. 

The most frequently reported mutation in the α-sarcoglycan gene is the substitution of 
an arginine in position 77 by a cysteine (α-R77C). We demonstrated that this mutation 
encodes a misfolded protein that fails to be delivered to its proper sarcolemmal 
localization due to blockade in the endoplasmic reticulum (ER). The quality control 
system of the ER is an important monitoring mechanism in the protein maturation 
process, which ensures export of properly folded proteins from the ER. Incorrectly or 
incompletely folded proteins are retained in the ER for refolding or translocated in the 
cytosol for degradation by the ER associated proteasome (ERAD).  

We hypothesized that, by blocking the ER quality control system, we should be able to 
rescue the misfolded α-sarcoglycan protein at the cell membrane. Consistently, 
results of our experiments using an heterologous cellular model of sarcoglycan 
complex formation showed that the α-mannosidase I inhibitors prevent α-R77C 
degradation by proteasome/ERAD and restore correct localization of the protein. 
Furthermore, this membrane targeting allows the assembly of the sarcoglycan 
complex. Consequently, we were able to rescue other sarcoglycan mutations using 
the same approach. Overall, these results suggests a therapeutic approach for 
LGMD2 patients carrying mutations that impair sarcoglycan trafficking. 
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Small stress proteins are characterized by a common alpha-crystallin domain. Among 
these proteins, Hsp27 and �B-Crystallin are oligomeric molecular chaperones that are 
highly expressed in pathological conditions such as those generated by 
neuromuscular diseases. These proteins share the ability to protect cells against the 
toxicity mediated by aberrantly folded proteins or oxidative-inflammation conditions. In 
addition, they have anti-apoptotic properties. The missense mutation R120G in human 
�B Crystallin, which strongly decreases the chaperone activity of this protein, is 
associated in vivo with autosomal dominant myopathy, cardiomyopathy, and cataract 
(Vicart et al., 1998). In muscle cells, R120G mutant forms aggregates that contain 
desmin, the major chaperone substrate of �B-Crystallin. Consequently, the structural 
organization of muscle cells is disorganized. Overexpression of Hsp27 or Hsp22 (an 
other small stress protein) results in the formation of complex oligomeric stuctures 
containing R120 mutant. As a consequence, the toxicity induced by R120G mutant is 
reduced, probably because of the partial refolding and restoration of the activity of this 
mutant. This implies that it may be possible to restore the function of R120G mutant 
by chaperone mimics that interfere with the aggregative process of this deleterious 
protein. Recent approaches using peptides aptamers that specifically target this 
protein support this assumption.  
Since the expression of small stress proteins has implications in pathologies as 
diverses as neurodegeneration, myopathies, asthma, cataracts and cancers, 
approaches towards therapeutic strategies will be discussed. 
  
Arrigo, A. P., Simon, S., Gibert, B., Kretz-Remy, C., Nivon, M., Czekalla, A., Guillet, 
D., Moulin, M., Diaz-Latoud, C., and Vicart, P. (2007). Hsp27 (HspB1) and alphaB-
crystallin (HspB5) as therapeutic targets. FEBS Lett.   
Vicart, P., Caron, A., Guicheney, P., Li, Z., Prevost, M. C., Faure, A., Chateau, D., 
Chapon, F., Tome, F., Dupret, J. M., et al. crystallin chaperone gene causes a 
desmin-related myopathy. Nat Genet 20, 92-95.  
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Myostatin is an endogenous, negative regulator of muscle growth determining both 
muscle fiber number and size. Recently, inhibition of this pathway has emerged as a 
promising therapy for muscle wasting although more details of myostatin regulation 
and its mechanisms of actions need to be clarified. Despite the importance of 
myostatin signalling for proper myogenic differentiation, little is known about the 
interaction of the myostatin signalling pathway with other major signalling pathways 
involved in myogenesis. To begin to address this, we investigated the possibility of a 
signal integration between the myostatin and Notch signalling pathways, two negative 
regulators of myogenic differentiation. In a previous study using a potent inhibitor of 
presenilin-dependent cleavage of Notch, DAPT, we induced myotube hypertrophy in 
primary human myoblasts. Here we show that this myotube hypertrophy-induced by 
Notch inhibition was associated with downregulation of myostatin expression. 
Consistent with these data we further show that both pathways are integrated in the 
transcriptional regulation of Notch and myostatin responsive genes. These results 
suggest that targeting myostatin through manipulating Notch signalling could have 
important roles in regulation of muscle mass. We are now currently investigating the 
relevance of this interaction for adult myogenesis. 
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Maintaining or even enhancing skeletal muscle mass is critical not only in 

inherited muscular disorders but also in the context of aging and in various disease 
states associated with muscle loss. The aim of any treatment for muscle wasting is to 
restore, maintain, or improve muscle size and strength. Many therapeutic trials have 
been undertaken to identify and validate new targets for treating muscular 
dystrophies. Compounds used include anabolic steroids, growth factors and 
interestingly agonists of G protein-coupled receptors (GPCRs) such as the beta(2)-
Adrenergic receptor (AR). The later have been put forward as a promising new target 
for treating muscle wasting. However, their potential is limited because of the high 
doses of beta(2)-AR agonists required which have several deleterious effects such as 
cardiac hypertrophy. 

We have produced a repertoire of the GPCRs in mouse heart, revealing new 
cardiac receptors. Our data is validated by the identification of all the well known 
receptors and atypical or new receptors such as mGluR1 whose presence we 
evidenced at the protein and functional level. We have repeated this approach on 
proliferating and differentiating myoblasts and are currently also creating GPCR 
repertoires for normal and atrophied skeletal muscle. Our aim is to identify receptors 
actively involved in skeletal muscle atrophy that are weakly represented or absent in 
the heart.  

The work put forward in this proposal should enable the identification of new 
targets and molecules of interest for the treatments of skeletal muscle loss, owing to 
the GPCR repertoire approach. Indeed, GPCRs are well known for being highly 
accessible pharmacological targets. 
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Glucocorticoids play a major role in the nervous system and promote myelination. 
Their action is mediated by the glucocorticoid receptor (GR) that recruits 
coactivators(CBP or p300). We investigated the role of CBP and p300 in Schwann 
cells. We showed that neither CBP nor p300 enhanced GR transcriptional activation 
and unexpectedly, p300 acted as a corepressor. Functional and pull-down assays 
showed that beta catenin is the coactivator replacing CBP in the GR transcriptional 
complex, indicating that glucocorticoids may act by means of unusual partners in 
Schwann cells. Beta catenin is involved in Wnt signaling pathway which plays a role in 
development and diseases. 

We have then evaluated the physiological significance of our findings, by studying 
the regulation of myelin genes expression by glucocorticoids and Wnt/beta catenin. 
We showed that P0 and PMP22 genes (two major peripheral myelin genes) are 
stimulated by Wnt pathway, moreover, the combination of of glucocorticoids and Wnt 
signaling have a synergistic effect (i.e. 13-fold stimulation of P0 gene expression). We 
have then studied the mechanism of regulation of myelin genes by Wnt signaling by 
using either siRNA targeting beta catenin and LEF/TCF, or dominant-negative forms 
of the receptor frizzled and Disheveled. We found that Wnt/beta catenin pathway is 
essential for both basal and stimulated activities of myelin genes. Finally, we have 
studied the cross-talk between the GR and Wnt/beta catenin pathways and found that 
glucocorticoid enhances the expression of beta catenin, which is able to bind to GR 
and TCF. Our findings highlight the importance of Wnt/beta catenin and glucocorticoid 
in the expression of myelin genes, and opens a new strategy in the treatment of 
demyelinating disease such as Charcot-Marie-Tooth by modulating the action of 
Wnt/beta catenin and glucocorticoid pathways. 
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Background - Duchenne muscular dystrophy (DMD) is a severe and still incurable 

disease, with heart failure as a major cause of death. The identification of a disease-

modifying therapy may require early-initiated and long-term administration, but such 

type of therapeutic trial is not evident in humans. We have performed such a trial of 

SNT-MC17/idebenone in the mdx mouse model of DMD, based on the drug’s potential 

to improve mitochondrial respiratory chain function and reduce oxidative stress. The 

mouse model allowed presymptomatic initiation and veritable long-term administration 

of treatment, as well as the use of gold standard in vivo invasive pressure-volume 

measurements for assessing cardiac contractility. 

Methods & Results - 200 mg/kg bodyweight of either SNT-MC17/idebenone or placebo 

was given from age 4 weeks until 10 months in mdx and wild-type mice. All evaluators 

were blinded to mouse type and treatment groups. Compared to wild-type mice, 

placebo-treated mdx mice showed cardiac hypertrophy, diastolic dysfunction, reduced 

contractile reserve with systolic failure and 58% mortality during low-dose dobutamine 

stress, cardiac inflammation and fibrosis, and reduced voluntary wheel running 

performance. Idebenone treatment significantly corrected cardiac diastolic dysfunction 

and significantly prevented mortality from cardiac pump failure induced by dobutamine 

stress testing, significantly reduced cardiac inflammation and fibrosis, and significantly 

improved voluntary running performance in mdx mice.  

Conclusions - We have identified a novel potential therapeutic strategy for human 

DMD, as SNT-MC17/idebenone was cardioprotective and improved exercise 

performance in the dystrophin-deficient mdx mouse. These animal data encourage 

investigation of SNT-MC17/idebenone in human DMD. Our data also illustrate that the 

mdx mouse provides unique opportunities for long-term controlled prehuman 

therapeutic studies. 
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Objective - To evaluate efficacy and tolerability of treatment with SNT-

MC17/idebenone compared to placebo in children with Duchenne muscular dystrophy 

(DMD).  Background - Idebenone supports mitochondrial respiratory chain function 

and reduces oxidative stress, pathways that are involved in DMD pathogenesis. In a 

controlled study we have shown that presymptomatic-initiated and long-term treatment 

with SNT-MC17/idebenone is cardioprotective and improves exercise performance in 

the homologous dystrophin-deficient mdx mouse.   Design/Methods - 21 DMD patients 

(8-16 yr) with cardiac dysfunction were enrolled in a phase II double-blind randomized 

placebo-controlled trial. Comedication with glucocorticoids was allowed at stable 

dosage; use of ACE-inhibitors was excluded. Thirteen patients received SNT-MC17 

(450 mg daily) for 52 weeks, 8 patients were randomized to the placebo group. The 

primary endpoint was the change from baseline in peak systolic radial strain of the left 

ventricular (LV) inferolateral wall, the region of the heart which is most affected in 

DMD. Secondary outcome measures included other cardiac parameters, respiratory 

function and upper limb muscle strength tests.  Results - All subjects completed the 

study, and SNT-MC17 showed good safety and tolerability. Compared to patients on 

placebo, patients on SNT-MC17 showed significant improvement in peak systolic 

radial strain of the LV inferolateral wall (p= 0.030). Peak systolic longitudinal strain of 

the LV lateral wall improved in patients on SNT-MC17 and deteriorated in patients on 

placebo (p=0.039). Whereas SNT-MC17 treatment was associated with improvement 

in respiratory peak flow, patients on placebo deteriorated (p= 0.039). Changes in 

forced vital capacity and maximal inspiratory pressures were not statistically 

significant between the groups. No significant differences were detected for 

quantitative upper limb muscle strength.  Conclusions - This is the first indication of 

clinical efficacy with SNT-MC17/idebenone on functional cardiac and respiratory 

parameters in DMD. The results provide the basis and guidance for phase II/III studies 

with SNT-MC17/idebenone in DMD. 
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Very-Long-Chain-AcylCoA (VLCAD) deficiency is one of the more common 
mitochondrial ß-oxidation defect, without treatment to date, with three distinct 
phenotypes including neonatal-onset severe cardiomyopathy, liver failure in infancy, 
or adolescent-onset myopathy with exercise intolerance, myalgia and rhabdomyolysis. 
Because of the severity of symptoms, newborn screening of VLCAD deficiency is 
performed in several countries. Molecular studies have revealed >80 VLCAD gene 
missense mutations, with generally unpredictable effects on enzyme activity, and for 
which genotype/phenotype correlations are globally unclear. We sought to determine 
if, via activation of the PPAR (Peroxisome Proliferator Activated Receptors) signaling 
pathway, bezafibrate could be effective to stimulate residual metabolic capacities in 
this disorder. Palmitate oxidation tests were performed in a panel of patient fibroblasts 
from the three phenotypes, representing 36 genotypes and 45 missense mutations. 
About two thirds of the cell lines exhibited a marked increase in Fatty Acid Oxidation 
(FAO) in response to bezafibrate, whereas treatment was ineffective in the remaining 
cell lines. Similar increases in VLCAD mRNA were found in all cell lines, and the 
differences in FAO could then be ascribed to variable increases in VLCAD residual 
enzyme activity in response to the drug. Unresponsive genotypes were all found to 
correspond to severe clinical presentations whereas cells that responded to 
bezafibrate were from patients with the myopathic form of the disorder. Cross-analysis 
of genotypes allowed to characterize groups of individual severe or mild missense 
mutations accounting for the response to the drug. 
This pharmacogenetics study provides a new way for functional analysis of VLCAD-
deficient genotypes, demonstrates the potential of bezafibrate in the correction of the 
more common myopathic form of the disorder, and provides a rationale for the 
selection of patients who might respond to bezafibrate in a future clinical trial, based 
on the association of in vitro tests and molecular data. 
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Objective: To prospectively evaluate the psychological impact of the participation in a 

clinical trial on patients with late-onset Pompe Disease. 

Method: From the moment of the inclusion and until the end of the trail at 18 months: we 

assessed every 3 months the psychological status of 10 patients who have been 

included in a placebo-controlled study of enzyme replacement therapy. 

Assessment: a) Open interviews were conducted by psychologists to qualitatively assess 

the impact of the clinical trial on the patient’s personal, marital and socio-professional 

life. b) Mood and anxiety were assessed with Self-report scales: Beck Depression 

Inventory, Beck Hopelessness Scale (B.H.S) and State and Trait Anxiety Inventory of 

Spielberger (S.T.A.I. I and II). c) Impact of the clinical trial and coping were evaluated 

with Impact of Event Scale (I.E.S) and the IPC scale (Internal, Powerful others, Chance) 

of Levenson. d) Quality of life and social adjustment were assessed with Whoqol-26 and 

Social Adjustment Scale in self report (S.A.S S-R).  

Preliminary and partial results: Throughout the trial mean scores of depression and 

anxiety-state improved. Quality of life and social adjustment were conserved. Patients 

privileged coping strategies focused on internal factor. 

Discussion: According to the preliminary results, there is no negative impact of 

participation in clinical trial on psychological status, moreover some psychological 

dimensions improved. We can explain that by two features: a) The medical team offered 

an enough secure and supportive environment during the trial. b) Participation in a trial 

has an influence on patient’s subjective position in front of their disease: it gives them a 

sense of having an active part in medical progress. For patients who are now under 

treatment (8 patients), the psychological assessment has to be continued in front of 

weight of treatment, involving a “medicalisation of their existence”. 
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In Reunion Island, we followed fifty ataxic patients every six months 
during eight years, from November 1999 to July 2007, using the same 
protocol. 1 The work protocol: Patients were included regardless of the 
stage of their disease. They were reviewed for a neurological 
examination, including a Kurtzke and an ataxia WFN scale, a biological 
and a cardiological assessment with ultrasound and holter monitor. A 
few patients were placed under Idebenone. They all received 
physiotherapy.2 Patients: All patients had a diagnosis confirmed by 
molecular biology. At the beginning of the study. 6 had a heart disease. 
37 patients could still move, with or without support. 33 patients were 
treated for more than two years. 3 Results : Natural evolution studied in 
14 untreated patients: 5 aggravations, 9 stabilisations or 
improvements. Under treatment, studied in 33 patients: 23 
aggravations, 10 stabilisations or improvements from a neurological 
standpoint: a/ Stabilisations: Among the patients most affected and 
throughout the study period, 11 patients have similar neurological signs 
at the end of the study, as those presented at the beginning of the 
study. b/ Improvements: 6 : often at a light stage of their illness. c/ 
Aggravations: 25 patients have worsened despite taking regular 
Idébénone. These exacerbations occur more often in patients with mild 
stage of the disease.From a cardiological standpoint: 6 patients had 
cardiomyopathy at the beginning of the study. At the end of the study, 
there are 9 patients. Out of the 6 patients already affected at the 
beginning of the study, two patients died, 4 have seen no worsening of 
their cardiac disease. Three people ended up with cardiac disease. 
Conclusion  The evolution of the Friedreich's ataxia is spontaneously 
slow. The treatment stabilizes or improves a good number of cardiac 
disease and neurological, but many patients worsen regardless the 
stage of disease. 
 
 
 
  

 
 
 

 


