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BACKGROUND

The laboratory of Dr Despina Sanoudou is focused on deciphering the molecular mechanisms implicated in skeletal and cardiac muscle function and disease. Cardiac disease is the
leading cause of morbidity and mortality in the western world, and over 5 million patients are
treated every year with an estimated cost of $19 billion US dollars in the USA alone. Despite
considerable progress in the identification of risk factors, current therapy is targeted towards
alleviating the symptoms rather than the etiology or the underlying molecular mechanisms of
the disease. At the other end of the spectrum, skeletal muscle diseases are relatively rare conditions, with phenotypes ranging from severe neonatal lethal to mild cases of late onset nonprogressive muscle weakness. Their diagnosis is often challenging, the prognosis highly variable, and there few effective treatments available to date, for only some forms of myopathy. In
both cardiac and skeletal muscle diseases the route of the problem often lies with the
(cardio)myocytes. The focus of our research projects is the elucidation of the molecular mechanisms and pathways, underlying skeletal and cardiac muscle function under physiological and
pathological conditions. An emphasis is given on skeletal myopathies and specifically nemaline
and myotubular myopathies, as well as dilated cardiomyopathy. Myopathies are diseases that
affect skeletal muscles, leading to weakness and atrophy. They can be caused by inherited
genetic defects (e.g., nemaline myopathy, myotubular myopathy, muscular dystrophies), and
endocrine, inflammatory (e.g., polymyositis), and metabolic disorders. In specific, in nemaline
and myotubular myopathies six structural and a phosphatase coding genes have been implicated respectively. Dilated cardiomyopathy is the most common form of cardiomyopathy. It
occurs more frequently in men than in women, and is most common between the ages of 20
and 60 years. About one in three cases of congestive heart failure is due to dilated cardiomyopathy. Left and/or right ventricular systolic pump function of the heart is impaired, leading to
progressive cardiac enlargement and hypertrophy, a process called remodeling. About 20-40%
of patients have familial forms of the disease, with mutations of genes encoding cytoskeletal,
contractile, or other proteins present in myocardial cells. Our major goal is the identification
and characterization of novel pathways and molecular players that could contribute towards
earlier diagnosis, more accurate prognosis and ultimately novel therapeutic targets for combating skeletal and cardiomyopathies.
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Our team’s strategy involves tackling these questions at three different levels:
1. DNA level – identifying the genetic factors involved in the development and progression of disease. We have established a DNA bank with specimens from > 200 dilated cardiomyopathy (DCM) patients. The collection of patient blood samples is ongoing and was recently
expanded to cover the population from the periphery as well as central Greece. Affected individuals, with anonymized, comprehensive clinical records, are presently screened for genetic
variations in promising candidate genes coding for sarcoplasmic reticulum Ca2+ - cycling or
structural/sarcomeric proteins. Both of these two protein families have been previously implicated in DCM development. High through-put mutation analysis of the isolated DNA samples
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is performed using Single Strand Conformation Polymorphism (SSCP) analysis, followed by
direct automated sequencing. In depth statistical analysis evaluates potential genotype / phenotype correlations. The functional significance of findings at this level is being elucidated
using in vitro (cell cultures) and in vivo (mouse or rat) models.
2. RNA level – unraveling the molecular mechanisms implicated in muscle function and
disease by using whole genome expression profiling microarrays. Using patient tissue biopsies
or disease animal models we perform whole genome expression profiling with Microarrays.
Approximately 60,000 and 40,000 genes are analyzed for each human and mouse specimen
respectively. Extensive bioinformatical analysis is then performed with a variety of software to
identify the genes whose expression is significantly changed in the different conditions under
study. The third level of analysis involves biological interpretation of the data, which ultimately leads to thediscovery of the molecular pathways implicated in disease development and progression. Protein and functional assays are ultimately designed to determine the downstream
molecular and cellular implications of the gene expression changes detected bymicroarrays.
3. Protein level – dissecting central pathogenetic mechanisms through identification
and in depth characterization of protein-protein interactions. Ca2+-cycling and structural proteins play a key role in (cardio)myocyte function, and mutations thereof have been shown to
lead to disease. Our work employs cutting edge (e.g. liquid chromatography- Quadrupole timeof-flight tandem mass spectrometry with nESI interface (LC-nESI-QqTOF MS-MS)), as well as
classical proteomics approaches (yeast two-hybrid, in vitro binding, pull-down and blot overlay assays) for the identification of novel binding partners to our proteins of interest and/or the
characterization of the intracellular role and mode of function of known protein interactions.
Of particular interest is studying the effect of disease-causing mutations protein localization
and function. The findings from these studies are further investigated with functional assays in
vitro and in vivo systems.
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