A leading centre for innovation, expertise, and discovery
How the Samuel Lunenfeld Research Institute of Mount Sinai Hospital is advancing neuroscience research in Canada  
This year marks the 25th anniversary of the Samuel Lunenfeld Research Institute of Mount Sinai Hospital in Toronto, one of the world’s top 10 centres in biomedical research, and Canada's gold standard for genetics research and molecular medicine. 
The Lunenfeld’s Centre for Neurodevelopment and Cognitive Function focuses on understanding the fundamental processes that underlie the development and function of the nervous system, specifically at the molecular and genetic level. 

Neuroscientists at the Lunenfeld have developed a unique vision for this fascinating and important area, and their discoveries provide new insight and approaches to understanding diseases and injuries that affect nerve growth and function, including psychiatric disorders, Alzheimer’s disease, epilepsy, autism and spinal cord injury, as well as learning and memory.

The fundamentals of nerve guidance and nervous system development
Understanding the process of nerve guidance and migration during development has been a life-long obsession of Dr. Joseph Culotti.  A Senior Investigator at the Lunenfeld and the 2005 recipient of the Barbara Turnbull Award for Spinal Cord Research, Dr. Culotti conducts fundamental research to understand the development and function of the nervous system. In particular, he looks for genes involved in directing the precise growth of neurons, and his research has significant implications for the development of new treatments for spinal cord injury. 
“By understanding the mechanisms involved in the development of the spinal cord, we may ultimately be able to replicate it, enabling severed neurons to reconnect and repair an injured cord,” says Dr. Culotti.
To study the nervous system, Dr. Culotti uses the nematode C. elegans, which he describes as “a simplified spinal cord.” Its simplicity makes C. elegans an ideal research model, and Dr. Culotti has discovered startling similarities between the growth of its neurons and those in the human spinal cord. What he learns from C. elegans therefore has great relevance to our understanding of the development and regeneration of the human nervous system. 
Working in collaboration with researchers at Johns Hopkins University in 2001, Dr. Culotti found that similar molecules guide the growing neurons along the same axis in the developing human spinal cord as they do in C. elegans. He and his team were the first to identify a neuron guidance cue called UNC-6 that gives information to growing neurons, in essence telling them which direction to grow. Dr. Culotti’s lab has also identified five new genes involved in forming the paths that guide axons, and has successfully isolated three of these, enabling their in-depth study.
In February 2009, Dr. Culotti published a landmark study in Nature Neuroscience that revealed how opposing chemical signals help define the appropriate positioning of neurons and their axons, with respect to other neurons and supporting cells.

Other projects in Dr. Culotti’s lab involve identifying mutations in homologues of genes known to affect axon guidance in vertebrates.

A focus on the genetics of epilepsy, schizophrenia, learning, and cognition 
Important insights into the genetics of epilepsy have been revealed through the research of Dr. John Roder, an acclaimed neurobiologist and Senior Investigator at the Lunenfeld who holds a Canada Research Chair in Learning and Memory. An original member of the Molecular Immunology and Neurobiology Division since the Lunenfeld’s inception in 1985, Dr. Roder has led a prodigious career marked by milestone breakthroughs in neurobiology research.

In August 2009, Dr. Roder published a study offering new evidence that a faulty version of a gene known as ATP1A3 is linked to epileptic seizures in mice. “The human ATP1A3 gene matches the mouse version of the gene by more than 99 per cent, so we’ve already started to screen DNA samples from epilepsy patients to investigate whether ATP1A3 gene defects are involved in the human condition,” says Dr. Roder.
In addition to research in epilepsy, Dr. Roder has made important discoveries recently in the genetics of learning and cognition. Last summer, he and other investigators discovered a molecular link between intelligence and curiosity, which may lead to the development of new drugs to improve learning. In a September issue of Neuron, Dr. Roder reported the interaction of two proteins in the dentate gyrus, which plays an important role in long-term memory and spatial navigation. They found a molecular link that holds promise for future cognitive therapies. 
“If John was a baseball player, he’d be in the Hall of Fame for hitting the ball out of the park so often,” says Jim Woodgett, the Lunenfeld’s Director of Research. “Part of his consistency of success in neuroscience derives from his foresight in applying new genetic techniques to questions of brain function. But John is also one of the most dedicated scientists I’ve known—he is a compulsive thinker.”
Dr. Roder also made national headlines in 2007 for his groundbreaking research in schizophrenia. In a pivotal study, he demonstrated for the first time in mouse models that malfunction of the gene DISC 1, previously associated with schizophrenia and depression, causes symptoms of those disorders. This was the first study to discern a common genetic link between the two illnesses—a discovery he hopes will one day lead to new, more effective treatments for schizophrenia.
“From a psychiatric point of view, this was important. It could change the way we think about diagnoses, and could open the door to new treatments,” says Dr. Roder. 
Dr. Roder is currently exploring the role of neuronal connections (synapses) in a process known as long-​term potentiation (LTP), learning and memory using engineered mice that lack specific receptors for neurotransmitters. His lab is investigating the complex cascade of events that lead to LTP, which is the means by which memory is established. 

Ongoing research at the Lunenfeld’s Centre for Neurodevelopment and Cognitive Function
Dr. Mei Zhen
Dr. Mei Zhen, a Principal Investigator who holds a Canada Research Chair in Brain and Behaviour, is investigating the development of synapses. Her goal is a breakthrough in understanding brain development, synapse formation, and ultimately, the onset and treatment of mental illnesses. 

Using C. elegans as a model, Dr. Zhen has already identified a number of new genes involved in the development and function of synapses. In the last few years, her lab has discovered novel “ion channel” proteins that affect the communication between neurons and neural circuits, and are also implicated in developmental defects. Her research team and colleagues have also identified several proteins that affect neuron differentiation and growth by re-organizing the products of genes. These findings give researchers a greater understanding of the fundamental cellular mechanisms that affect the molecular and genetic mechanisms underlying cognitive development and function, and are potentially implicated in mental disorders.

In collaboration with other clinical investigators, Dr. Zhen is currently using animal models to understand the development of ciliopathy (a genetic disorder of the cellular cilia, which are the tail-like projections attached to some cells), and neurodegeneration.

Dr. Sabine Cordes

Dr. Cordes, Senior Investigator, is using molecular techniques and analyses of pre-existing and newly generated mouse mutations to understand early neural development, especially that of the vertebrate hindbrain organization and serotonergic neurons. 
Variations in genes required for the development and function of the serotonergic system show particularly strong associations with psychiatric conditions. Dr. Cordes is interested in identifying new genes required for the development and maintenance of a healthy serotonergic system, with the hope that these will ultimately help improve diagnoses and treatments for mental health patients.  
Dr. Cordes is also collaborating with scientists at the Centre for Addiction & Mental Health in Toronto to test what roles any newly identified genes may play in psychiatric conditions such as depression, bipolar disorder, schizophrenia, autism and phobic disorders. 

Dr. Kenichi Okamoto

The work of the Lunenfeld’s newest recruit, Dr. Okamoto, will build onto the Institute’s already leading-edge optical capabilities, with the construction of a new microscope equipped with lasers that allow for simultaneous visualization
and manipulation of specific proteins in real time and in live neurons. 
Dr. Okamoto’s research focuses on understanding the molecular mechanisms that control brain functions such as learning and memory. His research is at the leading edge of neurobiology and microscopy employing modern laser optics, and his approach to developing specific therapeutics for brain diseases is globally unique.

Dr. Okamoto aims to better understand the relationship between synapses and how they are able to reorganize themselves, such as occurs during learning and new memory formation. His work will provide further insights into the study of brain diseases as well as strategies for neural repair.
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