
Synapse Remodeling 
in Health and Disease

Fall 2022 - 7:342 Advanced Undergraduate Seminar
Wednesday 1-3pm (tentative)

First class: September 7, 2022

Instructors: Dalila Ordonez (ordonezd@mit.edu)
              Josiah Boivin (jboivin@mit.edu)

Our brains are remarkably adaptable throughout our lives. Individual brain cells called neurons form synapses, sites of physical connection and communication between neurons, and then repeatedly rewire those connections in response to new experiences or to neuronal cell death caused by injury, disease, or aging. In this course, we will explore how neurons establish their synapses in the healthy brain during childhood and later in life, and how this process goes awry in disease states. More specifically, we will discuss how the brain forms its synapses early in life, stabilizes a subset of those synapses for long-term maintenance, and continues to add and remove synapses throughout life. We will then explore synapse dysfunction in diseases such as autism and Alzheimer’s disease, which involve abnormal increases or losses of synaptic connections, respectively. We will also consider synapse remodeling, a process of adding and removing synaptic connections to optimize our brain network, in the context of neuroinflammation, recovery from traumatic brain injury, and psychological trauma following prolonged stress. This course will be discussion-based. Each session will provide an opportunity for students to tackle two related papers from the primary scientific literature, ask questions to hone their understanding of the methodology and data presented in the papers, and practice critiquing the papers. Students will also have an opportunity to build their written and verbal communication skills through a written assignment and an oral presentation. The written assignment will focus on proposing an experiment in a mock mini-grant proposal, which students will draft and then refine together during one of the class sessions. In the oral presentation, students will practice explaining and critiquing a paper from the scientific literature. To provide real-life experience with the techniques used in the papers we discuss in class, we will see a demonstration of brain imaging in an MIT neuroscience laboratory, which will exemplify the experimental methods needed to generate the scientific figures analyzed in class. To facilitate discussion about career paths in the biomedical sciences, we will go on a field trip to Vertex Pharmaceuticals, where we will hear from industry scientists about their career journeys and learn about ongoing research behind neuromuscular diseases, including a family of rare genetic disorders characterized by muscle degeneration caused by alterations in the peripheral nervous system. This course will introduce students to a variety of methodologies used not only in the field of synapse dynamics but more generally across many disciplines in the field of molecular medicine. This class may be particularly beneficial to students interested in careers in biomedical research and/or medicine, but we welcome all students who are excited about learning how to read the primary scientific literature, understanding the process of critical scientific reasoning, and learning about how our brains remodel their connections in healthy and diseased states. 

Course description:
Our brains are remarkably adaptable throughout our lives. Indi-
vidual brain cells called neurons form synapses, sites of physi-
cal connection and communication between neurons, and then 
repeatedly rewire those connections in response to new experi-
ences or to neuronal cell death caused by injury, disease, or 
aging. In this course, we will explore how neurons establish 
their synapses in the healthy brain during childhood and later in 
life, and how this process goes awry in disease states. 


