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· David Martinelli, Ph.D.


Assistant Professor

University of Connecticut
“Establishing the C1Q-like Protein Signaling Pathway as a Novel Target for ADHD Treatments”

Key Words: Attention-deficit/hyperactivity disorder, ADHD, synapse, GPCR, C1QL3, C1q-like, BAI3, ADGRB3, Mouse model



Synaptic protein dysfunction alters neuronal communication and is a likely cause of neuropsychiatric diseases, generally termed ‘synaptopathies’. Attention-deficit/hyperactivity disorder (ADHD) is a likely example of a synaptopathy, affecting 5-7% of children worldwide. The causes of ADHD are unknown and research on treatments suffers from a dearth of animal models. Our recent genetic analysis on C1ql3 knockout mice revealed phenotypes of hyperactivity, sleeping disturbances, and a deficit in forming emotional memories, all characteristic of ADHD. This constellation of phenotypes suggests C1ql3 knockout mice may be a novel ADHD animal model, distinct from current research and human treatments which focus on monoamines. This proposal will investigate the hypothesis that the synapse-promoting and behavior-regulating activity of C1QL3 is mediated by binding to a G protein-coupled receptor called BAI3. We will first show that the ligand/receptor pair co-localize at brain synapses, then biochemically map the binding interface. Using this information, we will create a BAI3 binding-deficient mutant form of C1QL3 that fails to rescue the ADHD-like phenotypes in C1ql3 knockout mice, demonstrating the importance of C1QL3-BAI3 interaction. This research is significant because it will elucidate the cause of the behavioral abnormalities in C1ql3 knockout mice and form the etiological and biochemical foundation for subsequent research on ADHD as a synaptopathy involving this new pathway. Our proposed research is innovative because the discovery of a novel ligand/receptor pair will reveal an entirely new biochemical pathway that can be potentially manipulated for therapeutic benefit in ADHD. Our proposal will open the door to design agonists to target the C1QL3-BAI3 interface as a potential therapy for ADHD. 

· Hongmei Mou, Ph.D.


Assistant Professor of Pediatrics

Harvard Medical School

“Genetic Etiology Study of Neuroendocrine Cell Hyperplasia of Infancy (NEHI) on Dish”

Key Words: Neuroendocrine cell hyperplasia of infancy, Neuroendocrine cells, Human airway epithelium, NKX2.1 missense mutation, Genetic editing, Wnt signaling, Notch signaling, Screen platform



Neuroendocrine cell hyperplasia of infancy (NEHI) is a distinctive children lung disease with hyperplasia of bombesin-immunopositive neuroendocrine cells within distal bronchioles and alveolar ducts. NEHI results in significant morbidity in the newborn and young children and their pulmonary symptoms often last into adulthood. To date, NEHI remains significantly understudied with respect to molecular mechanisms of pathogenesis. The familial occurrence of NEHI suggests the possibility of a genetic etiology for this disorder. A heterozygous mutation in NKX2.1 (p.Arg191Leu) was identified in an extend family with NEHI. NKX2.1 is a transcription factor specifically expressed in the lung and regulates early lung development and cellular differentiation. In this proposal, we will deploy our human system as a novel way to investigate if this NKX2.1 mutation is a cellular intrinsic mechanism underlying the aberrant neuroendocrine cell prominence, a cardinal pathological phenotype in NEHI. By using our advanced stem cell technology and crispr-cas9 genome-editing tool, we will introduce multiple NKX2.1 missense point mutations (one NEHI-associated and three non-NEHI associated NKX2.1 mutations) into human airway stem cells. Then we will convert them into functional respiratory epithelium and study many NEHI pathogenic features. Furthermore, we will address our hypothesis that NEHI-associated NKX2.1 mutation causes NEHI pathogenic phenotypes by influencing neuroendocrine cell fate determination particularly through Wnt and Notch signaling pathways. We will also perform transcriptomic profiling and statistical analysis to identify transcriptional networks and regulatory programs unique to neuroendocrine cell. Finally, we will set up a screen platform to study the effect of signaling pathway modulators on neuroendocrine cell differentiation in human. We expect that our work will help to elucidate the role of NKX2.1 familiar mutation and key molecular signaling events for neuroendocrine cell differentiation and pathogenies of NEHI and other lung diseases exhibiting an increase in neuroendocrine cell number. 

· Sarita Patil, M.D.


Instructor

Massachusetts General Hospital

“Protective Antibodies in Immunotherapy for Peanut Allergy”

Key Words: Antibodies, B cells, Basophils, Allergy, Peanut



Food allergy is a growing public health concern, particularly in children. More than 1% of children in the United States have peanut allergy caused by allergy antibodies (IgE) putting them at risk for severe, life-threatening allergic responses to even minute exposures to peanut. Currently, the only available treatment is avoidance and emergent use of epinephrine.

Clinical trials of peanut oral immunotherapy (OIT) in which peanut allergic patients ingest incrementally increasing doses of peanut protein under clinical supervision, are currently underway. While many patients tolerate higher doses of peanut after OIT, only a subset develops long-lasting sustained responses. Recently, we discovered that these patients have a distinct peanut-specific antibody repertoire. We therefore hypothesize that patients with long-lasting tolerance after OIT develop protective antibodies against peanut that can prevent the interaction between peanut allergen with IgE and the consequent reaction from this interaction. 

To test this, we will identify the rare peanut-specific B cells that produce these protective antibodies. We previously developed a highly specific tool, or a peanut-specific B cell tetramer, to select these cells from OIT-treated patients. We propose to now use this technique to identify protective antibodies and study how they function to neutralize the interaction with IgE. Identifying such antibodies may allow us to use them as a new therapy. Understanding how these protective antibodies develop in some patients after OIT will also help us design better immunotherapy strategies. 

· Kristopher Sarosiek, Ph.D.


Assistant Professor of Radiation Biology

Harvard T.H. Chan School of Public Health

“Role of Apoptosis in Childhood Traumatic Brain Injuries: Blocking Cell Death to Improve Outcomes”

Key Words: Traumatic brain injury, Head injury, Cell death, Apoptosis, Neurotoxicity, Pediatrics, BCL-2 family proteins, Neuroprotection



Traumatic brain injuries (TBIs) resulting from falls, accidents or abuse are a leading cause of death and disability in infants and children. These traumas frequently result in life-long cognitive, developmental and social deficits due to permanent neural damage, which is poorly understood and correlates with injury severity as well as age- the youngest children are frequently at highest risk for permanent disabilities. Beyond supportive care, little treatment is available to reduce the healthy tissue damage evident in children with a TBI.  We have recently found that apoptosis (programmed cell death) is dynamically regulated during postnatal development in the brain and may influence the cellular damage induced by TBIs in young children. Specifically, we found that infants and children have a hyperactive apoptosis pathway due to heightened expression of the key pro-apoptotic protein BAX, predisposing their neurons and glia to undergoing cell death in response to a wide variety of sources of damage or stress including anti-cancer therapies. This is in contrast to adults, in which the apoptosis pathway is suppressed in post-mitotic neural cells due to insufficient expression of pro-apoptotic proteins, thus protecting them from stress-induced apoptosis. Based on these findings, we hypothesize that TBI-induced brain dysfunction in children may be in part driven by apoptotic cell death induced in neurons or glia within the traumatic penumbra surrounding the primary injury. To test this hypothesis, we will use well-established mouse TBI models across the age spectrum (neonate, adolescent, juvenile and adult) to definitively elucidate the role of apoptosis in trauma-induced tissue damage and dysfunction as well as their resulting behavioral outcomes. Furthermore, using genetic mouse models, we will directly test the extent to which blocking apoptosis can reduce TBI-induced cell death and tissue dysfunction. These studies will establish whether inhibition of apoptosis, which is now closer to being possible due to the recent development of apoptosis-blocking agents, can potentially improve outcomes for infants and children with traumatic brain injuries. 

· Xiaolei Su, Ph.D.


Assistant Professor of Cell Biology

Yale Cancer Center

“Mechanism of Chimeric Antigen Receptor (CAR) Signaling”

Key Words: T cell, chimeric antigen receptor, B cell leukemia, phase separation



The overall goal of my research program is to understand the molecular mechanism of chimeric antigen receptor-triggered T cell activation and to leverage this knowledge to develop new tools for improving T cell-based cancer immunotherapy. The chimeric antigen receptor (CAR) enables T cells to specifically target and kill cancer cells. Despite of its success in treating childhood cancers, significant challenges remain including cytokine release syndrome, neurotoxicity, and incomplete patient responses. These raise the necessity of an in-depth investigation of the molecular mechanism underlying CAR-mediated T cell activation. Unfortunately, the mechanistic study of CAR signaling falls far behind its progress in clinical application. Supported by the Charles H. Hood foundation, I will use CD19-CAR, a synthetic receptor commonly used in treating B cell leukemia and lymphoma, as a model to study CAR signaling. Firstly, I aim to determine the mechanism of CAR activation by antigens. I will develop a new biochemical reconstitution system to specially test the “size exclusion model” of CAR activation. This model, once validated, would suggest new criteria in selecting antigen molecules for designing CARs. Moreover, I will study how activated CARs transduce signaling to downstream pathways. Based on my preliminary data showing that activated CAR induces micron-sized cluster formation, I hypothesize that microclusters amplifies antigen-specific CAR signaling and promotes CAR T cell’s activity in killing cancer cells. I will test this hypothesis by developing CAR variants to modulate cluster formation and cytotoxic activity of CAR T cells. Result from these studies will not only reveal the molecular mechanism of CAR activation, but also guide the development of new CARs with improved efficacy against childhood cancers as well as other type of tumors. 
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