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Personal Statement

The goals of my lab’s work are to decode natural signaling systems to understand their functions, and to encode specific instructions to
engineer therapeutic cells for cancers, HIV, or blood disorders. We are also interested in understanding how information is encoded by
the biophysical and structural characteristics of receptors, signaling adapters, and gene circuits. We use synthetic biology, high-
throughput library screening, and machine learning to create new synthetic receptors that improve CAR T cell anti-tumor activity. Our
approach to AI-enabled design of improved cell therapies is discussed in a review article. To explore cell signaling we curate a
modular toolkit of domains involved in cell signaling, combine them in novel arrangements to make combinatorial libraries of
hundreds to thousands of synthetic signaling molecules, and test these libraries for their effects on human immune cell (T cell,
macrophage, natural killer cell) or hematopoietic stem cell (HSC, HSPC) phenotypes. Using neural networks, we build predictive
models to quantitatively and systematically understand cell signaling networks, decode structure-function relationships, and design
new immune cell therapeutics.

We are now able to engineer enhanced CAR T cells and CAR macrophages with programmable receptors. These synthetic cytokine
receptors (SCRs) can tune CAR T cell proliferation, cytotoxicity, differentiation, and enable survival in the absence of cytokine. SCRs
can also polarize macrophages to user-defined cell states, including a state that is simultaneously pro-inflammatory and highly
phagocytic. Our SCR CAR T cell and SCR CAR macrophage work are described in publicly available pre-prints. In the proposed
work, we will use these enhanced immune cells as effectors and delivery vehicles for the immunomodulatory peptide LL-37 in
treatment of glioblastoma. LL-37 is a powerful TLR and STING agonist that can repolarize the tumor microenvironment to potentiate
immunotherapy responses. Our preliminary data, experience with SCRs and LL-37, and our team (cell engineer, neurosurgeon, LL-37
expert, and others) will enable us to explore a new modality of therapy for glioblastoma. Eventually, we hope to extend this technology
to pancreatic cancer.

Through our interdisciplinary research in biophysics, immune engineering, and machine learning, I hope to train a new generation of
scientists and physician-scientists capable of combining emerging technologies to solve problems in human health.

Honors
2025 - 2030 NIH Director's New Innovator Award (DP2), NIH Common Fund
2025 - 2028 Trailblazer R21 Award, NIBIB
2016 - 2020 Postdoctoral Fellowship, Damon Runyon Cancer Research Foundation
2016 - 2019 Postdoctoral Enrichment Program, Burroughs Wellcome Fund
2011 - 2015 Graduate Research Fellowship, National Science Foundation
2010 Diversity Enhancement Fellowship, Duke University
2010 Merck Index Award, University of Maryland Dept. of Chemistry and Biochemistry
2010 - 2013 Dean's Fellowship, Duke University
2009 First Place in Biochemical Sciences, UMBC Undergraduate Research Symposium in Chemical and Biological

Sciences
2007 - 2010 Undergraduate Research Fellowship, Howard Hughes Medical Institute
2006 - 2010 Banneker-Key Scholarship: housing, food, tuition, and fees, University of Maryland

Contributions to Science
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1. Immune cell engineering/Professional Career: T cells are quickly becoming a vehicle for cell-based immunotherapy in cancer
and autoimmune diseases. To effectively use T cells to treat disease will require the ability to modulate the many variable
properties of T cells—proliferation, persistence, memory formation, killing, metabolism, and cytokine release—all of which
are controlled by cell signaling events. I focused my postdoctoral research on understanding how immune signaling events
control T cell function. To do this, I developed a platform to rapidly construct libraries of thousands of synthetic receptors
(CARs) that differ in their signaling domains, with each receptor containing a different combination and arrangement of
conserved signaling motifs. I screened these libraries in primary human CAR T cells to find receptors (and signaling motif
combinations) that promote or inhibit activation, proliferation, cytotoxicity, and persistence. In a collaboration with scientists
at IBM, we used neural networks to learn and predict how combinations of signaling motifs dictate T cell phenotype and
function such as stemness and anti-tumor cytotoxicity. I developed an analysis to quantify the contribution of signaling motifs
to each of these biological functions. This work is the first implementation of combined high-throughput screening and
machine learning/artificial intelligence to create an improved cell therapy prototype with enhanced in vitro and in mouse
efficacy. This area of work improves our understanding of how signaling shapes T cell and macrophage function and provides
a roadmap for accelerating design of receptors that give immune cells enhanced therapeutic phenotypes for cancers and chronic
viral infections.

Since starting my lab at Stanford in May 2023, we have extended our engineering to macrophages and natural killer cells, as
well as T cell-macrophage dual cell systems. Our initial T cell and macrophage work are described in pre-prints.

2. Protein Folding/Graduate Career: My graduate research focused on understanding the kinetic mechanisms of coupled binding
and conformational changes in proteins and RNAs. In this work I performed kinetic, thermodynamic, and structural
experiments and used machine learning to globally fit a complex model to the data. The results of my research provided the
first experimental demonstration that molecular recognition could occur through both induced fit (binding before
conformational change) and conformational selection (conformational change before binding) in the same molecule. This
challenged the current view of the field, which traditionally described molecular recognition as happening either exclusively
through induced fit or conformational selection, but not both. My results also demonstrated that molecular recognition for
complex systems can be well described in terms of flux, and that the flux through various molecular recognition pathways
depends on the concentration of ligand and protein or RNA. This work to understand coupled binding and conformational
change improves our understanding of biological regulation and conformational changes relevant to drug design.

3. Biotin Ligase Biophysics/Undergraduate Career: My early career contributions as an undergraduate were in determining the
biochemical characteristics that make biotin protein ligases either able to transfer biotin (monofunctional) or able to both
transfer biotin and regulate biotin biosynthesis (bifunctional). I measured the ability of the monofunctional biotin protein
ligase from Pyrococcus horikoshii to bind biotin and ATP and its ability to dimerize. By comparing these biochemical
properties to the properties of the bifunctional biotin protein ligase from Escherichia coli, I showed that the biotin-dependent
dimerization is a critical feature of bifunctional (but not monofunctional) biotin protein ligases. The quantitative approach used
here to understand protein structure-function relationships still informs some of my work.
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       Immune cell engineering/Professional Career: T cells are quickly becoming a vehicle for cell-based immunotherapy in cancer and autoimmune diseases. To effectively use T cells to treat disease will require the ability to modulate the many variable properties of T cells—proliferation, persistence, memory formation, killing, metabolism, and cytokine release—all of which are controlled by cell signaling events. I focused my postdoctoral research on understanding how immune signaling events control T cell function. To do this, I developed a platform to rapidly construct libraries of thousands of synthetic receptors (CARs) that differ in their signaling domains, with each receptor containing a different combination and arrangement of conserved signaling motifs. I screened these libraries in primary human CAR T cells to find receptors (and signaling motif combinations) that promote or inhibit activation, proliferation, cytotoxicity, and persistence. In a collaboration with scientists at IBM, we used neural networks to learn and predict how combinations of signaling motifs dictate T cell phenotype and function such as stemness and anti-tumor cytotoxicity. I developed an analysis to quantify the contribution of signaling motifs to each of these biological functions. This work is the first implementation of combined high-throughput screening and machine learning/artificial intelligence to create an improved cell therapy prototype with enhanced in vitro and in mouse efficacy. This area of work improves our understanding of how signaling shapes T cell and macrophage function and provides a roadmap for accelerating design of receptors that give immune cells enhanced therapeutic phenotypes for cancers and chronic viral infections. 

Since starting my lab at Stanford in May 2023, we have extended our engineering to macrophages and natural killer cells, as well as T cell-macrophage dual cell systems. Our initial T cell and macrophage work are described in pre-prints.
    
     
       Protein Folding/Graduate Career: My graduate research focused on understanding the kinetic mechanisms of coupled binding and conformational changes in proteins and RNAs. In this work I performed kinetic, thermodynamic, and structural experiments and used machine learning to globally fit a complex model to the data. The results of my research provided the first experimental demonstration that molecular recognition could occur through both induced fit (binding before conformational change) and conformational selection (conformational change before binding) in the same molecule. This challenged the current view of the field, which traditionally described molecular recognition as happening either exclusively through induced fit or conformational selection, but not both. My results also demonstrated that molecular recognition for complex systems can be well described in terms of flux, and that the flux through various molecular recognition pathways depends on the concentration of ligand and protein or RNA. This work to understand coupled binding and conformational change improves our understanding of biological regulation and conformational changes relevant to drug design.
    
     
       Biotin Ligase Biophysics/Undergraduate Career: My early career contributions as an undergraduate were in determining the biochemical characteristics that make biotin protein ligases either able to transfer biotin (monofunctional) or able to both transfer biotin and regulate biotin biosynthesis (bifunctional). I measured the ability of the monofunctional biotin protein ligase from Pyrococcus horikoshii to bind biotin and ATP and its ability to dimerize. By comparing these biochemical properties to the properties of the bifunctional biotin protein ligase from Escherichia coli, I showed that the biotin-dependent dimerization is a critical feature of bifunctional (but not monofunctional) biotin protein ligases. The quantitative approach used here to understand protein structure-function relationships still informs some of my work.
    
     
  
   
     
       The goals of my lab’s work are to decode natural signaling systems to understand their functions, and to encode specific instructions to engineer therapeutic cells for cancers, HIV, or blood disorders. We are also interested in understanding how information is encoded by the biophysical and structural characteristics of receptors, signaling adapters, and gene circuits. We use synthetic biology, high-throughput library screening, and machine learning to create new synthetic receptors that improve CAR T cell anti-tumor activity. Our approach to AI-enabled design of improved cell therapies is discussed in a review article. To explore cell signaling we curate a modular toolkit of domains involved in cell signaling, combine them in novel arrangements to make combinatorial libraries of hundreds to thousands of synthetic signaling molecules, and test these libraries for their effects on human immune cell (T cell, macrophage, natural killer cell) or hematopoietic stem cell (HSC, HSPC) phenotypes. Using neural networks, we build predictive models to quantitatively and systematically understand cell signaling networks, decode structure-function relationships, and design new immune cell therapeutics.

We are now able to engineer enhanced CAR T cells and CAR macrophages with programmable receptors. These synthetic cytokine receptors (SCRs) can tune CAR T cell proliferation, cytotoxicity, differentiation, and enable survival in the absence of cytokine. SCRs can also polarize macrophages to user-defined cell states, including a state that is simultaneously pro-inflammatory and highly phagocytic. Our SCR CAR T cell and SCR CAR macrophage work are described in publicly available pre-prints. In the proposed work, we will use these enhanced immune cells as effectors and delivery vehicles for the immunomodulatory peptide LL-37 in treatment of glioblastoma. LL-37 is a powerful TLR and STING agonist that can repolarize the tumor microenvironment to potentiate immunotherapy responses. Our preliminary data, experience with SCRs and LL-37, and our team (cell engineer, neurosurgeon, LL-37 expert, and others) will enable us to explore a new modality of therapy for glioblastoma. Eventually, we hope to extend this technology to pancreatic cancer.

Through our interdisciplinary research in biophysics, immune engineering, and machine learning, I hope to train a new generation of scientists and physician-scientists capable of combining emerging technologies to solve problems in human health.
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