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Office Phone: 215-728-2966

Lab Phone: 215-728-2968
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						Figure 1 – Primary human immunodeficiencies disable the bodies system of defense against invading pathogens, leaving those patients vulnerable to attack. These patients also represent an opportunity of learn more about the molecular processes that control immune cell development. We seek to identify the causes of human immunodeficiency by sequencing the patient genomes to find mutations in their genes, an then use the zebrafish model to screen those mutations to determine if they are responsible for disease. The zebrafish model is ideally suited for this because the molecular processes that control development of fish blood are very similar to those in humans, and they occur very rapidly enabling rapid screening of patient variants.
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						Figure 2 – αβ and γδ lineage T cells arise from a common set of precursors in the thymus. The signals that determine whether they adopt the αβ and γδ fate arise from their T cell receptor complexes, with weak and strong signals specifying the αβ and γδ fate, respectively. The signals of differing strength specify fate through the extent to which the repress the function of a critical set of transcription factors, the E proteins, E2A and HEB. 
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						Figure 3 – While the extent of E protein suppression by the antagonist Id3 is now well established, with mild repression leading to the αβ fate and strong repression leading to the γδ fate; however, it is not clear how these differences in E protein function repression mediate fate choice. To unravel this mystery, we are taking a genome wide approach to identify the specific E protein binding sites (E protein ChiP-Seq), whether those sites are promoters or enhancers (chromatin marks), what transcription factors bind nearby (Homer analysis), what the genomic targets of E protein bound enhancers are (HiC), and ultimately how all of these changes affect gene expression (RNA-Seq). Together, these analyses will produce a comprehensive, genome-wide, three-dimensional model of how the genome is reorganized during γδ lineage commitment.
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						Figure 4 – Rpl22 is a component of the large (60S) subunit of the ribosome, but Rpl22 is not necessary for ribosome biogenesis or function. Instead, Rpl22 regulates hematopoiesis, transformation, and morphogenesis by leaving the ribosome and binding to RNA targets to regulate their translation or splicing. The ability of Rpl22 to so is dependent upon its association with hnRNP-A1 and is antagonized by the highly homologous paralog of Rpl22, Rpl22-Like1 (Like1). 
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						Rpl22 plays a key role in regulating the transformation potential of hematopoietic progenitors and does so by controlling their metabolism. When Rpl22 is lost or suppressed, its absence results in induction of Alox12 expression, creating an excess of the 12S-HETE ligand that active the master regulator of fatty acid oxidation (FAO), PPARδ. PPARδ activation drives increased dependence on FAO, which promotes self-renewal and blocks differentiation, thereby creating a premalignant state and increasing the risk for development of myeloid malignancies. Targeting FAO may represent an effective approach to treat myeloid cancers in which Rpl22 expression is reduced. 
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						Figure 6 – The ERK kinases interact with substrates via two distinct domains, the D-domain through which it phosphorylates the majority of its substrates, and the DEF-binding pocket (DBP) through which it interacts with the remainder of its substrates. Using mutational approaches, we have demonstrated that the D-domain plays a key role in promoting cancer progression, while the DBP opposes that process through the induction of senescence. We now seek to employ small molecules to selectively attenuate D domain function as a therapeutic strategy to block cancer progression. 
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    Educational Background

                  	Postdoctoral training, Developmental Immunology, NIH, 1995
	PhD, Immunology, Duke University, 1991
	BS, Microbiology, Penn. State University, 1984




              





  
    Honors & Awards

                  	NCI Board of Scientific Counselors
	Senior Research Excellence Award, Temple Translational Science Symposium
	American Cancer Society Southeastern Pennsylvania Research Award
	Bucks County Board of Associates Key to the Chapter Award
	Elected to Henry Kunkel Society
	Inspired Leadership Award
	Member, Program Committee, American Association of Immunologists, 2010-2013
	Member Faculty of 1000, Leukocyte Development Section
	Member, CMIB study section
	Cancer Research Institute Fellow
	Norman F. Conant Award for Excellence in Research
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    Research Interests

                  T lymphocyte development and transformation


	Molecular basis for specification of the two major T lymphocyte lineages, αβ and γδ
	Regulatory functions of the ribosomal protein Rpl22 in hematopoiesis, lymphoid development, and leukemogenesis
	Using zebrafish to identify disease-causing genes in immunodeficient humans
	Substrate binding domain specific functions of ERK2 in development and cancer




              





  
    Lab Overview

                  The Wiest lab employs genome wide approaches to gain fundamental insights into the molecular control of the development of T lymphocytes and other hematopoietic cells and then exploits that information to improve the efficacy of cancer treatment. The lab focuses on four main areas. Project 1 seeks to identify the causal mutations responsible for previously unsolved immunodeficiency cases, in collaboration with investigators at the University of California at San Francisco (Figure 1). Project 2 intends to establish a three-dimensional model of the genome restructuring responsible for specification of γδ lineage T cells, and then to exploit those insights to edit the genomes of γδ lineage T cells a maximize their potency as anti-cancer immune effectors (Figures 2 and 3). Project 3 focuses on how an understudied class of molecular effectors, ribosomal proteins, control normal hematopoiesis and the potential of hematopoietic progenitors for transformation (Figures 4 and 5). The goal of Project 4 is to devise novel ways to target the Ras/MAPK pathway, which is activated in 85% of human cancers. They have determined that the ERK2 substrate interaction domains have opposing roles in cancer progression and wish to exploit this insight therapeutically (Figure 6).



              





  
    Lab Description

                  Molecular control of T lymphocyte development and function and malignant hematopoiesis


Project 1: Previously, research into the molecular causes of inherited defects in the human human system, so called immunodeficiencies including servere combined immunodeficiency (SCID), have led not only to a better understanding of human immune cell development, but has also led to the discovery of novel therapeutic targets for cancer treatment (e.g., BTX and Ibrutinib). Accordingly, we combine exome and whole genome sequence analysis with screening of candidate genes in zebrafish to identify the gene mutations causing SCID (Figure 1). Using this approach, we have already identified three novel causes of immunodeficiency (STN1, ARPC1B, and BCL11B) and are currently analyzing two more novel immunodeficiency genes. The role of these genes in the etiology, diagnosis or treatment of hematologic malignancies is also being explored.


Project 2: T lymphocytes recognize and destroy invading pathogens through an assembly of proteins called the T cell antigen receptor (TCR) complex. The TCR has protein subunits that are highly variable and responsible for target recognition (either αβ or γδ) and subunits that are invariant proteins and serve to transmit signals (CD3γδε and ζ). This critical protein assembly (the TCR) controls not only the behavior of mature T lymphocytes but also their development in the thymus. My laboratory seeks to understand how T cell development is controlled by the TCR and was the first to demonstrate that this complex plays a critical role in specification of the two majory T lineages, αβ and γδ, which arise from a common immature precursor in the thymus. Importantly, γδ T cells are a long overlooked immune cell population that is increasingly understood to be critically important in immune responses to cancer. We have found that the nature of the signal transduced by the TCR plays a key role in not just specifying the γδ fate, but also influencing the functions they perform. Moreover, we have identified the signaling axis involved, which exerts its effects through the graded reduction of the activity of E box DNA binding proteins (E proteins), which are critical regulators of lymphocyte development (Figure 2). We are currently building a global three-dimensional genomic regulatory network assembled around E protein targets that are differentially occupied during fate specification (Figure 3). Our ultimate goal is the use this information in conjunction with genome editing to produce optimized anti-cancer γδ T cell effectors to deploy in adoptive cellular therapy.


Project 3: Our efforts to understand the molecular basis for αβ/γδ T lineage commitment, led us to identify an unusual molecular effector that plays a critical role in this process, the ribosomal protein, Rpl22. Ribosomal proteins (RP) have historically been viewed as supporting the ribosome’s ability to synthesize proteins; however, emerging evidence suggests that RP, many of which are RNA-binding proteins, can actually play critical regulatory roles that control both normal development and transformation. We have found this to be true for Rpl22. Its function is selectively required for development of certain hematopoietic cells including αβ lineage T cells. Importantly, Rpl22 also regulates the emergence and behavior of hematopoietic stem cells, particularly their potential for transformation. Of note, the function of Rpl22 as a tumor suppressor is antagonized by its highly homologous (73% identical) ribosomal protein paralog, Rpl22-Like1 (Like1), which promotes development and transformation. Accordingly, developmental outcomes and risk for transformation are controlled by the antagonistic balance of Rpl22 to Like1 (Figure 4). These proteins do not appear to regulate development by altering the function of the ribosome, but instead appear to do so by functioning away from the ribosome, by binding particular RNA targets and controlling either their splicing or their translation. Efforts are ongoing to identify the collection of cellular targets through which they function as well as the molecular basis by which such similar proteins as Rpl22 and Like1 exert opposing functions. We have identified one such target, the mRNA encoding the lipoxygenase Alox12, which controls the transformation potential of hematopoietic progenitors by controlling their metabolic dependence on fatty acid oxidation (FAO), a process on which stem cells and cancer stem cells typically depend (Figure 5). These studies should inform the etiology of a number of human cancers including acute lymphoblastic leukemia (ALL), myelodysplastic syndromes (MDS), and acute myelogenous leukemia (AML), and will likely reveal new therapeutic entry points in these difficult diseases. 


Project 4: The Ras/MAPK pathway is activated in ~85% of human cancers, but to date efforts to target this pathway therapeutically by focusing on the active sites of pathway enzymes have had limited success. We seek to develop effective therapeutic interventions for this pathway by taking a different approach, targeting the substrate interaction domains of ERK proteins, specifically ERK2. ERK2 has two different substrate interaction domains, the D domain and the DEF-binding pocket (DBP). Interestingly, we have found that the D and DBP domains of ERK2 have opposing roles in cancer progression, with D supporting progression and DBP antagonizing this process by promoting senescence (Figure 6). Consequently, we seek to understand the molecular basis for the functioning of these domains and how we can block the function of the D domain therapeutically to attenuate cancer progression.
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Extramural Affiliations


	Fels Institute for Cancer Research and Molecular Biology
	Jefferson Medical College, Thomas Jefferson University



 


External News


OHSU-led effort results in largest cancer dataset of its kind

OHSU Knight Cancer Institute Press Release (Oct 17, 2018)
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About the Positions


Immunology Postdoctoral Associate


An Immunology Postdoctoral position is available immediately in the lab of David Wiest at Fox Chase Cancer Center. My lab has a longstanding history of investigation into the molecular mechanisms controlling lymphoid development and transformation. We have the following exciting projects available:


	Analysis of the molecular control of γδ T cell lineage development and function, with the ultimate goal of using genome editing to enhance function in immune-oncology.
	Investigation of the regulatory functions of ribosomal proteins in controlling hematopoietic development and transformation.
	Elucidation of novel domain-specific functions of ERK in cancer etiology and immune function.
	Solving the molecular etiologies of human immunodefiiency. In pursing these projects, we exploit genomic and proteomic approaches, as well as genome editing.



Opportunities are available to learn not only how to perform wet “omic” analysis, but also how to perform the bioinformatic analysis necessary to maximally benefit from these approaches. Experience with mouse models and/or zebrafish is advantageous. Fox Chase is located in a safe suburban neighborhood with easy access to the city. Please send CV and 3 references to David Wiest at: [email protected]


Laboratory Technician


The Wiest Laboratory at the Fox Chase Cancer Center seeks to hire a laboratory technician to work as part of a highly integrated, collegial team focused on addressing critical questions in immunology and cancer research. This position carries the opportunity to learn the latest research methods including CRISPR-based gene-editing, Next-Gen based genomic methodologies, immune cell function, and multi-parameter flow cytometry. The successful candidate need not have prior experience but should be motivated, have strong quantitative skills, and have no objections to working with research animals. Additional information can be found at the Wiest laboratory web site: https://www.foxchase.org/david-wiest.


About the Training Environment


As one of the four original cancer centers to receive comprehensive designation from the National Cancer Institute, Fox Chase Cancer Center has been at the forefront of cancer research for almost 90 years. We are home to excellent research facilities, top clinicians and scientists, and outstanding patient care. Our singular focus on cancer, which couples discovery science with state of the art clinical care and population health, remains the foundation of our work.


The scientist training programs at Fox Chase Cancer Center provide professional development opportunities in four core areas identified as crucial for successful careers in science, research, and health care including communication, leadership, teaching, and mentorship. Upon joining the program, graduate students and postdocs develop individual development plans to help guide their growth. Training throughout the year is supplemented with free professional development opportunities, including a robust ‘How To’ series, writing courses, networking, mentorship, and teaching opportunities, a trainee-led seminar series, a trainee-led annual Research Conference, and more. Postdocs at Fox Chase Cancer Center are supported by the Temple University Postdoc Association and the Office of Academic Affairs at Fox Chase, and are compensated with competitive pay and benefits.


In addition to the robust training program, scientists at Fox Chase Cancer Center benefit from being part of the rich scientific and biotech environment in the Philadelphia region. Many of our former trainees are now employees (and contacts) at nearby institutions and companies, including The Wistar Institute, Merck, GSK, AACR, and numerous others.


To Apply


Email a CV, cover letter, and the name of at least three references to [email protected]. Qualified candidates will then be invited to complete a job application.
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