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Significance In triple-negative breast cancer (TNBC), immunotherapy is not fully potentiated. While the majority
of the immunotherapy field is focused on T cells, our lab has shown that responses to T cell checkpoint therapy
requires B cells and antibody. Yet, the reliance on helper function from CD4+ T cells for B cell activation in T
cell based therapy settings creates an unsolved problem_for many cases of TNBC that lack tumor infiltrating B
cellsand T cells. This leaves many patients (particularly those whose TNBC lack the conditions needed for T cell
activation) without the comprehensive therapy proven to incite immune responses capable of attacking their
unique tumors. In developing a novel concept in tumor immune therapy that significantly impacts these patients,
we have a found a way to directly elicit an anti-tumor B cell response that activates killer CD8+ T cells without
the need for CD4+ T cell help. This signifies a major innovation to therapy as our results clearly show that
CDA40 agonist can replace helper CD4+ T cells and activate B cells capable of overcoming de novo and acquired
resistance to anti-PD1 therapy. This is significant to a large percentage of TNBC patients whose tumors lack
conditions for CD4+ T cells activation. We will reach this large group of un-aided patients and radicalize TNBC
therapy by delivering therapeutic mechanisms explaining how B cell activation unleashes anti-tumor immunity.

HYPOTHESIS Our overall hypothesis is that CD40 agonist is mimicking CD4+ T cell CD40 ligand-mediated
positive selection of B cells in the light zone of the tumor draining lymph node. We hypothesize a broadened B
cell response that delivers anti-tumor immunity via multimodal activation of CD8+ T cells and B cell secreted
antibodies that engage antibody dependent cellular phagocytosis. We posit that immune checkpoint blockade
(ICB) synergizes with these responses by causing CD4+ T cell responses that work with CD40 agonist to further
B cell cycling to dark zones and increase positive selection of B cell clones in the light zone of lymph nodes.

AIM 1. To determine function of CD40 activated B cell responses in mouse models of TNBC.

AIM 2. To determine how CD40 activated B cells incite CD8+ T cell responses during anti-tumor immunity
to mouse TNBCs.

AIM 3. To determine the function of anti-histone antibodies in immune responses to mouse TNBC:s.

STUDY DESIGN

In aim 1, we will test the hypothesis that CD40 agonist enforces positive selection of light zone B cells which
function to organize anti-tumor lympho-myeloid aggregates in the tumor stroma. We posit that ICB broadens the
positive selection of these B cell responses further and encourages dark zone and light zone activity, producing
active GCs and TLS. A second new finding our lab has made is that these anti-tumor B cell responses have a
direct role in promoting cytotoxic CD8+ T cell responses in the tumor. This raises the question as to how B cells
activate CD8+ T cells in response to CD40 agonist without CD4+ T cell help. Based on our initial sScCSEQ data,
we hypothesize that B cells activate CD8+ T cells multi-modally with antigen and activation factors. In aim 2,
we will computationally and functionally test how B cell responses activate the CD8+ T cell response. We also
found that CD40 agonist changes the profile of tumor reactive antibodies in the serum. Mapping mouse serum
antibody responses to targets by TMT- Mass Spec and ELISA demonstrated that these antibodies recognize
histone proteins. As these antibodies react to areas of cell death, we hypothesize they function in ADCP to help
activate CD8+ T cells. We will define the function of histone specific antibodies in Aim 3.

IMPACT. Aim 1 will have immediate impact by creating a basis to employ CD40 agonist tactically or broadly
in TNBC to elicit anti-tumor B cell responses and synergy with anti-PD1 therapy. Long term, our results linking
the B cells and BCR/antibody sequences tied to these anti-tumor responses will enable us to discover effective
antigens to hard wire B cell or antibody responses by antibody cloning or B cell BCR engineering. Aim 3 of this
proposal will develop one such discovery. Aim 2 will deliver the first insights into how B cells activate killer
CD8+ without CD4+ T cell help. This will impact treatment to use B cells to ensure CD8+ T cells attack TNBCs.
This will significantly impact patients whose tumors lack MHC Il associated antigens and cannot thus rely on
CD4+ T cell help to induce anti-tumor responses. The impact of Aim 3 will derive from delineation of how
systemic antibodies to histones function in tumor immunity. Further impact of this aim will derive from defining
the extent to which these antibodies and specific histone antigens are potentially important therapeutic targets. As
such, we will deliver beneficial concepts with proven efficacy to patients and clinicians thus accelerating
progress in developing significantly improved immunotherapy holding broader patient applicability and efficacy.
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RESEARCH SUMMARY

My research uses a multi-disciplinary approach to investigate mechanisms of response to therapy, immune cell
dynamics in human cancers, and mechanisms controlling tumor metastasis. By integrating expertise in
functional genomics with mouse models and experimental biology, the goal of my research is to improve
treatment strategies for cancer patients.
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Virtual Symposium. 2020.

Apobec3 induced mutagenesis sensitizes murine models of triple negative breast cancerto immunotherapy by
activating B-cells and CD4+ T-cells. Oral Presentation, General assembly, San Antonio Breast Cancer
Symposium, December2018

Gene Expression features of Seminomas, Mixed Tumors, and Kit Mutant Testicular Germ Cell Tumors,

Oral Presentation, TCGA Testicular Germ Cell Data Analysis Workshop, November 2015

6 Identifying Genes That Control Breast Cancer Metastasis, Oral Presentation, Aitch Foundation
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Research Experience

University of North Carolina, Chapel Hill, Post-doctoral Research Associate, 2015 to Present
Breast cancer genetics and genomics
Mentor: Dr. Charles M. Perou, Ph.D., May Goldman Shaw Distinguished Professor of Molecular

Oncology

- Identification of predictive gene signatures and mechanisms of response to immune
checkpoint inhibitors



o Lead study identifying predictors and mechanisms of response to immune checkpoint
inhibitors using preclinical models of triple negative breastcancer.

o Developed new mouse mammary tumor models tostudy the immune cell dynamicsin triple
negative breast cancer.

o Discovered the necessity of B cells, antibody secretion, and T follicular helper cell
functionto sustained anti-tumor responses to immune checkpoint inhibitors.

« The Cancer Genome Atlas (TCGA) project — Testicular Germ Cell Tumors analysis working group
o Co-lead author on Integrated Molecular Characterization of Testicular Germ Cell Tumors.
o Analyzed the immune landscape of testicular germ cell tumors.
o ldentified the BCR and TCR repertoire of testicular germ celltumors.
o Identified histological specific mMRNA expression (MRNAseq) patterns.
o ldentified elevated kit signaling pathway components in testicular germ celltumors.

« Credentialing mouse models for the study breast cancer and the immunemicroenvironment
o Led genomic analyses to characterize mouse models of invasive lobular carcinoma.
o Led genomic analyses to establish mouse models of basal-like breast cancer
o Established relationships to human breast cancer
o Led genomic studies to identify key functional pathways and immune cell subsets

Michigan State University, Graduate Research Assistant, 2009 - 2015
Cancer genetics and genomics
Advisor: Dr. Eran Andrechek, Ph.D., Associate Professor with Tenure

» Development of gene expression signatures of mouse mammary tumor histology

o Developed and experimentally validated a series of gene expression signatures capable
of predicting mouse mammary tumorhistology.

o ldentified relationship of mouse model tumor histologies to activation of key oncogenic pathways.

o Identified relationship of mouse model tumor histologies to human cancer histologiesand
molecular subtypes on the basis of transcriptomes and oncogenic pathway activity.

- Dissecting tumor heterogeneity of breast cancer using mouse models
o Developed an expansive database of 26 major mouse models of breastcancer.
o Determined optimal procedures for adjusting and monitoring batch effects.

o ldentified tumor heterogeneity within models on the basis of gene expression profiles and
pathway activity.

o ldentified mouse models that parallel human breast cancer.

« Discovery of novel mechanisms of metastasis using computational analysis of mouse model and

breast cancertranscriptomes

o Predicted and validated a role for the E2F transcription factors in breast cancer metastasis
using a computational analysis of mouse and human breast tumors and genetic tests.

o Discovered that loss of E2F1 leads to a reduction in circulating tumorcells

o Identified that loss of E2F1 reduces tumor angiogenesis concomitant with reduced
expression of multiple E2F target genes involved genes involved in the hypoxia response.

o Used CRISPR gene editing to knockout FGF13 and validate a role for FGF13 inmetastasis.

Grand Valley State University, Undergraduate Research Assistant, 1998-2000
Plant Cell & Developmental Biology
Advisor: Dr. Sheila Blackman, Ph.D., Professor

o Performed immunofluorescence staining to assess cytoskeleton structure of cell cultures of
Daucus carota in response to integrin-binding peptide, RGD.
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B Cells in Cancer Consortium Co-Founder

2021 DOD Study Section Reviewer CON-GC-BC

2021 DOD Study Section Reviewer PB-6

Ad hoc reviewer: Scientific Reports, Nature, Nature Medicine, Cell,

Journal of Immunology , Clinical Cancer Research
The Cancer Genome Atlas (TCGA, Testicular Germ Cell Tumors 2015-2018)
AACR
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Principle investigator

Mentored 1 MD / post doc to independence
Mentored 1 post doc to industry

Mentor 2 Grad Students

Supervise 1 Research Assistant

Supervise 1 Research Scientist

1 part time administrator

Completed Mentor Training Group for Junior Faculty
Completed PiBS T32 Mentorship Training
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