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A.	Personal Statement
My scientific training has primarily been in cancer cell biology where I have used in vitro and in vivo models of cancer to understand tumor progression and therapeutic response. I did my graduate training in elucidation, diagnosis and treatment of single-gene defects at the molecular level and my post-doctoral studies investigating mechanisms of response and resistance to EGFR tyrosine kinase targeted therapies and standard cytotoxic agents. My current research aims to combine approaches from cell biology with approaches from the physical sciences to (1) gain a better understanding of the fundamental physical and biological processes involved in cancer progression, (2) develop tools to interrogate the impact of microenvironmental selection pressures on tumor development, and (3) determine optimal treatment strategies to improve patient outcome. I have over 10 years experience working with various tumor models and cell biology techniques, including: cell viability assays, quantitative cell-based imaging, migration studies, drug treatments, and microenvironmental perturbations in 2D and 3D model systems. An important aspect of my research program involves the application of multidisciplinary approaches toward cancer-related problems, closely collaborating with mathematicians, engineers, physicists, and oncologists. As part of the NCI Physical Sciences Oncology Center initiative, I have been developing quantitative measures of cellular behavior in response to therapy for the purposes of directly calibrating mathematical models of cancer. 

B.	Positions and Honors

Positions and Employment
2003-2008		Graduate Student Researcher, Dept of Cellular and Molecular Pathology, UCLA, Los Angeles, 				CA 
2005			Teaching Assistant, Life Sciences Core Curriculum, UCLA, Los Angeles, CA
2008-2009		Postdoctoral Fellow, Louis Warschaw Prostate Cancer Center, Cedars-Sinai Medical Center, 				Los Angeles, CA
2009-2012		Postdoctoral Research Associate, Center for Applied Molecular Medicine, USC, Los Angeles, 				CA
2012-present	Assistant Professor, Keck School of Medicine, USC, Los Angeles, CA
2014-present	Lab Director, Center for Applied Molecular Medicine, USC, Los Angeles, CA

Other Experience and Professional Memberships
2002-2003		Chair, Dean’s Student Advisory Committee, Div of Biological Sciences, UC Davis, Davis, CA
2004-2007		Graduate Student Representative, Dept of Cellular and Molecular Pathology, UCLA, Los 					Angeles, CA
2007-2008		Biological Sciences Council Representative, UCLA, Los Angeles, CA
2007-2008		Forum Representative, Biological Sciences Council, UCLA, Los Angeles, CA
2007-2008		Scientific Mentor, Sloan Foundation, Dept of Film, Television, and Digital Media, UCLA, Los 					Angeles, CA
2010			Instructor, AACR Molecular Biology in Clinical Oncology Workshop, Aspen, CO
2012			Co-Chair, National Cancer Institute-sponsored Integrative Cancer Biology Program/Physical 					Sciences in Oncology Center (NCI’s ICBP/PS-OC) Junior Investigator’s Meeting, Seattle, WA
2015	Co-Chair, Women in Health Sciences Professional Development Luncheon, USC, Los Angeles, CA
2010-present	Member, American Association for Cancer Research
2013-present	Associate Member, Norris Comprehensive Cancer Center, USC, Los Angeles, CA

Honors/Awards
2002	Howard Hughes Medical Institute Summer Fellowship, UC Davis, Davis, CA
2003	Department Citation in Genetics, UC Davis, Davis, CA
2003	Undergraduate Student of the Year Award, Div of Biological Sciences, UC Davis, Davis, CA
2005-2006	Life Sciences Core Curriculum Teaching Assistant Honorarium, UCLA, Los Angeles, CA
2006-2007	Hortense Fishbaugh Memorial Scholarship, UCLA, Los Angeles, CA
2007	Graduate Student Representative Award, UCLA, Los Angeles, CA
2007-2008	Dissertation Year Fellowship, UCLA, Los Angeles, CA
2011	Best Poster Award, USC Physical Sciences in Oncology Center Short Course, Los Angeles, CA
2012                Best Poster Award, Third Annual National Cancer Institute Physical Sciences in Oncology 				      Center (NCI PS-OC) Meeting, Tampa, FL
2013			National Cancer Institute ICBP/PS-OC Junior Investigator Award (PI), Joint NCI-funded  							Integrative Cancer Biology Program/Physical Sciences in Oncology Center Junior Investigators 					Meeting

C.	Contribution to Science

1. Development of a quantitative imaging pipeline that provides deeper insight into the evolving tumor population: I have developed a unique high-throughput cell-based imaging platform to monitor the evolutionary dynamics of tumor cells under various environmental conditions in vitro. Using the Operetta high content screening platform (HCS), we convert cell-based images into detailed quantitative information on cell birth and death rates as a function of environmental context (Figure 1a-c). I am able to screen over 100 biochemical and mechanical TME parameter value combinations using this high-throughput approach. In addition, I am able to apply machine learning algorithms to identify and quantify individual cell types within a mixed population based on cell morphology and texture features. Figure 1d is an example of two established cell lines (a lung cancer tumor cell line-H3255 and a lung fibroblast line-CCD-19Lu) co-cultured and imaged on the HCS Operetta platform. Several morphology (e.g. size, roundness, length to width ratio, symmetry) and texture parameters (Haralick and Gabor methods) were extracted to accurately identify these two cell populations in an un-biased fashion with the tumor cells marked as red and the fibroblasts as green. This approach allows me to characterize cell growth dynamics, which is essential for determining overall tumor behavior and for predicting the evolution of diverse cell populations. Such a comprehensive view of cellular behavior under the unique control of individual and co-occurring gradients of environmental factors is a considerable improvement over current models based on qualitative in vitro experiments/assays.
[image: ]
Figure 1. High content screening (HCS) to quantitatively measure cell number, morphology, and function. (A) Brightfield image of HCT116 colorectal cancer cell line taken using the Operetta HCS platform. (B) Individual cell nuclei stained with Hoechst. (C) Image analysis software (Harmony) applies segmentation and a colored mask to each cell nuclei and outputs a quantitative cell number count. (D) Co-culture of a lung cancer cell line (H3255) and a lung fibroblast line (CCD-19Lu) at a 1:1 ratio. PhenoLOGIC machine learning approach was used to classify each cell population (red-tumor cells; green-fibroblast cells) based on feature extraction including morphology and texture parameters.

2. Quantitative investigation into the impact of tumor microenvironmental selective pressures on the evolutionary dynamics of therapeutic resistance: Microenvironment heterogeneity, which is comprised of extracellular matrix (ECM), growth promoting and inhibiting factors, nutrients (including oxygen and glucose), chemokines, and importantly, other cell types, including fibroblasts, immune cells, endothelial cells and normal epithelial cells, results in differential tumor cell growth rates between different parts of the tumor. This leads to spatial inhomogeneity in cell turnover and death rates across the tumor, which may then create localized niches and facilitate adaptation. In preliminary studies, I have obtained accurate estimates of tumor microenvironment context dependent birth and death rates of several lung and colorectal cancer cell types in vitro by quantification of live/dead cell counts using the HCS imaging system as previously described. This multi-dimensional data set was then fit using linear/nonlinear regression to obtain a mathematical expression describing the birth and death rate of each cell type as a function of drug concentration, glucose and oxygen level. In Figure 2, we illustrate that the growth kinetics of the erlotinib (EGFR inhibitor) sensitive non-small cell lung cancer line (NSCLC), HCC827, and a corresponding resistant cell line, HCC827R1 (T790M) are significantly and differentially affected by environmental modulation. The results show that in the absence of drug, the net growth rate of sensitive cells may be larger than that of resistant cells under certain microenvironments, but the reverse may be true under others. This preliminary finding supports the need to account for environment-dependent niches. 

a. Mumenthaler, S.M.* Foo, J.* Choi, N.C. Heise, N. Leder, K. Agus, D.B. Pao, W. Michor, F.M. Mallick, P. The Impact of Microenvironmental Heterogeneity on the Evolution of Drug Resistance in Cancer Cells. Cancer Informatics, 2015 (in revisions).  
b. Mumenthaler, S.M. Ng, P.Y. Hodge, A. Bearss, D. Berk, G. Kanekal, S. Redkar, S. Taverna, P. Agus, D.B. Jain A. Pharmacologic Inhibition of Pim Kinases Alters Prostate Cancer Cell Growth and Resensitizes Chemoresistant Cells To Taxanes. Mol Cancer Ther 8(10): 2882-2893, 2009. 
c. Foo, J. Leder, K. Mumenthaler, S.M. Cancer as a Moving Target: Understanding the Composition and Rebound Growth Kinetics of Recurrent Tumors, Evol Appl, 6(1):54-69, 2013.

         [image: ] Figure 2: Heat maps showing net growth rates for a lung cancer drug sensitive (HCC827) and resistant (R1) cell line under varying O2, drug, glucose conditions. The erlotinib concentration varies across the horizontal axis. Rates (corresponding to color) are shown in units hrs-1.


3. Design of treatment strategies using mathematical approaches: Understanding the dynamic cell-cell and cell-environment interactions within a tumor will require an evolutionary perspective based on experimentally calibrated mathematical models that are capable of making predictions aimed at appreciating the consequences of these interactions. Additionally, the task of identifying optimal treatment strategies involves an exhaustive search through a large space of scheduling, dosing and drug combination choices, which would be infeasible to comprehensively examine experimentally. Approaching this problem through the use of mathematical models will enable systematic exploration of the infinite-dimensional space of potential treatment strategies. In collaboration with a mathematician, we have utilized mathematical modeling in conjunction with quantitative in vitro experiments to identify optimal combination treatment strategies using erlotinib and paclitaxel to prevent or delay resistance to treatment in NSCLC cells. Specifically, we developed a first generation evolutionary model using birth and death rates measured from NSCLC cells and investigated the evolutionary dynamics of a tumor as determined by the composition of, and interactions between, sensitive and resistant cells in the presence of treatment. We then used this integrated experimental/computational model to identify optimal treatment strategies to overcome therapeutic resistance in non-small cell lung cancer (Figure 3). These results suggest that sequentially pairing a targeted inhibitor with a cytotoxic drug induced a weak differential selection pressure on the TKI-sensitive and TKI-resistant populations, which could lead to a better overall outcome.

a. Mumenthaler, S.M.* Foo, J.* Leder, K. Choi, N.C. Agus, D.B. Pao, W. Mallick, P. Michor, F. Evolutionary Modeling of Combination Strategies to Overcome Resistance to Tyrosine Kinase Inhibitors in Non-Small Cell Lung Cancer. Mol Pharm, 8(6):2069-79, 2011.
b. The Physical Sciences - Oncology Centers Network. A physical sciences network characterization of non-tumorigenic and metastatic cells, Sci Reports, 25(3):1449, 2013.
c. Mumenthaler, S.M. D’Antonio, G. Preziosi, L. Macklin, P. The Need for Integrative Computational Oncology: An Illustrated Example through MMP-Mediated Tissue Degradation, Front Oncol, 3:194. doi: 10.3389/fonc.2013.00194, 2013. 
d. Macklin, P. Mumenthaler, S.  Lowengrub, J.: Modeling multiscale necrotic and calcified tissue biomechanics in cancer patients: application to ductal carcinoma in situ (DCIS). In: Multiscale Computer Modeling in Biomechanics and Biomedical Engineering, chap. 8, A. Gefen, Editor 2012, Springer: Berlin, Germany. 
Figure 3. (Left) Experimentally calibrated model predictions reveal a range of optimal sequential combination schedules (erlotinib:paclitaxel)  that can achieve elimination of a NSCLC population. This heat map illustrates the maximal erlotinib fraction for sequential treatment strategies that achieves tumor elimination for each dose-pair in the elimination (upper) region. (Right) Dynamics of total tumor (black line) and H1975 resistant (red line) population sizes under optimal sequential combination strategy, using a maximal fraction of time on erlotinib, which is denoted by the “x” in left panel. This dosing strategy resulted in the elimination of both the sensitive and resistant cell populations. 

[image: ]
Complete List of Published Work in MyBibliography:
http://www.ncbi.nlm.nih.gov/myncbi/browse/collection/47527875/?sort=date&direction=ascending

D.	Research Support

Ongoing Research Support
Grant Title: 		Quantitative modeling of the role of tumor microenvironments on drug resistance
Grant Number: 	5 U54 CA143907 Pilot Project (PI: Mumenthaler)
Funding Agency: 	NIH/NCI  PSOC Transnetwork Project
Award Period: 	08/01/13-07/31/15 (no cost extension)
Role on Project: 	Principal Investigator
Major Goal(s): 	The goal of this pilot project is to validate an existing tumor microenvironment driven 		
					compartment-based mathematical model using 3D lung tumor spheroids and in vivo animal 						studies. In addition, we will extend our existing experimental/computational framework to 						analyze drug resistance in primary breast cancer.

Grant Title:		Multi-Scale Complex Systems Transdisciplinary Analysis of Response to Therapy
Grant Number: 	5 U54 CA143907 (PI: Hillis)
Funding Agency: 	NIH/NCI
Award Period: 	9/28/2009 – 7/31/2015 (no cost extension)
Role on Project: 	Co-Investigator
Major Goal(s): 	This is a USC based center as part of the Physical Sciences in Oncology program. The 							principle focus of the MC-START is the creation of a virtual cancer that is able to									accurately predict the steady state growth and response to therapy of a cancer.

Grant Title: 		(PQB6) An Integrative Computational and Bioengineered Tissue Model of Metastasis
Grant Number: 	R01-CA-180149-02 (PI: Atala/Agus/Soker)
Funding Agency: 	NIH/NCI
Award Period: 	7/1/2013 – 6/30/2017
Role on Project: 	Co-Investigator
Major Goal(s):	The goal of this project is to develop an integrated bioengineered/computational model of metastatic tumor growth to investigate the relationships between tumor growth dynamics, heterogeneous microenvironments, and the underlying biophysics.

Grant Title: 		Application of Breast Cancer Data Element Standardization in Predictive Multi-Scale Cancer 					Models
Grant Number: 	Breast Cancer Research Foundation (PI: Agus/Macklin)
Funding Agency: 	BCRF
Award Period: 	10/1/14-9/30/15
Role on Project: 	Co-Investigator
Major Goal(s): 	This project will continue our previous work in developing data standardizations 									necessary for predictive multi-scale computational models of clinical progression and 							prognosis in breast cancer. This year will focus on bringing a stable version of our data 							standard to public use while continuing development of future versions. 

Completed Research Support (past 3 years)
Grant Title:		A Multiscale Dynamical Computational Platform for Clinical Breast Cancer Predictions
Grant Number: 	Breast Cancer Research Foundation (PI: Agus)
Funding Agency: 	BCRF 
Award Period: 	10/01/2013-09/30/2014
Role on Project: 	Co-Investigator
[bookmark: _GoBack]Major Goal(s): 	The goal of this project is to create a computational framework for collecting experimental 						and simulation data in a standardized format. This project will create a data repository with 						interfaces for data exchange between models, and will provide a solid infrastructural base 						for creating a clinically oriented computational framework for treating cancer patients.

Grant Title:		Elucidating the Impact of the Tumor Microenvironment on Drug Resistance
Grant Number: 	5 U54 CA 143907 Pilot Project (PI: Mumenthaler) 	
Funding Agency: 	NIH/NCI PSOC/ICBP Junior Investigator Project 
Award Period: 	01/01/13-07/31/13	
Role on Project: 	Principal Investigator
Major Goal(s): 	The goal of this Joint NCI-Physical Sciences in Oncology Center/Integrative Cancer Biology 						Program pilot project is to identify realistic in-vitro models of acquired drug resistance that 						faithfully recapitulate the tumor microenvironment in order to better inform clinical treatment 						strategies and methodologies. 

Grant Title:		The Tumor Microenviroment and Drug Resistance 	
Funding Agency: 	USC MFWA Research Fund (PI: Mumenthaler)
Award Period: 	07/01/13-06/30/14
Role on Project: 	Principal Investigator
Major Goal(s): 	The goal of this USC Medical Faculty Women’s Association pilot project is to investigate 							how variation in nutrients, growth factors, and therapeutics create microenvironmental 							niches affecting the spatial distribution and type/rate of outgrowth of resistant cells within a 						tumor.
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