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A. Personal Statement 

The goal of my research is to develop microengineered cell culture models and platforms for identifying pathways 
/targets in tumor microenvironment, and editing immune cell functions for immunotherapeutics. Specifically, I will 
utilize micropatterning techniques to control the composition and spatial organization of cell components to 
capture the compositional and architectural details of in vivo tumor microenvironment. I will also develop 
synthetic surfaces that senses as well as modulates T cell activation, and controls downstream differentiation for 
cancer immunotherapy. I have expertise and resources to accomplish these goals. During my doctoral study, I 
focused on understanding how micro-/nano-scale details of cell microenvironment influence T cell activation and 
functions with micropatterning and microfluidic techniques. During my postdoctoral training, I developed a 
micropatterned cell-based assay to recapitulate tumor microenvironment, to study the role of tumor-stroma 
interaction in driving invasiveness in breast cancer. During my research trainings, I have interacted with 
colleagues and collaborators across disciplines, with engineers, biologists and clinical researchers. The current 
research directions build logically on my prior work. I have my primary appointment at Biomedical Engineering 
department, and I am eager to become a member of Norris Comprehensive Cancer Center to work with people 
across biological and medical disciplines to widen and deepen my research in this area. In summary, I have a 
demonstrated record of successful and productive research projects in using micro- and nano-technology for 
biomedical research. By joining Norris Comprehensive Cancer Center I will be able to build collaborations with 
and receive mentorships from other experts, which will allow me to produce novel, pertinent engineering tools to 
advance cancer research and therapeutics. 
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C. Contribution to Science 

1. My early work focused on developing lab-on-chip devices for clinical diagnostic applications. Rapid sample 
preparation, nucleic acid extraction, and polymerase chain reaction (PCR) in a closed miniaturized system 
provides unique advantages over traditional clinical assays, with shorter processing, lower reagent costs, 
higher sensitivity, and without the risk of cross-contamination. I developed microfluidic chips for DNA 
extraction, devised and implemented a novel temperature control mechanism that greatly simplifies the 
design and fabrication of on-chip PCR devices. Those were further integrated to discriminate bacterial 
strains for clinical applications. 
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2. One of my current research area centers on how the micro- and nano-scale details of the extracellular 
environment influence T cell activation. In my doctoral work I demonstrated for the first time that T cell 
activation is modulated by the spatial organization of T cell receptor (TCR) and CD28 signaling complexes, 
and discovered that the spatial regulation is mediated through Akt signaling. I also developed a microfluidic 
patterning platform of supported lipid bilayers to study the impact of membrane protein nanoscale mobility 
on T cell signaling, and showed parallel integrin clustering at the cell-bilayer interface upon spatially-
segregated, collaterally-engaged TCR signaling, revealing IS spatial organization as a result of cytoskeletal 
reorganization and molecular sorting. In addition, I further investigated the role of cell-generated force on T 
cell activation, and demonstrated that cytokine secretion of T cells is influenced by the mechanical 
properties of the activating substrates, thus allowing for fine-tuning T cell function for adoptive T cell 
therapy. 
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3. Another major area of my research is to create tumor microenvironment models and explore drug 
interventions that target tumor-stroma interactions. In my postdoctoral work, I developed an in vitro 
micropatterned tumor-stromal assay (μTSA) to capture in vivo organization of tumor and stromal cells and 
spatial constraints on contact- and paracrine-signaling in real tumors. By coupling μTSA with laser capture 
microdissection, I have revealed an unprecedented cancer field effect induced by interfacial tumor-stromal 
signaling and a novel spatial mechanism for drug actions. I have extended my study to discover a 
previously unknown mechanism of reversine, a chemotherapeutic drug, in targeting interfacial tumor-
stromal interactions in a breast cancer model, and validated its efficacy (as predicted by μTSA) in an in vivo 
tumor model. It supports high in vivo relevancy of the μTSA platform for studying cancer progression with 
applications in drug discovery and development. In addition, I have developed a three-dimensional (3-D) 
spheroid culture platform for studying drug actions in a 3-D culture of cancer and stromal cells. 
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4. My research interests and activities also extend to stem cell biology and regenerative medicine. In addition 
to the contributions described above, I have worked with a team of collaborators on neuron function 
guidance and neural stem cell mechanobiology, immune modulation in skin burn-wound healing, genetic 
regulation of epidermal stem cell niche, and mesenchymal stem cell-based therapies. These studies 
revealed chemical, mechanical, and cellular cues in regulating stem cell phenotypes and tissue 
damage/regeneration.     

a. Shi P, Shen K, Kam LC, “Local Presentation of L1 and N-cadherin in Multicomponent, Microscale 
Patterns Differentially Direct Neuron Function in vitro”, Dev. Neurobiol., 2007, 67(13):1765-76 

b. Shi P, Shen K, Ghassemi S, Hone J, Kam LC, “Dynamic Force Generation by Neural Stem Cells on 
Elastomer Pillar Arrays”, Cell.  Mol. Bioeng., 2009, 2(4):464-74  

c. Bohr S, Patel SJ, Shen K, Vitalo AG, Brines M, Cerami A, Berthiaume F, Yarmush ML, “Alternative 
Erythropoietin-mediated Signaling Prevents Secondary Microvascular Thrombosis and 
Inflammation within Cutaneous Burns”, Proc. Natl. Acad. Sci. U S A, 2013, 110(9):3413-8 

d. Bohr S, Patel SJ, Vasko, R, Shen K, Huang G, Yarmush ML, Berthiaume F, “Constitutively 
Expressed Lhx2 Reflects a Dysregulated, Expanded Epidermal Stem Cell Niche in the Foxn1-/- 
Nude Mouse Phenotype”, PLoS ONE, 2013, 8(5):e64223 

e. Milwid JM, Elman JS, Li M, Shen K, Manrai A, Gabow A, Jiao Y, Fletcher A, Lee, J, Cima MJ, 
Yarmush ML, Parekkadan B, “Profiling of Bone Marrow Stromal Cell Secretions Reveals Human 
MFAP5 and PENK as Potent Stimulators of Endogenous Interleukin-10 Secretion”, Mol. Ther., 
2014, 22(5):999-1007 

f. Elman J, Murray R, Wang F, Shen K, Gao S, Conway KE, Yarmush ML, Tannous BA, Weissleder 
R, Parekkadan B, “Pharmacokinetics of Natural and Engineered Secreted Factors Delivered by 
Mesenchymal Stromal Cells”, PLoS ONE, 2014, 9(2):e89882 

g. Bohr S, Patel SJ, Vasko R, Shen K, Iracheta-Vellve A, Lee J, Bale SS, Chakraborty N, Brines M, 
Cerami A, Berthiaume F, Yarmush ML, “Modulation of Cellular Stress Response via the 
Erythropoietin/CD131 Heteroreceptor Complex in Mouse Mesenchymal-derived Cells”, J Mol Med 
(Berl), 2015, Feb;93(2):199-210 
 

Complete List of Published Work in MyBibliography:   
http://www.ncbi.nlm.nih.gov/sites/myncbi/1HC260NMH_XQ3/bibliography/43215019/public/?sort=date&
direction=ascending 

D. Research Support 

Completed Research Support 
 
Fund for Medical Discovery Award  Shen (PI)     01/01/12-12/31/12 
Massachusetts General Hospital  
“A Micropatterned Tumor-Stromal Assay for Studying Invasiveness and Drug Resistance in Breast 
Cancer” 
The objective of this study is to develop a microengineered breast tumor model to 1) study breast cancer 
invasiveness progression, and 2) test drugs and design combinatorial therapies for breast cancer 
Role: PI 
 

http://www.ncbi.nlm.nih.gov/sites/myncbi/1HC260NMH_XQ3/bibliography/43215019/public/?sort=date&direction=ascending
http://www.ncbi.nlm.nih.gov/sites/myncbi/1HC260NMH_XQ3/bibliography/43215019/public/?sort=date&direction=ascending

