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Multiscale biochemical and mechanical 
regulation of cellular phenotypes in 

engineered functional microenvironments
Variables:
• Cell-cell interactions
• Cell-matrix interactions

• Matrix stiffness
• Shear stress

• Compression
• Tension

Outcomes:
• Proliferation

• Migration
• Differentiation
• Dedifferentiation
• Chemoresistance

Figure 1. Through the study of how the microenvironment influences 
cellular phenotypes we can elucidate fundamental biological mechanisms 
and conduct translational research to ultimately improve clinical results.

Overview:
Goals: (1) To develop engineered microenvironments to study the

impact of biochemical intercellular interactions and mechanical stimuli
on the cellular phenotype and pathophysiology in carcinogenesis.

(2) To use our engineered physiologically relevant in vitro models for
high throughput screening of novel cancer therapeutics.

(3) To develop adaptable multiphasic nanoparticle fabrication
methods to improve clinical utility of nanoparticle based drug delivery.

(4) To manipulate surface wettability and surface science, to develop
inexpensive ex vivo platforms for drug testing and microorganism
detection for food and water safety, and anti-biofouling coatings for

medical devices and biomedical applications.

• Apoptosis

• Tumor 
Recurrence

Figure 2. A) Spheroids generated from patient derived cancer stem cells 
allow us to study the development of patient specific chemoresistance and 
tumor recurrence. B) Over the course of 7 passages, chemoresistant CSC 
populations, identified via FACS by expression of CD133 and ALDH, 
increased in a patient specific manner. 

Figure 3. Generation of 3D spheroids generated from heterogeneous 

populations of single cells from patient cancer stem cells and patient-derived 

xenografts at various passages aide in predicting patient responses to 
individualized treatments in a high throughput, physiologically relevant, and 

patient specific manner, due to maintained tumor heterogeneity.

Figure 5. A) Application of mechanical forces on ovarian cancer cells 
cultured in matrices with varying ECM stiffness results in changes in 
proliferation, drug resistance, mechanotransduction, invasion, and 
metastasis. B) Novel shear bioreactor with 8 cell-seeded IPN hydrogels 

perfused with a peristaltic pump. C) Novel compression bioreactor with cell 
laden hydrogel above a deflectable membrane. D) SEM images of 
agarose/collagen IPN  hydrogel ultrastructure. 

Figure 4. Generation of patient specific tumoroids with immune cells, 
stromal cells, vascular cells, and patient derived cancer stem cells 
recapitulates the heterogeneous tumor microenvironment. Using this 
model, the role that each cell type has in maintaining cancer stem cell 

populations, chemoresistance, and overall tumor progression can be 
determined providing insight into potential translational therapeutic targets.
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Figure 6. A) WETS of PEG and PLGA nanoparticles allows for tunable 

fabrication of various sizes and shapes of multiphasic nanoparticles to optimize 

nanoparticle uptake, distribution, and tumor response.  B) PLGA nanoparticles 
(Blue) uptaken by ovarian cancer (green: Phalloidin, OVCAR3) cells.

Figure 7. A) Cell patterning on paper substrates via control of superomniphilic

and superomniphobic regions to serve as a 3D ex vivo drug testing platform. B) 
Anti-biofouling polyurethane coating (right) made from essential oils compared 
to polystyrene (left) for biomedical anti-biofouling applications. C) Inexpensive 

colorimetric paper microfluidic assay for real-world detection of infection causing 

microorganisms  in food and water. 
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3D Models to Study Emergence of 
Chemoresistance and Tumor RelapseB


