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Introduction and Motivation

Standardized and Tunable 3D Hydrogel Scaffold

Clinical stability occurs when cancers reach a state where the disease neither advances nor
regresses as a result of treatments and/or presently unknown intrinsic/extrinsic mechanisms,
which is one of major goals in cancer treatment. Tumors can remain in this state for multiple
years before progressing to more aggressive phenotypes. Tumor dormancy has been widely
observed in metastatic colonies, regulated by microenvironment-mediated signals (Quail et al.
Nature Medicine. 2013). Although various cellular signaling pathways and stromal cell types
have been identified, the mechanisms for maintaining a stable state as well as the factors that
contribute to the tumor activation are poorly understood.
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Here we aim to develop an in vivo human tumor metastasis model system to study the
interaction between stable tumors and their local microenvironment with the goal to capture
critical events that trigger aggressive phenotypic transition. We utilize a highly controlled
biomaterial scaffold pre-seeded with human bone marrow stromal cells to generated
reproducible tissue microenvironments in immunodeficient mice. By using immunodeficient
mice we can study the interaction of human tumor cells, a “humanized” scaffold niche, and
human immune cells. To overcome the burden on the primary host we implemented a
transplantation protocol to transfer the scaffolds to a tumor-free host to prolong the observation
of the secondary tumor. With these scaffolds we provide an accessible and controllable
“humanized” microenvironment to study the activation of stable tumors.
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• Luminescent intensity measured using an IVIS Spectrum CT Imaging System
• Mice with tumors showed steady growth
• PBMC injected mice displayed stabilized tumor growth
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Metastasis to Tissue Engineered Microenvironments

• Scaffolds explanted,
cut into small pieces
and cultured in
α-MEM containing 1%
Mouse Serum
• Cultures incubated for
36 hours before
conditioned media
collected
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Human Bone Marrow Microenvironment Scaffolds
(Lee et al. PNAS. 2012)
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Physiological Dissemination of Human CTCs
• Scaffolds sectioned 400 µm
• Whole scaffold scanned for
endogenous tumor GFP
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Increased Cellular Complexity with Human PBMCs
Scaffold

• Scaffolds seeded with 1x106 human bone marrow stromal cells
• An orthotopic human primary tumor was generated via injecting Luc-GFP PC-3 prostate
cancer cells following tissue development and allowed to grow and metastasize
• 10 x 106 Human peripheral blood mononuclear cells isolated from healthy donors
injected and allowed to circulate
• Microenvironment transplanted to a tumor-free host to monitor growth of secondary
tumor while avoiding tumor and immune cell systemic effects
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In this work we have shown the potential for a tissue engineering approach to study the
phenomenon of clinically stable tumors and the factors that cause their activation and
proliferation. Utilizing the highly tunable and controlled nature of biomaterial scaffolds, we
have demonstrated the idea of generating stable tumors and the possibility to manipulate the
microenvironment to drive different outcomes. Here we have shown that immune cells play a
stimulatory and suppressive role on the tumor microenvironment. In the future we will identify
the specific immune cell type acting on our system and perform gene analysis on the tumor.
We also look to make further changes to the microenvironment to find new mechanisms for
tumors to adapt an aggressive phenotype.
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