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A. Personal Statement

Cancer cells actively interact with extracellular matrix (ECM) in tumor microenvironment (TME) for tumor
progression. A significant challenge to investigating the cancer cell-ECM interactions is the lack of simple yet
precise in vitro platforms reproducing the pathophysiological cell behaviors closely associated with cancer
clinical outcomes. | have introduced the promises of in vitro nanofabricated substrates as an engineering-
oriented approach for understanding the regulation of cancer cell phenotypes, e.g., invasive cell migration by
the mechano-chemically complicated ECM in TME. The substrates not only approximate the effect of
structurally complicated ECM but also retain the simple usability of traditional in vitro platforms such as tissue
culture plates. With this engineering-based technique, | have studied how TME with distinctively reorganized
ECM determines cancer cell migration regulating the invasive phenotype and in turn, metastasis, through the
prism of mechanobiology.

Specifically, | have designed nanofabricated substrates mimicking ECM in TME with the similar dimension of
remodeled ECM fibers. With this in vitro substrate, | introduced a new directional cell migration, “topotaxis,”
directed migration by topographical gradients of ECM guiding cancer cells to invade easily and thus,
metastasize (Park et al., Nat Mater, 2016) and developed a mathematical model to describe this topotactic
behavior predicting cancer cell invasion (Park et al., PNAS, 2017). Furthermore, | have investigated how
aligned ECM in TME by cancer cell invasion contributes to metastasis (Park and Kim et al., Nat. Commun,
2018) even without chemical and genetic perturbation. Furthermore, | have developed phenotypic filtering
based on cell migration reflecting metastasis potential. As applying the filtering to melanoma and glioblastoma,
| have unveiled a correlation between their migration and their clinical outcomes. Also, | have identified genetic
signatures regulating cancer cell migration and investigate how they regulate metastasis.

My lab aims to understand how cancer cells interpret TME and their interpretation modulates cell phenotypes
associated with poor clinical outcomes. As leveraging innovative in vitro models replicating pathophysiological
features of TME through the combination of engineering approaches such as nanofabrication, we will pursue
the identification of critical signatures regulating the interaction of cancer cells with TME. We hypothesize that
the identified signatures determine cancer-promoting phenotypes such as metastasis and pro-tumoral immune
reactions. We will investigate how the signatures control cancer-related signaling at the molecular and cellular
levels and explore their potentials in precision medicine as pharmaceutical targets or prognosis factors through
implementing the novel engineering-oriented approaches. | believe my lab will develop unique insights,
contribute extensively to cancer research and create synergistic collaborations with your current and future
members of USC Norris Comprehensive Cancer Center.
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