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ABSTRACTS 

These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated from the application. Project 
objective and, technical abstract will be posted on the CSUPERB website only if project is funded. Non-technical abstract will be used for 
public information or program promotion, only if funded. Use only single-spaced text; and all abstracts are limited to one page total. See 
instructions for more information.  

PROJECT OBJECTIVE: (Provide a one to two sentence, non-technical description of the project’s overall objectives and key milestones.) 

      Our goal is to elucidate the effect of a synthetic, nanostructured extracellular matrix on cell migration. 
More specifically, this proposal seeks to understand how the dimensional and physical properties of zinc 
oxide (ZnO) nanowires affect the formation of lamellipodia, filopodia, and focal adhesions at the leading 
edge of a nonmuscle cell – all of which contributes to cell migration. 
TECHNICAL ABSTRACT FOR EXPERT REVIEWERS: 

Cell migration involves the movement by the leading edge of a cell, which comprises the 
lamellipodia, filopodia, and focal adhesions. While chemotaxis has generally been regarded as the chief 
mechanism that induces cell migration, surface topography has recently been found to play an important 
role in directing cell motility. In this study, we propose to directly investigate the effect of zinc oxide 
(ZnO) nanowires on cell migration and whether these nanowires could act as an external stimulus that 
causes receptor-mediated migration. We will determine if the dimensional properties (length and 
diameter), as well as the area density of ZnO nanowires have any direct influence on the formation of 
lamellipodia, filopodia, and focal adhesions. At the molecular level, we will investigate if the dimensions 
and density of ZnO nanowires cause actin polymerization and formation of focal adhesions at the leading 
edge through actin and vinculin expression. We will use a model cell, NIH 3T3 mouse fibroblast, that is 
exposed to a sapphire surface covered with ZnO nanowires (of different dimensions and area density) and 
to two control surfaces: PyrexTM and ZnO thin film on PyrexTM (absent of nanowires). Actin 
polymerization and vinculin molecules will be visualized with fluorescence microscopy. A time-lapse 
phase-contrast microscopy will be performed to understand dynamic cell spreading on the surfaces. 
Finally, upon freeze-drying, the fibroblasts on different surfaces will be examined under an SEM. 
Outcomes from the proposed experiments will enhance our understanding of the relationship between the 
dimensional properties of ZnO nanowires and their roles in directing cell migration. Insights gained will 
lead to rationale and improved design and engineering of implant coatings and synthetic tissues. 

EXECUTIVE SUMMARY: (State in layman's terms the application’s broad, long-term objectives and specific aims, making reference to the 
potential public benefits of the project for California.)         

Cell migration is important to the proper functioning of cells as it affects various mechanisms such as 
cell differentiation, tissue organization, formation of embryos, formation of organs, wound repair, and 
tumor formation. The movement of cells is known to be induced by chemical gradient that exists in the 
environment, a phenomenon known as chemotaxis. Specialized proteins (receptors) on a cell membrane 
are able to recognize certain external stimuli, such as chemical molecules, and use that to trigger a 
cascade of biochemical events within the cell, which eventually leads to the formation of special 
structures called lamellipodia and filopodia at the front or leading edge of a cell. The lamellipodia are 
sheet-like protrusions on cell edge that drive cell movement and provide the traction to anchor a moving 
cell, while filopodia are fiber-like protrusions on cell edge that gather information from a surface and 
guide the moving cell. Together with an anchoring protein known as focal adhesion that is found at the 
interface of a cell membrane and a synthetic surface, lamellipodia and filopodia are responsible for cell 
motility. In this research, we propose to study the effect of nanometer, cylindrical structures known as 
nanowires that are made of zinc oxide on the formation of lamellipodia, filopodia, and focal adhesions. 
Understanding such an effect would allow us to rationally utilize surface topography, instead of proteins, 
as a tool to control cell migration, which would have significant impact on tissue organization, wound 
repair, and tumor formation. The long-range goal of the proposed research is to understand and control 
cell migration on synthetic solid surfaces so as to better engineer implant materials that enhance 
biocompatibility and wound repair.  


