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Introduction

Demand for products with nanoscale features and functions having applications in biomedicine presents significant career opportunities for current and future generations of PhD students in the US. However, most nanotechnology research is extremely isolated and exploratory in nature. Commercialization is hindered by a need for mass-producible, reliable, and affordable manufacturing processes that can lead to both new products and benefit existing products by providing high value-added features. CANPBD seeks to develop polymer-based low-cost nanoengineering technology to produce biomedical diagnostic devices, cell-based devices and multifunctional polymer-nanoparticle-biomolecule nanostructures for “next generation” medical and pharmaceutical applications. 

Polymeric materials possess many attractive properties such as high toughness and ease of forming. Some possess excellent biocompatibility, are biodegradable, and can provide various biofunctionalities. Proper combinations of polymers and biomolecules can offer tailored properties for various medical devices, but the ability to process them at the nanoscale in a way that provides industrial value is still largely undeveloped. To gain the full advantages of nanotechnology and integrate its benefits into useful polymer-based biomedical devices requires a breadth of high-level research involving close collaboration among engineers, biomedical researchers, chemists and physicists. Our NSEC is a multi-institutional, interdisciplinary Center with a broad-based research, education, and outreach program. The main center is at The Ohio State University (OSU) with complementary partners at State of University of New York at Albany, University of California at San Francisco, Duke University, University of Illinois-Urbana Champaign, University of Michigan, MIT, and Oakwood University (a historically black university). Collaborators include many companies and medical centers in the US and researchers in Asia, Australia, and Europe.
The research vision of the center is to establish a series of non-cleanroom, affordable, environmentally and biologically benign nanoengineering techniques using biocompatible polymers, biomolecules, and nanoparticles as building blocks as well as nanofluidics and nanomanipulation as a mechanism to design, synthesize, and fabricate biomedical and therapeutic devices. The research plan in Phase II comprises two highly integrated nanofactory assembly (or disassembly) systems identified based on the center’s expertise and the needs to develop personalized nanomedicine, CANPBD’s long-term goal. These systems not only provide fundamental science and technical challenges in various nanotechnologies that are essential for the development of our targeted biomedical devices, but also interdisciplinary system integration opportunities that require highly integrated team efforts to solve many system level challenges and technical barriers not faced in individual projects. The two complementary Nanofactory systems are: (i) Automated Cell to Biomolecule Analysis (ACBA) System, and (ii) Multifunctional Nanoparticle Design and Synthesis (MNDS) System.
Our education and outreach vision is to integrate the latest research developments into a practical student curriculum that imparts multidisciplinary skills and global awareness to both graduate and undergraduate students. The key education elements include a series of courses to introduce nanoengineering of biomedical devices and related topics; an interdisciplinary curriculum offering an undergraduate minor and a graduate certificate; internships and visits to and from industry and national laboratories in the U.S. and abroad; and web-based dissemination. To promote technology transfer and commercialization, the center serves as an incubator of SBIR/STTR and NIST-ATP proposals prepared by teams of faculty, students and companies. Recruitment and retention of minorities and women are emphasized through close collaboration with a number of minority-serving institutions. Undergraduate students participate in research via senior honors theses and targeted REU support. A systematic outreach plan promotes awareness among K-12 students and the public. Outreach activities include: web-based science modules for K-12 students; workshops and short courses for high school science teachers and industrial researchers; on-site research projects and workshops for middle school and high school students supervised by graduate students; and workshops for industrial scientists.
The intellectual merit of the proposed activities in research is to revolutionize medical diagnosis and therapy by establishing (1) an affordable multiscale synthesis and fabrication protocol leading to nanofactory designs for biomedical diagnostic, drug/gene delivery and cell-based devices; (2) a multiscale modeling approach to achieve science-based material and process optimization, and virtual device and process analysis at the nanoscale; and (3) a comprehensive biocompatibility study to ensure that the materials used and the devices developed follow regulatory policy and are relevant to the targeted biomedical applications. 

The intellectual merit of the proposed activities in education and outreach is to (1) establish an interdisciplinary curriculum and training program to help students and industrial researchers develop skills needed to establish/adapt to careers in the burgeoning field of nanoengineering of biomedical devices; and (2) enhance the competitiveness of American industry and promote awareness of this area of research among a broad spectrum of K-12 students and the general public. 

The broader impacts of the proposed activities are to (1) realize the commercialization of nanoengineered biomedical devices through affordable manufacturing methods and novel design, (2) extend research results from medical/biology applications to homeland security, environmental protection, and food industry toxicology, (3) establish new products and new industries to create high-paying jobs in the US, and (4) train the 21st century workforce in economically important and critical high-tech fields.

In the past year, Center faculty and students made significant progress in research. Our faculty and students published 123 technical papers, 9 patents were filed, 2 patents were awarded, and 8 inventions were disclosed. Our research program and industrial collaborations are strongly enhanced by approximately $8M in support from the Ohio Department of Development, being used to obtain state-of-the-art new equipment items in nanomachining, nanoscale polymer processing, nanobio characterization and manipulation, and micro/nanofluidic analysis in a centralized location, OSU Nanotech West. A “supply chain” is growing, linking CANPBD with nearby national laboratories, major centers at OSU such as CCC and HLRI, and the biotech industry. Results from several past testbeds have gained strong interest from industry and are in the process of early phase commercialization by 4 spin-off companies through collaboration with industry and the Center for Entrepreneurship at OSU’s Fisher College of Business. To further bridge the development of new nanomaterials and nanoscale devices in the Center to biomedical and other applications, CANPBD works closely with medical doctors and industry through joint research projects and student and post-doctoral fellow internships.
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