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Dedicated to Richard Smalley (1943-2005), in Memoriam

To Rick,

father founder of nanotechnology

prime inspiration for its applications to medicine
gracious mentor to its researchers

our light—forever in the trenches with us

(Rick Smalley received the 1996 Chemistry Nobel Prize
for the co-discovery of carbon-60 buckeyballs)




List of Contributors

VOLUME III

Dirk R. Albrecht, Health Sciences and Technology, Massachusetts Institute of Technology,
Cambridge, Massachusetts USA

Ravi V. Bellamkonda, WHC Dept. of Biomedical Engineering, Georgia Institute of
Technology/Emory University, Atlanta, Georgia USA

Edward C. Benzel, Department of Neurosurgery, The Cleveland Clinic Foundation,
Cleveland, Ohio USA

Kiran Bhadriraju, Dept. of Biomedical Engineering, Johns Hopkins University School of
Medicine, Baltimore, Maryland USA

Sangeeta N. Bhatia, Harvard—MIT Division of Health Sciences & Technology, Electri-
cal Engineering & Computer Science, Massachusetts Institute of Technology, Cambridge,
Massachusetts USA

Tony Boiarski, IMEDD Inc., Columbus, Ohio USA
Anthony Bolarski, IMEDD Inc., Columbus, Ohio USA

Warren C.W. Chan, Institute of Biomaterials and Biomedical Engineering, Toronto,
Canada ’

Alice A. Chen, Health Sciences and Technology, Massachusetts Institute of Technology,
Cambridge, Massachusetts USA

Christopher S. Chen, Dept. of Biomedical Engineering, Johns Hopkins University School
of Medicine, Baltimore, Maryland USA

Michael Cohen, IMEDD Inc., Columbus, Qhio USA

Carlo Cosentino, Dept. of Experimental & Clinical Medicine, University of Catanzaro,
Catanzaro, Italy

Frédérique Cunin, UMR CNRS/ENSCM, Montpellier cedex, France



xviii LIST OF CONTRIBUTORS

Tejal A. Desai, Dept. of Bioengineering, and Physiology, University of California, San
Francisco, California USA

Rebekah A. Drezek, Dept. of Bioengineering, Rice University, Houston, Texas USA

Lisa A. Ferrara, Spine Research Laboratory, The Cleveland Clinic Foundation, Cleveiand,
Ohio USA

Mauro Ferrari, Ph.D., Professor, Brown Institute of Molecular Medicine Chairman, De-
partment of Biomedical Engineering, University of Texas Health Science Center, Houston,
TX; Professor of Experimental Therapeutics, University of Texas M.D. Anderson Cancer
Center, Houston, TX; Professor of Bioengineering, Rice University, Houston, TX; Professor
of Biochemistry and Molecular Biology, University of Texas Medical Branch, Galveston,
TX; President, the Texas Alliance for NanoHealth, Houston, TX

Hans Fischer, Department of Materials Science & Engineering, Institute of Biomaterials
and Biomedical Engineering, Toronto, Canada

Aaron J. Fleischman, Dept. of Biomedical Engineering, The Cleveland Clinic Foundation,
Cleveland, Ohio USA

Albert Folch, Dept. of Bioengineering, University of Washington, Seattle, Washington
USA

Nobuyuki Futai, Dept. of Biomedical Engineering & Macromolecular Science & Engi-
neering, University of Michigan, Ann Arbor, Michigan USA

Darren S. Gray, Dept. of Biomedical Engineering, Johns Hopkins University School of
Medicine, Baltimore, Maryland USA

Jay T. Groves, Dept. of Chemistry, University of California, Berkeley, Berkely, California
USA

Naomi J. Halas, Dept. of Bioengineering, Rice University, Houston, Texas USA
Leon R. Hirsch, Dept. of Bioengineering, Rice University, Houston, Texas USA

Allan S. Hoffman, Dept. of Bioengineering, University of Washington, Seattle, Washington
USA ‘

Dongeun Huh, Dept. of Biomedical Engineering & Macromolecular Science & Engineer-
ing, University of Michigan, Ann Arbor, Michigan USA

Laura J. Itle, Dept. of Chemical Engineering, The Pennsylvania State University, Univer-
sity Park, Pennsylvania USA

Anjana Jain, WHC Dept. of Biomedical Engineering, Georgia Institute of Technology/
Emory University, Atlanta, Georgia USA

Wen Jiang, Institute of Biomaterials and Biomedical Engineering, Toronto, Canada



LIST OF CONTRIBUTORS xix

Yoko Kamotani, Dept. of Biomedical Engineering & Macromolecular Science & Engi-
neering, University of Michigan, Ann Arbor, Michigan USA

Won-Gun Koh, Dept. of Chemical Engineering, The Pennsylvania State University, Uni-
versity Park, Pennsylvania USA

Samarth Kulkarni, Dept. of Bioengineering, University of Washington, Seattle,
Washington USA

Yang Yang Li, Dept. of Chemistry & Biochemistry, The University of California, San
Diego, La Jolla, California USA

Wendy F. Liu, Dept. of Biomedical Engineering, Johns Hopkins University School of
Medicine, Baltimore, Maryland USA

Noah Malmstadt, Dept. of Bioengineering, University of Washington, Seattle, Washington
USA

Sawitri Mardyani, Institute of Biomaterials and Biomedical Engineering, Toronto, Canada
Kristie Melnik, IMEDD Inc., Columbus, Ohio USA

Samir Mitragotri, Dept. of Chemical Engineering, University of California, Santa Barbara,
Santa Barbara, California USA

Michael V. Pishko, Dept. of Chemical Engineering & Materials Science, The Pennsylvania
State University, University Park, Pennsylvanja USA

Amy Pope-Harmon, Dept. of Internal Medicine, The Ohio State University, Columbus,
Ohio USA

Arfaan Rampersaud, IMEDD Inc., Columbus, Ohio USA

Shuvo Roy, Dept. of Biomedical Engineering, The Cleveland Clinic Foundation, Cleveland,
Ohio USA

Erkki Ruoslahti, The Burnham Institate, Cancer Research Center, La JoIla, California
USA

Michael J. Sailor, Dept. of Chemistry & Biochemistry, The University of California, San
Diego, La Jolla, California USA

John Shapire, Department of Physiology and Biophysics, University of Illinois at Chicago,
Chicago, IL

Sadhana Sharma, Department of Physiology and Biophysics, University of Illinois at
Chicago, Chicago, IL

Anupam Singhal, Institute of Biomaterials and Biomedical Engineering, Toronto, Canada

Piyush M. Sinha,



XX LIST OF CONTRIBUTORS

Patrick S. Stayton, Dept. of Bioengineering, University of Washington, Seattle, Washing-
ton USA

Shuichi Takayama, Dept. of Biomedical Engineering & Macromolecular Science & En-
gineering, University of Michigan, Ann Arbor, Michigan USA

Sarah L. Tao, Dept. of Biomedical Engineering, Boston University, Boston, Massachusetts
USA

Anna Tourovskaia, Dept. of Bioengineering, University of Washington, Seattle,
Washington USA

Valerie Liu Tsang, Health Sciences and Technology, Massachusetts Institute of
Technology, Cambridge, Massachusetts USA

Robbie J. Walczak, IMEDD Inc., Foster City, CA
Jennifer L. West, Dept. of Bioengineering, Rice University, Houston, Texas USA
Teri West, IMEDD Inc., Foster City, CA

Shuguang Zhang, Center for Bits and Atoms, Massachusetts Institute of Technology,
Cambridge, Massachusetts USA

Xiaojun Zhao, Center for Biomedical Engineering, Massachusetts Institute of Technology,
Cambridge, Massachusetts USA



Preface

The human body is composed of structures organized in a hierarchical fashion: from
biomolecules assembled into polymers, to multimeric assemblies such as cellular or-
ganelles, to individual cells, to tissues, to organ systems working together in health and
disease- each dominated by a characteristic length scale. Decades of science and engineer-
ing are now converging to provide tools that enable the orderly manipulation of biological
systems at previously inaccessible, though critically important, length scales (<100 mi-
crons). Thus, the approaches described in this volume provide a snapshot of how micro-
and nanotechnologies can enable the investigation, prevention, and treatment of human
disease.

The volume is divided into three parts. The first part, Cell-based therapeutics; cov-
ers the merger of cells with micro- and nanosystems for applications in regenerative
medicine spanning the development of novel nanobiomaterials, methods of tissue assem-
bly with control over tissue microarchitecture, and methods to specify patterns of protein
distribution that vary on the micro- and nanoscale for application in tissue regeneration
(A), and therapeutic applications of integrating MEMS with cells and tissues includ-
ing label-free microfluidic sorting of cells based on their function, using living cell
arrays as biosensors, and micron-scale devices for surgical applications (B). The sec-
ond part, Drug Delivery, covers intravascular delivery of nanoparticles such as semi-
conductor quantum dots and metal nanoshells in the context of vascular specialization
or ‘zip codes’ (A) as well as non-vascular modes of delivery including implantation,
oral, and inhalation using both encapsulated drugs as well as living cells that produce
therapeutic products (B). Finally, the third part, Molecular Surface Engineering for the
Biological Interface; covers platforms that provide enabling tools for fundamental inves-
tigations of cells in culture as they interact with biomolecular structures such as respon-
sive biomaterials and lipid bilayers (A) as well as micropatterned adhesive and fluidic
environments (B).

We would like to thank the contributing authors, our co-editors in this exciting com-

- pilation of volumes, and Dr. Mauro Ferrari for his tireless efforts to lead this endeavor.
We hope the collected works will provide an excellent reference for an audience with a
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