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WELCOME MESSAGE

On behalf of the Society for Physical Regulation in Biology and Medicine (SPRBM), | welcome you to the
28™ Annual SPRBM Scientific Meeting in Tucson, Arizona. We are pleased and excited to have you
contribute your scientific work to this meeting here at the JW Marriott Starr Pass Resort.

The theme of this year’s conference is Cell Engineering Paradigms in Aging, Cancer, and
Regenerative Medicine. The goal of this conference is to highlight the challenges and common
paradigms in aging, cancer and regenerative medicine that could be addressed via cell and molecular
engineering approaches. My vision is to address regenerative processes associated with aging and
cancer at the cell and molecular level by developing novel electro-mechanical devices and
instrumentations. With the advent of the femtosecond lasers, sophisticated micro-nano raman
spectroscopy, nanowire based evanescent wave sensors, nano-mechanical resonator devices, and
characterization of plasmon resonances of nanostructures, we are in a unique position to combine the
known microstructural and molecular knowledge in cell biology and biophysics with the new technologies to build the next
generation of devices that will help us learn the control switches of the cells below the limit of what we know now, that is at the
pico to femto scales, and translate this knowledge into the clinical applications for regenerative medicine.

We hope that the discussion amongst the speakers and the attendees will facilitate a new common paradigm that would
help the research progress in these areas. Attendees will be exposed to innovative and stimulating topics with a well-balanced
program of keynote speakers, oral presentations, poster sessions and educational workshops regarding the NIH granting
process, FDA device approval process, and atomic force microscopy for cell imaging.

SPRBM is pleased to have seven distinguished keynote speakers, two special invited speakers, and invited speakers from
the NIH and FDA. The keynote speakers are Drs. Brian Harfe, John Harper, George Truskey, David Odde, Isaiah J. Fidler, Lola
Reid, and Jed Macosko. With an excellent program of submitted abstracts, these keynote speakers will address pertinent topics
such as Repair and Regeneration, Biomaterials and Regenerative Tissue Engineering, Molecular Cell Engineering, Cellular and
Molecular Mechanics, Cancer Therapy and Cell-Cell Interactions, Stem Cells and Differentiation, and Single Molecule Biophysics.

This year we are honored and fortunate to have Dr. Stuart Hameroff from The University of Arizona-Tucson welcoming us
to Tucson with an exciting presentation on Quantum Phenomena in Biological Systems. His talk hints at the future of cellular
and molecular engineering and how it will address the biology of aging, cancer, and regenerative medicine in common ways.

The Gala Dinner will be held at the Kitt Peak National Observatory near Tucson. The dinner will be highlighted by an
exciting talk by Dr. Martin Bojowald, a quantum theoretical physicist. In the backdrop of the Observatory amongst Orion
Nebula, Beehive Cluster, and Andromeda Galaxy Dr. Bojowald will discuss the physics behind his theory of quantum loop
cosmology and its applications beyond and within the cosmos.

Two workshops from federal agencies given by Dr. Jean Sipe from the National Institutes of Health (NIH) and Dr. Mark Lee
from the Food and Drug Administration (FDA) will discuss the changes to the NIH grant application process and the device and
biologics approval process, respectively. Dr. Andrea Slade from Veeco Instruments will give a workshop on the Atomic Force
Microscopy for cell imaging and biophysics at the molecular scale.

In addition to the exciting scientific program, don’t forget to enjoy the elegant desert location of Tucson. JW Marriott Starr
Pass Resort and Spa is the winner of the 2008-2009 Travel+Leisure Magazine World’s Best Hotels and 2008 Conde Nast
Magazine top 100 Golf Resorts. Also, have fun at the Old Tucson Studios, explore nature at the Catalina State Park and
Kartchner Caverns State Park, and finally the arts and heritage at the Amerind Foundation. There are many more activities to
explore in Tuscon.

SPRBM council and officers are dedicated to promoting interactive discussions during presentations and around posters.
We also support networking and exchange of scientific ideas and hope it flourishes in the calming environment of Tucson,
Arizona. We would like to thank our sponsors: MD Anderson Cancer Center (Quantum), Veeco Instruments (Platinum), LifeCell
Corporation (Gold), Covidien, Bose, and Springer (Silver), and Taylor and Francis (Bronze).

| would also like to acknowledge the support of the Department of Plastic Surgery at MD Anderson Cancer Center. | am
extremely grateful to the administrative support of Ms. Micquelyn (Micky) Harris, Ms. Leanne Frazer, and Ms. Melanie Lopresto
of MD Anderson Cancer Center. The organizing committee from the Tissue Regeneration and Molecular Cell Engineering Labs
are supporting the on-site registration and audio-visual. | am especially grateful for the support of our President Dr. Franklin
Garcia-Godoy and Dr. Christopher Jacobs for facilitating the online registrations. Their dedication and hard work have made this
conference possible. In conclusion, SPRBM acknowledges the support of all attendees and speakers. | look forward to meeting
everyone in the elegant desert of Tucson.

Anshu Bagga Mathur PhD, Program Chair, December 29, 2009
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Keynote Speakers

Brian Harfe has his undergraduate degree from the University of Glasgow in Glasgow,
Scotland. After having a lot of fun traveling all over Europe I returned to the United States
and obtained a Ph.D. in investigating muscle development in the nematode C. elegans in
the laboratory of Dr. Andrew Fire (2006 Nobel Prize winner for his discovery of RNAI) at
The Johns Hopkins University/Carnegie Institute, Department of Embryology. After
obtaining my Ph.D. in 1998, | moved to Emory University and began my first postdoctoral
position in the laboratory of Dr. Sue Jinks-Robertson working on DNA damage pathways
in yeast.

In 2000, I moved to Boston were | began my second postdoctoral position in the laboratory
of Dr. CIiff Tabin at Harvard Medical School working on the molecular pathways
responsible for limb formation using the mouse and chick model systems. In 2003, |
became an Assistant Professor in the Molecular Genetics and Microbiology Department at the University of Florida
(UF) College of Medicine in Gainesville, Florida. Currently, | am an Associate Professor (tenured) in the UF College
of Medicine and Director of the Program in Developmental Genetics. My lab uses the mouse, chick and C. elegans
model systems to investigate any area of development that either I, or someone in the lab finds interesting. Currently,
projects investigating limb and intervertebral disc development are ongoing in my lab.

John Harper received his Ph.D in Biomedical Science from The University of Texas,
M.D. Anderson Cancer Center in Houston. After completing 5 years of post-doctoral
training in cancer biochemistry and cell biology at Scripps Clinic in La Jolla, California
and the National Cancer Institute, Dr. Harper served as assistant professor of
immunology at Scripps Research Institute. He joined LifeCell in 1994 as Vice President
of R&D and for the 5 years prior Dr. Harper led a research team at Telios
Pharmaceuticals studying antagonists of growth factors involved in scar formation. He
currently serves as Vice President of Clinical Sciences and holds an Adjunct
Professorship at the University of Texas Graduate School of Biomedical Sciences.

George A. Truskey is the Professor and Chair of the Department of Biomedical Engineering
at Duke University. He also directs the department’s Translational Research Partnership with
the Coulter Foundation. He received a B.S.E. in Bioengineering, magna cum laude, from the
University of Pennsylvania in 1979 and a Ph.D. in Chemical Engineering from the
Massachusetts Institute of Technology in 1985. Prior to joining the faculty at Duke in 1987
he was a Research Fellow in Experimental Pathology, Brigham and Women's Hospital,
Harvard Medical School and an Assistant Professor, Department of Chemical Engineering,
Tufts University.

Dr. Truskey’s research interests are in cardiovascular engineering, tissue engineering, cell-
material interactions and cell adhesion. He is the author of over 80 research papers, a
textbook entitled Transport Phenomena in Biological Systems, four book chapters, and over 100 research abstracts
and presentations. He is a Fellow of the Biomedical Engineering Society (BMES), the American Institute for Medical
and Biological Engineering (AIMBE) and a Fellow of the American Heart Association. He has served on review
panels for the NIH, NSF, North Carolina Biotechnology Center and the Whitaker Foundation. He has served as a
member of the Board of Directors of the BMES and AIMBE and is currently president of BMES. He has consulted
for a number of medical device companies and start-ups. His research has been funded by NIH, NSF, NASA, the
Whitaker Foundation, the American Heart Association and Medtronic Corporation.




David Odde received his bachelor’s degree in Chemical Engineering from the University of
Minnesota in 1988, and master’s and doctorate degrees in Chemical & Biochemical
Engineering from Rutgers, the State University of New Jersey in 1992 and 1995,
respectively. His expertise is in the area of cellular engineering, and specific research
interests are in the area of cell growth and division, especially in understanding the role of
mechanical forces and the cytoskeleton in these processes. Dr. Odde has served on the
faculties of Michigan Technological University

(1995-1999) and the University of Minnesota (1999-present), and has helped establish
bachelor degree programs in Biomedical Engineering at both institutions.

He was recently elected a Fellow of the American Institute for Medical and Biological
Engineering (AIMBE), and serves as Co-Editor-In-Chief of the journal Cellular and
Molecular Bioengineering, an official publication of the Biomedical Engineering Society. He
currently holds the rank of full professor in the Department of Biomedical Engineering at the University of
Minnesota, where he also currently serves as Director of Undergraduate Studies.

Dr. Odde was the recipient of a National Science Foundation Career Award, a McKnight Land-Grant Professorship,
the Institute of Technology Student Board Award as Outstanding Professor in Biomedical Engineering, and has held
the James and Lorna Mack Endowed Chair in Cellular and Molecular Bioengineering at Michigan Tech.

Dr. Isaiah J. Fidler, a native of Jerusalem, Israel, earned his veterinary medicine degree in
1963 from Oklahoma State University, and his doctorate in human pathology from the
University of Pennsylvania School of Medicine in 1970. After serving as an Assistant and
| then Associate Professor of Pathology at the University of Pennsylvania, Dr. Fidler was
named head of the Biology of Metastasis Section at the NCI’s Frederick Cancer Research
Facility in Maryland in 1975. In 1983, Dr. Fidler joined the University of Texas M. D.
Anderson Cancer Center as Professor and Chairman, Department of Cancer Biology; and in
1998, he was named Director of the Cancer Metastasis Research Center. In June, 2008, Dr.
Fidler retired as Department Chair, but continues as Director of the CMRC.

Research in Dr. Fidler’s laboratory is focused on the biology and therapy of cancer
metastasis, angiogenesis, and the pathogenesis of brain metastasis.

Dr. Fidler is the past President of the American Association for Cancer Research and the International Society of
Differentiation. He has authored or co-authored more than 795 scientific publications. Throughout his career, Dr. Fidler
has been honored and recognized for his pioneering work in the field of metastasis, receiving prestigious awards from
national and international organizations.

Dr. Fidler is the R. E. "Bob™ Smith Distinguished Chair in Cell Biology, Professor, Departments of Cancer Biology and
Urology, and Director, Cancer Metastasis Research Center, The University of Texas M. D. Anderson Cancer Center, in
Houston, Texas.



Lola M Reid was born and raised in North Carolina and obtained a PhD from UNC in
1974 in neuroendocrinology. From 1974-1977, she did postdoctoral studies at the
University of California in San Diego (UCSD) with Gordon Sato in cell biology and
with John Holland in virology. She also did short training stints in genetics with
Kenneth Paigen at Jackson Laboratories and in cell biology with Francois Jacob at the
Pasteur Institute in Paris. She started her faculty career in September, 1977 at the Albert
Einstein College of Medicine in the Departments of Molecular Pharmacology and in
Microbiology and Immunology. Her early career was focused on natural killer (NK)
cells in their regulation of tumors, on extracellular matrix molecules regulating growth
and differentiation of epithelia, and on rodent hepatic progenitors. She was at Einstein
until January, 1995 at which time she and her family moved to North Carolina in order
for her husband to accept an executive position in biotechnology in the Research
Triangle Park, NC.

Dr. Reid transferred to the faculty of the UNC School of Medicine and was hired as a full professor in the
Departments of Cell and Molecular Physiology and Biomedical Engineering. The move enabled her to make many
new contacts and collaborations in her research and also offered opportunities to interface with industry. In the spring
of 1995, she formed a company, Renaissance Cell Technologies, focused on translating her lab’s technologies in
matrix biology and in liver stem cell biology to commercial and clinical programs. It was financed in 1997 and then
purchased outright in 2001 by Incara Pharmaceuticals. In 2003 Incara sold the liver program to Toucan Capital, a
venture firm; it was renamed Vesta Therapeutics that currently is financing clinical trials of liver cell therapies in
India and elsewhere. The focus of her lab since moving to North Carolina has been on human hepatic stem cell and
maturational lineage biology and most recently on other forms of endodermal stem cells. In 2008 she was given an
adjunct professorship at the Wake Forest Institute of Regenerative Medicine (Winston Salem, NC).

Jed C. Macosko, an assistant professor of physics at Wake Forest University, graduated
MIT with the Merck award for outstanding scholarship and earned a Ph.D. at the
University of California, Berkeley in 1999. He was an assistant professor at Wheaton
College (lllinois) and then returned to Berkeley after winning an NIH postdoctoral
fellowship in the laboratory of Carlos Bustamante. His research on molecular machinery
continued as an adjunct assistant professor working with David Keller at the University
of New Mexico in 2003 and 2004.
Since August of 2004 the Macosko Lab at Wake Forest has used novel, NIH-funded
microscopy techniques to study cellular transport machinery, and has developed and
patented a new drug discovery platform. Most recently Macosko has won two
: educational grants for explaining molecular machines to children. The first grant from
the MacArthur Foundation funds a video game called "CellCraft" in which players can build their own cell as if it was
a city in the classic game SimCity. The second grant funds a 3-minute long Pixar-quality computer animated music
video that chronicles the High School Musical inspired love story between two BioBotz: a rough-and-tumble
molecular machine named Kenny Kinesin and a beautiful-but-sheltered strand of DNA named DeeNA. Macosko
hopes that these two projects and his talented collaborators can help open up a new world of educational
entertainment, just as the launch of Sputnik in 1957 ushered in a new wave of film, television, and games that
captured kids' imagination about outer space.




WELCOME RECEPTION INVITED SPEAKER

Stuart Hameroff, Stuart Hameroff MD is Professor of Anesthesiology and Psychology, and
Director of the Center for Consciousness Studies at the University of Arizona in Tucson,
Arizona. In medical school in the early 1970s, Hameroff became interested in microtubules,
protein structures which organize mitosis and other intra-cellular activities. Struck by their
lattice structure and seeming intelligence, Hameroff and colleagues in the 1980s developed a
theory of microtubules as information processing devices — as self-organizing molecular
automata. In 1987 he authored Ultimate Computing: Biomolecular Consciousness and
Nanotechnology, a survey of microtubule capabilities and potentials. Coming to doubt
computation per se could solve the problem of conscious experience, in the early 1990s
x Hameroff teamed with Sir Roger Penrose to develop the controversial Penrose-Hameroff "Orch
OR" model of consciousness based on quantum computation in microtubules within neurons, a notion bolstered by
recent discoveries of quantum coherence in warm biology, as well as megahertz coherence and ballistic conductance
in microtubules. In 2004 Hameroff proposed that normal mitosis and differentiation (and avoidance of malignancy)
depended on quantum optical properties of centrioles and microtubules. More recently, Hameroff developed the
‘conscious pilot’, a theory supportive of Orch OR involving spatiotemporal envelopes of dendritic synchrony moving
through the brain as a conscious agent, and is collaborating on a molecular model of memory involving microtubules
and CaMKII. A full-time clinical anesthesiologist, Hameroff also organizes the well-known interdisciplinary
conferences ‘Toward a Science of Consciousness’. His research website is www.quantumconsciousness.org

GALA DINNER INVITED SPEAKER

Martin Bojowald, a faculty member of the Institute for Gravitation and the Cosmos at The
Pennsylvania State University, is a leading researcher on the implications of quantum gravity
for cosmology. After having received his physics PhD in 2000 at the University of Aachen,
Germany, he has worked as a postdoc at Penn State and at the Albert-Einstein-Institute (AEI) in
Potsdam, Germany, then joined the faculty of Penn State's Department of Physics in 2006. In
these years, he has pioneered the application of one approach, loop quantum gravity, to
cosmological questions, showing in the process how quantum effects can resolve the big bang
singularity. His current work focuses on potentially observable effects of quantum gravity in
the very early universe. For his work, he has received the First Award of the Gravity Research
Foundation Essay Competition in 2003, the Xanthopoulos Prize of the International Society for General Relativity and
Gravitation in 2007, an NSF CAREER Award in 2008, and a Teaching Award from the Penn State Society of Physics
Students in 2009. Outside physics, he enjoys reading classical literature and long-distance running in the Appalachian
Mountains of central Pennsylvania.




WORKSHOP INVITED SPEAKERS

Mark H. Lee is a product reviewer at the Office of Cellular, Tissue and Gene Therapy (OCTGT) in FDA’s Center for
Biologics Evaluation and Research (CBER). He received his Ph.D. in Bioengineering from the University of
Pennsylvania in 2005 and completed a post-doctoral fellowship in Matrix/Integrin Biology at the Institute of Medicine
and Engineering of the University of Pennsylvania prior to joining the FDA in 2008. He also holds an M.S. in
Polymer Science from the University of Connecticut Polymer Program (2000). His scientific expertise includes
biomaterial design and characterization, physical/chemical interactions at the cell-material/cell-matrix interface and
tissue engineering/regenerative medicine. As a part of OCTGT, he has extensive experience reviewing the chemistry,
manufacturing and controls (CMC) for biologic, medical device and combination products regulated through the
investigational device exemption (IDE) and investigational new drug (IND) application process.

Jean D. Sipe is from the National Institutes of Health (NIH), Division of Translational and Clinical
Sciences, Center for Scientific Reveiw. She is a Scientific Review Officer for the Musculoskeletal Oral and
Skin Sciences (MOSS) and Musculoskeletal Tissue Engineering (MTE) study sections.

Andrea L. Slade received her Ph.D. in Biochemistry / Biomedical Engineering in 2004 from the University of
Toronto, Canada. Under the supervision of Prof. Christopher M. Yip, Andrea’s graduate work focused on the
integration of optical microscopy and spectroscopy with AFM and applying these combined techniques to the study of
biological membranes and membrane proteins. Andrea continued this work in her Post Doctorate position at Sandia
National Laboratories, Albuguerque, using AFM to study biological toxins for biosensor development. Over the past 4
years at Veeco, Andrea has held the position of Life Science Applications Scientist and has worked closely with our
Customers, as well as Veeco’s own Engineering, Sales Applications and Customer Service teams in the development
and education of AFM in biological research. Andrea has 11 years experience in AFM with 12 peer-reviewed
publications, as well as numerous seminars and presentations given worldwide.















Figure 1. FAs in FAK™ (A, B, C) and FAK™ (D, E, F) osteoblasts. (A, D) FAs with vinculin stain (1:400) in red are intact and
evenly distributed at points of cell-surface contact. (B,E) Actin stress fibers indicated by Alexa 488 phalloidin in green (1:40) show
normal cytoskeletal arrangement. (C, F) FAs are aligned at the ends of actin fibers; DAPI nuclear stain (1:1000); 60x magnification.

Figure 2. FAK expression (125kDa) is o 50 FAK +/+ Clone 1E11
restored in FAK"-wtFAK osteoblasts. In lane 3 = FAK -/- Clone 1D8
1: FAK™; lane 2: FAK”; lane 3: FAK"-wtFAK; & § *°
lane 4: FAK™-vector control; FAK (1:1000). o
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Figure 3. PGE, release of FAK" and FAK™ 4 24

osteoblasts. (A) PGE; release after 2 hrs OFF
and 4 or 24 hrs media incubation. (B) PGE,
release of FAK™ and FAK” osteoblasts
increases with amount of OFF.
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DIFFERENTIAL GENE EXPRESSION AND ECM ORGANIZATION IN THE AORTIC AND
PULMONARY VALVES

Chris A Carruthers, B.S.!, CM Alfieri, B.S.z, KE Yutzey, Ph.D.z, and MS Sacks, PhD'

'Department of Bioengineering, 450 Technology Drive Suite 300, University of Pittsburgh, Pittsburgh,
Pennsylvania, 15219, United States

“Cincinnati Children’s Medical Center, 3333 Burnet Avenue, Cincinnati, Ohio, 45229, United States

The transvalvular pressures on the left versus the right side of the heart are vastly different. This gross
difference in mechanical behaviour and structure has been previously demonstrated to correlate at the
cellular level where the aortic valve (AV) interstitial cells exhibit greater cytoskeletal stiffness compared
to pulmonary valve (PV) interstitial cells. We hypothesize that higher transvalvular pressure imposes
larger local stresses on the valvular interstitial cells resulting in differences in biosynthetic remodelling
capacity of their surrounding extracellular matrix organization.

The porcine noncoronary, left coronary, and right coronary AV leaflets, and the anterior, left and right
PV leaflets were isolated. Overall valve structure and extracellular matrix (ECM) organization were
assessed histologically with H&E stain and Movat's Pentachrome stain respectively, and ECM protein
localization was evaluated using immunohistochemistry. mRNA expression levels were quantified by
gRT-PCR for alpha-smooth muscle actin, periostin, HSP47, and collagen types I and III. qRT-PCR
values are reported as mean + standard error and were analyzed with a repeated measures one-way
MANOVA followed with post-hoc testing using a Tukey test. All differences were deemed significant at
p<0.05.

H&E histology demonstrated evenly dispersed nuclei throughout the tissue thickness. Movat’s
pentachrome stain demonstrated a trilaminar layer structure as previously observed and demonstrated a
thickened fibrosa layer in the AV compared to the PV. Gene expression as found from qRT-PCR of Col
1, Col 3, and Hsp47 was significantly reduced in the PV compared to the AV while periostin gene
expression was increased. The increase expression in Col 1, Col 3, and Hsp47 in the AV compared to
the PV is reflected by the thickened fibrosa layer in the AV compared to the PV which is dominated by
collagen type I and type III.

Current results indicate that there exist significant differences in the inherent in-vivo gene expression of
PV versus AV. These inherent structural differences likely underlie the intrinsic biomechanical micro-
environments in the AV and PV. These novel findings have implications, for example, in the initial state
of the PV when subjected to systemic pressure levels as in the Ross Procedure where the aortic valve is
removed and replaced with the pulmonary valve. Further, these results may serve to provide directive
for the development of site specific functionally equivalent tissue engineered constructs.



Session 1V — Cellular and Molecular Mechanics
Keynote Speaker: David Odde PhD, University of Minnesota.

WHAT’S YOUR SLEEP NUMBER? CELLULAR SENSING OF ENVIRONMENTAL
MECHANICAL STIFFNESS

David J. Odde

Department of Biomedical Engineering
University of Minnesota
Minneapolis, MN 55455

Cells sense the environment’s mechanical stiffness to control their own shape, migration, and fate. To
better understand stiffness sensing, we constructed a stochastic model of the “motor-clutch™ force
transmission system, where molecular clutches link F-actin to the substrate and mechanically resist
myosin-driven F-actin retrograde flow. The model predicts two distinct regimes: (i) “frictional
slippage,” with fast retrograde flow and low traction forces on stiff substrates and (ii) oscillatory “load-
and-fail” dynamics, with slower retrograde flow and higher traction forces on soft substrates. We
experimentally confirmed these model predictions in embryonic chick forebrain neurons by measuring
the nanoscale dynamics of single—growth-cone filopodia. Furthermore, we experimentally observed a
model-predicted switch in F-actin dynamics around an elastic modulus of 1 kilopascal. Thus, a motor-
clutch system inherently senses and responds to the mechanical stiffness of the local environment.



ACOUSTIC MECHANOTRANSDUCTION ON OSTEOBLASTS AND IN VIVO REMODELING

Y-X. Qin, S. Zhang, S. Ferreri, J. Cheng
Stony Brook University, Stony Brook, NY
Email: Yi-Xian.Qin@sunysb.edu

Introduction:

Mechanotransduction has demonstrated potentials for tissue adaptation in vivo and in vitro. It is well documented that ultrasound, as
a mechanical signal, can produce a wide variety of biological effects in vitro and in vivo [1]. As an example, pulsed ultrasound can be
used to accelerate the rate of bone fracture healing noninvasively. Although a wide range of studies have been done, mechanism for
this therapeutic effect on bone healing is currently unknown and still under active investigation. A potential mechanism by which
bone cells may sense ultrasound is through deformation and acoustic streaming of bone cells and their surface structures, which can
be visualized in osteoblasts. The purpose of the current study was to (1) develop a methodology to allow for in-vitro manipulating
osteoblastic cells using acoustic radiation force generated by ultrasound, (2) use this methodology to determine the morphological
and biological responses of bone cells to ultrasound, and (3) mitigate bone loss under estrogen deficient osteopenia.

Methods:

In Vitro Cellular Manipulation: We used a therapy focused transducer, H-102C (Sonic Concepts. Inc, WA, USA), which has
spherical cap with 64 mm diameter and 62.64 mm focal length. A water-filled cone and a laser guider were coupled with transducer.
Investigation was done using frequency of 3.3MHz; pulse duration of 300 ms; duty factor of 0.2; and two power levels of 3W and
6W were chosen. A laser guide MC3T3-E1 osteoblastic cells were cultured in a-MEM containing 1% penicillin-streptomycin and
10% decomplemented newborn calf serum. The specimens were grown as a monolayer to sub-confluence in 10 mm diameter Petri
dishes. During the study, the cone was immersed in the culture medium and transducer focalized on the cell layer via the guide of
laser and microscope (IX-51, Olympus, Japan). The cells were imaged in the absence of ultrasound, or in the presence of 6W
ultrasound (40x magnification).

In Vivo OVX Model: 72, 16 w.o. Sprague-Dawley rats were divided into six groups; baseline control, age-matched control, OVX
control, OVX + 5 mW/cm? ultrasound (US), OVX + 30 mW/cm® US and OVX + 100 mW/cm® US. Low intensity pulsed ultrasound
(LIPUS) was delivered transdermally at the L4/L5 vertebrae, using gel-coupled plane wave US transducers.  The signal,
characterized by 200us pulses of 1.5 MHz sine waves repeating at 1 kHz with intensities of 5, 30 or 100mW/cm?, was applied 20
min/day, 5 days/week for 4 weeks. A 1.5 mm thick, anterior RIO containing cancellous bone, from the center of the US radiated area
was imaged using uCT at 15 pum and evaluated for bone volume fraction (BVF), structural model index (SMI), trabecular number
(Tb.N.) and trabecular thickness (Tb.Th.).

Results:

In Vitro Cellular Response: The developed methodology allowed manipulation of MC3T3-E1 cells by acoustic radiation force. The
most contribution of acoustic streaming could be easily blocked by the cone coupled with transducer. While the temperature was
measured with a thermocouple on the bottom of the control dish filled with culture medium, pulsed ultrasounds we used were found
not to generate any temperature effect (Fig. 1). The acoustic radiation force has a linear relationship with the power of ultrasound in
this spherical transducer according to the formula, F=W*coso/C (F: radiation force; W: power; C: speed of ultrasound in medium; o
is half of the internal hole aperture angle of the spherical zone transducer) (Fig. 2). The deformation of cell membranes was observed
by the US manipulation, which appeared after 15s treatment of pulsed ultrasound in 6W (Fig. 3). We also imaged the movement of
primary cilia, which had a relatively simple linear morphology and less than 10um length, attaching to the cell membrane. Cilia
showed corresponding movement when subjected to pulsed ultrasound.

In Vivo Response: OVX treatment reduced BVF and compromised microstructure at 4 weeks post surgery. LIPUS treatment,
however, significantly increased BVF compared to OVX controls for the 100mW/cm? treated group (Fig. 4). Additionally, SMI, and
Tb.N showed significant improvements compared with OVX for the 100mW/cm?® treated group and Tb.Th was significantly
improved in the 30 and 100mW/cm?® treated groups. Interestingly, the 100mW/cm? treated groups showed a significant improvement
over the SmW/cm?® treated group in terms of BVFE, SMI and Tb.N. Improvements in bone’s microstructure with 100mW/cm2 US
translated into significant improvements in apparent Elastic Modulus.

Summary and Conclusion:

In this study, we developed a method to apply a focused acoustic radiation force on the surface of individual osteoblastic cells, which
allow for the observation of cellular deformation under treatment of ultrasound. By reducing the effects of acoustic streaming and
ultrasound-induced temperature rise, the deformations of well-adhered cells can be easily recorded and calculated to evaluate the
interface mechanical properties of cells and to reflect the cellular functions influenced by ultrasound. Such setting can also observe
detailed local fluid flow applied on single cells. The observed primary cilia were located near the nuclei and their lengths were no
longer than 10 pm. Such structure can be triggered to dynamic movement by the acoustic force. These were consistent with the
ciliogenesis theory and other papers reported for MC3T3-E1 osteoblastic cells [2]. Furthermore, the bending movement in a passive
manner of the cilia can also be detected by applying pulsed and focused acoustic radiation force. This suggests that primary cilia may
take part in sensing ultrasound in bone cells.

These findings support the hypothesis that LIPUS can inhibit bone loss and preserve bone strength under conditions of estrogen
deficient osteopenia. This study also suggests that there exists a minimum intensity threshold below which LIPUS in less effective at
maintaining bone’s microstructural and mechanical characteristics.

Acknowledgments: This work is kindly supported by the NIH (RO1 AR52379 & RO1 AR49286), U.S. Army Medical Research and
NSBRI. The authors are grateful for the assistance from Dr. C. Jacobs and S. Temiyasa for helps on primary cilia.
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DETERMINING THE MECHANISMS OF PRIMARY CILIA BENDING IN RESPONSE TO FLUID SHEAR STRESS
D.A.Hoey, J. Geraedts, C.R. Jacobs
Department of Biomedical Engineering, Columbia University, New York, New York, United States. 10027.

Introduction:
The primary cilium (PC) is an antenna like organelle that extends vertically from the surface of a cell. The structure
of the PC consists of 9 doublet microtubules arranged circumferentially within a specialized membrane. Recent
studies have suggested that the PC may play a sensory role, acting as both a chemo- and mechano-sensor [1]. In
particular, PC has been shown to act as flow sensors in numerous cell types [2] where bending of the PC results in
the activation of various signaling pathways.
It is interesting to consider how the structural and mechanical properties of the PC may play a role in its response
to fluid flow and how these properties may alter with age and pathology. This study aims to develop the
techniques needed to investigate the properties of a PC and explore the various mechanisms by which a cilium
responds to flow.
Materials and Methods:
Imaging: Mouse kidney epithelial cells (IMCD) with a receptor-eGFP tag localized to the cilium were imaged using a
Leica TCS SP5 Confocal Laser Scanning Microscope fitted with a 100x (NA1.46) oil immersion objective. Data sets
were prepared as z-series projections over time at a rate of 3 frames/sec.
Modeling: By assuming that a PC is a homogenous beam, the bending behavior of a PC experiencing a
unidirectional load perpendicular to its long axis can be governed by the beam bending equation.
2

a6 = —L 080 (1)

ds? FI
where, 0 is the angle of the slope of the bent beam at any point s along its length, q is the fluid drag and El is the
flexural rigidity. This equation can be solved numerically allowing the bend profile and El of a beam to be
determined.
Results:
Imaging: A 3D reconstruction of a PC bending in response to fluid flow was captured through time. From this
sequence of images, the correct plane of bending and bending profile of the cilium can be determined.
Modeling: In order to validate the model the bending profile of a cilium experiencing a known flow velocity was
analyzed from the literature [3]. Applying the model to the bend profile in figure 1 yields a good fit to the
experimental profile and outputs a flexural rigidity (El) of 1.06e-23 Nmz, which is similar to that found by Schwartz
et al [3].
Discussion and Conclusions:
By assuming that the PC is an isotropic, elastic continuum, the flexural rigidity of the PC can be broken down into E
(Young’s Modulus) and | (Second moment of area). Taking E to be 1.2 GPa [4], the | value for the PC in figure 1 is
calculated to be 1.16988e-023 m*.
Calculating the | value based on the dimensions of the cilium cross-section, the mechanism of cilium bending can
be investigated i.e. I=hollow cylinder (microtubule doublets are tightly bound), 1=9 pins (microtubule doublets are
independent). As can be seen from figure 3, assuming the doublets act independently gives a more realistic | value,
indicating that the mechanism of bending is microtubule sliding.
Future work aims to investigate the flexural rigidity of cilia with different pathologies and age and also to
investigate other mechanisms of bending such as basal body rotation. Determining the mechanism of bending may
provide guidance for the development of therapeutics for cilia based pathologies such as polycystic kidney disease.
References:
[1] Singla and Reiter; Science. Aug 2006;313: 629-633. [2] Malone et al; PNAS, Aug 2007;104:13325-13330. [3]
Schwartz et al; Am J Physiol Renal Physiol, Jan 1997; 272: 132-138. [4] Gittes et al; Journal of Cell Biology; Feb
1993; 120:923-934.
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(b)
Figure 1: (a) 3D confocal image of a primary cilium (b) Primary cilium bending in response to fluid shear
stress. The image from (a) has been reoriented to the plane of bending and magnified.
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Figure 2: (a) Primary cilium bending in response to fluid shear stress taken from [3]. (b) Numerical
solution to the beam equation illustrating a good fit to the bending profile found experimentally.
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ACTIVATION OF NF-kb by FLUID SHEAR STRESS, BUT NOT TNF-a, REQUIRES FOCAL
ADHESION KINASE IN OSTEOBLASTS

Suzanne R.L. Young', Rita Gerard-O’Riley', Maureen Harrington”, Fredrick M. Pavalko'’

'Department of Cellular and Integrative Physiology, *Department of Biochemical and Molecular
Biology, ‘Indiana University School of Medicine, Indianapolis, Indiana 46202, USA

When bone is mechanically loaded fluid shear stress (FSS) is generated as a result of the movement of
interstitial fluid across the membranes of osteoblasts and osteocytes. This external mechanical loading
stimulates changes in the activity of cytoplasmic signaling molecules and alters gene expression in bone
cells. This process, referred to as mechanotransduction, is vital for maintaining bone health in vivo by
regulating the balance between bone formation and bone resorption. This current study focuses on the
role of focal adhesions, sites of integrin-mediated cellular attachment to the extracellular matrix, and
their proposed function as mechanosensors in bone cells. We examined the role of a key component of
focal adhesions and of mechanotransduction, focal adhesion kinase (FAK) in regulation of FSS- and
tumor necrosis factor-a (TNF-a)-induced activation of nuclear factor-kappa B (NF-kB) signaling in
osteoblasts. Immortalized FAK™" and FAK™" osteoblasts were exposed to periods of oscillatory fluid
shear stress (OFS) and NF-kB activation was analyzed. We determined that FAK is required for OFS-
induced nuclear translocation and activation of NF-kB in osteoblasts. In addition we found that OFS
induced phosphorylation of the IkB kinases (IKKa/B) in both FAK™* and FAK™" osteoblasts, but only
FAK™" osteoblasts demonstrated the resulting degradation of NF-kB inhibitors IkBo and IkBp. OFS
did not induce the degradation of IxBe or the processing of pl05 in either FAK™ and FAK™
osteoblasts. To compare the role of FAK in mediating OFS-induced mechanotransduction to the well
characterized activation of NF-xB by inflammatory cytokines, we exposed FAK”" and FAK™
osteoblasts to TNF-a.. Interestingly, FAK was not required for TNF-a induced NF-xB activation in
osteoblasts. In addition we determined that TNF-a treatment did not induce the degradation of IkBf3 as
did OFS. These data indicate a novel relationship between FAK and NF-«B activation in osteoblast
mechanotransduction and demonstrates that the mechanism of FSS-induced NF-kB activation in
osteoblasts differs from the well characterized TNF-o—induced activation.



DYNAMIC, PSEUDO-3D TRACKING OF OSTEOCYTE WHOLE-CELL AND
ACTIN/MICROTUBULE NETWORK DEFORMATION UNDER FLUID FLOW

A.D. Baik (1), X.L. Lu (1), E.-M. Hillman (1), C. Dong (2), X. Edward Guo (1)

(1) Columbia University, New York, New York, 10027; (2) Penn State University, University Park,
Pennsylvania, 16802

Introduction

Osteocytes respond to fluid shear loading by activating various biochemical pathways, mediating a
dynamic process of bone formation and resorption. Whole-cell and intracellular deformation may be
able to directly activate and modulate relevant biochemical pathways. Most studies on cell deformation
have focused only on cell deformation in the plane parallel to the substrate surface. However, height-
dependent cell deformation has not been well characterized even though it may contribute greatly to
mechanotransduction mechanisms. Traditional techniques to obtain this additional height information of
a cell-body include confocal and deconvolution microscopy, which require scanning a z-stack of the
cell. However, this inherently limits the timescale under which the deformational information can be
visualized. To further investigate this behavior at a high temporal resolution, we propose using a
“pseudo-3D” microscopy method to better characterize osteocyte cell behavior. In this study, we present
a novel technique that is able to image a single cell simultaneously in two orthogonal planes to obtain
real-time images of cell at a millisecond timescale. The objectives of this study were to: (1) visualize
actin or microtubule networks with the plasma membrane in two orthogonal planes simultaneously
under fluid shear; (2) map out the deformations using digital image correlation; and (3) compare the
depth-directional deformation of actin and microtubule networks of osteocytes.

Methods

Microscope: A custom-designed dual-microscope system consisting of an IX-71 inverted microscope
and BX-51 upright microscope with a 45° mirror in its the light path was used in this study (Fig. 1).
Images were simultaneously recorded for both microscopes using two CCD cameras. A Lambda DG-4
fast wavelength switcher controlling the excitation wavelength and dual band dichroic and dual emission
filters were used to obtain sequential images of the cytoskeleton and plasma membrane (10-12 frames
per second per camera).

Cell Culture: MLO-Y4 osteocytic cells were transfected with actin-EGFP or EMAP-3XGFP plasmids
using Lipofectamine PLUS. Cells were then plated on fibronectin coated microslides for 1 hour and then
stained with Alexa Fluor 594 Wheat Germ Agglutinin to visualize the plasma membrane. Cells were
subjected to 10 dynes/cm? fluid flow pulses (Fig 1C).

Image Analysis: Digital image correlation was used to obtain the history of displacement fields of the
cells in both bottom and side views. Lagrangian strain fields were obtained by smoothing and
differentiating the displacement fields using a 2D Savitsky-Golay filter. The plasma membrane images
were used to calculate areal strains in both bottom and side views.

Results

Strain averaged over the whole cell was primarily tensile during loading for both cytoskeletal networks
(Fig 2, 3). Additionally, localized regions of high tensile or compressive strain were seen in both types
of networks. Leading edges of cells tended to be tensile Ex (flow direction) in nature while trailing
edges had compressive Eyx. The peak strains increased over each loading cycle for both networks as did
the relaxation strain value at the end of the relaxation cycle. This suggests that at this timescale and
loading level, whole-cell behavior is more of a passive material. Further experiments using cytoskeletal
disrupters are under way to better understand the interplay between the two cytoskeletal networks.
Conclusion

These are novel observations in osteocyte mechanics and emphasize the need for not only a high
temporal imaging resolution, but also that 2D imaging is insufficient to characterize cell behavior.
Depth-dependent osteocyte mechanical behavior was clearly seen at a timescale that traditional z-stack
microscopy methods would not be able to fully capture. Future work would include simultaneous, direct



comparisons of both microtubule and actin networks in a single cell to better characterize osteocyte

behavior in a pseudo-3D context.
This research was funded by NIH R21AR052417 and RC1AR058453

Side View Emission

flow =~ ———f Lead
Glass Flow Direction =

—_—
Chamber

Bottom View

\
Lamp Light X

Bottom View Emission Source

T T ('“1 T T T
1 _‘ \J
0 . | | ‘ .
[ 16 0 an ] B0

£y
Time (seconds)

Stress (Pa)

Figure 1: Schematic of the (A) light paths and (B) cell. (C) Loading profile.

0.05

= Bottom View areal strain A
Bottom View Eyy

Bottam View Exx
Bottom View Exy

Strain

a 10 20 .30 4 50 60 70
Time (secondus)

0.2

= Side View areal strain
Side View Ezz R
Side View Exx
Side View Exz

Strain

7 o y 2':"\’ 2
e < ¥ TRiE

Figure 2: Time course of membrane areal and microtubule strains for one cell in (A) bottom view and (B) side view. (C) Bottom view and
(D) side view overlapped microtubule and plasma membrane images with E,, strain fields at t= 15 seconds. Scale bar = Sum.

01

Bottom View areal strain
Bottom View Eyy
Bottom View Exx
—— Bottom View Exy

£ 0.04
g o
@D 002
0
002
a 10 20 30 & 50 60 70
Time (secondgs)
Side View areal strain
215 Side View Ezz R
Side View Exx
01 Side View Exz
£
g 0.05
®
0
-0.08
50 &0 70

o ® Ti?%e (seconéios)

Pt
Figure 3: Time course of membrane areal and actin strains for one cell in (A) bottom view and (B) side view. (C) Bottom view and (D) side
view overlapped actin and plasma membrane images with E,, strain fields at t= 15 seconds. Scale bar = Sum.




GALA DINNER
Keynote Speaker: Martin Bojowald PhD, Penn State University

WHAT HAPPENED BEFORE THE BIG BANG?
Martin Bojowald PhD
Penn State University

Extreme situations often provide crucial insights. If we apply quantum physics to space,
time and the whole universe, especially to describe the dense and hot phase of the big
bang, new and unexpected phenomena can arise. They allow us to extend our
understanding of the history of the universe, and to devise theories for the emergence of
matter as we know it. But they can also teach us more about quantum physics in general,
irrespective of an application to cosmology.



Session V - Cancer Therapy and Cell-Cell Interactions
Keynote Speaker: Isaiah J. Fidler PhD, The University of Texas M. D. Anderson
Cancer Center

THE BIOLOGY AND THERAPY OF BRAIN METASTASIS
1. J. Fidler

Director, Cancer Metastasis Research Center, Department of Cancer Biology, The University of Texas
M. D. Anderson Cancer Center, Houston, Texas 77030, USA

The major cause of death from cancer is metastasis. In the USA, more than 40% of cancer patients
develop brain metastasis. The median survival for untreated patients is 1-2 months which may be
extended to 6 months with conventional radiotherapy and chemotherapy. The growth and survival of
metastases depends on the interaction of tumor cells with host factors in the organ microenvironment.

The brain microenvironment regulates the resistance of tumor cells to systemic therapy. The mechanism
for this resistance has been under active investigation. One potential mechanism is the blood-brain
barrier (BBB), which protects the normal brain parenchyma from circulating toxic substances. In brain
metastases, however, the BBB is permeable. This permeability is due to increased release of vascular
endothelial growth factor-vascular permeability factor (VEGF/VPF) by all tumor cells growing in the
brain, suggesting that the resistance of brain metastases to chemotherapy is mediated by a mechanism
independent of the BBB.

Histological examination of clinical specimens of human breast, lung, melanoma, and colon brain
metastases demonstrates that the lesions are surrounded and infiltrated by activated astrocytes
expressing glial fibrillary acidic protein (GFAP). GFAP-positive astrocytes are also associated with
experimental brain metastases produced by lung, brain, melanoma, and colon cancers. We isolated
astrocytes from the brain of the “ImmortoMouse” and established the cells in culture.

Astrocytes co-cultured with melanoma, breast cancer, or lung cancer cells protect the tumor cells from
all tested chemotherapeutic agents (Taxol, VCR, VGL, 5-FU, Cisplatinum, ADR). Establishment of a
gap junction between the astrocytes and tumor cells is required for this chemoprotection. Coculture of
tumor cells with other tumor cells or fibroblasts does not protect the cells from chemotherapeutic drugs.
Microarray experiments for cross-species hybridization (human tumor cells cocultured with mouse
astrocytes or mouse fibroblasts) identified upregulation of several survival genes, including GSTAS,
BCL2-L1, TWIST1, and BCL-XL, in tumor cells cocultured with astrocytes, but not with fibroblasts.
Once removed from astrocytes, the expression of these genes declined, and the tumor cells lost the
resistance to the chemotherapeutic drugs.

These data clearly demonstrate that host cells in the microenvironment influence the biological behavior
of tumor cells and reinforce the contention that the organ microenvironment must also be taken into
consideration during the design of therapy.



THE EFFECTS OF IN VIVO MECHANICAL FORCES ON MORPHOLOGY, PROLIFERATION AND

PROTEIN EXPRESSION OF LUNG CANCER CELLS

S. Schmitt, B.S.l, P.J. Morales, M.S.Z, P. Hendricks, B.S.z, G .Vielhauer, Pharm.D., Ph.D.2'3,
G.S. Sittampalam, Ph.D.>*, V.S. Nirmalanandhan, Ph.D.**

'School of Engineering, The University of Kansas, Lawrence, Kansas, United States., 66045. “Institutes
for Advancing Medical Innovation, 3Department of Urology, 4Department of Pharmacology, Toxicology
and Therapeutics, The University of Kansas Medical Center, Kansas City, Kansas, United States 66160.

Introduction: In vivo, cells are subjected to various
involuntary mechanical forces during normal activities
such as respiration and digestion, and these forces
have been shown to affect cell morphology,
proliferation, and protein expression'?. When tumors
develop in the lung, they are continuously subjected
to cyclic forces during expansion and contraction of
the lung. Most solid tumors are epithelial in nature,
but an important transition often occurs during the
progression of cancer in which cells become more
mesenchymal in nature. The epithelial-mesenchymal
transition (EMT) corresponds with a down-regulation
of important epithelial marker proteins and an up-
regulation of mesenchymal markers indicating a
more invasive cellular phenotype®. The effects of in
vivo mechanical forces on the morphology,
proliferation and the epithelial-mesenchymal
transition of lung cancer cells have not been fully
investigated. The objective of this study was to
simulate the in vivo mechanical forces experienced
during normal respiration, using a bioreactor, to
examine the effect of these forces on cellular
morphology, proliferation, and the expression of key
EMT markers in two non-small cell lung cancer
(NSCLC) cell lines.

Methods: The epithelial lung carcinoma (A549 ) and
a bronchioalveolar (NCI-H358) NSCLC cell lines
were cultured in 6-well Bioflex collagen I-coated
plates (Flexcell International Corporation,
Hillsborough, NC). After 24 hours of initial seeding, a
¥ sinusoidal cyclic tensile force was delivered to the
cells at a frequency of 0.5 Hz, with a membrane
elongation of 0% to 20% using Flexcell FX-4000
Tension system (Flexcell International Corporation,
Hillsborough, NC). Morphology: The morphology of
both cell lines was examined at 72 hours and 144
hours using an Olympus IX71 inverted microscope
with a 10x objective lens. Proliferation: Both viable
and non-viable cells were counted every 24 hours
using a Vi-Cell cell viability analyzer (Beckman
Coulter Inc, Fullerton, CA). Protein Expression:
After 48 hours of exposure to mechanical forces,
cells were trypsinized. Whole cell lysates were
extracted for immunoblots and examined for the
epithelial markers, E-cadherin, B-catenin, and y-

catenin, and the mesenchymal markers, N-cadherin,
Fibrinectin, and Vimentin.

Results: Morphology: At 72 and 144 hours, the
NCI-H358 lung cancer cells that had been subjected
to mechanical forces detached from the Bioflex plate
and aggregated into a three-dimensional spheroid-
like morphology. H358 cells that were not subjected
to simulated forces retained their flat monolayer-type
morphology at both 72 and 144 hours (Figure 1la-d).
The forces did not alter the morphology of A549 cells
at either time points (not shown). Proliferation: Both
cell lines subjected to forces showed a decrease in
cell proliferation. The viable cell count at each time
point was not significantly different from the initial
seeding densities for the cells that were subjected to
mechanical forces. However, cells that were not
subjected to forces exhibited a logarithmic
proliferation profile (Figure 2). Protein Expression:
NCI-H358 cells exposed to forces showed an
increase in E-cadherin expression (Figure 3a), and a
decrease expression of the mesenchymal markers N-
cadherin and Vimentin (Figure 3b). A549 cells
exposed to forces showed no changes in epithelial
marker expression (Figure 3a), but demonstrated a
decrease in Fibronectin and no changes in N-
Cadherin and Vimentin expressions (Figure 3b).

Conclusions: Our results suggest that application of
a cyclic tensile force simulating normal respiration
has profound and differential effects on the activity of
NCI-H358 and A549 cells. It appears from our data
that the NCI-358 cells tend to become less invasive
while the NCI-H549 cells do not significantly lose its
metastatic properties in the presence of forces. The
integration and examination of the effects of
physiologically relevant mechanical forces on NSCLC
cells is a new approach to the in vitro screening of
new chemotherapeutic agents. Consideration for
these changes could be an important new step in
creating more successful screening methods.
Studies will further elucidate the changes produced
between static and dynamic in vitro environment, and
to subsequently extend this to three-dimensional
tumor tissue models to understand physiologically
relevant cancer pharmacology.



(b) @
Figure 1: NCI-H358 cells that were not subjected to mechanical forces at (a) 72 hours and (c) 144 hours.
Cells detached and formed spheroid like aggregates when subjected to mechanical forces, shown at (b)
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Figure 2: Viable and non-viable cell counts of (a) NCI-H358 and (b) A549 cell lines at 24 hour intervals,
from 24 hours to 144 hours of exposure to mechanical forces. (key: —M = no forces, +M = with forces)
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DRUG LOADED SILK FIBROIN-CHITOSAN SCAFFOLD COMPOSITE FOR TISSUE
REGENERATION AND CANCER THERAPY

Vishal Gupta, Goo-Hyun Mun, Bina Choi, Lopez Mildred, Abraham Aseh, Anish Patel, Qixu Zhang,
David Chang, Geoffrey Robb, Anshu B. Mathur

The University of Texas M. D. Anderson Cancer Center, Houston, Texas, USA

This study proposed a novel multifaceted strategy for breast cancer treatment using a composite of
anti-cancer drug ‘emodin’ to avoid tumor recurrence and natural biomaterials silk fibroin (SF) and
chitosan (CS) blend (SECS) scaffolds' for tissue regeneration. First, emodin nanoparticles were prepared
by entrapment in DMPC liposomes using sonication and then entrapped in either SF alone or SFCS
blends*. The scaffold composites were characterized in vitro for drug entrapment and release,
mechanical strength and efficacy on GILM2 breast cancer cells. Scaffold composites were then
implanted in rats with breast tumor and Latissimus Dorsi flap model for 6 weeks and analyzed using
histological techniques (Figure 1).

The size of the emodin loaded liposomes was less than 100 nm with significantly (p<0.01) increased
emodin loading compared to no sonication. Emodin nanoparticles (64.7 = 3.5 nm) were embedded on
SFCS scaffold surface as visualized by scanning electron microscopy. Emodin entrapment efficiencies
were found to be highest for SF (80-87%) as compared to SFCS blends (42-55%). There was a burst
release of emodin from all scaffolds during the first 2 days; however, released emodin amounts were
detected (0.1-1.0 pg/ml) even after 24 days. Entrapment of emodin within scaffolds decreased the elastic
modulus and UTS significantly as compared to no-emodin scaffolds (p<0.05). However, the increase in
emodin content within the same blend did not change the mechanical properties significantly. Exposure
of emodin-loaded scaffolds to GILM2 cells significantly decreased the number of viable cells compared
to no-emodin controls (p<0.05).

Histological examination of in vivo samples found that scaffold degradation in the emodin loaded
SFCS group occurred significantly (p<0.01) slower compared to SFCS scaffold only group (Table 1).
Also, the cell density within SFCS scaffold group was significantly higher (p<0.05) than the emodin
loaded SFCS group. It was found that the emodin loaded SFCS group’s scaffold was not well integrated
with the tumor or the muscle. This can be explained by the presence of the anti-tumor drug emodin that
was embedded within the scaffold, which possibly prevented the tumor cell infiltration. The tumor
presence across the cross-section was lower in emodin-loaded group as compared to flap only group
(Table 1). However, the tumor size was not different between groups. Hence the drug-loaded scaffold
prevents the tumor growth in the scaffold and in the surgical flap to avoid recurrence.

This multifaceted strategy using drug loaded scaffolds provides dual function of tissue regeneration
and local drug delivery, which has great promise for tumor reconstruction surgeries to prevent
recurrence and encourage long-term healing.
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Figure 1. (A) Emodin loaded liposomes entrapped within 25:75 SFCS scaffold (average diameter: 2.6 +
0.1 cm and thickness: 1.3 £ 0.04 mm). (B) Schematic of in vivo implantation of scaffold composite in rat

model.

Table 1. Quantitative analysis of tumor size, scaffold degradation and cell density in the tissues after 6

weeks of in vivo implantation.

Scaffold Cell density Tumor Tumor S1Z€ per
Groups . . presence acrosscross-section

degradation (%) in scaffolds .

cross-section  (mm2)

Flap only 40% (6/15) 1.02+0.43
SFCS scaffold94.3 + 0.8 3238 £152 0
only (n=30) (n=23) 33% (7/21) 1.47 + 0.46
Emodin  loaded87.6 +2.1° 2733 + 118" .
SFCS scaffold  (n=25) (n=28) 25% (5200 0.97+0.57

*p<0.01 and 'p<0.05 vs. SFCS scaffold only
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INTRODUCTION

Most researches on the differentiation of mesenchymal stem cells (MSCs) into vascular cells have been relied on
biochemical reagents. However, recent other outcomes have been reported on the role of microphysical environment in
differentiation of MSCs even without biochemical reagents. Especially, differentiation of MSCs into vascular lineages could
be regulated by various signals generated from neighborhood vascular cells. In addition, most cells in blood vessels are
exposed to various mechanical stimuli. Especially the endothelial cells are experiencing flow-induced shear stress due to
blood flow. In this study we investigated the effects of biochemical reagents, direct co-culturing as well as flow-induced
shear stress on the differentiation of MSCs into vascular cell lineages.

MATERIALS & METHODS

Human MSCs were purchased from the company (Lonza, Walkersville, MD, USA). For the identification of MSCs during
and/or after culture, MSCs were infected by GFP-lentiviruses using 293FT helper cells. Human umbilical vein endothelial
cells (HUVECs) were also purchased from the company (Cascade Biologics™, Portland, OR, USA). EBM®-2 (Lonza,
Walkersville, MD, USA) with 2 % of FBS and 1 % of penicillin-streptomycin and EGM®-2 BulletKit® were used to
investigate the effects of VEGF and FGF-2 on the differentiation of MSCs.

To induce shear stress by fluid-flow on the cells, miniature flow cell chips were fabricated using polydimethylsiloxane
(PDMS, Sylgard 184, Dow Corning, Midland, MI, USA). For the co-cultures the GFP-infected MSCs were mixed with
HUVECsS in the ratio of 1:2. Then the mixed cells were seeded on the cell chips at 3 x 10* cells/cm®. Forty-eight hours after
the seeding, the shear stress was imposed on the cells. The flow rate was adjusted to have the shear stress as 10 dyne/cm”. The
duration of shear stressing was 30 min/day, for 5 days.

Immunofluorescence stainings for a-smooth muscle actin (a-SMA) and von Willebrand factor (vWF) were performed as
they are known to be smooth muscle cell (SMC) - and endothelial cell (EC) - specific markers, respectively. Stained samples
were confirmed by a confocal microscope (LSM 510, Carl Zeiss, Jena, Germany).

RESULTS

Any expressions of vascular specific markers were not shown in MSCs co-cultured with HUVECs when no growth factors
were added (Fig. 2). The expressions of a-SMA were observed in MSCs co-cultured with growth factor under static culture
on day 4, but these were remarkably decreased on day 7 (Fig. 1). The expression of a-SMA in MSCs under shear stress was
increased regardless of the growth factor. The expression of vVWF was not observed in MSCs in all groups (Fig. 1, 2).

CONCLUSION
In summary, we have shown that flow-induced shear stress could help differentiation of MSCs co-cultured with HUVECs
toward smooth muscle like cells with growth factors rather than toward endothelial like cells.
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