
Organized by:

www.bostonsociety.org

October 4, 2017

Broad Institute
415 Main Street • Cambridge, MA

2017PRESENTED BY OUR SPONSORS:



2017 APN SPONSORS

1 | PAGE



ORGANIZERS’ WELCOME
Welcome to the 2017 Applied Pharmaceutical Nanotechnology Conference.
Our organizers have gathered an excellent group of speakers for the third annual APN  
conference. The program is arranged to incorporate extensive audience participation 
and discussion. We encourage attendees to take full advantage of the opportunity to 
engage in discussion in order to receive the maximum benefit from the APN experience.  

Thank you for your participation.

Presiding Officers
Conference Chair: Robert Saklatvala, Merck
Chair Elect: Miles Miller, Harvard Medical School

Committee Members
Rossitza Alargova, Infinity Pharmaceuticals
Rahela Gasparac, Novartis
Ursula Germann, OnKognos & InnovaTID
Ritu Kaushik, Ferring Pharmaceuticals
Edward Randles, Liquidia Technologies
Rajesh Shinde, Tarveda Therapeutics
Beata Sweryda-Krawiec, Tarveda Therapeutics
Noreen Zaman, Vertex Pharmaceuticals

ORGANIZING COMMITTEE
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APN 2017 CONFERENCE AGENDA

Wednesday, October 4

7:30 - 8:30 REGISTRATION & BREAKFAST
8:30 - 8:40 Conference Opening
 Robert Saklatvala, Merck

8:40 - 9:20  Plenary Lecture
 Translational Nano-Medicine: Targeted Therapeutic Delivery for Cancer, Pain, and Inflammatory Diseases 
 Mansoor Amiji, Northeastern University

SESSION I: Current Platforms and Emerging Novel Areas
Session Chairs: Beata Sweryda-Krawiec, Tarveda Therapeutics and Rajesh Shinde, Tarveda Therapeutics

9:20 - 9:25  Session Introduction

9:25 - 9:55  Infrared Light-Activated Nanoconstructs in Biomedical Applications
 Tayyaba Hasan, Harvard/MGH

9:55 - 10:25  Drug Delivery of ACCURINS® Nanoparticles: The Understanding of the Delivery System
 Maria Figueiredo, Pfizer

10:25 - 10:45 Break 

10:45 - 11:15  Stimuli-Sensitive Multifunctional Combination Nanopreparations to Treat Multidrug Resistant 
Cancers

 Can Sarisozen, Northeastern University

11:15 - 11:45  Self-Assembled Synthetic Lipid-Based Nanoparticles for Delivery of Genome-Editing Proteins 
Qiaobing Xu, Tufts University

11:45 - 12:45  Lunch 

SESSION II: Immunology Applications for Nanotechnology
Session Chairs: Ursula Germann, OnKognos & InnovaTID and Rossitza Alargova, Infinity Pharmaceuticals

12:45 - 12:50  Session Introduction

12:50 - 1:20  T Cell-Targeting Nanoparticles for Improved Cancer Immunotherapy
 Michael Goldberg, Dana-Farber/Harvard Medical
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1:20 - 1:50  When Nanotechnology meets Immunity: Nanomaterials Modulating Immunity and Immunity 
Informing Nanomaterial Design 
Tarek Fahmy, Yale University/Immunova

1:50 - 2:20  Enhanced Immune Modulation through Superior Control of Formulation and Delivery using the 
PRINT Technology 
Michele Stone, Liquidia Technologies

2:20 - 2:50  Engineering the Humoral Immune Response to HIV through Nanoparticle Delivery of Envelope 
Trimers 
Darrell Irvine, MIT

2:50 - 3:10  Break 

SESSION III: Regulatory Guidance / Challenges
Session Chair: Noreen Zaman, Vertex Pharmaceuticals

3:10 - 3:15  Session Introduction

3:15 - 3:55  Panel Discussion 
Maria Figueiredo, Pfizer; Mansoor Amiji, Northeastern; Michele Stone, Liquidia 

3:55 - 4:40  Plenary Lecture
 Nucleic Acid Delivery Systems for RNA Therapy and Gene Editing 
 Daniel Anderson, MIT

4:40 - 5:50  POSTER SESSION AND EVENING RECEPTION
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ABSTRACTS

PLENARY
Translational Nano-Medicine: 
Targeted Therapeutic Delivery for Cancer, Pain, and 
Inflammatory Dideases
Mansoor M. Amiji, Northeastern University

Tremendous advances in molecular and personalized 
medicine also present challenges for translation of 
innovative experimental approaches into clinically 
relevant strategies. To overcome some of these challenges, 
nanotechnology offers interesting solutions for disease 
prevention, diagnosis, and treatment. For many systemic 
diseases, overcoming biological barriers and target specific 
delivery are the key challenges. Additionally, newer 
generation of molecular therapies, such as gene therapy, 
oligonucleotides, and RNA interference (RNAi) require 
robust and highly specific intracellular delivery strategies for 
effective and clinically meaningful therapeutic outcomes.

In this presentation, I will cover several of our approaches 
for development of multifunctional engineered nano-
systems for targeted therapies in the treatment of cancer 
and inflammatory diseases. Specific examples will include: 
(1) overcoming tumor multidrug resistance using a 
combinatorial-designed engineered nano-systems for 
RNAi and chemotherapy, (2) CNS delivery of lipid modified 
analgesic peptide using oil-in-water nanoemulsion, and (3) 
genetic modulation of macrophage phenotype to promote 
anti-inflammatory effect in the treatment of rheumatoid 
arthritis.

In each of the above examples, we focus on challenging 
medical problems with innovative solutions that use safe 
materials and scalable fabrication methods in order to 
facilitate clinical translation and improve patient outcomes.

SESSION I: Current Platforms and Emerging 
Novel Areas

Infrared Light-activated Nanoconstructs in Biomedical 
Applications
Tayyaba Hasan, Harvard Medical School, MGH

This presentation will introduce a nanotechnology 
platform for cancer combination therapy that utilizes 
near infrared light activation not only for photodynamic 
damage but also as an extrinsic mechanism to initiate 
release of complimentary drugs. This approach overcomes 
challenges in achieving synergistic interactions using 
sequential drug delivery. Infrared activated damage 
efficiently kills drug-resistant cells via damage of common 
proteins involved in drug resistacne along with the photo-
initiated release of complementary agents to enable full 
interaction amongst the individual therapies. Aspects 
of preclinical studies will be presented along with initial 
clinical data. If successful in humans, this new paradigm for 
light-activated, synchronized, tumor-focused combination 
therapy will provide increasing efficacy whilst reducing 
systemic exposure to toxic drugs.  

Drug Delivery of ACCURINS® Nanoparticles:  The 
Understanding of the Delivery System
Maria Figueiredo, Pfizer

ACCURINS® are targeted therapeutic nanoparticles 
composed of block copolymers of poly-DL-lactide (PLA) 
and polyethylene glycol (PEG) in which the drug is 
physically encapsulated within the polymer matrix and 
active targeting ligands can be expressed or conjugated 
on the surface.  These particles have a longer half-life 
than the parent drug due to the stealth protection layer 
provided by the PEG.  The drug diffuses through the matrix 
at a controlled rate, thus reducing toxicity and increasing 
efficacy by delivering the drug to the targeted cells in 
a well-regulated manner. This presentation highlights 
ACCURINS® technology, the analytical tools to characterize 
the nanoparticles, pre-clinical data and the manufacturing 
capabilities of ACCURINS®.
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Stimuli-Sensitive Multifunctional Combination 
Nanopreparations to Treat Multidrug Resistant 
Cancers
Can Sarisozen, Northeastern University

This talk will emphasize the real world challenges that make 
the combination treatment of cancer by nanomedicine a 
necessity. The demonstration that combinations (siRNA or 
small molecule chemotherapeutics) work and local stimuli-
sensitivity can enhance the therapy will be presented. 
The talk will also focus on applicability of using multi-
stimuli sensitive nanopreparations delivering siRNA and 
chemotherapeutic drug to tumor mass.

Self-Assembled Synthetic Lipid-Based Nanoparticles 
for Delivery of Genome-Editing Proteins
Qiaobing Xu, Tufts University

A main challenge to the development of protein-based 
therapeutics with an intracellular target is the inefficiency 
of delivery of protein cargo across the mammalian cell 
membrane, including escape from endosomes. Recently 
our group has developed an effective strategy to deliver 
therapeutic proteins into cytoplasm using a combination 
of the reversible modification of proteins and cationic lipid-
based nanoparticles.  In this presentation, I will discuss our 
most recent progress in intracellular delivery of protein for 
genome editing. We showed that combining bioreducible 
lipid nanoparticles with negatively supercharged Cre 
recombinase or anionic Cas9:RNA complexes drives the 
electrostatic assembly of nanoparticles that mediate 
potent protein delivery and genome editing. These 
bioreducible lipids efficiently deliver protein cargo into 
cells, facilitate the escape of protein from endosomes in 
response to the reductive intracellular environment, and 
direct protein to its intracellular target sites. The delivery 
of supercharged Cre protein and Cas9:sgRNA complexed 
with bioreducible lipids into cultured human cells enables 
gene recombination and genome editing with efficiencies 
greater than 70%. In addition, we demonstrate that these 
lipids are effective for functional protein delivery into 
mouse brain for gene recombination in vivo. Therefore, 
the integration of this bioreducible lipid platform with 
protein engineering has the potential to advance the 

therapeutic relevance of protein-based genome editing 
and may open the door for generating new therapies for a 
variety of diseases, including those traditionally viewed as 
“undruggable”.

SESSION II: Immunology Applications for 
Nanotechnology

T Cell-Targeting Nanoparticles for Improved Cancer 
Immunotherapy
Michael Goldberg, Dana-Farber/Harvard Medical

While cancer immunotherapy can confer durable responses 
to oncology patients, the proportion of responders could 
yet improve greatly. Two main challenges that have limited 
the efficacy of immunotherapy to date are achieving 
therapeutically appropriate concentrations of drug among 
tumor-reactive lymphocytes and the lack of cytotoxic T 
lymphocytes in the tumors of many patients. To address 
the first obstacle, we used T cell-targeting nanoparticles to 
focus the delivery of an inhibitor of immunosuppression 
whose target has pleiotropic effects. Loading the drug 
into targeted particles enables both the antibody and 
small molecule to be dosed at less than one-tenth of 
the standard dose, mitigating potential toxicity while still 
affording efficacy. To address the second obstacle, we 
used T cell-targeting nanoparticles to deliver an agonist 
of innate immunity into the tumor microenvironment and 
thereby recruit cytotoxic T lymphocytes into non-inflamed 
tumors. This modular platform technology can incorporate 
a wide variety of immunomodulatory compounds and may 
be worthy of consideration for clinical translation.

When Nanotechnology Meets Immunity: 
Nanomaterials Modulating Immunity andImmunity 
Informing Nanomaterial Design
Tarek M. Fahmy, Yale University

The immune system is made up of a complex network of 
molecules and cells that can screen its own components, 
protect itself, and attack invaders such as bacteria and 
viruses. Immune system malfunction can lead to the 
pathogenesis of many common chronic and autoimmune 
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disease, and even progression of cancer. A particularly 
challenging case is the tumor microenvironment, which 
thwarts conventional immunotherapy through multiple 
immunologic mechanisms. Another challenging case is 
induction of tolerance against sites of immune invasion.

Nanomaterials can be engineered in ways that can 
overcome the immunoinhibitory nature of the tumor 
microenvironment, provide a paradigm for new vaccines 
or induce immune tolerance in areas where immune 
responses are too active. An attractive feature of these 
synthetic systems is that they can be ‘tuned’ in predictable, 
designable ways to optimize immune function; ultimately 
orchestrating the magnitude and direction of an immune 
response. Here we discuss novel nanotechnologies and 
biomaterials that interface with immune system cells (T cells, 
Antigen-presenting cells) facilitating novel and effective 
means for induction of therapeutic immune responses in 
cancer and treatment of autoimmunity. Interestingly, the 
same systems can be appropriately tailored with diagnostic 
agents to report on the progress of the immune response 
inside and outside the body. This talk will focus on four 
examples that discuss the power of Immunoengineering 
and why it makes sense, and why it will play a paradigm-
shifting role in the development of newer generations of 
immunotherapeutics. 

Enhanced Immune Modulation through Superior 
Control of Formulation and Delivery Using the PRINT 
Technology 
Michele Stone, Liquidia Technologies

The future of vaccine development will integrate quality 
by design at vaccine conception to ensure desired efficacy 
and safety product profiles. The ability to define protective 
immune responses and desired mechanisms to target 
appropriate immune cells would be a key advantage in the 
development of next generation vaccines. For respiratory 
diseases like Flu and Pneumonia, protection from disease 
is generated by antibodies recognizing surface antigens.  
Intracellular pathogens like Mycobacterium tuberculosis 
require more sophisticated immunological responses 
to both control and eliminate disease. The evolution of 
vaccine development has evolved from inactivated whole 

cell microorganisms, to subunit vaccines that contain 
protein or protein-PS conjugates, to next generation 
vaccine candidates that include completely synthetic 
systems. Novel technologies allowing developers to design 
vaccines targeting specific immune response via selection 
of protective antigens with or without adjuvants would 
enable more directed immune targeting, and potentially 
provide increased efficacy with improved safety outcomes.  
Liquidia’s PRINT technology is a novel particle platform 
technology designed to incorporate quality by design 
early in the development process. The PRINT platform 
enables unique formulation advantages that have broad 
implications to vaccines development and production 
methodologies. The induction of potent immune responses 
to multiple vaccine target antigens without adjuvants has 
been demonstrated with PRINT particles. Co-delivery of 
antigens and adjuvants has been shown to improve both T 
cell and B cell immune responses including adjuvant dose 
sparing. Formulation of combination vaccine products 
containing incompatible components has also been 
shown with PRINT particles. The advantages demonstrated 
to date by the PRINT technology could profoundly impact 
the vaccine industry as products are brought to the clinic.

Engineering the Humoral Immune Response to HIV 
through Nanoparticle Delivery of Envelope Trimers 
Darrell J. Irvine, MIT

A major goal of HIV vaccine development is the design 
of vaccines that can elicit broadly neutralizing antibodies 
(BNAbs), but known BNAbs isolated from infected 
individuals exhibit high degrees of somatic hypermutation 
(SHM). SHM occurs in germinal centers and this suggests 
that successful vaccines will need to strongly activate and 
maintain germinal center reactions in lymph nodes. Toward 
this goal, we have studied the behavior of lipid and protein-
based nanoparticles displaying HIV env antigens, and 
demonstrate that nanoparticle immunogens can activate 
B cells at 1000-fold lower concentrations than equivalent 
soluble antigens, target the antigen to follicular dendritic 
cells in lymph nodes, enhance germinal center induction, 
and thereby enhance the humoral immune response.  
These features make nanoparticle-based immunogens of 
interest for vaccines against diverse infectious diseases. 
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SESSION III: Regulatory Guidance / Challenges

PLENARY
Nucleic Acid Delivery Systems for RNA Therapy and 
Gene Editing
Daniel Anderson, MIT

High throughput, combinatorial approaches have 
revolutionized small molecule drug discovery. Here we 
describe our work on high throughput methods for 
developing and characterizing RNA delivery and gene 
editing systems. Libraries of degradable polymers and 
lipid-like materials have been synthesized, formulated 
and screened for their ability to delivery RNA, both in 
vitro and in vivo. A number of delivery formulations have 
been developed with in vivo efficacy, and show potential 
therapeutic application for the treatment of genetic 
disease, viral infection, and cancer.



BIOGRAPHIES

Rossitza Alargova, Ph.D., Infinity Pharmaceuticals: Dr. Rossitza Alargova is Director, Pharmaceutical Development, at 
Infinity Pharmaceuticals Inc., Cambridge, MA. Previously she served as a Head of the Formulation Development at Blend 
Therapeutics (currently Tarveda), Watertown, MA, where she built and led the formulation group during selection of the 
company’s first clinical candidates and their progression through pre-IND stage. Prior to Blend, Dr. Alargova worked as a 
Sr. Scientist in the Formulation Development at Vertex Pharm. Inc., postdoc at the Dept. of Chemical and Biomolecular 
Engineering, NCSU, NC, Scientist at JAMSTEC, Yokosuka, Japan, and Research Chemist at the Faculty of Chemistry, Sofia 
University, Bulgaria. Dr. Alargova received her Ph.D. in Physical Chemistry and MS in Environmental Science, both from Sofia 
University, Sofia, Bulgaria, and MS in Chemical Engineering from University “Asen Zlatarov”, Burgas, Bulgaria. Dr. Alargova is 
a co-author of 28 scientific papers and 15 patents and patent applications. One of her patents was used to establish Xanofi, 
Raleigh, NC, a nanotech company specializing in nanofiber design, manufacturing and industrial applications.

Mansoor M. Amiji, Ph.D., RPh, Northeastern University: Dr. Mansoor Amiji is currently the University Distinguished Professor 
and Professor of Pharmaceutical Sciences in the School of Pharmacy, Bouve College of Health Sciences at Northeastern 
University in Boston, MA. Dr. Amiji received his BS degree in pharmacy from Northeastern University in 1988 and a PhD in 
pharmaceutical sciences from Purdue University in 1992.  

Dr. Amiji’s research is focused on development of biocompatible materials from natural and synthetic polymers, target-
specific drug and gene delivery systems for cancer and infectious diseases, and nanotechnology applications for medical 
diagnosis, imaging, and therapy. His research has received over $20 million in sustained funding from the NIH, NSF, private 
foundations, and the pharmaceutical/biotech industries. 

Dr. Amiji teaches in the professional pharmacy program and in the graduate programs of Pharmaceutical Science, 
Biotechnology, and Nanomedicine. He has edited seven books and has published over 50 books chapters and over 200 peer-
reviewed articles. He has received a number of honors and awards including the Nano Science and Technology Institute’s 
Award for Outstanding Contributions towards the Advancement of Nanotechnology, Microtechnology, and Biotechnology, 
American Association of Pharmaceutical Scientists (AAPS) Meritorious Manuscript Award, Controlled Release Society’s (CRS) 
Nagai Award, and the AAPS and CRS Fellowships.

Daniel G. Anderson, Ph.D., MIT: Professor Daniel G. Anderson is a leading researcher in the field of nanotherapeutics and 
biomaterials. He is appointed in the Department of Chemical Engineering, the Institute for Medical Engineering and Science, 
the Koch Institute for Integrative Cancer Research, and the Harvard-MIT Division of Health Science and Technology at MIT. 
The research done in Prof. Anderson’s laboratory is focused on developing new materials for medicine. He has pioneered the 
development of smart biomaterials, and his work has led to advances and products in a range of areas, including medical 
devices, cell therapy, drug delivery, gene therapy and material science. Prof. Anderson received a B.A. in mathematics and 
biology from the University of California at Santa Cruz and a Ph.D. in molecular genetics from the University of California at 
Davis. His work has resulted in the publication of over 300 papers, patents and patent applications. These patents were the 
basis for the foundation of a number of companies in the pharmaceutical, biotechnology, and consumer products space, and 
have led to a number of products that have been commercialized or are in clinical development.

Tarek Fahmy, Ph.D., Yale University: Dr. Fahmy is an associate professor of Biomedical, Chemical and Environmental 
Engineering at Yale University. He is also an associate professor of Immunobiology at the Yale School of Medicine, a fellow 
of the Yale cancer center and nanotechnology project leader on the Yale Autoimmunity Center of excellence. His PHD is in 

9 | PAGE



immunology and molecular biophysics and his undergraduate and master training is in Chemical Engineering. 

Prior to graduate school he worked for the DuPont Co (Central Research and Development) for 5 years in the polymers research 
and development division in Wilmington, Delaware. He has a record for synthesis, design and application of multifunctional 
systems for immunotherapy and immunodiagnostic applications with over 80 publications, 6 book chapters and several 
patents in those areas spanning since 2005.

His background is multidisciplinary spanning training in biological physics, immunology and engineering. Dr. Fahmy is a 
Biomedical Engineer by training (Bachelors from University of Delaware), masters from Johns Hopkins University and his PHD 
from Johns Hopkins School of Medicine. He has been a faculty at Yale  (Biomedical Engineering and Chemical Engineering) 
since 2005.   

He is the recipient of the NSF Career Award and the Wallace Coulter Foundation Career Awards.  He is also the co-recipient 
of the American Society of Transplantation Branch-out Award and the Lupus Research Institute Young investigator award.  
Dr. Fahmy’s inventions have been licensed by a number of companies. He has one of the very early foundational patents 
on targeted biodegradable nanoparticles, over 30 patents in the area, and over 100 publications supporting this work. He 
collaborates extensively with national and international investigators and industries on different applications of nanomaterials, 
ranging from use as vaccines, drug therapy, diagnostics and biomimetics with emphasis on targeting the immune system. 

Maria Figueiredo, Pfizer: Maria Figueiredo is a Principle Scientist at Pfizer in the Nanomedicine Development and 
Manufacturing (NDM) group, as a bench-top scientist. She develops novel nanoparticle drug products. Prior to Pfizer, Ms. 
Figueiredo was in the formulation development group at BIND Therapeutics formulating ACCURIN® (proprietary targeted 
polymeric nanoparticles) controlled release nanoparticles. Prior to joining BIND Therapeutics, Ms. Figueiredo was a Senior 
Scientist at Alkermes, where she worked on the development and understanding of depot formulations of microspheres. 
The products she helped develop are Nutropin Depot®, Risperdal Consta®, Vivitrol®, and Bydureon®. Ms. Figueiredo received 
her BS in Biology from the University of Massachusetts, Boston. She has 20 year of experience in formulation development 
and several patents in drug delivery.

Ursula Germann, Ph.D., OnKognos and InnovaTID Pharmaceuticals: Dr. Ursula Germann is Founder and Principal of 
OnKognos Scientific Consulting and Services, and Vice President, Research at the InnovaTID Pharmaceuticals, Inc. Consulting 
Group. Formerly, she has held several leadership positions at Vertex Pharmaceuticals, Inc. where she drove strategy, planning 
and execution for establishing oncology, cell biology, safety and infectious disease pharmacology. Dr. Germann also 
contributed to the discovery and development of a marketed drug and over fifteen potential medicines that have progressed 
to human clinical investigation for the treatment of serious diseases, including cancer, rheumatoid arthritis, hepatitis C and 
influenza.  Before that, she was a Visiting Associate at the NCI/NIH investigating Multi-Drug Resistance in cancer. Dr. Germann 
received her undergraduate degree and her Ph.D. in biochemistry from the University of Zürich, Switzerland. She completed 
her postdoctoral training at the NCI/NIH in Bethesda, MD. Her work in oncology has earned her the Ernst. Th. Jucker Award 
for Experimental Cancer Research, and a Platinum Vertex Outstanding Contributor Award. Dr. Germann is currently a member 
and volunteer of the American Association for Cancer Research, the Safety Pharmacology Society and the Healthcare 
Businesswomen Association. Her current interest is the discovery and clinical development of novel therapeutics for life-
threatening diseases. Dr. Germann has authored over 50 publications and holds several patents.

Michael Goldberg, Ph.D., Dana-Farber Cancer Institute (DFCI)/Harvard Medical School (HMS): Michael Goldberg 
was born and raised in Toronto, Canada. He graduated Summa Cum Laude with a Hon. B.Sc. in Biological Chemistry from 
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the University of Toronto and received an M.Phil. in BioScience Enterprise from the University of Cambridge. Dr. Goldberg 
completed his Ph.D. in Biological Chemistry under the supervision of Institute Professor Robert Langer at the Massachusetts 
Institute of Technology (MIT). He pursued post-doctoral training in the laboratory of Institute Professor Phillip Sharp in the 
Koch Institute for Integrative Cancer Research at MIT. His research focus lies at the interaction of drug delivery and cancer 
immunotherapy; his group seeks to create innovative platforms for drug development and delivery by combining the tools 
of chemistry, engineering, immunology, materials science, molecular biology, and nanotechnology. 

Tayyaba Hasan, Ph.D., Harvard MIT: Dr. Hasan is a Professor of Dermatology at Harvard Medical School (HMS) and a Professor 
of Health Sciences and Technology (Harvard-MIT). The focus of her research is in photochemical approaches to treatment 
and diagnosis of disease primarily in the areas of cancer and infections. She has over 200 publications and inventions from 
research funded by the National Institutes of Health (NIH), the Department of Defense and Industry grants. Dr. Hasan leads 
a NCI funded multinational Program Project grant focused on image-guided treatment of pancreatic and skin cancers an 
International consortium on developing low cost enabling technologies for image-guided photodynamic therapy of oral 
cancer. Dr. Hasan is an inventor of the FDA approved photodynamic treatment of Age-Related Macular Degeneration and 
several other applications in fields of cancer, infections and technology. In recognition for her contribution to translational 
work and other discoveries she was the recipient of the NIH Pioneer Award in Biomedical Optics, Bench to Bedside Translation 
and was featured in a Special Section Honoring Pioneers in Biomedical Optics in the Journal of Biomedical Optics September/
October 2010 issue. She received the Lifetime Achievement Award in recognition for sustained innovation and contribution 
in year 2015 and the significant advancement of photodynamic therapy award in 2017 for research excellence in the field of 
photodynamic therapy from the International Photodynamic Association.  

Dr. Hasan has several leadership roles in national and international organizations. She was the President of the American 
Society for Photobiology (2010-2012), and is the current President of the International Photodynamic Association and has 
served as the Vice President of Science for the Pan American Photodynamic Therapy Association. 

Dr. Hasan has had a long-term involvement in helping the career development of junior scientists and helped found the Office 
for Research Career Development (ORCD) at MGH where she also served as its first Director until 2011. At the annual research 
celebration at the MGH, the ORCD awarded an outstanding poster prize named in Dr. Hasan’s honor. Her commitment to 
teaching and training has earned her the William Silen Lifetime Achievement in Mentoring Award from Harvard Medical 
School. She is also the recipient of the National Postdoctoral Mentor Award, the Tenth Anniversary Mentor Award, from 
the National Postdoctoral Association. Dr. Hasan was recognized for her dedication to equity in Science, Engineering and 
Technology and was the Catalyst Award Honoree from the Science Club for Girls in Cambridge, Massachusetts an outreach 
organization dedicated to encouraging girls from underprivileged background to pursue careers in science and medicine.

Darrell Irvine, Ph.D., MIT: Dr. Irvine is a Professor at the Massachusetts Institute of Technology and an Investigator of the 
Howard Hughes Medical Institute. He also serves on the steering committee of the Ragon Institute of MGH, MIT, and Harvard. 
His research is focused on the application of engineering tools to problems in cellular immunology and the development of 
new materials for vaccine and drug delivery. Major efforts of the laboratory are directed toward vaccine development for HIV 
and cancer immunotherapy. Dr. Irvine’s work has been recognized by numerous awards, including election as a Fellow of the 
Biomedical Engineering Society, election as a fellow of the American Institute for Medical and Biological Engineering, and 
appointment as an investigator of the Howard Hughes Medical Institute.  He is the author of over 100 publications, reviews, 
and book chapters and an inventor on numerous patents.
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Miles Miller, Ph.D., Harvard Medical School: Dr. Miles Miller is an Instructor at Massachusetts General Hospital / Harvard 
Medical School, where he works in the Center for Systems Biology and Department of Radiology. Formerly, he was a NIH 
postdoctoral fellow in the lab of Ralph Weissleder at MGH, and before that he was a graduate research fellow in the labs of 
Doug Lauffenburger and Linda Griffith at Massachusetts Institute of Technology. He received his Ph.D. in the MIT Department 
of Biological Engineering, and his A.B. in chemistry from Princeton University. He has presented and published extensively in 
the areas of systems biology, nanotechnology, and molecular pharmacology.

Rob Saklatvala, Merck: Rob joined Merck as a member of the Analytical Sciences in the UK in 1993 and provided support 
for a number of Merck products including Zocor, Propecia, Maxalt and Vytorin. He was made Director of the UK Analytical 
Sciences group in 2009. In 2007, Rob also completed a number of global process improvement projects to successfully 
obtain his Merck Six Sigma Black Belt.  

In 2012, Rob moved from the UK to take up a new position at Merck as the Director of the Discovery Pharmaceutical Sciences 
group based initially based in Rahway, NJ and more recently in Boston, MA. In this role, Rob and his team support Discovery 
Programs across various modalities aiming to optimize properties of drug candidates and providing formulation support for 
pre-clinical in vivo studies through a wide range of drug delivery techniques.

Can (John) Sarisozen, Ph.D., Northeastern University: Dr. Sarisozen is the senior scientist at Prof. Vladimir Torchilin’ s Center 
for Pharmaceutical Biotechnology and Nanomedicine at Northeastern University. He received his B.Sc. in Pharmacy and Ph. 
D. in Pharmaceutical Sciences from Hacettepe University in Turkey and started his postdoctoral research associate position 
at Dr. Torchilin’ s lab in 2013 where he is currently the senior research associate.  He is specialized in various nanomedicine-
based combination therapy approaches for cancer treatment, stimuli-sensitive pharmaceutical nanocarriers, and design of 
functional polymers/conjugates for small molecule drug and oligonucleotide delivery. His current interests are development 
of stimuli-sensitive in vivo siRNA delivery formulations, 3D cell culture models for evaluation of nanomedicine performance 
and novel lipid-based nanoparticle systems for combination treatment of drug-resistant cancers. He is also serving as the 
commissioning editor of journals Nanomedicine: NBM and OpenNano. 

Rajesh Shinde, Ph.D., Tarveda Therapeutics: Dr. Rajesh Shinde is a Research Leader in Formulations at Tarveda Therapeutics. 
He is currently involved in the development of the Pentarins™ platform, a unique approach to cancer treatment based on 
developing miniaturized biologic drug conjugates uniquely designed to target, penetrate and treat solid tumors. Previously 
he was a Senior Scientist at QLT-PD, Inc. where he worked on developing controlled release ophthalmic drug-devices to treat 
various indications such as glaucoma and post-cataract inflammation. Prior to QLT-PD, Dr. Shinde was a Principal Scientist 
at Abraxis Biosciences, which was later acquired by Celgene, Inc. At Abraxis Biosciences, he was responsible for developing 
the next generation of nabplatform for delivering various oncology drugs. Dr. Shinde was also a scientist in the School 
of Medicine at Stanford University, where he was involved in various projects utilizing cutting edge molecular imaging 
techniques to study different drug delivery technologies. Dr. Dr. Shinde received his Ph.D. in Chemical Engineering from the 
University of Kentucky.

Michelle Stone, Ph.D., Liquidia Technologies: Dr. Stone is the Executive Director of Vaccines and Biology at Liquidia 
Technologies, a premier Biotechnology company focused on development of particulate-based drug products in order to 
provide global health solutions. She was formerly a Director of Vaccines at Aeras, where she led R&D on protein, nucleic 
acids, and viral vector to develop new TB vaccines. Prior to that, she worked for Canon Biomedical developing molecular 
diagnostics targeted at advancing personalized medicine. Dr. Stone has her PMP and uses that to bring a perspecitve of life 
cycle managment to product development. She earned her B.S. in Chemistry from Lynchburg College and her Ph.D. from the 
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University of Maryland, Baltimore in  Biochemistry and Molecular Biology. She has multiple publications in reputable scientific 
journals as well as holds more than 10 patents in vaccines and molecular diagnostic.

Beata Sweryda-Krawiec, Ph.D., Tarveda Therapeutics: Dr. Sweryda-Krawiec is a Research Leader at Tarveda Therapeutics, 
a clinical stage company developing Pentarins, novel miniaturized drug conjugates, to treat cancer patients. Over a 15 year 
career in the pharmaceutical and biotechnology industry, Beata has worked on drug delivery, preformulation, pharmaceutical 
polymorphs and cocrystals, nanotechnologies, prodrugs, and physicochemical characterization of polymeric nanoparticles. 
She received her Ph.D. in physical chemistry/materials science from Texas Christian University and further training at The 
Center for Advanced Materials Processing (CAMP), Clarkson University NY and at the Bioengineering Department, Clemson 
University SC. Before Tarveda, Beata was at Novartis in the crystal engineering group, Amgen in the Formulation group and 
Cerulean Pharma, where she played a key role in developing and commercializing cutting-edge drug delivery systems.

Qiaobing Xu, Ph.D., Tufts University: Dr. Qiaobing Xu is currently an associate professor in Department of Biomedical 
Engineering at Tufts University. He also holds adjunction position in Department of Chemical and Biological Engineering and 
School of Medicine at Tufts University. He obtained his B.S. from Jilin University, Changchun, China, and PhD from Harvard 
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Starch nanoparticles for delivery of histone deacetylase inhibitor CG-1521 in breast cancer treatment
Esma Alp1,2, Martin Tenniswood1, Eylem Guven2, Fehmi Damkaci3

1Cancer Research Center and Department of Biomedical Sciences, State University of New York, University at Albany, 
Rensselaer, NY 12144
2Nanotechnology and Nanomedicine Division, Hacettepe University, Ankara, Turkey
3Department of Chemistry, State University of New York at Oswego, Oswego, NY 13126

Purpose: 
Starch based nanoparticles offer many possibilities for delivery of anti-neoplastic therapeutics due to their versatile 
physicochemical properties. There has been limited effort to deliver epigenetic drugs, such as histone deacetylase inhibitors 
(HDACi), which are promising therapeutic agents for treatment of breast and prostate cancers. The efficacy of HDACi is 
diminished by poor aqueous solubility and rapid hepatic metabolism, resulting in limited bioavailability. To overcome the 
suboptimal therapeutic index, we have developed starch nanoparticle formulations (NPs) for delivery of CG-1521, a novel 
HDACi.

Methods: 
We formulated NPs encapsulating CG-1521 (NP-CG-1521) following a modified emulsification-solvent diffusion technique 
to improve the bioavailability and therapeutic efficiency of CG-1521. Physicochemical properties of nanoparticles were 
optimized using dynamic light scattering (DLS) analysis by ZetaSizer (size distribution and zeta potential) and scanning 
electron microscopy (morpology). Release kinetics of CG-1521 were measured before and after encapsulation. The biological 
response of MCF-7 breast cancer cells to free CG-1521 and NP-CG-1521 were compared. The effect of free CG-1521 and NP-
CG-1521 on cell number (Crystal Violet assay), apoptotic populations (Annexin V assay), cell cycle (Muse Cell Cycle Kit) and 
DNA fragmentation (TUNEL assay) were evaluated.

Results:
The DLS analysis showed that synthesized NPs possess narrow size distribution (poly dispersity index: 0.138) with average 
size of 180.0 nm, which may provide a possibility for higher intracellular uptake. The physical characterization followed by 
substantially high encapsulation efficiency (~69%) demonstrates the successful formulation of NP-CG-1521. The encapsulation 
of CG-1521 substantially reduces the release rate of drug, resulting in extended exposure of the cells to the HDACi. The in vitro 
effects of NP-CG-1521 on cell cycle, induction of apoptosis and DNA fragmentation confirmed that NP-CG-1521 exhibited 
more sustained cell cycle arrest and cell death than the free drug, demonstrating that encapsulation increases the efficacy 
of CG-1521.

Conclusion:
Our findings suggest that starch nanoparticles can be used as a drug delivery vehicle in vivo. Modification of the starch NP 
with targeting moieties such as folic acid (for breast cancer) and prostate specific membrane antigen (PSMA) inhibitors (for 
prostate cancer) may provide additional therapeutic benefit. 
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Cartilage Penetrating Nanoparticles to Provide Sustained Delivery of Disease Modifying Drugs in Post-
Traumatic Osteoarthritis
Brett C Geiger1,2, Sheryl Wang1,2, Alan J Grodzinsky1, Paula T Hammond2,3

1 MIT Department of Biological Engineering
2 Koch Institute for Integrative Cancer Research
3 MIT Department of Chemical Engineering

Purpose: 
Osteoarthritis is a debilitating disease of the joint which manifests as a loss of articular cartilage, causing serious pain and 
impeding mobility. There are a variety of causes of the disease – however, one particular etiology, post-traumatic osteoarthritis 
(PTOA), is of particular interest for clinical treatment because it has a biologically and temporally well-defined onset – a 
traumatic joint injury. As PTOA does not induce loss of cartilage until years after the traumatic injury, there is potential for 
immediate intervention with a disease modifying osteoarthritis drug to delay or even halt the progression of the disease.  
However, no such disease modifying drug currently exists and the current standard of care is merely palliative.  

There are several classes of molecules that show promise in vitro and in animal studies, such as anti-inflammatory small 
molecules, cytokine receptor antagonists, anabolic growth factors, and inhibitors of matrix metalloproteinases. Unfortunately, 
they have not been useful as therapeutics in humans because even when injected directly into the joint, they are unable 
to penetrate and reside in cartilage for long enough to have disease modifying effect. Thus, despite having potential for 
disease modifying effect, numerous drugs for osteoarthritis have been shelved. Developing a nanoscale drug carrier capable 
of improving joint pharmacokinetics following intra-articular injection could revitalize drug development in the field of 
osteoarthritis and enable translation of the first disease modifying drug for this disease.

Methods: 
The high clearance rate of molecules in the joint space and small pore size of cartilage tissue (<15 nm) pose considerable 
delivery challenges for any drug of interest.  However, the high sulfated proteoglycan content in cartilage provides an 
opportunity to harness electrostatic interactions between the negatively charged tissue and a positively charged nanocarrier.  
We hypothesized that such interactions, if strong enough, could bind the nanocarrier to the cartilage faster than it could be 
cleared from the joint. Yet the interactions must also be weak enough to allow for dissociation and diffusion throughout the 
tissue. Thus, tight control of positive charge and small (<15 nm) size are crucial design criteria for these nanocarriers.

We chose to conjugate cationic dendrimers to an anabolic growth factor, insulin like growth factor 1 (IGF-1) to test this 
hypothesis. The terminal groups of dendrimers provide a high degree of positive charge, which can be tightly controlled 
by conjugation with different amounts of PEG.  To find an optimal degree of positive charge for binding and penetration of 
cartilage, a small library of partially PEGylated dendrimers was constructed. This library was screened with cartilage binding 
and toxicity assays, and the top two formulations were selected for further study. One formulation was about 3 times as 
charged as the other.

Results:
The top two dendrimer – IGF-1 formulations were tested for penetration of both ex vivo bovine cartilage biopsies and in vivo 
rat joint cartilage.  Both formulations showed vastly superior binding and penetration of cartilage compared to IGF-1 alone.  
As expected, the more charged formulation was more effective than the less charged formulation at binding cartilage, but 
took longer to diffuse through the depth of the tissue.
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This was followed by a pharmacokinetic study in which IGF-1 alone or one of the top two dendrimer-IGF1 formulations were 
injected into rat joints (n=8 per group) and monitored by an in vivo imaging system over 28 days. Half-lives were calculated 
for each formulation based on single phase exponential decay fits of the data. IGF-1 alone had a joint half-life of 0.41 days, the 
less charged dendrimer-IGF-1 had a joint half-life of 1.08 days, and the more charged dendrimer-IGF-1 had a joint half-life of 
4.21 days, nearly 10 times that of unconjugated IGF1.  

We then sought to determine if the sustained delivery and cartilage penetration capability of these IGF-1 nanocarriers could 
rescue cartilage in a surgically induced rat model of osteoarthritis. Rat joints were destabilized by ACL transection and partial 
meniscectomy. 48 hours after surgery, dendrimer-IGF1 conjugates, IGF-1 alone, or no treatment was injected.  4 weeks later, 
the rats were sacrificed and joint histology was scored for various parameters relevant to osteoarthritis. 

Conclusion:
Partially PEGylated dendrimer drug conjugates vastly improve joint pharmacokinetics of the drug, both by increasing tissue 
penetration and by increasing residence time at the site of action. A PEGylated dendrimer – IGF-1 conjugate appears to show 
disease modifying effect greater than IGF-1 alone in a rat surgical model of osteoarthritis.
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Synthesis and Characterization of PVP Coated Tellurium Nanorods and their Antimicrobial Properties
Christopher D. Browna, David M. Cruza, Amit K. Roya, Thomas J. Webstera

a Webster Nanomedicine Laboratory, Department of Chemical Engineering, Northeastern University, Boston, MA

Purpose: 
Antimicrobial resistance is a global concern that affects more than 2 million people each year. One of the most promising 
approaches to kill antimicrobial resistant bacteria may come from metallic nanoparticles. In this work, we explored an 
environmentally safe synthesis of tellurium nanoparticles. 

Methods: 
Nanorod shaped tellurium nanoparticles coated with the polymer polyvinylpyrrolidone (PVP) were prepared using a rapid 
and facile hydrothermal reduction reaction. Dynamic light scattering (DLS), and transmission electron microscopy (TEM) 
measurements were used to characterize the size and morphology of the nanoparticles, showing a narrow size distribution. 

Results:
The nanoparticles showed antimicrobial activity against both Gram-negative and Gram-positive bacteria, indicating a decay 
in bacterial growth after treatment nanoparticle concentrations of 5 to 200 µg/mL. The nanoparticles were also tested in 
cytotoxicity assays with human dermal fibroblast (HDF) and melanoma cells for 24 and 48 hours. Treatment with a range 
of nanoparticle concentrations showed no cytotoxicity effect on HDF cells, resulting in high cell viability. In the case of 
melanoma cells a level of cytotoxicity was seen, and the NP’s inhibited cancer cell growth. 

Conclusion:
The above indicates that the nanoparticles possess a certain level of anti-cancer properties in addition to their antimicrobial 
effect. Therefore, a novel approach for the synthesis of tellurium nanorods using a hydrothermal method was developed, 
showing antibacterial properties and no significant cytotoxicity effect against healthy human dermal fibroblast cells.

Disclosure:
Authors have no conflicts of interest to disclose. 
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Synthesis and Characterization of Biogenic Selenium Nanoparticles with Antimicrobial Properties Made by 
Staphylococcus aureus, Methicillin-resistant Staphylococcus aureus (MRSA), Escherichia coli and Pseudomonas 
aeruginosa.
David Medina, Guije Mi1,2, and Thomas J. Webster1,2

1 Department of Chemical Engineering, Northeastern University, Boston, MA 02115 
2 Nanomedicine Science and Technology Center, Northeastern University, Boston, MA 02115.

Antimicrobial resistance is a global concern that affects to more than 2 million of people each year. Therefore, new approaches 
to kill bacteria are needed. One of the most promising methodologies may come from metallic nanoparticles since bacteria 
cannot develop resistance to these nanostructures. While metallic nanoparticle synthesis methods are well studied, they are 
often accompanied by significant drawbacks such as cost, extreme processing conditions, and toxic waste production. In this 
work, we explored the environmentally safe synthesis selenium nanoparticles, which have shown promise in killing bacteria. 
Using Escherichia coli, Pseudomonas aeruginosa, Methicillin-resistance Staphylococcus aureus and Staphylococcus aureus, 
90-150 nm selenium nanoparticles were synthesized under standard conditions using an environmentally-safe approach. 
Nanoparticles were characterized using Transmission Electron Microscopy (TEM), Energy Dispersive X-Ray (EDX) to determine 
the chemical compositions and ICP-MS to validate the chemistry within the samples. Nanoparticles were also characterized 
and tested for their ability to inhibit the bacterial growth. Therefore, a decay in the bacterial growth was achieved against 
both Staphylococcus aureus and Escherichia coli in a range of nanoparticle concentration from 25 to 250 µg/mL, showing 
no significant cytotoxicity effect when they were cultured with human dermal fibroblasts (HDF) cells for 24 hours. Therefore, 
biogenic selenium nanoparticles made by bacteria are showing as synthesis approach which overcomes the drawbacks and 
limitation of synthetic methods.  
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Oral delivery of folate targeted colorectal cancer therapeutics
Dewan T. Akhter1,2, Adrian V. Fuchs1,2, Kristofer J. Thurecht1,2

1 Australian Institute of Bioengineering and Nanotechnology and Centre for Advanced Imaging, University of Queensland, 
Brisbane, 4072, Australia

2ARC Centre of Excellence in Convergent Bio-Nano Science and Technology

Colorectal cancer (CRC) is the third leading cause of cancer related mortality after lung and prostate cancer. Every year 
approximately 700,000 people die of colorectal cancer.1 Chemotherapy is typically administered by intravenous injection 
and infusion which often fails to deliver an effective concentration of the drug at the target site, with severe side-effects 
occurring due to off-target delivery2.

Oral chemotherapy has the potential to open a new treatment concept called “chemotherapy at home”3. Unfortunately, most 
anticancer drugs are not suitable for oral delivery due to the myriad of physiological barriers as well as the physicochemical 
properties of the drugs4.  The aim of this project is to develop a model carrier for oral delivery of colon targeted anticancer 
therapeutics that incorporates drug-encapsulated nanoparticles within microcapsules suitable for oral delivery (see Scheme 
1).
 

Scheme 1: Experimental design of folate-targeted oral delivery of colorectal cancer therapeutics

An amphiphilic block copolymer of PEGMA-PMMA was synthesised and characterised successfully. Curcumin loaded micelles 
were formed having sizes of 30 and 70 nm with excellent drug encapsulation efficiency of 85.11% and 87.64%. Further, the 
micelles were encapsulated into an alginate microcapsule carrier to make a favourable formulation for oral delivery. In vitro 
release studies of the curcumin-loaded micelles showed a sustained diffusional release at pH 5.0 and 7.4.

References 
1 H. Brody, Nature 2015, 521, S1. 
2 R. Prabhu, V. Patravale, M. Joshi. Int J Nanomedicine 2015, 10, 1001. 
3 S. Feng, L. Mei, P. Anitha, C. Gan, W. Zhou, Biomaterials 2009, 30, 3297.
4 A. Saneja, V. Khare, N. Alam, R. Dubey, P. Gupta. Expert Opin. Drug Del. 2014, 11, 121.
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Functional polysaccharide-capped metal nanoparticles for therapeutic applications
Sandra Navarro Gallón1, Lucía Atehortúa1, Martha Elena Londoño2 and Thomas J. Webster3

1Biotechnology Research Group, Universidad de Antioquia, Medellín, Colombia.
2Biomedical Engineering Research Group, Universidad EIA, Envigado, Colombia
3Department of Chemical Engineering, Northeastern University, Boston, MA, USA.

Nanoparticles have demonstrated to be multifunctional tools for a broad range of applications in science and technology. 
Much of this considerable attention has been gathered into the fields of medicine and pharmaceutical where nanoparticles 
have emerged as novel platforms that could solve a number of issues associated with conventional therapeutic agents. 
However, the use of hazardous substances by the conventional chemical methods of synthesis is a serious concern. Toxic 
chemicals can not only remain on the surface of nanoparticles and interfere with human health, but also hazardous wastes 
may adversely affect environment. In this context, we have developed a cost-effective, simple and environmentally friendly 
approach for the synthesis of well-defined silver and gold nanoparticles, using natural polysaccharides from microalgae 
as reducing and capping agents. Polysaccharides are recognized by advantageous features such as biocompatibility, 
biodegradability, and a huge variety of therapeutic properties. In that way, the polysaccharide-capped nanoparticles can 
display a better cell-nanoparticle interaction and exhibiting also greater therapeutic effect than the naked nanoparticles. 
Furthermore, the ease of physicochemical modifications can enable the preparation of a wide array of polysaccharide-based 
nanomaterials and nanocomposites. In this work, the obtained nanoparticles were subjected to characterization of their 
physicochemical properties. Further antibacterial studies and analysis of cytotoxicity over healthy and cancer cells also were 
considered. Transmission electron microscopy (TEM) analysis and the characteristic plasmon resonance peak observed 
in the UV-Vis spectra revealed the effective synthesis of spherical nanoparticles with average particle sizes below 24 nm. 
The capping of anionic polysaccharides on the surface of nanoparticles was confirmed from zeta potential values and is 
responsible for the good stability of the colloidal suspensions. Silver nanoparticles exhibited significant antibacterial activity 
over gram positive and gram negative bacteria, affecting distinctive phases of bacterial grown. A higher inhibition of the 
proliferation of cancer cells, as compared to healthy cells was also exhibited by gold nanoparticles. In summary, our findings 
suggest that polysaccharide-capped nanoparticles are promising tools for cancer therapy and as antimicrobial agents for 
different biomedical applications.. 
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Delivery of β-Catenin Agonists via Targeted Nanoparticles to Enhance Fracture Healing
Yuchen Wang1,3, Michael P. Baranello2, Maureen Newman1,3, Tzong-Jen Sheu3, J. Edward Puzas3 and Danielle S.W. Benoit1-3

1University of Rochester, Department of Biomedical Engineering, Rochester, NY
2University of Rochester, Department of Chemical Engineering, Rochester, NY
3University of Rochester Medical Center, Center for Musculoskeletal Research, Rochester, NY

Purpose: 
More than 10 million Americans suffer from fractures each year, of which ~20% have impaired fracture healing [1]. Impaired 
healing, which commonly stems from reduced mesenchymal stem cell (MSC) osteogenesis, is a major clinical challenge [2]. 
The Wnt/β-catenin pathway is crucial for bone formation and is a promising target to augment MSC osteogenesis during 
healing [3]. To rescue Wnt/β-catenin signaling, β-catenin agonists can be used. However, systemic delivery of small molecule 
drugs results in myriad off-target effects and rapid drug degradation [3]. Therefore, 3-amino-6-(4-((4-methylpiperazin-
1-yl) sulfonyl) phenyl)-N-(pyridin-3-yl) pyrazine-2-carboxamide, a β-catenin agonist, was loaded into fracture-targeted 
poly(styrene-alt-maleic anhydride)-b-poly(styrene) (PSMA-b-PS) nanoparticles (NPs) [4]. Specifically, a peptide with high 
affinity for tartrate-resistant acid phosphatase (TRAP) [5], an enzyme deposited by osteoclasts on bone resorptive surfaces, 
such as within fracture milieus, was used to target NP. Here, TRAP-binding peptide (TBP)-NP (TBP-NP) were explored for their 
ability to provide preferential β-catenin agonist accumulation and increased β-catenin signaling at fractures to enhance 
healing.

Methods: 
Reversible addition-fragmentation chain transfer (RAFT) polymerizations were used to synthesize amphiphilic diblock 
copolymers of PSMA-b-PS [4, 6]. Diblocks were self-assembled into NPs. TRAP-binding peptide (TBP, sequence: TPLSYLKGLVTVG) 
and scrambled control peptide (SCP, sequence: VPVGTLSYLKLTG) were conjugated to the NPs via carbodiimide chemistry. 
β-catenin agonists were loaded into NPs, and they were subsequently characterized for size, surface charge, and drug loading 
and release. NPs were characterized in vitro for cell uptake via fluorescence microscopy and flow cytometry and β-catenin 
upregulation via luciferase reporter assays [7]. Three days after mid-diaphyseal femur fractures, saline, NP, SCP-NP and TBP-
NP loaded with IR780 (a model drug and near-IR dye) were injected retroorbitally to analyze NP biodistribution using in vivo 
imaging (IVIS) over 2 weeks. Quantitative analysis of IR780 accumulation was measured relative to saline controls. Histological 
investigation of fracture localized β-catenin upregulation upon TBP-NP-β-catenin agonist treatment was analyzed via LacZ 
reporter mice (Tg(Fos-LacZ)34Efu/J). Furthermore, fracture healing was evaluated using X-ray. Data are expressed as mean 
± standard deviation (n=6). Statistical differences between groups were analyzed using 2-way ANOVA with Tukey’s post hoc 
analysis. A p-value ≤0.05 was used to define statistical significance. 

Results:
NP, TBP-NP, and SCP-NP showed uniform spherical morphology with sizes of ~51 ±2 nm and surface charge of ~-26 ±1 mV. 
β-catenin agonist loading efficiency was 97% with 14% (w/w) loading capacity. MSCs showed ~100% internalization of NPs 
and ~157-fold increase in β-catenin signaling 24 hrs after treatment with Texas Red-labeled NPs and β-catenin agonist-loaded 
NPs, respectively. TBP-targeted NPs showed 2-fold greater accumulation at fractures compared to untargeted NPs in vivo (Fig. 
1A, B). In all groups tested, accumulation peaked at ~24-48 hrs post-injection (Fig. 1B). Tissue distribution was also analyzed by 
IVIS 24 hrs after injection.  TBP-NP-IR780 exhibited significantly higher accumulation at fractured bone compared with NP- or 
SCP-NP-IR780 (Fig. 1C). Signal was nearly undetectable in heart, lungs and kidneys in all treatment groups, with exception to 
limited liver signal in mice treated with NP-IR780 and SCP-NP-IR780. Consistent with IVIS, histology also showed significantly 
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more accumulation of TBP-NP-IR780 at fractures compared with SCP-NP-IR780 (Fig. 1D). Greater β-galactosidase activity was 
observed in callus and periosteum in mice treated with TBP-NP-β-catenin agonist versus untreated controls, indicative of 
successful β-catenin activation during healing (Fig. 1E). Radiographs at 21 days after treatment showed improved bone 
bridging of fracture treated with TBP-NP-drug, suggesting expedited fracture healing (Fig. 1F).

Conclusion:
Numerous molecules have been developed to target bone, including tetracycline, bisphosphonate, and aptamers [8]. However, 
use in fracture-targeted drug delivery is limited due to poor stability, limited specificity, and nuclease degradation [8]. In this 
study, NPs were functionalized with TRAP-binding peptide to achieve fracture-specific delivery of β-catenin agonists. The 
size (~50 nm) and negative charge of NPs allow for long circulation half-lives, less renal clearance, and reduced macrophage 
sequestration in the lungs and spleen [9]. NP-delivered β-catenin agonists resulted in ~157-fold increase in β-catenin level, 
suggesting enhanced drug efficacy compared with free β-catenin agonists (~103-fold increase). While untargeted NPs 
accumulated at fracture sites, likely due to enhanced permeation and retention [10], targeting via TBP showed 2-fold higher 
accumulation (Fig. 1B). Although NP, SCP-NP, and TBP-NP all showed minimal biodistribution to liver (Fig. 1C), which is a 
characteristic of NPs with size of 50~100 nm, TBP-NP showed ~5-fold higher accumulation at fractured femur compared with 
SCP-NP. Meanwhile, histology showed greater TBP-NP-IR780 accumulation at fracture callus compared with SCP-NP-IR780 
(Fig. 1D), indicating that localization is specific to the TBP sequence. Localized activation of β-catenin was also observed in 
fracture callus. X-ray showed enhanced callus formation of fractures treated with TBP-NP-β-catenin agonist at early stages 
(week 2) of healing versus controls. Current experiments are focused on more comprehensive evaluation of fracture healing 
after treatment with TBP-NP-β-catenin agonist via histology, microcomputed tomography, and mechanical testing.
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[1] Komatsu and Warden, J Cell Biochem 2010, 109, 302-311. [2] Bajada, et al. Bone 2009, 45, 726-735. [3] Silkstone, et al. Nat Clin 
Pract Rheumatol 2008, 4, 413-419. [4] Baranello, et al., Biomacromolecules 2014, 15, 2629-2641. [5] Sheu, et al. J Bone Miner Res 
2002, 17, 8. [6] Baranello, et al., Biomacromolecules 2014, 15, 2629-2641. [7] Hoffman and Benoit, J Tissue Eng Regen Med 2013. 
[8] Low and Kopecek, Adv Drug Deliv Rev 2012, 64, 1189-1204. [9] Blanco, et. al., Nat Biotechnol 2015, 33, 941-951. [10] Yuan, et 
al. Adv Drug Deliv Rev 2012, 64, 1205-1219.
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Figure 1: TBP functionalization results in 
preferential NP accumulation at fracture 
sites and improves fracture healing. Live 
animal imaging showed qualitatively (A) and 
quantitatively (B) increased fracture targeting 
of TBP-NPs versus untargeted NPs and SCP-
NPs. N=6, mean ± std. dev., *, #, and $ indicate 
significant difference (p<0.05) versus saline, 
NP-IR780, and SCP-NP-IR780. (C) Live animal 
imaging shows tissue distribution 24 hrs 

after injection of saline, NP-IR780, SCP-NP-IR780, and TBP-NP-IR780. (D) Histological analysis of fracture localization of model drug IR780 delivered via TBP-
NP and SCP-NP. Nuclei are stained with DAPI (blue) and IR780 loaded NPs fluoresce pink. (E) LacZ staining shows localized activation (arrow) of β-catenin 
(blue) 14 days after injection of β-catenin agonist-loaded NPs. (F) Radiographs taken 21 days after fractures show the superior callus formation and healing 
via targeted delivery of β-catenin agonist.
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focused on the underlying mechanisms of other serious diseases. 

Founded in 1989 in Cambridge, Massachusetts, our corporate headquarters is now located in Boston’s Innovation District, 
and our international headquarters is in London, United Kingdom. We currently employ 2,100 people in the United States, 
Europe, Canada and Australia with nearly two-thirds of our staff dedicated to research and development.
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Business Journal and the San Diego Business Journal. Our research and medicines have also received esteemed recognitions, 
including the Robert J. Beall Therapeutics Development Award, the French Prix Galien and the British Pharmacological Society 
awards.
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