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Pulmonary Delivery of PRINT Nanoparticles for  
Novel Vaccine Strategies 



Is “Nanomedicine” Just Another Buzz Word? 



Nanomedicine: An Enduring Bridge Between 
Engineering and Medicine 

Sarah Hurst Petrosko, Catherine A. Fromen, Evelyn Auyeung, Joseph M. 

DeSimone, and Chad A. Mirkin  NAE The Bridge 43 (3) 2013. 



Pulmonary Delivery for Vaccines 

Advantages  

• Non-invasive 

• Ease of access 

• Eliminate cold chain storage issues 

• Increased patient compliance 

• Fast onset of action 

• Local and systemic protection 

• Harness local mechanisms 

 



Natural Mechanisms Exist in the Lung to 
Initiate Protective Responses  

C. Nembrini et al PNAS 2011; Neutra & Kozlowski  Nat Rev Imm 2006; Sou et al Trends in Biotechnology 2011; Li & Seville Int J Pharm 2010 



Engineered Particles are “Tailor Made” for  
Interacting with the Immune System 

Underhill et al Nat Rev Imm 2012; Gellar, J Aero Med and Pulm Drug Delivery 2010 
 

Sub-Unit Proteins Inactivated or  
Live-Attenuated 

Current Vaccine Designs 

Particulate Protein-Adjuvant Co-delivery 

Particle Approach 



What are the critical design features to 
engineer an effective pulmonary particle 

vaccine? 
 
 
 

How do we systematically address this? 



The PRINT® Process 



The PRINT® Process 



The PRINT® Process 



The PRINT® Process 

Flexible unit operations: 

 Filling 

 “Solidification” or curing 

 Harvesting 

 Stabilization and storage 

Intrinsically “dry” 

Short residence time 

Continuous process 



Translating the PRINT® Process 



PRINT Particles Allow for Tunable Particle Deposition 



Experimental In Vivo Study Procedures 

Instillation Harvest 

Whole Lung 

Serum 

BALF 

20μm 20μm 

Medistinal 
Lymph Nodes 



PRINT Particles are Immunologically Inert:  
No Inflammation or Pathology in Mouse Lungs 

TNFα Il-6 Il-1β 



Particles Associate with Key APCs In Vivo and  
Actively Drain to Medistinal Lymph Nodes 

80x320nm Particles After 24hrs 



Pulmonary Immunization of Modified Particles Result 
in Local and Systemic Antibody Production 

Systemic Ab IgG Mucosal Ab IgA 
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Convergent Science to Address  
Unmet Needs in Medicine 

PRINT 

http://www.flickr.com/photos/superfantastic/166216003/


Future of Nanomedicine 

Breakthrough 

Materials 

Enabling 

Tools 

Diversity of Applications 

• Cancer therapy & prevention 

• Route of administration 

• Theranostics 

• Antibacterials 

• Molecular diagnostics 

• siRNA 

• Autoimmune disease 

• Vaccines 

New Buzz Word:  Immunoengineering 



Future of Nanomedicine: Immunoengineering 
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