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Benefits of Leveraging 
Academic Innovations 

 Non-diluted Funding: Over $40M in Federal 
(NIH/DoD) funding 

 Virtual R&D Department:  10 faculty 
members and their labs 

 Keeping Pipelines Filled:  Cancer, heart 
disease, transplant, regenerative medicine 



Journal Covers 2005-2013 



Challenges of Leveraging 
Academic Innovations 

 Lack of Follow Through:  Getting 
publications (and grants) more glamorous 
than translation work 

 Tech Transfer Offices:  Negotiating a 
reasonable licensing deal 

 Scale up and Manufacturing:  cGMP, 
mouse to man, QA/QC 



Today’s Panel Session: 
Technology Handoff 

The Methodist 

Hospital Research 

Institute 

IND 

Package Goal Into the Clinic 



Multi-Stage Drug 

Delivery System: 

Mesoporous Silicon 

Microparticles 



Nanotechnology Can Enable Interaction 
with the Multiscale Levels of Biology 

Individuals 

Organs 

Cells 

Protein and gene networks 

Protein interactions 

Protein 

RNA 

DNA 

“There’s plenty of room at the bottom…”  

Richard Feynman 



Our Approach 

Decoupling 

Rx Challenges 



MultiStage 
Approach 



Hemo-Rheology 

Reticulo-Endothelial System 

Endothelial Barriers 

Tumor-Associated Interstitial  

Fluid Pressures  

Cell Membrane 

Ionic & Molecular Pumps 

Enzymatic Degradation 

Nuclear Membrane 

Tumor vasculature 

Normal vasculature 

The Central Issue of Drug Delivery : 
Biological Barriers  



Breaking the problem down into: 

 1 

2 

3 

New Delivery Strategy 

 Transport and Margination 
dynamics is the drifting of 
nanovectors towards the blood 
vessel walls 

 Firm adhesion is the ability of a 
nanovector to recognize a vascular 
biological target and attach firmly 
at the blood vessels withstanding 
the hydrodynamic forces 

 Internalization is referred to the 
ability of an adherent nanovector 
to control cellular uptake 

Decuzzi et al., 2008, Pharm. Res. 



Discoidal particles with a smallest 

aspect ratio exhibit the largest 

margination propensity 

Lee et al., 2009, Nanotechnology 

Rational Design 



Integrated Framework for Rational Design 
 

Decuzzi et al., Pharm Res. 2009  

Paolo Decuzzi, Ph.D., Department of Nanomedicine, The Methodist Hospital Research Institute  

pdecuzzi@tmhs.org  

mailto:pdecuzzi@tmhs.org


MSV Checklist 

 Can you load them with drug? 

What can you load them with? 

 Can you get them to the tumor? 

How does particle shape/size affect tumor 
accumulation? 

 Can you kill the tumor? 

Have you achieved tumor shrinkage in an animal 
model? 

 How do you make these particles? 

Can you scale up? 

 



Ciro Chiappini and Xuewu Liu, et al 

Loading 2nd Stage Vectors 

Q-Dots 

•Liposomes 

•Micelles 

•CNT’s 

•Fullerenes 



Biodistribution:  
Breast Cancer Model 

B. Godin,….Decuzzi, 2011 Orthotopic breast tumor in mice – ca 300 mm3 – ICP analysis for Si 
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Biodistribution:  
Melanoma Model 

A. Van de Ven,….Decuzzi, 2011 melanoma tumor in mice 



Biodistribution:  
Melanoma Model 

A. Van de Ven,….Decuzzi, 2011 

600 x 200 nm 

1000 x 400 nm 



Bone marrow targeting of MSV achieved via E-selectin  

  

 

 

 

Bone marrow histology 

Multistage targeting to BM 

E-selectin expression in BM 

Mann et al., Adv. Mater. 2011 (submitted) 
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APTES

p < 0.04 

E-selectin overexpression confirmed on BM 

 MSV conjugated to E-selectin aptamer (ESTA)  

 5 x 107 MSV (HEMI) i.v. injected in mice 

 Major organs collected after 5 hours 

 Silicon contents analyzed by ICP 



 Targeting the tumor vasculature 

 Treatment of breast cancer lung metastasis with doxorubicin.   

 The multistage vector-delivered polymeric doxorubicin (MSV/Dox) is more 
potent than the clinically available liposomal doxorubicin (DOXIL). 

Haifa Shen, Ph.D., Department of Nanomedicine, The Methodist Hospital Research Institute  

HShen@tmhs.org  

MSV Delivery of Doxil 

mailto:eblanco@tmhs.org


MSV+ Neutral NanoLiposomal  
siRNA Rx 

Carrier                        Administration       dosing           Gene silencing      

 

L-siRNA                              6                         30ug                  3-4 days                    

S1MP-L-siRNA                   1                         15 ug                  20 days         



MSV-siRNA Rx + Small 
Molecule Drugs 

MSV-siRNA + Small Molecule Drugs 

MSV-siRNA Dose Escalation Studies and 

Co-administration with Paclitaxel 

MSV-siRNA and Co-administration with 

Docetaxel 

Female athymic nude mice SKOV3ip2, HeyA8-MDR, cells were injected into the peritoneal cavity of nude, mice.2 weeks after tumor implantation. 



 Targeting the tumor vasculature 

 One time intravenous injection of paclitaxel 

 MDA-MB-468 breast tumors (triple negative) in mammary fat pad of nude 
mice 

Blanco et al, (in preparation) 

Small Molecule Drug 
Delivery: Micellar Paclitaxel  
 



Fabrication of hemispherical 
porous silicon particles 

Si wafer+Si3N4 film Photoresist- 

  photo sensitive polymer 

Patterning- 

   Mask+UV light 

Film development 

RIE transfer patterns to 

Si3N4 film  

RIE of Si trench-  

  define shape 

*Electrochemical etch to 

make porous silicon 

Particles before release 

Work performed by Dr. Xuewu Liu, Department of Nanomedicine, The Methodist Hospital Research Institute 



Fabrication of porous silicon 
particles 
 

Particle fabrication: Combination of 
Microfabrication and Electrochemistry 

 Porous  structure by 2-step 
electrochemical etching. 

 Photolithographic patterning for 
dimension and shape 

HF:H20:EtoH 

Pt Electrode 

Si wafer 

A 
+ Anode 

Electrochemical porosification of 
single crystalline silicon in HF solution 



Particle Fabrication 

Combination of Microfabrication 
and Electrochemistry 

 Photolithography: precise 
dimension and shape  

 2-step electrochemical etching: 
porous structure 

HF:H2O:EtOH 

Pt Electrode 

Si wafer 

A 
+ Anode 

Hemispherical particles:  

•Shape controlled by pre-etched trenches 

•Pore size determined by electrical current, 

HF concentration, surfactant 

•Two domain pore size distribution 

•Pore size 3nm-90nm 

•Porosity 40%-65% 

•1.6E9 per 4” wafer 

Hemispherical Particles:  



Particle Fabrication 

Reactive Ion Etch  

LTO cap and Photolithography 

Form porous layers  

Array of particles  

600nm x  200nm 

HP 

600nm x 400nm 

HP 

2500nm x 700nm GP 
1000nm x 400nm GP 

Discoidal Particles:  

Discoidal particles:  

•Particles as small as 400nm, as thin as 100nm 

•One domain pore size distribution 

•Pore size up to 150nm 

•Easy to control the thickness and pore structure 

•Allow to scale up the production: multilayer and nanosphere 

lithography 

•Projected: 1.3E11 particles    (80x increase from 4” wafers) 

Combination of Microfabrication and 
Electrochemistry 

 Photolithography: precise 
dimension and shape  

 Deep reactive ion etching process 
and  electrochemical etch 



One step photolithography process 

Deep RIE silicon etch to form pillars 

Multilayer Electrochemical etch 

Scale up production: ~20-80 times yield! 

Human dose approx 1E11 particles 4-5 

wafers  

Mouse  dose approx 4E9 particles 

 

Form array of pillars by DSE 

Si3N4 film + selective etch, then 

porosification by programmed four-

step electrochemical etch 

Closed view of multilayer particles Released particles 

Scaling Up…(trying to) 
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