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Introduction 
 
Unmet need. High value diagnostic or therapeutic substances are of great interest in 
medicine, pharmaceutics and research for their life-saving potential. Finding high value 
diagnostic or therapeutic substances (e.g. proteins, enzymes, stem cells, cancer cells, 
viral particles) in human biofluids is a multistep process that takes significant laboratory 
skills, high tech equipment and time. Adding to the overwhelming cost is the fact that 
the methods used have an upper limit on the amount of material that can be processed 
at one time, require close technician monitoring and transfer of specimens from one 
sub-process to another, and generates increased potential for contamination, or loss of 
material. This can ruin diagnostic accuracy and render the product collected worthless. 
So, while the technologies currently employed (Phlebotomy, Dialysis, Filtration, 
Aphaeresis, Chromatography, Preparative Electrophoresis, Immuno-separation, 
Magnetic Beads, Density Centrifugation, etc) are all reasonably well developed, when 
combined together, they create a complex sequence of procedures prone to technician 
error and unavoidable losses. A simplified system, into which raw or minimally prepared 
biofluid could be fed continuously, and a selected target substance or cell type 
separated for further use, without damage to other materials that may be present, that 
eliminated technician intervention and potential for contamination, and allowed the 
processing of large quantities of material either from a single individual or an aggregate 
of sources would be of significant market value. If such a technology could, in addition, 
be attached to a live individual, and be used to remove selected targets from circulating 
blood, it would have significant therapeutic value by reducing the physiological load of 
potentially toxic or disease spreading substances in the body (e.g. Bacteria, Toxic 
Proteins, Cancer Cells) allowing pharmacological approaches to be more effective in 
shorter time. 

 
Technology: FastReactTM is a continuous gradient separation rotor and 
nanoparticle/biofluid reactor in one combined unit. It utilizes some of the major 
principles found in clinical aphaeresis units (i.e. density-based rather than 
sedimentation-based separations), but performs multiple separations sequentially in the 
same physical units, and adds a unique reactor unit in the device that accelerates the 
interactions between capturing submicron particles and target substances in biofluids. 
The reactor does this by manipulating the fluid flow characteristics of the 
biofluid/submicron particle mixture to dramatically increase the frequency of collisions 
between the two in a short residence time period. This increased encounter frequency 
increases the likelihood of target capture thousands-fold, allowing thorough 
sequestration of the target material to occur in a very short time. This innovative design 
permits the unit to be hooked to a live person without excessive time for the blood to be 
outside the human body, allowing therapeutic possibilities. It also increases the product 
output without increasing processing time for in vitro product capture. No aphaeresis 
system on the market today has this capability. Nanoshell has been awarded two critical 
patents for this technology, and is free to operate in this space. A number more are 
pending.   

The diagrams below give a general picture of how our technology will work. In 
addition to what is shown the whole unit will be implemented as a portable unit that may 
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be battery or solar powered for short term use. It will include a computer algorithm to 
control operational parameters that self-adjusts to different biofluids, efficiencies of 
capture, and progress of the collection. For in vitro use it is envisioned that large 
quantities of specimen can traverse a closed loop for multiple opportunities at collection, 
which for in vitro medical use a single pass with dynamically adjusted optimal capturing 
must be achieved. 

 

 
Rationale and overall approach based on current technology readiness level: 
FastReactTM eliminates layers of technician intervention and chances for contamination 
or material loss. It speeds up, and extends biofluid processing to 24-7 capability 
allowing the collection of hard to find high value materials and cells that are not reliably 
obtained with current technology. When applied to diagnostics it greatly improves the 
ability to detect disease early, and when applied to pharmaceutical substance recovery 
or drug development can help lower the cost to hospitals and patients making life-
saving treatment more accessible. 
 
Innovation: The described technology FastReactTM is a transformational technology 
that eliminates many layers of biofluid processing steps, and allows multiple substances 
to be captured simultaneously from the same specimen with minimal advanced 
preparation. It is Faster, Simpler, Lower Cost, Safer, Lab Independent, Repeatable, 
High Throughput, Automatic, Versatile, and Portable. There is no other technology that 
offers the same benefits and effectiveness on the market today. 
 
TRL and expected TRL at project completion: Current TRL is 3-4 and at the end of 
the 18-month period we expected to be at the end of TRL 5 entering TRL 6. 
 
Technical Strategy:  

 
Our Technical Milestones for this TAP-sponsored 18-month period are to 

manufacture the second generation (2G) system prototypes based on what we have 
learned from the results of our previously Federally-Funding R&D SBIR grants from the 
NIH. Two versions will be finalized, one for in-vitro use and the other for medical use. 
 
In vitro: Designs for the 2G in vitro system are complete, and prototypes will be 
manufactured with 3-D printing technology at the BioInnovations Gateway and tested in 
house during the first 6 month of the TAP-sponsored project period. At the same time, 
we will create a library of capture nanoparticles in-house for use in subsequent testing. 
Nanoparticles will target hemoglobin, iron, cancer cells, bacteria, and viruses in blood 
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urine and saliva. Biofluids will be purchased in bulk commercially with known 
biochemical characteristics in order to ensure reliable results. Target recognition 
compounds (e.g. antibodies, chelators) for capture of targeted substances will be 
selected from commercial sources as well. During the subsequent 6-8 months of 
laboratory testing, the operational parameters and limitations of these units for various 
capture substances will be evaluated.  

For each substance, a graph of capture efficiency as a function of initial target 
compound concentration will be established. Based on this graph, a computer algorithm 
will be developed that controls the operational parameters of the FastReactTM unit (e.g. 
flow rate, concentration of capture nanoparticles, rotational speed of unit, fluid velocity 
profile in the reactor unit etc). This way the capture efficiency of the target substance 
can be maintained at its highest level as the concentration of material begin to change 
as capture continues or as new sources of biofluid are introduced. To determine when 
these situations occur, a variety of sensor types (commercially available) will have to be 
implemented and tested. For clear biofluids, spectroscopic methods may be adequate, 
monitoring either loss of color in the biofluid, or change in color of the capture 
nanoparticles as they load their target. For more complex fluids such as blood, changes 
to the capturing nanoparticle may be the only viable method.) 
 
In vivo: Once the 2G protypes for medical use are constructed, we will perform 
laboratory (in-house) & animal (accredited CRO) validation of 2G system for blood 
diseases and cancer. With this information, we will obtain Investigational Device 
Exemption permit to perform a limited human clinical safety trial for the device (also 
performed at an accredited CRO). Once this is completed, we will partner with an a 
suitable Phase III clinical trial organization and interested VC partners to perform a full 
scale clinical study needed to obtain PMA for medical use. 

 
Commercial Market Strategy:  
 

The described FastReactTM platform has widespread applicability both clinically 
and in biomedical research. Our technology objectives are to establish market 
dominance for the FastReactTM platform in targeted niches (hemoglobin, haptoglobin, 
iron, bacteria, viruses, cancer cells etc.) that are largely unpopulated but have the 
potential to personalize clinical patient management for a variety of chronic and acute 
conditions. Nanoshell’s long-term business goal is to market comprehensive, cost-
conscious FastReactTM kits to major medical centers, including those in low resource 
areas. 

Our business Business Milestones include obtaining IDE permit from the FDA for 
limited human trial (efficacy and safety), Partnering with clinical research sites at which 
we will obtain IRB approval for the IDE study. We will also launch sales of in vitro units 
for lab-based high value product capture, and seek VC funding, licensing, and business 
partnerships. Throughout we will look for continued opportunities for CIP generation in 
these and emerging market areas. 
 
Economic Impact:  
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Funding History, Commercialization History and Future Plans:  We have enjoyed 
since 2009 the support of National Institute of Health and Center for Disease Control 
(over $3 million). Our primary focus for the next two years will be on continued IP 
development and securing additional funding through STTR/SBIR Phase I & II grants, 
principal investment capital, collaborative efforts with military, pharmaceutical or 
biotechnology companies, and public-private investment. Nanoshell intends to retain the 
all IP rights to this and related products in identified small or niche markets. The 
exceptions are parts of technologies that we co-develop with our partners. we will seek 
to enter into royalty, licensing and leasing agreements and up front licensing fees for IP 
use, initial fee and per annum, will be established.  Investor funding will cover short falls 
as we enter the market place and have completed saleable IP. Our first sales are 
expected in 2019. 
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