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What is bioprinting?
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Bioprinting is the controlled deposition of any living or non-
living biological (DNA, protein, bacteria, mammalian cells,
viruses) material into a computer-aided design or pattern

Pattern resolution (spot size) can vary from a continuous sheet
(macroscale, e.g. skin) to 10’s of microns (microscale, e.q.
microcapillaries & vessels)

Deposition speeds can exceed 1000 droplets per second (high
throughput)

Deposition volumes range from 10-3 mL to 10-1° mL per printed
droplet

2D (single layer) and 3D (multi-layer) applications



Biomarker discovery (diagnostics, vaccine and therapeuti
Oncology (tumor models, efficacy, biomarker testing/screenin /fo
O Replace and/or supplement (pre-screen) animal models
O Medical Devices
O Hybrid devices (living/non-living)
O Prosthetics/implants
Defense and Homeland Security
O Chem/Bio assessment in vitro tissue models (human clinical trials impossible)

O Agnostic chemical threat sensors (based on 3D bioprinted cellular systems)
O Skin replacement; bio-artificial limbs '
O Cell Sourcing
O Automate and scale up cell production for in vitro/in vivo tissue/organ applications
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Scientific Challenges Related to Bioprinting

O Expanding the mechanical properties of printed 3D human tissue
constructs

O Limited primarily to soft structures (hydrogel)

O Potential Solution: Stacking thin biopapers fabricated using a variety of micro-
and nano-scale tools/materials

O Balancing speed/throughput and print resolution

O Certain bioprinters lay down large volumes of material with very poor resolution
(~m|m) while others deposit smaller amounts of material with micro-scale
resolution

O Potential Solution: Multi-tool approaches and/or tool improvement

O Develop and test regulatory pathways for in vitro and in vivo bioprinted
tissues

O Start with systems that can be well characterized and compared to both animal
and human trials

O Controls, controls, controls!
O Determine when bioprinting is required/advantageous and when it is NOT

O This will require control experiments that try to accomplish the same cellular
construct without printing (pipette, spray, molding?)

O Define what bioprinting really means

O Roblo’g)ic dispensing of 3D cell spheroids and/or printing at meso- and micro-
scale:
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bioprinter and it immediately yields a 3D print
substrate that can be made of virtually any
- material with any micro- and nano-scale property

O Stackable to create 3D structures of any given

: geometry
@ Allows cell differentiation (post-printing) to occur

~ prior to stacking
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In vitro Tissue to Study Bio-Agent Infection

NRL's 3D

A collaborative DoD facility that uses a multi-disciplinary ———"
approach to advance fundamental science and derive solutions /

Bioprinting Center

in energy, diagnostics and medical countermeasures -

Engineered Air/Lung Bioreactor for
Tissue Interface Aerosol Exposure
=
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3D Bioprinting Consortium

Multi-user facility

Focal point for inter-DoD collaborations
Hearing loss, TBI, chem/bio agent defense,
radiation exposure, trauma-induced arthritis

Validation of DoD-funded bioprinting programs

»  Culturing the unculturables
« Bioprospecting natural products for energy
and medical countermeasure applications

Lung and blood-brain-barrier tissue models
Studying viral and bacterial bio-agent
infections

Faster and more accurate agent detection,
diagnosis and treatment
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ManTech- Under Secretary of Defense
for Acquisition, Technology and
Logistics (ATL)

O Manufacturing Innovation Institutes (MII)

O Currently 6 MIIs ranging across manufacturing disciplines and include
additive manufacturing, flexible electronics, advanced fabrics and
nano-photonics

O Requires AT LEAST $75M cost-share from academia and industry
O 1:1 match of funding from DoD and can be in excess of $100M

O Soliciting input on 2 additional MIIs RIGHT NOW!

O I am the topic lead for one of these topics called “Bioprinting Across
Industrial Sectors”

O Medical (regenerative medicine, in vitro tissue assays,
tumor/oncology), energy/biofuel, cosmetics, space

@)

Response time has been extended to April 7t

@)

Check FBO.gov or Manufacturing.gov

@)

https://www.manufacturing.gov/upcoming-industry-led-workshops-or-
forums-addressing-the-dod-manufacturing-innovation-institutes-
request-for-information/
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Dr. Shannon Taylor (USAMRIID)

Prof. Peter K. Wu (Southern Oregon University)
Dr. Jason Barron (ex-NRL PD)
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