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Goals

* Understanding the basic concepts of 3D Printing and.Bioprinting
* The printing process: concept to product

* Opportunities and Limitations

* Applications in research

* Broad range of attendance
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Tissue Engineering and Regenerative Medl\qyie
(TE/RM)

Transplantati .
ranspiantation Applications in:

Investigative biology
Tissue

Regenerative Engineering
Medicine

Clinical implantation

Therapeutics

Gene therapy Drug therapy
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Tissue Engineering and Regenerative Medicine
(TE/RM)

3D Printing

Biofabrication

Acellular

Bioreactors

Tissue
Engineering

Biosensors

Gene editing

Clinical
Science
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Addressing a biomedical need

* Limited innate healing capacity

d
* Large tissue defects Q(\
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* Scar tissue formae/qg(\x (7\)@
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(Photo: Ann Surg Treat Res. 2014 Nov;
87(5):253-259)
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Elements of Tissue Engineering

Biomolecules Cells
crosslinked
Y | 6
7] ’, 4 4 -
\ o z‘—' ! |
R ¢ soluble \ ’\) L™
L N b i
S Y ) N ~7 Gl [ 00
Yy >/ H @ 4 ‘f‘?"f?j’?}j‘_ ;
patterned / ; Y
- \ Y B B
fibronectjf | 6 |
/ : ‘
.'of — \—
’ o‘: ‘- ‘ ,/
/| laminin) time
mine(al / \‘
olag O
. ECM J Temporal

$ ), Center for

N 56 ‘0’ E‘ T Engineering

23 ,/éo Complex Tissues
ARy LN

UNIVERSITY OF MARYLAND e RICE UNIVERSITY « WAKE FOREST UNIVERSITY



Main Challenges in Tissue Engineering

Tissue heterogeneity Biomaterial choices impact cell function

100 kPa

“ncoCobn Lnco |
|

______
.................................................

Homing/Engraftment
HSC quiescence

hypoxia, Ca?*

Physiological translation Size and Vasculature -

keeping everything alive!
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3D Printing and Blofabrlcgtiﬁ%
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3D Printing in Healthcare and Medicine

Layer-by-layer deposition of materials to
create complex 3D structures * Dentistry (restorations, dental models)

 Tissue models (implantation, drug testing)

Togy W e Surgery (maxillofacial, cranial, cardiovascular)
* Medical devices (surgical instruments, prostheses,
hearing aids)
Side view

* Drug formulations (drug delivery, personalized
medicine)

Qe‘“m'\”% o Center for

s 5 (2 Engineering

2\ / Complex Tlssues
UNIVERS!

ITY « WAKE FOI




Personalized treatments for patient-specific

anatomies
CT image (cardiac)

Vascularization

Images adapted from Korean J Radiol
2016;17(2):182-197



3D Printing techniques

/ Light-based \/Extrusion-based\/ Inkjet \

* Stereolithography (SLA) | * Fused Deposition * Drop-on-demand
Modeling (FDM) * Piezo electric
* Digital Light Projection * Thermal
(DLP) * Microextrusion printing

Continuous

e Laser-Induced Forward > /K

Transfer (LIFT) Others
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e Selective Laser .
Sintering (SLS) * Electrospinning

e Scaffold-free
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Stereolithography

 VVat photopolymerization
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Stereolithography

e High resolution (~20 um)
* Controllable crosslinking to tailor mechanical
properties

 Compatible with photocrosslinkbale polygters
— PEGDA
— ECM / Proteins

* Slow fabrication (hqurspand requiresisupport
structures
* Typicallysdne-material print
* Notalways cell compatible
*\ Rew ‘photoinitiators and photoinhibitors suitable for
biological applications
., * Print orientation influences architecture
&
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Can’t play media
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Extrusion-based Printing

Fused Deposition Modeling

<«— Filament (polymer + API)

O

* Thermoplastics (T, ~ 200 °C) / OO
Layer-by-layer print

Rollers

1 €—— Temperature control units

<€<—— Noazzle

S

MalkerBot
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Extrusion-based Printing

Microextrusion Printing

e Extrusion of materials through a needle

and a syringe Q,‘\Q

Substrate

Knowlton et al., Trends in Biotechnology, 2015, Vol. 33, No. 9
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Extrusion-based Printing ((\Q\

Deposit large cell populations
Fast fabrication (minutes)
Broad range of printable materials

— Hydrogels, ceramic, polymers Q,(\%\

Multi-material printing O Can't play media

A lot of printing customization < &O( \(}Q/
| ) eo
Modest resolution (3@1 onvyarc@\)
— Needle and %’ia ependeﬂ&\()

Material %3 ties dictate printing success

o Hi !h stress in nozzle can kill cells
& es of mid-print failures
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Other methods

Inkjet Printing
— Patterning of cells in low viscosity materials

LIFT (Laser Induced Forward Transfer)
— Precise deposition of materials on micro scale

Scaffold-free fabrication
— Leverage assembly and natural ECM deposition of cells

Laminated Object Manufacturing (LMO)

Micro and Nano-scale printing (Nanoscribe)
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Sacrificial templating

A material that is 3D printed (either for support or as a feature), along with the bioink of interest, only to
be removed upon completion of the print

— Pluronic F-127, Glass carbohydrate

| L ™

liquid precursor of permanent
structure permeates and surrounds
sacrificial structure

Wash off
>
sacrificial ink

permanent structure solidifies and
sacrificial structure removed

self-supported structures printed
from sacrificial inks

O’Bryan et al., MRS Bulletin, 42(08):571-57

Kolesky et al., PNAS 113 (12); 3179-3184 (2016)

Print desired bioink/sacrificial ink ‘Cavity’, infused with cells C C Center for
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Gel-in-gel printing

* Extruding a bioink into another support bioink/bath for structural stability

— Gelatin microparticles
Support Gel
Ink Gel

— Guest-host complexes

A 3D printing (22°C) Release (37°C)

Support bath

g Guest (Ad): @ t { AdHA: ==, |
Hydrogel ! Host O 8 | S :
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Tradeoffs while printing

Future
Biofabrication
Ideal bioinks for Window using
3d printing but Advanced
poor cell culture Bioinks

environment

Balancing complexity with utility

Traditional
Biofabrication
Window

Printability/Shape Fidelity

Ideal cell culture

but poor.shape Courtesy WFIRM
fidelity
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Biocompatibility/Cell Viability
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s~ Kyle et al., Adv. Healthcare Mats. 2017, 6,
" /Q( 1700264
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John Fisher (University of Maryland):
Antonios Mikos.(Rice University):
Anthony Atala & James Yoo (Wake Forest University):

Rocky Tuan (Univ. of Pittsburgh), Ali Khademhosseini (UCLA), Yu Shrike Zhang (B&W/Harvard Univ.), Elizabeth Cosgriff-Hernandez (UT
Austin), Pamela Yelick (Tufts Univ.), Abraham Joy (Univ. of Akron), Brenda Ogle (Univ. of Minnesota), Rodrigo Somoza (Case Western Reserve Univ.), Jason
Burdick (Univ. of Pennsylvania), Yong Huang (Univ. of Florida), Narutoshi Hibino (Univ. of Chicago), Khalid Niazi (WFIRM), Paula Hammond (MIT), Kan Cao
(Univ. of Maryland), Hak Soo Choi (Massachusetts General Hospital), Jonathan Packer (Univ. of Maryland School of Medicine), Eleonora Dondossola (MD
Anderson), Steven Jay (Univ. of Maryland), Kan Cao (Univ. of Maryland), Helen Lu (Columbia Univ.), Donghui Zhu (Stony Brook University-SUNY), Aaron

wwvn - Goldstein (Virginia Tech), Yunzhi Peter Yang (Stanford Univ.), Jeffrey Hartgerink (Rice Univ.), Daniel Chen (Univ. of Saskatchewan, Canada), Shay Soker (Wake
R Forest School of Medicine), Nic Leipzig (Univ. of Akron), Rohan Shirwaiker (NC State Univ.)
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