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Instrumented and
3D printed
human tissue models
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Adapted from SD Cakal et al biomedical materials 2022



Engineering human
tissue models



Old problems
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The traditional drug development pipeline is deeply flawed



New solutions?
Human IPSC -based models

Organoids, organs-on-chips & 3D bio-printing,
share

I Common promises:
A More predictive preclinical studies
A Replacement of animal models
A Patient models for personalized medicine
A In-depth disease modelling

I Common problems:
A LOW maturity Human stem cell -derived tissues

. ] Lind etal Lab on a Chip 2017
A Lack of complexity (architecture, cell types,
biomechanics, biochemical environment)

A Insufficient validation, reproducibility
A Lack of physiologically relevant readouts



Engineering challenges
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Engineering challenges
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Engineering challenges
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A Path to automation

A Customization across complexity space?



Instrumented human
cardiac tissue models



Biofabrication using Multi -material 3D printing




Cardiac Muscle
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* - anisotropic and laminar

- myocyte sheets ~4 cells
thick

" _ highly vascularized

=

‘Image courtesy of google |



Printed Microstructures Guide Muscle Architecture

Microfilaments guiding b . . . .
tissue self-organization Spacing 40 pm Spacing 60 um Spacing 80 um Spacing 100 um
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Mimicking native structure

spacing 100pm

Sarcomere Organization
Order Parameter
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OOP of 0.5 indicative of highly aligned sarcomeres



Mimicking native electrophysiology

Initiation
Action Potential Point Vorino= 35 cm/s,
Propagation Velocity

Vortho 10 cm/s
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AP propagation speed ratio 2.1 matches native ventricular rat tissue sheets



Adjustable tissue thickness

; Printed ‘* )

mlcro

Monolayer CM tissue 4-layer CM tissue (pillar anchor)



3D printed instrumented Heart on a Chip

a b
1. Anisotropic cardiac tissue 1. Anisotropic cardiac tissue

2.Cantilever
, Deflection
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3.Contractile stress measured as AR 3.Contractile stress measured as AR

Adapted from JU Lind Nature Materials 2017



3D printed instrumented Heart on a Chip
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Cantilever layered prints

1. Dextran 2. TPU 3. CB:TPU 4. TPU 5. Soft PDV‘
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Adapted from JU Lind et al Nature Materials 2017



Multimaterial printing of Heart Chips
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Adapted from JU Lind et al Nature Materials 2017



Instrumented heart chip applications
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Long term maturation of Human IPS-CM Tissue
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Example drug tests

50 N0 VERA _ 10uM VERA
: 1Hz | 1Hz
T . ¥
o
= | E
b E
bl Iy e
12 3 4 12 3 4
10 no |ISO 100nm I1SO
2Hz 2Hz
- ¥
o
X,
@]
O.

T o —

16° 10" 10°
Conc. Verapamil [m]

hiPS-CM

10 100 10
Conc. Isoproterenol [m]



Drug toxicity tests
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Adapted from JU Lind et al Lab Chip 2017



Simulated ischemic heart failure

Adapted from M Yadid et al Science Translational Medicine 2020



