
 
 

Delft University of Technology

A miniaturized EHT platform for contractile tissue measurements

Dostanic, Milica; Windt, Laura; Stein, Jeroen; van Meer, Berend; Mastrangeli, Max; Mummery, Christine;
Sarro, Lina

Publication date
2019
Document Version
Final published version
Citation (APA)
Dostanic, M., Windt, L., Stein, J., van Meer, B., Mastrangeli, M., Mummery, C., & Sarro, L. (2019). A
miniaturized EHT platform for contractile tissue measurements. Poster session presented at International
MicroNanoConference 2019, Utrecht, Netherlands.

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.



NETHERLANDS ORGAN ON 
A CHIP INITIATIVE

NETHERLANDS ORGAN ON 
A CHIP INITIATIVE

A miniaturized EHT platform for 
contractile tissue measurements 

M. Dostanić1, L. Windt2, J. Stein2, B. van Meer2, M. Mastrangeli1, C. Mummery2 and P. M. Sarro1
1Electronic Components, Technology and Materials, Delft University of Technology, Delft, the Netherlands 

2Leiden University Medical Center, Leiden, the Netherlands

Contraction force of the beating bundle 
estimated by optical tracking 

of pillar displacement

3 µl (47000 cells) 

200um

2 µl (31000 cells) 

200um

1 µl (16000 cells) 

200um

Conclusion and outlook

Stiffness of the pillars was measured using a nanoindentation tool and simulated. 
* A specific force in the µN range was applied at different heights of the pillars by a silicon 
tip and the displacement of pillars was measured with a piezosensor. 
* In parallel, finite-element method was used to simulate the mechanical behaviour of the 
pillars in Comsol Multiphysics.

Mechanical characterization and modeling
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Microfabrication of the EHT platform
A 4-inch deep reactive ion-etched Si wafer was used as mould for the polymer structures.  
A perfluorinated silane-based anti-adhesion self-assembled monolayer (SAM) was deposit-
ed on the Si wafer to make the surface hydrophobic prior to spin-coating of polydimethyl-
siloxane (PDMS). After demoulding, PDMS chips of three different sizes were diced and 
transferred to a 96-well plate.
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Motivation
* Organ-on-chip (OoC) [1] is an emerging technology that promises a valid alter-
native to current time-consuming and costly drug trials [2], whose high attrition 
rate is due to use of insufficiently representative models of human physiology [3]. 

* Engineered heart tissues (EHTs) are OoC devices consisting of a bundle of 
cells self-assembled around two anchoring pillars. By building a complex 3D 
model of a human tissue, EHTs allow in-depth study of contractile tissue properties.

* We present a miniaturized EHT platform fabricated at wafer-level using sil-
icon-based micromachining and polymer moulding. Our EHT platform is an 
anisometrically downscaled version of HeartDyno [4]. It was mechanically charac-
terised by nanoindentation, and is the smallest and best characterised to date.

Wafer-scale batch fabrication and 
inspection of PDMS-based EHTs 

PDMS chips transferred to a 96-well 
plate for cell culturing experiments

Data from simulations were compared 
and fitted to experimental data to 

obtain an accurate estimation of the 
Young’s modulus of PDMS (1.7 MPa) 
and of the stiffness of the three types 

of pillars.

Experiments with cells
Chips were seeded with 80% cardiomyiocytes and 20% fibroblasts. Tissue compaction 
started after an hour, and the tissues formed succesfully in all different chip sizes. 
Experiments were conducted for 18 days and the tissues were functional for the whole time.

EHTs were stained for the 
cardiac markers alpha-actin 
(red) and cardiac troponin T 

(green), while cell nuclei 
were stained with Dapi (blue)

We presented the smallest and best characterised EHT devices to date. The devices were 
fabricated by wafer-scale silicon and polymer processing, characterised by nanoindenta-
tion and finite-element simulations, and transferred to 96-well plates for cell seeding and 
optical tracking of bundle contraction. Cell bundles remained functional for at least 18 days.
Pacing electrodes and strain sensors will be added for improved bundle control.  
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