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Supplementary Figure 1: Preparation of microfluidic chip.

(a) Fabrication processes of microfluidic chip. (b) Design of microchannel.
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Supplementary Figure 2: Detection for particle displacement of HMD and analysis for tissue function.

(a) Relationship between frequency of electrical stimulation (X) and particle displacement distance in whole
beating cycle (Y) in HMDs constructed from GCaMP3-253G1 and FFI01s04 human iPSC lines, respectively.
Results of regression analysis are shown. (b) (¢) Particle displacement distance and speed of systolic (b) and
diastolic (¢) phases at each electrical stimulation interval in HMDs constructed from GCaMP3-253G1 (n =7)
and FFI01s04 (n =6) human iPSC lines, respectively. *P<0.05. **P<(.01. ***P<0.001.
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Supplementary Figure 3: MUSCLE MOTION analysis for 3D cardiac microtissues.
Relationship between frequency of electrical stimulation (X) and motion amplitude in whole beating cycle

(Y). Results of regression analysis are shown.
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Supplementary Figure 4: Pharmacological responses of HMDs to isoproterenol.
Relationship between beating rate of HMD (X) and particle displacement distance in whole beating cycle

(Y). Results of regression analysis are shown.
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Supplementary Figure 5: A Frank-Starling curve calculated by HMD system.

The curves were calculated by an equation [P = 3CatAV | mr*+(27C:Et/m’r'%)4 V7] which was led by equations
(2) and (3) in the main manuscript. C/ and C2 = constant depending on the diaphragm geometry and material,
o = residual stress of PDMS, ¢ = diaphragm thickness, £ = Young’s modulus, » = radius of the chamber. (a) A
curve calculated from a representative particle displacement according to the changes of frequency of
electrical stimulation in the present study (correspondent to Fig. 3c). (b) A curve calculated with increased
applied pressure and systolic volume. The range of systolic volume shown in the curve is based on

theoretically maximal value of the systolic volume in the present design of microfluidic chip.



