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Fabrication of a Parallel Polymer Cantilever to Measure the Contractile Force
of Drug-treated Cardiac Cells

Dong-Su Kim' and Dong-Weon Lee'*"

Abstract

Thus far, several in vivo biosensing platforms have been proposed to measure the mechanical contractility of cultured car-

diomyocytes. However, the low sensitivity and screening rate of the developed sensors severely limit their practical appli-

cations. In addition, intensive research and development in cardiovascular disease demand a high-throughput drug-screening

platform based on biomimetic engineering. To overcome the drawbacks of the current state-of-the-art methods, we propose a

high-throughput drug-screening platform based on 16 functional high-sensitivity well plates. The proposed system simulates the

physiological accuracy of the heart function in an in vitro environment. We fabricated 64 cantilevers using highly flexible and

optically transparent silicone rubber and placed in 16 independent wells. Nanogrooves were imprinted on the surface of the can-

tilever to promote cell alignment and maturation. The adverse effects of the cardiovascular drugs on the cultured car-

diomyocytes were systematically investigated. The 64 cantilevers demonstrated a highly reliable and reproducible mechanical

contractility of the drug-treated cardiomyocytes. Real-time high-throughput screening and simultaneous evaluation of the car-

diomyocyte mechanical contractility under multiple drugs verified that the proposed system could be used as an efficient drug-

toxicity test platform.

Keywords: High-throughput screening, Polymeric cantilever, Cardiomyocytes, Drug screening

1.M

FH 2 Ao 7l Bl A A
NT(nano technology)”} &&¥ A
HEe AFE 27U o)
throughput screeningS 55}

ol APS ABH o2 5o

3ol

= BT(bio technology),
2 Al 2~¥ A

o 9

3 eke)
B} T

a9

183t o

T organ

=
=

3
=

Ja—

ab on a chip

'Ad) g 7] Al F 8 ZH(Graduate School of Mechanical Engineering,
Chonnam National University)

Chonnam National University, 77, Yongbong-ro, Buk-gu, Gwangju, 61186,
Korea

A st FA ) A 3 7R Al E] (Center for Next Generation
Sensor Research and Development, Chonnam National University)

Chonnam National University, 77, Yongbong-ro, Buk-gu, Gwangju, 61186,
Korea

“Corresponding author: mems@jnu.ac kr

(Received: Mar. 19, 2020, Revised: Mar. 27, 2020, Accepted: Mar. 27, 2020)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

100

on a chip®
H A ] 7]
3 =4 Aol

=
Kl

—

micro pos

ok o]

rE

J. Sens. Sci. Technol. Vol. 29, No. 2, 2020


https://crossmark.crossref.org/dialog/?doi=10.5369/JSST.2020.29.2.100&domain=http://jsstec.org/&uri_scheme=http:&cm_version=v1.5

1:]
R s—@v

# golA WAL o8
B AW AN 5

plate®] ZF7+e] well o= 47H-4 55?4131
g

Dong-Su Kim and Dong-Weon Lee

=

= é} 1]4-4 7]74] 5 HIlE w2 AHEge
2 A7 é;g 71538 Zg o) 7ng 2y 5}1:} Aokl
=

¥ tH(Fig 1). 16 well-

Aoz} 5k 4
ulol e Zeghe Bl so] oFEol tje 54

271
o 5= gchol] A E)AdS FIAIZTE A7 A E wHEkE A2
MaEe] =82 drug toxicity screening platform E3} PC

Zlake] B Zg o g A7 2 ZZ FHE M beating

rate, beating duration 22|32 52 EA{ o] 7Fssith. L3 A
E 232 AES gste] gy Zo] Wako 2 imprinting

&l
groove™ TA| kol M 2E A7)

r

Al

i
N

1573 16 well-plate platform

m 2 A
N FEY BN Bad oFE 54

screening platform®. & &8 7]tigich,

[e]
m FH rlr

Screening platform = &

ol 7ksstet. At

AES) 27 ol

A} high-throughput

Fig. 1. Schematic of high-throughput screening system for cardiac

drug toxicity
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Fig. 2. Design of functional well-plate. (a) Schematic of a 4-can-
tilever array, (b) Sketch of the device principle, (c) FEM sim-
ulation results of polymer cantilever according to contraction
force and strain distribution of cardiomyocytes
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Fig. 3. Process flow for the fabrication of the proposed 4-cantilever
array integrated with a half bridge sensor

4. SU-8 micro post
(supporter)

HE o 492 Aol s=auedIzie 59 &

18 =%t NRVM(Neonatal Rat Ventricular Myocytes) isolation
& AT 3Y oY]9] Sprague-Dawley RatollX] A&2 A2 4

ok A2 BElsko ) t2-2 2 ADS buffer solution (NaCl
120 mM, HEPES 20 mM, NaH2PO4 8 mM, D-glucose 6 mM,

KCl 5 mM, MgS04 0.8 mM, DI water 1L, pH 7.35) ©]-8-3}
2% A4S washing g ¥ Enzyme Solution (Collagenase 0.5
mg/ml, Pancreatin 0.6 mg/ml, ADS buffer solution 50 ml) & pre-

platings 53l @ cardiomyocytesE S5t A2tE £
W MEg s EH fibronectin (Coming)ys 32402 FH 3}

A
7] $l38te] AkA 71Rbke] 7|k F2t2vl 28] (CUTE-1MPR,
Femto Science Inc., 80 W, 30 sec)E 5-5}0] 3™ 7112 2~ fibronectin
< dip-coating 3t T & 58 A X = 1,000 cell/mm® H =
2 ZEv ey el E5sislen, M S-S g =
104 &<t Pt gk AM| 2] w717 &<t Al bl
A2 A7 HH 02 wAEAA

3.2 o

3.1 &HESIEIAE

Fig 4 (a, by= AlZHE 4028 ofo]e} 71573 multi well-
plate®] 33} o|n|X] & VeI A= H 24 = imprinting
¥ nano/micro groove 7t 91A]8kaL, G el =S4 2EH QI
AA7F JA S =JTE. A7FE WLl tigh 2B
%3 B7HE $18ke] Lab-VIEW 718k dlo]8] 5] A| 2] (PXI-
4071, National Instruments Inc., Austin, TX, USA)S AR&-5}od
Q17Hel Wl thek 2E QI AA 8] A3 WstE AAFe R
ZASAh 5 12 HAER 2 A S 24 3t 32 A
£ 0.01 Q °]t}H9].

A2 2w A ofgolol A2l 5/01¢t
ALet AFS A&7 $131Hd motorized stageE A& T
Stage 7370l IFE ETE ogsto] WL Afkel J5
3-g Qrtete] AgEHe #S WAAY)L FHskE 2E
#Ql AlA ol A3 WstE doF Tt TVAu ZE#Q] AlAol &
100 um®] <] (strain range: 0 ~ 2.89 x 1092 217}3F & 1AY
gk 28 H3}= 300 mQ ©]Th. Fig. 4 ()= Z717FE oA 100
umZ7kA] 5 um ZHA 02 A A ML E Q17Fsk S W A3
W3S epdth AlZHE Zeie A 17FE el w

o 200 400 600 800 1000 1200
Time {s]

Functional well-plate
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