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Effect of wrinkled metallic thin film in cardiomyocyte growth and maturation
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Abstract

A systematic study of cardiac tissue structure is expected to
provide a therapeutic approach to myocardial infarction, one of
the major causes of death. Therefore, many research groups have
been studying the effect of substrates such as conductivity and
surface morphology. In this paper, we describe a cantilever
structure based on a thin metal substrate with surface wrinkles in
cardiomyocyte shapes and growth. In the case of the cantilever
structure, since the contractile behaviours of the cardiomyocyte
can be directly measured, it is possible to quantitatively analyze
the mechanical properties of the growing cardiomyocyte.
Observation of the contractile force and cell morphology revealed
that cardiomyocytes showed better characteristics in terms of
contractility when grown on the cantilever with the wrinkled thin
metal film surface. In addition, it was experimentally confirmed
that the number of Cx43 protein was greatly increased. RT-PCR
experiments were also performed to quantitatively analyze gene
expression.

Keywords: Wrinkled metal thin film (F& &< B9,
Engineered cardiac tissue (X3 43 £3), PDMS-
cantilever (F2] tr¥d dFi 9ZH)

1. Introduction

Myocardial infraction is one of the leading causes of death
worldwide. Numerous methods have been developed to study
cardiomyocyte morphology and growth by changing the substrate
material in vitro experiment [1]. The large amount of technology
has been attempting to develop cardiac cell maturation for helping
sequenced testing technology such as drug toxicity screening and
the implementation of the cardiac patch etc. For instance, by
changing the microenvironmental cues based on biocompatible
materials presents highly potentiated engineered tissue like a
natural myocardium. Various methods such as photolithography
and micro-nano molding technologies have been attempted to
produce cardiac tissues such as naturally aligned structures [2].

On the other hand, the use of electrical stimulus is one of

advanced techniques to support the maturation of the cardiac cells.

The electrical energy provides the cell binding energy that the cell
is located near. Many different types of conductive substrates and
composites have been utilized to produce electrical energy
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through cell culture platforms. However, information on gold
metal thin films as cell culture platforms is still lacking. This
work focuses on the effects of thin film metal films implemented
on polymer cantilevers to study the morphological and
mechanical properties of primary cardiomyocytes.

2. Material and methods
2.1 Substrate preparation

A thin metal patterned cantilever is prepared by following
method. First, a four-inch single polished silicon wafer was
utilized as a substrate. Then, AZ 4620 positive photoresist (PR)
was coated on the silicon wafer as sacrificial film with 2000 rpm
rotating speed. After proper backing the PR on a hot plate, 120
um-thick PDMS layer was formed on the PR using a spin-coating
method. Subsequently, the PDMS layer was cured at 80<C at 1
hour. Following, 10/100 nm Ti/Au layers were deposited by
electron beam (E-beam) evaporator. Various patterns of the thin
metal films were carried out by a photolithography and an wet
etching processes. Finally, the metal thin film with micro-sized
wrinkles on the surface was formed through a tensile strain.

Gilass supports

f PDMS cantilever with wrinkled thin metal

Fig. 1. Schematic o
film on the surface

2.2. Cardiac cell isolation and expression ICC, PCR marker

This investigation was approved by the Animal Care
Committee at the Chonnam National University of South Korea.
Cardiomyocyte cells were isolated from 1-3-day old neonatal rat
heart, which follows a standard isolation method. The culture
medium was a plating medium supplemented with 10% fetal
bovine serum (FBS). When the CMs is seeded on the functional
surfaced cantilever, fibronectin was utilized as an ECM (extra
cellular matrix).

Immunocytochemical staining was performed by using



following antibodies. In the typical process, the cardiomyocytes
were placed in 4% formaldehyde dissolved DPBS solution for 20
min at room temperature and washed 3 times with Dulbecco's
phosphate-buffered saline (DPBS). Then, the cardiomyocytes
permeabilization was completed with 0.1% Triton X-100 (Sigma-
Aldrich) in DPBS for 5 min and blocked for 30 min in 3% Bovine
serum albumin (BSA) (Sigma-Aldrich). The primary and
secondary were diluted in 1:100 with 3% BSA solution and
incubated at room temperature. After the staining experiment, the
cardiomyocytes were analyzed through inverted confocal laser
scanning microscopy (Leica TCS SP5 XCLSM, Germany).

In PCR experiment, cultured cells were harvested, centrifuged
and resuspended. RNA isolation was performed according to the
manufacturer's instructions. Isolated total RNA was purified M-
MLC cDNA synthesis kit from Thermo Fisher Scientific. cDNA
quality was evaluated with regular PCR reaction for B-actin gene
expression.

3. Result

I

Fig. 2. Cardiomyocyte growing on the different surfaces. (a)
cardiomyocytes on the flat surface cantilever (b) cardiomyocyte
on the metal-patterned cantilever. (Scale bar: 500 pm).

Fig. 2 (a-b) shows the optical images of the CMs morphology
on different PDMS cantilever surfaces. The bending
displacements of the cantilevers with two different functional
surfaces were measured using a laser vibrometer. The bending
displacements and beating frequencies of two different cantilevers
were compared from day 3 to day 10 after the cell seeding. The
maximum bending displacement were on day 7 after cell seeding.
The experiment result is shown in Fig. 2c.

Fig. 3. Functional protein expression and cell population on
different substrates with and without a wrinkled thin metal layer.

Based on enhancement of contraction force data, ICC
(immunocytochemistry) staining experiment was performed to

more deeply understand effect of metal thin film on the
cardiomyocytes. To identify regulating protein expression,
vinculin and connexin 43 (Cx43) proteins were characterized. The
obtained Cx43 (green) protein expression (Fig.3) clearly reveals
that the wrinkled metal thin film highly influences the cardiac cell
coupling during the cell culture period. In addition, it was found
that the density of the cell was much higher when the wrinkled
metal thin film was employed on the PDMS cantilever.

5.
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Fig. 4. PCR data for functional protein expression.

Metal thin film (Au)

RT-PCR experiments were also performed to quantitatively
analyze gene expression levels. The results of the experiment are
shown in Fig. 4, and a large amount of Cx43 was observed on the
metal thin film substrate. In contrast, the control and PDMS
substrates did not show significant differences in Cx43 gene
expression. The results clearly demonstrate the wrinkled Au metal
thin film substrate, one of the competitive platforms for cell
culture. In conclusion, the present study quantitatively assessed
the effect of wrinkled metal thin films on the cantilever surface.
We have experimentally confirmed that the wrinkled metal film
shows a good cell culture platform and supports the maturation of
cardiac cells in a short period of time.
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