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AIM 1: Development of assessment tools for cardiomyocyte (CM) maturation.

A lack of assessment tools for CM maturation is a key road brick to obtain fully mature
pluripotent stem cell-derived cardiomyocytes (PSC-CMs). Thus, | have developed qualitative and
gquantitative methods to assess CM maturation. For qualitative method, | generated a novel
fluorescence reporter line, Myom2-RFP. For quantitative method, | updated RNA sequencing
method using Quant-seq and evaluated the maturation degree of PSC-CMs compared to in vivo
data.

AIM 2: Evaluation of the effects of extracellular matrices (ECMs) on CM maturation.

Previous study has shown that ECMs such as laminin, collagen, and fibronectin, could
enhance CM maturation. However, how those ECMs promote CM maturation are largely unknown,
and what the maturity of PSC-CMs with those ECMs. Thus, | aimed to examine if the ECMs could

promote CM maturation. If so, which ECM is superior to others and what maturity of PSC-CMs.
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1) Development of assessment tools for CM maturation.

1.1) Generation of a qualitative method for CM maturation

As a lack of assessment tools for CM maturation is a major obstacle to obtain mature
PSC-CMs effectively, | first generated a fluorescent CM maturation reporter line. Our
transcriptome data indicated that Myom2, encoding to M-protein, one of sarcomere protein, starts
to express around late-embryonic stage and increases subsequently. Therefore, | decided to
knock-in RFP to 3" end of Myom2 genomic locus, called Myom2-RFP. To achieve knock-in
efficiency, | used CRISPR/Cas9 system, a genome-editing tool, to generate double strand break at
the target region. Myom2 is localized to M-line of the sarcomeres, thus | expected that RFP would
be observed in the same region as Myom2 protein in vivo.

1.2) Development of a quantitative method for CM maturation

Previously, our group has developed a microarray-based quantitative assay for CM



maturation. However, this method is an expensive method. Thus, | recently updated the method
with Quant-seq, using poly T primer to synthesize cDNA and sequence predominantly 3’ end of
mMRNA. This approach requires less read depth and allows more multiplexing samples per run with
affordable cost. With the update method, | have set a weight for each gene to calculate the
maturation score. The maturation score is sum of the expression levels of each gene multiplied by
the weight. With this method, | could determine maturation status of PSC-CMs and also examine
gene expressions which related to CMs.

2) Evaluation of the effects of ECMs on CM maturation.

Mouse PSC-CMs exhibited more mature properties on native cardiac ECMs such as laminin,
collagen, and fibronectin, which are secreted from cardiac fibroblasts. Here, | examined if ECMs
promote CM maturation using qualitative and quantitative methods. And if so, what the maturation
degree of PSC-CMs achieved by the ECM treatments. To this end, PSC-CMs generated from the
reporter line were plated on different types of ECMs at day 10 of cardiac differentiation. Then,
morphological, physiological, and functional analysis, were conducted at day 38, to evaluate the
effects of those ECMs on CM maturation. Moreover, | also corrected RNA from all of the conditions
and performed RNA-sequencing to assess the maturation degree of the PSC-CMs with ECM
treatments. With these methods, | could identify ECMs which are able to enhance the maturation
of PSC-CMs.
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| identified that ECMs including laminin, collagen, and fibronectin, showed temporal
upregulation during heart development. To test if the ECMs have impacts on CM maturation, |
examined the dose-dependencies of the ECMs using Myom2-RFP reporter line. To this end, |
plated Myom2-RFP PSC-CMs at day 10 of differentiation on different concentrations of ECMs
ranging from 0.125 ug/cm? - 1 yg/cm?, and cultured up to day 38 of cell culture. | found that high
concentrations of the ECMs, especially laminin-511/521, significantly increased Myom2-RFP
expression. In addition, morphological, physiological, and functional analysis demonstrated that
laminin-511/521 treatments promoted PSC-CMs towards adult-like CMs such as long sarcomere
length, increase cell size, increase percent of binuclear cell, inducing connexin 43 to lateral
cell-axis, improving mitochondrial function, as well as improving calcium handling and cell
shortening properties.

Next, | performed an RNA sequencing to assess maturation statuses of the PSC-CMs treated
with laminin-511/521. The transcriptome of the treated PSC-CMs were compared to mouse heart
counterparts. The result revealed that PSC-CMs plated on laminin-511 at day 38 of cell culture
had the highest maturation score compared to gelatin and laminin-521. Moreover, specific genes
related to CMs were slightly upregulated in laminin-511/521 treatments such as cardiac marker
(Tnnt2), sarcomere genes (Actcl, Mybpc2, Mybpc3, Myh7, Myl2), transcriptional regulator
(Ankrd23), and calcium handling (Casq?2).
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In this study, | successfully developed assessment methods for CM maturation. Using these
methods, | could identify laminin-511/521 as enhancers for CM maturation in vitro. Although
PSC-CMs displayed more mature phenotypes on laminin-511/521 treatments, these cells were
still immature compared to adult CMs. Combinations of ECMs and other maturation strategies are
required to enhance the maturity of PSC-CMs similar to adult CMs.

For molecular mechanism, integrin-binding ECMs are able to activate several intracellular
signaling cascades, which relate to cell survival, proliferation, motility, and differentiation. Previous
study has shown that the interactions between laminin-511/521 E8 fragments are primarily o631
integrin-dependent. Thus, | believe that the interactions of laminin-511/521 with a6B1 integrin are
the important route for cell-ECM binding and enhancing PSC-CMs maturation.
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Laminin-511/521 promoted morphological, physiological, functional, and transcriptional
changes of PSC-CMs, and also enhanced Myom2-RFP expression. Therefore, this study highlight
laminin-511/521 as potent enhancers for CM maturation.
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