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We have worked on studying the molecular mechanisms by which fibroblasts are directly
reprogrammed to cardiomyocytes and established novel strategies to enhance the reprogramming
efficiency. We also employed a genome-wide approach to study the enhancer dynamics during
cardiac reprogramming, which revealed a common epigenetic signature between cardiac
reprogramming and heart development. Based on our findings, we surmised that direct
reprogramming could be a useful tool to decipher new transcriptional networks during heart
development and cellular differentiation. In this study, we aim to establish a novel method to induce
cardiac conduction system (CCS) cells from pluripotent stem cells based on findings from direct
reprogramming.

First, we chose 30 transcription factors from our previous study which activate the cardiac
transcriptional network, to screen for factors which can activate the transcriptional network of CCS
cells during direct cardiac reprogramming. We found that FOXL1 significantly activates the
expression of CCS markers Cntn2 and Scn5a. Whole transcriptome sequencing and gene
ontology analysis also demonstrated a global activation of the CCS transcriptional network.

Next, we performed chromatin immunoprecipitation (ChlP)-seq of FOXL1 during reprogramming.
Interestingly, this epigenetic analysis also showed that FOXL1 activates enhancers which are in
the vicinity of CCS related genes.

FOXL1 is enriched in the Gl tract but also expressed in the heart. However, its function in the
cardiovascular system has not been reported. Hence, we will induce the expression of FOXL1 in
pluripotent stem cells at different stages and define the optimal condition to induce CCS cells.
Establishing a method to induce cardiomyocytes in the CCS will expand the potential of pluripotent
stem cells in regenerative medicine. Our study will uncover the molecular mechanisms of
arrhythmic heart disease by particularly focusing on the CCS, and will give rise to valuable
resources for drug screening and clinical application.
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Mining for transcriptional regulators of the cardiac conduction system based on cardiac reprogramming

1. HIREBRFROBE

AHETENTOTSIVTEZ WAL —ZUFIZFAL., B NRELELDH) TOSSIVTFERFOhHA LKL AHEE
FETOIRFEFRLE. ZLTCCORFERNT. SEFSHENHARIA OGO HRRENEMIZHLEET LA EEH/IL.
in vivo ST CIIRE CTHAEERRELEICE T 2FBIEERM B O H-HEEH M EEEIET A2 AMELTHIEE T

HAIFETTYRGHSFMBICLINY A I AR2—FRWNTIOHYTOT S35 EAFTHD Aktl. Gatad, Hand2. Mef2c., Tbx5
FRHIRR Lz, TLTESICHEENT TISRE L TR SV T HEFIEIET 54 30 BOGEERFEL OIS ILARNYA—T
—D2FOME . FOEMSEKOHHEDOT—H—T#H5 Cntn2 & Scnba NDHEIRFWEEIZLF IS FOXLI ELVSEERFEREE
Lizo RIZDEVTOY SV REFIC FOXLI #MA =D BHEMEO NSV RO T — LB E1To1=£25, GO @B TOLERIBIE
BRICEETIEGCFNEHFMITEGEEINTNDIEN R TES -, =, ChlP-seq fH TH FOXL1 (XD ERBEERELGET
BOEEICEEL. TN —FFEEETEIENHBAL Iz, LEKY., L ETIILFAIHOREHRZERALT FOXL AL FYTRS
FEVTHCLERBIEERICEEL-EERVNT—0%FE LT HEERALAICLT,

FOXLT IEZEITHIEEICRIBLTLAA, DEICERIBLTLS, LALDEEICH T2 eI REBNOEKENGERFTHD. £
D= . 5% FOXL1 AL OMEIZRIZT HEXMBIT T H=0(2. Tet-On RIFEL AT LEZANTH LR E(Z FOXLT DF
BAFEL, RELMAEE PCRIEZEZMALVT Cntn2 %2 Scnba ZEN M EREIGERT—N—ORIBZFETINERITHFETH
5,

2. MIRERRAEEOBE R

We have worked on studying the molecular mechanisms by which fibroblasts are directly reprogrammed to cardiomyocytes and
established novel strategies to enhance the reprogramming efficiency. We also employed a genome—wide approach to study the
enhancer dynamics during cardiac reprogramming, which revealed a common epigenetic signature between cardiac reprogramming and
heart development. Based on our findings, we surmised that direct reprogramming could be a useful tool to decipher new
transcriptional networks during heart development and cellular differentiation. In this study, we aim to establish a novel method to
induce cardiac conduction system (CCS) cells from pluripotent stem cells based on findings from direct reprogramming.

First, we chose 30 transcription factors from our previous study which activate the cardiac transcriptional network, to screen for
factors which can activate the transcriptional network of CCS cells during direct cardiac reprogramming. We found that FOXL1
significantly activates the expression of CCS markers Cntn2 and Scnba. Whole transcriptome sequencing and gene ontology analysis
also demonstrated a global activation of the CCS transcriptional network.

Next, we performed chromatin immunoprecipitation (ChIP)-seq of FOXL1 during reprogramming. Interestingly, this epigenetic analysis
also showed that FOXL1 activates enhancers which are in the vicinity of CCS related genes.

FOXL1 is enriched in the GI tract but also expressed in the heart. However, its function in the cardiovascular system has not been
reported. Hence, we will induce the expression of FOXL1 in pluripotent stem cells at different stages and define the optimal condition
to induce CCS cells.

Establishing a method to induce cardiomyocytes in the CCS will expand the potential of pluripotent stem cells in regenerative
medicine. Our study will uncover the molecular mechanisms of arrhythmic heart disease by particularly focusing on the CCS, and will
give rise to valuable resources for drug screening and clinical application.
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