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Abstract

EFE, MERECEESEROEER FEZRFRRE LD L&V REFMR 2 0 HERMERIC
MUEBERTED N BEET iz, KB EERORET, SERDLEBEROMERRESEICL
TOBACOF - EEFHEEZRATIMREFTEL 12,
BYDERTHARISVTOH o ILERZR<FIEL LEERFZNF281ICEB L. ZNF2814 L\ #
DRECHSVTEEEZREZEB>TVD EHEL L,

SHEEFHYICCRISPR/Cas 9 Y AT A%Z AV TZNF281 RIEBY U AESHIRRZEMIL =, CDES
RO DILEEZE K> THY, INF2B1E VD LICHAELRFTHAD ZEAHBL Iz, RICHEH
BROFETINFZBIRIBY VAZER L L CB, FERBYVAR—EEHEN BB TET, I
EFRTHDEN RBENTL, TOEH, KL IFZNF281 floxed N TAT A &EBILL., DE
PIEE, OHEERMAE. OCHERSENICCe) VEFT—EERKBETEIVNVARAEREL., & OMHE
REBRMPEIFRMNICZINF281ZXE (KO ) LIENTAZERL Iz, TORKR. LHIRMARSENZ
NF281KON VAR BEHEDOREE FHEREHBRL The<, DEICASHDEEN HDBHN TR
Ehi, T, VEPEERFSENZNF28IKON VAR HENBRETET, BREBFETHH LN
TREN, SRECONTVAORBAEZHENTL ., ZNF21 N VHERSEAORFTHHEEHS
NZTBEZBEELT S,

During direct cardiac reprogramming, cardiogenic transcription factors (TFs) cooperatively reshape
the epigenomic landscape by activating cardiac enhancers, which describe a common epigenetic
signature between in vitro cardiac reprogramming and in vivo heart development. We thus
hypothesized that direct reprogramming could be a useful tool to study novel transcriptional
regulators in heart development. To test this hypothesis, we focused on ZNF281/Zfp281(Zinc
finger protein 281), a pluripotency regulator which showed up as an unexpected strong cardiac
reprogramming inducer from our previous unbiased screen.

We first generated Zfp281KO mouse ES cell lines by CRISPR/Cas9 system. These ES cells failed
to differentiate to cardiomyocytes, suggesting an indispensable function for cardiac differentiation.
Consistently, Zfp281 KO mice which we generated by CRISPR/Cas9 system were also embryonic
lethal. Therefore, to study the impact of Zfp281 after cardiac lineage commitment, we established a
ZNF281 floxed mouse line. We then generated multiple conditional Zfp281KO (cKO) mouse lines
by crossing with different stage-specific Cre driver lines. Surprisingly, we found that mesodermal
Zfp281cKO mice were embryonic lethal. In contrast, cardiac progenitor Zfp281cKO mice survived
to adulthood, but showed reduced body size.

In conclusion, by using multiple genetic mouse models, we discovered that cardiac reprogramming
inducer Zfp281 plays a pivotal role in heart development. Although GWAS studies have identified
various disease-causing mutations, the etiology for the majority of congenital heart disease
remains largely unknown and there are still such missing pieces to be uncovered in the
interdependent cardiogenic transcriptional network. Our study demonstrates and highlights the
impact and possibility of direct reprogramming as a novel approach to study cardiovascular
biology.
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Dissecting novel transcriptional networks of heart development

1. HIREBRFROBE

EEDEREEICEELEROETERFERHEIFEIRIEILICEYBESFHIEE DS HEMAIZOLERR TERENRESNT,
KRB EOREET, SEIOMLEBROMERREZSEZ(ICLTLHE S EDH-HEEH HgEE BT M EZEL =,
ERDETHAEICEVNTOEH D LEERERGEEL-ESRF ZNF281 IZEBE L. ZNF281 BIDEDOREIZBWTELEEL B E4IE
STWWAEHRLT-,

SHEE LRI CRISPR/Cas 9V AT LZFFUVT ZNF281 RIETHU R ES #Mifa%#iI LIz, 2D ES Ml X DAL REZ K> THY.
ZNF281 [FIDEE ML IZRELRREF THAZENHIBAL-, RIZEHDFET ZNF281 RIETIREERLI-ECH, REREYIRIE
—EHHENERTEST . BERFETHICENTESNT, TD=8. F < (X ZNF281 floxed Y IRSAVEHBIIL, DERIEZE,
DA BITERERS . DRSS R Cre VOV E F—EE R T B IREREL . FIDEHKEBFESEMIZ ZNF281 £ XRI8(KO)LT=
TOREER L=, TOHE DA MAEERN ZNF281KO YO RIZEARD KESABTFER LHBRL TN, DEIZRISAMADE
HAHIEN RTINS, £f-. DIEDEEFEN ZNF281KO TR [T HENERTES BEBFETHHEN RSN, §1&
[FCDOIVRADORIBEEEHTL. ZNF281 AL BN BDRF THLIEFELMNTEIEEBIEET S,

2. WREREEBEOHE (FER)

During direct cardiac reprogramming, cardiogenic transcription factors (TFs) cooperatively reshape the epigenomic landscape by
activating cardiac enhancers, which describe a common epigenetic signature between in vitro cardiac reprogramming and in vivo heart
development. We thus hypothesized that direct reprogramming could be a useful tool to study novel transcriptional regulators in heart
development. To test this hypothesis, we focused on ZNF281/Zfp281(Zinc finger protein 281), a pluripotency regulator which showed
up as an unexpected strong cardiac reprogramming inducer from our previous unbiased screen.

We first generated Zfp281KO mouse ES cell lines by CRISPR/Cas9 system. These ES cells failed to differentiate to cardiomyocytes,
suggesting an indispensable function for cardiac differentiation. Consistently, Zfp281 KO mice which we generated by CRISPR/Cas9
system were also embryonic lethal. Therefore, to study the impact of Zfp281 after cardiac lineage commitment, we established a
ZNF281 floxed mouse line. We then generated multiple conditional Zfp281KO (cKO) mouse lines by crossing with different stage—
specific Cre driver lines. Surprisingly, we found that mesodermal Zfp281cKO mice were embryonic lethal. In contrast, cardiac
progenitor Zfp281cKO mice survived to adulthood, but showed reduced body size.

In conclusion, by using multiple genetic mouse models, we discovered that cardiac reprogramming inducer Zfp281 plays a pivotal role
in heart development. Although GWAS studies have identified various disease—causing mutations, the etiology for the majority of
congenital heart disease remains largely unknown and there are still such missing pieces to be uncovered in the interdependent
cardiogenic transcriptional network. Our study demonstrates and highlights the impact and possibility of direct reprogramming as a
novel approach to study cardiovascular biology.
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