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abnormality (including cardiomyopathy). Besides, 16 mutation carriers
(12%) present as arterial brillation without a cardiac structural
abnormality (Figure 1a). For the 55 GATA6 mutation carriers with data
on the presence and/or function of the pancreas, 84% (46/55) of them
were abnormal (Figure 1b).  erefore, GATA6 mutations cause a wide
range of phenotypic defects with variable clinical penetrance; the most
frequent disorders are the heart and pancreatic malformations. Most
of the GATA6 mutations locate at the functional domains of GATA6
(transcriptional activation domain and two Zinc nger domains)
(Figure 1c) [15].

Gata6 plays critical roles in the de nitive endoderm (de)
formation and pancreas formation

e molecular networks in which GATAG6 participates will help
to elucidate the underlying mechanisms of how GATA6 mutations
cause morphogenesis defects in the heart, pancreas, and other organs.
Unlike many recessive loss of function gene mutations in key pancreatic
developmental transcription factors (e.g. PDX1, PTF1A, RFX1,
NEUROD2, NGN3, and NKX2.2), their pancreatic and extrapancreatic
phenotypes are consistent in human and mouse, the phenotypes caused
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Figure 1: LPhenotypic spectrum of the patients with GATA6 mutations. a) Cardiac features among 131 GATA6 mutations carriers with available cardiac assessment. b) 55
GATA6 mutation carriers with available data on pancreas assessment. The main categories are cardiac and pancreatic malformation. c) Schematic diagram of the GATA6
protein and the distribution of the GATA6 mutations. Green: transcription activity domain, red: two zinc ynger domains adapted from the review paper [15].
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by GATAG6 mutations is however very discrepant in human and mice.

erefore, using human Pluripotent Stem Cells (hPSCs) to model the
GATAG de ciency in vitro becomes one e cient research strategy to
understand the underlying mechanism of the human phenotypes [17-
22].

Villani and colleagues investigated the tip progenitor domain in
the branched epithelium of the human fetal pancreas between 13.5
and 17.5 gestational weeks. ey found that pancreatic multipotent
progenitor cells (SOX9+/PTF1A+Cells) were enriched for MYC
and GATAG [23].  rough genome editing in hPSCs, Shi, et al. also
revealed GATAG haploinsu ciency especially a ects the di erentiation
of human pancreatic progenitors, leading to impaired formation of
pancreatic (-like cells in a dosage-sensitive requirement [24].  ese

ndings were con rmed by an established CRISPR/Cas genome editing
human Induced Pluripotent Stem (IPS) cell line derived from a patient
heterozygous mutation. e 4 base pair (bp) duplication in exon 2 of
GATAG causes a frame-shi mutation resulting in truncating protein.
e IPSinde/indel in both GATAG alleles signi cantly decreased their
De nitive Endoderm (DE) induction, underwent increased apoptosis,
impaired its pancreatic speci cation, and reduced the di erentiation
e ciency from the de nitive endoderm stage into p-like cells [25].
Chia, et al modelled GATAG loss in vitro through combining both gene-
edited and patient-derived hPSCs, then directed di erentiation towards
[-like cells. A modest reduction in the de nitive endoderm formation

was found in the GATA6 heterozygous hPSCs, while GATAG-null
hPSCs failed to enter the DE lineage. e underlying mechanism was
revealed through genome-wide studies that GATAG governs de nitive
endoderm formation through cooperation with EOMES/SMAD2/3 to
regulate the expression of cardinal endoderm genes [26].

Despite the di erent phenotypes associated with di erent GATA6
heterozygous variants at the de nitive endoderm stage, complete loss
of GATAG6 was found in all-above mentioned studies impair de nitive
endoderm formation, which highlights that for robust de nitive
endoderm speci cation in human, the wide-type GATA6 gene dosage
is unequivocally required through cooperation with di erent pathways.

e gene-dose e ect and variable disease penetrance indicate some
genemodi ersto GATAG contributing to the embryonic developmental
process [16,25,26].

GATA6 a ects heart and pancreas development under
di erent regulatory ways

Except for the coding mutations in GATAG6 cause embryonic
development malformation, regulatory factors are also found to be
involved in this procedure. GATA6-ASL, one long non-coding RNAs
(IncRNA) divergently transcribed from GATAG locus was found to be the
highest expression in the human ESC lines (HUES8 and H9) during the
de nitive endoderm di erentiation. Depletion of GATAG6-AS resulted
in de nitive endoderm di erentiation de ciency, and this defect could
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