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Specific Aims: 

 

1. We will carry out sophisticated imaging and gene expression 

profile analysis to build a comprehensive data base for the 

investigation of the regulatory mechanism of palatogenesis. 

 

2. To use mouse palatal explant culture model to perform high-

throughput analysis of Tgf-b downstream target genes that 

have specific functions in regulating the fate of CNC cells 

during palatogenesis and to test whether manipulation of 

altered Tgf-b downstream signaling molecule(s) offers the 

opportunity to rescue cleft palate in vivo.  

 

3. We will investigate gene expression profiles in the palatal 

mesenchyme of Msx1 and K14-Cre;Fgfr2fl/fl mutant models 

and to identify the point(s) of intersection where multiple 

signaling pathways converge in order to develop therapeutic 

strategies to prevent or restore palate formation.   
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Description: Msx1 is expressed in the mesenchyme of the anterior region of the developing 

palate in both nasal and oral sides 

 

 

Zhang et al. (2002) Rescue of cleft palate in Msx1-deficient mice by transgenic Bmp4 reveals a 

network of BMP and Shh signaling in the regulation of mammalian palatogenesis. 

Development. Sep;129(17):4135-46. 

 

Unpublished data. Chai’s Lab. 
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Craniofacial phenotype analysis of mutant animal models 

Genotype Tgfbr2fl/fl;Wnt1-Cre 

Symbol (MGI) Tgfbr2tm1.2Hlm        Tg(Wnt1-cre)11Rth 

Known defects Cleft palate, Bone  defects, Small 

tongue 

Known human diseases Loeys-Dietz syndrome 

Histology E13.5, E14.5, E16.5, E18.5 

SEM E18.5 

mCT E18.5 

3D mCT E18.5 

mMRI E18.5 

Gene expression analysis E14.5 

Protein expression analysis E13.5, E14.5 

References Ito  Y et al., Development 2003 

Sasaki T et al., Development 2005 

Oka K et al., Dev Biol 2007 

Oka K et al., Dev Biol 2008 

Iwata  J et al.,  J Biol Chem 2010 

Iwata J et al., J Clin Invest 2012 

Iwata J et al., J Biol Chem 2012 
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Submucosal cleft palate model 

K14-Cre;Tgfbr2fl/fl 
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Mutations in IRF6 underlie Van der Woude syndrome (VWS) and popliteal 

pterygium syndrome (PPS) 

Genetics 

VWS and PPS are inherited in an 

autosomal dominant manner and are 

due to mutation of the IRF6 gene. 

Most reported cases are sporadic; 

advanced parental age is found in a 

number of these cases, suggesting 

new mutations. 

VWS and PPS are allelic variants of 

the same condition; that is, they are 

caused by different mutations of the 

same gene. PPS includes all the 

features of VWS, plus popliteal 

pterygium, syngnathia, distinct 

toe/nail abnormality, syndactyly, and 

genito-urinary malformations. 
 

Kondo et al. (2002)  Nature Genetics
16 



Midline epithelial cell proliferation and apoptosis during palatal fusion 
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A haploinsufficiency of Irf6 in Smad4fl/fl;K14-Cre 

mice cause submucosal cleft palate 
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1. Wt 

2. Wt plus TGF-b3 

Tx 

3. K14-Cre;Tgfbr2fl/fl 

plus TGF-b3 Tx 

TGF-b mediated Irf6 expression is crucial for the disappearance of MEE cells during 

palatogenesis   
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Over-expression of Irf6 results in disappearance of MEE in Tgfbr2fl/fl;K14-Cre 

mice  
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Disappearance of MEE cells in Tgfbr2fl/fl;K14-Cre 

mice following over-expression of Irf6  
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Animal models 

Complete cleft of hard and soft palate 
Wnt1-Cre;Tgfbr2fl/fl 

Cleft of soft palate 

Cleft palate in 

humans 



Summary and discussion: 
1. TGF-b mediated Irf6 expression is crucial for midline 

epithelial cells (MEE) to undergo apoptosis during 

palatal fusion. The connection between TGF-b and 

Irf6 signaling in the mouse model advocates for a 

closer examination of associated TGF-b and IRF6 

mutations in human clefting cases. Smad4 and IRF6 

interaction plays an important role in MEE cell fate 

determination. Compound mutations of Smad4 and 

IRF as well as their implications in submucosal cleft 

palate. 

 

2. What is the best way to present our data at the hub?  

How do people search our data? 

 



Poster presentations from Yang Chai’s group 
 

Junichi Iwata: TGF-b-mediated IRF6 activity is crucial for 

disappearance of the medial edge epithelium during palate 

formation in mice.  

 

Carolina Parada: Crucial role for Erk2 signaling in palate 

development   

 

Richard Pelican: Identification of Novel Candidate Pathways 

Contributing to Cleft Palate Formation in Tgfbr2 Mutant mice   

 

Pedro Sanchez: Validation and reproducibility of three-

dimensional craniofacial volume and anatomy using micro-CT and 

micro-MRI modalities in wild type and mutant mouse embryos 
 


