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Angpt1 binding to Tie1 regulates the signaling required for lymphatic vessel development in zebrafish 

(ゼブラフィッシュのリンパ管形成におけるAngpt1/ Tie1シグナルの機能解明) 

〔目 的(Objective)〕 

To clarify how lymphatic vessel development is regulated by Angiopoietin family members and Tie family kinases in zebrafish 

〔方法ならびに成績(Methods/Results)〕 

[Methods] 

1. To investigate the angiopoietin (angpt) members (angpt1, angpt2a and angpt2b) and Tie kinases (tie1 and tie2), we generated 

mutants of angpt1, angpt2a, angpt2b as well as tie1 mutants lines using transcription activator-like effector nucleases 

(TALENs) and obtained tie2 mutant from Dr.Schulte-Merker (University of Munster, Germany). 

2. To examine the phenotype of these mutants, especially in angiogenesis and lymphangiogenesis, we observed lymphatic 

vessel development and blood vessel development of these mutants and wild-type using transgenic lines (Tg) expressing 

DsRed-marked lymphatic endothelial cells (ECs) and GFP-marked blood ECs (Tg(Lyve1:DsRed);Tg(Kdrl:EGFP)).  

3. To examine the ligand and receptor relationship of Angpt and Tie receptors, we performed pull-down assays by 

overexpressing extracellular domain of Tie1 fused with Fc and His-tag and Angpts-tagged with FLAG in 293T cells. 

4. We performed gene expression profiling of the mutants and compared transcriptional upregulation or downregulation of 

genes between wild-type and tie1 mutant. 

5. To clarify the downstream signaling of Tie1, we investigated the effect of FoxO1 localization in wild type and tie1 mutants. 

To this end, we developed Tg(fli1:EGFP-foxo1a) line. 

[Results] 

 tie1 mutants showed the comparable phenotype of angpt1 mutants, which showed the impairment of secondary sprouts 

from posterior cardinal veins and thoracic duct formation. The zebrafish mutants with impaired lymphatic vessels 

resulted in systemic edema and early death. tie2 mutants showed no phenotype and were healthy. 

 Angpt1 but not Angpt2a and Angpt2b bound to Tie1.  

 Angpt1-mimicking molecule, COMP-Ang1 induced phosphorylation of Tie1.  

 In tie1 mutants, GFP-tagged Foxo1 under the kdrl promoter was mainly localized in the nucleus of venous endothelial 

cells of trunk vessels. In contrast, FoxO1 was localized in the cytoplasm of venous endothelial cells. These data suggest 

that Tie1 signaling induces the nuclear export of FoxO1 upon Angpt1 stimulation.   

〔Conclusion〕 

We first showed the essential roles of Angpt1 and Tie1 in zebrafish lymphangiogenesis. We further clarified the molecular 

mechanism that regulates lymphangiogenesis. Angpt1 induces the phosphorylation of Tie1 to control the nuclear export of 

FoxO1. In mammals, Tie2 is proven to be mainly activated by Ang1, whereas in zebrafish Tie1 mainly functions to establish 

lymphatic vessels. 

 




