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研究成果の概要（和文）：我々は、羊膜類の祖先がETV2遺伝子およびNPAS4L遺伝子において双方を保有している
ことを示した。また、ETV2遺伝子は鳥類ゲノム上においては存在していないにもかかわらず、内皮分化発生プロ
グラムのスイッチをオンにする能力を有しており、造血分化発生プログラムには関与をしていない、と示すこと
ができた。

研究成果の概要（英文）：We show that ancestral amniotes contain both ETV2 and NPAS4L genes and that 
ETV2, although absent in avian genomes, is able to initiate endothelial differentiation program, but
 not hematopoietic differentiation program. 

研究分野： Developmental morphogenesis

キーワード： chicken　hemagioblast　hematopoiesis　vasculogenesis　ETV2　NPAS4L

  １版

令和

研究成果の学術的意義や社会的意義
We offer an evo-devo example of how critical master regulators of blood and
vessel development can still change and evolve. Socially, our work
highlighted the importance of domestic and international collaborations.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景  

Our lab is interested in 

understanding molecular 

mechanisms regulating 

blood and vessel 

development, using 

primarily the chick model. 

We have previously 

reported that avian 

hematopoietic and 

vascular development are 

under regulation by 

transcription factors conserved among diverse vertebrate organisms. However, there is one 

critical transcription factor, called ETV2, which is essential for mammalian hemangioblast 

(common progenitor of blood and vessel lineages) formation, but is absent in chicken 

genome. Instead, chicken embryos use NPAS4L for its hemangioblast specification. 

 

２．研究の目的 

In this project, we aimed to perform phylogenetic, molecular and embryological studies, in 

order to clarify the genomic status of ETV2 in birds and closely related non-avian reptiles. 

We also aimed to understand whether blood and vessel development in chicken can still be 

regulated by ETV2 (regardless its presence/absence in the genome), and whether 

hemangioblast transcriptional regulation of blood (SCL/TAL1) and vessel (LMO2) markers is 

affected by morphological regulators (EMT regulators) SNAI and ZEB genes.  

 

３．研究の方法 

We used comparative genomics analysis to determine whether all known avian species have 

lost the ETV2 gene. We also used comparative genomics analysis to investigate whether 

non-avian reptile genomes contain ETV2 and/or NPAS4L gene. We used scRNA-seq data 

analysis to investigate the expression levels/timing of NPAS4L, SCL/TAL1, LMO2, HAND2, 

SNAI2 and ZEB2 genes during lateral plate mesoderm/extraembryonic mesoderm 

differentiation. We used molecular biological approaches to investigate the roles of 

mammalian ETV2, gecko ETV2 and mammalian ETS1 in regulating avian blood and vessel 

differentiation. We also used molecular approaches to investigate how EMT regulators (by 

over expression) affected cell lineage differentiation. We used embryological approaches to 



confirm the presence of both NPAS4L and ETV2 genes in a gecko species.  

 

４．研究成果 

We showed that ETV2 gene was 

deleted in all 363 avian genomes 

analyzed (right figure). Single cell 

RNAseq data supported the master 

regulatory role of NPAS4L in 

chicken hemangioblast 

specification (below figure). 

Mammalian ETV2 expressed in 

chicken lateral plate mesoderm 

induced LMO2, but not NPAS4L or 

SCL. ETS1, an ETV2 paralog, 

could not compensate for ETV2’s 

deletion. NPAS4L and ETV2 co-activation did not lead to synergistic effect. Squamate 

genomes contained both NPAS4L and ETV2 genes, and pre-ovipositional Madagascar 

ground gecko (Paroedura picta) 

embryos expressed both genes 

in developing hemangioblasts 

(right figure). Gecko ETV2 

induced only LMO2, as with 

mammalian ETV2. Furthermore, 

we showed that receptor tyrosine 

kinase activity was required for 

avian hemangioblast specification, in agreement with VEGFR2 (FLK1)-mediated 



hemangioblast specification in mammals (below figure). We propose a scenario in which both 

NPAS4L and ETV2 were present in ancestral amniotes, with ETV2 acting downstream of 

NPAS4L in promoting 

endothelial lineage specification 

as in extant anamniotes (e.g., 

zebrafish). ETV2 may have 

acted as a pioneer factor in 

ancestral amniotes by 

promoting chromatin 

accessibility of endothelial-

specific genes, and in parallel 

with NPAS4L gene loss, gained 

similar functions in regulating 

blood-specific genes in ancestral mammals. Such a scenario can explain the fact that loss of 

NPAS4L in mammals can be compensated by ETV2 and that loss of ETV2 in birds does not 

affect hematopoietic and endothelial lineage specification.  

 

This work was published in 2024 in “Life Science Alliance”. More data are available in the 

following open access paper. 

ETV2 induces endothelial, but not hematopoietic, lineage specification in birds.  

Weng W, Deng Y, Deviatiiarov R, Hamidi S, Kajikawa E, Gusev O, Kiyonari H, Zhang G, Sheng G.  

Life Sci Alliance. 2024 Apr 3;7(6):e202402694. doi: 10.26508/lsa.202402694. PMID: 38570190  
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